Appendix 7. PATTERNS AND PROCESSES OF THE ECOSYSTEMS OF THE SOUTHERN MID-ATLANTIC 

A proposed Census of Marine Life initiative by the Interim South Atlantic MAR-ECO Steering Group  

Introduction

The abyssal plains, mid-oceanic ridges and seamount chains constitute vast and little known deep-sea ecosystems whose understanding has been a priority within the scope of The Census of Marine Life program. In that sense, several projects under the umbrella of CoML have directed research efforts to these ecosystems unveiling their biodiversity and ecology (Yarincik & O’Dor, 2005; O’Dor & Gallardo,2005). 

Among them the MAR-ECO: Patterns and Processes of the ecosystems of the northern mid-Atlantic was proposed in 2001 aiming at describing and understanding the patterns of distribution abundance and trophic relationships of the organisms inhabiting the mid-oceanic North Atlantic, and identifying and modelling the ecological processes that cause variability in these patterns (Bergstad & Godo, 2003) . Between 2003 to 2005, the northern Mid-Atlantic ridge and adjacent areas were sampled with the best technology available by ten research vessels in a collaborative effort of over 100 scientists and students from sixteen countries. Their results have produced important advances on pelagic, benthopelagic and epibenthic macrofauna of the Mid-Atlantic ridge, from Iceland to the Azores, with particular emphasis in fishes, cephalopods, gelatinous plankton and crustaceans (O’Dor & Gallardo, 2005). In view of the successful approach and stimulating results obtained in mid-oceanic North Atlantic, the idea of expansion of MAR-ECO south of the Azores and into the southern mid-Atlantic ridge emerged among the group of MAR-ECO scientists as a natural step for an extension of the project until 2010.

In that sense the MAR-ECO Steering Committee proposed a Workshop with the aims of (a) informing the South Atlantic marine science community about strategies and methodologies used by MAR-ECO to study biodiversity along the mid-Atlantic ridge in the North Atlantic and (b) stimulating the development of collaborative research efforts on the southern Mid-Atlantic ridge. This Workshop was held in Balneário Camboriu, Brazil, in September 2006, and gathered members of the MAR-ECO Steering Committee and scientists from Brazil, Argentina, Uruguay, South Africa and Namibia. Considerably less known than the north-Atlantic, the mid-oceanic South Atlantic was not only shown to be a vast field for descriptive and comparative studies but also to provide unique questions considering its complex patterns of  geological morphology and deepwater circulation, its connections with the North Atlantic, Pacific, Indian and Antarctic ocean systems and its recent origin, possibly the newest of all oceans.

As a strategy to proceed on this initiative, an Interim South Atlantic MAR-ECO Steering Group was formed, coordinated from South America, whose first task was to prepare the following outline of the South Atlantic MAR-ECO Science Plan to be submitted to the CoML and provide elements for the renewal proposal of MAR-ECO in 2007.

The CoML field program on seamounts (CenSeam) has also identified the South Atlantic as a poorly known and sampled area in terms of global seamount biodiversity. A representative from the New Zealand secretariat of CenSeam attended the first planning meeting, and further cooperation with MAR-ECO and the development of South Atlantic research was identified in the CenSeam renewal proposal in January 2007.

Aims and scope

The aims of the study proposed for the mid-oceanic South Atlantic would essentially follow those established for the North Atlantic project (Bergstad & Godø, 2003), and also link with those of CenSeam (Stocks et al. 2004). However, considering the current lack of knowledge on the diversity of the deep South Atlantic and the complexity of its geological morphology and circulation patterns, the study is intended to be more descriptive, with a stronger focus on biodiversity and biogeography than processes.

Besides the intrinsic need for geological and biodiversity information in the mid-oceanic South Atlantic, the main questions raised at the Workshop in Brazil, considering regional features ad processes, were:

· Are there longitudinal and/or latitudinal gradients in the fauna along the ridge?

