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Project Team

Project Leader: Dr Pedro M.S. Monteiro, CSIR

Project Partner: Anja van der Plas, Appointed by MFMR, Namibia

Project Partner: G.W. Bailey, Appointed by MCM, South Africa

Project Partner: To be appointed by IIM, Angola

1. Scope of Phase 1a-b
Phase 1a: Comprehensive review:

The historical oxygen data sets for the Benguela exist in four main space – time categories:

1. Oceanographic survey historical period pre-war and 1950’s – 1970’s which emphasised regional / basin scale sampling but with virtually no time domain component.  

2. Regional fisheries – environment surveys which were undertaken mainly in South Africa and to a more limited extent in Namibia since the 1960’s which although having sampling scales dictated by fisheries survey grids also had a seasonal or at least interannual repetition.

3. The SARP and subsequent monthly monitoring lines which begin to resolve the sub-seasonal variability while still providing a cross shelf measure of extent or intensity of events.  These data sets have been collected for the past five to ten years in the southern Benguela and since 1998 off Namibia and only occasionally off Namibia in Angola.

4. Most recently, the high-resolution time series data sets of sub-thermocline oxygen variability, which provide a clearer indication of the underlying physical and biogeochemical forcing that results in ecologically significant Low Oxygen Water conditions.  Such time series exist for at least one year in both the Southern and central Benguela but not, to the best of our knowledge, in the Angolan system.

These data sets are located in a wide number of regional institutional databases, SADCO and international archives. These distributed databases, will need to be comprehensively searched. The scope of the search and retrieval of data in this project will be limited to those data that are already available in some level of digital formatting.  It will not include those historical data, which are still archived in analogue or hardcopy records.  The outputs of this first phase of the work plan will be:

An interim report including the meta database information

Phase 1b: Archiving of the data sets

The acquired data will be stored in SADCO and the meta-data base will be lodged in the Benefit system.

2. Approach and core responsibilities
The aim of the study is to differentiate the relative importance of remote forcing vs local forcing giving rise to LOW variability. The objective of the study is not only to review the existing data and literature but also to provide new understanding on the factors that drive oxygen variability.

The approach as set out in the proposal is to initially separate the two forcing scales and address them separately by linking hypothesis testing to the sampling scales.

· Remote forcing: Use survey data (fisheries, process studies, monthly monitoring. etc)
Hypothesis: LOW originates from remotely sourced water.


· Local forcing: Use mooring data and Monthly Monitoring data (where overlap)
Hypothesis: LOW originates from local forcing events


The focus of this study is in developing a time series analysis approach with all the data sets.  The following data sets were defined as being necessary for the study so as to provide the understanding on the temporal and spatial dynamics of oxygen variability over the BCLME region.  

1. Mooring data sets (hourly records)

2. Anchor Stations (1 month long)

3. Monthly Monitoring (1999 – 2003)

4. Interannual variability of cross shelf sections (1960 – 2003)

5. Interannual variability of bottom oxygen concentrations over the BCLME (1960 – 2003)

Special focus to be given to the following time periods:

· 1980-85

(Benguela. Nino: 1982)

· 1990-95

(Namibian and St Helena Bay 1994 event)

· 1999 –2003

(2000, 2002 events)

The data analysis workplan is being implemented in two parallel efforts aimed specifically to test and reject the two main hypotheses.  The local forcing hypothesis is being tested using data sets 1 – 3 whereas the remote forcing hypothesis is being tested using data sets 3 – 5.  The objective of this approach was to select the data sets with the sampling scale most appropriate to the hypothesis.  The work is being undertaken by the following partnerships:


Remote forcing hypothesis:

South Africa: 
GW Bailey

Namibia:
A. van der Plas

Gulf of Guinea: P. Monteiro / F. Duncan

Local forcing hypothesis

BCLME: P Monteiro / A van der Plas

Literature and Critical Review : P Monteiro

3. Summary of Progress

Overall the project is on schedule for the revised deadline of end May.  Progress has been good given the difficulties encountered in sourcing the required data sets.  It is expected that the data sets will be lodged in SADCO by 30 September 2004.  Working with geographically separated partnerships has presented its own problems in respect of data analysis but a good degree of commonality of analysis was achieved through ongoing communication.

