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Summary
This project will address the key objectives of MAR-ECO through an integrated programme of studies on the pelagic nekton over and around the MAR (= Mid-Atlantic Ridge), closely linked to the plankton and demersal programmes. The hypotheses to be tested concern the assemblages of pelagic organisms and the identification of trends of change in their species composition and abundance; the possibly enhanced levels of pelagic biomass in the region; the trophic relationships within the pelagic nekton with particular emphasis on its availability to top predators such as whales, large fish and birds.

The programme will deploy a full range of conventional net sampling methods, including the largest pelagic trawls ever used for scientific studies. There will be extensive use of modern acoustical survey methods supported by a series of new technological approaches including acoustic buoys, sonar detection, automated underwater vehicles (AUV), remotely operated vehicles (ROV), underwater video profiling and bioluminescence profiling. The programme will be based on a major campaign of scientific cruises to the central MAR region of the MAR-ECO study area.

The results are expected to provide completely new information on the biodiversity and distribution of the pelagic biomass; to establish the principle links in the trophic structure of the zone; identify the routes by which this biomass becomes available to top predators, and to form an essential platform of studies integrating the other MAR-ECO component programmes directed at the upper ocean, bottom and near-bottom habitats.

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 60000 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 2500 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.
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Figure 1.  The ocean ridge system (After Garrison, 1993).

Large-scale distribution of pelagic nekton

What is pelagic nekton?

Marine scientists and specialists in different groups of animals will argue over the precise definitions of oceanic zones and the main categories of marine fauna. It is not our intention to contribute to these debates but to structure a viable programme of new observations for the Census of Marine Life. Within the context of MAR-ECO we use the term to encompass the complete range of animals occupying the middle layers of the water column. Representatives of most groups of marine animals are present but the zone is dominated by fish, crustaceans and cephalopods. Our approach will target those organisms above about 20 mm in size and located broadly in the meso- to bathypelagic zone from 200 m to 2500 m below the surface. This component programme (PN1) will address the central objectives of MAR-ECO and provide essential integration between other components focussed on zooplankton (Z1)
 and near bottom fauna (DN1)
.
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Figure 2.  The study area on the Mid-Atlantic Ridge, and the three sub-areas selected for focused investigations.
Biogeographic distribution

Within the main ocean basins and deep seas, much of the nektonic fauna is distributed vertically within the so-called ‘Deep Scattering Layer’ (DSL). This layer, described from its scattering effect on acoustic signals occupies a zone 300-800 m deep (e.g. Sigurdsson et al. 2002). Most obvious during daytime measurements, the layer moves upwards and disperses during the hours of darkness. The shift in the DSL appears to be due to the daily vertical migration of its faunal elements – downward at sunrise to avoid predation in the well-lit surface waters, and upward at sunset to feed in the relatively food-rich surface waters in darkness. The faunal elements of the DSL assemblage - the identities of individual species of fish, crustaceans and cephalopods - have been described from some waters, but little is known over the MAR. The PN1 proposal aims to treat the nektonic biomass of this important biotic zone as an assemblage, linked by common environmental requirements and interdependent trophic interactions.

Previous work on the nektonic assemblages of the DSL has been based largely on studies along the eastern and western continental margins. At these lateral margins of the Atlantic Ocean, where the continental slope bounds the ocean basins, the DSL becomes more diffuse and the fauna merges into the characteristic shelf faunal assemblages. The major data sets already available for the pelagic fauna adjacent to the continental slope will form the basis for interpretation of the new information on the pelagic nekton of the MAR. We also have focal studies on seamount fauna from several regions, which will be directly relevant. 

Previous studies have shown that the latitudinal distribution of selected pelagic nekton species show essential confinement with water mass. Major frontal zone areas are known to separate faunal assemblages into distinct communities. In the North Atlantic, cross-MAR water mass transport is intensified near the Charlie-Gibbs Fracture Zone (Fig. 3; from Bower et al. 2002), which corresponds with the sub-polar front. Hence, we should expect to see shifts in faunal composition in this area.
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Figure 3.  Mean flow field of deep waters in the North Atlantic Ocean near the Mid-Atlantic Ridge indicating major transport of water masses at the Charlie-Gibbs Fracture Zone. (From Bower et al. 2002).

Together these biogeographic data will allow some of the overall hypotheses of MAR-ECO to be addressed:

· Is the MAR an extension of the North Atlantic basin? Are the species occurring at the same depths at which they are found on the continental margins?

