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1. Introduction

The Benguela Current, one of four major upwelling regions in the world, exists along the eastern boundary of the South Atlantic basin from Cape Agulhas (35oS) to approximately the latitude of the coastal town of Namibe (11o S). It comprises the eastern part of the broad, sluggish South Atlantic gyral circulation driven by the prevailing SE trade winds. Vigorous wind-driven coastal upwelling occurs along the shoreward margin between 16oS and 34o S, bounded, in a very dynamic manner, by warm currents of tropical origin (the Angola Current and the Agulhas Current). The Angola-Benguela Frontal Zone (ABFZ) between 20oS and 15oS forms the northern boundary of the upwelling zone of the Benguela current and is also a transboundary region between Namibia and Angola. It is in principle a shallow oceanographic feature with a corresponding biological impact which is described below. The oceanographic features of this region were described by O’Toole (1980), comprehensively reviewed by Shannon (1985) and later investigated in more detail by Meeuwis & Lutjeharms (1990), Lass et al. (1999) and Mohrholz et al. (2001). The ABFZ is typically defined as the confluence of the cool Benguela upwelling system and the warm Angolan Current regime and it was first named and described by Janke (1920) while the existence of oceanographic anomalies emanating from the zone was described by Shannon et al. (1986). 
This front is a permanent feature of the sea surface and is maintained throughout the year providing a conduit for advection of surface productivity off the coast. Its position varies seasonally and it migrates southwards annually and introduces warm, saline and nutrient-poor Angolan current water into Namibian coastal waters to a depth of about 100 m, a dynamic associated with a relaxation of the equator-ward, upwelling-favourable wind-stress. Occasionally this phenomenon assumes anomalous proportions resulting in a “Benguela Niño” which leads to displacement of commercial (pelagic fish populations) and mass mortalities of mostly inshore marine organisms including line-fish species, squids or mussels with a consequent trickle down effect on the entire ecosystem.
While the coast adjacent to this region is sparsely populated (with the only significant human population occurring along the southern Angolan coast) the coast is of considerable conservation importance. It hosts both the Skeleton Coast National Park (Namibia) and the Iona National Park (Angola) although from an oceanographic point of view, these are not marine protected areas. Another feature is the isthmus of Baios Dos Tigres which is itself the subject of several other BCLME projects. This bay is a renowned but relatively unstudied biodiversity hotspot and purported key area for pupping of bronze whaler sharks as well as an important habitat for a wide variety of seabirds. 
While extraction of non-living resources (oil and minerals) remains minimal at present, the ABFZ has been extensively surveyed and explored and potential for further industrial development is envisaged. The Namibian government has recently issued exploration licenses for crude oil exploration in the Kunene basin.

From a fisheries point of view, the region is a biological transition zone although certain commercially exploited species are distributed across the zonal area and/or move across the transboundary area with the frontal dynamics. 
It is clear that there are many transboundary management challenges pertaining to biological and non-living resources, of which one is the need for close collaboration among fisheries scientists from the National Marine Information and Research Center  (NatMIRC, Namibia) and Instituto Nacional de Investgacão Pesqueira (INIP, Angola). To this end, both bilateral and regional initiatives have already begun to address these needs.
In summary, as the northern boundary of the economically important Benguela upwelling system, the ABFZ has been the focus of relatively intensive study over the years both via in situ measurements via transboundary cruises as well as satellite-derived data and modelling.  A dichotomy of not only water masses, but also of biological distribution and abundance is a cross-frontal characteristic. Close scientific scrutiny of the structure and variability of the ABFZ and its role in trans-boundary exchange is therefore of integral importance to the Namibian and Angolan fishing industries and other sectors of the economy. 

This report is based on the outcome of the Angola Benguela Front Workshop that was held in Swakopmund, Namibia on 3-4 April 2006 organized by the BENEFIT programme under the auspices of the BCLME, bringing together a multidisciplinary team of Namibian, Angolan, South African and international experts and managers, who contributed their knowledge and understanding of the area.  The goal of the workshop was to record the state of knowledge of the participants on a range of marine science and socio-economic issues pertaining to the transboundary region and to identify the research needs that should enjoy priority in the future.
2. International & regional setting
The ABFZ is a rather unique feature of eastern boundary current systems worldwide. Of the major upwelling ecosystems (the Humboldt, Canary, California and Benguela), the Benguela alone is linked to a distinct frontal system at its equatorward edge. This is illustrated by global SSTs patterns and, more explicitly, by a plot of the global meridional SST gradients (Frank Colberg, pers. comm., see figure 1).
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Figure 1: Illustration of Global SST showing the sharp northern equatorial boundary of the BCLME at the ABF.
For a regional setting, the following passages are quoted from Mohrholtz et al 2001: “The ocean circulation off the Angolan and Namibian coast is part of the eastern boundary current system of the South Atlantic. It is maintained by two major current systems: from the north by equatorial currents terminating at the African continent and from the south by the Benguela Current (BC) and several branches of the South Equatorial Current (SEC). Eastward equatorial currents, namely the Equatorial Undercurrent (EUC), the South Equatorial Counter Current (SECC) and the South Equatorial Undercurrent (SEUC) are deflected southward at the African coast and feed the Gaboon Current, that continues poleward as the Angola Current (AC). Its surface component bends to the west at about 15°S to 19°S and recirculates equator­ward at about 1°W. From the south the mostly wind­driven Benguela Current (BC) and several branches of the South Equatorial Current (SEC) advect water from the southern African coast north­westward. 

This cyclonic circulation pattern off Angola is called the Angola Gyre and was found from geostrophic analysis. It extends to about 300 m depth. As a closed circulation cell, the Angola Gyre is separated to some extend from the overall South Atlantic circulation. The residence time of waters in the gyre is 4 to 10 years, so that a significant minimum in the oxygen concentration (< 1 ml l-1) develops below the thermocline. This oxygen deficiency seems to propagate poleward and affects the oxygen budget of the Benguela upwelling system. A special feature within the Angola Gyre is the Angola Dome, which is seen as a seasonal uplift of the thermocline at 20 to 150 m depth during the months January to May. It corresponds to lowered salinity (0.3 to 0.5) and reduced oxygen concentration (2 ml l-1 to 3 ml l-1 ). Although the thermocline uplift appears to be a seasonal phenomenon, there exists permanent subthermocline doming of isotherms. The position of the Angola Dome varies interannually. It was detected at about 10°S and 10°E in February 1971, whereas in April 1997 a dome­like structure was reported at 12°S and 12°E. It is undetectable in the sea surface temperatures and requires hydrographic measurements for its investigation. 

The dynamics of the Angola Dome is not fully understood. It has been suggested that a correlation exists between the seasonal uplift of the thermocline and the seasonal cycle of the SECC, which in turn is believed to be triggered by the seasonal cycle of the local wind stress curl. A significant minimum of the wind stress curl, usually found two degrees south of the Angola Dome, may force upwelling due to a horizontal Ekman transport divergence. Numerical simulations have suggested a more complex mechanism. Seasonally, behind the wave fronts of Kelvin waves originating from the equatorial currents, warm saline waters protrude southward at the African coast. These waves carry a downwelling signal and form the eastern limb of the Angola Gyre. The seasonal cycle of the Angola Dome appears as the result of an interplay of the horizontal and vertical divergence of the flow near the thermocline and the local surface heat flux.

The prevailing southerly winds south of 10°S have a negative wind stress curl within a broad band off the African coast. This wind field drives coastal upwelling and Ekman pumping as well. It is also associated with offshore Ekman transport which in turn drives northward surface jets along the shelf edge. Hence, at the surface, the southward mass transport of the Angola Current is successively transformed to offshore Ekman transport. As a result, at about 14°S to 17°S, the warm surface water vanishes entirely and cold water penetrates to the surface. This happens in the form of one or more sharp thermal fronts, which separate warm, tropical Angola Current water in the north from cold, upwelled Benguela water in the south. Hydrographic data as well as satellite­based observations show this Angola­Benguela Frontal Zone (ABFZ) as a permanent feature. Within a strip of 200 km to 600 km length one or more thermal fronts can be detected, which are aligned roughly normal to the coast.  The fronts are strongest in the upper 50 m and the average width is about 200 km. The surface locations of the constituents of the ABFZ, the meridional temperature gradients across them and the distance between them has been shown to be very sensitive to the local wind stress. Below the thermocline the horizontal gradients across the front are much weaker and the Angola Current continues through the ABFZ.
The average position of the northern boundary of the ABFZ undergoes a seasonal cycle. It moves between 14°S in August and 17°S in March. This migration is related to the partial relaxation of the northward wind stress and the reduced upwelling in the northern Benguela. Normally, the southern boundary of the ABFZ does not move further than 22°S. But in some years surges of warm saline water may penetrate as far as 25°S. These so called Benguela Niño events are governed by substantial intrusions of tropical water into the Benguela, triggered by events in the equatorial Atlantic. The tropical water masses seem not to stem from the Angola Current itself, but originate from the west and north­west of the Benguela Current. In their conceptual model of the ABFZ, Shannon and Agenbag (1987) have assumed a short­circuit of the Angola Dome during Benguela Niños to explain the more westerly origin of the inflowing tropical water. 

The surface position of fronts may shift rapidly. After a sudden onset of southerly winds the Benguela upwelling region may extend to the north by more than 300 km in 2 days. In the opposite case of weakening southerly winds, a surge of warm water moves southward. Kostianoy & Lutjeharms (1999) have discussed the short­term variability of the front by correlating satellite sea surface temperature (SST) observations with the pressure gradient between the atmospheric South Atlantic Anticyclone and the ABFZ. 

3.  A detailed synthesis of Physical & Chemical features ABFZ
3.1 Physical Characteristics 

3.1.1 Horizontal & vertical structure

The ABFZ has been investigated by in situ measurements (e.g. Shannon et al., 1987; Mohrholz et al., 2001 and John et al., 2001),  satellite-derived sea surface temperatures (e.g. Meeuwis and Lutjeharms, 1990; Kostianoy and Lutjeharms, 1999 and Veitch et al., 2006), and by model-based studies (Colberg, 2006); all of which are in general agreement and show that the frontal zone lies between 15-17°S and extends offshore in a west to north-westerly direction. These studies have also shown that the frontal zone is characterized by sharp horizontal temperature and salinity gradients, particularly in the upper 50m, but vestiges of the front do exist to a depth of about 200m (Shannon et al., 1987). It has an average width of about 200km, but it can be much narrower, with steeper temperature gradients. A characteristic temperature gradient of between 1°C per 28km and 1°C per 90km defines the area of the frontal zone. The front is most intense within 250km of the coast, but traces of it have been noted as far west as the Greenwich meridian (Shannon and Nelson, 1996). The ABFZ can also be present as a series of sharp multiple fronts, particularly in austral summer when the Angola Current is strongest (Shannon et al., 1987). 
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Figure 2: Schematic diagram of salient features of the South East Atlantic and Benguela upwelling system, whose northern boundary is the Angola Benguela Frontal Zone (ABFZ) (from Hardman-Mountford et al., 2003).

3.1.2 Water Masses & Currents 

By means of hydrographic and current measurements, Lass et al. (1999) confirmed prior findings regarding the position of the front and also found that it separates a 40m-thick warm and saline tongue of southward-flowing Angola Current water from the cold and less saline water that is definitive of the northward-flowing Benguela Current. A water mass analysis of in situ data by Mohrholz et al., (2001) shows that north of 16ºS South Atlantic Central Water (SACW: 8-16ºC, 35.65-34.7psu) exists from the surface to ~500m depth, while south of this, Eastern South Atlantic Water (ESACW: 14.41ºC, 35.30psu below the thermocline and 5.96ºC, 34.41psu above Antarctic Intermediate Water) is present from the surface to about 400m. The ESACW in this area originates from the Agulhas retroflection area and is transported north-westwards by the Benguela Current. The SACW spreads further south at the coast than in the open ocean and spreads beneath the ESACW south of 16ºS (see Figures 2 & 3), thus suggesting the existence of a poleward undercurrent. From ADCP data obtained from the same cruise, Mohrholz et al., (2001) observed, within the ABFZ, an intense northward coastal jet in the surface layers off 17ºS that only extended to 16ºS. North of 10ºS the South Equatorial Counter Current (SECC) was observed as a broad, south-eastward flowing band, which, upon reaching the coast, turned southward and continued poleward until it reached the position of the ABFZ, where it bent offshore due to wind-induced Ekman transport. 
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Figure 3: Vertical distribution of water masses along 8°E from 100-1200m depth (left) and the horizontal distribution of central water at 200m depth (right) (from Mohrholz et al., 2001).

 The surface expression of the ABFZ has been observed to act as a divide, not only between water masses, but also between tropical and subtropical species, which react quickly to changes in wind conditions. On the other hand, faunistic boundaries of midwater species tend to be more stable and are not as readily affected by changes in the wind (John et al., 2001). A further biological variation, observed by John et al., (2001), is that fish larval abundances are six times higher north of the ABFZ than south of it and that the transport of fish larvae across the ABFZ occurs southward via the submerging flow of the Angola Current (Gordon et al., 1995; John et al., 2000).

3.1.3 Forcing of the frontal system

A remarkable feature of the ABFZ is that it is generally confined to a rather narrow range of latitudes. For this reason, Shannon and Nelson (1996) suggest that it seems unlikely that its forcing mechanism is solely a result of the confluence of the Angola and Benguela Currents as was postulated by Meeuwis and Lutjeharms (1990). Rather, they viewed the windstress as the most important mechanism for the maintenance of the frontal system within a relatively narrow range of latitudes. In agreement with both of these hypotheses, a modelling study conducted by Colberg (2006) showed that the position of the ABFZ is indeed determined by northward and southward opposing flows near the coast, which are primarily affected by longshore wind stress  and wind stress curl respectively. The southward flow (i.e the Angola Current) originates from the SECC, whose south-easterly veering is dependant on the wind stress curl, while the northward flow is a result of the geostrophic adjustment to coastal upwelling, which is forced by longshore windstress. From modelling studies, the Angola Current has been noted to vary in intensity throughout the year and is generally most intense at approximately 100m depth, but outcrops at the surface during October (P. Florenchie, personal communication). The suggestion by Shannon (1987) that the ABFZ responds to meridional shifts in the South Atlantic Anticyclone (SAA) was tested in the model investigation of Colberg (2006). He found that a northward (southward) shift in the SAA leads to a northward (southward) shift of the ABFZ.  

Colberg (2006) found that the intensity of the frontal zone is tied to the strength of the longshore wind stress that controls upwelling and therefore the meridional temperature gradients that are definitive of the ABFZ. From several sensitivity studies he was also able to show that although the intensities of the trade winds do not affect the position of the front significantly, they do influence the intensity of the front (i.e. more intense tradewinds results in a more distinct frontal system). 

