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Summary

The deep-sea fauna has developed a diverse range of feeding behaviours and strategies. Two processes may be assumed to be particularly significant for the distribution and production of pelagic and demersal fauna on the mid-oceanic ridges and seamounts: the vertical migration by epi-, meso- and bathypelagic organisms facilitating transfer of biomass and energy from the surface layer to deeper layers, and the current pattern around the seamounts may import and concentrate food. The mesopelagic nekton has adopted the first strategy and performs extensive diel vertical migrations. Benthic and benthopelagic animals rely more on utilising food supply from above through sedimentation and migration.

The PN2 project of MAR-ECO shall focus on the trophic ecology of pelagic and benthopelagic fauna associated with Mid-Atlantic Ridge habitats such as seamounts and slopes, and the central aims are to:

· Classify pelagic and benthopelagic species according to feeding pattern. 

· Identify intraspecific variation, e.g. changes in diet and feeding pattern with size. 

· Identify major interspecific linkages (predator-prey relationships).

· Derive conceptual food-web models that link different ecological compartments.

· Compare interspecific patterns and trophic transfer processes between sub-areas of the MAR-ECO area.

· Compare patterns observed on the MAR with those in continental slope waters based on previously collected data.

A diverse array of modern sampling and analytical techniques, the best competence in taxonomy and systematics, modern statistical analyses and modelling shall be utilized to address these questions. The project shall also review and systematise old data, and comparisons with results from adjacent continental slope waters will be carried out. Most of the work will focus on three MAR-ECO Sub-areas on the MAR. Modern 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 (2004-2006) which is devoted to analyses and dissemination of results.

Overall structure and context

This component project forms the major focus of the studies of the trophic ecology of pelagic and benthopelagic fauna inhabiting the MAR-ECO area. It also encompasses comparisons of trophic patterns between the Mid-Atlantic Ridge (MAR) region and the adjacent continental slopes. 

While focusing on trophodynamics, it is closely related to other components of MAR-ECO, especially the general investigations of diversity and distribution patterns of nekton, plankton and epibenthos.

PN2 will to a large extent depend on material collected by other Mar-ECO components, and the work will be concentrated in the three MAR-ECO boxes selected for focused process studies. The diversity of habitats, even within a study area, is a great challenge. In the southern sub-area, there are numerous seamounts and this is perhaps the more typical habitat. An ongoing EU-funded project, OASIS, conducts comprehensive investigations of seamounts in the southern sub-area, and this study constitutes one of the two elements of PN2.  

The middle and northern sub-areas have fewer seamounts, but fracture zones are prominent and also pronounced hydrographical fronts, e.g. the Sub-Polar front near the Charlie-Gibbs Fracture zone. The northern area comprises the Reykjanes Ridge and its flanks, and has a comparatively even topography compared with the southern sub-areas. In the second element of PN2 the nekton of the middle and northern sub-areas will be targeted. Also, complementary data will be collected from the southern area, covering a larger spatial scale than that studied in OASIS.

PN2 thus has two elements, and it is an essential goal that these elements provide compatible results derived by the same arsenal of methods and analyses. Much of the work will be basic and descriptive, identifying and illustrating trophic pathways. For each sub-area at least a conceptual model of the food-web should be constructed, illustrating relationships between species/functional groups and the important trophic processes. If the results permit, efforts should be made to construct an ECOPATH model for each sub-area.

Element 1 of PN2: Trophic ecology of the pelagic, benthopelagic and benthic communities of the Sedlo seamount in the southern MAR-ECO sub-area. (Part of the EU funded OASIS project). 

PI:  Bernd Christiansen 

Participants: Partners in OASIS
Project summary

The project OASIS aims at describing the functioning characteristics of seamount ecosystems. 

OASIS' holistic approach to investigate seamount ecosystems integrates hydrographic, biogeochemical and biological information. Based on two case studies, OASIS will yield an advanced mechanistic understanding of the processes characterizing seamount ecosystems, and their influence on the surrounding ocean. The scientific results, condensed in a conceptual ecosystem model,  will be applied to outline a model management plan as well as site-specific management plans for the seamounts investigated. 

