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Overall MAR-ECO Strategy and Approach

Working in mid-ocean waters and at great depths and rugged topography is technologically challenging and expensive. MAR-ECO’s strategy has been to mobilize relevant experts, instruments and ships from several countries in order to achieve a satisfactory competence and capacity to meet the challenges at an acceptable cost. This mobilization is a continuous ongoing process. The approach has been to create a network of scientists that can satisfy the requirements throughout the project’s planning, field and analysis phases by seeking to contribute primarily national resources to a co-ordinated international effort. Being a network effort dependant on many sources of resources, MAR-ECO has to tune activities to the availability of personnel, technologies, ship-time commitments and funds.

Using a range of technologies on the same platform provides more comprehensive results and enhances the potential for new discoveries. The aim is to sample and/or observe organisms of the size range from mm to metres (e.g. small zooplankters to whales), hence a range of samplers adapted to collect this kind of information in the most accurate and efficient way is needed. In order to sample all relevant depths, the technologies would ideally need to function from surface waters to about 4500 m. 

Thus when a ship is working for MAR-ECO, it will combine traditional sampling with e.g. nets with novel acoustical and optical instruments mounted on the hull, on cables, moorings or submersibles. Depending on the objectives, sampling will be continuous along the ship’s track, or limited to certain locations were samplers, moorings or submersibles are deployed for a limited period of time. MAR-ECO used long-term acoustic moorings for the duration of the 8-week G.O.Sars cruise in 2004, and one of these moorings were in 2005 successfully recovered after being out for almost a full year.

The MAR-ECO project aims to gather information on species assemblages in the area extending from Iceland to the Azores, in waters “associated with” the mid-Atlantic Ridge (see www.mar-eco.no/sci for background documents and numerous reports from cruises in 2003-2005). A major effort of the project was the international 2004 expedition on the RV G.O.Sars and MS Loran and the emphasis in the following description is on strategies and methods adopted on that expedition. 

Sampling Pelagic Biota

Spatial variability, and short-term temporal variation 

Ship-time constraints limited the 2004 MAR-ECO sampling effort to the ridge axis and waters off the ridge on either side to bottom depths of about 3500m. The MAR-ECO effort was specifically designed to gather information on species assemblages and how these were distributed spatially and in relation to the abiotic environment. This is why the experiences from this effort are considered particularly relevant.

In order to achieve quasi-synoptic information on the Iceland to Azores spatial scale, the MAR-ECO project adopted a combination of 1) Continuous sampling along the ship’s track; 2) Point observations using a predefined set of samplers at predetermined sites; and 3) Opportunistic sampling in order to study particular phenomena or carry out exceptional tasks. The following is a brief description of the approaches of each:

Survey design

The ship’s track was predefined with the objective of gathering information within ridge-associated area mentioned above (partially excluding the northernmost waters of the Reykjanes Ridge that had been sampled the previous years by the Icelandic vessel RV Arni Fridriksson). The knowledge of the spatial patterns of the fauna from previous cruises was indeed very limited, hence a strict adherence to a certain sampling strategy or survey design was inappropriate. The decision, reached after extensive pre-survey discussion, was to make a zig-zag track, including several cross-ridge transects ensuring reasonably even sampling effort in the entire target area within the about 3 weeks ship-time available for the pelagic survey. Large-scale physical features in addition to the Ridge itself was the major Charlie-Gibbs Fracture Zone, and the sub-polar frontal zone located near or just south of the Charlie-Gibbs Fracture zone. The surveys lines were placed so as to achieve several crossings of these features.

Underway sampling along ship track

The collection of data during steaming, continuous sampling, was used to 1) map the large-scale distribution pattern of the physical environment and 2) the horizontal and vertical distribution of biological backscattering in the upper 2000-3000 m. This is similar to what is achieved by the ocean-basin scale hydroacoustic surveys of e.g. the Norwegian and Irminger Seas. The difference is the depth scale of MAR-ECO and its focus on assemblages rather than a few target species of the epipelagial and the upper mesopelagial. 

The sampling equipment used for continuous sampling on the 2004 MAR-ECO expedition of the RV G.O. Sars included: 

· Split-beam echosounders with vessel-mounted transducer transmitting at 5 frequencies (18, 36, 70, 120, 200 kHz). The transducers are mounted on a protruding keel, and the vessel is silent, hence observations of good quality are obtained from a wide depth range, sometimes to 3000m. 