3.2 Chemical Features of the ABFZ & the northern Benguela 

3.2.1 Oxygen

Low oxygen water (LOW) conditions (hypoxia) are detrimental to the habitats of pelagic and demersal fish as well as benthic biota in the northern Benguela upwelling system. Understanding the source of LOW, be it locally produced or as a result of advection and transboundary exchange, has therefore been the subject of increasingly dedicated study.

From in situ measurements, Lass et al. (1999) observed oxygen depleted water (i.e. <2cm3 dm-3) to exist between the thermocline and about 700m depth and water of even lower concentration (<1cm3dm-3) within this envelope. Taking the observed system of currents into account, they concluded that the oxygen depleted water between 200-700m was advected into position from a remote source of low oxygen water (LOW), namely the quasi-stationary, cyclonic Angola Dome. A particularly low oxygen concentration observed in the upper 200m south of the ABFZ is associated with the greater oxygen consumption induced by the higher productivity in the Benguela upwelling regime.

Chapman and Shannon (1987) concluded that although LOW could be advected into the area, the primary cause of LOW in the northern Benguela is related to changes in the local wind stress, its effect on upwelling, primary production and therefore oxygen consumption. They also noted that the strength and position of the ABFZ affected the meridional variation of oxygen concentration in the northern Benguela. 

More recently, Monteiro et al. (submitted) have investigated the relative contributions to LOW on the inner-shelf of the Benguela upwelling regime due to the advection of remotely sourced hypoxic water as well as the biogeochemical oxygen demand linked to locally driven decaying organic matter.  Their data implies that a coupled process is responsible for hypoxic conditions in the Benguela upwelling system: anoxia appears to be triggered by remote equatorial hypoxic waters, which is then maintained by local biogeochemical activity. Their result substantiates the vulnerability of the system to a southward shift of equatorial LOW and provides improved understanding that will aid the forecasting of LOW in the Benguela regime.

3.2.2 Hydrogen Sulphide

Using output from a numerical ecosystem model, Schmidt et al. (2006) examined the seasonal occurrence of toxic hydrogen sulphide in the surface waters of the Benguela upwelling area off Namibia. Their model tests the hypothesis that the reduction of ventilation on the shelf results in the formation of hypoxic water. A relaxation of the tradewinds leads to the weakening or termination of the poleward coastal undercurrent and the Ekman compensation current, both of which supply oxygen and nitrate and help to ventilate the system.  When the oxygen and nitrate are exhausted, sulphate is reduced and hydrogen sulphide is formed in the near-bottom layers. This hydrogen sulphide will reach the surface if the tradewinds intensify due to upwelling processes.

It is possible to identify hydrogen sulphide outbreaks at the sea surface using satellite altimetry. A study by Weeks et al., (2004) made use of this capability and revealed that sulphide outbreaks are far more extensive than previously thought and that they may not be sufficiently explained by simple upward advection due to upwelling. The eruptions were found to be coincident with one of two distinct weather patterns: (1) intensification of wind-driven coastal upwelling, (2) indications of passage of a low pressure weather system. From these patterns, they make the suggestion that the sulphide is transported to the surface by a lowering of hydrostatic pressure at depth or by a buoyancy mechanism introduced by the effervescence of gases that are trapped at the sea floor due to hydrostatic pressure. 

3.3 System variability

3.3.1 Annual cycle

Meeuwis and Lutjeharms (1990) found that the front is most distinct, widest and furthest south in austral summer months. Using high resolution satellite sea surface temperature (SST) data, Veitch et al. (2006) observed the surface expression of the front to be situated between 16-17°S in winter (with typical SST gradients of 1°C per 40km) and between 15.5-17°S in summer with more intense temperature gradients (~1°C per 34km) (see Figure 4). The northern and southern boundaries of the ABFZ were found to fluctuate independently of one another: in winter the northern boundary moves southwards and the southern boundary moves northwards (the converse is true for summer).

Boyd et al. (1987) found the seasonal cycle of the ABFZ to be related to the fluctuation of the northward windstress and its influence on upwelling in the northern Benguela. More specifically, Colberg (2006) related the seasonally variable upwelling-favourable windstress to the annual cycle of the intensity of the ABFZ, while, in general, the migration of the ABFZ was associated with the seasonal changes of the southward flow, which is related to windstress curl. In his model, Colberg (2006) also noted that the northern and southern boundaries of the ABFZ can fluctuate independently of one another, alluding to a somewhat more complex solution, involving different processes to the north and south of the front. 

Despite the clear seasonal signal of the frontal zone, its seasonal variability is of the same order of magnitude as fluctuations that occur on the order of days (Shillington, 1998). Kostianoy and Lutjeharms (1999) found that large short term displacements of the frontal zone are best correlated to the atmospheric pressure gradient of the South Atlantic Anticyclone. Mohrholz et al. (2001) also noted that short-term changes in the ABFZ are related to the local wind field. 
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Figure 4: Climatology of SST gradients at a distance of 30km from the coast from the equator to 30ºS. The region of persistently steep SST gradients represents the position of the ABFZ (from Veitch et al., 2006). 

3.3.2 Interannual variability

Although the annual signal is dominant in the eastern South Atlantic ocean (and the ABFZ), interannual fluctuations of the ABFZ do occur and can be quite significant. Aside from several minor warm and cool interannual anomalies, the most devastating interannual signal is an intense and persistent warming event that occurs in the region of the ABFZ and is known as a Benguela Niňo event. The surface expression of these interannual anomalies at a distance of 30km from the coast for a meridional transect that extends from the equator to 30°S is shown in Figure 5 (right). Colberg (2006) investigates the possibility that the cycle of Benguela Niňo events is forced partly by intrinsic variability within the ABFZ and partly by a larger-scale mode.  Several large-scale modes of variability have been shown to influence regional scale processes; for example, the El Niňo Southern Oscillation (ENSO) has been associated with variability in the South East Atlantic (Colberg et al., 2004; Sterl and Hazeleger, 2003 and Reason, 2000). 
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Figure 5: Plot of monthly mean SST (left) and SST anomalies (right) from the equator to 30ºS and at a distance of 30km from the coast for the 18-year period: January 1982- December 1999 (from Veitch et al., 2006). The x-axis years represent the position of the January average of that year shown with the remainder of the monthly averages between the years.
South Atlantic modes of variability: Four primary modes of variability of the South Atlantic have been identified by Colberg (2006), three of which have the potential to affect the Angola and/or Benguela Current systems to some extent. The first mode is situated in the tropics and fluctuates on interannual timescales that are coincident with the periodicity of major warm events in the northern Benguela (i.e. Benguela Niňo’s). The second mode that may influence the northern Benguela is situated in the eastern subtropical South Atlantic and has an interannual to decadal timescale. It is connected with the ENSO and is thought to be related to upper ocean temperatures in coastal areas. The last mode of variability that might have an effect on the Benguela is associated with fluctuations of the mid-latitude westerlies and recurs on decadal to inter-decadal timescales. It is also connected with ENSO and leads to warming in central to eastern mid-latitudes. 

3.3.3. Benguela Niňos
From a long time-series of SST (1906-1985) in the region of the ABFZ, Taunton-Clark and Shannon (1988) concluded that anomalous warm events have occurred throughout the environmental record with a periodicity of about 10 years. The term Benguela Niño was coined by Shannon et al. (1986) to describe this warming, which is associated with poleward intrusions of warm, saline tropical surface waters along the Angolan and Namibian coastlines and can be explicitly identified in Figure 5 (left). Benguela Niños occur in late austral summer and early autumn and have been recorded in the following years: 1934, 1963, 1984 and 1995. The surface expression of the 1984 and 1995 events (for the month of March) is shown in Figure 6.

Shannon et al. (1986) investigated the Benguela Niño events of 1934, 1963 and 1984 and noticed that they coincided with reduced wind stress in the western tropical Atlantic Ocean and were associated with anomalous flow of the equatorial current system. Horel (1986) suggested that a sudden change in zonal wind stress in the western tropical Atlantic was more important than the absolute anomaly of wind stress in generating a Benguela Niño. This is supported by the work of Florenchie et al. (2003), who propose that a sudden change in the wind stress in the western tropical Atlantic excites an eastward propagating Kelvin-wave-like disturbance that continues southward and northward as a coastally trapped wave upon reaching the coast. The disturbance can be tracked using the sea level anomaly it is associated with, which has been suggested by Florenchie et al. (2004) to have an average eastward speed of 1.7m.s-1. Florenchie et al. (2003) provide evidence that the warm anomaly is a subsurface feature as it travels southward along the African coast and outcrops at the surface off Angola when it reaches the Benguela upwelling regime.  Also, they noted that the timing of warm anomalies appears to be a crucial factor of the development of a Benguela Niňo event, which tend to occur in February/March.  

Ecosystem effects of Benguela Niño events include the displacement and mortality of certain fish species (see LeClus, 1985; Shannon and Agenbag, 1987; Crawford and Shannon, 1988 and Gammelsrǿd et al., 1998; among others) as well as increased rainfall in coastal areas of Angola and Namibia (Rouault et al., 2003). The devastating effect of Benguela Niño events is immediately noticed by coastal communities and accordingly warrants a thorough investigation of the possibilities for predictability in order to allay socio-economic consequences of such events. 
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Figure 6: SST anomalies that characterised the Benguela Niňo events of 1985 (above) and 1995 (below) (Florenchie et al. 2004).

The work of Florenchie et al. (2003 & 2004) alludes to the possibility of anticipating Benguela Niňo events by tracking the oceanic disturbance that results from the sudden change in zonal wind stress in the western equatorial Atlantic. Furthermore, they have estimated a lead time of approximately 2 months, which is based on the time it takes for the disturbance to cross the Atlantic and travel poleward along the coast. However, the several modes of variability that influence the oceanic environment of the South East Atlantic make the solution somewhat more complicated and should not be neglected when attempting to forecast extreme events. 
4. Biological Setting

4.1  Biological Oceanography

From a biological perspective it is necessary to consider it as an oscillating physical feature along the Angolan and Namibian coast. The 20°C isotherm is used as the index of the position for the ABF. The SST-distribution measured in winter (Africana, 1999) and late summer (Africana, 2002 and Humboldt, 2004), shows the variation in the pattern (Figure 7). Comparing satellite images from February and May this becomes even more evident. Intrusion of hot Angola current water extends down to Cape Frio. So when considering the role of the ABF in controlling or influencing plankton distribution, it is necessary to consider the very widely varying water mass distribution.  
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Figure 7: Sea –surface temperature (a – c) measured (a) in July 1999, (b) in February 2002 (Africana) and (c) in February 2004 (Humboldt). Satellite images from (d) February 2004 and (e) May 2004.  

4.1.1 Phytoplankton & primary production
In situ chlorophyll-a measurement data is available on the Oceanbase database system located at the National Marine Information and Research Center in Swakopmund, Namibia. This database contains data from surveys that have covered the area between 20°S and 15°S comprising 22 data sets consisting of 582 stations from 1985 up to 2004. There are 5 data sets of 94 stations between 17°S and 15°S. The SeaWIFS surface chlorophyll-data sets from September 1997 up to November 2005, between 23°S and 10°S show the seasonal north-south shifting of the productivity in the Benguela Current. During summer, due to the lower intensity of upwelling, the Angolan current pushes nutrient poor water southwards. In this time series, this nutrient poor water reached the 18°S line in most years, except for 2002, 2004 and 2005 and during 1998 and 2000 moved even beyond the 21°S line. During winter upwelling intensity increases with prevailing southerly winds, and increased nutrient concentrations in the system lead to an increased phytoplankton biomass reaching into the Angolan system.
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Figure 8:  SeaWIFS surface chlorophyll-a from September 1997 to November 2005, between 23’00S and 10’00S.

Chlorophyll-a concentrations averaged from December 2004 to April 2005 (summer/autumn) and May-November 2005 (winter/spring)  from 0°S up to 30°S show how far chlorophyll-a concentrations extend in a westerly direction. For both seasons it seems that there are no major differences, but for winter/spring higher chl-a concentrations were measured further north than during summer/autumn (Figure 8). Chlorophyll-a concentrations averaged from September 1997-November 2005 show an increased concentration in the ABF region between 15°S and 20°S compared to the areas north or south, with lowest chlorophyll-a concentrations north of the ABF. The vertical chlorophyll-a distributions measured during an August survey with the R/V Welwitchia in 2001 show low concentrations offshore as well as on the northern part between the surface and 30 m from 20°S up to 15°S.  During a cruise with R/V “Poseidon” in 1999 through the ABF, a deep chlorophyll-a maximum was found between 40 to 50 meters. The distribution of chlorophyll-a and primary production between surface and 10 m depth was investigated during the R/V Petr Kottsov (April-May 1997) and R/V Meteor (August-September 2000). During these cruises the mean gross production per day and year, areal gross production in tons per area per year, mean chlorophyll-a and areal phytoplankton carbon between the different water bodies masses found during the survey were calculated (Wasmund et al., 2005). A cruise was undertaken on the RRS ‘James Clark Ross’ during May /June 1998 from South Africa to the UK. From data collected during this cruise the Benguela upwelling region was designated as a high TChla region (>0.4 mg m–3) while the southern oligotrophic region (15.5° S to 15° N) was characterised by low TChla levels (<0.4 mg m–3) (Fig. 9a)

Microphytoplankton dominated the front part as well as the Benguela upwelling region where as picophytoplankton was higher in the north and lower in the frontal and in the Benguela upwelling region (Fig. 9, b).
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Figure 9: TChla (a) and phytoplankton (b) distribution between 10°S and 26°S, from May to June 1998  

4.1.2 Zooplankton 
The number of datasets available for the analysis of zooplankton dynamics in the ABF is fairly limited but sufficient for the discernment of some distinct features. Table 1 summarises the cruises that have been conducted across the ABFZ from which the following analysis is presented.
Table 1: Overview of known cruises visiting the region of the ABF during which zooplankton collections were made. 
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Horizontal distribution (incl. longitudinal variability across the ABF): Distinct longitudinal/longshore (between 9°S and 20°S) and cross-shelf (at 20°S) patterns in the numerical abundance and distribution of zooplankton,  which were associated with different water masses, identified from SST, were encountered along the cruise track between Walvis Bay and Luanda onboard the RV Welwitchia in July-August 1999. There were elevated abundances (on ave. 93 000 ind m-2) within the ABFZ compared to the warmer Angola current water (on ave. 33 000 ind. m-2) to the north and the cool Benguela Current water (on ave. 29 000 ind. m-2) to the south (Verheye et al., 2001). A cluster analysis has been performed with the data of taxonomic analysis of the size class 200–500 µm in the upper 25 m, collected during the R/V Meteor cruise in August-September 2000, It resulted, by 50 percent similarity, in four (4) main clusters: (1) South Atlantic Central Water, (2) Benguela water, (3) water of Angola upwelling origin and (4) subtropical water with Angola Dome origin. The diversity of taxa is higher north of the Angola Benguela Frontal Zone. The species of oncaeids and appendicularians were the dominant taxa in the water of Angola Dome origin, calanoid copepods and meroplanktic larvae off the Angolan coast and foraminifera in the Benguela /SACW region (Da Silva et al., submitted). The zooplankton biomass (in terms of ash free dry mass) in the upper 30 m observed during the Petr Kottsov cruise in 1997 shows that the size class 200-500 µm is dominant, most likely influenced by Benguela Current upwelling south of the ABFZ. Smaller size classes are dominant in the local upwelling site off Tombwa. The presence of size classes >500 µm in the surface layer is a result of both the Benguela Current upwelling processes and vertical migration, i.e. they are abundant in near-surface layers at stations sampled during night-time (L. Postel, IOW, unpublished). The vertical stratification of distribution patterns of the total zooplankton biomass (ash free dry mass) in 3 layers (0–25 m, 25–75 m and 75– 200 m), obtained during the Meteor expedition in August/September 2000 (Da Silva, 2004) shows that the horizontal patterns at each of these depths are similar to the distribution pattern in the upper 50 m observed during an earlier Meteor I cruise during the 1920s (Hentschel, 1936) when most of the biomass was concentrated south of the Angola-Benguela-Frontal Zone and near Luanda. In the northern part of the survey, biomass decreases with increasing depth. The central area shows the lowest biomass concentration, especially in the deeper layers.

