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THE PRESENTATIONS ARE AVAILABLE AT THE ENVIRONMENTAL VARIABILITY ACTIVITY CENTRE’S OFFICE, CAPE TOWN, SOUTH AFRICA 
REPORT ON THE PROCEEDINGS OF THE BENEFIT / BCLME 

LÜDERITZ UPWELLING CELL ORANGE RIVER CONE (LUCORC) WORKSHOP 

HELD AT THE BROADWAY CONFERENCE CENTER 

CAPE TOWN, 28-29 JULY 2004
DAY 1:

1.
SCENE AND GOAL SETTING 

1.1
Welcome

The Chairman of the session, Dr Hashali Hamukuaya, introduced Mr Horst Kleinschmidt, the Deputy Director General of South Africa’s Department of Environmental Affairs and Tourism: Marine and Coastal Management. Mr Kleinschmidt welcomed everybody to the workshop and wished the participants well for their deliberations over the following two days. 

1.2 
Perspective

Dr Vere Shannon explained that the origin of the LUCORC workshop dated back to 1995, when a symposium in Swakopmund acted as a catalyst for establishing the BENEFIT and BCLME Programmes. The BENEFIT Science Plan subsequently identified the need for improved understanding of the Lϋderitz upwelling cell and the Orange River cone as key to enabling management on a regional basis. The BCLME’s advisory groups on environmental variability (EVAG) and living marine resources (LMRAG) also identified the area as important for transboundary management. The LUCORC workshop therefore provided a unique opportunity in bridging science and management at a regional level.

1.3
Goal-setting

Dr Neville Sweijd noted that the Terms of Reference for the LUCORC workshop emanated from two BCLME projects (EV/PROVARE/02/02a and LMR/CF/03/09) conducted under the auspices of EVAG and LMRAG. A number of activities had taken place in the LUCORC area recently, including cruises on the Nansen, Humboldt and Africana, and the workshop would help focus future research. A three-phase set of activities was envisaged: 

· convening the workshop to collate available information and identify gaps in understanding, in order to plan future research   

· commissioning a review of the oceanography and natural resources of the area 

· implementing post-workshop research activities. 

Dr Sweijd noted that the overall goal of the workshop was to facilitate sustainable management of natural resources in the transboundary area shared between South Africa and Namibia. Its primary objective was to assemble overviews and assess all available information pertaining to the resources and the environment of the transboundary oceanic area around 24° to 30°S, with the aim of identifying information gaps and requirements. The outcome would be an integrated understanding of the status of knowledge for the LUCORC area, and a strategic plan for the implementation of a series of activities to address the knowledge gaps.

Dr Sweijd drew the participants’ attention to the guideline questions to be addressed by the presenters and workshop groups. He reviewed the workshop programme, noting that day three had been set aside for a core group to provide feedback to management. 

1.4
Namibian perspective

Dr Moses Maurihungirire, of the Namibian Ministry of Fisheries and Marine Resources, commended the workshop organisers for soliciting management feedback and input into science planning for the region. He noted that the objective of his presentation was to elucidate issues pertaining to the co-operative management of shared living aquatic resources between South Africa and Namibia. The two countries are already undertaking co-operative research towards improved management of the lower Orange River. In addition, good progress had been made in realizing co-operative management of inland fisheries within the SADC region, with active collaboration between countries bordering the Kavango and Zambezi rivers. 

Dr Maurihungirire noted, however, that it is not sufficient to be concerned only with the allocation of benefits when developing a co-operative management programme. The participating states might have different management goals, which would necessitate compromise from both sides. It would also need to be decided whether co-operative management would be binding, and whether each state could only benefit from exploiting the resource within its own area of jurisdiction, or whether side payments or arrangements would be allowed. Furthermore, should a shared resource be managed according to the preference of one party, the other party should be compensated in some way.  

Dr Hutchings noted that tuna move between the two countries and also outside their EEZs, so ICCAT has input into their management too. Dr Maurihungirire replied that it is important to differentiate between transboundary and straddling stocks. He supported the approach of the South West Indian Ocean Fisheries Programme (SWIOFP), which only addresses transboundary stocks to prevent overlap in management responsibilities and duplication of research effort. 

1.5
South African perspective

Mr Horst Kleinschmidt noted that the BCLME programme aimed to improve management of the Benguela ecosystem in terms of sustainable resource use, biodiversity conservation, and the mitigation of mining and pollution impacts. To date $US15million had been invested in the programme, and it was important to ensure that this would have a lasting impact for the regional institutions. The programme provides an opportunity to grapple with transboundary issues affecting South Africa and Namibia, including straddling stocks, migratory species, and common problems such as harmful algal blooms, invasive species and pollution, and should therefore be strongly supported by the relevant government departments. It could not only make an important contribution to the NEPAD initiative, but provide a model on how to deal with transboundary issues elsewhere. 
Dr Johann Augustyn reviewed the scientific issues that the South African contingent hoped would be addressed at the workshop, namely the environmental mechanisms creating the LUCORC barrier, and the development of monitoring and forecasting projects so that resources could be jointly managed. Topics for research would include:

· Physical oceanography: winds, currents, offshore losses, modelling

· Geomorphology and sedimentology

· Dissolved oxygen on the continental shelf

· Indices derived from satellite-derived ocean colour and temperature

· Pelagic and mesopelagic fish

· Demersal fish

· Rock lobster

· Diamond extraction  and mitigation of environmental effects

· Oil and gas exploration, extraction and mitigation

· Coastal biodiversity issues.
He concluded by posing a number of key questions that needed to be addressed.

Dr Lamberth noted that there is a need for training of ‘middle managers’ in government institutions. Dr Augustyn responded that both countries were conscious of the need to give scientists management training, as they would be the resource managers of the future. 

1.6
Discussion

Dr Sweijd noted that the aim of including the presentations on the Namibian and South African perspectives in the workshop programme was to gauge how relevant the LUCORC issue is to management, and both countries had demonstrated their commitment in this regard. He briefly reviewed the main issues raised, before opening the floor for discussion.

Dr Boyd asked whether the BCLME programme intended operating according to binding or non-binding agreements. Dr Shannon replied that both would probably be needed, together with a fair degree of flexibility and compromise. Dr Hamukuaya added that the Interim Benguela Current Commission was in the process of being established, and a meeting addressing aspects such as the required legal mechanisms would be held during August. Dr Augustyn noted that, by approving joint projects, managers were already committing to a co-operative approach. 

Dr Hutchings remarked that fisheries managers have to deal with more pressing issues than transboundary ones. However, should the hake resource suddenly decline, transboundary issues might become a high priority. Dr Sweijd agreed, noting that managers are so over-committed that it can be expected that they will only respond to issues reactively. It would be important to envisage what kind of issues might arise in future.

2.
LIVING MARINE RESOURCES

2.1
Small and large pelagic resources

Dr Graca D’Almeida delivered a presentation on pelagic resources, on behalf of a number of contributors. She reviewed the available sources of data from surveys and other studies, as well as from the commercial fisheries. She summarised what is known about the region’s small pelagics, noting that there is a sizeable round herring (redeye) population, with an estimated 242 000t adults and 17 000t recruits, based on the May 2004 survey. The survey also found some sardines but no anchovy. The only eggs found in significant quantities were those of round herring. Anchovy larvae were reported to occur between Cape Columbine and Lüderitz over the period 1978 to 1982. An observed decrease in abundance and increase in larval mean length with decreasing latitude suggests some degree of northward transport or migration of larvae. Distribution data for pre-recruits indicate that the entire area from Hondeklip Bay to Lüderitz is suitable as a nursery area for small pelagics, particularly anchovy and round herring, with an observed increase in fish length with decreasing latitude. The biomass of anchovy recruits was estimated at 140 000t from the May 2004 survey, but few sardine and round herring recruits were found.

Dr D’Almeida noted that very little information is available on horse mackerel in the LUCORC area, although by-catches of adults had been made during surveys. The area is the most important harvesting area for large pelagic species such as tunas, swordfish, sharks and snoek.

Information that still needs to be determined includes:

· the fraction of anchovy recruitment located north of the Orange River mouth

· the area’s status as a spawning and/or nursery area for the three small pelagic species

· the mechanism by which round herring eggs avoid being advected offshore

· the possibility that the “impermeability” of the Lüderitz upwelling cell is more a function of population distribution (which for anchovy is proportionally related to population size) than to physical processes.

Dr D’Almeida concluded by reviewing the literature of relevance to the LUCORC area.

Dr Augustyn noted that Marine and Coastal Management is in contact with the High Seas Research Institute in Japan, and could follow up the acquisition of tuna data for the LUCORC area.

Dr Hutchings noted that Lüderitz had a sardine fishery during the 1960s. He added that anecdotal evidence suggests that there may be separate stocks of small pelagics on either side of the LUCORC area, but at times the juveniles are able to breach the ‘barrier’. Dr D’Almeida responded that the Lüderitz fishing had coincided with Benguela Ninos, when the fish had been forced southward. Dr Lamberth added that such warm water events seemed to be very important for recruitment of steenbras and kob.