· Acoustic Doppler Current Profiler (ADCP, 75 kHz) continuously logging current in the epi- and mesopelagial (depth range 750-800m).

· A thermosalinograph (SBE21) recording surface temperature, salinity, and fluorescence. The water intake for the thermosalinograph is at 6m below the sea surface, and a secondary temperature sensor is mounted close to the intake. 

During daylight hours, a visual census of mammals and seabirds was conducted by skilled personnel according to established protocols. 

Point sampling at predetermined locations

At a set of predetermined locations, point sampling was conducted.  The number of stations was determined by the compromise between maximising efforts within the available ship-time and the desire to conduct a comprehensive sampling at all stations. The resulting number became 18, close to the original target number, and the geographical distribution along the predetermined survey line secured comparable information throughout the study area. Whether this is a sufficient or ideal number of stations cannot be assessed at this stage.

The following gears and technologies were used:

Net sampling:

· Two different double-warp multi-codend mid-water trawls (a medium sized pelagic fish trawl and a macrozooplankton trawl). Maximum sampling depths 2500-3000m.

· The Multinet mesozooplankton sampler. 

· Ringnet attached to roof of mid-water trawl. Depth range as used by pelagic fish trawl or bottom trawl.

Acoustics:
· Echosounders of various designs/characteristics (hull- and keel-mounted, and towed vehicle transducers). The hull- and keel mounted instruments were the same as described above. The towed transducer was used at or near stations to record target strength of particular scatterers and more detailed support information for interpreting the recordings.

· The Bergen Acoustic Lander, essentially an upward-looking multi-frequency echosounder and an acoustic doppler current profiler (ADCP). This free-fall lander is battery-powered and can be recovered after weeks or months of independent operation. The transducers are currently depth-rated to 1000 m, hence the lander provides information on the meso- and epipelagic scatterers only.

Optics, Sensors and Samplers:

· The Underwater Video Profiler (UVP) contained two separate cameras and CTD systems.  Operating depth 0-1000m. Recorded the images of suspended particles as well as pelagic organisms and computed their size and abundance. 

· Remotely operated vehicles (two ROVs, Aglantha and Bathysaurus) were equipped with video cameras, CTD and collecting devices. Operating depths 0-2500 m (Bathysaurus was designed to operate to 5000 m but this capability was not utilised due to a malfunction of thrusters).

Oceanographic instruments:

· CTD with rosette of water samplers (24 10 l bottles). The CTD had dual sets of temperature and conductivity sensors and an Aquatracker III fluorometer and a SeaBird oxygen sensor (SBE43). Water samples were used for nutrient and chlorophyll analyses after the cruise.

· Lowered ADCP (150 kHz). RDI 300kHz Monitor WorkHorse ADCPs were mounted on the CTD carousel, one looking down and one looking up. 

A sampling programme was predetermined for the fixed stations (Table 1). The same sampling gears except the Multinet were used at “short” and “long” stations. The Multinet was used only on “long” stations.  

Table 1.  Fixed station programme at  “long” (upper panel) and “short” (lower panel) stations. Long stations were shortened half way through the cruise by excluding one of the multinet hauls. 

	 “Long” stations (duration 20 h)
	Max. depth (m)

	       Towed body (variable depth)
	1500

	       CTD/ADCP (0-bottom)
	3000

	       UVP
	1000

	       Multinet, deployment 1
	2500

	       Multinet, deployment 2
	1000

	       Macrozooplankton trawl
	2500

	       Pelagic fish trawl (Åkratrawl)
	3000


	 “Short” stations  (duration16 h)
	Max. depth

(m)

	      Towed body
	1500

	       CTD/ADCP
	3000

	       UVP
	1000

	       Macrozooplankton trawl
	2500

	       Pelagic fish trawl (Åkratrawl)
	3000


Pelagic dives with the ROVs Bathysaurus and Aglantha were also made at pre-determined locations, at nearby locations but not associated with the pelagic sampling described above.

Opportunistic sampling

This practice satisfied the need for extra sampling such as:

· Tows with a large mid-water trawl (Egersund trawl, mouth opening 80m) to collect large mobile organisms such as fish and cephalopods.

· Extra targeted tows using the standard mid-water trawls to validate acoustic recordings. 

· Whale sighting and tagging requiring excursions off the predetermined course. These studies also included local sonar tracking of whales and sonar observation of others scatterers in areas of high whale density.

