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Summary

Much of what we know about the distribution and species composition of deep-sea fishes in the Atlantic stems from trawl or longline sampling in restricted areas of the continental slopes or from either old or poorly accessible sources. The understanding of the occurrence and distribution patterns of demersal fishes on the mid-Atlantic Ridge (MAR) actually remains very limited. There are scientifically challenging basic questions regarding the evolution of biodiversity of bottom-associated fauna in highly structured slope waters and on mid-ocean ridges. But also, in order to provide better baseline data for e.g. habitat management and conservation of demersal fish assemblages, there is an urgent need for exploratory efforts.

This is the basis of the proposed study DN1 under the MAR-ECO project, and the central questions asked are the following:

1) Which demersal fish species live on the MAR ?

2) What are their relative abundances and habitat preferences ?

3) Are there discernible assemblages, and what are their distribution characteristics ?

4) How do species compositions and distribution patterns compare with those observed in slope waters of the adjacent continents?

A diverse array of modern sampling and analytical techniques, the best competence in fish taxonomy and systematics, modern statistical analyses and modelling of distribution patterns, community and population structure 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, and in particular in the Charlie-Gibbs fracture zone (middle sub-area). 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 (2004-2008) which is devoted to analyses and dissemination of results.

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) (Fig. 2) 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).

Demersal fishes are mobile organisms (nekton) which inhabit waters at or near the seafloor. In the scientific literature their distributions are often related to depth, substrate characteristics and hydrographical conditions. But these characteristics actually result from a number of historical and current processes such as colonization, local isolation, extinction, interaction and adaptive differentiation. Different processes operate at different spatial and temporal scales. In evolutionary sense, the ridges are the youngest parts of the ocean floor. Nektonic animals probably rapidly colonise newly formed seafloor, and on the MAR this has been an ongoing process since the birth of the Atlantic Ocean. The ridge remains, at least in principle, accessible to colonists from both shallower waters of the continents and from true deep-sea species of the lower slope and rise. Deep-sea fishes tend to have immense areas of distribution, some even global ranges, but individual species often have rather well-defined habitat preferences, e.g. depth and temperature ranges, attraction to certain local features such as seamounts or other topographical structures, or hydrographical fronts and eddies.

The community structure observed at any moment in time will reflect the initial and present colonisation processes modulated by internal dynamics of the ridge communities. Colonisation, past and present, may happen by immigration of juveniles and adults and by advective input of pelagic eggs and larvae. For the internal dynamics, the processes of local recruitment and mortality are the most significant. The relative significance of these internal dynamics and the continued immigration and advective input is, however, largely unknown, especially in mid-oceanic habitats such as on the MAR.

Benthic and benthopelagic fishes are both bottom-associated and highly mobile in at least some life history stages. Within the MAR-ECO area from the Azores to Iceland there is high structural complexity that offers the demersal fishes a range of habitats: a long submarine mountain chain possibly acting as a barrier for transition, seamounts perhaps serving as stepping stones for dispersal, 
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Figure 2. The North Atlantic Ocean, and the Mid-Atlantic Ridge. Image presented by the NOAA National Geophysical Data Center on http://www.ngdc.noaa.gov/mgg/bathymetry/relief.html.

canyons and cliffs inducing hydrographical diversity, and hard-bottom sessile fauna (corals, sponges, bryozoans etc.) offering shelter from predation.  There are north-south differences in bathymetry and terrain ranging from the relatively gentle slopes of the Reykjanes Ridge south of Iceland, to the more southerly fracture zones and seamount-dominated areas. The dominating circulation feature in the north is the west-to east flowing extension of the Gulf Stream, and the associated Sub-polar Front located near the Charlie-Gibbs Fracture zone. The bottom water circulation is also creating rather stable patterns that may influence distributions. E.g. several subarctic fish species, e.g. Greenland halibut, have ranges extending as far south as the Charlie-Gibbs fracture zone in the areas influenced by cold deep-water inflow across the Greenland-Iceland ridge, and there is deep-water flow through the deepest fractures. 

Which information about fish species distribution and composition in the Atlantic and the MAR in particular is currently available and what central pieces of information are lacking ? 

Fisheries and fisheries exploration activity

There are significant latitudinal differences in the species being fished, e.g. varying from the cold-water forms such as redfish (Sebastes spp.), halibut (Hippoglossus hippoglossus), Greenland halibut (Reinhardtius hippoglossoides),  and tusk (Brosme brosme) on the Reykjanes Ridge near Iceland, to roundnose grenadier (Coryphaenoides rupestris), alfonsino (Beryx spp.) and blackspot sea bream (Pagellus bogaraveo) fisheries in the middle and south.  The Azorean island and seamount fisheries have a long history, but the USSR was the first to explore the open ocean parts of the MAR for fish resources. In their extensive exploratory fishing experiments in the 1970s they discovered profitable 

Table 1. Landings of deep-water fish from ICES Sub-areas X and XII 1988-1999 as compiled by ICES in 2002 (Anon. 2002).  Figures are best estimates based on officially reported data and numbers provided by ICES SGDEEP members.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ICES Sub-area
	Species
	Annual landings, tonnes.

	X
	       
	1988
	‘89
	‘90
	‘91
	‘92
	‘93
	‘94
	‘95
	‘96
	‘97
	‘98
	‘99
	‘00
	‘01

	
	ALFONSINOS (Beryx spp.)
	225
	260
	338
	371
	450
	728
	1500
	623
	536
	983
	228
	175
	229
	199

	
	BLUE LING (Molva dypterigia)
	18
	17
	23
	69
	31
	33
	42
	29
	26
	21
	13
	10
	13
	

	
	BLACK SCABBARDFISH (Aphanopus carbo)
	
	
	
	166
	370
	2
	
	3
	11
	3
	99
	112
	113
	

	
	BLUEMOUTH (Helicolenus dactylopterus)
	
	
	
	
	
	
	
	
	
	
	
	320
	452
	301

	
	DEEP WATER CARDINAL FISH

 (Epigonus telescopus)
	
	
	
	
	
	
	
	
	
	
	
	3
	

	
	GREATER FORKBEARD (Phycis blennoides)
	29
	42
	50
	68
	81
	115
	135
	71
	45
	30
	38
	41
	94
	83

	
	LING (Molva molva)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Deep-sea hakes (Moridae)
	18
	17
	23
	36
	31
	33
	42
	
	
	
	
	
	
	

	
	ORANGE ROUGHY (Hoplostethus atlanticus)
	
	
	
	
	