The primary goal of OASIS, to provide an holistic, integrated assessment of seamount ecology,  will be achieved by addressing the following main objectives.

Objective 1: To identify and describe the physical forcing mechanisms effecting seamount systems

This objective addresses the hydrographic processes that control the circulation, mixing and exchange of fluid in the vicinity of seamounts. These are key requirements for an understanding of the biogeochemical and biological processes, and they are essential for the design of an effective biogeochemical and biological sampling strategy. 

Objective 2: To assess the origin, quality and dynamics of particulate organic material within the water column and surface sediment at seamounts.

The organisms below the euphotic zone depend, with a few exceptions, on (particulate) organic material that has been produced in the surface ocean. During its descent to the seafloor this material is altered in many ways, for example by ingestion and egestion by pelagic animals, by microbial degradation or aggregate formation. Within the benthic mixed layer, sedimentation and resuspension will strongly influence the availability of this material. All these processes will affect the nutritional value of the organic matter for organisms living at or close to the seafloor. 

Objective 3: To describe aspects of the biodiversity and the ecology of seamount biota, to assess their dynamics and the maintenance of their production.

Seamounts often accommodate enhanced stocks of commercially valuable species. Several hypotheses exist regarding how these stocks are maintained, e.g. by trapping of particles in Taylor columns, by enhanced primary production due to upwelling, or by trapping of the vertically migrating deep scattering layer fauna. This objective will address the major faunistic groups (zooplankton, micronecton, benthos and fish) at seamounts and their interactions, with special emphasis on the bottom mixed layer fauna. Knowledge of trophodynamic relationships is essential to a complete understanding of, and ability to reliably model, marine ecosystems. Biochemical analyses of fatty acid biomarkers and stable isotope ratios provide key means to gain insight into the trophic pathways of marine communities. In addition, the assessment of electron transport system (ETS) activity provides a proxy for the potential metabolism of the organisms under study. The goal of this task will be to apply a standard set of biochemical analyses (fatty acid biomarkers, (15N, (13C, 234Th and ETS activity) to selected species from the specimen material collected in the course of Tasks 3.1-3.4. The resultant dataset will be used to assist in the identification of functional groups among the seamount fauna and to estimate energy and mass transfer through the biotic compartments of the seamount ecosystem.
Objective 4: Modelling the trophic ecology of seamount ecosystems.

Under this objective, the growing body of information will be synthesized in a continuously updated conceptual ecosystem model, which will provide a common platform for the presentation of the primary scientific results of the project. In addition, the full OASIS dataset will feed into a mass-balanced trophodynamic model, based on the ECOPATH suite.

Objective 5: Application of scientific knowledge to practical conservation.

This objective acknowledges the critical need for the timely input of appropriate scientific advice to the development of marine policy. Policy makers and advisors as well as other stakeholders require applicable results in the form of easy-to-use products. The design of scientifically sound and practicable management plans is the most difficult but essential part of the implementation of protected areas. Drawing on the scientific results of the project, OASIS will act as an interface to practitioners. 

Element 2 of PN2: Trophic ecology and food-webs of fish and cephalopods of the Mid-Atlantic Ridge.

PI: Åge Høines (Norway).

Participants: Tracey Sutton (USA), O.A. Bergstad (Norway), Franz Uiblein (Austria), Jason Link (USA)?, Uli Sommer (Germany)? More??

Background and rationale 

Mid-oceanic ridges are the shallows of the deep ocean (Fig. 1), and the depths of the ridges are similar to the slopes and deepest offshore banks of the adjacent continents. However, ridges have more complex topography, little sediment, and mostly hard substrates of volcanic origin, and most ridges also differ from continental slopes by being distant from major landmasses. The northern Mid-Atlantic Ridge (MAR) is separated from continents by extensive abyssal plains. Only in the north are there relatively continuous shallower connections to the continents via the Greenland to Scotland ridges, and some seamount chains, e.g. the New England seamounts provide other linkages to the continents. The Azores are separated from the European and American landmass by extensive deep-sea areas.
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Figure 1.  The ocean ridge system (After Garrison, 1993).