Direct observations of pelagic nekton and plankton can also be made from manned submersibles, but such vehicles have only exceptionally been available to the project.  In June 2003, on a short cruise with the Russian Federation vessel RV Mstislav Keldysh to the Charlie-Gibbs Fracture Zone, two vertical profiles of zooplankton were recorded by the scientific crew.

Seasonal variation

Comprehensive long-term observation using ships is not feasible in a mid-ocean area. Alternatives are self-recording instruments and samplers mounted on ships-of-opportunity, moorings, floats etc. It is also conceivable that future observations by optical and acoustic instruments can be made by Autonomous Underwater Vehicles (AUVs) crossing ocean areas, and plankton samplers may be fitted on such vehicles.

Despite substantial efforts during the planning phase, MAR-ECO was unable to finance and mobilise available AUVs and instrument packages to be mounted on ships of opportunity. However, the project managed to conduct some seasonal sampling using moorings. 

A Bergen Acoustic Lander (see description above), was moored at about 1000m on a hill just north of the Charlie-Gibbs Fracture Zone. The instrument was recovered after 12 months and provided a full-year cycle of continuous observations of mesopelagic and epipelagic scatterers. This experiment demonstrates the potential of such rather inexpensive moorings or observatories.

Satellite data have been used extensively to monitor temperature and colour of the upper water column at large spatial scales. These are background data on the abiotic and biotic environment, but will not provide biodiversity information.  Prior to and during the MAR-ECO expedition, satellite data were gathered and provided useful information on e.g. position of frontal zones.

Further information on samplers and technologies

Net sampling 

Egersund trawl

The Egersund trawl  (pelagic fish trawl used only exceptionally) is a standard trawl used in commercial fisheries to fish deep-pelagic resources such as redfish (vertical net opening 90 to 180 m, door spread 150 m, mesh size in cod end 22mm). Hence, it is suitable to sample large-sized fishes and invertebrates in pelagic layers. During the G.O. Sars expedition this net was used for opportunistic sampling of particular targets located acoustically.

Large gelatinous nekton such as big medusae and cirrate octopods are severely damaged during the long period of hauling large nets. Furthermore, a considerable number of slender species, such as eel-like fishes and some squids (Cranchiidae, Mastigoteuthidae), are caught in the forenet meshes and in the trawl wings during fishing operations. 

Åkra trawl
The Åkratrawl (pelagic fish trawl used routinely) is a medium-sized pelagic trawl used routinely on many fishery research vessels (net opening 20 to 35 m, door spread 110 m, mesh size in cod end 22 mm). During the G. O. Sars expedition a modified version of this net was equipped with a multi-sampler to collect fauna from three depth strata consecutively during one haul (3 cod ends in one tow). This net was used routinely for sampling large and medium-sized midwater fishes and squids. 

Like in the Egersund trawl, gelatinous fauna are easily damaged during the long period of fishing hauls. This problem, however, can be overcome if a metal-box sampler is fitted into one of the three cod ends. Specimens retained in this box are not damaged by ropes, meshes or during deck handling. During the G. O. Sars expedition this cod end collected a number of delicate midwater animals such as fishes, cephalopods, crustaceans and medusae. 

Contamination between cod ends seemed to be a minor problem. If animals caught in the early stages of the tow get stuck in the forenet or just in front of the multisampler, there is a risk that some may end up in the wrong bag late in the tow.  This problem cannot be entirely avoided, but was taken into account when designing the multisampler. It was assumed that the contamination was very small compared with the overall catch collected correctly from a given depth interval.

Macrozooplankton trawl

This trawl samples large zooplankton and micronekton (net opening 6m x 6m, opening 36 m2, mesh size in the 30 m long cod end is 3x3mm square mesh, 6mm stretched). During the G. O. Sars expedition the gear was equipped with a multisampler and five cod ends allowing sampling of five depth strata consecutively during one haul. This net was used as a standard gear to sample small midwater fishes, micronektonic invertebrates and the large macrozooplankton.

In case of the cnidarians, the medusae (e.g., Atolla sp.) were significantly smaller in size than those sampled by Egersund trawl and Åkra trawl. Pelagic fish and cephalopods were represented by smaller-sized specimens of those species that occurred in the bigger nets. Additionally, fish taxa such as Cyclothone and Maurolicus were only caught in substantial numbers by this net. The same was true for the early life stages of cephalopods (e.g., Gonatus). This net caught only one species of chaetognath, Sagitta maxima.  Factors such as mouth opening, towing speed, depth and duration of tow, and net avoidance account for these differences.