· Is the MAR a barrier between the pelagic fauna of the east and west North Atlantic basins? Is there a difference in species occurrence on either side of the MAR?

· Do circulation features, e.g. the Gulf Stream, act as barriers between the northern and southern fauna? In the region of the Gulf Stream, what is the effect of eastward drift and import of material from the west?

· What is the significance of seamounts within the ridge system?

Enhanced biological production

The major oceanic basins are generally regarded as oligotrophic, having lowered biological production in comparison with the continental margins of the oceans. These continental margins are more biologically productive for several reasons:- because the increased vertical mixing recirculates nutrients in the water column making them available to the phytoplankton in the photic zone; there is input of nutrients from terrestrial sources, entering coastal waters through major rivers and general run-off from the land; and, the general down-slope transport of marine sediments contributing nutrients and organic carbon down to, and beyond the shelf edge.

In mid-ocean, in the surface waters above the MAR, satellite observations and shipboard transects do not give evidence of the same enhanced primary production as seen in coastal waters. Exceptions may be found in the surroundings of seamounts and islands in the southern part above the MAR, where elevated subsurface chlorophyll maxima have been observed (Li and Harrison 2001, Jochem and Zeitzschel 1993). 

Over the MAR, however, there are indications that the biomass of higher trophic levels is enhanced. There is growing evidence that this region has high biodiversity and bio-productivity (Sigurjonsson and Stenson 1997). It supports several commercially important fisheries for deep-water species such as redfish (Sebastes spp.), tusk (Brosme brosme) and Greenland halibut (Reinhardtius hippoglossoides) (Hareide and Garnes 2001) as well as orange roughy (Hoplostethus atlanticus) (Thomsen 1998) and blue whiting (Micromesistius poutassou) (Gerber 1993). Why is this? Several hypotheses are available to suggest possible reasons to explain these observations:

· the length of the pelagic food chain may be shorter in this region leading to increase in the ‘ecological efficiency’ of transfer of nutrients and energy into the macrofauna; 

· the pelagic nektonic assemblage may include faunal elements with trophic links to the benthic fauna whereas others relate directly to the conventional sources of primary production and secondary production in the plankton.

Arguably, in the region of the MAR, the pelagic nekton assemblage interacts more closely with those of the plankton and the benthos relative to the adjacent deep basins of the eastern and western Atlantic. Within the context of the whole MAR-ECO programme, the PN1 proposal provides the platform for linking together the plankton studies of Z1 with those of the benthos on or close to the bottom proposed by DN1.

Role of trophic interactions in shaping the pelagic community

The large toothed whales, big fishes such as tuna, and oceanic surface-feeding birds of many sorts are known to feed directly on animals from the pelagic nekton. Sperm whales in the North Atlantic, for example, are estimated to take more than 90% of their total food requirements in the form of mesopelagic squid. They are massive, deep-diving animals fully capable of foraging at 1000 m depth so it is not hard to understand how they obtain deep-living food. Active fish predators such as tuna, however, are much more restricted to feeding in superficial waters, and yet they are known to feed on many of the deeper living mesopelagic fishes and cephalopods.

The question of how these predator-prey interactions are achieved remains a scientific challenge. It is known that the DSL shifts towards the surface at night, with the probable effect of bringing the distribution of many of the key nektonic species into the superficial layers of the ocean and within the feeding ranges of the main predators (Fig. 4). Hence, the outcome of this pelagic nekton component programme will also improve overall understanding of the trophic structure of the marine ecosystem, how marine productivity reaches the top predators, and address another key question of MAR-ECO:

· Is the trophic structure of the northern MAR  ecosystem similar to that on the slope regions of the eastern and western sides of the Atlantic?
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Figure 4. Diagrammatic representation of the interaction of phytoplankton, zooplankton, pelagic nekton, and demersal nekton at a hypothetical Mid-Atlantic Ridge (MAR) site. Note the diel vertical migrations of the zooplankton and pelagic nekton.
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Aim

To determine if the MAR supports a distinctive assemblage of pelagic nekton, in terms of its composition and/or abundance, relative to surrounding ocean waters, and to describe the trophic interactions between the pelagic nekton, its prey and its predators. 

Testable hypotheses

1. Pelagic biomass is enhanced over the MAR relative to surrounding waters.

2. Pelagic assemblage structure over the MAR differs from surrounding waters.

3. The MAR pelagic assemblage changes along a latitudinal gradient through changes in the distribution of its components.

