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Introduction

Several of the world’s productive upwelling regions of the eastern boundary current systems have experienced substantial, decade-scale food web changes over the past four to five decades. These changes are not only reflected in extensive fluctuations in pelagic fish yields and regime shifts of fish populations (Lluch-Belda et al. 1989, 1992, Schwartzlose et al. 1999). They are also manifested in long-term variations in the abundance, distribution and species composition of plankton (see Perry et al. 2004 and references therein) on which these fish, at one or another stage of their life history, are relying for their successful growth and recruitment. 

In the southern part of the BCLME off South Africa, an initial retrospective analysis of plankton samples collected over five decades in the pelagic fish recruitment area of St Helena Bay on the West Coast has shown a significant increase in zooplankton, accompanied by marked changes in its community structure (Fig. 1), which coincided with changes in the recruitment and abundance of anchovy Engraulis encrasicolus and sardine Sardinops sagax (Verheye et al. 1998, Verheye and Richardson 1998, Verheye 2000). 

While extensive plankton collections exist for the central/northern BCLME off Namibia (referred to as the SWAPELS collections – South West African Pelagic Egg and Larval Surveys), to date no equivalent retrospective analysis has been undertaken there. As a consequence, it has not been possible to quantify (suspected) large changes in this part of the ecosystem (but see Hansen et al. 2005). A pilot programme of retrospective analysis of zooplankton off Namibia, focussing on a limited number of SWAPELS transects and years has, however, recently been initiated through the BENEFIT Programme (e.g. Tsotsobe et al. 2003, 2004; Mainoane 2003).

The overall objective of this BCLME project is therefore to extend and fast-track the abovementioned BENEFIT pilot programme so that changes in the entire BCLME region over the past 50 years can be properly documented and quantified. The provision of such baseline and time-series is crucial in the assessment of natural (climate change) and anthropogenically forced changes (fishing activities) in the ecosystem. Knowledge of such past changes is a prerequisite for sustainable ecosystem management in the future, and forms the subject of several global initiatives such as GLOBEC (Global Ocean Ecosystems Dynamics) and GOOS  (Global Ocean Observing System), the protocols of which are largely followed in the BCLME. 
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Figure 1. Southern Benguela: (Top) Time-series of copepod abundance (diamonds) and dry mass (squares) in St Helena Bay, 1951-1999; note the logarhitmic scale [Log10(x+1)] on both y-axes. (Bottom) Community structure (%) of crustacean zooplankton during periods of sardine and anchovy dominance. Redrawn from Verheye et al. (1998) and Verheye and Richardson (1998).

The primary focus of this BCLME project is on the retrospective analysis of a representative amount of samples collected during the monthly SWAPELS surveys between the Cunene River (17ºS) and Lüderitz (26ºS) off the Namibian coast during the 1970s and 1980s (Fig. 2). 
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Figure 2. Northern Benguela: Map showing the cross-shelf transects and station positions sampled monthly during the SWAPELS programme, 1972-1989 (from Shannon and Pillar 1986)

The analysis of this enormous collection (in total approx. 20 000 samples were collected; however, an as yet unknown proportion is no longer available), which is housed at MCM’s sample store in Cape Town, involves students pursuing degrees at BSc(Hons), MSc and PhD level, and is backed up by technical assistance of a contracted sample analyst. Cataloguing and curation of this sample collection, for which partial funds were previously obtained from the Envifish and VIBES/IDYLE programmes in recognition of the collection’s scientific value, is continued by a contracted sample curator. Ultimately, the SWAPELS long-term time-series data will form an important component of the comprehensive inventory of plankton and ancillary hydrographic and fisheries data archives in the BCLME region, which is to be established by a contracted data manager. This regional database will allow relationships between indices of upwelling and demographic parameters of zooplankton and pelagic fish to be examined, with the primary focus on decade-scale variability and ecosystem change.

Progress to date

1. Administrative update

The agreement between UNOPS and BENEFIT for the execution of this BCLME project was signed on 16 March 2004. The work plan covering the activities for the first year (2004/2005) made provision for a number of tasks, which are listed in Table 1. The status of progress made with regard to the recruitment and appointment of human capacity, on which the project relies heavily, is summarized in Table 1. 
Table 1. Overview of project tasks and summary of progress status

	TASK
	STATUS

	1. Sample analysis
	

	a. recruitment of 1 B.Sc.(Hons) student (Mr I. Kauvee)

b. analysis of ca. 180 samples from 1983 (N and S of Lüderitz) completed, forming basis for Honours project on “Observations on the composition of the copepod community either side of the Lüderitz upwelling cell”
	Studies at Univ. of the Western Cape  completed during 2004; BSc(Hons) degree awarded on 8 April 2005.

	e.   recruitment of 1 Ph.D. student (Ms F. Cazassus) 

  f.    samples targeted for analysis: samples from 2 months

        (upwelling vs quiescence) every year at 3 stations on  

        9 transects, forming basis for PhD project entitled

        “Spatio-temporal variability of the zooplankton of the

        northern Benguela Current ecosystem, 1972-1989” 


	Student provisionally admitted to Univ. of Cape Town; 3-yr PhD project proposal drafted; student’s arrival in Cape Town on 22 Sept. 2005 confirmed.

	g. recruitment of 1 sample analyst (Mr F. Kotze)

h. analysis of samples from 1978-1983 on Walvis Bay line (at 23˚S) has been completed and data have been used in reconstruction of long-term trend (1959-2002)
	Analyst appointed on 1 Aug. 2004; contract renewed on 1 Aug. 2005; to date, microscope analysis of all zooplankton samples from   Walvis Bay transect (line 70) completed and data captured; analysis of line 48 off Palgrave Point started.