	1
	
	
	471
	6
	177
	10
	188
	28

	
	ROUGHHEAD GRENADIER 

(Macrourus berglax)
	
	
	
	
	
	
	
	
	
	
	
	3
	
	

	
	ROUNDNOSE GRENADIER

 (Coryphaenoides rupestris)
	
	
	
	
	
	
	
	3
	1
	1
	6
	74
	

	
	RED (=BLACKSPOT) SEABREAM 

(Pagellus bogaraveo)
	637
	924
	889
	874
	1110
	829
	983
	1096
	1036
	1012
	1114
	1222
	947
	1034

	
	SHARKS, various taxa
	1098
	2703
	1204
	3864
	4241
	1183
	309
	1246
	1117
	859
	995
	
	
	

	
	SILVER SCABBARDFISH

 (Lepidopus caudatus)
	70
	91
	120
	166
	2160
	1722
	373
	789
	815
	1115
	1186
	86
	28
	14

	
	WRECKFISH (Polyprion americanus)
	191
	235
	224
	170
	237
	311
	428
	240
	240
	177
	139
	133
	268
	232

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	XII
	       
	1988
	‘89
	‘90
	‘91
	‘92
	‘93
	‘94
	‘95
	‘96
	‘97
	‘98
	‘99
	‘00
	‘01

	
	ALFONSINOS (Beryx spp.)
	
	
	
	
	
	
	
	2
	
	
	
	
	
	

	
	ARGENTINES (Argentina silus)
	
	
	
	
	
	6
	
	
	1
	
	
	2
	
	

	
	BLUE LING (Molva dypterigia)
	263
	70
	5
	1147
	971
	3335
	752
	573
	788
	417
	438
	1353
	505
	839

	
	BLACK SCABBARDFISH (Aphanopus carbo)
	
	
	
	
	512
	1144
	824
	301
	444
	200
	154
	112
	244
	164

	
	GREATER FORKBEARD 

(Phycis blennoides)
	
	
	
	
	1
	1
	3
	4
	2
	2
	1
	
	6
	8

	
	LING (Molva molva)
	
	
	3
	10
	
	
	5
	50
	2
	9
	2
	2
	7
	59

	
	Deep-sea hakes (Moridae)
	
	
	
	
	
	
	
	
	
	
	
	
	1
	

	
	ORANGE ROUGHY 

(Hoplostethus atlanticus)
	
	
	
	
	8
	32
	93
	676
	818
	808
	629
	431
	104
	201

	
	RABBITFISHES (Chimaeridae)
	
	
	
	
	
	
	
	
	
	32
	42
	115
	48
	63

	
	ROUGHHEAD GRENADIER

 (Macrourus berglax)
	
	
	
	
	
	
	
	
	
	
	
	39
	5
	

	
	ROUNDNOSE GRENADIER 

(Coryphaenoides rupestris)
	10600
	9500
	2800
	7510
	1997
	2741
	1161
	644
	1728
	8676
	11978
	9660
	8522
	9551

	
	RED (=BLACKSPOT) SEABREAM

 (Pagellus bogaraveo)
	
	
	
	
	
	75
	
	
	
	
	
	
	

	
	SHARKS, various taxa
	
	
	
	1
	2
	6
	8
	139
	147
	32
	56
	50
	1069
	1208

	
	SILVER SCABBARDFISH (Lepidopus caudatus)
	
	102
	20
	
	
	19
	
	
	
	
	
	
	
	

	
	SMOOTHHEADS (Alepocephalidae)
	
	
	
	
	
	
	
	
	230
	3692
	4643
	6549
	978
	3902

	
	TUSK (Brosme brosme)
	1
	1
	
	1
	1
	12
	1
	18
	158
	30
	1
	1
	5
	51


concentrations of roundnose grenadier and alfonsino and subsequently developed commercial fisheries in this area (e.g. Troyanovsky and Lisovsky 1995; Vinnichenko 1998). Other eastern European fleets followed in the tracks of the USSR. More brief target fisheries in the 1970s and onwards were e.g. the Icelandic and French trawling for blue ling on the Reykjanes Ridge (Magnusson and Magnusson 1995). In the 1990s several nations, but especially the Faroe Islands (Thomsen 1999), have been searching for the highly valued orange roughy (Hoplostethus atlanticus), but the quantity actually landed/reported from the Mid-Atlantic Ridge has been very limited. The discovery of significant concentrations of redfish on the Reykjanes Ridge in 1996 and 1997 led to a brief rise in effort by Norwegian longliners, but this fishery lasted only 2-3 seasons before it became unprofitable (e.g. Anon. 2000).

Landings statistics for the period 1988-2001 were compiled by the ICES Working Group on Deep-sea Fisheries resources in 2002 (Anon 2002; Table 1). These are landings either reported officially to ICES or provided to the group by individual members of the group. The group has expressed concern that the statistics may be incomplete, in particular from areas outside coastal state jurisdiction. There is also the problem that catches taken on the Reykjanes part of the MAR may be reported partially to ICES Sub-area XII and XIVb. Also, significant catches from the western Hatton Bank may be made in Sub-Area XII. In Sub-Area X, many catches come from the islands, i.e. not from the deep-sea area of the ridge. There are thus many reasons why it remains difficult to assess the true scale of the MAR fisheries.  

There are no strong trends in the landings during this period, and any suspected trends should be interpreted with caution.  There are some clear geographical patterns with roundnose grenadier being the more important northerly species (together with orange roughy and blue ling), and sea bream, alfonsino, being the typical southern species.  (Note that redfish, halibut and Greenland halibut were not included in the landings table, but all are target species in Sub-area XII). Sharks are significant in both areas, and partially also black scabbardfish. 


Vinnichenko (1998) reviewed the USSR and Russian alfonsino fisheries north of the Azores, and he concluded that the total landings prior to 1988 (1978-1987) was around 2900 tonnes. However, the peak landing of 1100 tonnes occurred in a single year, 1979, after the discovery of the resource in the previous year. The USSR also had significant but variable fisheries for roundnose grenadier on the MAR from 1973 onwards, and in many years of the 1970s and 80s the annual landings were in the range 10000-20000 tonnes. Thus at least for these two species, the pre-1988 landings were as high or significantly higher than the landings in more recent years.  There does not seem to be any signs of strong build-up of fishing effort on the MAR. Most of the interest seems now to be focused on the Hatton Bank.

Table 2. Overview of reported exploratory fishing for deep-water species on the Mid-Atlantic Ridge

	Nation
	Time period
	References

	USSR or Russia
	1972-1995
	Troyanovsky and Lisovsky 1995; Vinnichenko 1998.