Vertical distribution (incl. vertical migration behaviour): There is a vertical distribution of 6 dominant copepod species across the ABF relative to the permanent Oxygen-Minimum Layer (OML) during July 1999. The OML is defined as water with dissolved oxygen content of <1 ml O2 l-1). The 6 species are: Calanoides carinatus females, C. carinatus copepodite stage C5 (possibly in diapause), and females of Metridia lucens, Centropages brachiatus, Nannocalanus minor and Aetideopsis carinata. With only very few exceptions, these species, which are characterised by specific ecologies (based on literature data) are mainly distributed either above or below the OML, with some inter- and intra-specific variability evident. Principal Component Analysis (PCA) was used to identify water masses across the frontal region, using 7 abiotic parameters, including water column temperature, salinity, dissolved oxygen, and four nutrients (phosphate, silicate, nitrate and nitrite). The PCA revealed 5 distinct water bodies in the study area: oceanic deep water body (ODWB), oceanic intermediate water body (OIWB), Angola Current thermocline water body (ATWB),  Benguela Current surface water body (BSWB) and Benguela Current intermediate water body  (BIWB). It is evident that each water body, with its characteristic signature in terms of abiotic features, is also characterised by the occurrence of certain copepod species or species assemblage, suggesting that each species has a typical preference for, or is constrained by a specific tolerance level of, abiotic characteristics. For example, whereas adult female C. carinatus do not proliferate in low-oxygen Oceanic deep (ODWB) waters, its pre-adult copepodite stage C5 seems to be more tolerant for hypoxic conditions (Loick et al., 2005). Diel vertical migration of zooplankton, expressed as biomass derived from L-ADCP measurements of back-scatter, during a Meteor cruise across the ABF region in September 2000, shows clear evidence of daytime descent (into the 200-500 m layer) and night-time ascent into shallower water layers (25-75 m), which is already evident around dusk. By dawn, zooplankton has already descended from the 25-75 m layer at night into the 75-200 m layer (Postel et al., 2005, submitted). The importance of detailed species-level investigations of the vertical distribution and diel vertical migration of zooplankton, relative to oxygen-minimum layers, is illustrated in figure 4. There is no evidence of the constraining effect that these hypoxic conditions may exert on the vertical migration behaviour of zooplankton when measured in bulk, e.g. biomass of total zooplankton, measured by ADCP back-scatter, (Da Silva, 2004) (figure 10 left) However, when analysing samples at a detailed taxonomic level, these effects are marked, with clear interspecific differences in vertical distribution evidenced here: some species remain above the OML day and night, other remain below it, and other seem to occupy discrete layers within this low-oxygen zone (figure 10 right). Even within a species (e.g. the well studied copepod C. carinatus), there are differences in stratification between[image: image36.emf]0
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 different developmental stages, which are related also to their stage-specific 
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Figure 10: vertical distribution and diel vertical migration of zooplankton, relative to the oxygen minimum layers. Biomass of total zooplankton, measured by ADCP back-scatter (a), within a species (e.g. the well studied copepod C. carinatus) and detailed taxonomic level (b, below).  

physiological and metabolic states as well as their reproductive activity and growth characteristics (Verheye et al., 2005). 

Life cycle strategies and energetics: The total lipid content of copepodite stage C5 of C. carinatus was measured in the region of the southern Angola current, the Angola-Benguela Front and the coastal upwelling area of the northern Benguela Current during Africana cruise in February-March 2002. There is a comparison of respiration rates (Auel et al., 2005) and the total lipid content of copepodite stage of C. carinatus between surface-dwelling, actively growing individuals, with low body mass and proportionately low lipid content and deep-living, dormant/diapausal individuals, with higher body mass and higher lipid content. Different sorts of lipids are present in varying amounts (and with different ecophysiological functions) depending on depth distribution, physiological state, reproductive state of the individuals (Verheye et al., 2005). Diapausing C5s metabolised at rates reduced by as much as 96.0% (Auel et al., 2005).

Productivity: There are very little data available on reproductive and somatic growth rate of copepods in the region of the ABF (s. Richardson et al. 2001, Verheye et al., 2005, Verheye unpublished), compared to the southern Benguela, but a data base is being built since the inception of the BENEFIT Programme in 1997.

4.1.3 Ichthyoplankton 
Activities carried out in the early 1980s by Spanish researchers and German and regional scientists since the late 1990s are reported here. Since 2000 there have been more or less regular research activities with several ships with foreign and regional contributions (see Table 2).

Considering the geographical coverage of the work, ABF has been well investigated especially during the last years. The Spanish cruises worked primarily in the northern Benguela current area and covered the ABF only partly. The regular Nansen cruises were also concentrated in the northern Benguela current area but sometimes reached into the ABF and more northerly than the Spanish cruises did. The Poseidon, Humboldt-05 and Meteor cruises covered the ABF on a large scale, while Africana and Humboldt-02 investigated the nearshore part of the ABF. The number of species (here as a simple indicator for diversity) is highest along the coast in the north (Angola) and within the ABF.

Table 2: Overview of known cruises visiting the region of the ABF during which ichthyoplankton collections were made.
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Diversity then increases again further offshore. Most of these samples were obtained from Multinet and Bongo hauls. Zonation is also observed in Neuston samples, separating tropical (northern) from subtropical communities. Neustonic or suprathermoclinal larvae of tropical species had more pronounced and more northerly boundaries than respective stages preferring the thermoclinal/subthermoclinal layers. The latter species revealed more scattered and deeper distributions in, and occasionally beyond, the ABF. However, a vertically differing, horizontally diluted boundary may have been due the a wind effect. Strong winds from the southeast probably had driven neustonic species equatorwards, and displaced the former position of the southern ABF within a few days to its actual surface position, leaving rudiments of the Angolan deeper fauna behind. Such displacement has a time lag of only one day in respect to the onset of the wind and can reach 1.5° of latitude per day. Adult mesopelagic fish characterizing the Angolan province penetrated somewhat more to the south than their shallow living larvae, again in agreement with a more southern position of the front at depth, but explainable also by a larger temperature tolerance range of adults. The more recent cruises (2000 ff.) have shown higher concentrations of fish larvae and eggs around Cape Frio, the Cunene River and along the coast north of Namibe. Densities vary from year to year as can be seen for horse mackerel larvae from the Nansen cruises between 2000 and 2005. Multivariate analyses applied to larval fish data obtained during the Spanish cruises off Namibia (1979-1986) allowed to discriminate three groups that share similar geographical and seasonal distributions Summarized from Olivar, 1990; Olivar et al., 1992 and Olivar and Shelton, 1993: (1) the species with peak spawning in the northern Namibian coast, mainly during quiescent upwelling periods are neritic/pelagic species (anchovy, pilchard, round herring), littoral/demersal (blenny and goby) and pseudo-demersal (horse-mackerel) species. The eggs and larvae of these species appeared also at the southern boundary of the ABF, (2) the demersal species, (hake and west-coast sole) and a semipelagic goby, Sufflogobius bibarbatus, spawn in the continental shelf area along the length of the Namibian coast, mainly during upwelling periods. These species are very scarce at the ABF and (3) the deep-sea group is formed by meso and bathypelagic species, which in general appeared throughout the year. Most tropical oceanic fish larvae (Bathylagus argyrogaster, Vinciguerria nimbaria, Symbolophorus kreffti, Hygophum macrochir) did not cross the Walvis Ridge. Two southwestern-most occurrences refer to CW-species Diplospinus multistriatus, but Nansenia pelagica had been carried on to and beyond the ridge by the poleward slope undercurrent found to be present. These patterns appear to depend on water-mass, instead of bathymetry. The transect in the upwelling filament yielded coastal spawning species like Sardinops ocellatus, Etrumeus whiteheadi, Trachurus capensis, Parablennius pilicornis (with shallow vertical distribution), and Merluccius sp. Larvae of slope-dwelling adults (Lampanyctodes hectoris, Macruridae) occurred above the ridge, and along the southern transect. From the faunistic complex representative for the Southern Ocean and the Benguela regime four mesopelagic species (Protomyctophum chilensis, Diaphus hudsoni, Schedophilus maculatus and Symblophorus boops) as a unit were almost evenly spread over the area, except for the coastal upwelling proper. However, north of the ridge the species richness and frequency of this community diminished and S. maculatus, Bathylagus tenuis and Metelectrona ventralis disappeared there. Both bathypelagic species have larvae living below 100 m depth. The pattern of the slope community and of B. tenuis seems to depend on the bathymetric distribution of adults. Generally widely distributed tropical-subtropical species like, e.g., Ceratoscopelus warmingi occurred across the ABF, although they became slightly less abundant within the ABF, proper, and also in other areas with westward flow. However, tropical mesopelagic species became rare (e.g. Vinciguerria nimbaria) south of the ABFZ, or tropical epipelagic species disappeared completely, becoming replaced off northern Namibia by southern, temperate species like, e.g., Scomberesox saurus. The "southern species complex" illustrated above was composed by Hygophum bruuni, Bathylagus tenuis, Tetragonurus cuvieri and Diplospinus multistriatus. Many of the species are hatching nearshore and then transported offshore. A good example for this is anchovy from the 1981 April cruise. For species with eggs and larvae concentrated in the upper 25 m of the water column, offshore advection is reduced, since their peak spawning is in areas and periods of quiescent upwelling. 
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Figure 11: Vertical distribution of eggs and larvae of some of the shelf dwelling species that can be found in ABF (Olivar, 1990)
They also benefit by having their larvae located at depths where maximum concentrations of chlorphyll-a, and zooplankton (e.g. potential food) were available (Estrada and Marrasé, 1987, Olivar and Barangé, 1990). Vertical distribution of larvae is restricted to the upper water layers. This pattern is persistent through time from the early 1980s to recent cruises (Fig. 11).
Vertical distribution seems to be limited by oxygen. Species are related to oxygen concentrations > 2 to 3 ml l-1. Looking at the vertical distribution of horse mackerel, the 2.5 ml l-1 seems to restrict the vertical distribution along the whole alongshore transect from 13 to 22°S.
4.2 Fisheries & the impact of the ABFZ

The ABF migrates southwards annually and introduces warm, saline and nutrient-poor Angolan water into Namibian coastal waters to a depth of about 100 m, and is associated with a relaxation of the equator ward, upwelling-favourable wind-stress. This phenomenon sometimes leads to mass mortalities of mostly inshore marine organisms including linefish species, squids and mussels.

The Angola/Benguela front plays a major role in the support of fisheries in the region.  This synthesis on a fishery sector basis highlights some of the characteristics of the various fishery sectors, based on contributions at the BENEFIT ABF workshop by scientists from the region. As fisheries in Angola are not well documented, this report provides additional background data on Angola, where available. 
4.2.1 The pelagic resource

In Namibia a fleet of some 30 purse seiners target the pilchard stock, which is shared with Angola, for canning. A fleet of 18 freezer trawlers fish inshore grounds for Monkfish, Sole and Kingklip. Two vessels are licensed to fish for Deep-sea Red Crab. Catches in Namibia are almost entirely industrial.  Research by the SADC Fisheries Unit attributes this fact to “several factors including: a long desert shore without human settlements, rough seas and extended hypo-oxygenated areas close to the coastline”

In Angola the pelagic industry is the largest of the Angolan fisheries with respect to volume, landing 80% of the total fish catches (Luyeye, 2005). The main species comprise round sardinella (Sardinella aurita), the flat sardinella (Sardinella maderensis), Cunene horse mackerel (Trachurus trecae), Cape horse mackerel (Trachurus capensis) and the South African sardine (Sardinops sagax). 

The management of the pelagic fishery aims to optimise economic and social benefits from the resource and to maintain the long-term biological sustainability of the exploited stocks. Catches of the main pelagic species are limited by TAC’s and effort limitation. The Instituto Nacional de Investgacão Pesqueira (INIP) conducts most of the research. Scientific recommendations are presented to the Angola Fishery Advisory Board where the TAC’s and total fishing effort are established. Data is collected via a biological sampling programme run by the INIP and are also obtained from industry sources.  Unfortunately the data collecting systems in place are not effective and thus this data is not reliable enough for accurate stock assessment. Therefore biomass estimations from acoustic surveys are used to provide management advice, usually consisting of total allowable catch recommendations (TACs) for the main species. 

Commercial fishing for small pelagic fish in the region started during the early 1950s, with the main objective to develop the fishmeal industry. Until 1975 the small pelagic fishery was based on small wooden and well-equipped purse -seiners with length of 20-25 m and with 100-200 HP engines. In 1977, the former Soviet purse seine fleet, consisting mostly of vessels with tonnage classes of 5 (100-149.9 GRT) and 6 (150-249.9 GRT) as well as trawlers of class 10 (2000 – 3999.9 GRT), started exploiting Angolan pelagic stocks intensively.  In 1990 the bilateral agreement between Angola and the former Soviet Union terminated, but most of the vessels remained in the fisheries under joint venture enterprises. Fishery statistics collected up to the late 1990s are believed to be largely unreliable. In 1995 the National Directorate of Fisheries (DNP) established a system for the collection of catch and effort information, but only from 1998 the system seemed to be working. 