	2. Training
	

	i. identification of training opportunities is ongoing;

      taxonomy course (Tunisia, July 2005) fully subscribed;

      other options are being explored, with the invitation of

      international experts to run a regional workshop later in

      2005 being the most cost-effective option.
	MSc student enrolled to take course in biostatistics; attended SAMSS (4-7 July 2005) and presented poster on BSc(Hons) project.

	3. Curation of sample collections
	

	    j.   recruitment of 1 sample curator (Mr P.H. de Vos)
	Curator appointed 1 August 2004; contract extended on 1 Aug. 2005; to date, more than 7 500 samples curated and catalogued.

	4. Preparation of data archives for transfer to SADCO
	

	    k. recruitment of 1 data manager 

      
	IOI-SA contracted on 14 March 2005 (see below for details on progress made; Appendix A)



Mr Ignatius Kauvee was awarded the degree of B.Sc. (Hons) at the University of the Western Cape on 8 April 2005. His project, entitled “Observations on the composition of the copepod community either side of the Lüderitz upwelling cell” examined the possible role of the Lüderitz upwelling cell as an environmental barrier within the Benguela Current region. A copy of his thesis, which was written up in the format of a scientific publication (Kauvee et al. 2005a), is appended to this report (Appendix B). He presented his research results as a poster (under the same title) at the 12th Southern African Marine Science Symposium (SAMSS), which was held in Durban during 4-7 July 2005. 

Mr Kauvee is since February 2005 registered for a M.Sc. degree (by dissertation) at the University of Cape Town (UCT) (supervisors: Dr C.L. Moloney & Dr H.M. Verheye). His research focuses on a comparison of the population dynamics of two dominant copepods (Calanoides carinatus and Rhincalanus nasutus) in the northern Benguela. Population dynamics aspects include distribution, abundance, production, mortality and resource partitioning. Data on the abundance and distribution of the adult stages of these (and other species) off Walvis Bay (line 70) are already available from analyses conducted by Mr F. Kotze, as well as by Messrs I. Kauvee (see Kauvee et al. 2005), S. Tsotsobe (see Tsotsobe et al. 2003, 2004, 2005) and T. Mainoane (see Mainoane 2003) as part of their respective postgraduate studies (see also Fig. 3). Mr Kauvee has now also started a detailed analysis of selected SWAPELS samples, enumerating particularly the abundances of all the ontogenetic stages of these two copepod populations, which are retained quantitatively by the nets used in the SWAPELS surveys. A copy of his project proposal is appended (Appendix C).
Ms Fabienne Cazassus, the PhD candidate from France, will arrive in Cape Town on 22 September 2005, after a lengthy recruitment process. Immediately upon her arrival, she will embark on an extensive microscope analysis of selected SWAPELS zooplankton samples both to the north and south of the Walvis Bay region. Depending on sample availability, she intends to analyse samples from transects along 9 latitudes (17°, 19°, 20°, 21°, 22°, 23°, 24°, 25°, 26°S), each comprising of a minimum of three stations (1 nearshore, 1 mid-shelf, 1 offshore) sampled each year during at least two months of contrasting hydrographic conditions.
Mr Ferdinand Kotze’s (the sample analyst) contract was renewed for another year, whilst that of Mr Philip de Vos (the sample curator) was extended for one year, both with effect from 1 August 2005. Progress in respect of the maintenance and analysis of the SWAPELS zooplankton sample archive over the past year has been substantial. Over 7 500 zooplankton samples have been curated (sample’s condition checked, topped up with formalin, relabelled and re-boxed) and catalogued, thus continuing this important work that was initiated under the auspices of NatMIRC and MCM, with partial funding kindly provided by the Envifish and VIBES/IDYLE programmes. In addition, microscope analysis of all available SWAPELS zooplankton samples collected on transect 70 off Walvis Bay has been completed during the past year. All data on species composition and abundance, as well as station information and some hydrographic data, have been captured in a specially designed spreadsheet, which converts raw counts for each taxon (species, sex, developmental stage) to number and biomass (dry mass and carbon mass) per unit of volume (m3) and surface area (m2). Data for some species have been analysed and are shown in Figures 3 and 5. It should be noted that for certain years (1986-1989) of the SWAPELS programme, no station information (incl. maximum sampling depth), has – so far – been able to be retrieved from existing databases. As a result, abundance data of copepods and other zooplankton for these years can not yet be calculated and are therefore not shown in Figures 3 and 5.
2. Training and capacity building progress

Two international experts in the field of zooplankton taxonomy, viz. Dr J. Bradford-Greeve from New Zealand, and Dr D. Conway from the United Kingdom, have agreed in principle to conduct a zooplankton identification training workshop in the region. The workshop will target scientists, students and technicians from the BCLME countries (Angola, Namibia and South Africa), and possibly also from countries bordering the Agulhas Somali Current LME (incl. Moçambique, Tanzania, Kenya and Somali). The format and magnitude of the workshop will depend on the number of attendees, dates and venue, and availability of funds. Recent discussions with Dr Anja Kreiner (NatMIRC, Swakopmund, Namibia) have revealed that suitable facilities (in terms of laboratory space and microscopes, and accommodation) are available at the University of Namibia, which could be used for the workshop during academic holiday periods. Funding will be sourced from BCLME (both from within and outside this project’s budget) and possibly also ASLME, as well as from BENEFIT, the Sloan Foundation (through the Census of Marine Zooplankton project of the global Census of Marine Life programme) and the national fisheries research institutions in the region.
3. Data management progress


On 14 March 2005, the International Ocean Institute – Southern Africa (IOI-SA), an NGO based at the University of the Western Cape (UWC) in South Africa, was appointed as the project’s Data Manager. Its experience with the development and maintenance of databases takes place under the auspices of its Biodiversity and Informatics Programme. Recognizing the need for sound knowledge of marine and coastal diversity and ecology in order to achieve sustainable use of resources, IOI-SA develops informatics and networking systems for the dissemination and sharing of ocean and coastal information, and for effective decision support. Most of the workload will be carried by IOI-SA’s scientist and software programmer, but postgraduate students will be involved for the standardization of data obtained from the various data sources. 