The MAR-ECO project focuses on patterns and processes of the ecosystems associated with the northern Mid-Atlantic Ridge, and the study will include analyses of community structure and distribution patterns of the macrofauna. Trophic ecology is a central element, both in the studies of single species and the communities, and enhanced knowledge of trophic relationships and food-web patterns is essential for the overall ecosystem analyses. Even in the North Atlantic where a number of  previous studies of trophic ecology of deep-sea communities have been conducted (see e.g. Merrett and Haedrich 1997, 1997; Gartner et al. 1997), most attention has been given to continental slopes and pelagic food-webs. Earlier studies in mid-ocean ridge areas have been scattered, and some of the results of e.g. Russian/USSR investigations have not been easily available.

Fishes and other macrofauna along and adjacent to the mid-oceanic ridges cannot depend for their livelihood on the primary production along the continental areas. They must somehow survive on the generally very limited local surface production and on advective concentration of phyto- and zooplankton. The dependence on energy supplied from above or by advection probably limits the turnover and production.

Two processes may be assumed to be particularly significant for the distribution and production of pelagic and demersal fauna on the mid-oceanic ridges and seamounts: the vertical migration by epi-, meso- and bathypelagic organisms facilitating transfer of biomass and energy from the surface layer to deeper layers, and the current pattern around the seamounts may import and concentrate food. The mesopelagic nekton has adopted the first strategy and performs extensive diel vertical migrations. Benthic and benthopelagic animals rely more on utilising food supply from above through sedimentation and migration.

Studies have revealed a dependence on mesopelagic prey by benthopelagic slope fishes (Marshall and Merrett, 1977; Sedberry and Musick, 1978; Houston and Haedrich, 1986; Mauchline and Gordon, 1991; Haedrich and Merrett, 1992). Correlations between the feeding depths of benthopelagic slope predators and the daytime depth distributions of their vertically migrating prey have been demonstrated (Mauchline and Gordon, 1991). This dependence is likely even higher on seamounts and ridge systems, as these systems are isolated from terrestrial nutrient injection; i.e. these systems are overlain by oligotrophic waters. Additionally, recent studies have also shown enhanced biomass of zooplankton and micronekton close to the bottom, from the slope to the abyssal plains (Wishner, 1980; Hargreaves, 1984, 1985). This increase in prey density represents another mechanism for supporting the high productivity of seamount/ridge systems. 

Deep-sea nekton have developed a diverse range of feeding behaviours and strategies. Gartner et al. (1997) reviewed studies of feeding ecology of deep-sea fish, and provided a scheme for classifying species according to feeding modes. The classification of ridge-associated nekton in accordance with this scheme and corresponding systems for other taxa will facilitate comparative analyses, both among sub-areas of the ridge and between ridge communities and e.g. slope and abyssal plain food-webs.

Ontogenetic or size-related changes in feeding strategies are often pronounced, and diet-analyses aimed at revealing resource partitioning and food-web structure have to be stratified by size- or life-stage. 

One of the central goals of feeding ecology studies is to construct food-web models. In the MAR-ECO  component projects working on zooplankton, benthos and nekton will contribute to such modelling efforts, and the aim is to at least provide conceptual models for the MAR food-webs.

PN2 shall apply a range of classical and new methods to study feeding patterns and food-webs. The sampling at sea will be concentrated in the three MAR-ECO sub-areas and include traditional stomach content sorting, stable isotope studies, and biochemical analyses.

Hypotheses

· The main prey resources of the deep scattering layer fish and cephalopods are vertically migrating crustacean plankton and micronekton. 

· The main prey of the benthopelagic and benthic fish and cephalopods are pelagic and benthopelagic plankton and nekton.

· For non-piscivorous nekton, crustaceans are the more significant prey taxon, and only few species are adapted to feeding on e.g. gelatinous prey organisms.

· The main processes providing these patterns are the vertical migration of prey species, and the concentration of food organisms on slopes and near seamounts.