The fishery, largely targeting the Cunene horse mackerel stock, showed signs of overfishing after 2001. The effort allocated to the pelagic fishery, as reflected by the number of mid-water trawlers, also increased. In 2004 the fishery midwater trawl component was closed.  In 2004, the purse seine fleet was made up of vessels with lengths between 14 and 40 m, mostly with wooden hulls. Vessels between 14 to 16 m use 30 cables with the height of nets up to 51 meters. Purse seiners between 18 and 32m use nets with a height of 63 m. The vessels are fitted normally with a single hydraulic engine, between 350 and 480 Hp and they have only one winch.  The mesh size varies between 35 to 40 mm knotted.  Vessel length of the bottom trawlers varies between 20 and 90 m and according to the Angolan fisheries act, the allowed cod-end mesh size is 80 mm knotted. 
Angola has subscribed to the Ecosystems Approach to Fisheries (EAF).  The pelagic fishery, has, since 1990, been managed on a species specific basis taking biological, economic, social and governance issues into account when making management recommendations, and reference points are used.
Sardine (Sardinops sagax) 

Distribution in Angola and Namibia: The ABF which generally occurs in the southern Angolan waters forms the northern range to the distribution of sardine in the northern Benguela system. The southern border is delineated by the cold upwelling region around Lüderitz. The proportion and frequency of the stock occurring in Angola is generally low, but varies seasonally according to the position of the ABF, with the highest concentrations found during the winter months when the front is furthest north. Prior to the severe reduction of the pilchard stock in 1995, following several years of poor recruitment, a part of the stock was regularly found in southern Angola. Since that period sardine have largely been absent in survey data, however October 2002 was an exception when 60% of the biomass was found in this region after an absence of seven years (Figure 12). 


The straddling nature of sardine between Namibian and Angolan waters makes the stock harvestable by the two countries. However, following Angola’s independence in 1975, the stock has mostly been harvested in the Namibian waters, except in recent years when the Namibian fleet was permitted to fish in Angola. Although fishing has occasionally occurred in Angola no formal records of landing statistics are available to Namibia.  The low abundance of sardine in this region resulted in several consultative meetings between the two governments, which are expected to open up channels of communication and data sharing.  

[image: image39.emf][image: image40.emf]
Figure 12. Distribution of sardine in the northern Benguela during the March (left) and October (right) 2002 Welwitchia surveys.

Exploitation: In Namibia, after the commencement of the sardine fishery in the late 1940s, annual catches rose rapidly to 200 000 tonnes in the early fifties and reached a maximum of some 1.4 million tonnes in 1968 (Figure 13). In addition the eastern European mid-water fleet also targeted sardine in the late 1960s, but these catches were poorly recorded. Therefore, the peak catch of 1968 must be regarded as a minimum. Subsequent to 1968 there was a sharp decline in catches to less than 300 000 tonnes in 1971, which was followed by a slight increase for a few years. Another precipitous collapse followed in 1977 and 1978 and since then, the annual catches have rarely exceeded 50 000 tonnes. The early 1990s saw a slight increase when catches exceeded 100 000 tonnes for several years, but then dropped to the lowest recorded catch of 2000 t. Catches have once again increased to around 25 000 t. 
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Figure 13. Sardine catches since the inception of fishing in Namibia.

Stock Surveys and Variability in Abundance Estimates:  Assessment of the Namibian sardine in the 1990s relied on acoustic survey biomass estimates. Information on recruitment, distribution and other biological characteristics of the stock were also obtained. Prior to 1994, regular hydro-acoustic surveys to determine the biomass of sardine and other pelagic species in the northern Benguela were conducted by the research vessels Benguela and Dr. Fridtjof Nansen and thereafter by Welwitchia. Although the aim was to assess the entire northern Benguela stock, it was not always possible to cover the southern Angola region. Systematic zigzag transects were used to enable simultaneous assessment of all pelagic stocks. In areas of high pilchard densities the transect spacing was reduced to increase the sampling intensity. However, a decline in the stock and the patchy nature of sardine aggregation led to an adjustment in the survey design, such that it now focuses on sardine located by commercial fishing vessels.  

From 1995, research surveys to assess the northern Benguela sardine stock have been conducted jointly by the fishing Industry and Ministry of Fisheries and Marine Resources. In 1997, a formal two-stage adaptive strategy was adopted after consultations with various experts on statistics and survey methods. During the first stage commercial purse seiners, together with the Welwitchia conduct an intense search for shoals using equally spaced zigzag transects. The second stage involves an acoustic coverage by the Welwitchia, using parallel transects.

Historically the sardine stock in the Namibian waters was estimated to be as high as 11 million tons, but rapidly dropped to less than 1 million tons by the mid-1970s following years of intense fishing. At independence in Namibia in 1990, the stock showed a positive trend and by 1992 it reached the highest recorded level since 1977 (Figure 14). The stock then gradually declined to an all time low in 1996 subsequent to a Benguela Nino in 1995. A slight increase was observed thereafter, but another low point comparable to 1996 was reached in 2001. The variation in abundance has mainly been driven by fishing pressure in conjunction with environmental variability and high natural mortality due to predation on adult fish. 

From the records of the landings in recent years it can be deduced that the fishing pressure has been excessive in some years, e.g. in 1994 and 1995, and has contributed to the decline of the stock. In 1994 for example the total biomass was estimated at about 200 000 t and a TAC of 125 000 t was given of which 115 000 t were landed. Despite a decline in the biomass to around 100 000 t in 1995, a TAC of 45 000 was set for this year. In addition Namibian vessels were permitted to catch in Angolan waters towards the end of 1994, inflating the catches to 92 000 t in 1995. The impact of others forms of fishing mortality such as dumping and unreported fishing is unknown but is considered to be relatively low.

Although the sardine ecology is not fully understood, major environmental perturbations are thought to influence changes in abundance. Benguela Niño events, for instance, have been related to sharp declines in abundance of sardine stock. Other environmental parameters such the anoxic conditions that seldom occur in Namibian waters have also resulted in changes in stock abundance and distribution. Predation is also a noticeable contributing factor to the abundance of the stock, especially in recent years when the stock was in a depressed state and high natural mortalities have been observed.    
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Figure 14. Mean annual biomass, spawner stock biomass (SSB), TAC allocated and catch for pilchard off Namibia and Angola since 1991.

Management Implications: It is obvious that several factors have led to the decline of the pilchard stock. Consecutive years of poor recruitment, high fishing and predation pressure and changes in the age structure of the stock in conjunction have led to a reduction in biomass, such that the fleet was unable to locate the fish in certain years. The age structure of the populations has basically been reduced to one year class as was observed during the last survey (Figure 15).

[image: image41.emf]
Figure 15. Sardine length frequency distribution raised to the total number estimated from October 2005 survey.
In recent years the pilchard stock and catches have mainly been sustained by infrequent years of good recruitment. A recovery in the stock will therefore require: 
1. Environmental conditions which are favourable for good recruitment, 

2. An increase in stock abundance to ensure a broader distribution and the chances of the stock to coincide with windows of environmental opportunities in turbulent conditions that characterize the Benguela upwelling system, 

3. An increase in the level of the stock to buffer predation pressure, 

4. An improvement in the age structure of the stock  

5. A conducive management regime. 

The fact that the sardine stock is shared between Angola and Namibia makes it imperative that a joint management approach is developed to address the recovery of the stock.

Horse Mackerel (Trachurus spp.)
Distribution in Angola and Namibia:  Two species of horse mackerel, the Cape horse mackerel Trachurus capensis, and the Cunene horse mackerel, Trachurus trecae are found in the Angola-Benguela Frontal System. The Cunene horse mackerel occurs mostly north of the Front, with the distribution extending to the GCLME region and is rarely found in the Namibian waters. The Cape horse mackerel stock is generally distributed from Tombwa in southern Angola (16(S) and throughout Namibian waters (Figure 16), but abundance is generally high (95%) in the Namibian waters, and even higher during the summer months when the Angola-Benguela front shifts southwards. 
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Figure 16: Schematic maps depicting the general spatial distribution and migration of horse mackerel and its distribution in the Namibian waters.

In Namibian waters, the adult stock occurs in wide shoals of variable densities, with a general increase in abundance from south to the north. Relatively low densities are usually found between 25° and 22°S. The area between 22° to 19°S contains moderate densities, whilst the highest aggregations are found north of 19°S. The bulk of the commercial activity also occurs in this region. Juvenile horse mackerel are found in patchy aggregations along the coast, but the highest densities are found in the region north of 23°S (Figure 17). 

The size distribution of fish obtained during the surveys indicates that the average length of horse mackerel increases with latitude and depth. The eggs and juvenile fish (up to modal length of 14 cm) occupy pelagic waters (<20 – 100 m), but as they grow, the fish migrate into deeper waters. Moreover larger horse mackerel (>30 cm) are mostly found in the offshore area from 25°S southwards. The offshore distribution, in particular in the region north of 19°S, extends beyond the shelf edge.  Spawning occurs mostly north of Walvis Bay, but the larvae drift northward, with the region north of Mowe Bay serving as a nursery ground.
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Figure 17: Commercial catch distributions of horse mackerel by the mid-water fishery (blue) in 2001 and pelagic catch distribution (red) from 2001 to 2006.
Exploitation: Two fisheries, namely the purse-seine and mid-water trawl, target horse mackerel in Namibia. The purse seine fishery targets juveniles whereas the mid-water trawl operates in waters deeper than 200 m and targets larger horse mackerel (>17 cm). The bulk of the TAC is apportioned to the mid-water fishery. Pelagic purse seine catch data and mid-water landings are available since 1971 and 1961 respectively. Over the years the mid-water fleet landings have fluctuated, with low catches reported in the early 1960s and increased in the 1970s (Figure 18). The highest catches of almost 600 000 tonnes were reported in the early 1980s. Since then the landings have on average been 300 000 tonnes per year.  Catch rates from this fishery have steadily decreased since the early 1990’s mainly due to lower fish abundances. Catches by the purse seine fishery have rarely exceeded 150 000 t and over the past years have remained around 50 000 tonnes.
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Figure 18: Horse mackerel landings by the pelagic and mid-water fisheries since 1961.
The stock tends to be dispersed during the winter months and aggregates during the hot summer months. Inter-annual variations in catch distribution do occur, with fishing activities concentrated in variable areas over the years.

Although the adult fish in general inhabit the mid-water column and rarely descend deeper than 300m, they undertake diel vertical migrations. This behaviour varies from year to year. In some instances, they occur in dense aggregations close to the bottom during the day and migrate to the mid-water at dusk, while in others they are found in the mid-water column and migrate to the surface, where they become dispersed. This behaviour is less prominent in juveniles, in particular those in shallow waters. 

Scientific Surveys and Variability in Abundance Estimates: The current research focuses on prioritized tasks geared to improve the assessment and biological knowledge of the Cape horse mackerel stock. Basic research on the biology and behaviour of the stock is undertaken. Abundance, maturity, distribution, size and spawning behaviour are aspects which are continuously monitored. 

Some research activities were initially addressed under the BENEFIT program. These included projects to identify sources of acoustic survey errors, which influence abundance estimates of horse mackerel, ageing of horse mackerel (otoliths) for the production of annual age/length keys and pelagic egg and larvae studies. 

Other research areas are to obtain an annual index of horse mackerel recruitment in order to predict at an early stage, the arrival of a strong year class to the fishery. This research is conducted using the annual biomass survey data, as well as otolith data collected from seal scats.  

Acoustic surveys are conducted to determine the spatial distribution (Figure 19), abundance (Figure 20) and size composition of the Cape horse mackerel stock. In addition important biological parameters pertaining to the dynamics of the stock are collected during such surveys.
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Figure 19: acoustic survey grid, abundance and distribution during the February 2002 and 2004 surveys.
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Figure 20: Annual acoustic abundance estimates of horse mackerel since 1999.

Dedicated horse mackerel surveys started in 1995 as before that multi-species surveys for all pelagic fish were conducted. The horse mackerel dedicated surveys were conducted mainly in the winter months with and from 1991 to 1995 extended into the southern Angola waters up to Tomboa.

Since 1999 annual acoustic surveys are conducted in January/February on the R.V. Welwitchia. These surveys are conducted during the summer period when the ABF occurs southwards to cover the entire stock. A standardized survey methodology has been applied with a stratified random design and east-west parallel transects (Figure 19). The offshore (200 – 500/2000 m) and inshore (<20 – 200 m) areas are surveyed during two separate coverages. The surveys conducted by the Welwitchia, with the exception of 2002, are confined to the Namibian waters.

The commercial catch data provides statistics on catches, catch rates, species composition and the size structure of the fish landed (Figure 21) . Length frequency data from the mid-water fishery is available on a quarterly basis from 1994 - 1996 and on a monthly basis since 1997. The pelagic data exists since the early 1990’s. However, some historical length frequency data from ICSEAF is also available.
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Figure 21: Commercial size structure from the pelagic and mid-water fisheries in 2003.

Management Implications for horse mackerel:  Cunene horse mackerel is clearly in a state of over-fishing with a very low level of biomass. In 2002 it was decided to close the fishery to mid-water trawls for a period of three months (January to March). However, this measure did not have any apparent effect and from 2002 more severe management measures were used to restrict pelagic catches. It was decided to reduce the TAC from 80 000 to 40 000 tonnes, to ban the mid–water trawlers from fishery, to establish a closed area between 13o and 17 o for all bottom trawlers to protect the horse mackerel juveniles. To reduce horse mackerel by-catch in the demersal fishery it was decided to allow only 10% of landings to consist of horse mackerel. However, this measure can have a large effect to the ecosystem, because it can lead to the increase of the quantity of dumping, particularly for small-size individuals.

The present overall goal of the management authority is to recover stock to the level estimated in 1996 of approximately 500 000 tons of horse mackerel. For that, several medium and long-term management actions were defined (Anon, in preparation). According to the new fisheries act, a fishing right and limiting access system will be established, this will allow the introduction of an individual quota system based on the TAC. 

Sardinellas 
Distribution: Sardinellas are usually found in upper water layers and near the surface from shallow (10 m) inshore bays to 200 meters (Luyeye, 2002).  S. maderensis is known as a sedentary species inhabiting coastal, warm and often brackish waters while S. aurita is known to prefer upwelling areas and to migrate to avoid unfavourable environmental conditions (Bineta et al., 2001). However, off Angola S. maderensis seems also to have a less sedentary pattern. This species, during the last decade the dominant sardinella species in Angolan waters, is widely distributed on the whole shelf and appears to carry out seasonal migrations together with S. aurita. During the cold season, when upwelling occurs throughout the Angolan coast, sardinellas move northwards, while during the warm season they tend to aggregate in high concentrations mainly off central and southern Angola, where upwelling cells persist in a few coastal areas. 
The knowledge on population structure of the two sardinellas is limited. For S. aurita Troadec and Garcia (1980) postulated that there seems to be only one stock from south of Gabon to south of Angola. A preliminary study by Tandstad et al. (2000), based on length data of S.maderensis collected through surveys with the RV Dr. F. Nansen, showed that there is a positive correlation between size and latitude and samples collected off southern Gabon and Congo are dominated by smaller specimens, while size increases with latitude, towards southern Angola. These results confirm the conclusions of Ghéno and Fontana (1981) that the area off southern Gabon and Congo is an important nursery area for sardinella and that fish moves southwards as they grow. They appear to remain in Angola for the rest of their lives, except for short northward excursions during the main cold season. These results are important as they may represent evidence that sardinella stocks are shared between Angola and Congo-Gabon and that the stocks probably undergo sequential fishing pressure. It should be noted, however, that young sardinella may also be found in inshore areas along the Angolan coast and that therefore part of the population also spawns and grows locally.