A detailed report on progress made thus far by IOI-SA is attached to this report (Appendix A), and was compiled by Dr Kim Prochazka, Director of IOI-SA.
4. Scientific progress

Reconstruction of long-term time-series of zooplankton biomass (biovolume) and abundance, as well as decade-scale changes in community structure, for the northern Benguela region has continued. With the exception of the period 1986-1989, for which currently no station information can be located, which would allow calculations of the above zooplankton parameters, analysis of zooplankton samples collected on line 70 off Walvis Bay has basically been completed. Figure 3 shows Walvis Bay time-series of total zooplankton biomass (biovolume, expressed as ml settled volume) per m2 for the period 1959-2004, and numerical abundances (Log10[n+1]-transformed) of total copepods and four dominant copepod species per m2. Table 2 summarizes long-term changes in community size structure,  proxied by changes in relative abundance of the most dominant copepod species identified during a number of studies in the Walvis Bay area since the 1960s.  Data for Figure 3 and Table 2 were obtained from a number of sources: (i) published literature (Kollmer 1963, Unterüberbacher 1964, Hansen et al. 2005), (ii) ongoing post-graduate thesis work under the aegis of BENEFIT (Kauvee et al. 2005a, Tsotsobe et al. 2003, 2004, 2005, T. Mainoane unpubl. data), (iii) NatMIRC’s current environmental monitoring programme (courtesy Mr R. Cloete and Dr A. Kreiner), and (iv) results from this BCLME project, generated by the sample analyst, Mr Kotze. 
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Figure 3. Northern Benguela: (Top) Time series of annual mean (± 1 s.d.) biovolume (in ml settled volume per m2) of total zooplankton within 30 n. miles from the coast off Walvis Bay (23˚S) in the northern Benguela during the period 1959-2004. Samples with exceptionally high settled volumes resulting from excessive phytoplankton contamination or dominance of gelatinous zooplankton or macrozooplankton were not included in the biovolume dataset.  (Bottom) Time series of annual mean (± 1 s.e.) abundance (in number per m2) of total copepods within 70 n. miles from the coast off Walvis Bay (23˚S) during the period 1978-2004 (from Verheye et al. 2005). 

Long-term increases in the biomass of total zooplankton (~6-fold between the 1950s and 2000s) and in the total number of copepods (~10-fold between the 1970s and 2000s) off Walvis Bay in the northern Benguela are apparent. These increasing trends match those observed in the St Helena Bay area in the southern Benguela (see Fig. 1), an updated time-series of which is shown in Figure 4.
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Figure 4. Southern Benguela: Time-series of (a) total copepod abundance (log-
transformed numbers per m2)  in a 1˚ x 1˚ box in St Helena Bay during autumn of 1951-2005, showing a reversal in the long-term trend around 1995, (b) annual mean abundance (log transformed numbers per m2) of large calanoid copepods in that area during autumn 1951-2005, and (c) annual mean abundance of large calanoids copepods in St Helena Bay versus hydro-acoustically measured anchovy recruit biomass along the West Coast of South Africa during autumn 1988-2005, showing opposing trends indicative of a predator-prey relationship. (from Verheye et al. 2005)
A reversal in the trend is revealed, with copepod abundances increasing 100-fold over the first 4.5 decades only up until the mid 1990s, when they declined rapidly over the following decade (Fig. 4a). This decline is especially marked in the large calanoid copepods (2-5 mm total length), whose abundances over recent years have dropped to below the previous time-series minimum (Fig. 4b). These copepods form the preferred prey of anchovy recruits in the area and their recent decline appears to coincide with an increase in anchovy recruitment (Fig. 4c).

Long-term changes in species and size composition of coastal zooplankton have been described in the southern Benguela (Verheye et al. 1998, Verheye and Richardson 1998; see also Fig. 1 in this report). Likewise, Hansen et al. (2005) suggest that such decade-scale changes have occurred in the northern Benguela, as summarized in Table 2. Results for the time windows 1979-1981, obtained by Tsotsobe (2005), and 2001-2004, obtained from R. Cloete and A. Kreiner (NatMIRC, unpublished data) have now been incorporated in the Table. 
Table 2. Northern Benguela: Long-term changes in the dominance of calanoid copepod species off Walvis Bay, Namibia over the past 4.5 decades (updated from Hansen et al. 2005 and Tsotsobe 2005). For ease of reference, species have been colour coded. *  denotes that both species were equally abundant.
	Years of sampling 
	1961, 1962
	1976
	1979-1981
	1985, 1986, 1988
	2000-2004

	Depth range (m)
	0-100
	0-30
	0-50
	0-1500
	0-200

	Mesh (μm)
	200-460
	200
	300
	180
	200

	Rank:

1
	Calanoides carinatus 
	Calanoides carinatus 
	C. carinatus *
M. lucens *
	Calanoides carinatus 
	Calanoides carinatus

	2
	Paracalanus “parvus”
	Paracalanus “parvus”
	
	Rhincalanus nasutus
	Metridia lucens

	3
	Metridia lucens
	Metridia lucens
	C. brachiatus
	Metridia lucens
	Rhincalanus nasutus

	4
	Centropages brachiatus
	Paracalanus scotti
	Rhincalanus nasutus
	Centropages brachiatus
	Centropages brachiatus

	5
	–
	R. nasutus *
C. brachiatus *
	–
	–
	–

	Reference
	Unterüber-bacher

(1964)
	Brenning

(1985)
	Tsotsobe 

(2005)
	Timonin et al.
(1992)
	Hansen et al.

