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Summary

 XE "Summary" 
The abundance, composition and vertical distribution of zooplankton has been widely studied since the earliest days of oceanography. However, most investigations have been conducted in coastal and productive areas. Zooplankton in the vast oligotrophic areas of the open ocean remain poorly known, especially those in the deep sea. Considering that these regions contribute up to 80% of the global ocean production, it is imperative that food webs in such biotopes are defined in ways that will provide a basis for understanding of ecological relationships..

Several factors influence the large-scale distribution of zooplankton. For example, climatically-induced latitudinal patterns in surface productivity lead to latitudinal patterns in the structure of zooplankton communities Changes in current flow patterns affect advective rates and create major variations in both the vertical and horizontal distribution of zooplankton across bottom features, such as the Mid Atlantic Ridge (MAR). In addition, the distribution and composition of plankton species are related to the history of the water they inhabit. The dominant factors and factor combinations that determine distribution patterns of zooplankton in the North Atlantic still remain elusive. 

The proposed Z1 study under the MAR-ECO project will focus on the distribution, abundances and species composition of zooplankton on the MAR between 40°N and 63°N. The project will map longitudinal and latitudinal changes in zooplankton biomass and species composition and relate this information to water mass distribution, circulation and bathymetry at different scales. The principal objectives include:

1. Map the longitudinal and latitudinal changes in zooplankton biomass and species composition, in relation to water mass distribution, circulation and bathymetry.

2. Investigate, at the scale of mesohabitats, the impact of seafloor topography (e.g. seamounts) on zooplankton vertical and horizontal distribution, abundances and species composition.

3. Determine changes in vertical distribution and species composition of zooplankton in relation to latitude and across the MAR.

4. Identify species composition and distribution of the pelagic and benthopelagic fauna in the near bottom layer over the MAR.

Most of the work will be conducted at three MAR-ECO sub-areas on the MAR. Research ships will operate in these sub-areas in 2003-2005.

The study has three phases: Phase 1, which is preparatory (2002-2003); Phase 2, which is the field phase (2003-2005); and Phase 3 (2004-2008), which is devoted to analyses and dissemination of results.

Background and rationale

The largest topographic feature of the sea floor is the mid-ocean ridge system (Fig. 1). Mid-ocean ridges form a nearly continuous volcanic mountain range, winding through all the oceans and having a total length of about 60 000 km. Topographically, ridges resemble the continental slopes and banks in having similar depths, but differ in that the distances to major land-masses are greater and in the dominance of hard substrate of volcanic origin. Only the Mid-Atlantic Ridge (MAR) (Fig. 2) is actually located near the centre of an ocean and divides the entire Atlantic ocean floor “symmetrically” with an average summit/crest depth of 2 500 m. Transversal fracture zones (e.g., Charlie Gibbs) disturb the longitudinal symmetry of the North Atlantic sea floor. The ridge topography is complex, containing submarine rises, several seamounts and banks, and oceanic islands of volcanic origins, all rising up from bathyal and abyssal depths, and troughs in between.

The abundance, composition and vertical distribution of zooplankton has been widely studied since the earliest days of oceanography. However, most investigations have been conducted in coastal and productive areas. The vast oligotrophic areas of the open ocean remain poorly known, especially in the deep sea. This is a lack of important information considering that these regions contribute up to 80% of the global ocean production. These areas are usually characterized by low levels of biological productivity, but the presence of hydrodynamic features such as fronts (Le Fevre 1986), eddies (Falkowski et al. 1991) or topographic features like seamounts (Boehlert and Genin 1987) has been suggested to sustain enhanced levels of plankton biomass and production.

[image: image1.jpg]Al

;nw‘





Figure 1.  The ocean ridge system (After Garrison, 1993).

Large scale distribution of zooplankton

Large scale horizontal water movements can play an important role in the dispersal of planktonic species (e.g., (Van Der Spoel and Heyman 1983; Angel 1993). The circulation of the North Atlantic Ocean is characterised by two large gyres: the subpolar and subtropical gyres. The anticyclonic subtropical gyre owes its existence to the low-latitude trade winds and mid-latitude westerlies. In the west the subtropical waters are transported northward along the North American continent north to Cape Hatteras (36°N), where the Gulf Stream leaves the continent and continues east as a strong meandering jet. As the Gulf Stream approaches the Great Banks, the transport decreases as some of the water is re-circulated to the west, some water continues east and crosses the MAR in the Azores Current and the remainder forms the North Atlantic Current (NAC) that continues as a well-defined boundary current along the eastern slope of the Grand Banks. At about 51°N the NAC moves to the east. As the waters flow eastward the NAC looses its structure as a well-defined jet, and the water is transported eastward in the Sub Polar Front (SPF), which is the boundary between the warm water in the subtropical gyre and the cooler and less saline water in the subpolar gyre to the north (Rossby 1999). The eastward transport of warm water is split in at least two and maximum four branches (Sy et al., 1992). At the MAR these branches are found between 45°N and the Charlie Gibbs Fracture Zone (CGFZ, ~52°N; Harvey and Ahran 1988). East of the MAR the SPF makes a sharp turn toward the north and some of the warm water in the SPF eventually feeds the Irminger Current and some feeds the inflow of warm water to the Nordic Seas to both sides of the Faroes Islands. Subsurface drifters launched in the SPF to the west of the MAR, were typically (but not all!) funneled across the MAR at the CGFZ (Bower et al. 2002). Also surface drifters (Fratantoni 2001) indicate that very little surface water is transported across the ridge between the CGZF and the Azores Current (AC) that crossed the MAR to the south of the Azores. Whereas the SPF is clearly visible in sea surface temperatures (SST) satellite images, the front associated with the AC does not have a very distinct SST signal. However, the front is evident in temperature sections south of the front where there is a 18°C thermostad of Sargasso Sea water that is virtually absent north of the front (Gould 1985). The CGFZ is also a main passage way for low salinity intermediate depth mode waters from the Labrador Sea, Labrador Sea Water (LSW), into the eastern North Atlantic. Below the LSW, Iceland-Scotland Overflow Water (ISOW) originating in the Nordic Seas flows toward the west in the CGFZ. Large amplitude elevations of bottom topography, such as the MAR, thus influence local and regional circulation patterns (Roden 1987), which in turn are likely to affect the distribution of pelagic organisms.

Studies of the biological consequences of elevated bottom topography have generally focused on local dynamics. Rarely have biologists had the opportunity to place these local observations into a larger, ocean-wide context. The interactive effects of bottom topography and circulation on the overlying ecosystem may be a general large-scale occurrence over the mid-ocean ridges. (Venrick 1991) found indications of large-scale gradients in chlorophyll a and primary production related to the mid-ocean ridges of the North Pacific. Such studies have not been performed in the Atlantic Ocean.