	Faroe Islands
	1994-1996
	Thomsen 1998; 1999.

	Norway
	1993, 1996, 1997
	Hareide et al. 1993; 1996; Langedal and Hareide 1997, Hareide and Garnes 1998.

	Iceland
	1976-, 1993
	Magnusson and Magnusson 1995

	Spain
	1997-2000
	Muñoz et al. 2000; Iglesias and Muñoz 2001


 
Over the last three decades considerable exploratory fishing has been conducted on the MAR. It is not certain that all of the activity has been reported.  An overview of reported efforts is given in Table 2. The results of the USSR and Russian efforts were mentioned in the previous section. The Faroe Islands fish commercially for orange roughy and other species, but only a single vessel participates regularly in this fishery. The Norwegian efforts have not resulted in any long-lasting fisheries, but there is considerable interest in the Hatton Bank resources. The Spanish have had considerable exploratory efforts in the most recent years, but again the Hatton bank seems to be considered the major area of interest to the fleet. Iceland has not developed major fisheries on the Mid-Atlantic Ridge, although their redfish fisheries in the adjacent Irminger Sea remain significant.


The exploratory fishing efforts during the past three decades have only to a limited degree enhanced our knowledge of the MAR ecosystems, communities, and the processes that structure and sustain the ridge communities. Part of the problem is that much information is relatively inaccessible because exploratory fishing reports are seldom published. However, a primary reason why exploratory fishing has not yielded much new basic knowledge is that the objective of this activity has been limited to finding exploitable resources, and that basic scientific issues have been given much less attention. Surprisingly few studies have aimed at providing basic taxonomical or ecological understanding

Scientific exploration

An important prerequisite for an understanding of the underlying ecological processes that shape community structure and zonation as well as trophic interactions in the largest living space on earth is a proper knowledge of the distribution and species composition at different scales. This concerns in particular the fauna occurring above highly structured and hydrologically complex deep-sea bottoms of the continental slope, oceanic islands, seamounts, or ridges. Of special interest in this respect has been the ecological and biogeographical study of deep demersal fishes, as these mostly large and mobile organisms can be relatively easily sampled with traditional fisheries methods and can be used as indicators of both long-term and immediately ongoing evolutionary trends of adaptive differentiation in response to prevailing physical and biotic environmental conditions among vertical or horizontal zonation (Merrett and Haedrich 1997). Furthermore, slope dwelling demersal fishes have been to some extent also of commercial interest. Based on the hitherto available experience of the direct and indirect effects of fisheries on fish communities in shallow waters and the growing evidence that deep demersal fishes have a particularly slow growth and low reproductive rate, the urgent need for acquiring basic biological and ecological information for the development of a sustainable deep-sea fisheries management was repeatedly expressed. This concerns also the fishing areas in the North Atlantic (Merrett and Haedrich 1997; Haedrich et al. 2001, Anon. 2002). 

Traditionally only scattered sampling data stemming from various exploratory fishing or deep-sea cruises have been available that neither allowed a sufficient coverage of larger biogeographically relevant areas nor a detailed small-scale mapping of fish abundance and diversity in the North Atlantic. Most of the previous demersal fish distribution studies in the North Atlantic have focused on slope waters (see Haedrich and Merrett 1988, and Merrett and Haedrich 1997 for reviews), and on both the American and European slopes several extensive scientific investigations have described and analysed distributions of individual species and communities (Rockall Trough, Africa, New England, Canada). Also from the Danish Strait and the Faroes-Shetland channel there is detailed data on species composition and distribution patterns. From the MAR most of the scientific data stem from old sources, e.g. the expeditions such as that on “HMS Challenger” in 1873-1876 (Günther 1887), and the North Atlantic expedition of Murray and Hjort (1912), but there is a substantial more recent Russian literature (e.g. Kuznetsov 1985; Kukuev 1991; Zaferman 1992; Vinnichenko 2002) and some data from hydrothermal vent research programmes (e.g. Saldanha et al. 1996). A lot of work has been focused on the fauna of island slopes and coastal fauna of islands (Azores, Canaries, Madeira) (e.g. Uiblein et al. 1996), and from seamounts on either side of the MAR (e.g. Ehrich 1977; Kukuev 1991; Rogers 1999). A substantial body of information on MAR fishes has resulted from more fishery-related investigations carried out by a number of nations such as the USSR and Russian Federation, Poland, the former German Democratic Republic, and more recently Spain, Norway, and the Faroe Islands (Table 2). Much of this information has not been published formally, but most is available in reports e.g. to ICES or national authorities.

With a few exceptions the main sampling methods employed in the Northern Atlantic for studying demersal deep-sea fishes were large trawls that only allow an adequate coverage of spatially uniform bottoms along some shelf or continental slope areas or the abyssal plains. In several continental and almost all oceanic slope waters (i.e. around oceanic islands, ridges, or seamounts), however, the high inclination of the bottoms, but even more importantly, the often complex topographic structure renders adequate trawl sampling difficult and may furthermore cause considerable destruction to sedentary epifauna (Hall-Spencer et al. 2002). Also, trawls are usually used efficiently only at scales of one to several km and hence do not allow adequate mapping of small-scale fish aggregation formation (e.g., in canyons) or microhabitat-species associations on structured bottoms. Recent research using traditional small-scale fisheries methods such as longlining or in-situ studies with non-invasive techniques such as manned submersibles and ROV´s has proven that these do allow such small-scale investigations with consideration of habitat complexity arising from local variability in topography and both spatial and temporal hydrological influences (Uiblein et al. 1996, 98, 2001, Lorance et al. 2002a, b, Uiblein et al. 2002, unpublished ms). Applying such methods in a standardised way should also allow comparative studies in a larger-scale biogeographical approach. For comparison with data gathered by earlier trawl sampling, this method should be employed, too, but mainly at less structured or deeper soft sediment bottoms so to provide some information on temporal variation in faunal composition (Fock et al. 2002).In MAR-ECO these sampling techniques shall be thoroughly used in all three investigation areas to match the aims and hypotheses formulated in the next chapters.
The challenge

Much of what we know about deep-sea species in the Atlantic stems from trawl or longline sampling in slope waters, and as mentioned above, from either old or poorly accessible sources. This means that our understanding of the occurrence and distribution patterns of demersal fishes on the MAR actually remains very limited. There are scientifically challenging basic questions regarding the evolution of faunas and biodiversity patterns. But also, in order to provide better baseline data for e.g. biodiversity and habitat management, there is a need for exploratory efforts, and this should be remedied by a major systematic research effort using the best available expertise and sampling/observation technology.