Life History:  Many questions are still unanswered regarding the life history of this pelagic species due to lack of a sampling programme from the commercial fleet and no dedicated research on several aspects of their life history. Sardinellas have a continuous spawning activity and the main spawning area is Mayumba (Congo- Brazavile). Luyeye (2002) pointed out that juveniles of S. aurita are also observed along the Angolan coast indicating that this species also spawns in Angola, mainly in the area off Pta. das Palmeirinhas. The maximum reproductive peak of sardinella takes place from May to September (Lukashev,1976). The migration pattern of S.maderensis is described by Troadec and Garcia (1980). Juveniles are spread throughout the coast and individuals of 14 to 20 cm are regrouped around Mayumba (Congo- Brazaville). From 20 cm the young move towards the south and join the adult concentrations off Angola.  The length at first maturity for sardinellas is given by António (2004) based on the 2002 and 2003 surveys.  It was found that all females of S. maderensis over 20 cm and all females of S. aurita of 23 cm have started their sexual cycle (ovary stage III).  However Fontana and Pianet (1973) pointed out that at least in S. maderensis there is evidence of a difference in size at first maturity in different seasons. 

The two species of sardinella school together (Misund et al., 1999), with significant diel changes in schooling behaviour. During daytime schools are dense and well defined while during night time sardinella disperse and mix with other pelagic fish and plankton. They are caught by purse-seiners mainly at night when the shoals are found dispersed in the surface layer.  During day-light surface schools actively avoid vessels on being approached, making them difficult to catch. No direct feeding studies have been conducted for Sardinella in Angola.  Although the clupeiods are documented as feeding on primary producers (Ryther, 1969), S. aurita from West Coast of Africa also feeds on zooplankton (Brebatov and Bupshev,1969 cited by Nkosi Luyeye, pers comm.). 

Management Implications for sardinellas: The assessment report for sardinellas concludes that in spite of S.aurita showing clear signs of overfishing, S. maderensis is currently not fully exploited and there is room for increasing the catch.  (Anon, 2004). The different state of the resources makes this fishery difficult to manage. One of the main goals of the government is to alleviate poverty and sardinella, particularly S. maderensis, is seen as one of the resources to achieve this goal.  Based on these considerations, it was decided to increase the TAC in the last three years to a level of 120 000 tonnes.   

4.2.2 Small Pelagic Predator Prey Interactions

It is known that small pelagic stocks are an important source of food for a number of species in other fisheries and its abundance can have impact on seabirds (penguins, cape gannets etc.) and seals that feed either directly on the pelagic fish or the associated prey fish species. Cury et al. (2000) pointed out that in the Benguela Current region top predators eat almost 55% of small pelagic species.

As regards Angolan pelagic species, the knowledge on the interaction between sea birds and seals is very limited. In 2000, during the annual pelagic assessment survey, a programme to collect information on sea birds and marine mammals was established. These surveys only covered Luanda to the Cunene and in the first phase of the programme the objective was to make an inventory and to study the distribution of the species. Based on these results, distribution of seabirds and marine mammals in Angola shows that the central and southern area can be divided in four distinct zones. The southermost area is dominated by sub-Antarctic species and by species endemic to the Benguela Current such as Cape gannet, Cape cormorant and kelp gull. The main concentration of Cape fur seals is located around 16oS, and according to the in situ observations made during the survey, there is a big colony in Baia dos Tigres. It is estimated that Benguela Current seals consume one million tons of fish annually (Boyer and Hampton, 2001) and in Namibia they feed mainly on gobies, horse mackerel and hake juveniles. In Angola there are indications that that they feed mainly on juvenile horse mackerel and round herring, the most abundant species in the area.

4.2.3 General management considerations for small pelagics
Markets, Products and Value-added activities and Employment linked to the sector: Catches in Namibia are almost entirely industrial.  Research by the SADC Fisheries Unit attributes this fact to “several factors including: a long desert shore without human settlements, rough seas and extended hypo-oxygenated areas close to the coastline” In 1999 85% of fish caught in Namibian waters was processed in Namibia and exported by around 40 companies operating in the export market. There are three canning factories for pilchards supplied by locally-owned purse seine fishing companies.  These factories have recently been under significant pressure because of depleted stocks. Historically, most Horse Mackerel has been processed offshore. In the late nineties large amounts of frozen Horse Mackerel were exported to West Africa and the former Soviet states.  A few companies even set up smoking, drying and salting plants on land to cater for regional demand, exporting the final product to the DRC and Zimbabwe.  In 1994, dried and salted horse mackerel was exported to Angola for relief operations. The Namibian government is attempting to encourage the establishment of onshore processing through the creation of an attractive investment environment and is on record as “welcoming fisheries cooperation based on commercial joint ventures between the Namibian fishing companies and foreign owned companies”

The pelagic fishery is important to the economy of the southern Angolan region. Fish processing in Angola consists mainly of the small pelagic species, horse mackerel and sardinellas and includes the production of fishmeal, freezing, salted and dried fish and canning. The absence of a marketing infrastructure and a lack of investments have led to a serious decline in the fish processing industry (Anon, 2002). The statistics of fish production is not given by species groups. Statistics show that a large proportion of fish is frozen.  The numbers of freezing enterprises are limited and most operate with a lot of difficulties. Much of the product is frozen onboard the vessels. The fishmeal production has decreased from around 16 000 tonnes in 2000 to 6 000 tonnes in 2001. The decrease could be related to the strategy that most fish caught in Angola should go for human consumption. The canning industry cannot access tuna and presently relies on horse mackerel. The dry and salted products are used mainly in the informal local market. The annual production varies between 5000 and 8000 tonnes.

There are no reliable statistics on the number of employees involved in the small pelagic industry in Angola.   It is estimated that the salted and dry fish industry employs around 1654 land-based workers and the two fish meal plants (Empromar Curoca and RJ) in Angola, in the Namibe province, provide employment to approximately 100 full-time personnel. The industry aimed at a frozen product currently appears to contribute very little to the employment in the country (Anon, 2002). Only one canning factory is operational and employs 900 workers distributed into three shifts.

4.2.4 Demersal Species

The Angola-Benguela Frontal Zone houses a number of demersal species that straddle the boundary between Namibia and Angola. On the Angolan side, the area from Benguela (13º) to the south boundary (Cunene river) is closed to bottom trawling, and only the artisanal fishery is active, mainly targeting D macrophthalmus. A number of species are targeted by both countries, including D. macrophthalmus, M. capensis and the deep sea red crab (Chaceon maritae))
. 
Species Distribution:  Dentex macrophthalmus ranges from 20m to 400m. Highest concentrations are found between 200-300m (see figure 22). The distributions of the two hake species found in this region are also illustrated in figures 23 and 24. Deep sea red crabs (Chaceon maritae) are found in the north of Namibia and along the entire coast of Angola with the highest abundance found in the south (figure of distribution not available). 
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Figure 22: Distribution of Dentex macrophthalmus. Diameter of circles is proportional to abundance.
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Figure 23. Distribution of Merluccius polli. Diameter of circles is proportional to abundance.
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Figure 24.  Merluccius capensis distribution in Namibia in 2005. Depth zones shown are 100,200,500 and 1000m

Exploitation

Deep sea red crab (Chaceon maritae): Only one vessel is fishing crabs, using traps, and information on catches are available.  The deep sea red crab is also taken by trawlers as a bycatch. Analytical models indicate that the Namibian component of the deep sea red crab stock has declined from about 40 000 tonnes (in the early 1980s) to around 10 000 tonnes in the 1990s, which is reflected in the decline in the catch rate during this period.  In Angola, estimates of 47 600 tonnes, 91 000 tonnes and 18 000 tonnes have been reported for 1977, 1982 and 1996 respectively, perhaps indicating a decline of the Angolan stock as well, which might be expected in view of the fact that this appears to be a single shared stock, with considerable trans-boundary migration.  Figure 25 shows catch data for Dentex over several decades. These data show a familiar pattern of intense exploitation in the 70s and 80s followed by a decline to relatively low levels currently. The same figure shows the same trends in the Angolan hake fishery. A major fishery for Cape Hakes exists further south but significant catches are made in Northern Namibia and in the ABF front of M. capensis. The decadal catches are illustrated for the entire fishery in figure 26.
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Figure 25. D macrophthalmus and M. polli: catches between 1972 and 2005
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Figure 26. Merluccius capensis catches expressed as standardized CPUE for each year, generated through the Generalized Linear Model (GLM) 

Scientific Surveys and Variability in Abundance: Namibia undertakes a number of research activities including annual biomass swept area trawl surveys, analysis of commercial catch rates, collection of length frequency and biological data from commercial catches (carried out by onboard observers), ageing of both survey and commercial samples and analysis of by-catches and ecosystem related data.  In terms of research vessels, from 1990-1999, the Norwegian R/V Dr Fridtjof Nansen was used to conduct swept area trawl surveys for hake.   From 2000, the responsibility of carrying out such surveys was transferred to Namibians, using Namibian commercial trawlers. Research activities are also being conducted through regional organizations, such as BENEFIT (Benguela Environment Fisheries Interaction and Training) Programme and BCLME (Benguela Current Large Marine Ecosystem) Programme mainly on the influence of the environment on the distribution of key commercial species. 

In Angola annual demersal surveys have been undertaken from 1994 through the implementation of a National Sampling Program and aboard the R/V Fritjof Nansen under the auspices of the unilateral Nansen programme and lately through the BENEFIT programme, to collect information on catch, effort and biological data. Main objectives are to survey, map, and describe the distribution, composition and abundance of the main demersal species on the Angolan shelf and slope, using swept area trawl surveys. Biological data is routinely collected for the commercially important species. General hydrographic conditions are also monitored, using a CTD. Research is also being conducted through bilateral co-operation with countries such as Norway and Spain. Biomass estimations from these surveys are summarised below in the following figures for Dentex, M. polli and M. capensis.
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Figure 27. Biomass values for D macrophthalmus and M. Polli between 1985 and 2005.
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Figure 28. Estimation of biomass of Cape Hake and Deep Water Hake between 1990 and 2005.
Management implications for demersal resources: A number of key scientific questions with management implications are pertinent to the ABF area:

· What is the distribution (size structure and migration patterns) of D. macrophthalmus, D. angoleusis and D. pageither, D. berlotti in Angola and Namibia and to what degree are they shared stocks?

· What is the distribution of the different hake species (Merlucius polli, M. capensis and M. paradoxus) – are they shared across the ABF boundary?

· What is the size structure of deep sea red crab in Angola (compared with Namibia) on trawl surveys?

4.2.5 Commercial Linefish & Squid

Squid
About 55 species in 23 families of cephalopods occur in Namibia. None of these are commercially exploited in Namibia although a few exploratory licenses have been issued. Two species, Todarodes sagittatus angolensis and Todaropsis eblanae are caught incidentally in bottom trawls in the hake fishery in sufficient numbers to be important as bycatch. The chokka squid Loligo reynaudi that is harvested commercially in South Africa also occur in Namibian waters and is incidentally caught in demersal and pelagic trawls.

An artisanal squid fishery occurs in Southern Angola. The species being harvested is either Loligo vulgaris or Loligo reynaudi. The squid are caught using jigs and hooks from home made vessels in the shallow Bays in the vicinity of Namibe and Tombwa. It seems that this fishery is economically quite important but no description of the fishery is available.

Other offshore species include the trans-boundary large pelagics such as tuna and tuna-like species, billfishes, snoek and large pelagic sharks. 

Snoek

Thyrsites atun is a trans-boundary species thought to form one population occurring in Namibian/Angolan waters but separate from the South African population. Snoek is targeted by the lineboat fishery and also forms part of the bycatch component from demersal  and mid-water trawls and purse seines.

Tunas, tuna-like & billfishes
Fisheries do exist (both by local and also by international vessels from outside the region) using  pole-and-line vessels and longlines for the following species:
Thunnus obesus (Bigeye), T. alalunga (Albacore), T. albacares (Yellowfin) and Katsuwonus pelamis (Skipjack). Tuna-like Sarda sarda (Atlantic Bonito), and Scomber japonicus (Chub mackerel) are caught as bycatch by midwater and bottom trawls. Chub mackerel is occasionally targeted by purse seines.

These billfishes occur far offshore, close to the EEZ border, and are not accessible to recreational skiboats. Other than swordfish, which is targeted they form part of the bycatch of the tuna longline boats. These include Sailfish (Istiopherus platypterus), Blue marlin (Makaira nigricans), White marlin (Tetrapterus albidus), Swordfish (Xiphias gladius) and Longbill spearfish (Tetrapturus pfluegeri).
Pelagic sharks

The common thresher shark (Alopias vulpinus) occurs in the whole BCLME area and is commonly caught by longlines. The shortfin mako (Isurus oxyrinchus) is commonly caught in the entire region. Two or three hammerhead species (Sphyrna spp.) occur in the system but are more common in Angolan waters specifically in the Baia dos Tigres area. The Great white shark (Carcharodon carcharias) also occurs in the whole BCLME area but is specially protected in South Africa and Namibia.
Blue sharks (Prionace glauca) and shortfin mako sharks are targeted by tuna longliners in Namibia and the catch of these two species has dramatically increased in the last five years. Most of the longline fleet now target mainly sharks. 

4.2.6 Inshore Species

These include some angling fish, sharks, skates and ray species such as;

Line Fish

These species listed below are mostly targeted by recreational shore anglers in southern Angola and in Namibia. In southern Angola subsistence fishers target these species using set nets and trek nets. The status of these species is not well known although some studies are currently underway in southern Angola. Some of these species have very wide distributions and while the relationship among the sub-populations has not been investigated, a number of them are highly threatened species further south, which does increase the transboundary importance of them. Tourism developments that utilize these resources as a strong draw card are burgeoning in Southern Angola and this will need to be managed in the future.
· Angolan kob – Argyrosomus coronus
· West Coast steenbras – Lithognathus aureti  

· Blacktail – Diplodus sargus
· Garrick – Lichia amia
· Shad – Pomatomus saltatrix
· Spotted grunter – Pomadasys commersonnii
· Barbel – Galeicthys feliceps
· Roughhead seacatfish – Arius latiscutatus
· Rockcods – subfamily Epinephelinae

Sharks 

These species listed below occur inshore and are targeted mostly during rock-and-surf angling competitions in central Namibia but do occur in the frontal system where smooth hounds and the spotted gully sharks are harvested by subsistence fishers.