4. Red Flags

The lack of response from the Angolan IIM has been most disturbing in terms of attaining the objectives and the spirit of the BCLME.  Urgent assistance is required to at least understand what the underlying difficulties are.  
5. Progress on Compiling Data Sets
All the required data sets defined above as being necessary to the study data sets have been sourced assessed and quality controlled.  The meta-data files:
LOW_metadata_angola.xls

LOW_metadata_MCM.xls

LOW_metadata_MFMR.xls
can be obtained from the authors of the study (monteiro@ocean.uct.ac.za or avanderplas@mfmr.gov.na).  The actual data used in the study will be lodged at the SADCO database by 30 September 2004.
Mooring Data Sets

Four hourly mooring data sets will be used to provide the understanding of the dependence of oxygen concentration variability on the local event scale.

	Data Set
	Source

	
	

	1. St Helena Bay - 2001-2 
	CSIR, Stellenbosch

	2. Orange River moorings – 1996-7
	DebMarine

	3. SeDyn - Namibia – Oct02-Nov03
	Benefit / CSIR

	4. Pointe Noire – Congo 1969 - 1980
	IFREMER


Some of these data such as the SeDyn time series have only recently been completed and have been extensively worked up for use in this project. This data set is a direct feedback from  the Benefit project and includes the only available high resolution time series of methane variability in the Benguela.  An example of the quality of information available from these kinds of time series can be seen in Fig. 1.  It depicts a three month time series of oxygen concentrations from St Helena Bay, one of the possible local generation sites, that shows the event scale periods when oxygen concentrations dropped to zero and the rock lobster walkouts occurred 30/1/02 and 28/2/02.  A detailed analysis is being undertaken of the forcing factors that can explain the underlying dynamics.

Fig. 1:  High Resolution Oxygen time series from St Helena Bay (CSIR).
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Anchor Station Data Sets

The anchor station data sets are being used for the purposes of clarification because although relative high sampling resolution, they are too short (one month) to make a significant contribution to elucidating the underlying causes of variability.  Their strength is the coverable in respect of the number of sampled variables.  The two data sets in this category are:

Namibian Shelf 1976 – IOW

St Helena Bay: 1987 - SFRI

Monthly Monitoring Line Data Sets

· Namibian MOM data up to November 2003

· St Helena bay data up to November 2000 - 2003

Table showing the temporal sampling coverage for the St Helena Bay Line 

	 
	 
	2000
	2001
	2002
	2003

	 
	
	 
	 
	 
	 

	Jan
	 
	n/a
	Alg 089
	Alg102
	Afr173

	Feb
	 
	n/a
	Alg 091
	Afr165?
	Afr174

	Mar
	 
	n/a
	Alg 093
	Alg105
	Afr175

	Apr
	 
	Alg 073
	Alg 094
	Afr167
	Afr177

	May
	 
	Alg 074
	Alg095
	Alg108
	Sardinops?

	Jun
	 
	Alg 076
	Alg096
	Alg110
	Afr179

	Jul
	 
	Sardinops?
	Alg097
	Sardinops?
	Afr180

	Aug
	 
	Alg 079
	Alg098
	Sardinops
	Afr181

	Sep
	 
	Alg 083
	Sardinops
	Afr160
	Afr182

	Oct
	 
	Sardinops
	Alg099
	Sardinops
	Afr184

	Nov
	 
	Alg 087
	Afr163
	Alg116
	Afr186

	Dec
	 
	Alg 088
	Alg101
	Alg118
	Afr187


Cross shelf section data sets

Time series are being compiled from sequences of annual cross shelf sections within a latitude range.  The objective is to understand the interannual scales of variability on the vertical and zonal axes.  One section is being prepared at each latitude zone for each year.  Where possible and where appropriate more that one section may be used for a single year.