Prof Butterworth asked whether tagging data from the 1960s were still available, and whether Stuart Grant’s genetics work should be repeated, now that more advanced techniques had been developed. Dr van der Lingen responded that the tagging data were archived on tapes in an obsolete and unreadable format, so the data were effectively lost. Dr Sweijd noted that the BCLME Programme was investigating the potential of genetics to resolve stock separation issues. Dr Maurihungirire remarked that the southward shift of fish stocks during Benguela Ninos highlighted the need for mitigation measures such as side arrangements.

Dr D’Almeida noted that the May 2004 survey results could not be quantitatively compared with the BENEFIT cruise in July 1999, when the system was not calibrated. Dr Shannon remarked that the former survey had coincided with a particularly dry period in South Africa. 

2.2
Demersal resources

Dr Marek Lipinski noted that he would not be presenting an overview of demersal resources, but had instead focussed his presentation on the deep-water hake, Merluccius paradoxus. He noted that Namibia and South Africa collect data using different survey techniques, ships and gear, but a comparative study had concluded that there were no differences in indices of abundance, catch composition or length frequencies. Both databases could therefore be used for analyses, once conversion factors had been applied. 

Dr Lipinski noted that there are two hypotheses about the origin of M. paradoxus found north of Lüderitz, namely:

·  M. paradoxus breeds exclusively in South African waters and then migrates north in the deep waters of the Child’s Bank slope, along the 300-500 m contour (the “river of fish hypothesis”)

·  M. paradoxus may spawn along the Child’s Bank slope and juveniles will be present at certain times and areas on Child’s Bank and over the slope.

He noted that the second hypothesis does not preclude the first, and several combinations are in fact possible. The data collected to date suggests that juvenile M. paradoxus are found on Child’s Bank and over the slope, and are abundant in “Oddgeir’s depression” at 210-220 m. Although this is in accordance with the second hypothesis, the origin of these juveniles needs to be investigated. The first hypothesis is not strongly supported, while data from the Nansen cruise suggests that there is occasional spillage and limited reproduction through an ‘environmental gate’. However, further investigation is needed, especially since the surveys were conducted in different seasons, and the management implications defined. 

Dr Badenhorst queried whether the hake species could be accurately differentiated at one month old. Dr Lipinski replied that identification required that the vertebrae be counted, and in the earlier surveys this was usually not done. Dr Badenhorst responded that the technique was not conclusive, as the number of vertebrae depends on the temperature of ambient water at spawning. The original work by Franke had shown a large overlap in vertebral counts between the two species, while Rob Leslie believes that a morph of M. capensis may occur in the LUCORC region. It would therefore be difficult to state with confidence that the recruits observed were indeed M. paradoxus. Dr Sweijd added that genetics studies would be needed to resolve the issue.

Prof Butterworth noted that it was unwise to draw too many conclusions from a few surveys, and the statistical precision of the methods used should be investigated. Since surveys are very expensive, it might be better to use tagging studies to resolve the issue of hake migration. Dr Lipinski replied that the surveys were designed to address the question of whether M. paradoxus in Namibia originates in South Africa, and biological studies rather than statistical methods were needed to resolve this. Dr Hutchings noted that few hake eggs and larvae are found between the Orange River and Lüderitz, which implies that the LUCORC area is not a hake spawning ground.  

2.3
Rock lobster

Dr Steve Brouwer presented an overview of the West Coast rock lobster Jasus lalandii resource. He explained that 20% of the South African TAC is reserved for limited rights-holders with quotas of 200 kg to 1.5 t, while the remaining 80% is shared between full rights-holders with up to 120t each. More than 80% of the TAC is allocated to Zone D, in the vicinity of Cape Town, while the LUCORC area falls within Zone A, which accounts for only 1.1% of the TAC. As a result, the area is considered a low priority for resource management purposes. However, due to the high rate of unemployment and level of poverty there, the rock lobster fishery provides an important livelihood for the local communities.
Dr Brouwer reported that South Africa is in the process of implementing a spatially disaggregated Operational Management Procedure, and Namibia’s take would need to be accounted for if there is a significant fishery north of the border.

Dr Kolette Grobler reviewed the status of the rock lobster fishery in Namibia. She noted that the main commercial fishing area is just north of the Orange River; in the other area, north of Lüderitz, the distribution of rock lobster is patchy. In 1992 the TAC had been set at 100t – the lowest ever – and although it had since increased steadily since then, quotas could not be filled for the past four years. This is thought to be mainly due to high swell conditions inshore during the peak fishing season, hampering trap recovery. There may also have been a change in lobster feeding behaviour, as divers had observed high densities of lobsters around commercial traps even when trap catches remained poor. Recruitment data are available from twice-annual diving surveys, as well as weekly monitoring of puerulus settlement onto crates at a Lüderitz mariculture farm.
Dr Grobler noted that the lobster resource is locally important to the Lüderitz region - being a major source of employment - but not to the country as a whole. The fishery is in serious financial trouble, however, given the recent poor catches and low exchange rates. She reviewed the management regime, noting that the annual TAC is based on a modified De Lury model and implemented on a zonal basis. She concluded by identifying gaps in information, and proposing means of addressing these.

Prof Butterworth noted that the sharp decline in Namibian catches at the end of the 1980s corresponded with the lower growth rates observed in South African lobster. Dr Grobler replied that there is a paucity of growth data for the Namibian resource.

Dr Augustyn suggested that Namibia consider developing an OMP, as it is useful to have a feedback mechanism for managing the resource, given the very variable environment. Dr Shannon remarked that the observed changes in swell conditions should be investigated at the forecasting workshop in November.    

2.4
Predators (seals and seabirds)

Mr Ndako Mukapuli gave a joint South African-Namibian presentation, noting that the other contributors were attending another workshop. He showed the island and mainland seal colonies in the vicinity of the LUCORC area, and reviewed the research activities focussed on seals, such as aerial surveys, pup tagging, diet studies and satellite tracking. He noted that a satellite tracking study conducted in 2002 showed a general offshore and northward (and back) movement between colonies in Namibia, and did not reveal any movement of seals across the border into South Africa. However, early tagging studies undertaken by MCM suggested that there is dispersion between different colonies - mainly by immature animals - with seals from Kleinzee having been found in Namibia.

Mr Mukapuli showed the distribution of seabird breeding sites in the LUCORC area, and reviewed the research activities conducted on seabirds, including monitoring through aerial surveys and ground counts, ringing and resighting studies, and diet sampling. Two BCLME projects on seabirds were underway, one using top predators as biological indicators of ecosystem changes, and the other aimed at reducing seabird mortality in the region’s longline fisheries. He noted that there had been a significant decline in abundance of African Penguins (from > 40 000 breeding pairs in 1956 to < 1 000 pairs in 2003) and Cape Gannets (from 0.47 ha in 1956 to 0.02 ha in 1996) in the Orange River-Lüderitz area. This was thought to be due to food scarcity, which resulted in poor recruitment to colonies, although some young birds emigrated to colonies to the north and south. The food shortage was caused by the collapse of Namibian sardine, and owing to contraction to the north, seabird colonies furthest south were affected first. In addition, the Benguela Nino of 1994/95 caused a decreased abundance of gobies near Ichaboe Island (just north of Lüderitz), resulting in a decline in the African Penguin and Bank Cormorant popluations there.


Another factor that has exacerbated the unfavorable conservation status of seabirds between Lüderitz and the Orange River is that almost all birds at North Reef have been displaced by seals.  This may have resulted from disturbance due to harvesting operations on the mainland, displacing seals to the island colonies.

Dr Shannon asked whether goby abundance had since recovered. Dr D’Almeida replied that no assessment had been conducted, but it was thought that the stock had recovered. In response to a question as to why the seals did not move south during periods of food scarcity to feed on the abundant anchovy and red eye there, Mr Mukapuli noted that this should be highlighted as a topic for future study. Dr Badenhorst remarked that red eye are unavailable to seals during the day. 

Dr Shannon noted that the IBCC would need to address the fact that Namibia and South Africa have dichotomous seal-harvesting policies.
2.5
Ecosystem modelling

Dr JP Roux gave a presentation on ecosystem modelling, which he noted could be used to describe trophic flows; develop ecosystem indicators; categorise ecosystem health; test the ecosystem effects of fishing, and advise management on multi-species effects, among other things. Time-series of catches for the major fisheries reveal a very different history for Namibia and South Africa. The Benguela Nino of 1994/95 had affected the entire northern Benguela food web, and caused the loss of 350 000 seals. He noted that the mid-trophic level is very important in upwelling systems; in the Benguela system, horse mackerel are dominant in the north, anchovy in the south, and goby in between. There is also an intrusion of myctophids in the LUCORC area, probably due to the narrow shelf there. 

Dr Roux concluded by noting that the LUCORC area is a key one from an ecosystem point of view. However, in order to improve the models the LUCORC geographical area must be properly defined, estimations made of import-exports across the boundary, and information obtained on the barrier mechanisms (particularly for small pelagics, goby, jellies) and on differential effects of environmental variability. 

2.6 Discussion

Dr Sweijd summarized the issues raised during the session, before opening the floor for discussion. Dr Badenhorst noted that the old SWAPEL survey data should provide some of the information needed on hake larvae and juveniles. Dr Lipinski replied that the assumption had been made during the SWAPEL era that all juvenile hake found were M. capensis. The Namibian contingent added that the SWAPEL surveys were limited to shallow water.