· Are there differences between faunas of the northern and southern sectors of the mid-Atlantic ridge? Does the Equatorial Fracture Zone act as barrier for fauna between these sectors?

· How does the mid-oceanic ridge take part in the connections of fauna between African and American coasts? Are the Walvis Ridge and Rio Grande Rise stepping stones for dispersal from the older coastal areas on both sides of the Atlantic to newly formed habitats at the ridge?

· Do the Walvis Ridge and Rio Grande Rise act as barriers for northward dispersal of the Antarctic Ocean fauna?

· The Southern MAR traverses an area where four oceans meet. How does this affect the biodiversity and dispersal of organisms?

· How do current systems affect productivity at the ridge? Are frontal areas highly productive?

· What is the ecological role of the MAR ridge, Walvis Ridge, Rio Grande Rise and other seamount systems on South Atlantic deep-water fisheries?

With these questions as background, it was determined that the proposed South Atlantic MAR-ECO programme will aim at:

· describing and understanding the patterns of distribution, abundance and relationships of the organisms inhabiting the mid-oceanic South Atlantic ridge and adjacent areas, and
· exploring the role of the mid-oceanic South Atlantic ridge and its adjacent morphological features in dispersal processes of deep-water fauna between the coasts of Africa and South America and among the north Atlantic, Pacific, Indian and Antarctic oceans.
The study will primarily focus on the mid-oceanic ridge itself but also cover adjacent morphological features in three target areas along the ridge:

1. Northern area. Characterized by the transverse Equatorial Fracture Zone that has a major effect on the patterns of deepwater circulation between North and South Atlantic.

2. Middle area. Where the Vitoria-Trindade Seamounts on the west side and the Cameroon Volcanic Line on the east side are comparatively more oligotrophic environments than the more southern areas. 

3. Southern area. Where the Rio Grande Rise on the west side and the Walvis Ridge on the east side are closest to the polar front and may influence northward circulation of deep Antarctic waters.

As in the North Atlantic MAR-ECO, sampling will concentrate on macrofauna both mesopelagic and bathypelagic, although an emphasis will be given to benthic organisms. The study will also be system-oriented, involving cooperation between biologists, physical and geological oceanographers, and technologists. Finally field sampling and observations shall use, if/where possible, the advanced technologies responsible for the successful progress of North Atlantic MAR-ECO (Bergstad & Godø, 2003; O’Dor & Gallardo, 2005).

Justification

The deep ocean comprises the most remote and least understood ecosystems on the planet. North Atlantic MAR-ECO has shown that the gap of knowledge in mid-oceanic ridges can be effectively addressed by well planned intensive sampling and the use of modern technology (O’Dor & Gallardo, 2005). This approach has provided society with well-documented new information on previously described and undescribed species and models on how mid-oceanic ridge communities are structured. Such information is paramount for building common awareness on these “last frontiers” of the planet and providing a scientific basis for their future use and conservation. Mining and fishing in mid-oceanic ridges and associated seamounts are two important human activities that require prompt basic information for their rational development. In the South Atlantic, although such activities have been developed, information on diversity and biological processes of deepwater environments such as the mid-oceanic ridge has been scarce and less available than in the North Atlantic. In order to improve understanding of the role of the MAR, as well as to provide information necessary to manage human exploitation, the southward expansion of the MAR-ECO project approach is urgently required.