· Gulf of Guinea (5 – 7oS)

· Angola North (not available)

· Angola Centre (not available)

· Cunene (18 – 20oS)

· Walvis Bay (22 – 24oS)

· Lud-OR (26 – 28oS)

· Namaqua (28 – 30oS)

· Cape Columbine (31 – 33oS)

One example of such a section sampled in the Gulf of Guinea is shown in Fig. 2.  It depicts the cross shelf and depth variability of oxygen concentrations to the north of the Congo River in 1975.   The importance of this zone is that it forms the northern boundary of the BCLME and can therefore make an important contribution to testing the remote forcing hypothesis.  A sequence of such section has been compiled spanning the period 1965 – 1985.  It shows that oxygen concentration of 2ml/l or less stretch over most of the sub-thermocline depth range 100 – 500m.

IFREMER data set: 

The IFREMER data set contains data concentrated in the Gulf of Guinea region north of Angola. This data set has been analysed to set up a time series of transects. The time range for the entire data set is from 1948 to 2000, with most of the stations having been sampled between approximately 1965 and 1985. The data set also contains some nutrient data.
Fig. 2: Location of the northern boundary data set extraction and a transect showing reasonable data density in 1975.
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The work in Namibia has concentrated on data collection and archiving of CTD and nutrient data as set out for Phase 1 of the project.  To this end 30 new data sets were loaded to Oceanbase, the MFMR’s in-house oceanographic database.  Additional parameters such as nutrients were also uploaded for a number of surveys.  This process was necessary to facilitate eventual uniform extraction of as complete a dataset as possible for the assessment and analysis of the data during Phase 2.  Some regional collaborative surveys are still outstanding but have been requested and will be uploaded as soon as this data is received. A report of all the datasets containing oxygen data and which are loaded in OceanBase is attached. (Contact: Anja van der Plas: avanderplas@mfmr.gov.na)
On 27 November 2003 some 19 newly loaded and despiked datasets (data from 2003, 2002 and also from the 1999 monthly oceanographic monitoring surveys) were submitted to SADCO for archiving.  Older oceanographic monitoring datasets had been provided to SADCO previously but will be resubmitted once this data has been rechecked and quality flagged.  The dissolved oxygen data and other CTD and nutrient data is now being extracted for assessment of variability in specific latitudinal zones and over various time periods that were identified. 

NatMIRC has developed a State of Environment (SoE) indicator from its monthly oceanographic monitoring line dissolved oxygen data to serve as proxy for the bottom water levels of dissolved oxygen over the central Namibian shelf. This SoE is being updated and will be evaluated in comparison to available survey data.

Interannual variability of bottom oxygen concentrations over the BCLME (1960 – 2003)

To investigate the interannual variability on the horizontal scale a series of contour plots are being prepared using available data within 20 – 50 of the sea bottom with as much spatial cover over the BCLME as possible between the coast and a slope depth of 500m.

6. Literature Survey
A search for literature relevant to the critical review was completed. The literature found was split into different categories. These categories were divided into sections defined by what area the literature covered (e.g. basin scale or local scale). These references will now be used to complete the literature review part of the Critical Review. The breakdown and references can be seen below.  The references are listed below to allow the completeness of the publication coverage to be assessed during the progress report review.  Any additional knowledge especially from the grey literature would make a significant contribution to making this a definitive list.

6.1  Biological responses

6.1.1 Basin Scale

Altenbach, A.V., Lutze, G.F., Schiebel, R. and Schoenfeld, J. 2003. Impact of interrelated and interdependent ecological controls on benthic foraminifera; an example from the Gulf of Guinea. Palaeogeography, Palaeoclimatology, Palaeoecology. 197(3-4):213-238.