Zooplankton ring net on the macrozooplanton trawl

A ring net (1-m diameter, 750-µm mesh size) was attached to the macrozooplankton trawl during trawling (0–3000–0 m). This net caught macrozooplankton from 2-20 mm including chaetognaths, pteropods, fish eggs and fish larvae. The ring net provided an account of the species occurring in the entire water column and was useful for collecting material for molecular studies. The data cannot be used for quantitative assessments of assemblages nor their depth distribution patterns.

Zooplankton ring net on the bottom trawl

The ring net was also mounted on the bottom trawl to sample the bentho-pelagic layer. Fauna from this epibenthic layer is poorly known The few samples that have been taken in the past have often collected new species. To be useful for monitoring purposes, the ring net should have a closing mechanism and a flowmeter.

Multinet

The vertically towed Multinet (180-µm mesh size) captures mesozooplankton (~0.2-2 mm) quantitatively. As used in this case, sampling was conducted at 5 discrete depths from the surface to 2500m.  The sampling intervals for one of the Multinet deployments was set to correspond to the maximum range of the UVP (1000 m), in order to make comparisons between the two datasets possible. The Multinet samples larger volumes than the UVP (see below) but misses most of the gelatinous plankton.  Mainly copepods and amphipods, together with ostracods, pteropods and a few chaetognaths were found in these samples. 

Advantages: quantitative, depth-stratified, quick (compared with towed nets)

Disadvantages: not efficient for gelatinous forms, misses rare species because of small sampling volumes compared with oblique or horizontal tows 

Alternatives: obliquely towed, opening-closing mesozooplankton nets, e.g., Bongo, alternative multinets, MOCNESS. An obliquely towed UVP system is now available.

Benefits and disadvantages

Each net has different selection properties and will collect information on a different species and size components of the assemblages occurring in a study area. Three trawls were used to sample the nekton and large macrozooplankton, and the selection of gears was made with the intent to facilitate collection of all species and size ranges. The relative mouth openings of the nets are: krill trawl: 1, Åkra trawl: 16, Egersund trawl: 240. The species range sampled by the different gears overlapped, and it is expected that the size frequency distributions of various fish and cephalopod species were different. For example, the average sizes of certain species were bigger in the Egersund trawl samples than in the Åkra trawl. This result indicates that, based on a similar amount of fishing effort, the Egersund trawl is probably more efficient to sample a wider spectrum and size range of cephalopod and fish species than the Åkra trawl. But the disadvantage with the big Egersund trawl is the inability to sample several depths in one tow.  Given the time and effort needed to operate the gear,  it is  not advisable for regular sampling.  

When sampling for rare species it might be of benefit to sample longer in discrete depths rather than performing oblique tows. That would strengthen the assumption that species are distributed and maybe concentrated along horizontal planes rather than dispersed vertically. 

The use of multiple cod ends and a multi-sampler to sample several depth strata consecutively during one haul (see Åkra trawl and the krill trawl) minimizes sampling efforts in great water depths.

Acoustical methods 

The reliability of acoustic methods depends on the platform from which they are operated A common consideration is that different frequencies interrogate different depths (the lower the frequency, the larger the range) and different size ranges of targets (the higher the frequency, the smaller targets can be detected). Acoustic back-scattering at different frequencies depends on an organism in question – so-called frequency response. By using multiple frequencies simultaneously, the frequency response is an additional source of information for identifying targets. 

Vessel-mounted transducers

Mounting transducer on a vessel offers the most robust operation and the highest flexibility for using different technical solutions (e.g., frequencies). Hull-mounted transducers are easiest to maintain while mounting on a drop-keel allows observations in rougher weather than hull mounting does.

Vessel-mounted solutions lend themselves to observations along the cruise track. Station observations are possible but often suffer from interference with other station work. A disadvantage is that the upper 15 m of the water column is not observed.

On G.O. Sars the transducer mounted on the protruded keel was transmitted at 5 frequencies (18 – 200 kHz). Under ideal conditions, the lowest frequency could penetrate below depth of 2000 m, but all frequencies cover only a range of about 200 m. In general, quality of data decreases with increasing distance from the transducer.

Towed body

Placing the transducer in a towed body can be used either as an alternative to mounting on the vessel (better observations under adverse weather as bubble layer close to surface can be avoided) or as a means of obtaining good data from deeper waters. The transducer can be lowered to immediately above a layer where data are needed, thus overcoming depth range limitations. The latter way of operation can support both work along cruise tracks and on stations. Deployment of towed bodies, however, is more cumbersome.  Towed transducers cannot be operated in deep-towed mode at speeds used in acoustic surveys by hull-mounted transducers, and this limitation is a disadvantage for survey operation.