4. The MAR effects the vertical distribution of the pelagic nekton.

Specific objectives

1. Map the distribution and composition of pelagic nekton over the northern MAR.

· Assess the diversity of pelagic nekton assemblages along and across the MAR.
· Provide material and supplementary data on any new species or new records.

· Make a checklist of species with references to area, depth and number of specimens for the OBIS (= Ocean Biogeographic Information System) database and other databases.
2. Compare pelagic nekton abundance and assemblage structure over and away from the MAR.

3. Compare pelagic nekton abundance and assemblage structure as a function of latitude and known biogeographic provinces.
4. Describe the trophic interactions between pelagic nekton and its predators (epipelagic and benthopelagic).  

5. Disseminate scientific results in a way that will enhance the public awareness of open ocean animals and their ecology.

Methods

Gears and instruments

Because of the wide range of life forms to be sampled in the PN1 and the physical complexity of the study area, the field phase will rely on the use of a large variety of gears – one gear will sample representatively only a limited range of organisms. Traditional net sampling will be conducted in combination with more modern techniques such as acoustics, video imaging, AUV and ROV methods. 

Net sampling: Several types of trawls will be used. Large or medium-sized pelagic trawls are necessary for sampling fast-swimming fish and cephalopods. Towing at speeds up to 5 knots may be necessary. In order to keep the drag reasonable, these trawls have progressively smaller mesh size towards the cod-end. In essence, larger organisms are caught by ‘herding’ them to the cod-end, whereas smaller organisms are retained by netting. Thus, the sampling volume will consequently decrease with size of an organism. Smaller, more fragile mesopelagic organisms are best caught with smaller trawls with finer mesh sizes, which requires lower tow speeds (2-3 knots).

Selection of specific trawls will result from a compromise between various sampling objectives and will vary from cruise to cruise. The following pelagic trawls will be available for the R/V G.O. Sars cruise in 2004:

· Large pelagic trawl (Egersund trål A/S), circumference 1 200m, vertical opening 60 m, mesh size stepped down to 50 mm in the cod-end, equipped with a multi-sampler cod-end

· Medium-sized pelagic trawl (“Åkra”-trawl), vertical opening 30 m, cod-end with 22 mm liner

· Krill trawl, circumference 176 m, vertical opening 13 m, mesh size 22 mm, equipped with a multi-sampler cod-end

· Small pelagic trawl, vertical opening 6.5 m, mesh size 8 mm

Multiple cod-ends enable several discrete samples to be obtained from a single trawl haul. Different depth zones or specific acoustic features (e.g., the DSL) can be targeted. Currently available equipment allows three cod-ends to be opened sequentially. Each cod-end could have different mesh sizes, if necessary.

Acoustic observations are utilized in selecting locations and depths to be trawled. Trawls can be equipped with sensors that provide information on the depth and geometry of the trawl, as well as echosounders that detect organisms entering the trawl (or ones escaping from it).

Some of the pelagic nekton species occur close to the sea bottom in certain areas or during a certain phase of their life cycle. Bottom trawl samples may therefore provide useful material also for studies on pelagic nekton.

MOCNESS: The MOCNESS multisampler allows an array of samples from specific depths in the water column to be collected. This is essential for characterising vertical distribution of micronekton, fish larvae and zooplankton (see Z1 programme).

Multi-frequency echosounders: Acoustic recordings with echosounders allow continuous observation of acoustic targets during the cruising between station and thereby coverage of large areas at all times of day. Using multi-frequency echosounders, targets with different acoustic properties can be distinguished, e.g., various groups of fish and plankton. Trawl sampling is used to support the interpretation of the acoustic observation, i.e. allocate the back-scattering cross-section to species and size for later density estimation. Videos and images from buoys and AUV/ROVS will also support the acoustic survey. 

Acoustic observations are limited to a depth range of about 1000 m for a 38 kHz transducer and 100-200 m for a 200 kHz transducer. The depth range can be extended if the transducer is mounted on a towed body. The towed body on R/V G. O. Sars can be towed at depths down to 500 m and is equipped with an echosounder with four frequencies (18-2000 kHz). This allows observations down to a depth of 1500 m.

Acoustic buoy: A buoy equipped with a standard scientific echosounder is used to monitor acoustic targets on a single location for several hours or days. This allows observations on vertical daily migrations from a single location without constraining other activities of the survey vessel. 
Bottom-mounted acoustic buoy: A bottom-mounted buoy with a standard scientific echosounder enables continuous acoustic observations independently of the survey vessel. Equipped with an acoustic release mechanism, it can be collected at a later time, even a year later. The buoy thus permits monitoring annual fluctuations on the MAR. It is planned that four such buoys will be available for the R/V G. O. Sars cruise in 2004.