Augustyn, C.J., Lipinski, M.R. and Roeleveld, M.A.C. 1995. Distribution and abundance of Sepioidea off South Africa. S. Afr. J. mar. Sci. 16:69-83.

Gibbons, M.J., Gugushe, N., Boyd, A.J., Shannon, L.J., Mitchell-Innes, B.A. 1999. Changes in the composition of the non-copepod zooplankton assemblage in St Helena Bay (southern Benguela ecosystem) during a six day drogue study. Marine Ecology-Progress Series. 180:111-120.

Schmied, G., Mackensen, A. and Mueller, P.J. 1997. Recent benthic Foraminifera from the eastern South Atlantic Ocean; dependence on food supply and water masses. Marine Micropaleontology, 32(3-4):249-287.

Schumacher, S. 2001. Microhabitat preferences of benthic foraminifera in South Atlantic Ocean sediments. Berichte-zur-Polar--und-Meeresforschung, 403(i-ii):151. 

6.1.2 Local Scale

Laudien, J., Schiedek, D., Brey, T., Pörtner, H.-O. and Arntz, W.E. 2002. Survivorship of juvenile surf clams Donax serra (Bivalvia, Donacidae) exposed to severe hypoxia and hydrogen sulphide. Journal of Experimental Marine Biology and Ecology, 271(1):9-23.

Verheye, H.M. 1991. Short-term variability during an anchor station study in the southern Benguela upwelling system: Abundance, distribution and estimated production of mesozooplankton with special reference to Calanoides carinatus. Progress In Oceanography, 28(1-2):91-119.

6.1.3 Shelf Scale

Altenbach, A.V., Lutze, G.F., Schiebel, R. and Schönfeld, J. 2003. Impact of interrelated and interdependent ecological controls on benthic foraminifera: an example from the Gulf of Guinea, Palaeogeography, Palaeoclimatology, Palaeoecology. 197(3-4):213-238.

Boyer, D., Cole, J. and Bartholomae, C. 2000. Southwestern Africa: Northern Benguela Current Region. In Seas at the Millennium: An Environmental Evaluation, ed. Sheppard, C.R.C., pp 821-840.

Dingle, R.V. and Giraudeau, J. 1993. Benthic Ostracoda in the Benguela System (SE Atlantic): A multivariate analysis. Marine Micropaleontology. 22(1-2):71-92. 

Hamukuaya, H., Bianchi, G. and Baird, D. 2001. The structure of demersal assemblages off Namibia in relation to abiotic factors. S. Afr. J. mar. Sci. 23:397-417.

John, H. –Ch., Mohrholz, V. and Lutjeharms, J.R.E. 2001. Cross-front hydrography and fish larval distribution at the Angola–Benguela Frontal Zone. Journal of Marine Systems. 28(1-2):91-111.

Sætersdal, G., Bianchi, G., Strømme, T. and Venema, S.C. 1999. The DR. FRIDTJOF NANSEN Programme 1975–1993. Investigations of fishery resources in developing countries. History of the programme and review of results. FAO Fisheries Technical Paper. No. 391. Rome, FAO. 434p.

Sundby, S., Boyd, A.J., Hutchings, L., O'Toole, M.J., Thorisson, K. and Thorsen, A. 2001. Interaction between cape hake spawning and the circulation in the northern Benguela upwelling ecosystem. S. Afr. J. mar. Sci. 23:317-336.

6.2  Paleovariability

6.2.1 Local Scale

Brüchert, V., Pérez, M.E. and Lange, C.B. 2000. Coupled primary production, benthic foraminiferal assemblage, and sulfur diagenesis in organic-rich sediments of the Benguela upwelling system. Marine Geology. 163(1-4):27-40.