Mr Morant remarked that seabirds are especially vulnerable to food shortages, because during the breeding season food must be available close to the colonies so that chicks can be fed regularly.  

3.
NON-LIVING MARINE RESOURCES

3.1
Oil and petroleum gas

Mr Ian McLachlin noted that the initial part of his presentation would be on South Africa’s extended continental shelf claim in terms of UNCLOS Article 76. He showed a satellite view of the surrounding sea floor, as well as a diagram summarising the formulae for extended shelf claims, which allow nations to exploit living and non-living resources on and under the seafloor on payment of a levy to the International Seabed Authority. In South Africa’s case, the potential area of the extended shelf is ~30% of the EEZ. He reviewed the history of South Africa’s claim, noting that the Institute for Marine Technology, in co-operation with the SA Navy Hydrographic Office, had successfully motivated the project to government in late 2002. The Minister of Minerals and Energy appointed the Petroleum Agency SA to manage the project, which has an initial budget of R23 million funded by the Central Energy Fund. The project aims to submit a substantiated claim to the UN by May 2009.

Mr McLachlin then gave an overview of oil and petroleum gas exploitation in South Africa and Namibia. He noted that the Petroleum Agency SA archives all relevant data for South Africa, negotiates licenses, and had recently been delegated responsibility for environmental approval. A generic environmental management programme had been developed, which must be adopted by companies as a template. Mr McLachlin gave a brief overview of the main oil and gas operations, including Mossgas, Sable, Oribi/Oryz and Kudu. He noted that oil and gas production was expected to peak in about 2010, and within 15 years will have fallen below present levels. The southern African coast is therefore likely to come under increasing pressure for exploitation.

Prof Shillington asked if it was true that the oil reserves off Angola were larger than those of the Middle East. Mr Morant replied that oil reserves discovered there to date are slightly less than those of Nigeria, which are less than a third of the Middle East. In response to a question from Dr Sweijd, Mr McLachlin noted that increasing oil and gas exploitation could potentially result in conflict with the fishing industry in future, but there is a good relationship at present. He explained that observers are placed on board seismic survey vessels, which tow arrays of up to 12 km long, and there has been good co-operation when they ask fishing vessels to raise their nets. Dr Mayekiso asked whether there was a danger of environmental requirements being relaxed with increased pressure to find new oil reserves. Mr McLachlin replied that this was quite likely.        

Dr Shannon asked about the dispute between Namibia and South Africa about the position of the border. Mr McLachlin responded that the issue is whether the border is taken from the middle of the Orange River or the north bank, so by applying the equidistant principle the area of dispute is a small wedge thinning out to 20 nautical miles offshore. However, the matter needs to be resolved as it has important implications for mineral exploitation.  

Dr Sweijd noted that the Petroleum Agency holds a wealth of data. Mr McLachlin noted that liaison with relevant government departments would improve once the process was properly underway.

3.2 Mineral mining and exploration 

Mr Andre Goosen delivered a joint presentation on behalf on South African and Namibian contributors. He noted that diamonds on the west coast had originated inland, but had been transported by the Orange River to the sea, from where they could be carried back onto land through littoral transport. He gave an overview of sedimentological characteristics of the LUCORC area, and noted that research off Walvis Bay was investigating the relationship between hydrogen sulphide eruptions and bacterial mats. 

Mr Goosen reported that the Kudu Licence Area is the single largest investment ever made in Namibia, with Energy Africa and Namcor contributing N$ 6.4 billion. The field is expected to have a 25 year lifespan at an exploitation rate of 800 MW. The development is considered vital, as Namibia is anticipated to experience a shortage of electricity by 2007. 

Mr Goosen then reviewed the Namibian and South Africa concessions for diamonds and other minerals. He noted that the diamond resources in South African waters comprise patchy, low-grade deposits. Shore- and boat-based diver operations take place in A concessions, and the deepwater operations of De Beers Marine in C concessions, but there is no activity in B or D concessions. In Namibia, shore- and boat-based diver operations began in 1961, land-based mining in 1968, and offshore mining (25-100m) in 1991. 

Mr Goosen explained that, in the case of offshore mining by De Beers Marine, sidescan sonar and acoustic surveys are used to map the seabed, after which drill prospecting is conducted to confirm diamond gravel distribution and grade. Mining is conducted using drills or seabed crawlers deployed from large, dynamically moored mining vessels. The impact of mining on the seabed, and of the tailings plume on the water column and seabed, were investigated in an EIA conducted between 1991 and 1996, and ongoing monitoring has been conducted since 1994. Studies using video footage from the Jago indicated that mining results in a change in benthic species composition in a 200 m radius around the drill site.

Mr Goosen reviewed the mining-related BCLME projects that had recently been awarded, and noted that NamDeb had initiated a cumulative impact study in January 2003. An EIA had also been initiated for a joint De Beers Marine Namibia-NamDeb project investigating the use of a Trailing Suction Hopper Dredger. He concluded by noting that total diamond production accounted for 9.8% of the Namibian GDP in 2003, 4.5% of which came from the marine diamond mining operations.
Dr Hutchings noted that it is difficult to assess the true impact of mining, as it is unlikely that any undisturbed reference sites exist, given the long history of trawling on the West Coast. Dr Monteiro added that disturbance of the benthic boundary layer could result in trans-boundary issues arising.   

3.3
Coastal developments and activities

Dr Alan Boyd reviewed the government departments responsible for coastal developments and activities in the LUCORC area, noting that there is some delegation from national level to provincial and local authorities. Aquaculture is a national responsibility in both Namibia and South Africa, managed by the Ministry of Fisheries and Marine Resources and Marine and Coastal Management respectively. There is oyster farming and kelp harvesting at Lüderitz, and new aquaculture licences have been issued for abalone (2) and black mussels (1). In the northern Cape, there are currently five aquaculture farms at Kleinzee, Port Nolloth and Alexander Bay, which are believed to employ less than 60 persons and generate less than R3 million. The farms need to become larger to become viable, in order to offset costs, including those of water and product quality testing. 

Coastal mining activities have had a major impact on biodiversity in the LUCORC region, with rehabilitation often neglected and much of the infrastructure development having been poorly conceived. Flow reduction of the Orange River has also impacted natural functioning of the estuary. Although the estuary is a RAMSAR site, it has been placed on the ‘Montreaux Record’ because of declining bird numbers and saltmarsh degradation. The rehabilitation measures currently being proposed include closure of the mouth to back-flood the saltmarsh; however, this may compromise the estuary’s function as a nursery area for fish.

Dr Boyd reviewed other conservation and tourism initiatives in the region, and noted that alternatives to mining and fishing needed to be found to ensure sustainable livelihoods for the people of the region. 

3.4      Management of the Orange River

Dr Peter van Niekerk gave a presentation on the ORASECOM/GEF initiative. He noted that the Orange River catchment is about a million square kilometers in size, and encompasses Lesotho, Botswana, South Africa and Namibia. Although there is already a joint Namibia-South Africa project underway to investigate options for improved availability and use of water resources in the lower Orange River, the need to involve other countries in the catchment was recognized, since development in upper reaches clearly affects the quantity and quality of downstream flows. 

Dr van Niekerk noted that the irrigation scheme in the lower reaches of the Orange River is the single largest water user, and relies on water released from the Gariep and Vanderkloof Dams. However, several new developments that would require additional water have been identified, and will result in greater water demands from the Lower Orange River in future. Namibia’s water security needs are not being fully met, and neither are the environmental requirements (ecological reserve), which compromises the estuary’s status as a RAMSAR wetland. Three options to meet future water demand were identified, namely improved use of existing infrastructure, implementation of water conservation and demand management, and the development of new infrastructure. The latter involves construction of a dam at Vioolsdrift, which would allow for easier manipulation of flows to the estuary. 

However, in order to maintain the current environmental status and prevent further deterioration of both the river and estuary, improved understanding of the environmental flow requirements is needed. This would require an extensive monitoring programme to provide base information on flows and other parameters throughout the Orange River catchment. ORASECOM therefore decided to proceed with the GEF-funded environmental management project for the Orange Basin. 
Dr Schneider enquired about evaporative losses from the proposed new dam at Vioolsdrift. Dr van Niekerk replied that these had been factored into the calculations, but evaporation from the river itself has been estimated at 1200 million m3 per year. The dam would solve the difficulties of the two-month lag time before water released from the Vanderkloof Dam reaches the farmers in the lower reaches of the Orange River. 
4.
OCEANOGRAPHY

4.1
Physical oceanography

Dr Chris Duncombe-Rae gave an overview of the physical oceanography of the LUCORC area. He illustrated the bathymetry, currents and winds in the Benguela region, noting that the strong south-easterly trade winds of summer are moderated to less intense southerlies in winter, interspersed with north-west storms. Upwelling is concentrated in a number of cells, with the Lüderitz one being the most intense in the system. It is thought to act as a barrier to the exchange of biota between the northern and southern Benguela, although there are indications that some species are unaffected, and that the barrier breaks down at certain times. The physical mechanisms that act as a barrier (e.g. cold, turbulent water), and the processes that generate and maintain the effect, are not well understood, but there appears to be advective transport offshore due to an upwelling filament. Monteiro’s gate hypothesis proposes that carbonate distributions on the shelf show discontinuities at the major upwelling sites, which indicate discrete circulation cells with off-shelf and on-shelf flow. Another possibility is that circulation gyres in the Angola Basin and Cape Basin meet at Luderitiz, generating some kind of physical front that is masked by upwelling.