(2005) and

This project


There appears to be a change in dominance towards larger copepod species over the past 4.5 decades. For instance, the smallest copepod, P. parvus, ranked second in the 1960s and 1970s, after which it decreased, while the largest species, R. nasutus, has become one of the dominant species from the 1970s onward. Although differences in sampling methods (gear, mesh size) may have been partly responsible for some of the differences in species rankings, this bias does not fully explain this shift in species dominance of the past 4-5 decades. The causative mechanisms remain to be explored, but are likely to be a combination of environmental forcing (bottom-up) and predator-prey interactions (top-down) associated with regime shifts of zooplanktivorous fish.


Preliminary decadal trends in the abundance of the adults (males and females combined) of the four most common medium to large calanoid copepods in the region are shown in Figure 5. These species and their respective female (F) and male (M) body sizes (in mm total length) are: Rhincalanus nasutus (F: 3.90-5.30, M: 2.70-4.30), Calanoides carinatus (F: 2.25-2.85, M: 2.35-2.70), Metridia lucens (F: 2.39-2.93, M: 1.62-2.30) and Centropages brachiatus (F: 1.73-2.30, M: 1.58-1.90). Whilst there is substantial interannual variability in all four species – characteristic of long-term datasets – the largest (R. nasutus) and the smallest (C. brachiatus) of the four species do not show much change in abundance from the one decade to the next. In contrast, the other two species have increased markedly between the late 1970s and the present (Fig. 5).  Whether these observations are related to the species’ differential responses to environmental variability and/or changes in predation pressure remains to be examined.

Many of the above research results have been consolidated in a number of oral and poster papers (Kauvee et al. 2005b), Tsotsobe et al. 2005, Verheye et al. 2005), which were presented at the 12th Southern African Marine Science Symposium (SAMSS) held in Durban during 4-7 July 2005. Abstracts of these presentations can be found in the Symposium Guide and Book of Abstracts (pp. 37, 78 and 80).
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Figure 5. Northern Benguela: Time-series of annual mean (± 1. s.e.) abundance (log-transformed numbers per m2) of four dominant calanoid copepod species collected off Walvis Bay during the period 1978-2004.

Literature cited

Badenhorst A., and A.J. Boyd 1980. Distributional ecology of the larvae and juveniles of the anchovy Engraulis capensis Gilchrist in relation to the hydrological environment of South West Africa, 1978/79. Fish Bull. S. Afr. 13:83-106.
Barange, M. Pillar, S.C. and L. Hutchings 1992. Major pelagic borders of the Benguela upwelling system according to eupausiid species distribution. S. Afr. J. mar. Sci. 12: 3-17.

Boyd, A.J. and R.A. Cruickshank 1983. An environmental basin model for West Coast pelagic fish distribution. S. Afr. J. Sci. 79 (4): 150-151 (Extended Abstract).

Boyd, A.J. and Hewitson 1983. Distribution of anchovy larvae off the west coast of southern Africa between 32º 30´ and 26º 30´, 1979-1982. S. Afr. J. mar. Sci. 1: 71-75.
Brenning, U. 1985 – Structure and development of calanoid populations (Crustacea, Copepoda) in the upwelling regions off North West and South West Africa. Beiträge zur Meereskunde 52: 3-33.

Crawford, R.J.M.1980. Seasonal patterns in South Africa’s Western Cape purse seine fishery. Journal of Fish Biology. 16(6):649-664.

Crawford, R.J.M., Shelton, P.A. and L. Hutchings 1983. Aspects of variability of some neritic stocks in the southern Benguela system. In Sharp G.D. and Csirke J. (eds), Proceedings of the expert consultation to examine changes in abundance and species composition of neritic fish resources. San José, Costa Rica, 18-29 April 1983. FAO Fish. Rep. 291(2):407-448.

Crawford,  R.J.M., Shannon L.V. and D.E. Pollock 1987. The Benguela Ecosystem. The major fish and invertebrate resources. In Oceanography and Marine Biology. An Annual Review 25. Barnes (Ed.) Aberdeen; University Press: 353-505.

Cruickshank, R.A. 1983. Ecology of pilchard and anchovy shoals of Namibia. S. Afr. J. Sci. 79: (4): 147-149 (Extended Abstract).
Cury, P., Bakun, A., Crawford, R.J.M., Jarre-Teichmann, A., Quinones, R., Shannon, L.J. and H.M. Verheye 2000 – Small pelagics in upwelling systems: patterns of interaction and structural changes in “wasp-waist” ecosystems. ICES J. mar. Sci. 57: 603-618.

Cushing, D.H. 1990 – Plankton production and year-class strength in fish populations: an update of the match/mismatch hypothesis. Adv. Mar. Biol. 26: 249-293.

Hansen, F.C., Cloete, R.R. & H.M. Verheye 2005 – Seasonal and spatial variability of dominant copepods along a transect off Walvis Bay (23˚S), Namibia.  Afr. J. mar. Sci. 27(1): 55-63.
Kauvee, I.K.V., Gibbons, M.J. and H.M. Verheye 2005a – Observations on the composition of the copepod community either side of the Lüderitz upwelling cell. BSc(Hons) Thesis, University of the Western Cape, 41 pp.

Kauvee, I.K.V., Gibbons, M.J. and H.M. Verheye 2005b – Observations on the composition of the copepod community either side of the Lüderitz upwelling cell. In 11th Southern African Marine Science Symposium, Symposium Guide and Book of Abstracts, p. 37 (poster).
Kollmer, W.E. 1963 – The pilchard of South West Africa. Notes on zooplankton and phytoplankton collections made off Walvis Bay. Investl Rep. Mar. Res. Lab. S. W. Afr. 8: 78 pp.

Le Clus, F. 1985. The spawning of anchovy, Engraulis capensis Gilchrist, off South West Africa. M.Sc. Thesis University of Port Elizabeth: [v] + 202 pp.

Lluch‑Belda, D., Crawford, R.J.M., Kawasaki, T., MacCall, A.D., Parrish, R.H., Schwartzlose, R.A. and P.E. Smith 1989 – World‑wide fluctuations of sardine and anchovy stocks: the regime problem. S. Afr. J. mar. Sci. 8: 195‑205.