This is the basis of the proposed study DN1 under MAR-ECO, and the central seemingly simple questions asked are the following:

5) Which demersal fish species live on the MAR ?

6) What are their relative abundances and habitat preferences ?

7) Are there discernible assemblages, and what are their distribution characteristics ?

8) How does species compositions and distribution patterns compare with those observed in slope waters of the adjacent continents?

A diverse array of modern sampling and analytical techniques, the best competence in fish taxonomy and systematics, modern statistical analyses and modelling of distribution patterns, community and population structure 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 however focus on three MAR-ECO Sub-areas on the MAR (Fig. 3), and in particular in the Charlie-Gibbs fracture zone (middle sub-area). Modern ships will operate in in these sub-areas in 2003-2005. 

The central hypotheses

Specific hypotheses shall be tested by comparison of assemblages and populations from different areas and at different spatial scales:
· On the basin-wide scale, the MAR has a fish fauna that is not a simple extension of that found on adjacent continental slopes. Although some species occur at the same depths as on the continental slope, a more complex mosaic of distribution patterns will be encountered reflecting (a) faunal exchange between either side of the MAR, (b) the existence of distributional barriers, e.g. the ridge itself or extensive distances between isolated seamounts, (c) increased dispersal/exchange rates when adjacent seamounts act as “stepping stones” (d) influence of large-scale hydrographic features (e.g. the Gulf Stream, the Sub-polar Front, deep-water flow through fractures), (e) active dispersal and adaptive speciation processes in response to specific environmental conditions.

· At the scale of the ridge itself, climatically-induced latitudinal patterns in surface productivity may lead to latitudinal patterns in fish assemblage structure paralleling those along the continental slopes. However, currents and fronts influenced by the bathymetrical features of the MAR may create a high complexity also at the within-ridge regional scale. 

· At the scale of meso- or microhabitats, topography has the strongest effects on fish co-occurrence patterns, diversity, and abundance. Interactions with hydrological conditions may induce local up- or downwelling, advection or current variability. This should influence food transport and detectability, foraging efficiency, growth, and energetic investment in locomotion. The influence on faunal composition may be so strong that rather individualistic patterns of habitat selection will be encountered which reflect species-specific or better, population-specific adaptations to distinct small-scale and immediately ongoing abiotic and biotic influences.

Aims

In order to test the central hypotheses outlined above, four main aims are to be achieved by DN1. The project shall mobilise the best expertise, research platforms, and technology available in order to:  

1) Analyse and describe species composition in the three MAR-ECO Sub-areas, and provide material and supplementary data on any new species or new records.  

2) Map and model species distributions, and compare these with patterns in adjacent areas of the North Atlantic.

3) Compare assemblage structure among different areas, including also information from scattered seamounts and continental slopes on either side of the MAR.

4) Relate the observed patterns to physical features, such as bathymetry and hydrography.

DN1 is a major element of MAR-ECO, but interaction and co-operation with other components of the project is essential. The following supplementary aims address such co-operation or methodological challenges common to several components:

Secondary/supplementary objectives:

· Provide material for the analyses of population genetics, trophic ecology and life history strategies of fishes.

· Provide data and supplementary material of pelagic organisms occurring temporarily close to the sea-bed.

· Provide material and data on epibenthic macrofauna, primarily cephalopods and crustaceans.

· Develop and utilize field tools for species identification using both classical taxonomic and modern visual-imaging methods.

· In co-operation with other component projects, identify and describe adaptive processes of ridge animals, including intraspecific phenotypic and genetic differentiation and habitat selection, and foraging and locomotion behaviour.

· Provide baseline data of value to the international development of sustainable management and conservation strategies for the ridge habitats and resources. Such data will be made available to international advisory and managerial organisations such as ICES, OSPAR, NEAFC and others. 

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

Information produced by DN1 will be made available for wider uses through OBIS (the Ocean Biogeographical Information System).

Methods

Compilation of information from previous studies, field handbooks and manuals

Prior to the field phase of the project information on previous scientific and fishery-related work on the MAR will be compiled and made available to participants. This will benefit the subsequent work at sea, and also ease the later comparative analyses. Some of this work has been achieved during the MAR-ECO planning phase, but there are tasks specific to the demersal fish study that needs additional effort. The work will consist of the compilation of references to sources of data and information, and reviews of existing reports, but not a full compilation of data sets in a common database, nor a re-analysis of existing data. The main objective is to explore and present information which is of immediate value to the subsequent field work.


Other related tasks are the assembly of taxonomic literature and identification handbooks for use during the sampling at sea. This may also include preparation of reference collections of specimens and images, and some training of personnel.


The compilation of manuals and procedures for the many gears and instruments to be used is essential both to facilitate efficient sampling and to standardise operations. Final decisions on the selection of gears will be made based on a thorough review of available alternatives, and this requires consultation of experts and literature research.


In this early phase it will also be decided how data are to be recorded and stored for common use among participants, and for the subsequent provision of information to OBIS. 

Overall strategy for the work at sea

Data on abundance and distribution will be collected in the three MAR-ECO sub-areas (Fig. 3). 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.

The field efforts will include:

· Multibeam echosounder observations for location of sites and providing exact topographic maps of the study areas.

· Oceanographic observations at the selected study sites: CTD, current velocity and variability by depth.

· Sampling of specimens and abundance data by benthic towed sampling gears such as small and large bottom trawls, or pelagic trawls operated close to bottom, e.g. orange roughy trawl.

· Sampling of specimens and abundance data with vertical and bottom set longlines and traps.

· Observation of fish occurrence and densities by baited cameras mounted on landers (possibly also using ingestible tags).

· Census of demersal fishes, habitats, size distributions, and behaviour patterns along transects using observations from ROVs.

· Observation of fish occurrence and distributions from manned submersibles.
Most of the field work will be conducted on research vessels, but also chartered fishing vessels. It is not the purpose of the study to encourage the development of new fisheries. However, exploratory fisheries in the relevant areas can provide supplementary data, and such opportunities will be utilized should they arise.

Gears and instruments

The field phase will depend on the use of a variety of gears, both traditional and novel, for sampling demersal fish. The area is complex and gears are selective, and in many previous studies it has been recognised that no one sampling technique will be sufficient. Among the traditional gears are trawls, longlines, gillnets, to be used in conjunction with ROVs, lander, hydroacoustics and manned submersibles. 