Sonar: Sonar is used to detect fish schools, fish (such as tunas) and marine mammals living in surface waters. A multi-beam sonar with two frequencies will be available on R/V G. O. Sars. Multi-beam sonar technology offers a great opportunity to continuously study large volumes of water 24 hours a day. The flexible multi-beam sonars emitting sound at various frequencies (mainly 24-90 kHz) are able to cover up to 100 times larger volumes of water than scientific echosounders during transects and surveys. By synoptically combining these two hydro-acoustic techniques covering both the horizontal (sonar) and vertical (echosounder) sections of the water column at various spatio-temporal scales, we will then have the best available and modern underwater observation techniques for pelagic nekton. We will cover huge volumes of water within he MAR area, both horizontally (1000’s km) and vertically (1000’s m) and the sonars, in combination with echosounders, will constitute our backbone for underwater observations. Combining sonar data with in situ visual observations (high-resolution photos and videos from AUV and ROV deployments) and biological sampling (trawling and long-lining), new features of the pelagic nekton assemblage and distribution along the MAR will be revealed. The multi-beam sonars will mainly be used for observing pelagic nekton large enough to be detected acoustically in the upper 200-500 m. The sonar data will be utilized for a range of different biological and ecological tasks including: fish-fish, marine mammal-fish and seabird-fish interaction studies as well as schooling behaviour and dynamics of major pelagic fish species. The sonars will also be able to find and detect concentrations of cephalopods, sharks, sea turtles, and various other animal groups in the upper 200 m of the water column within the MAR region.
The sonars can effectively be used to spot productive areas and habitats with high concentrations of fish, squid or other marine animals applicable for more fine- and meso-scale process-related studies in combination with visual observations of seabird and marine mammal aggregations along the MAR from the Reykjavik Ridge to the Azores.

Automated Underwater Vehicle (AUV): AUVs can be operated at stations while other gear are being deployed. AUVs can be pre-programmed to perform certain tasks or controlled remotely through an acoustic link. AUVs can be equipped with a variety of equipment. The AUV of IMR (Bergen, Norway), Hugin, is equipped with an echosounder (currently with only one frequency, 120 kHz) and a still camera (Fig. 5).
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Figure 5.  Hugin , the AUV of IMR (Bergen, Norway).

Remotely operated underwater vehicle (ROV):ROVs can be deployed opportunistically to provide video and camera images of pelagic organisms.

Underwater Video Profiler (UVP): UVP provides a photographic record of small pelagic organisms such as gelatinous plankton, jellyfish and crustaceans over a vertical range of 0-1200 m, along with standard CTD measurements. These data can be used to help interpret the distributional data derived from acoustical and net sampling.
Bioluminescence profiling: Vertical profiling of the distribution of bioluminescence in the water column will be achieved using the Aberdeen ISIT lander in free-fall mode. A downward-looking camera views a mesh impact screen. As the lander falls, bioluminescence is stimulated and a profile of its distribution from the sea surface to sea floor is obtained. This metric of bioluminescence broadly correlates with pelagic biomass and an extensive data set at similar latitude (Porcupine Seabight, NE Atlantic) is available for comparison (Herring et al. 2000).

Visual census from multiple platforms: Trained observers will undertake visual censusing of surface bound megafauna such as cetaceans, large pelagic fishes, turtles and seabirds. In situ observations of pelagic nekton will be conducted from submersibles, the MIR and Johnson SeaLink.
Geographical Information Systems (GIS): Central to the development of an inventory of marine life and improved conceptual understanding of the mechanisms that dynamically shape species distribution patterns in the region of the MAR is the implementation of strategies aimed at enhancing assimilation and access to existing biogeographical information. On the basis of discussions within the MAR-ECO subproject on Marine Mammals and Seabirds and meetings with Dale Kiefer and Vardis Tsontos from University of Southern California/System Science Applications (SSA) we recommend that a marine biological information system is developed for the MAR-ECO project building on the experiences and technologies developed for the CoML project in the Gulf of Maine. Specifically, the design of EASy GIS developed by SSA and the set-up of the Gulf of Maine Biogeographic Information System (GMBIS) has proven during demonstrations to fit most of the requirements needed for an effective integration and dissemination of data for MAR-ECO. 