The change in numbers and biomass of a plankton stock in a given area will always be influenced by physical transport of the organisms as well as biological processes. The recruitment of Calanus finmarchicus on the shelf southwest of Iceland (Reykjanes Ridge, Fig. 2) is strongly influenced by advection, and is repopulated from the south by overwintering populations in the Iceland Basin (Gislason and Astthorsson 2000). On a larger scale, however, biological rates were found to dominate over the advective rates in the subpolar gyre, where retention of C. finmarchicus is facilitated (Aksness and Blindheim 1996).

Advection of water masses does not only make an impact on population dynamics by means of physical transport of organisms, but also through the influence on the physical environment and the local productivity itself. The water masses might depict different habitats due to their distinct origin and their physical and chemical properties. In fact, the plankton may be more conservative than the hydrographical properties of the water mass, since the plankton community indicates the origin of the water even after the water has been mixed with other waters and its hydrography transformed beyond recognition. (Vinogradov 1968).
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Figure 2. The North Atlantic Ocean, and the Mid-Atlantic Ridge. Image presented by the NOAA National Geophysical Data Center on http://www.ngdc.noaa.gov/mgg/bathymetry/relief.html.

Fronts depict horizontal and vertical boundaries between different water masses and can occur at all scales of time and space. Thus fronts can serve as distribution barriers, mixing zones, concentration zones, and areas of enhanced production, areas of vertical export, areas of horizontal transport, areas of temperature and salinity anomalies (Neumann 1968), Sournia 1994). The major oceanic fronts above the MAR of the North Atlantic are the Azores Front (AF), associated with the Azores Current and the Sub Polar Front (SPF).

Several investigations of plankton distribution patterns have shown a pelagic boundary at ~ 45°- 46°N (Fasham and Foxton 1979), (Van Soest 1979), Vinogradov 1968, (Van Der Spoel and Heyman 1983), which correlates with the position of the SPF. This boundary also correlates with the delineation between the Cold Temperate Waters Province (CTWP), and Warm Temperate Waters Province (WTWP), defined by OSPAR (The Oslo-Paris Commission, 2001). The two northern sampling areas of MAR-ECO are located within CTWP, and the southern box within WTWP. The main difference between the two regions is the sharp seasonal variation in external conditions (intensity of solar radiation, temperature, and water stratification) in the CTWP, while in WTWP such conditions vary negligibly. The trend from seasonal pulsing of production at high latitudes to more continuous production at lower latitudes (Angel and Fasham 1975) is related to latitudinal oceanographic differences. The same factors are responsible for the differences in species composition, life cycles, ecology, vertical distribution, and trophic relationships (Vinogradov 1968).

Several factors will thus influence the large-scale distribution of zooplankton: The bottom topography interacts with both deep-water circulation and the near surface circulation. This condition will in turn affect advective rates and create large-scale variations in both vertical and horizontal distribution of zooplankton across the MAR. In addition, distribution and composition of plankton species depends upon the history of the water they inhabits. Climatically-induced latitudinal patterns in surface productivity lead to latitudinal patterns in composition and abundances of zooplankton. However, dominant factors and factor combinations that determine distribution patterns of zooplankton in the North Atlantic still remain elusive. 

Seamounts  -the impact of small scale seafloor topography

Seamounts are undersea mountains, which rise steeply from the sea bottom to below sea level. They have an elevation of more than 1000 m with a limited extent across the summit (Menard 1964). Epp and Smoot (1989) counted as many as 810 seamounts in the North Atlantic between 5° – 62° N. The interaction of seamounts with ocean currents generate variability in the physical flow field at different scales (reviewed by Roden 1987). 

These different hydrographical as well as morphological aspects may have important effects on pelagic and benthic ecosystems above and on seamounts. The biomass of planktonic organisms is often found to increase over seamounts, and the concentration of commercially valuable fish species around seamounts is well documented (Rogers 1994, Koslow et al. 1999). Seamounts might show considerable higher biodiversity and higher biomasses of benthic and pelagic organisms, compared to the surroundings, and are supposed to be important for biological processes and patterns in deep-sea environments. 

It has been hypothesised that the increase in densities of plankton is caused by enhanced primary production rates over seamounts due to upwelling, but direct evidence of this relationship is scarce (Genin and Boehlert 1985, Dower and Mackas 1996, Mourino et al. 2000). Alternate hypotheses invoke advection and retention of organisms due to altered flow field in the vicinity of elevated bottom topography (Brink 1990, Hogg 1980). These hypotheses contrast with decreased zooplankton abundances observed over seamounts during the day (Genin et al. 1988, 1994), due to displacements of migrators around the seamount, and predation by predators located on the seamount during the day. Trapping of oceanic diurnally vertically migrating zooplankton (the “deep scattering layers”) may represent an additional food resource for seamount fauna (e.g. benthos and fish stocks).

Vertical distribution of zooplankton

Relatively little work has been conducted on the vertical distribution of zooplankton in the deep-sea (below 1000 m) because of the difficulty of collecting samples with nets. Zooplankton biomass is often found to decrease exponentially with depth (Wishner 1980; Angel and Baker 1982). Similar decreases in zooplankton abundances with depth have been reported from different parts of the world ocean, which indicates that the processes of material flux seems to be similar in many bathypelagic systems of the open ocean (Koppelmann and Weikert 1992). Vertical distribution and species composition of deep-sea zooplankton in the Atlantic Ocean have been found to be affected by intermediate and deep-water currents with different origins (Koppelmann and Weikert 1992, Vinogradov et al. 2001).  
The abyssal zone of the world ocean is characterised by monotonous environmental conditions without sharp gradients including low temperatures, absence of light, high hydrostatic pressure increasing with depth and extremely limited food resources. While annual/seasonal fluctuations in temperature stop at about 200 m depth, there may still be seasonal pulses and inter-annual variations in the vertical flux of particulate organic matter to large areas of the deep-sea (e.g., Tyler 1988, Thiel et al. 1989, Rice et al. 1994). Bühring and Christiansen (2001) found deep-water copepods in the Northeast Atlantic (48°50’N, 16°30W) to store wax-esters. The type of fatty acids point to a direct link between the surface primary production and deep-sea copepods, and so supports the hypothesis that the sporadically occurring, rapidly sinking phytodetritus is a major source of energy for deep-sea plankton.