· Observed feeding patterns are the same in all sub-areas, and similar to those observed on adjacent continental slopes.

Target questions

1.
What are the principal prey taxa of the seamount-associated fish communities?

2.
Are larger meso/bathypelagics associated with seamounts (e.g. viperfish [Chauliodus spp.]; dragonfishes [Stomias spp., Eustomias spp.]), and if so, are they consumed directly by the demersal assemblage or are they competitors for SSL-derived prey?

3.
What is the feeding chronology of the demersal fish fauna? Is their foraging temporally linked to SSL vertical migration? 

4.
What is the spatial relationship of demersal predators with their prey?

5.
How selective are demersal predators? If selection is apparent, is it taxonomic or size-based? Is resource partitioning (ala Hopkins and Sutton, 1998) apparent among the dominants? If so, is the community partitioned by food type, space (i.e. depth or habitat), time (diel or seasonal resource utilization), or some combination thereof?

6.
What is the predation impact of the demersal community on the local micronekton prey field?

Aims

· Classify nekton species according to feeding pattern. 

· Identify intraspecific variation, e.g. changes in diet and feeding pattern with size. 

· Identify major interspecific linkages (predator-prey relationships).

· Derive conceptual food-web models that can be linked to similar models for zooplankton and epibenthos.

· Compare interspecific patterns and trophic transfer processes between sub-areas of the MAR-ECO area.

· Compare patterns observed on the MAR with those in continental slope waters based on previously collected data.

Project workplan

Phases

1) Preparation phase

Data mining, planning of field phase, planning cruises, testing of equipment

2) Field phase

Sampling at sea from research vessels and commercial fishing vessels, sampling strategy, sampling areas.

3) Analyses and syntheses

Identification and quantification of stomach contents (numerical and gravimetric analyses), statistical analysis (multivariate statistics, diet overlap, diversity), biochemical analyses, modelling (conceptual food-web models, ECOPATH), interaction with other Mar-Eco components, reporting of results, popularisation.

Work packages

4) Compilation of historical information on feeding patterns. 

Literature sources will be explored in order to compile historical information on the trophic linkages of the main target species in the MAR-ECO area and make this information easily available for the forthcoming work. Information from neighbouring continental slope waters and islands will also be considered as basis for comparative analyses. Labour to be divided equally among the members of the working group.

5) Feeding pattern derived from new stomach contents analyses.

Classical examination, identification and gravimetric analyses of stomach contents will be used to quantify dietary components, both to understand the trophodynamics of the MAR and also to facilitate comparison with slope communities. Gut content analysis is subject to large variability in identification success and requires training, coordination and skill. After an initial survey to assess trophic guilds (e.g. mesopelagic micronekton predators, epibenthic invertebrate predators, etc), an investigator be assigned to be responsible for one or more guilds throughout the project. Having several scientists analyse the contents of the same fish will likely introduce more variability in the results than may exist in nature. 

6) Trophic linkages revealed by biochemical analysis.

3.1. DNA analysis for identification of gut content in deep-sea organisms.

DNA sufficiently intact for analysis has been isolated from the gut content of shrimp from the Mid-Atlantic ridge before (Polz et al., 1998). We intend to isolate DNA from the gut content of all the sampled organisms. A screening of the genetic diversity of this gut content will be done by PCR and Denaturing Gradient Gel Electrophoresis (DGGE). Protocols for general eucaryotic and prokaryotic DGGE analysis are well established (Diez et al., 2001; Muyzer 1999; Muyzer and Smalla 1998; van Hannen et al., 1998). These protocols are based on 18S and 16S ribosomal RNA genes where fragments of these genes are separated on a denaturing gel revealing several bands originating from different ribotypes present in the sample. Such methods have been used for a variety of environments and formerly un-described species have been identified by sequencing of DGGE bands (Diez et al., 2001; White et al., 1999). However we expect the fauna in the actual environment of this study to be genetically distant from what has been described and sequenced so far. Therefore we will establish clone libraries based on the entire 18S and 16S rRNA genes for a selection of gut content samples (Liu et al., 2002). The number of samples and clones to analyze will be determined based on the diversity of each sample seen on the DGGE gels and the dominating ribotypes present in each sample. The entire 18S and 16S rRNA genes will be sequenced for the dominating ribotypes, and a classification of the source organism will be done as precise as possible with the related sequences present in GenBank. 
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3.2. Stable isotope analyses.