Lluch-Belda, D., Schwartzlose, R.A., Serra, R., Parrish, R., Kawasaki, T., Hedgecock, D. and R.J.M. Crawford 1992 – Sardine and anchovy regime fluctuations of abundance in four regions of the world oceans: a workshop report. Fish. Oceanogr. 1(4): 339-347.

Mainoane, T. 2003 – Changes in zooplankton abundance, species composition and distribution patterns in the north-central Benguela region: a 1984 Benguela Niño effect? M.Sc. project proposal; BENEFIT/University of Cape Town, 5 pp.

O’Toole, M.J. 1977. Investigations into some important fish larvae in the South East Atlantic in relation to the hydrological environment. Ph.D thesis. University of Cape Town: pagination discontinuous, 8 sections + supporting papers.

Perry, R.I., Batchelder, H.P., Mackas, D.L., Chiba, S., Durbin, E., Greve, W. and H.M. Verheye 2004 – Identifying global synchronies in Marine zooplankton populations: issues and opportunities. ICES J. mar. Sci. 61: 445-456.

Schwartzlose, R.A., Alheit, J., Bakun, A., Baumgartner, T.R., Cloete, R., Crawford, R.J.M., Fletcher, W.J., Green-Ruiz, Y., Hagen, E., Kawasaki, T., Lluch-Belda, D., Lluch-Cota, S.E., MacCall, A.D., Matsuura, Y., Nevarez-Martinez, M.O., Parrish, R.H., Roy, C., Serra, R., Shust, K.V., Ward, M.N. and J.Z. Zuzunaga 1999 – Worldwide large-scale fluctuations of sardine and anchovy populations. S. Afr. J. mar. Sci. 21: 289-347.
Schülein, F.H. 1974. A review of the S.W.A pelagic fish stocks in 1973. In Cape Cross Programme (Phase I). Internal Report Sea Fisheries Institute, South Africa: 8 pp.

Shannon, L.V. 1985. The Benguela ecosystem. 1. Evolution of the Benguela, physical features and processes. In Oceanography and Marine Biology. An Annual Review 23. Barnes, M. (Ed.). Aberdeen; University Press: 105-182.

Shannon, L.V. and S.C. Pillar 1986 – The Benguela ecosystem: Part III: Plankton. Oceanogr. Mar. Biol. Ann. Rev. 24: 65-170.

Timonin, A.G., Arashkevich, E.G., Drits, A.V. and T.N. Semenova 1992 - Zooplankton dynamics in the northern Benguela ecosystem, with special reference to the copepod Calanoides carinatus. In: Benguela Trophic Functioning. Payne, A.I.L., Brink, K.H., Mann, K.H. and R. Hilborn (Eds). S. Afr. J. mar. Sci. 12: 545-560.
Tsotsobe, S. 2005 – Temporal and spatial variability in abundance and community structure of zooplankton off Walvis Bay, Namibia, with a note on decade-scale changes. MSc Thesis, University of the Western Cape.
Tsotsobe, S., Verheye, H.M. and M. Gibbons 2003 – Seasonal, interannual and inter-decadal variability in total zooplankton biomass in the northern Benguela. Annual Symposium of the Zoological Society of South Africa (ZSSA)/South African Society of Aquatic Sciences (SASAqS), University of Cape Town, June 2003.

Tsotsobe, S., Verheye, H.M. and M. Gibbons 2004 – Spatio-temporal variation in the abundance and community structure of the major copepod species in the northern Benguela. Annual Conference of the Australian Marine Sciences Association, Hobart, Tasmania, Australia, July 2004.

Tsotsobe, S., Verheye, H.M. and M. Gibbons 2005 – Spatio-temporal variation in the abundance and community structure of copepods in the northern Benguela. In 11th Southern African Marine Science Symposium, Symposium Guide and Book of Abstracts, p. 78 (poster).
Unterüberbacher, H.K. 1964 – Zooplankton studies in the waters off Walvis Bay with special reference to the Copepoda. Investl Rep. Mar. Res. Lab. S. W. Afr. 11: 42 pp + Plates 2-36.

Verheye, H.M. 2000 – Decadal-scale trends across several marine trophic levels in the southern Benguela upwelling system off South Africa. Ambio 29(1): 30-34.

Verheye, H.M. and A.J. Richardson 1998 – Long-term increase in crustacean zooplankton abundance in the southern Benguela upwelling region (1951-1996): bottom-up or top-down control? ICES J. mar. Sci. 55(4): 803-807.

Verheye, H.M., Richardson, A.J., Hutchings, L., Marska, G. and D. Gianakouras 1998 – Long-term trends in the abundance and community structure of coastal zooplankton in the southern Benguela system, 1951-1996. In Benguela Dynamics: Impacts of Variability on Shelf-Sea Environments and their Living Resources. Pillar, S.C., Moloney, C.L., Payne, A.I.L. and F.A. Shillington (Eds). S. Afr. J. mar. Sci. 19: 317-332.