The quantification of vertical transfers of matter in the ocean thus involves taking into account two kinds of fluxes: passive fluxes due to particle sedimentation, and active fluxes caused by living organisms, particularly by migrant zooplankton (e.g., Noji 1991). The importance of the downward fluxes of respiratory carbon and dissolved inorganic nitrogen associated with diel-migrant zooplankton (“biological pump”) has been assessed by numerous workers (Harding et al. 1987, Angel 1989, Longhurst and Harrison 1988, 1989, Noji 1991, Dam et al. 1995), and rapid transfer of particulate organic material to depth may be increased by the “ladder of migration” (Vinogradov 1962). Among the various zooplankton groups collected from depths exceeding 1000 m, the copepod fraction usually dominates numerically comprising up to 80% of the total abundance, and high-amplitude vertical migration (400-500 m) into the mesopelagic and bathypelagic zones has been observed (Wishner 1980). Diel variations in vertical distribution of macrozooplankton and micronekton were observed down to 3500 m depth in the northeast Atlantic (Angel and Baker 1982). Large migrating copepods are carnivorous fauna that feed and produce fecal pellets throughout the water column, and may play an important role in the active vertical transfer of carbon and nitrogen (Dam et al. 1995, Ribera Maycas et al. 1999). The ecological relevance of vertical migration in bathyal and abyssal depths is, however, disputed (Wakefield and Smith 1990) and needs to be substantiated by detailed data sets.

The benthopelagic layer

In the deep oceans the benthic community is in contact with a distinctive benthopelagic community, which in turn is in contact with the overlying abyssopelagic community. The near-bottom region of the deep sea is often richer in organic material than the water column several hundred meters higher (Wishner 1980, Smith 1982). Gardner (1977) found evidence of sediment resuspension and an increase in microbial biomass 100 meters above bottom. The hyperbenthic zone is inhabited by a distinct community of nektonic and planktonic species, quite different from that inhabiting comparable depths in the abyssopelagic zone (Grice 1971, Angel and Baker 1982, Ellis 1985). The benthopelagic plankton contains endemic species resident in the near-bottom environment, species derived from downward extensions, often seasonal in nature, of pelagic planktonic populations, as well as infaunal species emerging into the water column, often on diel cycles (Mauchline and Gordon 1991). Benthopelagic animals constituted 80% of the total macroplankton biomass at 200-400 m above bottom, over seamounts and continental slopes in the Southeast Pacific and western Indian Ocean (Vereshchaka 1995). During vertical migrations, benthopelagic animals can move upward several thousands of meters, and therefore are likely to influence biological processes in the whole pelagial (Vereshchaka 1995). 

The deep-sea benthic boundary layer may be a region of elevated rates and activity because of its higher particulate concentrations, and high grazing rates were measured in deep-sea benthic boundary-layer zooplankton in the North Atlantic (Wishner and Meise-Munns 1984). The benthopelagic plankton plays an important role in the coupling of benthic and pelagic food webs, yet the zone and its fauna remain poorly studied.

The challenge

In a recent quality status report issued by OSPAR (the Oslo-Paris Commission, 2000), a comprehensive review of information on the ecosystems of the oceanic North Atlantic Ocean raised a number of issues that called for greater research effort in the oceanic waters of the North Atlantic Ocean. Many of these issues will be addressed in the proposed project on the MAR.

An important prerequisite for an understanding of the underlying ecological processes that shape community structure and trophic interactions in the pelagic zone is a proper knowledge of the distribution and species composition at different scales.

Much of what we know about large-scale distribution of zooplankton in the North Atlantic stems from Continuous Plankton Recorder (CPR) data. This data base is limited to the upper 5 – 10 m. Large-scale latitudinal variations in zooplankton distribution and species composition have been studied along the 20°W meridian, e.g., the PRIME project (Joint et al. 2001, (Hays et al. 2001), (Gallienne et al. 2001). Knowledge of large-scale distribution of zooplankton from surface to deeper layers, across and along the Mid Atlantic ridge is, however, lacking.

Studies on deep-sea zooplankton and vertical distribution of zooplankton in the North Atlantic have focused on American and European slope waters (Ellis 1985), Wishner 1980), and on the abyssal areas east of the MAR along the 20°W meridian, e.g. the BIOTRANS project (Koppelmann and Weikert 1992,(Koppelmann and Weikert 1999), (Beckmann 1988), (Schults and Beckmann 1995) and the JGOFS project (e.g. (Lampitt et al. 1993). There are no studies or reports on the consequences of elevated bottom topography, related to the MAR, on the large-scale horizontal and vertical distribution patterns of zooplankton. Studies of the influence of bottom topography on pelagic ecosystems have generally focused on local dynamics (seamounts). Seamount studies in the Atlantic Ocean have mainly been restricted to the Azores area (e.g., (Mourino et al. 2001), (Morato et al. 2001), Vereshchaka 1995). This means that our understanding of the occurrence and distribution patterns of zooplankton on the MAR remains very limited. There are scientifically challenging basic questions regarding the evolution of faunas and biodiversity patterns. In order to provide better baseline data for biodiversity and biogeography there is a need for exploratory expeditions. These expeditions should use the best available sampling/observation technology. Concomitantly, the best competence in zooplankton taxonomy and systematics, modern statistical analyses and modelling of distribution patterns should be utilized to address pertinent questions. 
The central hypothesis

We believe that MAR has a major influence on the distribution of zooplankton. We therefore will try to test the following null-hypothesis:

The MAR has no influence on the distribution of zooplankton
Objectives

In order to test the central hypothesis above, four main objectives are to be achieved by Z1:

1. Map the longitudinal and latitudinal changes in zooplankton biomass and species composition, in relation to water mass distribution, circulation and bathymetry

Climatically-induced latitudinal patterns in surface productivity lead to latitudinal patterns in composition and abundances of zooplankton. The bottom topography interacts with both deep-water circulation and the near surface circulation. This will in turn affect advective rates and create large scale variations in both vertical and horizontal distribution of zooplankton across the MAR. In addition, species distribution and composition of plankton depends upon the history of the water it inhabits.

2. Investigate, at the scale of meso-habitats, the impact of seafloor topography (e.g., seamounts) on zooplankton vertical and horizontal distribution, abundances and species composition.

The interaction of seamounts with ocean currents generate variability in the physical flow field at different scales, affecting the distribution of zooplankton. Predator prey interactions between the benthopelagic/benhtic and pelagic communities, may further impact upon distributions and abundances of zooplankton.

3. Determine changes in vertical distribution (including diel vertical migration) of zooplankton in relation to latitude and across the MAR.

Vertically migrating zooplankton act as a link between the surface and the deep sea. Vertical excursions of these organisms may accelerate the downward flux of organic matter through the water column. The extent and importance of vertical migration is affected by the species composition, the vertical distribution of these species, and by physical factors. 