· Bronze whaler – Carcharhinus brachyurus
· Cow (sevengill) – Notorynctus cepedianus
· Smoot-hound – Mustelus mustelus

· Spotted gully – Triakis megalopterus
Skates & rays 

These species listed below are mostly caught as a bycatch of shore anglers in Namibia and possibly by subsistence fishers in southern Angola.

· Sandshark – Rhinobatos spp.

· Bull ray – Pteromylaeus bovinus
· Eagle ray – Myliobatis aquila
· Biscuit skate – Raja straeleni
4.2.7 Distribution

The offshore resources are presumably not much affected by the seasonal southward movement of the Angolan Front, which affects waters to a depth of about 100m. Furthermore the shelf break is very steep in the Front area. Therefore the offshore species, of which most are fast moving transboundary species, will not be affected directly by the system. 

The movement does however have a severe effect on the inshore resources when the ABF pushes the warm and nutrient poor waters deep into northern Namibia. The effect is that garrick, shad, Angolan kob (dusky or West Coast kob) and various sub-tropical species move as far south as the Walvis Bay - Swakopmund area where they are caught by shore- or skiboat anglers.
4.2.8 Status of Exploitation

Offshore resources: South Africa, Namibia and Angola are full members of ICCAT and therefore each country receives an annual quota for tuna species. Similarly, South Africa and Namibia are members of CCMLR and through ICCAT each receive a 3-year quota for swordfish. In Namibia, Asian and South African longline (23) and pole-and-line vessels (45) are chartered by the right holders to assist the Namibian-flagged vessels to harvest the large pelagic resources. In Angola large pelagic species are harvested by tuna longline vessels (18) and also by freezer tuna seiners (15).

Inshore species: In northern Namibia none of the species mentioned are recreationally exploited, as this is a closed area for the public. Historically the lineboat industry of Namibia harvested kob species in the northern area which includes the Angolan and silver kob species. However, basically no catches were made there in the last 5 years. From linefish surveys conducted in the northern area over the last 13 years catches of both kob species have drastically declined in northern Namibia. There is increasing linefish activity on the Angolan side of the Cunene with large volumes of kob being landed. This needs to be urgently addressed. There is a significant small scale fishery component on the inshore reefs, particularly in the vicinity of the major towns in Southern Angola. Little information is available on the catch composition and numbers landed.  Recreational activity is increasing along the coastline, concentrating on kob and garrick and little information is available on catches.
4.2.9 Surveys

Offshore species: For tuna and billfishes, annual assessments are made by ICCAT, using catch and biological data that member countries collect and supply them with. The data is used by ICCAT to assess the global tuna resources and each country is allocated its own quota annually.  Recently a national research initiative was launched through ICCAT on pelagic sharks. Also in Namibia a short-term BENEFIT project was launched on blue and shortfin mako sharks.

 Inshore species: In Namibia the only commercially harvested inshore line species are kob and West Coast steenbras that are assessed on an ad hoc basis and angling regulations are  adapted according to the results. A BCLME project on the trans-boundary bronze whaler resource between Namibia and Angola is in progress.
4.2.10 General management implications for linefish species
Offshore species: Tunas and billfishes are managed by ICCAT, while Namibia has implemented its own National Plan of Action for the management of sharks (NPOA) based on the IPOA-sharks of the FAO. Snoek is an important commercial species for the lineboat industry in Namibia but neither country has quotas set for snoek catches. This species is also an important recreational resource in Namibia.
Inshore species: There is currently no MOU or co-management of transboundary line-caught species which includes Angolan kob and blacktail which are of recreational or subsistence value only on the Angolan side. The aim of the BCLME bronze whaler project is co-management of the resource by Namibia and Angola. 
4.2.11 Conclusions for fisheries resources
Overexploitation of small pelagic fish (principally sardine) has resulted in a radical restructuring of the food web and hence a modified ecosystem. It is recognized that the management directed at one target species has consequences for many other pelagic species, including species that are targets of other fisheries. In particular the fact that the sardine stock is shared between Angola and Namibia makes it imperative that a joint management approach is developed to address the recovery of the stock. Strict control methods need to be enforced, both in the number of vessels licensed and in total allowable catches. In parallel, the current research programmes need to be expanded considerably to monitor and assess the state of the major commercial fish stocks in Namibia and Angola impacted by the ABF. Major gaps still exist in the knowledge of important aspects of basic ecology of most important commercial fish species, particularly in Angola. 

5. Non-living resources

The ABF zone has not been targeted for extraction of mineral resources to the degree that the oil producing regions in northern Angola and the diamond mining areas in southern Namibia have been targeted. However, it is known that mineral resources, particularly hydrocarbon resources, do occur in the ABFZ and has been subjected to various surveys in the past (see figure 29). Results have been positive and the recent rise in oil prices and demand make the prospects of extraction more attractive. To this end, exploration licences have been issued by the Namibian government for the exploration of two blocks in the Kunene basin (see figure 30).
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Figure 29: Track map of seismic surveys and test drill well location in Namibia  
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Figure 30: Licensed acreage for hydrocarbon exploration in Namibia at end of 2005. The two northern most blocks have been licensed for exploration.
It is clear from these figures that the potential and likely level of activity with respect to hydrocarbon exploration is high and thus future planning for the co-existence of fisheries and other competing industries should be initiatied (source: Mr Alex Warne, NAMCOR, Namibia).

In Angola all the of industrial hydrocarbon extraction activity is currently located north of the ABFZ but there are several acreage blocks that have been identified and explored for their potential. The three sedimentary basins, the lower Congo, the Kwanza and Namibe basins have different histories of exploration and maturity with the latter zone in the ABFZ being jointly explored by NAMCOR and SONANGOL which are the two parastatal mineral agencies in Namibia and Angola respectively. Plans do exist for expansion of the oil industry activities further south and this will most likely take place incrementally. An important development is the construction of a substantial oil refinery at Lobito which is north of the ABFZ but could service areas both to the north and south of its location addition to the developments planned for the Kwanza basin (see figure 31, source: Ms Helena Andre, MinPET, Angola). 

The main issues to come out of these contributions at the ABF workshop is that the mining and oil industries are very active in the region and re set to expand. Activities in the ABFZ are relatively low at this stage but Namibia is set to see expansion in the medium term in the Kunene area while Angola will develop these resources incrementally in the future. From a management perspective, it is imperative that planning and EIAs (for which legislation and regulation exists in both countries) engages robustly with the ministries responsible for fisheries in order that the industrial developments can be harmonized with other users and stakeholders.
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Figure 31: Angolan licensed acreage at end of 2005 for exploration.

6. Non-targeted species & conservation issues in the ABFZ.

6.1 Introduction

This section assesses three questions concerning conservation issues of the coastal region comprising the Cunene River Mouth, the Baia dos Tigres and Ilha dos Tigres  of northern Namibia and southern Angola. These are (i) what are the key features of the area (ii) what is their conservation status – of the areas and the fauna inhabiting them and (iii) what are the trans-boundary issues?  These regions are very poorly known biologically but there is renewed interest in their productivity given their proximity to the Angolan Benguela Front, an area where the warm tropical Angolan current meets the cold nutrient rich waters of the Benguela Current. A companion paper by Morais et al (in prep) reports on the offshore component of the biodiversity whereas this report concentrates on the shoreline in particular the Baia dos Tigres (Bay of Tigers), the river mouth and the Ilha dos Tigres (Tiger Island). Additionally, the report considers the importance of food for conservation of seabirds in the northern Benguela system.  Several seabirds feed in the vicinity of the front, as well as farther north and south.

6.2 Background to the main sites

Iona National Park

The establishment of protected areas in Angola (including national parks, nature reserves and forest reserves) was first mentioned in a Regulamento (Regulation) issued by the Colonial government in 1936. The first protected area, the Iona National Park, was established in 1937. It was initially established as a Hunting Park in October 1937 and later updated to Hunting Reserve in September 1944. It was established as Porto Alexandre National Park by Legislative Diploma in 1957 and renamed the Iona National Park with some boundary alterations by Legislative decree in 1964. It is 15,150 km2 in extent, the largest protected area in Angola. Aspects of its topography, climate and avian diversity are given by Dean (2001).

The limits of the park are the Cunene River (south), the Curoca River (north) and the Atlantic Ocean in the west with a coast line of 150 km. (Figure 32). The average annual temperature is 20.1ºC with the June month being the coldest with 16.4ºC and with the hottest month being March with 23.9ºC. The annual precipitation is 13mm. 

Aerial and ground surveys indicate a relatively rich mammal-fauna including Zebra, springbok, ostrich, hunting dog, spotted hyena, brown hyena, kudu, elephant, leopard, honey badger, leopard, cheetah, elephant. The more abundant species are mountain zebra, oryx and springbok. According to a recent study conducted by the Angolan Ministry of Urban Affairs and Environment other mammals and birds such as leopard, cheetah and vultures are also present. It is believed that the black rhino is now extinct following the armed conflict.
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Figure 32. The boundaries of the Iona National Park, south-western Angola.

The park is also notable for the Namib Desert endemic Welwitschia mirabilis which occurs extensively across the gravel plains at densities rivalling anywhere in the northern Namib Desert. Namibe is the type locality for this unusual endemic plant.

A concession for tourism in the park has been awarded, and these activities are more frequent in the coastal areas than in the interior. Fishing and tourist camps are present at Namibe, Baia dos Tigres and Foz do Cunene, but protection of the area is presently poor as the National Park is under-staffed. There is a police presence at the Foz do Cunene.

The infrastructure in the Iona National Park has been destroyed and abandoned. The access roads are badly maintained, except for the road between the Espinheira (park headquarters) and the Cunene river mouth. 

Baia dos Tigres

This bay lies opposite the Ilha dos Tigres at 16.5 oS, and geographically is the northern section of the 2000 km-long Namib Desert. It is directly adjacent to the Angolan Benguela Front where the warm tropical waters from the equator meet the cool nutrient rich waters of the Benguela. The bay falls within the Iona National Park, and has an annual rainfall of less than 15 mm (IUCN 1992, Dean 2001).  It is characterised by gently-sloping sandy beaches backed by mobile dunes or sandstone cliffs.   It is named Baia dos Tigres because of the mineral striping on the dunes. There is minimal vegetation on the coast but some grasses and shrubs are present in the lower lying areas behind the dunes (A Sakko, pers. comm.).

One survey of the avian populations was carried out in 1998. Despite the large number of tourists and fishermen that travel through the area down to the Cunene mouth about 30 km to the south, no other records of avian populations are available.

Ilha dos Tigres

This island is the largest island and only completely sandy island along the entire Namib Desert Coast and lies at 16o 26'S, 11o 43' E. It is approximately 27 km long and it lies about 15 km offshore (Fig 33). It has been uninhabited since 1974, after it became an island in March 1962 (Guilcher et al., 1974). Freshwater was piped from the Cunene to the Armacão fishing village on the north-eastern end of the island until the narrow spit to the south was breached. Thereafter water was shipped to the island until 1974. The Angolan army was in brief occupation in 2004 and subsistence fishermen currently use the island as a base. Feral dogs remained around the jetty and buildings until about 1996/1997 (A. Schoeman, pers. comm.) and since then the Island has been free of terrestrial predators.

No surveys were undertaken here for birds or seals until P. Morant flew over the island in 1995 and reported cormorants and pelicans on the island (Morant, pers. obs). A subsequent survey was flown by A. Schoeman and J. Paterson in 2001 (Simmons et al., in press) and that was followed by a BCLME funded survey by Bruce Dyer and Michel Morais who walked the island in November 2005 (Dyer et al., in prep).

Cunene River Mouth 

The Cunene River is one of only two perennial rivers that cross the Namib Desert. It emerges at about 17˚S and forms a plume of warm water in the typically cool Benguela-dominated waters of the Atlantic (Simmons et al., 1991). It has a highly variable flow with a peak in April, 11-fold higher than the flow in Sept-November.

Annual flow varies 14 fold and much of the 1990s exhibit below average flow (Simmons et al., 1991; Morant, 1996). The mouth is small, and the environment is arid and harsh with high winds occurring frequently. A small freshwater lagoon of about 1.25 km2 occurs at the mouth with several vegetated islands within the river channel. Estuary characteristics are lacking because of the lack of sea water mixing that occurs in most seasons (Morant, 1996) except at low flow months (Simmons et al., 1991).

It is a highly isolated freshwater oasis given that the closest freshwater lies 750 km to the north (Cuvo River) and the Hoarusib and Hoanib (ephemeral) rivers lie about 300 km to the south. 


[image: image13]
Figure 33. Baia dos Tigres (Bay) and Ilha dos Tigres (Island), Angola, as they appeared on 2 November 2004. Shorebird surveys occurred along the mainland desert shoreline in 1999 and over the island in 2001 and 2005. Image courtesy of  NASA Johnson Space Centre, Number STS55 from NASA website http://eol.jsc.nasa.gov.

6.3 Key Biological Features of Ilha dos Tigres 

Several species of birds are known to be breeding on the island including:

· Cape Cormorants [~2000-6092 nests in 2001, 2630 nests in 2005] 

             a range extension from 19˚S

· White-breasted Cormorants [~300 nests in 2001, 52 nests 2005]

· Great White Pelican [~40 nests (240 birds) 2001 - new breeding record]

· Caspian Terns [88 nests in 2005] (Dyer et al., 2005)

· Kelp Gulls [954 nests in 2005] (Dyer et al., 2005)

The total avian richness is unknown and more surveys of the island are required.

· Cape Fur Seals: breeding colonies occur both north and south

· 5167 seals of which 29% were pups in two colonies (Dyer et al., 2005)

No turtles were found during these surveys but alarming reports of beheaded Green Turtles are known from these beaches (W Sauer, pers. comm.) and dead and dying turtles are known from beaches north of here. Nests and eggs are also harvested by local inhabitants and there are no officially protected areas along the entire Angolan coast. Some protection is afforded around the Chevron’s Malongo Base in Cabinda where turtles still come ashore to lay eggs unmolested (P Morant. pers. obs).

A key change since 1995 has been the increase in seals occupying the island. In the 1995 flights, P Morant detected a few seals in a colony at the northern tip of the island. By 2001 an aerial survey by J Paterson (pers comm.) found thousands of seals on the western side exceeding the numbers present then at Cape Fria in Namibia. By 2005 the island was supporting a breeding colony of more than 5000 individuals (Dyer et al. unpublished data).

Several species of dolphins especially Heaviside’s (Benguela) Dolphins were recorded (M Morais ABF presentation). 

6.4 Key Biological features (mainland – Baia dos Tigres)

This information is based on a single survey undertaken by Alison Sakko in Dec 1998 (Simmons et al., in press). The following was recorded:

· 25 bird species – with the greatest diversity opposite the island

· 6677 birds at a density of 33 birds/km of beach

· Greatest density occurred opposite the island – 45 birds/km of beach

· 7 red data species of birds including African Black Oystercatchers and a density (1.6 birds/km) of Damara Terns

This compares favourably with beaches south of the Cunene River mouth where 7 birds/km of beach occur with lower species richness (9) (Tarr & Tarr, 1987; Simmons et al., in press).