Verheye, H.M., Tsotsobe, S.V., Mainoane, T., Huggett, J.A., Cloete, R.R., Kauvee, I.K.V., Kotze, F. and P. de Vos 2005 – Decadal-scale variability in zooplankton abundance and community structure in the northern and southern Benguela Current system. In 11th Southern African Marine Science Symposium, Symposium Guide and Book of Abstracts, p. 80 (oral paper OCE 5).
Appendices
Appendix A.
Prochazka, K. – Progress report of the Data Manager on development of the inventory and database for plankton data in the Benguela Current, submitted by the International Ocean Institute, Southern Africa (August 2005), 11 pp.
Appendix B.
Kauvee, I.K.V., Gibbons, M.J. and H.M. Verheye 2005 – Observations on the composition of the copepod community either side of the Lüderitz upwelling cell. BSc(Hons) Thesis, University of the Western Cape, 41 pp.
Appendix C.
Kauvee, I.K.V. – Population dynamics of the calanoid copepod Rhincalanus nasutus (Copepoda: Calanoida) in the northern Benguela. MSc Thesis project proposal, University of Cape Town, 18 pp.
� EMBED Unknown  ���














� EMBED Excel.Chart.8 \s ���





























BCLME Project EV/PROVARE/02/05
PAGE  
12
BCLME Project EV/PROVARE/02/05


[image: image10.emf]1.0

1.5

2.0

2.5

3.0

1950 1960 1970 1980 1990 2000

Log BIOVOLUME (ml m

-2

)

[image: image11.jpg]


[image: image12.jpg]BCLME

Benquela Current Large Marine Ecosystem Programme



[image: image13.png]


[image: image14.png]


_1172320964.xls
Chart1

		1950

		1951		1.4022989075

		1952		0.9680050119

		1953		1.3676383424

		1954		1.0909360777

		1955		1.255924727

		1956		1.1618871469

		1957		1.2395647017

		1958		1.1338153583

		1959		1.3652606544

		1960		1.3684259876

		1961		1.5596182058

		1962		1.5788639314

		1963		1.3325613755

		1964		0.9586939178

		1965		1.5413273882

		1966		1.4881823112

		1967		1.4116322139

		1968

		1969

		1970

		1971

		1972

		1973

		1974		1.2351495365

		1975

		1976

		1977

		1978

		1979

		1980

		1981

		1982

		1983		1.1964985841

		1984		1.4120496728

		1985

		1986

		1987		1.7441103585

		1988		1.5424996877

		1989		1.5119081771

		1990		1.6556804308

		1991		2.0407904597

		1992		1.4986860906

		1993		1.5395778833

		1994		2.0772394757

		1995		2.5009117323

		1996

		1997		1.9954651723

		1998		2.1066710084

		1999		1.8805049049

		2000



abundance

biomass

ABUNDANCE (Log[No.m-2])

BIOMASS (Log[g.m-2])

4.4094878995

3.46832173

3.9086859505

3.5924865744

4.1683329563

3.9171282769

4.0699250307

4.1460402131

4.176317944

4.1224198619

4.3405942205

4.288291915

4.4131282091

3.9142592898

4.6504530015

4.5343908129

4.4835612054

5.5607946444

5.6298979421

5.5146022021

5.9434031391

5.4817471012

5.4070036063

5.9407203861

6.6257253489

6.0013289851

5.9676835492

5.9794420756

5.7462350562



all cops

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		78

		84

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99



total copepods

-0.9412970063

0.4404583784

-0.3162567888

0.5759279138

-0.2512277668

0.1528123446

0.0761211264

0.0302798205

-0.053901906

0.2181872969

-0.0523048428

0.1248418807

-0.4989050559

0.7362369108

-0.1160651642

-0.0508311829

0.0691034734

-0.1152960497

0.4288017702

-0.4616569755

-0.0747437639

0.5337179833

0.6850053578

-0.624396694

-0.0336454707

0.0117585389

-0.2332073431



large cal

		





large cal

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		78

		84

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99



large calanoid copepods (2000-5000um TL)

-0.8102466554

0.263149341

-0.2267661568

0.3556818087

0.0982201067

-0.0822755212

0.1415409416

-0.2299738337

0.0079320813

0.3735785755

0.2368527426

-0.4756796836

0.0846404388

0.3357453534

-0.201020583

-0.1773417202

-0.073846981

0.4829370368

0.7386298426

-0.842634364

0.0596297316

0.4702217466

-0.0219498304

-0.6194271694

-0.0652564223

0.3414224844

-0.2469897231



med cal

		





med cal

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		78

		84

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99



medium calanoid copepods (1000-2000um TL)

-0.5948076349

-0.2698941439

0.1187589189

0.520752824

-0.0672894283

0.0076453768

-0.3726263524

0.1174658389

-0.0137725544

0.1749365854

0.3006046203

0.2207021414

-1.2565508274

1.5218044836

-0.0502047757

-0.6494441149

-0.1540808305

0.1668008635

1.0616983639

-1.0054364356

0.2511995275

-0.4688631485

-1.3875670977

1.782825666

0.3478222931

0.0554075718

-0.3320358317



combined

		TEMPORAL CHANGES IN COPEPOD ABUNDANCE  - Log(YRi/YRi-1)





combined

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99



cyclopoid copepods (<900um TL)

-1.2624760257

0.6738847266

-0.2962614668

0.5317145965

-0.5215496009

0.3664558708

0.1573084815

0.0768825586

-0.1197134341

0.1674105808

-0.2788062656

0.2439988032

-0.4403759501

0.7371925079

-0.2232098378

0.1929741025

-0.9865621197

1.4594077275

-0.1097635833

0.791178725

0.1534069753

-0.3601358418

0.4198957356

-0.4368364415

0.0228009647

0.4960651765

0.7847314908

-0.634646671

-0.1978072491

0.0845581522

-0.2558751308



turning pts

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99



small calanoid copepods (900-1000um TL)

-0.562965362

0.4439233955

-0.5343070482

0.8443426424

-0.2328799017

0.1479170747

-0.0195838409

0.0773192103

0.0224335955

0.2178499399

-0.1100838141

0.3182746088

-0.780057622

0.9149870194

-0.0229343104

-0.1663137737

0.657368682

0.1988671015

0.1145537503

0.0496750799

-0.1267491117

0.1907467881

0.207843077

-0.2345823092

-0.2924002985

0.6541502051

0.6735898853

-0.6086810379

0.1647360691

-0.0893433687

-0.2042892564



cyclopoids

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99



medium calanoid copepods (1000-2000um TL)