4. Identify species composition and distribution of the benthopelagic and pelagic fauna in the near bottom layer over the MAR.

The near bottom layer is a habitat for a specialised benthopelagic fauna, associated with the seafloor. At the same time true pelagic animals can be advected or migrate into this layer, and probably interaction between these two components defines the biological processes near the bottom. The objective 4 will be connected to the MAR-ECO project PN2.

Specific aims

The project shall involve the best expertise, research platforms, and technology available in order to:  

· Use satellite images in order to identify hydrographic features.

· Conduct continuous measurements of hydrography, currents, chlorophyll, nutrients and bottom topography along cruise track.
· Perform numerical simulations of zooplankton advection

· Make continuous measurements of size fractionated zooplankton biomass in epi- and mesopelagic zones along and across the MAR between 40°N and 63°N with acoustical and optical devices. 
· Describe vertical distributions of zooplankton biomass and species composition, obtained by discrete net samples from the epi-, meso-, and bathypelagic layer.

· Use innovative methods and up-to-date technology for in-situ identification of zooplankton.

· Relate horizontal and vertical distributions of zooplankton abundance and biomass to hydrography and bathymetry. 

· Describe changes in vertical distribution and diel vertical migration of zooplankton in relation to latitude.
· Compare benthopelagic assemblages on either side of the MAR.
· Describe the impact of seamounts on the species composition, abundances and horizontal and vertical distribution of zooplankton
· Make a checklist of species with references to area, depth and number of specimens for the OBIS (the Ocean Biogeographic Information System) database.
· Analyse and describe species composition in the MAR-ECO area, in relation to known biogeographic provinces.
· Characterise the diversity of zooplankton assemblages along and across the MAR.
· Provide material and supplementary data on any new species or new records.
· Use molecular genetic analyses to characterize species diversity and to reveal cryptic or undescribed species.
· Study genetic structure of populations of selected species on either side of the MAR.
· Disseminate scientific results to enhance public awareness of open ocean animals and their ecology.
Specific aims related to other projects

Z1 is a major element of MAR-ECO, but interaction and co-operation with other components of the project is essential. The following supplementary aims address such co-operation or methodological challenges common to several components:

· Provide data and supplementary material on the distribution of gelatinous zooplankton (Z2 and Z3)

· Provide material for the analysis of trophic ecology of major copepods, euphausiids, gelatinous zooplankton and larval fishes across the MAR (Z4)

· Provide data and supplementary material of pelagic fauna associated with the benthopelagic community (PN4)

· In co-operation with other component projects, identify and describe interactions of mesopelagic and bathypelagic fauna with the benthopelagic community. (PN4)

Information produced by Z1 will be made available for wider uses through OBIS. 

Methods

Compilation of information from previous studies, field handbooks and manuals

Prior to the field phase background environmental data from the MAR area will be provided in order to facilitate the selection of sampling stations and sampling depths. This activity will include a review of published literature and pre-cruise numerical simulations of zooplankton advection. 

Information on previous scientific and zooplankton related work in the MAR will be compiled and made available to all participants. This survey will benefit the subsequent work at sea, and also facilitate comparative analyses. 

A list of taxonomic literature and identification handbooks will be compiled and used during the sampling at sea and during analyses of samples on land. 

Manuals and procedures for the many gears and instruments will be prepared in order to ensure efficient sampling practices.

Overall strategy for the work at sea 


The main field work effort will be in the summer of 2004. Cruises are already confirmed for this period, by Russian, Icelandic (2003) and Norwegian groups (Table 2). Other interested parties are encouraged to provide details of cruises that may contribute to the programme.

Work will comprise broad-scale surveys, with multiple cross-ridge transects between Iceland and the Azores, meso-scale and repeat surveys focused on the three MAR-ECO sub-areas shown in Figure 3. The selection of sampling stations within these areas will be based on information on bathymetry, hydrography and zooplankton distribution, derived from previous studies and new mapping during MAR-ECO cruises.  

The broad- and meso-scale surveys will involve underway observations of the physical environment (hydrography, bathymetry) and a suite of biological observations including acoustic, optical and net sampling.  Underway observations will be largely restricted to the top 1000 m of the water column, but station work will extend the sampling range to full ocean depth.  The combination of work at a variety of scales will enable very broad latitudinal changes in zooplankton and more localized changes due to rapid bathymetric changes to be observed, quantified and explained, and will also enable diurnal changes, for example in scattering-layer depth, to be disentangled from geographic variability.  This approach will also enable data collected from different vessels in different regions to be integrated, and thus for the programme as a whole to capitalize on contributions from all participating nations.

Cruises available

The field effort of the study will include cruises with international participation in 2003-2005, with most of the effort in 2004. Listed in Table 1 are cruises that will provide data and material to MAR-ECO. The list includes committed ship-time or cruises being planned or proposed. Some cruises will be fully committed to MAR-ECO work (e.g., the G.O.Sars 2004), other cruises which will have some MAR-ECO activity as elements of a larger programme (e.g., the Icelandic cruise in 2003). The OASIS project funded through the EU 5th Framework Programme will work in the southern box at the Sedlo Seamount, and data will be available to MAR-ECO analyses.
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It is essential to have a balanced and appropriate sampling in all three sub-areas. Unfortunately field sampling can not be achieved in a single year nor with a single vessel. Seasonal sampling will be too expensive.Consequently, the programme effort will be concentrated in summer months. 

To select sampling locations it will be very important to utilize existing information on bathymetry and fishing areas. Russian fishing and research vessels have surveyed large portions of all the three sub-areas previously, and bathymetry data from Russia will be used during the planning and field work. In addition, there are some data available from the United Kingdom. Sampling of new bathymetry data will be collected by multi-beam acoustics. 

Due to the extensive experience of Russian scientists from previous work on the MAR, a Russian cruise planned for 2003 with international participation will constitute a major contribution to Z1 and other MAR-ECO components. 

Table 1. List of cruises wholly or partly committed to MAR-ECO. Entries in red italics are tentative, i.e. cruises being proposed or planned.

	Vessel
	Time period
	Sub-area
	Capability

	RV Arni Fridriksson, Iceland
	Summer 2003, 2 weeks
	Northern
	Bottom and pelagic trawling, hydroacoustics, hydrography, zooplankton

(element of redfish survey)

	RV Walter Herwig, Germany
	Summer 2003, 1-2 weeks
	Northern
	Bottom trawling, hydrography

(element of redfish survey)

	OASIS cruises (international, but probably on German and Portugese vessels). 
	2003
	Southern
	Longlining at Sedlo seamount, also hydrography and plankton.

	Russian research vessel (AtlantNIRO)
	Summer 2003
	Not defined
	Bottom trawling, hydroacoustics,

Traps ?