The other regional Red data species include Black Oystercatcher (73), Damara Tern (280), Great White Pelican (171), Cape Cormorant (645), Lesser Flamingo (400), Hartlaub’s Gull (5), Caspian Tern (5). No seals were found on the beaches and appear to be confined to the island.

Reports of dolphins but no turtles are given by M Morais (ABF workshop presentation, Swakopmund, April 2006).

6.5 Key biological features of the Cunene River mouth

The biodiversity of Cunene River mouth can be summarized as follows based on surveys by Simmons et al. (1991), Morant  (1996),  Anderson et al. (2001).

· Second richest coastal wetland (number of bird species 72-80) in Namibia

· relatively low abundance of birds (up to 3850 birds at any one time) 

· Two species of turtles – Green (~200) and Nile Soft-shelled Terrapin (breeds). It is the southern limit of both species

· Green Turtles do not breed but haul out in greater numbers in November (breeding time in Angola), and they have been observed copulating in the warm river water (Simmons, pers. obs).

· Breeding crocodiles – southern most locality on the African west coast 

· Seven species of large mammal use the mouth – including in early 1990s, elephant and lion. 
Present day: Oryx, Springbok, Cape Clawless Otter, Jackal and Brown Hyaena all occur

· Large numbers of mullet use the lagoon at low flow; of the 93 species of fish, 12 are only found west of Epupa Falls. Many sharks and several sport (line-) fish are found just offshore (H. Holtzhausen, pers. obs).

· Freshwater prawn (Macrobrachium vollenhoveni) occurs at the southern limit of its range.

The ecological importance of the Cunene River Mouth can be summarized as follows

· Staging area for palaearctic migrants (some stop and stay on 12 000 km journey)

· Roosts of RD Damara Terns (up to 2000 birds – 15% of world population)

· 14 Red data species of birds recorded at mouth

· It is the end point of a linear freshwater oasis in a hyper-arid region

· It may increase in importance as a result of increased avian diversity resulting from lower marine productivity in central Namibian regions. This aspect is explored below (see The importance of food for the conservation of seabirds – page 73) 

The ABF region is important for globally threatened marine birds that are under intense threat from longlining activities found off this region. Surveys over 13 years indicates that albatrosses and shearwaters are found as far north as 17oS (Figure 34).


[image: image14]
Figure 34: Monthly sighting frequency per quarter degree square of Atlantic Yellow-nosed Albatrosses throughout Namibian waters from 1989-2002 (Boyer & Boyer 2006). Note the high frequency of sightings opposite the Cunene River mouth.

Conservation status: Baia dos Tigres, Ilha dos Tigres & Cunene River Mouth

The Baia dos Tigres – the mainland shore of the bay is part of Iona National Park and is recognised as an Important Bird Area (Dean 2001). However, the island (Ilha dos Tigres) is not included in Iona NP, possibly because of the break from the mainland sometime after the proclamation of the Park. It is also not included in the present marine reserve because this extends only 2 miles (3 km) offshore. Neither is a Ramsar site – wetlands recognised as of international importance.

The Cunene River Mouth lies within two national parks – Iona National Park, Angola and Skeleton Coast Park, Namibia. This arises because the border between Namibia and Angola lies in the centre of the river. About 40 km of the river upstream from the mouth lies within the Skeleton Coast Park. The area has been proposed as a Trans-boundary Park and an MoU was signed between the Namibian and Angolan governments but no further progress is known to have occurred.

6.6 Threats to the area

Threats can be summarized as follows (largely from Simmons, et al. 1991; Morant, 1996)
· Diamond prospecting has taken place at the mouth and has now moved 7km south of the mouth

· The proposed hydro-electric Dam at Epupa Falls – which is on hold. A dam at Epupa Falls would reduce monthly flow rate in peak months and change the highly variable system to a regulated flow regime. Given that cold bottom layers are released from a dam the warm system could be changed to a cooler system with consequences for fish, turtles and crocodiles that require warmer water. More saline conditions are expected at the mouth because of sea water intrusion under low flow conditions. This may create conditions for true estuarine fauna to develop as is occurring at the Orange River (P Morant, pers. obs).

· Breeding by river fish is already negatively affected by the daily fluctuations in river water caused by the diversion weir at Ruacana (H Holtzhausen, pers. comm) and this may increase if the water from Epupa is not released in an ecologically sensitive manner.
· There has already been a decrease in the number and abundance of predatory fish in the vicinity of the mouth (H Holtzhausen, pers. comm.), possibly arising from the daily height fluctuations that affect breeding fish in the river.
6.7 The importance of food for the conservation of seabirds 

The 50-year period 1956/57-2005/06 has seen a major reduction in several species of seabird in Namibia, notably three that feed mainly on sardine and anchovy: African penguin Spheniscus demersus, Cape Gannet Morus capensis and Cape Cormorant Phalacrocorax capensis.  Numbers of penguins and gannets both decreased by about 90% (Figure 35).

The decreases have arisen from a greatly decreased abundance of epipelagic fish prey, particularly sardine Sardinops sagax.  Sardine formed most of the diet of all three of these seabirds in the 1950s. Trends in numbers of Cape Gannets breeding in Namibia are compared with trends in the biomass of Namibian sardine in Figure 36.  Cape gannets began to decrease after the decrease of sardine in the 1960s.  Anchovy partially replaced sardine, providing some alternative prey for seabirds and stemming decreases.  Before 1967 and after 1988, Namibia’s annual catch of anchovy never exceeded 0.1 million t.  From 1968-1988, it averaged 0.18 million t, 32% of Namibia’s average catch of sardine of 0.57 million t from 1956-1967.  The largest catch of anchovy in Namibia, < 0.4 million tons in 1987, was just 26% of the peak catch of 1.4 million t of sardine in 1968 (Schwartzlose et al., 1999; updated).  Following the decrease of anchovy, seabirds decreased further in the 1990s.

The decreases of seabirds were initially most severe in the south of Namibia as epipelagic fish stocks contracted to the north.  African penguins, with a shorter foraging range when breeding than flying birds, were the first to decrease in numbers.  The collapse of sardine clearly also influenced the guano yield of Cape Cormorants at Bird Rock platform, north of Walvis Bay (Figure 37).  However, the guano yield was maintained for a while, indicating a reasonable availability of food for Cape Cormorants north of Walvis Bay until the late 1980s.  Thereafter, there was a steady decrease of guano harvested at platforms between Walvis Bay and Cape Cross, as numbers of Cape Cormorants decreased (Figure 38).

In summary, there appears to have been a continuing decrease of food available to seabirds feeding in the epipelagic zone since the late 1960s, spreading from the south to the north and causing huge decreases in the populations of some seabirds.  Clearly, conservation of these seabirds will depend on careful management of epipelagic fish stocks.
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Figure 35.  Trends in numbers of African penguins and Cape gannets breeding in Namibia, 1956-2005.  Numbers of Cape gannets are measured in terms of hectares occupied by breeding birds.
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Figure 36. Trends in numbers of Cape gannets breeding in Namibia and in the biomass of sardine, 1956-2005.
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Figure 37.  The production of guano at Bird Rock platform, Walvis Bay, 1931-2005.  Superimposed is the estimated biomass of sardine.
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Figure 38.  Trends in the production of guano at all Namibian platforms, 1984-2005.

6.8 Other conservation issues – the way forward

Given the number of dead turtles found on the beaches and the fact that eggs and nests are harvested by local inhabitants in Angola (Morais, ABF presentation), the Green Turtle is the most affected large animal in this region. They are killed at sea and on land, and there is only one safe breeding area along the entire coast at the Chevron installation at Cabinda

1. All turtles, with special emphasis on the Green Turtle must be afforded protection, by identifying areas where turtles nests and directly protecting them. Given the increasing numbers of visitors already visiting the Iona National Park, tourist revenues could be created from observations at turtle nest beaches, to fund the conservation.

2. Incorporation of Ilha dos Tigres into Iona NP – this should give increased protection for breeding birds – and it may provide a sanctuary for turtles

3. The establishment of a Marine Reserve that encompasses the areas to the south and north of the Cunene River mouth for fish breeding purposes. This should encompass the Ilha dos Tigres to protect the turtles that may haul out here and at the Cunene River mouth.

4. Capacity Building – train more park staff and base them at the Foz do Cunene; they should be responsible for beach surveys and protection of all biodiversity, particularly the Red Data species. Alternatively train the police/border guards stationed at the Foz do Cunene in conservation practices to protect the turtles they are presently killing.

5. Strongly enhance Namibian/Angolan research cooperation for beach, and island surveys. Already there has been valuable collaboration through the BCLME programme and with the Namibian MET in the Iona aerial surveys of 2003 (Kolberg and Killian, unpublished data).

6. Re-visit the diamond “prospecting” currently taking place in the Skeleton Coast Park. We need to ask  - is it in the national interest and is it influencing the unseen biodiversity (fish and giant Macrobrachium prawn) besides the more visible faunal components of the area?
6.9 Non-targeted resources & conservation issues conclusions

· The Cunene Mouth, Baia dos Tigres and Ilha dos Tigres have higher biodiversity value than any part of the surrounding desert in terms of birds, mammals, turtles and fish.

· Despite their isolation they all face threats mainly from uncontrolled exploitation of fish and turtles and human disturbance.

· We strongly recommend (i) the establishment of a functioning trans-boundary marine reserve to encompass the Cunene River mouth and (ii) for the Ilha dos Tigres to be integrated (back) into the Iona National Park. A turtle sanctuary and protection of breeding birds on the island are probably the most pressing concerns.

· Research and management cooperation is very important to achieve greater understanding and protection of the turtles and to assess the breeding potential for globally threatened species such as the Damara Tern and the Black Oystercatcher. Other biodiversity issues including fish and invertebrates should not be neglected.

7. Socio-economic considerations

Hard data for socio-economic issues pertaining to the ABFZ are difficult to find. Most of the industrial fishing that takes place is from a remote source and thus the data is mixed with effects that pertain to areas that are outside the zone and are serviced by the same fishing harbours. Non-industrial fisheries (artisanal) are negligible in Namibia (north of Walvis Bay) and the main artisanal fisheries occur in Angola around the northern area of the ABFZ centred on the settlements of Namibe and Tombua. Data for these areas are also difficult to come by although anecdotal information indicates that there are substantial activities around theses centres (see figure 39)
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Figure 39: Collage of images from the Namibe fish market and harbour. A substantial artisanal fishery is located at this town and other settlements in the ABFZ and a small industrial fleet is located in the harbour here and at Tombua. 

Most of the hard socio-economic data and information, pertaining to the industrial fisheries and where measurements of the effects of oceanographic dynamics of socio-economics, are only available from Namibia, and from Walvis Bay in particular. What follows is a brief analysis of these data and information.
The fishing season for small pelagics, which are the key targets in the ABFZ is approximately 3-5 months in extent. A seasonal workforce of around 1000 people is employed for the period. The offshore (seagoing) workforce declined from 493 in 1994 to 173 in 2004. Thus, declines in fishery resources have an impact on employment in canneries, and hence hundreds of families severely impacted by declines. Offshore workers generally remained employed during this decline and labour was redeployed to other sectors (e.g., trawling), whereas seasonal workers were simply dispensed with and are not viewed as loss of full time job equivalents. To date there has been no formal study to understand coping strategies of fishers.

The operational fishing fleet (pelagic) declined from 42 vessels in 1996 to 16 in 2004, concomitant with decline in TAC. Some vessels were licensed to fish in Angola and the remaining Namibian fleet was active only for few days per years catching only 10 t. per GRT pa in 2000 compared with 90 t. per GRT in the 1970s. 

If pelagic fisheries (both canning and production) are considered as commodities in themselves, product and equipment can move across borders to where the fish is found. This would partially lessen the impact at company level, but not at fisher level.

Due to the management intervention (0 TAC) in 2002, production was brought to a standstill and a range of options were implemented in Walvis Bay to minimize impacts on factory operation (one re-canned). Some relief was brought to the sector with an allocation of 20,000 t TAC for 2003/4 and 25,000 t for 2004/5 with only two canning factories operating in 2004. Other sectors cushioned the impact of the 1994/5 Benguela Niño and the blow was further lessened by decrease in the value of the Rand/Namibian dollar throughout the 1990s.

As an example of the decline in income from the pelagic sector, the funds generated by the TAC fees to the Marine Research Fund of the Ministry of Marine Resources is plotted for 1995-1999, with the period in between these years being years where fund income was reduced relative to the 1995 and 1999 years (figure 
40). This can be viewed as an index of the loss which amounts to a approximately the value of the entire 2005 financial year’s income (source: MFMR annual report)  
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Figure 40: Funds generated from the fishing sector for 1995-1999 showing the reduction in fund generated associated with the decline in resources ascribed to the 1994/5 Benguela Niño. 

Income from other sectors orientated towards exports outside the Rand monetary area increased and the early 1990s saw the expansion of the more valuable local hake fishery which are likely to have compensated for the decline in income from pilchard catches. The greatest socioeconomic impact felt when zero TAC was announced in 2002, Interaction between unfavourable environment and unsustainable fishing practices not overruled. 
It is concluded that there is a dire paucity of socio-economic data for the ABFZ. There certainly are good sources of data in both Angola and Namibia but these have to be acquired and analyzed in a systematic way. Attention should be given to the burgeoning tourist trade in southern Angola which is linked directly to the existence of good line fishing resources which had recovered remarkably during the period of the civil war in Angola.

8. Key Research Questions & Management Issues
The ABF Workshop hosted by BENEFIT and funded by the BCLME was intended not  only to evaluate the data and information that was brought to the meeting but was also aimed at developing a mandate for a research programme to address the outstanding issues that would contribute to improved management of the region. To this end, a planning session was held where the various scientific and sociological disciplines broke into groups and was asked to address a series of questions (see table 3 below). These were used to compile the discipline based summary below. Several management issues pertaining to the various sectors are also treated within the respective sections above.
	Table 3: template questionnaire for planning session.

	1. Key questions remaining:


	What are the key scientific / socio-economic / management issues within your domain that remain unanswered? Prioritize these from 1- 5 (maximum)

	2. Research and Rationale & Objective


	Design a working title for a Research Project to address these questions above. Also give a few lines of explanation in the form of a rationale for the research showing how the work will address and inform transboundary management issues raised in the previous sessions.

	3. Approach and Resources


	Please indicate what elements you can identify in the approach to the project. For example, who would conduct the work (staff, consultants, students) and what resources would be required to achieve these (ships time, field work, meetings, workshops, consultations and equipment) and what would the time frame be (try a step-wise approach).

	4. Outputs, products and deliverables


	Try and define the products of the project. What would you produce at the end of the project and what would their application be (apart from publications). How would these outputs be implemented in management?