Prof Shillington enquired about wind-forcing and the origin of coastal trapped shelf waves near Lüdertiz. Dr Duncombe-Rae replied that changes in topography there may alter trapped waves, generating offshore advection that acts as a barrier to fish.

4.2
Oxygen

Dr Pedro Monteiro delivered a presentation on low-oxygen variability in the Benguela. He noted that new insights had been obtained by reanalysing the historical data set, as part of a BCLME project to prepare a critical review on low-oxygen water (LOW). He noted that LOW formation originates in the Eastern Tropical South Atlantic (ETSA), where an upwelling area known as the equatorial trough provides a source of new production. SeaWiFS imagery of the ETSA region shows that new production peaks in January and July, but when winds driving the upwelling relax, water flows towards Africa and pushes it into a retention area, where remineralisation processes occur. Normally a strong thermocline in Angolan waters prevents aeration and nutrient flux; however, time-series of oxygen off the Congo River show aeration of bottom waters in 1972 and 1984, when the thermocline relaxed enough to allow reventilation. These periods coincides with flooding of the Congo River. 

Dr Monteiro noted that periods of intense LOW at Cape Frio coincide with strongly stratified conditions in the slope area, while at Lüderitz - further away from ETSA - LOW is more variable. In late summer, when warm water pushes into the system and intensifies stratification of the water column, sub-surface poleward flow intensifies and advects LOW southward. 

Dr Boyd remarked that it is necessary to differentiate between shallow water LOW events that cause rock lobster walkouts, and those on the shelf, which affect hake. Large-scale LOW and hydrogen sulphide events occur in response to remote forcing, while local events resulting from anoxic conditions only perpetuate LOW.

4.3
Plankton

Dr Hans Verheye gave an overview of plankton studies in the LUCORC area. He noted that satellite imagery reveals high chlorophyll values (>1 mg m-3) extending far offshore to the north and south of Lüderitz, as well as dense bands (>10 mg m-3) of phytoplankton alongshore. The nearshore ‘gap’ around Lüderitz was thought to be caused by the combined effect of changes in surface circulation and wind-induced turbulent mixing. Brown et al (1991) found that the mean distribution of chlorophyll in the upper 30 m north of Lüderitz was 5.99 mg m-3 for the period 1971-1989, although the data were biased by the fact that 47% of cruises took place in summer. There is a winter productivity maximum north of Lüderitz and a summer maximum in the south. Ray Barlow’s underway surface sampling of surface chlorophyll and accessory pigments along the Atlantic Meridional Transect in May/June 1998 revealed that the phytoplankton assemblage changed markedly at Lüderitz from a diatom- and dinoflagellate-dominated assemblage to a nanoplankton-dominated one. However, his results from the BENEFIT cruise in July 1999 showed diatoms being dominant on the Lüderitz line, while nanoflagellates were dominant off the Orange River. The LUCORC survey on the Humboldt in April 2004 indicated chlorophyll-dense patches south and north of Lüderitz. 

With regard to zooplankton, Dr Verheye noted that 1950 species of copepods are known worldwide, and 28 of these occur in the Benguela Current system. Most species of zooplankton found in the southern Benguela are also common in the northern Benguela. However, euphausiid assemblages differ on either side of Lüderitz upwelling cell, with Nyctiphanes capensis being dominant on the inner shelf in the north, and Euphausia lucens in the south. However, the barrier appears to break down under maximum upwelling, when prolonged southerly winds favour longshore water flow over cross-shelf displacement, allowing the northward penetration of water (+ E. lucens) from the southern Benguela at the shelf break.

Icthythoplankton studies indicate that the LUCORC area is not a spawning area for any commercially important species, except hake. Gobies, myctophiids and Maurolicus - of limited commercial use but ecologically important - do spawn there, but exact spawning       locations and seasons are not known. 

Mr Deon Louw then gave a presentation on phytoplankton research in Namibia. He noted that the NatMIRC database includes historical data from 1976, although chlorophyll data is only available for the period 1989-1997. The SWAPELS data is also not included, because of compatibility problems. The most comprehensive dataset is from Hart and Curry (1960), which reveals a decrease in chlorophyll concentration from north to south. Mr Louw reviewed some trends in phytoplankton distribution recorded in Namibia.

4.4
Remote sensing

Mr Chris Bartholomae gave a presentation on remote-sensing, noting that it provides a tool to investigate parameters such as wind, sea surface temperature (SST) and chlorophyll a concentration. He noted that the Lüderitz region had been identified by several authors as a probable barrier to the exchange of biota between the northern and southern Benguela, and had proposed various mechanisms for this. Mr Bartholomae then used remote sensing imagery to show that the Lüderitz region is characterised by cool SST, a strong north-south gradient and a weak seasonal signal. Strongest turbulence in the Benguela upwelling system is found off Lüderitz, where chlorophyll a is low year-round. This can be attributed to a combination of high turbulence and low temperatures, which reduces stratification of the water column. There is also advection of nutrient-poor oceanic water as well as occasional Agulhas eddies close to the coast at 27°S. It is unclear which of these processes is primarily responsible for the barrier effect. 

Prof Butterworth noted that data from the Namibian fishery indicates that there is a peak in hake distribution at 25-27 °S.

4.5
Sedimentology

Dr Amanda Rau delivered a presentation on the characteristics of marine sedimentology on the West Coast, focusing on the LUCORC area. She noted that most of what is known is based on research conducted by John Rogers and Mike Bremner in the 1970s and ‘80s. More recent data collected on the Meteor cruise in early 2003 had not yet been analysed. De Beers Marine had undertaken some core sampling, but the data are generally not available in the public domain.  She noted that off the Orange River the inner shelf is narrow and steep, and is characterized by Precambrian bedrock, seaward-dipping Cretaceous sediments, and patchy and thin Quaternary sediments. In contrast, the broad and gently-sloping middle and outer shelf has Palaeogene and Neogene carbonate hardgrounds, and a foraminiferal sand cover. The very low calcareous component off Lüderitz is replaced in the north by the foram ooze and terrigenous sediments of the Cunene shelf. 

Dr Rau noted that Karoo-derived sediment delivered to the coast by the Orange River in summer is dispersed to the north and south, and deposited on the wave-dominated submarine delta, with mean grain size decreasing offshore. She reviewed the sediment components and discussed the impact of flood events. To the north of the Orange River, the composition of the sediments is quite different. Bedload is carried to northern beaches by the powerful littoral drift, driven by the south-westerly swell. Summer floodwaters also carry sediment northward, but the poleward undercurrent brings fine sediment back towards the mouth and beyond, resulting in a 70m thick clayey silt deposit just north of the Orange River mouth. Winter longshore drift erodes the river-mouth bar, transporting sediment towards Chamais Bay, while the seaward edge of the Namib Sand Sea is eroded by waves and fed into the littoral zone. South of the Orange River mouth, mean grain size decreases towards the south. This can be attributed to the low riverine discharge in winter, when southerly winds weaken, and the poleward current transporting only silt and clay as far south as St Helena Bay. The Holocene mudbelt comprises these fine sediments. Dr Rau concluded by noting that there is a clear difference in the sedimentology of the shelf off Walvis Bay and Orange River. The boundary appears to lie between the Orange River and the Lüderitz Upwelling Cell, rather than at the Orange River.
Dr Penney noted that three BCLME projects are underway to investigate the impact of mining. However, it was clear from Dr Rau’s presentation that there are striking differences in the organic component of the sediments in the Benguela system, while Dr Monteiro’s presentation had highlighted the variability of LOW in the region. Understanding such natural variability was vital in order to differentiate between manmade and natural change.    

4.6 Physical modelling 

Dr Pierre Florenchie gave a presentation demonstrating the coastal modelling capabilities of ROMS_AGRIF. He noted that while ROMS (Regional Ocean Model System) models are large scale, AGRIF (Adaptative Grid Refinement In Fortran) allows the resolution to be increased for selected areas. He showed a simulation of the Orange River outflow, noting that it would be interesting to simulate floods or ‘zoom’ into the area for higher resolution. 

5.
SUMMATION AND RE-DIRECTION

Dr Hutchings summarised the day’s proceedings, noting that a surprising amount of information is available for the LUCORC area, despite the fact that it had not been routinely sampled. The combination of a narrowing of the shelf and strong southerly winds makes for a particularly powerful upwelling centre at Lüderitz, which biota with poor ‘swimming’ ability cannot easily penetrate. However, it is still not clear whether or not the area acts as a boundary to living resources. There is evidence that hake distribution overlaps the area, but it is uncertain whether there are two separate stocks or whether hake are migrating through the area. The species assemblage shifts from M. paradoxus south of Lüderitz to M. capensis in the north.