The sampling gears can be classified and described as follows:

Bottom Trawls and Pelagic trawls: Several types of bottom trawl will be used, but also pelagic trawls designed/rigged to be towed near the bottom. The usual standard research vessel deepwater trawls will be used, but for obtaining biomass estimates for, e.g., one of the characteristic fishes of the region, orange roughy, commercial trawls must be used. These trawls will require the presence of experienced deepwater fishing skippers to deploy these large nets along peaks and other features where aggregating species occur. The choice of gears will depend to some degree on the bottom conditions. Swept area abundance estimates will probably not be attainable. Data mining and pre-deployment acoustic mapping will be important to define good trawling grounds. In order to make comparisons between communities of the slope and the MAR, the same trawls should be used as in historic studies in slope areas, including box, Granton, semi-baloon and prawn trawls fitted with rockhopper ground gear. 

Longlines: Both bottom-set longlines and droplines are very useful compliments to trawls for obtaining samples of demersal species that readily take bait. Since trawls and longlines target different species, ideally both gears would be used in conjunction. Analytic methods for comparing abundance and biomass estimates from these gears are poorly developed, and some analytical development will be required in this area. Droplines have many advantages for sampling the fauna along the sides of seamounts. On the Sedlo seamount in the southern sub-area Portugal (the Azores) will conduct longline sampling as elements of the OASIS project. This sampling will utilize manually baited lines from small vessels. In the other sub-areas, chartered commercial autoline vessels will be used. Whilst these two longline systems are different, the main parameter in size selectivity is bait size, and this must be standardised in all areas. Smaller baits will select for smaller size ranges of fishes. There may be scope for the deployment of cameras along with these longlines (see Landers, below). 

Traps: Fish traps of various designs will be used to collect samples, in particular on top of seamounts and in areas not suitable for towed gears.

Trammel nets: This gear is very useful for sampling epi-benthic and bentho-pelagic fish, including cephalopods, fish and crustaceans covering a broad size range. Commercial fishing expertise will be required to deploy these gears in deepwater, and this could best be achieved by the use of a commercial gill-net vessel. 

Hydroacoustics: Echosounders and sonars, with hull-mounted or towed transducers, will be used to generate data on distribution and population biomass for aggregating species, in particular for benthopelagic species. Hydroacoustics will be used in conjunction with bottom trawling, to identify the species producing acoustic signals and to obtain length frequency distributions and material. Multibeam echosounders will be used to survey candidate trawling areas, particularly if good bathymetric data are lacking. 

Baited landers: This method can be used to generate population density estimates. The system will be deployed from research vessels. The use of landers can be combined with other operations such as bottom trawling or hydroacoustics. A variety of baits should be used to select different species.

ROVs (Remotely operated vehicles): Vehicles equipped with viedeo and still cameras will be used to census fishes along transects, and to observe behaviour and distribution in relation to microhabitats. It is also feasible to record length data. ROVs are cheaper to operate that manned submersibles, but have some disadvantages. ROVs will nonetheless me crucial for obtaining data in rugged areas where sampling by towed gears is impossible. 

Manned submersibles: This technique has considerable benefits for population census work, using transects or point counts. Some development of analytic methods for interpreting such data has taken place recently, and considerable experience exists (Lorance et al., 2000; 2002; Uiblein et al., 2001; 2002; unpublished ms). Manned submersibles have the advantage that many operations such as tagging biota, deploying traps or nets, can be achieved more quickly than with ROVs. The two submersibles that are potentially available are the Russian MIR and the US Johnson Sealink (depth range 900 m).

Multi-codend nets: These are used to sample pelagic life history stages of demersal organisms. Several systems should be available, including MOCNESS and the German multi-net system. Pelagic life history stages of deepwater fish and cephalopods are poorly understood. These systems will require dedicated research vessel time in order to be successful. Whilst little is known about spawning times in Mid-Atlantic Ridge species, available evidence suggests that spring is the optimal season for sampling pelagic eggs and larvae.

Of these gears and instruments, the availability of an arsenal of traditional gears, with associated electronics for monitoring performance, and a fully operational ROV, has the highest priority. Manned submersibles would add significant capability and would surely facilitate much more exciting studies, but are not crucial for reaching the main aims of the project.

Due to the remoteness of the sampling areas and the high risk of loss of towed gears, it is an absolute requirement that replacement gears are available and that budgets can accommodate costs of lost or damaged gears.

Data collection at sea

At each fishing station/observation site the following data will be recorded:

Position, depth, gear type, and gear-specific data such as mesh size, soaking time for static gears, and haul parameters (derived from acoustic sensors); towing speed, haul duration and length etc. for towed gears. Although not realistic for all stations and locations, temperature and data on current speed and direction should be collected whenever possible.
Fish data collected will be of many types:

1) Catch data from sampling gears.

2) Observations from ROVs, submersibles, and landers.

3) Hydroacoustic data.

1) Catch data from sampling gears: 

From any catching gear (trawls, trap, nets) fish will be identified to lowest possible taxonomic level, preferably species, and sorted. Size distribution by sex (females, males, immatures) will be collected for all fish species (subsampling of large catch will be necessary).

Catch in numbers and weight will be recorded, and data on individual specimens recorded either for the entire catch or a representative subsample of each species. Data collected regularly will be length, weight, sex, reproductive state determined macroscopically. Otoliths or other relevant hard parts will be collected for age determination.

Samples to support studies of taxonomy, trophic ecology, genetics, histological studies of maturity, parasites etc. will be collected for species selected by other component projects of MAR-ECO. 

It is expected that some fishes will be difficult to identify to species, and possibly new species or records will be encountered. In such cases material will be examined by experts, usually after the cruises. Formalin and freeze storage facilities will be available on all cruises, and procedures will be worked out for how to handle material of this character. The Bergen Natural History Museum will act as a central curator of samples from at least some of the cruises.

2) Observation data from ROVs, submersibles and landers:

a) ROVs and manned submersibles.

Bottom transects

ROVs and manned submersibles will work pre-determined transects along which individual fish and other organisms can be identified and counted. This requires trained observers. These data provide small-scale basic information on the relationship between species and microhabitats, species co-occurrence, density and behaviour. Data on physical parameters such as depth, temperature, current speed and direction, nature of the substrate and their variability  will be collected at the same scale in order to characterise the habitats and interpret the behaviour, foraging strategy and small-scale (both spatially and temporally) distribution patterns.