	Russian research vessel and submersible MIR

(Shirshov Institute of Oceanology)
	Summer 2003
	Not defined
	Visual census, video records, still photos, plankton collection

	RV G.O.Sars, Norway
	June-July 2004
	Middle and northern or southern
	Bottom trawling, hydroacoustics, ROV, landers, hydrography, zooplankton

	RV Meteor, Germany
	Summer 2004/2005
	Southern
	Trawling, traps, hydrography.

	RV Seward Johnson  and submersible Johnson- Sea-Link
	Summer 2004/2005
	Middle
	Visual census, video records, still photos, CTD, plankton collection


Gears and instruments

The field phase will depend on the use of a variety of gears, both traditional and novel, for sampling data on zooplankton. The area is complex and gears are selective, and in many previous studies it has been recognised that no one sampling technique will be sufficient. Due to the remoteness of the sampling areas and the high risk of loss of gears, it is an absolute requirement that replacement gears are available and that budgets can accommodate costs of lost or damaged gears.

Some characteristics of the sampling gears are given in Table 2. The gears can be classified and described as follows:

Multiple-opening-closing nets: On the RVs “Arni Fridriksson” (Marine Research Institute (MRI), Iceland) and “G.O. Sars” (Institute of Marine Research (IMR), Norway) MOCNESS, Multinet and BIONESS will be available. A Norwegian macroplankton trawl with three opening-closing cod-ends (Multisampler) will be available from the IMR and can be used on all vessels equipped for pelagic trawling. A Rectangular Midwater Trawl (RMT, see Table 2 for details) is available from the pool of oceanographic instruments in The Netherlands.
Hydroacoustics: A range of acoustic methods will be used for quantification of zooplankton, current measurements and bottom topography mapping. RV “Arni Fridriksson” is equipped with a Simrad EK500 echo sounder with three transducers (38, 120, 200 kHz) in a protruding keel, an ADCP, and a multibeam bottom mapping echo sounder (EM 300, 10-5000m). RV “G.O. Sars” will be equipped with Simrad EK60 Scientific echo sounder with six transducers spanning the frequency range of 18-400 kHz mounted in either of two protruding keels, an ADCP, three multi-beam echo sounder systems for mapping of bottom topography at different depths i.e. shallow depths; the EM 1002, 1-1000 m, intermediate depths; the EM 300, 10-5000 m and great depths; the TOPAS PS 018, 30-10000 m. There will also be two or more EK60 Scientific echo sounders with multiple acoustic frequencies (18-1200 kHz) on various towed vehicles (see below). The range of acoustics frequencies from 18 to 1200 kHz opens for separation of target size groups within the range of 0.5-40 mm.

Table 2. Sampling gears and instruments available.

	Gear type
	Ship
	Depth rating
	Mouth size/ 

Mesh size/ 

No. nets
	Equipped with

	MOCNESS
	G.O. Sars
	0-bottom
	1m2 /180 μm/ 

8 nets
	

	Multinet
	G.O. Sars
	0-bottom
	
	

	BIONESS
	Arni Fridriksson
	
	1m2 /200 μm/ 8 nets
	

	Rectangular Midwater trawl (RMT)
	G.O. Sars
	0-bottom
	1m2 / 1000 μm

8m2 / 4000 μm

2 nets
	

	Norwegian Macropl. trawl
	G.O. Sars
	0-bottom
	36 m2/ 8000 μm/ 1 net
	3 cod-ends

	MESSOR
	G.O. Sars
	0-3000m
	
	CTD, OPC,VPR, fluorometer, multinet, water bottles, echosounder

	Multi-usage system
	G.O. Sars
	0-3000m
	
	CTD, OPC, fluorometer, multinet, echosounder

	Nu-Shuttle
	Arni Fridriksson
	0-150m
	
	CTD, OPC, fluorometer

	ROV
	“Aglantha”, 

G.O. Sars
	0-3000m
	
	Video- and still cameras, sampling device

	AUV
	Hugin (Norw.)

Autosub (UK)
	0-3000m

0-1600m
	
	Acoustic- and optical instruments

	Manned Submersibles
	“Mir1/2; Akademik Mstislav Keldysh
	0-6000m
	
	Video- and still cameras, Sampling device

	Underwater Video Profiler (UVP)
	G.O. Sars
	0-3000m
	
	Video cameras, CTD, fluorometer


Optical methods: Optical methods for zooplankton abundance estimation will be available at RV “G.O. Sars”. LOPC (Laser Optical Plankton Counter) rated to 6000 m, OPC and VPR (Video Plankton Recorder) rated to 3000 m, which can be used on towed vehicles, the drop probe, and plankton net sampling systems (see next section). The OPC on a Nu-Shuttle (Chelsea Instruments) rated to 150 m will be available on RV "Arni Fridriksson".

Towed vehicles: The RV “Arni Fridriksson” will carry a Nu-Shuttle equipped with depth, salinty, temperature sensors, a fluorometer and a light meter.
A towed vehicle, MESSOR, have been designed at IMR in cooperation with NUI (Norsk Undervannsintervensjon) to carry a range of environmental, optical and acoustic sensors such as a CTD, fluorometer, OPC, VPR and a Simrad EK60 with six frequencies from 18 to 710 kHz. The MESSOR may also be equipped with a Multinet and in the future a set of water bottles. The MESSOR and all its sensors, except for the acoustic ones, are rated to 3000 m. The vehicle is designed for towing speeds of 2-10 knots depending on the sensor configuration. Probably towing speed at 3000 m will be less than 3 knots. 

For the new RV “G.O. Sars” a multi-usage system for towed vehicles and a drop probe are under construction at the IMR. The system will include a Deep Towed Vehicle (DTV), a Shallow Towed Vehicle (STV) and a Drop Probe (DP). Sensors and operational modes for the multi-usage system are given in Table 3. Additional towed vehicles on the new “G.O. Sars” will be the multi-purpose TRIAXUS vehicle. This vehicle is to be operated at <8 knots in the upper 300 m, with a CTD and an OPC as basic instrumentation, but is in many aspects capable of carrying a number of additional sensors.

Table 3. Multi-usage submersible sensor platforms on the new RV “G. O. Sars”.