The LUCORC area does, however, appear to act as a partial barrier to some pelagics. Some anchovy seem to swim through the area, or migrate southward during warm water events. Larger pelagics seem unaffected by the barrier, with seals being abundant on either side of the area. It is unlikely that seabirds are transboundary since there is a large gap between the Namibian and South African colonies.

Most of the common zooplankton species occur to the north and south of LUCORC, so it does not seem to act as a barrier to them. The few species that do show a difference in distribution could be used as indicators of water mass movement. Euphausiids do appear to be impacted by the barrier, since the species assemblage changes across the area.

Few pelagic fish spawn in the LUCORC area, where turbulence is so high that it limits primary production. This is clearly evident from satellite imagery, which also provides a powerful tool for studying large-scale events in the area. 

The physical oceanography of the area reveals that the LUCORC area may be the meeting point of high-salinity, low-oxygen water from the Angola Basin and low-salinity, well oxygenated water from the Cape Basin. The sedimentology indicates some changes in the LUCORC region, with the mud belt in the south presumably being of major importance in the distribution of benthic biota. The likelihood of increased diamond-mining and mineral exploitation in future highlights the need for reference points to gauge impacts and for measures to ensure biodiversity conservation. 

DAY 2:

6.
PLENARY SESSION

Dr Sweijd noted that BCLME projects had been severely affected by the strengthening of the Rand against the Dollar, with the result that some low priority projects would probably not take place. The LUCORC workshop should not be seen as an opportunity to generate a plethora of new project proposals. Rather, it could help identify priority issues, some of which might be addressed through existing or new projects, but others would have to find alternative sources of funding or wait for the anticipated second phase of the BCLME Programme. 

Dr Shannon presented some cautionary points arising from the previous day’s proceedings:

· What happens over the shelf may be very different to what happens over the shelf break and in the deep ocean (this applies to both environment and resources) i.e. caveat when downscaling from the ‘big picture’.

· Do not infer from the surface or near-surface information that midwater or benthic processes are similar (they are very different - hence what may be a barrier at the surface can be a conduit at depth).

· Much of the information we have on the region is derived from snapshots, often during a single season, and perhaps during anomalous years. It may be dangerous to extrapolate from these ‘biased’ snapshots.

· Several of the hypotheses can easily be tested by models (physics, chemistry and biology).

Prof Shillington added that any measurements made should be time series, conducted as part of planned experiments.

Dr Hutchings repeated his summary of the previous day for the benefit of those who had not been present. Following a brief discussion, Dr Sweijd reviewed the day’s agenda and briefed the working groups, which were given various tasks for the ‘breakaway’ sessions.

7.
IDENTIFICATION OF PRIORITY RESEARCH AND MANAGEMENT ISSUES 

After the breakaway session, the groups presented their deliberations in a plenary session.

7.1
Report-back: Management Group

Dr Johann Augustyn presented the report-back from the management group, which he noted had identified the following key management questions:

· What are the likely long-term social and economic benefits that can be derived from joint management?

· Which are the key transboundary species and what are their dynamics in time and space? 

· What is the impact of the environment on the status of transboundary resources?

· What might be the detrimental effects of the exploitation of non-living resources, and what can be done to mitigate these?

· What co-operative institutional arrangements and strategies are required?

· What should the communication strategy be to sustain that regime?

Dr Bergh noted that strong scientific evidence of the transboundary distribution of species such as M. paradoxus is needed before their transboundary management should be considered. Dr Lamberth replied that even if there is limited exchange of biota between Namibia and South Africa, transboundary management may be warranted. He noted that the bag and size limits for inshore species of linefish differ on either side of the Orange River, which has importance for local politics.

7.2
Report-back: Minerals and Energy Group

Dr Gabi Schneider noted that the two key issues that her group had identified were the need to increase understanding of:

· The natural and mining-related sediment dynamics and transport

· The biodiversity of benthic communities

to provide a context against which the impact of mining and mineral exploitation could be assessed. She added that understanding is being hampered by the lack of research co-ordination between the marine science and mining sectors, a shortage of expertise on benthic communities, and the cost of sampling and of analysing samples. 

Dr Sweijd noted that the second issue had already been identified as part of a suite of BCLME projects on biodiversity mapping and assessment of offshore communities, but it was envisaged as a desk-top study. Dr Penney added that the project, awarded to the CSIR, would be a modelling study for the entire region, so improved resolution might be needed for the LUCORC area. Dr Schneider responded that the existing projects address mining impacts, which are hard to assess without an understanding of natural sediment transport.

Dr Hutchings noted that the impact of low-oxygen water (LOW) intrusions might have as much impact on benthic communities as mining. Dr Penney replied that it was in fact thought that the benthic communities in the region are very robust to change, as rapid recruitment had been observed after mortalities. 

7.3
Report-back: Coastal Development Group
Dr Alan Boyd noted that his group felt that the priority issues for coastal development were:

· A scientific basis for managing the mouth of the Orange River estuary to benefit fish, habitat/salt marsh, birds (RAMSAR obligations)

· A Strategic Environmental Assessment of the coastal LUCORC zone

· Assessment of mariculture feasibility in the LUCORC zone with respect to economic viability, synergy with mining, employment and identification of ‘mariculture zones’

· Detailed habitat mapping (on the assumption of limited habitat) and the identification of future coastal/inshore MPAs).

Dr Sweijd noted that some of these issues, such as the last one, could possibly be taken up by existing BCLME projects, while others might attract co-funding. Dr Hamukuaya pointed out that the Orange River was the focus of existing studies. It was agreed that the BCLME Programme should not duplicate such efforts. 

7.4
Report-back: Oceanography Group

Dr Chris Duncombe-Rae noted that the group had identified three key questions, namely:

· What are the critical scales and processes that produce and control the biological discontinuity in the central Benguela?

· What are the implications of the persistence or breakdown of the discontinuity for ecosystem management?

· What are the implications of the persistence or breakdown of the discontinuity for plankton, including the early life history stages of the renewable resources?

He added that the approach would be to use existing data, satellite imagery and modelling, rather than to collect new data on research cruises.

Dr Lamberth stressed the need to link large-scale and small-scale events, and include the implications for rocky shore and beach invertebrates. Dr Shannon replied that inshore fisheries could be addressed as part of the second question should the managers consider this a priority issue.

7.5
Report-back: Pelagic Resources Group

Dr Larry Hutchings noted that his group had identified the following two questions:

· What is the proportion of pelagic recruits north of the Orange River boundary?

· What is the availability of pelagic and mesopelagic prey for top predators?

He explained that the first question related to the fact that the distribution of pelagic recruits extends north of the Orange River during the May-July recruitment period, when upwelling at Lüderitz is relatively weak. There is also evidence that redeye spawn north of the Orange River. Anchovy are also found north of the LUCORC barrier at times, and it is uncertain whether this is due to recruitment from the south or from the north.    

However, the Namibian industry is not fishing that far south, so the issue may only be of interest to South Africa. The recruitment surveys could potentially be extended north for at least three years. The spawner biomass survey in November only goes as far north as Hondeklip Bay, where the spawner abundance thins out. The biomass of round herring is largely unknown, but this could be an important alternative resource. He concluded by noting that chub mackerel, horse mackerel and goby do not appear to be transboundary.

7.6
Report-back: Rock Lobster and Linefish Groups 

Dr Steve Brouwer noted that the biggest gap in lobster data concerns the larval life history, from release to recruitment, so the group had proposed a project on rock lobster larval distribution and recruitment, which should include the following aspects:

· Spatial and temporal distribution of West Coast Rock Lobster

· Larval identification

· Genetics

· Settlement

· Interaction with large-scale oceanography, e.g. size at sexual maturity, date of egg release.

In order to determine whether there are two separate rock lobster stocks or one continuous transboundary stock in Namibia and South Africa, the group proposed undertaking two dedicated cruises per year from Walvis Bay to Cape Town, as well as making use of ships of opportunity. The research could be conducted by one or two PhD students. The outcomes of the project would be an understanding of the spatial and temporal distribution of larvae, the environmental parameters that determine these, the separate/continuous stock issue, and the stock recruitment relationship.

Dr Brouwer noted that the group also proposed a project on the mechanisms of exchange of linefish species between South Africa and Namibia. It would address the following questions to help resolve the stock separation issue:

· What is the link between South Africa and Namibia?

· Does a slacking of the Lüderitz upwelling allow spill over from one area to the next?

Samples collected from recreational and commercial fishers would be supplemented with radio isotope work and otolith radiochemistry. The research could be conducted by one MSc or PhD student, and would help clarify the stock separation issue, assess the extent of exchange between the two areas, and assist with normalization of regulations between South Africa and Namibia.

Dr Sweijd noted that these projects might fall outside the ambit of the BCLME, but could be addressed by BENEFIT or other initiatives.

7.7
 Report-back: Demersal Resources Group 

Dr Marek Lipinski reported that his group had identified one priority question needing to be addressed, namely: what, if anything, biological interchange of M. paradoxus exists across the transboundary area? More specifically,

· Is there biological evidence of a straddling stock of M. paradoxus between Namibia and South Africa?

· Is LUCORC a spawning ground or nursery area for M. paradoxus?

· What do new genetics techniques tell us about possible hake structure? 