Experience gained in the Bay of Biscay (Latrouite et al. 1999, Lorance et al., 2000; 2002; Mahaut et al., 1990; Trenkel et al. 2002, Uiblein et al., 2001; 2002; unpublished ms) and elsewhere (Cohen & Pawson 1977, Chave & Mundy 1994, Smith & Baldwin 1997) show that several fish species may easily be identified to species level due to the large variability in shape of deep-water fishes and several salient specific characters. This applied to several expectedly major species of the MAR such as Coryphaenoides rupestris, Hoplostethus atlanticus, Beryx splendens, morids, Helicolenus d. dactylopterus, Neocyttus helgae, Deania calceus, Centrocymnus coelolepis. However, the species identification may be more difficult for deep-water squalid and scyliorhinids and some families of bony fishes such as, e.g., Alepocephalids and Notacanthids.

Some technological development is required or desirable. The major improvements concern image processing and scaling. Till now lack of equipment to measure the field of vision, distance and size of organisms has limited the utility of observations and video records. Development of an image scaling system would allow absolute small-scale density estimation and estimation of size distributions. This would greatly complement catch data by providing information from locations not accessible to catching gears (steep slopes, highly rugged bottoms) and would also facilitate estimation of catchability in areas were towed gears and swept-area methods are used. If the latter is successful, absolute density estimates can be calculated from catch data from towed gears.

b) Landers

Landers allow for longer term observations as well as for relatively cheap short-term observations. 

Several kinds of landers may be used:

-baited, instrumented traps;

-mooring to records physical parameters;

-instrumented observation landers.

The deployment of such landers facilitate observations of  fish density and occurrence over time (accessibility, occurrence in the habitat, activity level), including responses to periodic factors such light and tide.

When fitted with video and photo cameras, landers are only feasible for short term use due to limitations set by battery capacity. They may be used in parallel with ROV or manned submersible transects. The most useful sensor are temperature probes and current meters. Additional sensors such as chemical probes for measurement of dissolved O2 and reduced fluids may allow for characterisation of water mass and habitat. Baited systems permit density estimation of attracted species. The number of fish attracted and the time/frequency of arrival to the bait may be used as abundance indices when characteristics of the dispersion pattern and rate of the odour plume are known.

Cruises available

The field effort of the study will include cruises with international participation in 2003-2005, with most of the effort in 2004. Listed in Table 3 are cruises that will provide data and material to MAR-ECO, the PN1 project inclusive. The list includes committed ship-time or cruises being planned or proposed. Some cruises will be fully committed to MAR-ECO work (e.g. the G.O.Sars 2004), others are cruises which will have some MAR-ECO activity as elements of a larger programme (e.g. the Icelandic cruise in 2003). The OASIS project funded through the EU 5th Framework Programme will work in the southern box at the Sedlo Seamount, and fish data will be available to MAR-ECO analyses.

It is essential to have a balanced and appropriate sampling in all three sub-areas. This most probably cannot be achieved in a single year or with a single vessel. Seasonal sampling will be too expensive, and the effort will be concentrated in the summer months. 

To select sampling locations it will be very important to utilize existing information on bathymetry and fishing areas. Russian fishing and research vessels have surveyed large portions of all the three sub-areas previously, and bathymetry data from Russia will be used during the planning and field work. 

In addition, there are some data available from e.g. the UK, and if necessary to carry out the sampling new bathymetry data will be collected by e.g. multi-beam acoustics. 

Due to the extensive experience of Russian scientists from previous work on the MAR, a Russian cruise planned for 2003 with international participation will constitute a major contribution to DN1 and other MAR-ECO components. The cruise would be used for collecting data and material and for exploring sampling areas to be used in later cruises with other vessels.   

Table 3. List of cruises wholly or partly committed to MAR-ECO. Entries in red italics are still tentative. 

	Vessel
	Time period
	Sub-area
	Capability

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

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

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

	Russian research vessel and submersible MIR

(Shirshov Institute of Oceanology)
	April 2003,

one week
	Charlie-Gibbs Fracture zone
	Visual census, video records, still photos

	Russian research vessel (AtlantNIRO)
	Summer 2003,

decision in Dec 2002
	Not defined
	Bottom trawling, hydroacoustics, 

Traps ?

	Chartered longliner, Ireland
	June-July 2004
	Middle
	Autolining

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

	RV Discovery, UK
	Summer 2004, 2005
	Middle
	Landers

	Seward Johnson
	Summer 2004/2005
	Middle
	Submersible (Johnson Sealink)


Data analysis

a) Fish density and abundance

The demersal fish abundance per sampling area and between sub-areas will be estimated and mapped using GIS systems. The kriging algorithm to use for mapping will be defined according to the observed distributional pattern. This will apply to the total fish fauna and to several species or higher ranking taxa. Due to the different selective properties of different gears and observation methods, these analyses will normally have to be gear/instrument specific. 

Direct gradient analyses will be used to analyse variation in abundance by depth and in relation to topographic and hydrographic structures such as seamounts and fronts. Species will be classified according to their patterns of distribution and behaviour (e.g. aggregatory/dispersed species).

b) Community and diversity studies

Multivariate ordination and classification analyses will be used to analyse community structure in relation to environmental variables

The diversity of the fish assemblage will be estimated by sampling area and sub-area. A range of diversity indices will be used (Shannon H’, Hill’s N1 and N2, species richness), and diversity will be assessed per strata and across scales (alpha, beta and gamma diversity). For diversity studies the sampling from all static and towed gears and observations gears will be used. In order to combine all this data diversity indices relying upon species lists (Clarke and Warwick, 2001; Lorance et al., 2002b) are likely to be of major help as the data from several gears will be difficult to scale properly in term of relative abundance.

Other indices of assemblage status such as diversity of life history patterns, dominance curves, and analyses of the distribution of the fish biomass over species and individuals will be considered.

Size composition per species will be combined as weight spectrum of the whole fish community. 

c) Comparisons with other areas

Comparisons of community patterns on a basin-scale will address biogeographical and ecological questions, and this will require the use of literature data or datasets made available for the comparisons by collaborating experts. Comparative studies will be conducted with fish faunas, density, diversity, trophic network, etc. in other areas and systems such as isolated seamounts in the Atlantic (Uiblein et al., 1999) or elsewhere, adjacent abyssal plains and continental slope areas (Gordon and Duncan, 1985; Gordon, 1986; Gordon and Duncan, 1987; Gordon and Bergstad, 1992; Gordon and Duncan, 1996; Gordon and Mauchline, 1996; Gordon et al., 1996; Gordon, 1998; Merrett and Domanski, 1985; Merrett, 1986, 1987; Merrett et al., 1991a; Merrett et al., 1991b; Merrett and Haedrich, 1997; Priede and Merrett, 1996). In particular the density ratios of scavenging vs. predatory and of aggregating vs. dispersed species (Koslow, 1996; Lorance et al., 2002a) will be of interest.