Pelagic sampling programme

The pelagic sampling component 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 for this component, including 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), while others will have some MAR-ECO activity as elements of a larger program (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 for MAR-ECO analyses.

Life cycle experiments

These experiments will focus on artificial fertilization of deep-sea fish, primarily demersal. The fact is that most of benthopelagic deepwater species are not known at early-life-history stages. For instance, among ca. 50 species of macrourids from the eastern North Atlantic (this is the most numerous group of deepwater fishes) only 4 species are known at the egg stage and 10 species can be positively identified at the larval stage. Thus, the main goal of experimental work is obtaining information on egg and larval morphology of deep-dwelling fishes to use these data for their identification from ichthyoplankton samples

An overview to the cruises and expeditions which will conduct sampling programmes in the region of the MAR contributing to the MAR-ECO project is given in Table 1.

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 Árni Friðriksson, Iceland
	Jun-Jul 2003
	Northern
	Pelagic trawling, hydroacoustics, hydrography

	RV Smolensk
	Summer 2003
	Northern
	Pelagic trawling, hydrography

(element of redfish survey)

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

traps ?

	Russian research vessel and submersible MIR

(Shirshov Institute of Oceanology)
	Summer 2003
	Middle
	Visual census, video records, still photos

	RV Meteor, Germany (OASIS cruise)
	Nov-Dec2003
	Southern
	Longlining at Sedlo Seamount, also hydrography and plankton.

	RV G.O. Sars, Norway
	Summer 2004
	Survey all 3, focus on southern 2
	Pelagic & bottom trawling, hydroacoustics, ROV, AUV, landers

	RV Discovery, UK
	Summer 2004

and 2005
	Middle
	acoustics, trawling, bioluminescence profiling,landers

	Youngbluth cruise, US
	Summer 2004/2005
	Middle
	Submersible (Johnson SeaLink)

	Sutton, Vecchione cruise, US
	2005
	Not defined
	Fine-scale MOCNESS sampling, acoustics

	RV Meteor, Germany


	Summer 2005

or 2006
	Southern
	Hydrography, biogeochemistry, phytoplankton, zooplankton, pelagic nekton, benthos


Work plan

Phase 1: Background studies

Prior to the field phase, background environmental data from the MAR area will be acquired in order to facilitate the selection of sampling stations and sampling depths.

Information on previous scientific and nekton-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 various gears and instruments will be prepared in order to ensure efficient and consistent sampling practices.

Phase 2: Sampling and observation at sea

PHYSICAL DATA

Provision of background environmental data: Satellite remote sensing images will be used to identify hydrographic features. Continuous measurements of currents (epi- and mesopelagic) and bottom topography along cruise will be determined with ship-borne acoustic Doppler current profilers (ADCP) and bottom pingers. Continuous surface measurements of chlorophyll and nutrients along cruise will be determined with ship-board flow-through instrumentation. Detailed profiling on station (CTD casts, trawl borne sensors) will be conducted to assess vertical physical hydrographic structure.

BIOLOGICAL DATA

Biological data will be acquired using a combination of methods:

1. Large-scale acoustical determination of pelagic nekton distribution patterns, periodically ground-truthed with net sampling.

2. Large-scale visual determination of top predators. 

3. Net and camera sampling to determine diversity, species composition, abundance and vertical distribution of the pelagic nekton.

4. Acoustical sampling for determination of diel vertical migrations.

5. AUV acoustical sampling around stations for fine-scale distribution of pelagic nekton.

6. Ad hoc visual in situ sampling from ROV and submersibles for additional species composition and behavioural information.

7. Experiments on artificial fertilization of deep sea fishes for life history studies. 

8. Collection and storage of specimens for trophic ecology studies and museum specimens.

9. Collection of samples for genetic analysis.

Phase 3: Analysis, dissemination and provision of data to OBIS

1. Morphology and genetic analyses: Final species identification and provision of material to experts and museums. Analyses of molecular data.

2. Data analyses and major variables: Statistical analyses and presentation of species occurrence and abundances. Analyse species assemblages in selected groups in relation to biogeographic provinces covering the MAR area. Biomass distribution and species diversity. Assessment of biodiversity indices along and across the MAR.

3. Scientific publication: Results will be published in internationally recognized journals and meeting proceedings.

4. Public outreach. MAR-ECO has a dedicated public outreach group, and results from PN1 both in the field phase and later be disseminated to the general public, schools and media by various means such as the www, television networks, written media, and exhibitions.