Moorings

Moored transducers provide a continuous series of observations from a single location. Both downward and upward looking solutions are possible, and vertical ranges apply as for transducers on other platforms. Moored transducers provide an unique opportunities for obtaining long time series with high temporal resolution. Operation time is determined by battery capacity and sampling interval (one mooring set during the G.O. Sars cruise in June 2004 was in operation for almost one year).

Upward-looking sounders provide high-quality observations of the surface layer. The drawback is the narrow spatial scope, and that interpretation of echoes cannot be supported by direct trawl observations. 

Drifting transducers

The same considerations apply to drifting transducers as to moored transducers, although typically the operation time is planned to be much shorter. Drifting allows observing the same water mass as opposed to observations of different water masses from a moored transducer. This approach can be an advantage in areas of complex hydrography. In a monitoring program, drifting transducers probably best support station work by allowing undisturbed acoustic observations while the vessel is conducting other tasks near the surface.

Evaluation, acoustics

Acoustic methods allow synoptic observation of vast volumes of the water column on a station or along the cruise track. Acoustics provide information on the depth, thickness and movement of scattering layers that can be used to optimise sampling by nets and trawls as well as targeted observation by optical instruments.

Continuous acoustic measurements along the cruise track can be conducted while steaming between stations and to/from the port, usually without compromising other observations.  Some conflicts can occur between different acoustic methods due to interference. On station, acoustic methods usually compete with other activities such as deployment of nets, instruments or submersibles that may interfere with the acoustics observations. By using moorings or drifters this limitation can be minimized.  

The major limitation of acoustic methods in monitoring faunal assemblages is the difficulty of target identification. Without independent verification (by nets or optical methods), only very rough classifications are possible. The quality of data is thus strongly influenced by the amount of supporting observations. Also, the upper surface layer is not observed, and avoidance of the vessel by certain fauna is difficult to observe and quantify.

In summary, acoustics complement high-resolution species-specific data at large spatial or temporal scales. The main benefit is the cost-effective collection of data over long distances and extensive time periods.

Combining trawl and acoustic information

Trawl and acoustical data can be combined to assess density and distribution of assemblages. Both data sets reflect variation in biomass. A method for systematic and consistent comparisons of the acoustic backscattering in the trawled volume and the actual catch taken onboard is being developed. The approach takes into account information about the acoustic reflection properties of the species captured by the trawl, and the size and efficiency of the trawls.

Optical methods

Underwater Video Profiler (UVP)

The UVP provides data on vertical distribution of particulate matter , CTD data, fluorescence, zooplankton above 5 mm (equivalent sphere diameter, ESD) and copepods above 1 mm (ESD). 

The UVP has three important features: 

a) It does not disturb the recorded particles or organisms This fact means that the UVP is well adapted to count and measure fragile, aggregated particle (=marine snow) and delicate zooplankton (=gelatinous species). 

b) It continuously stores photographic images while being lowered through the water column and thus provides a much finer depth resolution than vertically-hauled nets.
c) The UVP allows quick data retrieval and processing. Vertical profiles of abundances and size distributions are available immediately after retrieval of the instrument.
d) UVP data complements data obtained with nets or submersibles.
Limitations:

a) The depth limitation of the newest generation is 3000 m.  

b) The optical volume sampled by the UVP is rather small (15 dm3 s-1). Consequently, large-sized or rare species will be underestimated. 

c) Many of the recorded images cannot be identified to the level of species, and are therefore often assigned to higher taxons (medusa, copepods, chaetognaths, appendicularians). 
.

Remotely Operated Vehicles (ROV)

The ROV provides continuous in situ real-time observations of organisms. It is successfully used for qualitative behavioural studies, and quantitative estimations of abundances can be obtained by transects at constant speed.  

Advantages

a) The ROV is suitable for studying and sometimes collecting fragile organisms, such as gelatinous zooplankton. 

b) By lowering the ROV at constant speed, continuous, high resolution profiles were obtained. This is especially important for identifying narrow layers of zooplankton.

c) The volume of water observed is larger than for the UVP. The ROV is also covering a larger size fraction: e.g. large sized medusae and siphonophores.

The near-bottom layer is usually not sampled by common nets and trawls. Horizontal ROV transects will obtain data on distribution and species Remotely Operated Vehicles (ROV)

A ROV provides continuous, in situ real-time observations of faunal assemblages. Data gathered by an ROV is useful for quantitative estimations of distribution and abundance of pelagic fauna as well as for studies of their behavior. 