However, it is unclear who would drive and finance the project, and there is a concern that research on transboundary issues will lead to difficult political issues, such as ownership of the stock. Other issues of importance are the capensis:paradoxus split (spatial and temporal) of past and present catches, and whether other demersal species, such as monk and kingklip, are affected by the LUCORC barrier. 

Dr Lipinski noted that additional surveys would be needed to collect biological data aimed at determining whether hake spawns in the critical area. The proportion of young hake in catches should then be investigated to elucidate the movement of juveniles. 

Dr Badenhorst remarked that juvenile hake are not demersal, so sampling methods other than trawls would be needed. He added that the entire distribution area should be sampled to determine where hake are spawning, as the issue is broader than the LUCORC area.

7.8
Report-back: Top Predators Group
Mr Ndako Mukapuli noted that the priority questions identified by his group were:
· What are the trophic exchanges between the north and south Benguela due to movement of feeding top predators? (telemetry, diet, pup growth rates)

· How are top predator stocks separated in the north and south, and what are the long-term trends?

Dr Penney suggested that highly migratory species such as tuna and swordfish be excluded. Dr Hutchings replied that knowledge about their diet would be important for ecosystem modelling purposes. Dr Brouwer added that Craig Smith is conducting a project on the age, growth and diet of tuna and swordfish. Dr Penney remarked that dietary studies are complicated by the fact that these fish digest their food extremely fast.

Dr Oosthuisen noted that sharks were not envisaged to form part of this project due to the lack of available data. Furthermore, some species are highly migratory. 

7.9
Report-back: Ecosystem Modelling Group

Dr JP Roux noted that the priority issues identified by his group were:

· Stock identity, distribution and trophic roles of forage fish (anchovy, goby, mytophids, juvenile hake, redeye) across the LUCORC  

· Acoustic surveys and diet study 

· Biomass estimates.

· Analysis of regime shifts and biological consequences across the LUCORC area

· Historical data retrospective studies

· Modelling

· Quantification of import-export across LUCORC boundary

· Potential effects of climate change. 

Dr Hutchings noted that a large amount of particulate carbon and nitrogen is lost offshore in the LUCORC area, when organic material is exported into the south Atlantic. Dr Roux replied that imports and exports would be addressed as part of the second issue identified, through retrospective data analysis. Dr Badenhorst noted that core samples taken off Walvis Bay yielded useful information about scale deposition in the past. Dr Sweijd responded that the recent Scripps and Meteor cruises had also included such research. 

Dr Lamberth suggested that the detrital input blown from land and discharged by the Orange River be compared with that associated with upwelling events. Dr Monteiro replied that the organic loads from the Orange River are substantial, but since they are nitrogen depleted their contribution to new production is minimal compared to that of nitrates associated with upwelling. A sensitivity analysis could be done to check this though. Dr Penney added that the region has high wave action, which contributes to the high detrital loads. A sensitivity analysis would probably show that the energy input from land is small compared to the internally generated component. Dr Lamberth noted that most of the inshore fish biomass, mainly comprising the harder Liza richardsonii, feeds on detritus, so this is significant in terms of the ecosystem. 

8.
PRIORITY RESEARCH PROJECT DEVELOPMENT

The groups presented their report-backs during a plenary session, and submitted the following reports after the workshop.

8.1
Report-back: Minerals and Energy Group
Project title:

Natural and mining-related sediment dynamics over time and space

Hypotheses:

· The effects of mining on sediment dynamics on the inner shelf (<40 m) are negligible compared to natural variability.

· The effects of mining on sediment dynamics on the middle shelf (40-130 m) outweigh natural processes.

Approach:

· Modelling using existing databases (Kleinzee to Lüderitz)

· Field evaluation (Kleinzee, Kerbehoek, Bogenfels) by means of geophysics and oceanography

· The effects of mining in comparison to natural processes have been established.

Data sources:

· CSIR

· UCT Geology

· Council for Geosciences

· Namdeb/DeBeers Marine

· Geological Survey of Namibia

· Other mining companies

· NAMCOR

· PASA

· BCLME Project CEA 03-02.

Project title:

Biodiversity of benthic communities
Hypothesis:

· Benthic biodiversity baseline is important for future planning in the LUCORC area.

Approach:

Biodiversity baseline: Distribution and variability of benthic organisms in the LUCORC area.

Data sources:

· BCLME desktop study

· Mining companies

· NatMIRC.

Rock lobster project:

Hypothesis:

Currently, the dominant impacts on rock lobster recruitment, migration, growth and mortality in the LUCORC area are natural processes (natural sediment movement, low oxygen influx, storm and wave action), rather than anthropogenic effects.

Approach:

Estimates of rock lobster recruitment relative to natural processes.

Data sources:

· MFMR

· MCM

· DeBeers Marine.

8.3
Report-back: Coastal Development Group
Project Title: 

A scientific basis for the co-operative management of the Orange River Estuary in order to restore habitat and functioning for the benefit of fish, birds and people.

Plausible hypothesis or rationale: 

Despite the reduction in natural flow (by approx 50%) and degradation due to local activities, the Orange River Estuary can be rehabilitated and managed towards an improved ecological status through proper mouth management, and related interventions. This will increase the productive habitat, allow the estuary to serve as a nursery area for fish, a refuge for birds, and provide a basis for ecotourism to expand. 

Approach:

Using all existing data and modelling, prepare a detailed vision of an estuary functioning in a more natural dynamic manner with restored areas of habitat, get buy-in for this from stakeholders and implement the identified measures in a pilot sense.

Deliverables: 

Data collation and collection of small-scale geographic data. Prepare a detailed vision of improved estuary functioning within various sets of constraints using modelling. Communicate and agree on an achievable vision, with buy-in from all stakeholders. Prepare detailed plans for a trial intervention which will include co-ordination of flow regulation, machine-driven mouth opening and - if necessary - closing, and operations in the salt marsh area. Monitor the effect of this trial intervention and prepare a report for future activities.

Data sources:

· August 2003 DWAF Workshop, BENEFIT workshop in Oct 2003

· BENEFIT Project (esp. inverts, fish, hydrology)

· Working for Wetlands (Saltmarsh)

· Flow data

· Small-scale contour data.

Project title:

Strategic Environmental Assessment of the LUCORC Coastal Zone
Objective: 

Determine the sustainable development opportunities (e.g. ecotourism, mariculture, marine product beneficiation) provided by the LUCORC Coastal Zone.

Process: 

· Definition of the study area (how far inland/offshore?)

· Establish the nature of the Natural Environment and resources in the zone

· Consultation with stakeholders (e.g. local authorities, residents, tour operators) to establish needs (e.g. employment opportunities, infrastructure)

· Opportunities and constraints analysis to determine how far the resources are able to meet the needs of the stakeholders

· Develop a draft plan for the LUCORC coastal zone.

Funding: 

Co-funding is suggested as appropriate, including from BCLME, WWF, national governments.

Information: 

Soerrgebiet Management plan

Richtersveld IDP

Namibian Coastal biodiversity Action Plan

Maps, satellite imagery

ORASEC documents

ORM, CSIR and other

Diamond areas -  Namdeb, Be Beers 

Alexkor EMPR

Namibian Mariculture Strategy

Transfrontier park documents.

Project title:

Assessment of mariculture feasibility with respect to economic viability, synergies with mining, employment potential, and ID of mariculture zones.
Objectives: 

· Determine the potential of mariculture in this region and potential synergies with mining

· To identify existing and potential mariculture zones along the LUCORC area.

Rationale: 

There are currently few mariculture activities in this region and it is therefore essential that a feasibility study is carried out to accurately determine the potential for aquaculture/ mariculture.

Approach: 

· Get info on the area

· Classify the area

· Consultation with local and national stakeholders

· Assess candidate species (abalone, oysters, etc)

· Economic viability studies, including costs of testing, marketing etc.

Deliverables: 

· Maps showing potential areas for various candidate species

· Report outlining opportunities, benefits and requirements in order to make opportunities viable and benefits sustainable.
Project title:

Detailed habitat mapping and identification of future coastal/inshore MPAs. 
Objective:

Identification and spatial/temporal availability of coastal/inshore habitats for fish.

Rationale: 

Availability of suitable habitat is limited by temperature (and other physical variables) and varies spatially and temporally on a small-scale. Protecting these actual small-scale viable core habitats is essential.

Approach: 

· Link with current habitat mapping initiatives

· Identify and select representative sample sites

· Sample fish, temp, oxygen, turbidity etc on a seasonal basis

· Sample during Benguela Nino, flood and other events if they occur during the time span of the project

· Link with biological survey of intertidal habitats.

Deliverables: 

· More realistic estimate of the available habitat available for inshore and estuarine bay species

· First estimate of size of MPAs required for conservation (to provide year-round habitat) of selected species.
8.4
Report-back: Oceanography Group

Project title:

Characterization of the critical scales and processes that produce and control the biological discontinuity in the Central Benguela. 

Working Title:
Characterization of scales and processes.

Key Question:

What are the critical scales and processes that produce and control the biological discontinuity in the Central Benguela? 