	 Multi-usage system

	 
 Parameters/units/characters
	Deep towed
vehicle
	Shallow towed 
vehicle
	 Drop probe

	CTD
	x
	x
	x

	Fluorometer
	x
	x
	x

	Light meter
	x
	x
	x

	Multinet (multiple-opening-closing net)
	
	optional
	optional

	Echo sounder frequencies [kHz]


	38, 70, 120,

200, 400
	18, 38, 70, 120,

200, 400, 710, 1200
	18, 38, 70, 120,

200, 400, 710, 1200

	Fibre optic cable
	x
	x
	x

	Transfer data rate on cable
	≤ 1,5 Gb/s
	≤ 1,5 Gb/s
	≤ 1,5 Gb/s

	Hydrodynamic design
	x
	x
	

	Towing speed [knots]
	3 - 10
	3 -10 (12)
	0 (0-2)

	Primary operation depth [m]
	200-800
	2 -200
	2 - 3000


ROV (Remotely operated vehicles): ROVs equipped with video and still cameras will be 

used to census macrozooplankton along vertical transects, and to observe behaviour and distribution in relation to microhabitats. ROVs will be crucial for obtaining data on fragile species (e.g., gelatinous zooplankton) and can operate close to the bottom in rugged areas where sampling by towed gears is too risky. The ROV “Aglantha” (University of Bergen, Norway) will be available, and has a maximum depth rating of 2000 m at present, but with plans of increasing this to 3000 m.

Autonomous Underwater Vehicles (AUVs): Use of AUVs such as Hugin (Norway, maximum depth rating: 3000m) and Autosub (UK, maximum depth rating 1600 m) could enable high-resolution, near-bottom sampling. The terrain-following capabilities of these vehicles can be used to make observations at close range with hydrographic, acoustic and optical instruments of the bentho-pelagic interface.

Manned submersibles: Manned submersible have the advantage that many operations such as observations and collecting animals can be achieved more quickly than with ROVs. They also carry a larger payload of plankton collection devices. The submersibles that are potentially available are the US Johnson-Sea-Link (JSL, depth range 985 m) and the Russian submersibles Mir-1 and Mir-2 (depth range 6000 m).
Mir-1 and Mir-2 are operated from the mother ship – “Akademik Mstislav Keldysh”, Russian Akademy of Sciences. The submersibles are potentially available during a Russian cruise in 2003, when dives may be performed in the Charlie Gibbs Fracture Zone area.

The JSL and the Mir submersibles provide a possibility of visual observation of animals (3 mm and larger) in the water column (pelagic communities), near-bottom layer (benthopelagic communities), and on the sea floor (benthic communities). Gelatinous fauna are easily observed and their abundances can be adequately estimated. Animals may be counted, and their size estimated with lasers (precision 1 cm). Abundances may be calculated and later converted to biomasses (both wet and carbon weigh) with use of available algorithms.

Video and still photos are possible in the water column, in near-bottom layer and on the sea-floor. Both submersibles are equipped with manipulators that can sample sessile and slowly moving macrobenthic animals on any substrate as well as meiobenthos in the soft sediments (with use of special grabs and sieves). The submersibles are equipped with suction devices that can sample selected planktonic and benthic animals. 

Data collection at sea

a) Underway observations 

Data collection along cruise track will be largely restricted to the top 1000 m of the water column, and include the following continuous observations:

Hydroacoustics

Optical methods: LOPC, OPC, VPR

Temperature- and salinity sensors, fluorometer

b) Station work

Station work will extend the sampling range to full ocean depth. Station work will include a standard set of gear deployment:

MOCNESS/Multinet/ BIONESS tow

Macroplankton trawl/RMT tow 

ROV

AUV

c) Treatment of samples

Zooplankton samples will be obtained from Mocness/Bioness /Multinet, Macroplankton trawl and RMT. Single specimens will also be collected by submersibles (manned/ROV/AUV) supplied with sampling devices.

Gelatinous zooplankton will be sorted out from all net samples and as far as possible, identified onboard. 

Net samples from Mocness/Bioness and Multinet will be subsampled. One half will be fractionated and frozen for later dry weight determinations, while the other half will be fixed for species identification on land. 

Samples from the Macroplankton trawl/RMT will be subsampled, and species identification and length measurements will be made onboard.

Samples for molecular genetic analysis will be provided from subsamples of Mocness/ Bioness/ Multinet or from separate net tows. Samples will be preserved in 95% ethyl alcohol for molecular analysis. 

Sample analysis

a) Acoustic data

The amount of acoustic data received from the platforms will be large, and there is an immediate need for developing serviceable data processing and presentation models, implemented as software systems. Data pre-processing include noise removal, filtering, compressing, and storing of data. Data post-processing will assign acoustic data quantities to likely occurring biological structures. This will form the basis for estimation of fish and plankton abundances, zooplankton size and species identification. Neural networks will likely be incorporated. Data retrieval, presentation and visualization should be automated by design of dedicated “data pathways” and presentation layouts. 

In a wide range of wideband acoustic measurement and estimation applications (e.g. medical, seismic, acoustic oceanography etc.) as well as in multi-frequency fish and plankton acoustics (Holliday 1977, Greenlaw 1979, Holliday and Pieper 1980, Løvik et al. 1983, Kristensen and Dalen 1986, Horne and Jech 1999) inversion methods have become useful for advanced descriptor classification and estimating numerical quantities. The quality of the methods relies on proper acoustic modelling of the observed matter or organisms. These methods together with inter-frequency response models (Korneliussen and Ona 2002) (less acoustic modelling dependent) will be integrated into new models for estimating fish and plankton abundances, and determining organism size.
b) Optical data

At least two types of optical data will be collected by the OPC, the LOPC and the VPR. The VPR data are simply video in situ images of pelagic objects sampled at 30 Hz. The VPR data will be analysed automatically in real-time by plankton identification software licensed by WHOI (Woods Hole Oceanographic Institution) (Benfield et al. 1998). Subsequent visual identification of specimens on images will be performed on subset of the data. The OPC and LOPC data represent number of objects in size bins, where the user subsequent to sampling controls the binning process. Additional information on shape of the objects is available from the LOPC, which may greatly enhance the possibility of identifying the objects (Zhou and Tande 2002).

Acoustic and optical data will be provided continuously, as number of zooplankton specimens and biomass within size groups per unit volume in the epi- and mesopelagic zones.  Identification of zooplankton observed by acoustics and optical methods will rely on simultaneous observation and additional sampling by multiple-opening-closing plankton nets and macro-plankton trawls with multiple-opening-closing code-ends. To the largest possible extent we will provide data as the number of specimens, if possible identified to species and life stage, per unit of volume. 

c) Video records

Macroscopic zooplankton as large as euphausiids and chaetognaths might be possible to identify and quantify by either using a counting frame, or by using a geometric method in post-analysis of the video records. Still photos can be used for refined identification of encountered organisms. We will also equip the ROV with sampling devices, thus making it possible to verify identifications from sampled material. 

d) Zooplankton samples

Net samples from Mocness/Bioness /Multinet, Macroplankton trawl and RMT, will provide data on species composition, developmental stages, size distributions on selected species and size fractionated dry weights. 