Naturally occurring stable isotopes of carbon and nitrogen show a stepwise enrichment between prey and consumer tissue due to a preferential loss of lighter isotopes during respiration and excretion. Thus the ratios of 15N and 13C isotopes, as compared with baseline values, give an indication for the relative trophic position of organisms. Stable isotopes are analysed using a mass spectrometer coupled to an elemental analyzer.

3.3. Fatty acid biomarkers

Lipids are the main storage compounds in aquatic organisms. The composition and relative amount of neutral lipids in zooplankton depend on the type of food, on the feeding history and on biosynthesis either by modification of dietary fatty acids or from acetat derived from dietary protein, carbohydrate or lipid (Pond, Sargent, Fallick, Allen, Bell & Dixon, 2000). Since some lipid components are synthesized by only a few organisms, e.g. the polyunsaturated fatty acid 20:5(n-3) mainly by diatoms, these components can be tracked through the food web. Thus the composition of fatty acid biomarkers in organisms will be used to analyse trophic pathways in MAR foodwebs. 

The lipid class composition is analysed by thin-layer chromatography-flame ionisation detection (TLC-FID). Standard mixtures of phospholipids, triacylglycerols and wax esters are used to identify these lipid classes. The fatty acid and fatty alcohol composition is analysed by gas chromatography. The methylesters are identified with standard mixtures and quantified with nonadecanacidmethylester as an internal standard. The total lipid content in terms of percent dry weight is calculated using the sum of the fatty acids and fatty alcohols.

7) Classification of species by feeding modes.

Based on results from WP 1-3 and analyses of anatomy/morphology species will be classified according to feeding modes, e.g. using the categories described by Gartner et al., 1997. This will allow characterisation of the fish community based on trophic patterns.

8) Analyses of diet overlap and diversity, and food-web modelling.

Multivariate analyses

Diversity and overlap indices

Ecopath

9) Synthesis and public outreach.

Simplified graphical food-web model

Material useful for public outreach (popular descriptions, images, contributions to educational efforts and websites)

Methods and material

Data on abundance and distribution will be collected in the three MAR-ECO sub-areas (Fig. 2). The selection of sampling locations within these areas will be based on the best information available on bathymetry and habitat distributions, both derived from previous studies and new mapping during MAR-ECO cruises. The depth range from the summit of seamounts at 500-600 m to 3000 m, but the lower range will vary between the three sub-areas. In the northern Sub-area the MAR is wide, the maximum depth will be 2000 m, whereas in the middle Sub-area it will deeper in order to sample the entire depth range of the Charlie-Gibbs fracture zone.
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In each of the sub-areas depth-stratified sampling will be conducted on both the western and eastern flank of the ridge, selecting typical and comparable habitats. In the southern and middle sub-areas where the topography is particularly complex, this will require the selection of seamounts on either side of the central area. In the middle sub-area comparative sampling will be carried out north and south of the Charlie-Gibbs fracture zone, and in the trough of the main fracture. Given the difficulties due to the terrain of the ridge, considerable data mining will be required to determine areas within each designated sub-area where conditions are favourable. Sampling will be, to an extent, opportunistic and random or random stratified designs will not be possible.

Target species are the numerically dominant demersal fishes and large meso/bathypelagics. Diets of smaller pelagics (e.g. myctophids, sternoptychids) are fairly well known and may be outside the scope of this study. As is the case with higher trophic levels, a large portion of the specimens may have empty guts. It would be ideal to have 200 positive guts, with these apportioned as follows:

i) Specimens should be saved as a function of location on seamount (depth zone) and time of day, as both of these will determine the spatiotemporal interaction of demersal predators and the vertically migrating SSL. The depth zones used to group samples will likely have to be determined after the initial survey work. These depth zones should be classified by topographic integrity and faunal similarity.

ii) Specimens should be apportioned by size class. An optimal break down might be 25% juveniles, 50% subadults and adults, and 25% large adults. Gear selectivity may preclude this ratio, in which case all available juveniles and/or large adults should be analysed.