-0.5948076349

-0.2698941439

0.1187589189

0.520752824

-0.0672894283

0.0076453768

-0.3726263524

0.1174658389

-0.0137725544

0.1749365854

0.3006046203

0.2207021414

-1.2565508274

1.5218044836

-0.0502047757

-0.6494441149

1.2420583021

-0.9985513379

-0.1540808305

0.1668008635

1.0616983639

-1.0054364356

0.2511995275

-0.4688631485

-1.3875670977

1.782825666

0.3478222931

0.0554075718

-0.3320358317



small cals

		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99



large calanoid copepods (2000-5000um TL)

-0.8102466554

0.263149341

-0.2267661568

0.3556818087

0.0982201067

-0.0822755212

0.1415409416

-0.2299738337

0.0079320813

0.3735785755

0.2368527426

-0.4756796836

0.0846404388

0.3357453534

-0.201020583

-0.1773417202

0.3530168667

0.5188294507

-0.073846981

0.4829370368

0.7386298426

-0.842634364

0.0596297316

0.4702217466

-0.0219498304

-0.6194271694

-0.0652564223

0.3414224844

-0.2469897231



		51

		52

		53

		54

		55

		56

		57

		58

		59

		60

		61

		62

		63

		64

		65

		66

		67

		68

		69

		70

		71

		72

		73

		74

		75

		76

		77

		78

		79

		80

		81

		82

		83

		84

		85

		86

		87

		88

		89

		90

		91

		92

		93

		94

		95

		96

		97

		98

		99



total copepods

-0.9412970063

0.4404583784

-0.3162567888

0.5759279138

-0.2512277668

0.1528123446

0.0761211264

0.0302798205

-0.053901906

0.2181872969

-0.0523048428

0.1248418807

-0.4989050559

0.7362369108

-0.1160651642

-0.0508311829

0.3799441123

0.6973023963

0.0691034734

-0.1152960497

0.4288017702

-0.4616569755

-0.0747437639

0.5337179833

0.6850053578

-0.624396694

-0.0336454707

0.0117585389

-0.2332073431



		WCTS: COPEPODS ANNUAL MEANS														Annual Proportional Changes in Copepod Abundance														Cumulative Proportional Changes in Copepod Abundance

				annual means of Nos.m^-2												Log(YRi/YRi-1)														Sum(Log(YRi/YRi-1))

		YEAR		CYCLOP		SMCAL		TMDCOP		TLGCOP		TCOPS		CopBiom		CYCLOP		SMCAL		TMDCOP		TLGCOP		TCOPS		CopBiom		YEAR		CYCLOP		SMCAL		TMDCOP		TLGCOP		TCOPS		CopBiom

		50																										1950

		51		15651.32		3083.49		1671.67		5266.19		25672.67		24.25														1951

		52		855.21		843.49		424.95		815.17		2938.83		8.29		-1.26		-0.56		-0.59		-0.81		-0.94		-0.47		1952		-1.26		-0.56		-0.59		-0.81		-0.94		-0.47

		53		4036.08		2344.23		228.27		1494.17		8102.75		22.32		0.67		0.44		-0.27		0.26		0.44		0.43		1953		-0.59		-0.12		-0.86		-0.55		-0.50		-0.04

		54		2040.32		685.01		300.06		886.41		3911.79		11.33		-0.30		-0.53		0.12		-0.23		-0.32		-0.29		1954		-0.88		-0.65		-0.75		-0.77		-0.82		-0.33

		55		6940.85		4786.70		995.31		2010.55		14733.42		17.03		0.53		0.84		0.52		0.36		0.58		0.18		1955		-0.35		0.19		-0.23		-0.42		-0.24		-0.15

		56		2088.64		2799.99		852.45		2520.78		8261.82		13.52		-0.52		-0.23		-0.07		0.10		-0.25		-0.10		1956		-0.87		-0.04		-0.29		-0.32		-0.49		-0.25

		57		4856.45		3936.17		867.59		2085.74		11745.95		16.36		0.37		0.15		0.01		-0.08		0.15		0.08		1957		-0.51		0.11		-0.28		-0.40		-0.34		-0.17

		58		6976.34		3762.61		367.87		2889.35		13996.17		12.61		0.16		-0.02		-0.37		0.14		0.08		-0.11		1958		-0.35		0.09		-0.66		-0.26		-0.26		-0.28

		59		8327.41		4495.82		482.12		1701.48		15006.83		22.19		0.08		0.08		0.12		-0.23		0.03		0.25		1959		-0.27		0.16		-0.54		-0.49		-0.23		-0.04

		60		6321.16		4734.16		467.07		1732.84		13255.22		22.36		-0.12		0.02		-0.01		0.01		-0.05		0.00		1960		-0.39		0.19		-0.55		-0.48		-0.29		-0.04

		61		9294.10		7817.94		698.75		4095.78		21906.57		35.28		0.17		0.22		0.17		0.37		0.22		0.20		1961		-0.23		0.40		-0.38		-0.11		-0.07		0.16

		62		4891.04		6067.48		1396.12		7066.26		19420.91		36.92		-0.28		-0.11		0.30		0.24		-0.05		0.02		1962		-0.51		0.29		-0.08		0.13		-0.12		0.18

		63		8578.27		12626.51		2320.74		2363.25		25888.77		20.51		0.24		0.32		0.22		-0.48		0.12		-0.26		1963		-0.26		0.61		0.14		-0.35		0.00		-0.07

		64		3111.89		2095.20		128.55		2871.78		8207.41		8.09		-0.44		-0.78		-1.26		0.08		-0.50		-0.40		1964		-0.70		-0.17		-1.11		-0.26		-0.50		-0.48

		65		16990.90		17227.12		4274.45		6221.51		44713.98		33.78		0.74		0.91		1.52		0.34		0.74		0.62		1965		0.04		0.75		0.41		0.07		0.24		0.14