The comparative analyses will reveal if species are distributed over all the MAR, or whether there are latitudinal, east-west, and depth-related patterns, and if so, if these patterns are similar to those seen on adjacent continental slopes. Are the changes in species composition gradual or abrupt, and how are the changes related to environmental factors?

Dissemination and provision of data to OBIS

Results will be published in scientific journals and presented at relevant scientific meetings. Reports will be presented to ICES, NAFO and OSPAR and thereby made available to advisory processes related to ocean management. Through this process the results will benefit the national and international management of the mid-oceanic Atlantic, and indirectly the continental slope waters. DN1 will be particularly relevant to the advice and management of deep-sea fisheries resources which is the responsibility of national governments and NEAFC. Many of these resources are recognised as being heavily exploited or depleted, but the data available for monitoring stock status and assessing vulnerability remains limited.

It is a major goal of MAR-ECO and the CoML to raise the awareness of the interested public, and DN1 will produce results and images having strong appeal to a wide audience of all ages. In collaboration with the PO group of MAR-ECO, discoveries and images will be made available in a form suitable for public presentation in media, on the web, in museums, and in the classroom. Online transfer of images from e.g. ROVs and submersibles will be given priority on the cruises, and video footage will be produced for the production of e.g. television features. Scientists involved in DN1 will contribute to such effort by giving interviews and popularised information on their research.

Workplan, Responsibilities, and Schedule
DN1 will have three overlapping phases, and each have well-defined tasks and sub-tasks:

Phase 1: Preparation for the field work and compilation of information and data from previous studies 

Period: 2002-2003.

Task 1: Compilation of information on fish occurrence and distributions from previous fishing experiments and expeditions to the MAR. 

Task 2: Compilation of taxonomic literature and preparation of reference handbook for onboard use, possibly also a reference collection (specimens, images). Deadline: June 2003. 

Task 3: Provision of background environmental data. 

Sub-task 1: Literature data and pre-cruise model outputs of oceanographic patterns. Location of frontal zones. 

Sub-task 2: Bathymetrical charts. 
Task 4: Provision of sampling gears and methods, including user manuals. Clarify suitability and availability, compile manuals.

Task 5: Analytical methods and sampling design.

Comprehensive evaluation of sampling designs in relation to planned statistical analyses and modelling. 

Table 3. Phase 1 tasks and responsibilities. IMR- Institute of Marine research, Norway, MR-Moere Research, Norway, FIDir – Norwegian Directorate of Fisheries,  IEO- Instituto… Spain, MRI – Marine Research Institute, Iceland, FFL – Faeroese Inst. of Marine Research, AWI – Alfred Wegener Inst. of Marine and Polar Research, PINRO, AtlantNIRO- Russian fisheries institutes, ZMUC- Zoological Museum, Copenhagen, Denmark (some are missing here…).
	Task
	2002
	2003
	Status

	1. Compilation of historical information.

	
	Norwegian expl.fishery
	MR, IMR and FIDir
	MR, IMR and FIDir
	Reports available, most in English

	
	Spanish expl. Fishery
	IEO Vigo 
	
	Overviews available, in English.

	
	Russian explor. and fishery
	PINRO, AtlantNIRO
	
	Overviews available in English, also litt. lists

	
	Faroese fishery
	
	FFL
	Orange roughy report available

	
	Portugal (Azores)
	DOP, Horta
	
	Exploratory fishing report available

	
	Polish invest. 1980-2000
	
	Janusz, Milinski
	MAR-ECO data mining contract

	
	Icelandic groundfish investigations
	MRI
	
	Published accounts available

	
	German studies
	AWI
	Inst. Warnemünde ?
	Paper by Fock et al., ICES ASC 2002.

Data from GDR period.

	
	Danish, Norwegian, UK, and Swedish expeditions
	
	ZMUC
	Peter Rask MØller to provide literature overview

	2. Compilation of taxonomic literature, reference literature and collection

	
	Entire task
	ZMUC
	ZMUC
	Peter Rask MØller assisted by other partners

	3. Provision of background environmental data

	
	Bathymetry
	SOC
	Norw. Dir. Fisheries, 

FFL, IEO?
	SOC contract finished (see www.mar-eco.no)

	
	Physical oceanography, circulation,

pre-cruise modelling
	IMR
	IMR, NERSC (http://www.nersc.no/)
	Some review work conducted at IMR in relation to zooplankton project. See bibliography on www.mar-eco.no

	4. Provision of sampling gears and methods, including user manuals.

	
	
	
	
	

	
	Bottom trawls
	
	IMR
	I. Huse co-ordinates, need for standardisation

	
	Longline and trammel nets
	
	IMR
	

	
	Traps
	
	IMR
	

	
	ROV
	
	IMR, UIB
	At present only “Aglantha” is available. MAR-ECO SG explores alternatives.

	
	Manned submersible
	
	RUS; USA?
	MIR may become available in 2003; Johnson Sealink?

	
	Hydroacoustics
	IMR
	IMR
	John Dalen co-ordinates.

	
	Landers
	
	UK (Univ. Aberdeen)
	Monty Priede co-ordinates

	
	Common database and format
	
	UK, Ireland
	John Gordon and Maurice Clarke co-ordinate

	5. Analytical methods and sampling design.

	
	Sampling design
	
	IFREMER
	Verena Trenkel co-ordinates, based on proposal from partners.

	
	Statistical analyses
	
	IFREMER
	As above


Phase 2: Sampling and observation at sea.

Period: 2003-2005

The task to be accomplished at sea will essentially be the same in all three sub-areas, and Table 4 shows the planned distribution of efforts and responsibilities throughout this phase, broken down by area, gear and partner country. 

Table 4. Distribution of tasks and partner responsibilities (tentative). Countries are: NO-Norway, ICE-Iceland, RUS-Russian Federation, UK-United Kingdom, Can-Canada, PO-Portugal (Azores), GER-Germany, IRE-Ireland. 

	Task
	2003
	2004
	2005

	Sample the northern sub-area

	
	Bottom trawls
	ICE, RUS?
	NO? 
	

	
	Longline and trammel nets
	
	
	

	
	Traps
	
	NO
	

	
	ROV
	
	NO, UK
	

	
	Manned submersible
	
	
	

	
	Hydroacoustics
	
	NO
	

	
	Landers
	
	?
	

	Sample the middle sub-area

	
	Bottom trawls
	RUS?
	NO
	

	
	Longline and trammel nets
	
	NO, IRE?
	