The mid-Atlantic ridge is the central morphological feature and the spreading centre of the Atlantic Ocean. The ridge extends 14.000 km continuously from 87o N to 54o S. Its form is the outcome of two independent spreading processes; one that originated the North Atlantic in the early Mesozoic nearly 200 MY ago, and another that originated in the South Atlantic in the early Cretaceous, 100 MY later, connecting it southwards to the other three oceans, the Antarctic, Pacific and Indian (Fairhead & Wilson, 2004). The joining of these two spreading centres in the early mid-Cretaceous resulted in a shear zone developing between West Africa and the northern margin of Brazil which produced the Equatorial Fracture Zone. This is a large geological feature about 60 MY old and 4 km high, that affects both the linearity of the ridge system and large-scale ocean circulation (Huang & Jin, 2002, Fairhead & Wilson, 2004). At the southern extreme, two seamount chains, the Walvis Ridge and Rio Grande Rise, spread transversely as the result of “hot spots” or deformation processes of the seafloor, and bridged the central ridge to African and American continents, respectively. These geological features, and other seamount chains and oceanic islands associated with the central ridge, have been shown to affect deep-water circulation and may have particular roles (i.e. barriers, stepping stones) on deep-water faunal dispersal not only from the adjacent continental margins but also at the interface with the connected oceans (Huang & Jin, 2002; Bickert & Mackensen, 2003). On the whole, these features add considerable scientific interest to the central questions of MAR-ECO and associate it to other programs under the umbrella of CoML, in particular CenSeam, but also CeDAMar, ANDEEP, ChEss and CAML (O’Dor & Gallardo, 2005).

The mid-Atlantic ridge and adjacent morphological structures are part of the “Area” which comprises the seafloor space outside EEZ boundaries. Interest in mineral exploration has been shown by several South Atlantic coastal countries under the coordination of The International Seabed Authority. As an example, the Rio Grande Rise and Walvis Ridge have been identified as having cobalt crusts mining potential. It is evident that biodiversity and ecological studies must parallel mineral exploration and will meet the interests of governments and energy companies that operate in South Atlantic deep-sea floor. 

South Atlantic deep-water fishing has been developed in association with slope areas and seamount systems particularly in the highly productive areas of the South Eastern coast including international waters off Angola, Namibia, South Africa and UK overseas territories. Crustaceans and benthopelagic fishes exploited on these areas have been the subject of conservation efforts of the South East Atlantic Fisheries Organization (SEAFO) whose associated scientists will benefit from new information on target and non-target species generated by the studies proposed here in the South Atlantic. This can also apply to Argentinian and Brazilian fisheries agencies who have implemented deep-water fishing programs in their EEZs. The Rio Grande Rise area has sustained significant pelagic fishing (sharks, swordfish), but its potential for demersal fishing is less known and is of interest to countries such as Brazil.

In summary, the study of mid-oceanic South Atlantic combines (a) important scientific questions regarding deep-water marine life diversification and dispersal in the “world’s newest ocean” and (b) economical interests of the international community, particularly developing coastal countries of the southern hemisphere, towards deep-sea floor exploration.  Such study calls for a modern and well-tested approach such as the one developed by MAR-ECO and an international initiative such as the Census of Marine Life.

Organisation

A South Atlantic MAR-ECO Steering Group, coordinated from South America, with a wide geographic representation in both South America and Africa (currently Brazil, Argentina, Uruguay, South Africa and Namibia). It will have common membership with the northern Steering Group:

a) The South Atlantic Steering Group will have one member from the North Atlantic MAR-ECO Steering Group

b) The chair of the South Atlantic Steering Group will also meet in the North Atlantic Steering Group

c) The South Atlantic Steering Group will also have one member from the CenSeam Steering Committee   [Is this ok to people?? We did that at Balneario, and I think it is good to continue with that formally and to emphasize the association with other CoML projects than solely MAR-ECO-but not weakening the focus on MAR-ECO as the main programme].

Progress Plan

The Southern Mid-Atlantic programme will be incorporated into the MAR-ECO renewal proposal due in mid-2007. Time-frames will be defined when partnerships have been organized and a permanent Steering Committee has been established. However, the programme will include several phases that can be outlined as follows:

1. Workshop to further define objectives, scope and schedule. Brazil offers to host an international workshop as part of XII COLAMAR (Latin American Congress of Marine Sciences) to be held in Florianópolis, in April 2007. The objective is to plan the project proposal and discuss partnerships, specific goals, sampling strategies, mobilization of shiptime and equipment, and funding possibilities. This latter aspect will benefit from the fact that Brazilian naval and fishing authorities will attend the XII COLACMAR as well as observers from oil companies (i.e. PETROBRAS), all of them potential shiptime providers and funding sources for the South Atlantic MAR-ECO initiative.