It is expected that some species will be difficult to identify and possibly new species or records will be encountered. In such cases, material will be examined by experts (Lists compiled by Expert Centre Taxonomic Identifications (ETI) (http://www.eti.uva.nl/Database/WTD.html), and Consortium European Taxonomic Facilities (CETAF).
The Bergen Natural History Museum will act as a central curator of samples from at least some of the cruises.

e) Genetic analysis

Molecular genetic analysis will be made on selected target families and genera of calanoid copepods in cooperation with the ZooGene project (http://www.ZooGene.org), in order to assist the following aims:

· Molecular systematic analysis to accurately characterize species diversity and reveal cryptic or undescribed species.

· Molecular population genetic analysis in order to study copepod population structure

· Determining a type DNA sequence for any new species of copepod or euphausiid.

· All molecular data will be incorporated into the OBIS database

Data analysis

a) Community and diversity studies

Samples used for diversity studies, will be obtained from net sampling, samples collected by submersibles (manned/ROV) and in-situ observations (video records). The diversity of the zooplankton assemblage will be estimated by sampling area and sub-area. Shannon H' and species richness will be used as diversity indices. Other indices of assemblage status such as life history patterns (size distributions) will be considered.

b) Comparisons with other work

Comparisons of community patterns on the scale of the MAR will address biogeographic and ecological questions. This will require the use of literature data or datasets made available for the comparisons by collaborating experts (IOS). Species assemblages in selected groups will be analysed in relation to known geochemical biogeographic provinces covering the MAR area, (e.g. Longhurst 1998, van der Spoel and Heyman 1983, OSPAR 2001). Comparative studies will be conducted with zooplankton assemblages, abundances and diversity in other areas and systems in the Atlantic such as seamounts (Vershchaka 1995), adjacent abyssal regions (Joint et al. 2001, Hays et al. 2001, Koppelmann and Weikert 1999, Beckmann 1988, Christiansen et al. 1999), and continental slope areas (Ellis 1985, Mauchline and Gordon 1991). The comparative studies will reveal if species are distributed over all the MAR, or whether there are latitudinal, east-west, and depth-related patterns. 

Dissemination and provision of data to OBIS

Results will be published in scientific journals and presented at relevant scientific meetings. Through this process the results will benefit the national and international management of the mid-oceanic Atlantic, and indirectly the continental slope waters. 

A major goal of MAR-ECO and the CoML is to raise the awareness of the interested public, and Z1 will produce results and images having strong appeal to a wide audience of all ages. In collaboration with the Public Outreach Group of MAR-ECO, discoveries and images will be made available in a form suitable for public presentation in media, on the web, in museums, and in the classroom. Online transfer of images from ROVs and manned submersibles will be given priority on the cruises, and video footage will be produced for the production of television features. Scientists involved in Z1 will contribute to such effort by giving interviews and popularised information on their research.

Workplan and Schedule

Z1 will have three overlapping phases, and each have well-defined tasks and sub-tasks:

Phase 1: Preparation for the field work 

Period: 2002-2003

Task1: Provision of background environmental data:

Subtask 1: Literature data and pre-cruise model outputs of oceanographic patterns. Locations of frontal zones. 

Subtask 2: Bathymetrical charts

Task 2: Provision and development of sampling gears and methods:

Subtask 1: Clarify suitability and availability of sampling gears.

Subtask 2: Compile user manuals for field sampling and treatment of samples.

Task 3: Provision of background information on zooplankton:

Subtask 3:  Compilation of the most important taxonomic literature.

Subtask 4: Overview of previous zooplankton work related to MAR will be made available to all participants.

Phase 2: Sampling and observation at sea

Period: 2003-2005

Task 1: Provision of background environmental data:

Subtask 1: Using satellite images in order to identify hydrographic features.

Subtask 2: 
Continuous measurements of hydrogaphic features, currents (epi- and mesopelagic) and bottom topography along cruise tracks. Continuous surface measurements of chlorophyll and nutrients along cruise tracks.

Task 2: Large scale mapping along and across the MAR between 40°N and 63°N:
Subtask 1: Large scale mapping of zooplankton abundances and species composition by optical and acoustic methods and net sampling in the epi-, meso- and bathypelagic zones.
Subtask 2: Describe and compare benthopelagic assemblages on either side of the ridge.
Task 3: Mesoscale mapping:

Subtask 1: Vertical and horizontal sampling of zooplankton along repeated transects across selected seamounts.

Subtask 2: Describe the benthopelagic and pelagic fauna around seamounts.

Task 4: Small scale studies: Vertical distribution of zooplankton: 
Subtask 1: Map vertical distribution of biomass and size fractionated zooplankton biomass in upper epi-, meso- and bathypelagic layer by continuous optical and acoustic measurements.
Subtask 2: Describe vertical distributions of zooplankton obtained by discrete net samples from the epi-, meso-, and bathypelagic zones.

Subtask 3: Describe the vertical distribution of zooplankton by means of in-situ observations from manned submersibles and under water video systems.

Task 5: Studies at species and population levels:

Subtask 1: To use the best available technology for mapping and in-situ identification of zooplankton species.
Subtask 2: Study genetic structure of populations of selected species on either side of the MAR. 

Subtask 3: Analyse and describe species composition, and provide material and supplementary data on any new species or new records.
Subtask 4: Make a checklist of species with references to area, depth and number of specimens.
Phase 3: Analyses, dissemination, and provision of data to OBIS

Period: 2004-2008

Task 1: Morphology and genetic analyses:

Subtask 1: Final species identification and provision of material to experts and museums.

Subtask 2: Analyses of molecular data.

Task 2: Data analyses: Statistical analyses and presentation of observation data: 

Subtask 1: Species occurrence and abundances.

Subtask 2: Analyse species assemblages in selected groups in relation to biogeographic provinces covering the MAR area.

Subtask 3: Biomass distribution and species diversity. Assessment of biodiversity indices along and across the MAR.

Task 3: Modelling:

Subtask 1: Modelling of ocean circulation of the region.

Subtask 2: Numerical simulation of zooplankton advection.

Task 4: Scientific publication:

Results will be published in internationally renowned journals and meeting proceedings.

Task 5: Public outreach:

MAR-ECO has a dedicated public outreach group, and results from Z1 will both in the field phase and later be disseminated to the general public and e.g. schools and media by various means such as the www, television networks, written media, and exhibitions.

Task 6: Provision of data to OBIS:

It is expected of all components of MAR-ECO that data be provided in a format compatible with the Ocean Biogeographic Information System (OBIS). This is a decentralised global database containing geo-referenced biodiversity data. Z1 will provide input to this database, or have its own database linked up to OBIS.