Advantages

d) An ROV is suitable for studying and collecting fragile organisms, such as gelatinous zooplankton. If outfitted with high quality video cameras, slowly deployed, and operated by a skilled technician, a large number of the animals can be identified to the species level.  Animal size can be determined with lasers.

e) By lowering the ROV at constant speed, continuous, high-resolution profiles can be obtained. This procedure is especially important for identifying thin layers of zooplankton.

f) The volume of water observed from an ROV is larger than for the UVP. The ROV camera   records a larger size fraction of animals, e.g. large sized medusae and siphonophores.

g) Horizontal ROV transects can be conducted in the epibenthic zone todocument the diversity and distribution of faunal assemblages..

Limitations

a) Avoidance: Many visual predators, such as mesopelagic fishes and cephalopods, are negatively phototactic; others may be attracted to the light and the noise. Avoidance has been observed by acoustics. As an ROV entered a scattering layer, deeper parts of the layer disintegrated. 

b) Logistics:  Heavy seas (wave height greater than 2 m) can curtail deployment of an ROV.  Strong deep-sea currents will limit manoeuvrability of the vehicle. 

Visual observation of seabirds and cetaceans

Visual observations of seabirds and cetaceans can be conducted throughout cruises under varied weather conditions. However, wind speeds above 10 m/s and wave heights of more than 8 m are considered as sub-optimal conditions for observation of cetaceans. 

Advantages: 

· Visual observations of seabirds and mammals require little resources, and can easily be combined with other activities onboard vessels; 

Limitations

· Visual observation is only possible during daytime

· Quantitative counting is only possible between stations when the ship is travelling at a constant speed.               

· Cetacean species without a visible blow, or without attraction to the vessel are not observed in a representative way

· Observations are affected by the weather conditions: Waves will reduce the reliability of cetacean sightings. This condition is especially true for beaked whales, which will be underestimated. Observations of seabird densities are less affected by weather conditions.

Visual observation of e.g. turtles and fish at the surface

Turtle observations (sightings), Mola mola, and schools. Many of the same considerations as for birds and cetaceans apply to these organisms. 

Sampling the Benthic and Benthopelagic Biota

Sampling and observation near or at the bottom from 600m to 4500m has been conducted by research vessels, a commercial fishing vessel, and manned submersibles. The research vessel also deployed free-fall landers and operated remotely operated vehicles (ROVs). Most research vessels are not efficient fishing vessels. In MAR-ECO several of the RVs are capable to tow large bottom trawls, but they are not rigged for efficient fishing with passive gears such as longlines, pot, gillnets. Manned submersibles are rarely available and exceedingly expensive, and the project has only had a single opportunity to use such vehicles. Valuable observations were gathered from two dives in the deeper part of the Charlie-Gibbs Fracture Zone (to 4500m depth) in 2003. 

Research vessel sampling

On the 2004 MAR-ECO expedition on the RV G.O.Sars (Leg2) most activities were concentrated at pre-determined stations along cross-ridge transects. A standard station was defined as a 2.5 by 2.5 nautical mile (1852 m) square. Within that square, several activities were carried out in succession:

· Deployment of a free-fall baited photographic lander (ROBIO).

· A CTD, water sample, and LADCP profile.

· Bathymetry mapping of the entire square by SIMRAD EM 300 multibeam echosounder connected to the OLEX mapping software.

· An ROV dive. Demersal dives were to include two perpendicular 400 m long transects, and additional exploratory excursions.

· A bottom trawl tow of duration depending on bottom conditions determined from the bathymetry survey. (see details in cruise report on www.mar-eco.no/sci)

· A plankton net tow, using a net attached to the roof of the bottom trawl.

· Retrieval of the ROBIO lander.

Fishing vessel strategy and technology

MAR-ECO chartered a commercial longliner vessel to enhance the sampling efficiency in rugged terrain where a bottom trawl could not be operated without danger of loosing or damaging the gear. 

The vessel chartered was the MS Loran (please see profile on http://www.mar-eco.no/mareco_news/2004/loran), and this vessel operated baited longlines, pots and gillnets in pre-determined sub-areas and depth zones at and on either side of the mid-Atlantic Ridge. The maximum fishing depth was 4200m.  A report from the operation is available on www.mar-eco.no/sci
O.A. Bergstad

Arendal, September 2006