If guts are not removed from specimens, the coelom of demersal and large pelagic specimens should be injected with formalin to arrest the digestion of gut contents. If guts are removed from specimens, both stomachs and intestines should be saved – intestinal contents are not always quantifiable, but can yield important information about diet breadth. Care should be taken to excise stomach at anteriormost union of esophagus to prevent loss of stomach contents so a gut fullness index can be applied. Intestine should be excised at anus and left connected to the stomach to prevent loss of stomach contents. Data on standard length, sex, and reproductive state (e.g., juvenile vs. mature; gravid vs. spent, etc) of each specimen should be included with gut sample in addition to sample data.

A representative size range of prey taxa should be subsampled from the PN1 samples. If possible, shipboard measures should be taken to construct size/weight/volume regressions. These measures include size, wet weight, and displacement volume. These samples should be fixed and archived to aid in gut content analysis. A small sacrificial subsample of the dominant taxa should be frozen (0°C) and later dried at 60°C to determine size/dry weight relationships. “Hard-part” (e.g. eye lenses, uropod length, ommatidia, etc.) size/dry weight regressions should also be generated in this manner.

Regurgitation of prey by predators bearing swimbladders may be a problem. If so, alternative means of collection (e.g. pressure-sealed baited traps) may be used. An alternative may be a newly developed sampling device for trapping and packing individual fish in the cod-end of the trawl. This would provide both the intact specimen and its stomach contents even if the stomach is evacuated during the ascent of the gear.

Methods for studies of trophic ecology:

· Traditional stomach content analyses (but using modern sampling methods).

· biochemical analyses (fatty acid biomarkers, (15N, (13C, 234Th, ETS activity, DNA analyses)

· Comparative analyses of feeding modes based on morphological/anatomical features and behaviour.

· Multivariate analyses, diet overlap indices.

· ECOPATH model

Data and material:

· Samples of nekton catches by active and passive gears used for distribution studies (DN1, PN1). Alternating use of small and large midwater trawls to sample a more complete size spectrum of meso/bathypelagic nekton. Small trawls will yield a good picture of micronektonic prey available to the demersal assemblage, as well as providing better specimens for gut content analysis, while large trawls will yield information on larger, more mobile pelagic nekton as well as documenting the extent of vertical forages of the demersal fauna into the pelagic zone. Demersal fish will be sampled by bottom trawls, longline and traps (see project descriptions for PN1 and DN1).

· Stomach contents fixed in formaldehyde and preserved in alcohol.

· Tissue samples for biochemical analyses, deep-frozen (-80°C for lipids) and freeze-dried (for stable isotopes), respectively.

· Behavioral information and samples (?) from ROVs.

· Distribution data from e.g. acoustics.

· Hydrographical data from associated CTD casts and other instruments.

Sample requirements:

2) Target species: a minimum sub-sample of 200 stomachs/tissue samples per species per sub-area or habitat, distributed by time of day. 

3) Non-target species: full sample if rare/uncommon, otherwise a maximum of 200 stomachs/tissue samples per species per habitat.

Key variables to be determined by gut content analysis 

1.
Prey identification 

2.
Prey characteristics: size, biomass, abundance, vertical distribution (methods detailed in Sutton and Hopkins, 1996)

3.
Stomach fullness vs. time of day/location

4.
State of digestion for each prey item (= feeding chronology)

5.
Indices of importance/occurrence for each prey taxon (method detailed in Pinkas et al., 1971; Clark, 1985)

6.
Indices of selectivity (= electivity)

7.
Estimates of predation impact on local prey field

8.
Similarity indices for all predator species pairs, using % prey biomass of each prey category, should be calculated. Multivariate methods should then be applied to these indices to classify trophic guild structure. 

Cruises

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

	R.V. Archipelago, Portugal (OASIS) 
	March 2003
	Southern (Sedlo seamount)
	hydrography.