Hypotheses:

· The form of the discontinuity is a vorticity barrier (relating to circulation, turbulence in upper layers, shelf topography, variability in forcing)

· Low oxygen in the undercurrent is a major influence on the biological discontinuity. 

Research Approach and Measurable Outputs:

It is expected that modelling results, historical hydrographic surveys, and satellite remote sensing (SST, altimetry, ocean colour) will be the preferred investigative tools. Additional research cruises are expected to be largely unnecessary in the medium term.

· Model outputs to guide the placement of monitoring sites (what, where, when, how often)

· Model and remote sensing results should include a sensitivity analysis indicating the degree of confidence and applicability of the results

· Identification of processes and scales involved in controlling the discontinuity is expected. This should include clarification of the large-, shelf-, and small-scale circulations influencing the regional dynamics 

· Development of SST/ chlorophyll indices for the region and application thereof to the LUCORC area

· Analysis of results of remote sensing (altimetry, SST, colour) and model comparison

· Identify subsurface processes measurable by remote sensing.

It is expected that some of the results of this projects will provide an input to the “Plankton ecosystem” project. Use of Lagrangian tracer techniques in the model developed should lead to understanding of the transport of plankton through the region. This project is also expected to make a contribution to proposed Benguela Early Warning System.

Financial Notes:

An estimated cost of US$ 250 000 is anticipated for the required modelling studies, satellite data processing and personnel involvement.

Project title:

Implications for ecosystem management of the persistence or breakdown of the biological discontinuity in the Central Benguela.

Working Title:

Implications of discontinuity variability for ecosystem management.

Key Question:

What are the implications for ecosystem management of the persistence or breakdown of the discontinuity?

Hypothesis:

That the discontinuity plays an important role in splitting the Benguela Upwelling System into two components.

Research Approach and Measurable Outputs:

It is expected that the products of the project “Characterization of scales and processes” will provide an input to this project. This project was not clearly defined as it was felt that this should be done in consultation with the Ecosystem Group.

Project title:

Implications of the persistence or breakdown of the discontinuity on the plankton including the early life history stages of the renewable resources.

Working Title:

Implications of discontinuity variability for the plankton.

Key Questions:

What are the implications of the persistence or breakdown of the discontinuity on the plankton including the early life history stages of the renewable resources?

Hypotheses:

That the biological discontinuity occurs due to one or both of the following:

· advective control (production exported faster than it can be produced; loss of early life stages of fish), or 

· production is suppressed by turbulence.

Research Approach and Measurable Outputs:

It is expected that results will emanate from modelling studies, remote sensing products, assessment of existing data, and monitoring exercises. It is felt that present plankton collections are insufficient to answer the questions and will need to be augmented by additional experimental fieldwork, probably requiring one or two appropriately timed 14 day cruises. Outputs should include:

· Modelling studies, assessment of existing data 

· Retrospective satellite analysis

· Chlorophyll/ SST indices developed by / or in parallel with “Scales and Processes” project should lead to specification of an appropriate monitoring programme

· Using these outputs to develop predictive capability.

It is expected that these results will make a contribution to proposed Benguela Early Warning System.

Financial Notes:

An estimated cost of US$ 500 000 is anticipated for the required cruises.

8.5
Report-back: Pelagic Resources Group

Project title:

Pelagic fish distribution and abundance in the LUCORC region.

Working Title:

LUCORC Pelagics

Hypotheses:

· Epipelagics in the LUCORC region are exclusively of southern origin

· The proportion of recruits north of the international boundaries is dependent on recruitment strength

· Oceanographic conditions affect the northern extent of the recruits distribution in the LUCORC region

· Something about plankton

· The LUCORC area support substantial quantities of other epipelagics and mesopelagics, such as gobies, myctophids, redeye round herring, horse mackerel and mackerel.

Approach:

· Two to three hydro-acoustic surveys of epipelagic and mesopelagics, both commercial and non commercial. These surveys include an extension of the current South African recruitment survey into the LUCORC area, and are preferably to be done at different time periods. Oceanographic and planktonic work can be done during the surveys.

· Re-analysis of historical survey data, particularly the 1990 – 1993 Namibia-Nansen surveys and the pre-Namibian independence surveys, for example those done by the Spanish.

· Analysis of commercial data.

Results:

· Abundance estimates

· Length frequency distributions of pelagics in the area

· Biological parameters

· Oceanographic information

· Planktonic information

· Remote sensing information.

Outputs:

· Improved estimates of anchovy recruitment strength

· Advice to management

· Estimates of other epipelagic and mesopelagic species 

· Improved knowledge on factors affecting the distribution of the pelagic fish in the area.

Data availability:

Information on available data and publications inclusive of grey literature was given with the presentation.

8.6
Report-back: Rock Lobster and Linefish Groups 

Project title:

Rock Lobster larval distribution and recruitment.

Key questions:

· Spatial and temporal distribution of WCRL larvae

· Larval identification and genetics

· Settlement, juvenile migration and survival  

· Interactions with large scale oceanographic features (modelling). 

Hypotheses: 

· One or two stock(s)

· Where are they separated and what is causing the separation - Larval pool(s).

Research approach:

· 2 dedicated cruises per year (first prize)

· Ships of opportunity - slight modification to sailing orders to accommodate lobster larval sampling requirements 

· Dedicated research person (PhD)

· Genetic analysis. 

Data sources:

· Two published papers (1980’s) based on 3-4 surveys 

· Some historical plankton data at MCM (unworked) 

· Not from dedicated lobster survey (wrong gear) 

· Lobster samples sparse 

· Namibian recruitment surveys

· MCM adult genetics project.

Project title:

Mechanisms of exchange of linefish species between South Africa and Namibia.

Key questions:

Stock separation:

· What is the link between South Africa and Namibia?

· Does a slacking of the Lüderitz upwelling allow spill over from one area to the next?

Research approach:
· Samples collected from recreational and commercial fishers

· Assessed with radio isotope work and otolith radiochemistry.

· Needs: 1 MSc or PHd student.

Outcomes:

· Clarify the stock separation issue

· Assess the extent of exchange between the two areas

· Assist with normalization of regulations between South Africa and Namibia.

8.7
Report-back: Demersal Resources Group 

Hypotheses:

· M. paradoxus breeds either exclusively or mostly in South African waters and then migrates north through transboundary area. (If so, does this hake return to South Africa to spawn?)

· M. paradoxus may spawn in Namibian waters north of the Orange River; and most of the Namibian M. paradoxus fishery comes from that spawning.

Research approach:

· Evidence of spawning in Namibia (staging maturity) - S. Sundby’s data, new surveys (biological analyses)

· Abundance and distribution of juvenile M. paradoxus in Namibia - historical data, new surveys (genetics, vertebrae count, plankton collection)

· Evidence of cannibalism.

Data sources:

· Dr Fridtjof Nansen historical data

· S. Sundby’s data

· Transboundary surveys

· Pelagic research

· Von Humboldt

· Africana historical data

· Alan Boyd’s ADCO data 1997

· Nansen recruitment survey

· Liza Burmeister’s thesis.

Inter-state hake management:

· all is left for each state to decide

· there is co-op and co-management.

8.8
Report-back: Top Predators Group
Project title:

Trophic exchanges by marine mammals and seabirds across the boundary between South Africa and Namibia.

Working title: 

Marine mammal and seabird movement and diet.

Rationale:

· Need to know for ecosystem modelling what the seals and seabird are feeding on and where they feed.

· Need to investigate the transboundary sharing of stocks: what is the extent of dispersion and migration between the seal and seabird stocks of the two countries?

· Need to investigate age- and sex-specific foraging behaviour of seals and seabirds: patterns in respect of possible existence of barrier, e.g. restricting of feeding trips for lactating female seals and other seabirds.
Delimitations:

· In its initial stage, the study will be confined to seabirds and seals.

· The study area will be limited to the colonies in the Orange River Area i.e. Kleinzee in South Africa and Atlas Bay and Van Reenen Bay in Namibia.

· Study priority will be on juvenile seals and seabirds.

Outputs and deliverables:

· Knowledge of foraging areas including proportion of time feeding in other countries including home ranges

· Estimation of diet in different colonies

· Movement patterns in relation to proposed barrier i.e. understanding the influence of the barrier on food availability.

Research approach:

· Satellite telemetry

· Scat analysis and DNA fingerprints

· Non-lethal stomach contents from seabirds e.g. tipping.

Comments:

· The work of this study will dovetail current ongoing Benefit and BCLME projects.

· Follow- up projects should consider inclusion of other top predators such as dolphins and Bryde whales.

Project title:

Top predator identification.  
Working title: 

Stock identification and separation of marine mammals and seabirds.

Rationale:

· Investigate existence of straddling stocks

· Improve ability to interpret differences in reproductive success and survival

· Acquire ability to interpret differences in population trends.

Delimitations: 

The research activities will concentrate on seals, seabirds and dolphins.

Outputs and deliverables:  

· The degree of interchange across the boundary

· Seal and seabird population trends across the boundary.

Research approach:

· Genetics

· Telemetry

· Seal and seabird aerial surveys.

Comments:

None.

8.9
Report-back: Ecosystem Modelling Group

Key Question: 

What is the trophic role of forage fish (small pelagics, hakes…) i.e. stock identification, distribution and abundance?