2. Allocation of responsibilities and project building. In this phase, partners will have to commit themselves to specific tasks and responsibilities. The writing of project proposals and acquisition of financial resources is an essential task of this phase. 

3. Literature studies and data mining. Assembly of current and archived information on biodiversity, oceanography and geology of the Mid-oceanic South Atlantic as a part of the planning process and also as a source of comparative information.

4. Modelling. Based on the main patterns revealed by the MAR-ECO data analysis on the northern Mid-Atlantic and ideas developed during the workshop (1) as well as the exploration of available sources (3), central models and testable hypotheses relevant to the study of patterns and processes of the mid-oceanic environment should be developed. The aim of this modelling is to provide greater focus for the programme and its individual projects. 

5. MAR-ECO Technological adaptation and fitting of research vessels. One main objective of the programme is to adapt the new technology developed and tested by North Atlantic MAR-ECO in order to produce comparative results in the mid-oceanic South Atlantic. This phase will parallel discussions about sampling strategies and availability of research vessels. Also, mobilization of shiptime and gears will be a major issue in the phase. Options to be examined as partnerships are established include: 

a) to use institutional vessels with gear, including those used in the North Atlantic MAR-ECO and those owned by oil companies, e.g. PETROBRAS; 

b) to charter fishing or research vessels, e.g. from the Brazilian Navy; 

c) to borrow gears and/or combine shiptime with other CoML field projects, e.g. CeDAMar, ANDEEP, CenSeam, Chess and CAML (taking advantage of the International Polar Year). CenSeam has oferred use of New Zealand seamount sampling equipment, and access to its Minigrant scheme may also help support some participation/travel for voyages.

d) to rent gears from other institutions

e) investigating institutions construct their own gear with help from collaborating institutions (e.g. landers from Oceanlab)

6. Field study. A major field effort, focussing on the southern Mid-Atlantic Ridge will be conducted, possibly involving several well-equipped research vessels. A multi-disciplinary and international crew of scientists and technicians, both from countries engaged in the North Atlantic and new partners from the South Atlantic, will run the cruises and provide the material and data for subsequent analyses. If plans to carry out a dedicated field programme cannot be realised, efforts will focus on attempting to survey and obtain samples from voyages in the region being carried out for other research programmes.

7. Analyses. The field effort will provide substantial data and biological material for a range of analyses related to the testing of the central models (4). The material will be worked up in individual laboratories under the coordination of the South Atlantic Steering Group. In this phase it is important to anticipate that taxonomy and management of biological collections will be a particular issue that will require the development of strategies for attracting capable taxonomists and regional museums able to handle large collections from both South America and Africa.

8. Regional synthesis. The central questions and hypotheses formulated for the MAR-ECO approach in the South Atlantic will be addressed in the light of results obtained by activities conducted during phases 6 and 7. This will require a coordinated effort, possibly through group meetings, and a final symposium should be organised where results are presented and discussed.

9. Incorporation of regional results in MAR-ECO and global census models. A fundamental step in this initiative will be to compare and unify patterns emerged from MAR-ECO approach both in North and South Atlantic. Are processes uniform throughout the Mid-Atlantic Ridge? Are there important differences related to the separate ocean spread processes north and south of the Equator? A comprehensive analysis involving biodiversity, deep-water fauna dispersal and biological processes of the Mid-Atlantic Ridge should be the pinnacle of this study. It will also provide importanrt data on South Atlantic seamounts to feed into CenSeam. Overall the programme will be a significant source of information for the global CoML. 
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