	R.R.S. Discovery, UK (OASIS)
	May/June 2003
	Southern (Sedlo seamount)
	Hydrography, plankton, micronekton, benthos, trawling, traps

	R.V. Archipelago, Portugal (OASIS)
	July 2003
	Southern (Sedlo seamount)
	longlining, plankton?

	R.V. Meteor, Germany (OASIS)
	November/December 2003
	Southern (Sedlo seamount)
	Hydrography, plankton, micronekton, benthos, trawling, traps

	Commercial longliner, Norway
	Weeks (opportunistic sampling during exploratory fishing operations)
	Northern
	Autolining

	RV Delaware II, USA
	3 weeks 2003
	New England seamounts, collection of reference material
	

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

	Chartered longliner, Ireland or Norway?
	June-July 2004
	Middle
	Autolining

	RSS Discovery, UK 
	Summer 2004 and 2005
	Middle
	Landers

	RV Meteor, Germany?
	4 weeks summer 2005
	Southern
	Trawling, traps, hydrography.


Schedule:

	
	2003
	2004
	2005
	2006

	Preparation phase
	X
	X
	X
	X
	
	
	
	
	
	
	
	
	
	
	
	

	Field phase
	
	X
	X
	
	
	X
	X
	
	
	X
	X
	
	
	
	
	

	WP1
	X
	X
	X
	X
	
	
	
	
	
	
	
	
	
	
	
	

	WP2
	
	
	X
	X
	
	
	X
	X
	
	
	X
	X
	X
	X
	
	

	WP3
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	

	WP4
	
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	
	

	WP5
	
	
	
	
	
	
	
	
	X
	X
	X
	X
	X
	X
	
	

	WP6
	
	
	
	
	
	
	
	
	
	
	X
	X
	X
	X
	X
	X


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.

Ship time costs are not included in the budget. It is assumed that the sampling for PN2 will be carried out on cruises shared by all MAR-ECO components.

The amounts are tentative, and global rates have been used for e.g. labour costs. More accurate amounts need to be filled in by all partners.

Public Outreach activity is included as an element of the project, and is PN2’s contribution to the general PO of MAR-ECO.

It is assumed that the project needs to hire an externally funded Ph.D student or post-doctoral fellow for 3 years and a technician for 18 months. Each partner will have to estimate what proportion of the labour costs will need to be covered by external funds.

Table 2. Tentative budget for the PN2 (element 2) component of MAR-ECO. Cost are total costs (€). Amounts that need to be covered by external sources are not specified.

	Work packages
	Man-months
	Labour cost
	Other costs
	Ship time
	

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

	
	
	
	
	
	

	Compilation of historical information on feeding patterns
	4
	36 000
	
	
	

	Feeding pattern derived from new stomach contents analyses
	
	
	
	
	

	
Sampling at sea
	8
	72 000
	15 000
	
	

	
Identification and sorting of stomach contents
	12
	108 000
	10 000
	
	

	Trophic linkages revealed by biochemical analysis
	
	
	
	
	

	
Stable isotope analyses
	5
	45 000
	10 000
	
	

	
Fatty acids analyses
	5
	45 000
	10 000
	
	

	
ETS activity?
	5
	45 000
	10 000
	
	

	
DNA "fingerprinting"?
	5
	25 000
	40 000
	
	

	Classification of species by feeding modes
	5
	45 000
	1 000
	
	

	Analyses of diet overlap and diversity, and food-web modeling
	10
	90 000
	1 000
	
	

	Synthesis and public outreach
	10
	90 000
	30 000
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Sum across phases:
	
	601 000
	127 000
	
	

	Total sum of PN2 (element 2 only)
	
	
	
	
	728 000

	
	
	
	
	
	

	Labour costs include salaries and admin. costs of one externally funded research fellow for three years 

and one technician for 18 months.


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 PN2:

“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 undescribes 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 which 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.

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 2. The Study area on the Mid-Atlantic Ridge, and the three sub-areas selected for focused investigations, including the component project PN2.
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