Preece, R.C., Kaminski, M.A. and  Dignes, T.W. 1999. Miocene benthonic foraminiferal morphogroups in an oxygen minimum zone, offshore Cabinda. In: The oil and gas habitats of the South Atlantic. eds. Cameron, N.R., Bate, R.H., and Clure, V.S. Geological Society Special Publications. 153:267-282.

Robinson, R.S., Meyers, P.A. and Murray, R.W. 2002. Geochemical evidence for variations in delivery and deposition of sediment in Pleistocene light–dark color cycles under the Benguela Current Upwelling System. Marine Geology. 180(1-4):249-270.

6.3  Present Day

6.3.1 Basin Scale

Arhan, M., Mercier, H., Bourlès, B. and Gouriou, Y. 1998. Hydrographic sections across the Atlantic at 7°30N and 4°30S. Deep Sea Research Part I: Oceanographic Research Papers. 45(6):829-872.

Chapman, P. and Shannon, L.V. 1987. Seasonality in the oxygen minimum layers at the extremities of the Benguela system. In The Benguela and Comparable Ecosystems. eds. Payne, A.I.L., Gulland, J.A. and K.H. Brink. S. Afr. J. mar. Sci. 5:85-94.

Gordon, A.L., Bosley, K.T. and Aikman, III.F. 1995. Tropical atlantic water within the Benguela upwelling system at 27°S. Deep Sea Research Part I: Oceanographic Research Papers. 42(1):1-12 

Lutjeharms, J. R. E., Monteiro, P. M. S., Tyson, P. D. and Obura, D. 2001, The Oceans around Southern Africa and Regional Effects of Global Change, South African Journal of Science. 97(3-4): 119
Reid, J.L. 1989. On the total geostrophic circulation of the South Atlantic Ocean: Flow patterns, tracers, and transports. Progress In Oceanography 23(3):149-244.

6.3.2 Local Scale

Bailey, G.W. and P. Chapman, P. 1991. Short-term variability during an anchor station study in the southern Benguela upwelling system: Chemical and physical oceanography. Progress In Oceanography. 28(1-2):9-37. 

6.3.3 Models/Model Results

Siegfried, W.R., Crawford, R.J.M., Shannon, L.V., Pollock, D.E., Payne, A.I.L. and Krohn, R.G. 1990. Scenarios for global-warming induced change in the open-ocean environment and selected fisheries of the west coast of Southern Africa. S. Afr. J. Sci. 86(7-10):281-285.

You, Y., Lutjeharms, J.R.E, Boebel, O. and de Ruijter, W.P.M. 2003. Quantification of the interocean exchange of intermediate water masses around southern Africa. Deep Sea Research Part II: Topical Studies in Oceanography. 50(1):197-228.

6.3.4 Shelf Scale

Bailey, G.W. and Chapman, P. 1985. The Nutrient Status of the St Helena Bay Region in February 1979. In South African Ocean Colour and Upwelling Experiment. ed. Shannon, L.V. Cape Town: Sea Fisheries Research Institute: pp125-145.

Crawford, R.J.M., Siegfried, W.R., Shannon, L.V., Villacastin-Herrero, C.A. and Underhill, L.G. 1990. Environmental influences on marine biota off Southern Africa. S. Afr. J. Sci. 86(7-10):330-339.

Dingle,R.V., Bremner, J.M., Giraudeau, J. and Buhmann, D. 1996. Modern and palaeo-oceanographic environments under Benguela upwelling cells off southern Namibia. Palaeogeography, Palaeoclimatology, Palaeoecology. 123(1-4):85-105.

Dingle, R.V. and Nelson, G. 1993. Sea-bottom temperature, salinity, and dissolved oxygen on the continental margin off south-western Africa. S. Afr. J. mar. Sci. 13:33-49.

Nelson, G. 1983. The Benguela upwelling area. In Progress in Oceanography, Hutchings, L. (eds)  Swets Blackwell Ltd. 12 (3) 333 – 356
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