Budget

Estimates of project costs are given in Table 4. The amounts given are the total costs, some of which will be covered by mother institutions of the scientists involved, and by national governments. This includes ship-time and a proportion of the labour costs. The amount needed from external sources has not been estimated.

The budget as given in Table 4 assumes that all ship-time costs are to be covered by Z1. Roughly only a third of the ship-time devoted to MAR-ECO will be used by this component, and there should be a sharing of ship costs among components. If so, the ship-time cost of Z1 becomes € 875 000, and the total cost of the project 2 909 000
The amounts are tentative, and global rates have been used for labour costs and ship-time. More accurate amounts need to be filled in by all partners.

Public Outreach activity is included as an element of the project, and is Z1’s contribution to the general PO of MAR-ECO.

It is assumed that the project needs to hire two externally funded Ph D student or post-doctoral fellow for 3 years (part of Phase 2 and 3). Each partner will have to estimate what proportion of the labour costs will need to be covered by external funds.

Table 4. Tentative budget for the DN1 component of MAR-ECO. Cost are total costs. Amounts that need to be covered by external sources are not specified.

	
	Man-months
	Labour cost
	Other costs
	Ship time
	
	
	
	

	
	
	(9000 per month)
	(e.g. travel, consumables)
	
	
	
	

	Phase1
	
	
	
	
	
	
	
	

	Task1
	1
	9 000
	1000
	
	
	
	
	

	Task2
	6
	54 000
	500
	
	
	
	
	

	Task3
	1
	9 000
	500
	
	
	
	
	

	Pre-cruise workshop
	
	
	30 000
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Phase 2
	
	
	
	
	
	
	
	

	Ship time
	No. of weeks
	
	
	
	
	No. of scientists onboard x weeks

	RV Bj Saemundsen
	2
	
	
	140 000
	
	4
	8
	

	RV Walter Herwig
	1
	
	
	70 000
	
	4
	4
	

	OASIS project
	3
	
	
	315 000
	
	4
	12
	

	Russian RV (AtlanNIRO)
	4
	
	
	140 000
	
	4
	16
	

	G.O.Sars 2004
	9
	
	
	630 000
	
	4
	36
	

	Irish longliner 2004
	6
	
	
	420 000
	
	6
	36
	

	RV Meteor 2004/5
	6
	
	
	630 000
	
	4
	24
	

	RV Discovery 2005?
	4
	
	
	280 000
	
	4
	16
	

	
	
	
	
	
	
	
	152
	

	ROV
	No of months
	
	
	
	
	
	
	

	Aglanta
	2
	
	100 000
	
	
	
	
	

	Manned sub.
	
	
	
	
	
	
	
	

	MIR
	
	
	100 000
	
	
	
	
	

	Johnson Sealink
	
	
	100 000
	450 000
	
	15
	2
	

	
	
	
	
	
	
	
	
	

	Man-months (incl. sea-time)
	36
	324 000
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Gear costs
	
	
	50 000
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Phase 3
	60
	540 000
	
	
	
	
	
	

	Ph. D. (salary)
	72
	576 000
	
	
	
	
	
	

	Museum collection
	
	
	10 000
	
	
	
	
	

	Computing software
	
	
	15 000
	
	
	
	
	

	Data analysis
	
	
	30 000
	
	
	
	
	

	Scientific publication
	
	
	5 000
	
	
	
	
	

	Public outreach
	
	
	50 000
	
	
	
	
	

	Other
	
	
	30 000
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Sum across phases:
	
	1 512 000
	522 000
	2 625 000
	
	
	
	

	
	
	
	
	
	4 659 000
	
	


Societal benefits

The following is said about justification and societal benefits in the MAR-ECO science plan, and the contents are entirely valid also for Z1:

“A major overriding aim of the mid-Atlantic pilot project is to provide society with well-founded knowledge of patterns and processes of the mid-oceanic ridge ecosystem. The ridge system is a global feature found in all oceans, but surprisingly few focussed studies have been conducted in ridge systems. New knowledge thus has a great value in itself, providing man with a greater understanding of the environment shared by all. Compared with the continental shelf and coastal environments, the ecosystems of the mid-oceanic ridges represent “last frontiers” where new exploratory activity will provide new knowledge on both previously described and undescribed species. Providing well-documented new information on how mid-oceanic ridge communities are structured and sustained is a challenging task that would provide appealing new information for science and the general public.

New information is also required by governments and international bodies to design and implement environmental and fishery management plans, for mid-oceanic systems. Designing relevant assessment and monitoring programmes, or indeed giving correct and relevant advice on actions to be taken, requires far more information than is available at present. The mid-oceanic ridges have slowly become fishing areas of an international fleet of trawlers and longliners, and many of the species targeted have life histories that make them particularly vulnerable to overfishing. Effects of drilling activities and diffuse pollution from distant sources should also be assessed, but requires better knowledge of this system that is distant from most human activities. On a larger scale, improved monitoring and assessment methods would be needed to record the perhaps subtle changes in the oceanic environment caused by global climate change.

The Mid-Atlantic Ridge is a major feature of the Atlantic, it is topographically complicated with its many seamounts and fracture zones. Large amplitude elevations of bottom topography will influence local and regional circulation pattern, which in turn will affect the distribution of pelagic organisms. The topography and the association of biota with features such as seamounts represent particular challenges for technological innovation, both with regards to observational equipment and sampling gears. The application and testing of new approaches, techniques and equipment is intrinsic to the proposed project, and technological advances made in the deep-sea area may prove very useful also in shelf waters. The focus provided by an international multi-disciplinary project in a challenging environment such as the deep-sea is a great motivation for technological innovation on many fronts.

Considerable geophysical research has been and is conducted in the Mid-Atlantic Ridge area, and some knowledge on the ecology of organisms at selected seamounts and hydrothermal vent sites have been gathered. However, technological constraints and the lack of collaborative initiatives have limited the observational capabilities of most projects. Many countries have pressing tasks in the coastal zone, and international collaboration would seem necessary to fund and run projects in mid-ocean waters, areas that for the most part lie outside national EEZs. This calls for an international initiative such as the Census of Marine Life.

MAR-ECO will provide good training opportunities at various levels, from school children following the development of surveys and visiting web-based information sources, to post-graduate students basing their theses on work conducted on component projects of the pilot project. It will create unique opportunities for the training of sea-going scientists. Also in the post-project years, there will probably be material or data available for several student projects.” 
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Figure 3. The Study area on the Mid-Atlantic Ridge, and the three sub-areas selected for focused investigations, including the component project Z1.
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