	
	Traps
	
	NO
	

	
	ROV
	
	NO
	

	
	Manned submersible
	RUS?
	USA?
	USA?

	
	Hydroacoustics
	RUS?
	NO
	

	
	Landers
	
	UK
	

	Sample the southern sub-area

	
	Bottom trawls
	RUS?
	NO
	GER

	
	Longline and trammel nets
	
	NO, GER, PT
	

	
	Traps
	
	NO
	GER?

	
	ROV
	
	NO
	

	
	Manned submersible
	
	
	

	
	Hydroacoustics
	RUS?
	NO
	GER?

	
	Landers
	
	UK
	GER?


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

Period: 2004-2008.

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

Institution in charge: Bergen Museum (and other Museums/Institutes if required)

Task 2: Statistical analyses and presentation of catch and observation data.

This is a multipartner task that will include the following elements: 

Sub-task 1: Species occurrence and density patterns. Behaviour.

Sub-task 2: Community structure, diversity, distribution.

Sub-task 3: Intra-MAR comparisons of community structure.

Sub-task 4: Comparisons between the MAR and adjacent continental slopes and seamounts.

Task 3: Modelling of distribution and density patterns.

Conceptual models for species distribution and community patterns will be set up using GIS based tools.

Task 4: Scientific publication.

Results will be published in internationally renowned journals and meeting proceedings, and also presented to management related organisations such as ICES, NAFO, and OSPAR.

Task 5: Public outreach.

MAR-ECO has a dedicated public outreach group, and results from DN1 will both in the field phase and later be disseminated to the general public and e.g. schools and media by various means such as the www, television networks, written media, and exhibitions.

Task 6: Provision of data to OBIS.

It is expected of all components of MAR-ECO that data be provided in a format compatible with the Ocean Biogeographical Information System (OBIS). This is a decentralised global database containing georeferenced biodiversity data. DN1 will provide input to this database, or have its own database linked up to OBIS.

Budget

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

The budget as given in Table 4 assumes that all ship-time costs are to be covered by DN1. 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 DN1 becomes € 728 000, and the total cost of the project € 2 822 500.
The amounts are tentative, and global rates have been used for e.g. 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 an externally funded Ph D student or post-doctoral fellow for 3 years (part of Phase 2 and 3). Each partner will have to estimate what proportion of the labour costs will need to be covered by external funds.

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 DN1:

“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 new 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.

The Mid-Atlantic Ridge is a major feature of the Atlantic, it is topographically complicated with its many seamounts and fracture zones. A lot of the macrofauna appears to be associated with seamounts, and from fishery-related research there are indications that the fauna associated with the seamounts differs along a north-south gradient. The topography and the association of biota with features such as seamounts represent particular challenges for technological innovation, both with regards to observational equipment and sampling gears. The application and testing of new approaches, techniques and equipment is intrinsic to the proposed project, and technological advances made in the deep-sea area may prove very useful also in shelf waters. The focus provided by an international multi-disciplinary project in a challenging environment such as the deep-sea is a great motivation for technological innovation on many fronts.

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

MAR-ECO will provide good training opportunities at various levels, from school children following the development of surveys and visiting web-based information sources, to post-graduate students basing their theses on work conducted on component projects of the pilot project. It will create unique opportunities for the training of sea-going scientists. Also in the post-project years, there will probably be material or data available for several student projects.” 

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

	 
	 
	Labour cost
	Other costs
	Ship time
	 
	 
	 

	 
	 
	(9000 per month)
	(e.g. travel, consumables)
	(All vessels, €13,000 per day)
	 
	 
	 

	Phase1
	 
	 
	 
	 
	 
	 
	 

	 
	Man months
	 
	 
	 
	 
	 
	 

	Task1
	1
	9.000
	10.000
	 
	 
	 
	 

	Task2
	1
	9.000
	500
	 
	 
	 
	 

	Task3
	1
	9.000
	1.000
	 
	 
	 
	 

	Task4
	5
	45.000
	 
	 
	 
	 
	 

	Task5
	0,5
	4.500
	1.000
	 
	 
	 
	 

	Pre-cruise workshop
	
	
	30.000
	
	
	
	

	 
	 
	 
	 
	 
	 
	 
	 

	Phase 2
	 
	 
	 
	 
	 
	 
	 

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

	RV A Fridriksson 2003
	2
	 
	 
	182.000
	 
	4
	8

	OASIS project
	3
	 
	 
	273.000
	 
	4
	12

	Russian RV (AtlanNIRO) 2003
	4
	 
	 
	364.000
	 
	4
	16

	RV G.O.Sars 2004
	4
	 
	 
	364.000
	 
	4
	16

	Irish longliner 2004
	3
	 
	 
	273.000
	 
	6
	18

	RV Meteor 2004/5
	4
	 
	 
	364.000
	 
	4
	16

	RV Discovery 2004 and 2005
	4
	 
	 
	364.000
	 
	4
	16

	 
	 
	 
	 
	 
	 
	 
	102

	ROV
	No of weeks
	 
	 
	 
	 
	 
	 

	Aglanta
	8
	 
	100.000
	 
	 
	 
	 

	Manned sub.
	 
	 
	 
	 
	 
	 
	 

	MIR
	1
	 
	150.000
	 
	 
	 
	 

	Johnson Sealink ?
	 
	 
	100.000
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Man-months (incl. sea-time)
	35,5
	319.500
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Gear costs
	 
	 
	50.000
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Phase 3
	
	
	 
	 
	 
	 
	 

	 
	Man months
	
	 
	 
	 
	 
	 

	Partner contribution
	60
	540.000
	 
	 
	 
	 
	 

	Hired post-doc (salary + overhead)
	72
	576.000
	 
	 
	 
	 
	 

	Museum collection (curating costs)
	 
	 
	10.000
	 
	 
	 
	 

	Computing software
	 
	 
	15.000
	 
	 
	 
	 

	Data analysis
	 
	 
	30.000
	 
	 
	 
	 

	Scientific publication
	 
	 
	5.000
	 
	 
	 
	 

	Public outreach
	 
	 
	50.000
	 
	 
	 
	 

	Other
	 
	 
	30.000
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Sum across phases:
	 
	1.512.000
	582.500
	2.184.000
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Total sum 
	 
	 
	 
	 
	4.278.500
	 

	- assumed ship-time costs covered by other MAR-ECO components
	1456000
	 PN1 sum:
	2.822.500
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Figure 3. The Study area on the Mid-Atlantic Ridge, and the three sub-areas selected for focused investigations, including the component project DN1.
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