		66		10162.64		16340.99		3807.81		3916.29		34227.73		29.77		-0.22		-0.02		-0.05		-0.20		-0.12		-0.05		1966		-0.19		0.72		0.36		-0.13		0.12		0.09

		67		15848.22		11142.04		853.55		2603.36		30447.17		24.80		0.19		-0.17		-0.65		-0.18		-0.05		-0.08		1967		0.01		0.56		-0.29		-0.31		0.07		0.01

		68																										1968

		69																										1969

		70																										1970

		71																										1971

		72																										1972

		73																										1973

		74												16.19												-0.19		1974												-0.18

		75																										1975

		76																										1976

		77																										1977

		78		1634.63		50621.30		14903.54		5868.82		73028.28		20.37		-0.99		0.66		1.24		0.35		0.38		0.10		1978		-0.98		1.22		0.95		0.05		0.45		-0.08

		79																										1979

		80																										1980

		81																										1981

		82																										1982

		83												14.72												-0.14		1983												-0.22

		84		47078.89		80020.34								24.83		1.46		0.20								0.23		1984		0.48		1.41								0.01

		85																										1985

		86																										1986																																		Fig. Z-1 (a) Time-series of copepod abundance and biomass, 1951-1999; (b) cumulative annual change

		87		36564.75		104172.75								54.48		-0.11		0.11								0.34		1987		0.37		1.53		0.95		0.05		0.45		0.35																						in the abundance and biomass of copepods.

		88		226069.17		116796.33		1495.33		19381.17		363742.00		33.87		0.79		0.05		-1.00		0.52		0.70		-0.21		1988		1.16		1.58		-0.05		0.57		1.15		0.15

		89		321846.14		87232.86		1048.71		16350.57		426478.29		31.50		0.15		-0.13		-0.15		-0.07		0.07		-0.03		1989		1.31		1.45		-0.20		0.49		1.22		0.11

		90		140447.00		135340.22		1539.78		49713.00		327040.00		44.26		-0.36		0.19		0.17		0.48		-0.12		0.15		1990		0.95		1.64		-0.04		0.97		1.11		0.26

		91		369324.57		218408.71		17748.29		272332.71		877814.29		108.85		0.42		0.21		1.06		0.74		0.43		0.39		1991		1.37		1.85		1.03		1.71		1.53		0.65

		92		135074.00		127258.75		1752.75		39126.00		303211.50		30.53		-0.44		-0.23		-1.01		-0.84		-0.46		-0.55		1992		0.94		1.62		0.02		0.87		1.07		0.10

		93		142355.00		64906.38		3125.50		44884.38		255271.25		33.64		0.02		-0.29		0.25		0.06		-0.07		0.04		1993		0.96		1.32		0.27		0.93		1.00		0.14

		94		446105.83		292710.00		1061.83		132530.83		872408.50		118.46		0.50		0.65		-0.47		0.47		0.53		0.55		1994		1.45		1.98		-0.20		1.40		1.53		0.69

		95		2717499.00		1380471.50		43.50		125999.00		4224013.00		315.89		0.78		0.67		-1.39		-0.02		0.69		0.43		1995		2.24		2.65		-1.58		1.38		2.22		1.11

		96		630264.32		339896.28		2638.24		30264.95		1003063.79				-0.63		-0.61		1.78		-0.62		-0.62				1996		1.60		2.04		0.20		0.76		1.59

		97		399682.81		496686.64		5876.75		26042.55		928288.74		97.96		-0.20		0.16		0.35		-0.07		-0.03		-0.51		1997		1.41		2.21		0.55		0.69		1.56		0.61

		98		485594.35		404332.93		6676.44		57161.81		953765.53		126.84		0.08		-0.09		0.06		0.34		0.01		0.11		1998		1.49		2.12		0.60		1.04		1.57		0.72

		99		269400.56		252609.60		3108.20		32368.03		557486.40		74.95		-0.26		-0.20		-0.33		-0.25		-0.23		-0.23		1999		1.24		1.91		0.27		0.79		1.34		0.49

																												2000

				annual means of Nos.m^-2

		YEAR		CYCLOP		SMCAL		TMDCOP		TLGCOP		TCOPS		CopBiom

		1950

		1951		4.19		3.49		3.22		3.72		4.41		1.40

		1952		2.93		2.93		2.63		2.91		3.47		0.97

		1953		3.61		3.37		2.36		3.17		3.91		1.37

		1954		3.31		2.84		2.48		2.95		3.59		1.09

		1955		3.84		3.68		3.00		3.30		4.17		1.26

		1956		3.32		3.45		2.93		3.40		3.92		1.16

		1957		3.69		3.60		2.94		3.32		4.07		1.24

		1958		3.84		3.58		2.57		3.46		4.15		1.13

		1959		3.92		3.65		2.68		3.23		4.18		1.37

		1960		3.80		3.68		2.67		3.24		4.12		1.37

		1961		3.97		3.89		2.84		3.61		4.34		1.56

		1962		3.69		3.78		3.15		3.85		4.29		1.58

		1963		3.93		4.10		3.37		3.37		4.41		1.33

		1964		3.49		3.32		2.11		3.46		3.91		0.96

		1965		4.23		4.24		3.63		3.79		4.65		1.54

		1966		4.01		4.21		3.58		3.59		4.53		1.49

		1967		4.20		4.05		2.93		3.42		4.48		1.41

		1968

		1969

		1970

		1971

		1972																																										Fig. Z-3		Cumultive annual changes in the abundance of (a) cyclopoid copepods (<900 um TL)

		1973																																												and (b) small (900-1000 um),(c) medium (1000-2000 um) and (d) large (2000-5000 um)

		1974												1.24																																calanoid copepods.
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Scatterplot (interdecadal comparison 1959-2004_4 19v*1944c)
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Scatterplot (interdecadal comparison 1959-2004_5.sta 19v*1944c)
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