5. Provision of data to OBIS: It is expected of all components of MAR-ECO that data be provided in a format compatible with the OBIS. This is a decentralised global database containing geo-referenced biodiversity data. PN1 will provide input to this database, or have its own database linked up to OBIS.

Budget

Estimates of project costs are given in Table 2. 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 2 assumes that all ship-time costs are to be covered by PN1. 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 PN1 becomes a third of € 2330000 (2780000 – 450000 for Johnson SeaLink), and will then amount to ca. € 780000. The total cost of the PN1 project component will then be € 3106000 which is the sum of € 1737000 (man-months) plus € 589000 (other costs) plus € 780000 (third of ship-time costs).
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 PN1’s contribution to the general PO of MAR-ECO.

It is assumed that the project needs to hire two externally funded Ph.D. students or post-doctoral fellows 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 2. Speculative budget for the PN1 component of MAR-ECO. Cost are total costs. Amounts that need to be covered by external sources are not specified. Numbers for costs in Euro.

	
	Man-months
	Labour cost
	Other costs
	Ship-time
	
	
	
	

	
	
	(9000 per month)
	(consumables,

travel etc.)
	
	
	
	
	

	Phase1
	
	
	
	
	
	
	
	

	Background studies
	5
	45 000
	10 000
	
	
	
	
	

	Gear development
	4
	36 000
	10 000
	
	
	
	
	

	Possible new gear
	3
	27 000
	50 000
	
	
	
	
	

	Pre-cruise workshop
	
	
	30 000
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Phase 2
	
	
	
	
	
	
	
	

	Sampling and observation at sea
	No. of weeks
	
	
	
	
	No. of scientists onboard x weeks

	RV Árni Friðriksson
	2
	
	
	140 000
	
	4
	8
	

	OASIS project
	3
	
	
	240 000
	
	4
	12
	

	Russian RV (AtlantNIRO)
	4
	
	
	140 000
	
	4
	16
	

	G.O.Sars 2004
	9
	
	
	630 000
	
	4
	36
	

	Irish longliner 2004
	6
	
	
	420 000
	
	6
	36
	

	RV Discovery 2005?
	4
	
	
	280 000
	
	4
	16
	

	RV Meteor 2005/6
	6
	
	
	480 000
	
	8
	48
	172

	
	Total  man months at sea
	
	
	
	
	
	
	

	
	43
	387 000
	34 000
	
	
	
	
	

	ROV
	No of months
	
	
	
	
	
	
	

	Aglantha
	2
	
	100 000
	
	
	
	
	

	Manned sub.
	
	
	
	
	
	
	
	

	MIR
	
	
	100 000
	
	
	
	
	

	Johnson SeaLink
	
	
	
	450 000
	
	15
	2
	30

	
	Total  man months at sea
	
	
	
	
	
	
	

	
	8
	72 000
	15 000
	
	
	
	
	

	Container transport
	
	
	50 000
	
	
	
	
	

	Gear costs
	
	
	50 000
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Phase 3
	
	
	
	
	
	
	
	

	Ph. D. (salary)
	72
	576 000
	
	
	
	
	
	

	Museum collection
	6
	54 000
	10 000
	
	
	
	
	

	Computing software
	12
	108 000
	15 000
	
	
	
	
	

	Data analysis
	24
	216 000
	30 000
	
	
	
	
	

	Scientific publication
	12
	108 000
	5 000
	
	
	
	
	

	Public outreach
	6
	54 000
	50 000
	
	
	
	
	

	Other
	6
	54 000
	30 000
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Sum across phases:
	
	1 737 000
	589 000
	2 780 000
	
	
	
	

	 Hypothetical sum of PN1 project if PN1 would cover all ship costs:
	5 206 000
	
	


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 PN1:

“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 MAR is a major feature of the Atlantic, and is topographically complicated with many seamounts and fracture zones. Large amplitude elevations of bottom topography influence local and regional circulation patterns, which in turn 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 being, conducted in the MAR 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 4.  Diagrammatic representation of the interaction of phytoplankton, zooplankton, pelagic nekton, and demersal nekton at a hypothetical Mid-Atlantic Ridge (MAR) site. Note the diel vertical migrations of the zooplankton and pelagic nekton.








� Distribution, abundances and species composition of zooplankton in cross-frontal and cross-ridge transects of the mid-Atlantic Ridge


� Distribution patterns and species composition of demersal fishes in relation to habitat variability on the mid-Atlantic Ridge
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