Hypotheses:

· The LUCORC region is an important nursery area for hakes (are they M. capensis or M. paradoxus?)

· The forage fish (small pelagics) in the LUCORC region are an important food resource for predators in this region (although they are not commercially exploited)

· Anchovy, redeye and sardine (?) in the LUCORC region belong to separate stocks from those in the northern Benguela ecosystem (possible extension of the southern Benguela stocks or separate stocks?).

Deliverables:

· Quantification of forage fish stock sizes in the LUCORC region

· Identification of northern versus southern Benguela forage fish stocks and determination of whether they are separate stocks or not

· Updated and refined ecosystem models of the northern and southern Benguela ecosystems (for EAF).

Data/Approaches:
· Acoustic surveys to estimate biomass of forage fish (including non-commercial species)

· Ecosystem models to estimate biomass of forage fish in the LUCORC region that is required to supply dietary requirements of predators feeding in this area 

· Diet studies to compare trophic role of small pelagics in the LUCORC region (small pelagics-zooplankton prey, while small pelagics-top predator relationships will be dealt with in the projects proposed by the predator group). These studies will validate diet/trophic role of predators and prey in ecosystem models.

Key Question: 

How are the large shifts in states of resources in the northern and southern Benguela (Lüderitz vs Orange River regions) related?

Hypotheses:

· The LUCORC area acts as a partial/full (depending on the species) barrier to forage fish resources, thereby accounting for the observed differences between the dynamics of seabirds, seals, small pelagics, rock lobsters in the northern versus southern Benguela ecosystems

· Ecosystem changes in the LUCORC area are driven by biological interactions (sustainability, semi-stable states following a physical perturbation causing a “regime shift”).

Deliverables:
· Quantification of exports/imports/losses across/out of the LUCORC area (i.e. alongshore as well as offshore) (comment: needed for ecosystem models to be used in EAF)

· Identification of implications of physical processes (breakdown/persistence of upwelling cone/barrier) for resource dynamics/ecosystem states

· Improved understanding of role of LUCORC processes in regime shifts in the northern and southern Benguela ecosystems.

Data/approaches:
· Retrospective analyses of data (time series, already available, regime shifts) (comment: proportion of these stocks that is located in the LUCORC region is not necessarily known or available from existing time series)

· Models/time series analyses to explore/identify the implications (effects and mechanisms) of LUCORC persistence/breakdown for stock dynamics (exchanges/barriers) in the northern and southern Benguela.

9.
CLOSURE

Dr Sweijd noted that the information gathered at the workshop would be a useful source of information for a critical review of the LUCORC area. He thanked everybody for their input during a very productive two days, noting that some of the research suggestions would probably not be addressed in the short term. A small group would meet with management the following day to provide feedback on the workshop, and to identify priority issues for further action. After a vote of thanks to Dr Sweijd and his team by Dr Shannon, the workshop was brought to a close. 

Memorandum to the BCLME LMR Advisory Group and the EV Advisory Group

1. One of the main outcomes of the LUCORC workshop was a consultation with senior management of South Africa and Namibia regarding the scope of research that was regarded as priorities for the BCLME in the LUCORC area. To this end a group of managers and consultants met the day following the workshop (see appendix) where an exercise was conducted to assist the delegates in prioritizing and scoping out the research issues. 

2. The following items were selected (in order of priority). These effectively represent a management-endorsed directive for the BCLME with regard to continued research in the area.

a) Oceanography - the implications of the persistence or breakdown of the barrier for ecosystem and resource management.

b) Demersal (hake) transboundary (?) dynamics. Assessment of other demersal resources.

c) Pelagics dynamics in relation to the 

d) Ecosystem modeling.

e) Rock lobster larval distribution and recruitment.
3. It was agreed that the LUCORC research could be split into two broad thrusts:

a) The biology component, including hake, anchovy, rock lobster, seals and seabirds should take an ecosystem approach and include genetics, tagging and surveys as appropriate. The Terms of Reference (TsOR) would be developed by Dr Sweijd and Dr Hamukuaya. The programme should take into account the existing activities on some of these resources already being conducted nationally, bilaterally and by the BENEFIT and BCLME programmes. Co-funding should be sought for these activities.

b) The oceanography component should take a phased approach, initially using retrospective data, remote sensing and modeling to identify critical parameters, which could then be targeted through surveys. A small group comprising Lesley Staegemann, Vere Shannon, Chris Duncombe-Rae, Chris Bartholomae, Pedro Monteiro and Pierre Florenchie was suggested to draft the ToR.  Again, existing activities should be taken into account, particularly the RV Alexander Von Humboldt cruise that was conducted by the BENEFIT and BCLME programmes recently.

The Advisory groups should indicate some parameters to the TOR drafters for what is expected. It would be useful to have a broad budget estimate so that the TsOR could be drafted to fit within that scope.
REPORT-BACK TO MANAGEMENT AFTER THE LUCORC WORKSHOP, 

AT MARINE AND COASTAL MANAGEMENT, CAPE TOWN 

30 JULY 2004
Present:

Neville Sweijd, Moses Maurihungirire, Horst Kleinschmidt, Johann Augustyn, Larry Hutchings, Vere Shannon, Lesley Staegemann, Svein Munkejord, David La Roche, Sue Matthews 

Dr Sweijd reviewed the process followed during the LUCORC workshop to identify priority research issues. He noted that while the BCLME Programme has some funds to commit to transboundary issues, an indication of their importance to management is needed. Dr Augustyn remarked that management has to be convinced that transboundary issues are socially and economically important. Discussion took place about this issue. 

Mr Kleinschmidt suggested that the approach to the two governments should first focus on the strategic benefits of joint management. This should be put in a context that politicians would understand, i.e. the potential for conflict over a resource in future, with North Sea cob used as an example. Avoiding such conflict would require a strong management regime, which in turn requires a better understanding of the science supporting it. He added that an advocacy programme should be initiated to raise awareness about the issues. A memo should be sent to the Director General about the potential for conflict over a resource in future, and the Minister and Environmental Portfolio Committee made aware of this too. Discussion took place about the best resource to use as a local case study.

Dr Sweijd noted that a scientific review, a modelling exercise and a strategic environmental assessment (including socio-economic factors) were key to building the case for scientific research. Mr Kleinschmidt suggested that a broader strategic review precede these, which should highlight the need for joint management and serve as a rationale for supporting research. He agreed to provide input for such a document.

Dr Augustyn suggested that Dr Maurihungirire ask his Minister to write to his South African counterpart and suggest they work together on this issue. Mr Kleinschmidt added that a PR event could be arranged, such as the two Ministers meeting at the border and taking a helicopter trip over the boundary area.  

Dr Munkejord reported that he had been asked to be part of a small group assessing the need for a Benguela Current Commission. Dr Hutchings remarked that setting up the Commission might cost more than the value of the resources. 

Dr Sweijd asked the members of the group to identify their priority research issues from those proposed by the working groups the previous day. Those ranked the highest were:

1. Oceanography - the implications of the persistence or breakdown of the barrier for ecosystem and resource management

2. Demersal (hake) dynamics

3. Pelagics dynamics

4. Ecosystem modelling

5. Rock lobster larval distribution and recruitment.

Dr Augustyn remarked that some of these issues, such as the rock lobster one, could be answered fairly cheaply. Dr Shannon agreed, noting that a modelling approach should be used where possible, rather than expensive research cruises. Dr Hutchings added that the ROMS model could be used to investigate rock lobster larval movements. Dr Augustyn noted that Marek Lipinski’s work on hake might need to be followed up with another cruise, timed appropriately. The May recruitment surveys should also be extended to the LUCORC area to study the meso- and epipelagics. Dr Hutchings remarked that an additional survey should be planned for late summer. 

It was agreed that the LUCORC research could be split into two broad thrusts:

· The biology component, including hake, anchovy, rock lobster, seals and seabirds should take an ecosystem approach and include genetics, tagging and surveys as appropriate. The Terms of Reference (ToR) would be developed by Dr Sweijd and Dr Hamukuaya.

· The oceanography component should take a phased approach, initially using retrospective data, remote sensing and modelling to identify critical parameters, which could then be targeted through surveys. A small group comprising Lesley Staegemann, Vere Shannon, Chris Duncombe-Rae, Chris Bartholomeu, Pedro Monteiro and Pierre Florenchie was suggested to draft the ToR. 

Dr Augustyn noted that a project should also be designed to address socio-economic aspects. Dr Sweijd added that the ToR for the LUCORC workshop had included a scientific/critical review. A social and scientific review could together serve as a Strategic Environmental Assessment of the LUCORC area. The benefits of co-operative management would be addressed by Dr Munkejord’s report. 

A number of roleplayers with socio-economic expertise were suggested to assist in drafting the ToR, including PLAAS, Eco-Africa, FAMDA, NEPRU and the UCT co-management group of Sowman and Hauck. Dr Maurihungirire noted that the ToR should take into account the need for side arrangements, as this is important on a political level. Dr Munjekeford agreed, noting that the parties would want to know what percentage of a shared stock they ‘owned’. 

It was agreed that all ToR would be circulated for comment before being approved. 

The meeting was brought to a close at 11h30.
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