	5. Additional information and budget


	Give an estimate of the cost of the project (US $) and add any additional information that you think is relevant.


8.1 Physical Oceanography planning items
Processes related to Benguela Niňo and LOW events were considered to be of utmost importance due to their often devastating effect on the ecosystem. A thorough understanding of such events is essential to the design of a mitigation procedure that would aim to reduce socio-economic consequences.

	1.Key questions
	1. What is the observing system required to achieve a better understanding of the fundamental physics and to address the operational needs of the BCLME?

2. What is the fundamental physics behind Benguela Nino events and LOW?

3. How can we improve upon our understanding of the actual physics of warm/cold events?

4. What are the basic processes that determine nutrient and oxygen budget in the surface, water column and benthic boundary layer?

	2. Research & Rationale & Objective


	To this end, the following resources were recognised as the most important in paving the way forward of improved understanding of the ecosystem in the ABFZ area:  

1. A measurement program in support of operational oceanography: 

· The deployment, upkeep and maintenance of moorings. Though the mooring off Walvis Bay has provided useful information, it requires continued maintenance. A mooring would also be useful situated north of Walvis Bay (and the ABFZ) in order to more explicitly track the seasonal and non-seasonal southward advance of warm, saline Angolan water as well as LOW.

· Ships time. Dedicated, as far as possible, to the cohesive spatial and temporal coverage of the salient physical features in the area.   

· Data retrieval and analysis from tide gauges along the coast.

2. Modelling expertise and sufficient computing power. 

3. An examination and analysis of the extensive archive of cruise data.

4. ‘Marrying’ cruise data and model output.

5. Co-operation and communication between researchers in the area. 

6. Long term capacity building in the area that will facilitate:

· the upkeep and maintenance of moorings,

and data recovery and analysis (including large quantities of model data).


8.2 Biological Oceanography planning items

	1. Key questions remaining:


	1. Are cool-water optimal habitats reduced during warm events? 

2. What is/are normal conditions?

3. Does retention increase during an event?

4. Does primary and secondary productivity change during an event?

5.Does spawning distribution alter (vertical/horizontal)?

6. Do juvenile nursery habitats change? 

7. How do events affect survival?

8. Physiological requirements of (key) species?

9. How are community structures influenced by the frontal zone?

	2. Research and Rationale & Objective


	Title: Long-term biological oceanography research and monitoring in the Angola Benguela Frontal Zone.

Objectives:

1.   Investigate the variability - seasonal, short/long
      term, event scale

2. To investigate the ecological functioning of 
     the ABFZ

	3. Approach and Resources


	The main rationale is that current knowledge is based on an ad hoc approach where one-off surveys and an unconsolidated series of investigations have not given a synoptic and long term view of the variability. This project should provide a systematic and synoptic range of measurements combined with regular environmental monitoring cruises. Some lab-based experimental work will also be required.
The ABFZ represents a barrier between two different biological communities and is an important spawning ground for some species (commercially exploited and exploitable) Horse mackerel, Anchovy, Sardine and Sardinella (?) and hosts an extreme hydrography boundary. Therefore the dynamics are very critical to understand.

The main resources used would be:

1. Data mining

2. Monitoring – longshore, seasonal, CPR, transects,
    mooring/buoys

3. Satellite ocean colour


	4. Outputs, products and deliverables


	A more integrated synthesis of knowledge and dynamics.


8.3 Commercial Fisheries planning items

8.3.1 Pelagic resources

	1. Key questions remaining:


	1. What are the proportions and different life history stages of shared pelagic stocks in Angola and Namibia?

2. What proportion of shared stocks (by species) and what sizes (per species) are harvested in each country?

3.What drives the shifts in distribution of the Horse Mackerel species?

	2. Research and Rationale & Objective


	It was agreed that a large repository of data exists both within each country and from historical data which is not adequately captured in one database or review. While some work toward the understanding of transboundary issued exists, and several cruises, including the Nansen cruises, have taken place, there are some specific management oriented items that need resolution. These data will be required in order to move beyond the current situation where transboundary stocks are still managed independently.

Title: Dynamics of shared pelagic resources in the ABF region

Objectives: 

The overall goal is to gather information on the distribution abundance and dynamics of the pelagic resources to facilitate future shared management of pelagic stocks. 

	3. Approach and Resources


	1. Retrospective analysis of existing data.
2. Transboundary surveys

3. Data sharing mechanisms

4. Meetings

5. Workshops

6. Consultations

	4. Outputs, products and deliverables


	These activities should be part of a joint research programme of the pelagic working groups of Namibia and Angola. Some initiatives have already been taken on these items on a bilateral basis, but this should also become part of the regional agenda of the BCC. Thus, the output would be a series of datasets and recommendations for a regional / transboundary management strategy.


8.3.2 Demersal resources

	1. Key questions remaining:


	1.What is the distribution (size structure and migration patterns) of D. macrothalmus, D. angoleusis and D. pageither, D. berlotti in Angola and Namibia and to what degree are they shared stocks?

2.What is the distribution of Hake spp (polli, capensis and paradoxus) – are they shared across the ABF boundary?

3.Crab and Shrimp: what is the size structure of deep sea red crab in Angola (compared with Namibia) on trawl surveys?

	2. Research and Rationale & Objective


	This recommendation is for a generic project specifically focussed on the distribution of demersal communities across the ABF. Here also, several cruises and data sets exist, but a deeper analysis should be conducted with additional aims and focus. 
All the above species have been identified as occurring in both N Namibia and S Angola.
Title: Crustacean and Demersal finfish transboundary surveys

Objectives:

1. To (re-)assess the status of transboundary stocks
     by:
     a) Retrospective analysis of Nansen and
         Welwitchia data

     b) Continuing to conduct transboundary cruises

2.  Harmonizing and standardizing gear and survey
     methods.

	3. Approach and Resources


	· Shiptime for two demersal transboundary surveys (crustaceans and finfish) in two seasons to investigate migration.

· Students support on the project (2 or 3)

· Meetings to consolidate data and analysis.

· 3 weeks Nansen Survey (cold season)

· 3 weeks Nansen Survey (warm season)

· 3 weeks Nansen survey (Crustaceans)

· Meeting after each survey.

	4. Outputs, products and deliverables
	Much the same as in 8.3.1.


8.4 Linefish
	1. Key questions remaining:


	1. Basic Biology, Ecology and Biomass of Key marine Linefish species in the region of the Angola/Benguela Front system.

2. The eco-tourism potential of linefish in southern Angola and northern Namibia.
3. Biology, ecology and fisheries potential of the Loliginus squid in this area.

4. Creating & formulating a regional economic/socio economic database for the important commercial fisheries of South Africa, Namibia and Angola.

	2. Research and Rationale & Objective


	Title: Biology, Ecology, Biomass and Management of Key Linefish and Squid Stocks in Southern Angola and Northern Namibia.

Objectives:

· understand the ecology of key species

· understand the biology of key species

· estimate the biomass of key species

· evaluate the eco-tourism potential of the area for linefish

· develop Operational Management Plans for key species

· compare commercial value versus recreational value

Rationale

· linefish and squid are key commercial and recreational species occurring in the border area of the two countries
· some of these species are of very high importance to the artisinal fishers in southern Angola.

	3. Approach and Resources


	· University staff, NatMIRC staff and INIP staff

· Students, technical staff and observers on fishing vessels

· minimum consulting will be required

· very important to have scientific fishing and some boat trips will be required (skiboats & 4x4 vehicles)

· Dive surveys and fish tagging

· Workshops to implement data collection procedures

· Regular meetings to assess progress

	4. Outputs, products and deliverables
	· Management plans for commercial & recreational squid and linefish fisheries

· Eco-tourism management plans

· Ongoing monitoring programs and management procedures


8.5 Socio-economics
	1. Key questions remaining:


	1.1.
What is Industry vulnerability and / or resilience to changes in fish abundance / TACs / distribution – transboundary arrangements?
1.2.
What are industry vulnerability and / or resilience to economic social factors (debt, exchange rate, employment pressures)?
1.3.
What is the realisable value of ecosystem goods and services (long term motivator for sound management?
1.4.
Address the need to understand fishing sectors in the 3 countries related to the questions above?
1.5.
Could the use of MPAs for protection and socio-economic benefits (zoning) successful and feasible?
1.6.
What is the impact of closed seasons? 

	2. Research and Rationale & Objective


	Three projects are proposed:

2.1 ‘Industry Vulnerability & Resilience’: rationale: understand how ecosystem variability impacts on industry (internally i.e. labour, capacity etc., and externally i.e. exchange rates etc.)

2.2 ‘Valuation of ABF ecosystem-wide goods & services’: rationale: focus on realizable valuation but include all aspects

2.3
‘MPAs, closed seasons and similar measures: valuation thereof’: rationale: how can they add socio-economic benefit as well as restrict economic activities (&/ harmful impacts); (don’t let competing sectors destroy value)

	3. Approach and Resources


	3.1. academics, consultants, stakeholders, government (science, economics, policy)

3.2. resource & environmental economist, (social) scientists.
3.3. Government managers & conservation staff, marine scientists, NGOs, pilot site(s), facilitators

	4. Outputs, products and deliverables
	4.1. focused studies based on stakeholder consultation meetings with industry and government; modeling?; forecasting; quantitative scenarios

4.2. ‘ecopath’ program for the ecosystem valuation; harvested amounts; realizable value; additional value; employment & custodianship (public trust) as an indicator of who derives the benefits? 

4.3 focus on Northern Benguela / Southern Angola; MPAs; uses (sustainable); value


8.6 Non-targeted & conservation items

This group did not complete an output for this session. The key issues are summarized in section 6.

	Key questions

	What is the conservation value and biodiversity of the ABF region? (seasonal surveys)

	What are the sizes, trends and discreteness of populations (cetaceans, seals, seabirds, shorebirds, turtles, sharks and line fish)? (banding, tracking, photo identification)

	What are the diets, foraging areas and breeding patterns/migratory biology of these species in this area and how do they change in the long term, inter-annually (including BN Nino/BN Nina events) and with season? (pellets, regurgitations and above)

	What is the potential for tourism of this area?

	How has the system changed historically with human use and environmental change?

	What changes farther north and south influence changes in the fauna of the region and can the fauna be used as a barometer of change elsewhere?
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10. Annex

 Additional Paper: Authored by Prof Chris Reason, University of Cape Town
THE ANGOLA-BENGUELA FRONTAL ZONE AND ITS VARIABILITY

INTRODUCTION

Much of the material presented below is taken from the Large Scale Modes chapter (Chapter 10) in press in the BCLME book (volume 14 in the Large Marine Ecosystems series) and Frank Colberg’s PhD thesis, recently submitted at the University of Cape Town.

A sharp thermal front situated at approximately 16˚S was first reported by Hart and Currie (1960). While sailing southward along the coast from Lobito in Angola on the R.R.S William Scoresby, these authors registered a decrease in temperature from 27˚C to 20.5˚C within only one hour. Although the thermal gradient may have been anomalously strong (Shannon et al., 1986), the reported position of the front is in good agreement with observations thereafter (e.g. Shannon et al., 1987; Meeuwis and Lutjeharms, 1990; Shannon and Nelson, 1996; Kostianoy et al., 1999).

Large scale characteristics of the Angolan Benguela Frontal Zone (ABFZ) as described by Shannon et al. (1987) reveal a zonally orientated front, separating the waters of the opposing Benguela and Angola Currents with typical temperature gradients of 4˚C per 1˚ of latitude.

The front is particularly marked in the upper 50m, but may extend to a depth of 200m as suggested by salinity data. Persistent tongue like features of warm water between 12˚S and 16˚S exist due to the combined effect of poleward flow and coastal upwelling over a steeply shelving bottom. On the mesoscale there is evidence of two existing fronts in the area between 14˚S and 18˚S. While the southern most front may be associated with the Benguela upwelling system and hence marks the northern boundary of the Benguela system, the northern front relates to the Angola tongue, as its position coincides with the penetration of tropical and equatorial surface waters. The current system in the ABFZ is rather complex, as intense stratification occurs, particularly north of 16˚S, and strong vertical shear in the currents is likely. Shannon et al. (1987) noted that the upper ocean currents will depend to a certain degree on the winds, but the dominant flow is determined by the interaction between the Benguela and Angola Currents. Variability in the ABFZ occurs in time and space. There is a general seasonal shift of the front of about 2˚ of latitude. On time scales of days, migrations of 150km or more have been observed.

It is thought that changes in the location and intensity of the ABFZ may influence regional fisheries and rainfall (e.g., Boyer et al. 2001; Boyer and Hampton, 2001; Rouault et al, 2003). Thus, a better understanding of the ABFZ has important implications for societal applications as well as being of intrinsic interest to the physical oceanography of the region. For example, there appear to be significant differences between the ABFZ and frontal zones elsewhere in the tropical / subtropical eastern margins of the global oceans. 

Shannon et al. (1987) suggested that the front is maintained around 16˚S due to a combination of factors. These include the coastline orientation, bathymetry, stratification and windstress. The coast changes its direction at Cape Frio and Porto Alexander, which has consequences for the upwelling. Also a dramatic change in the width of the shelf and the steepness of the continental slope is apparent between 15˚S and 20˚S. Changes in stratification and upwelling- favourable winds also exist between these latitudes.

Meeuwis and Lutjeharms (1990) investigated the ABFZ using satellite derived weekly maps of SST for the period of 1982 to 1985. They concluded that the ABFZ is a permanent feature at the sea surface between 14˚S and 16˚S. The front is most clearly defined in austral summer, when it reaches its southern most position, while it is less intense and positioned farthest north in winter. The frontal zone consists at times of double fronts, most commonly during summer. In contrast to Shannon et al. (1987), Meeuwis and Lutjeharms (1990) concluded that the position of the front is almost exclusively controlled by the opposing Angola and Benguela Currents. Strongest southward flow in summer is therefore accompanied by maximum temperature gradients within the front, which is also widest and extents farthest offshore during that season.

Short term variability of the ABFZ has been investigated by Kostianoy et al. (1999). They examined 72 days of thermal infra-red observations for the period April 1 to June 13, 1988. During that period, they observed the typical seasonally related northward propagation of both northern and southern borders of the front. The positions of the southern (northern) border changes from 18˚S to 16.5˚S (16˚S to 15˚S), with short term changes of about 1.5˚ superimposed. Short term movements of the front were best correlated with the pressure gradient associated with the South Atlantic Anticyclone (SAA). High SAA gradients were associated with a northward movement of the southern border of the ABFZ a day later and an increase in temperature.

Lass et al. (2000) examined hydrographic and current measurements in the area of the ABFZ from 20 April to 13 May 1997. They observed the position of the front at 16.5˚S, separating a 40m thick layer of, warm and saline Angola Current water in the north from the cold and less saline water of the Benguela in the south. A poleward current was found to enter the study area through the northern boundary at 13.5˚S. Furthermore, an eastward directed geostrophic current driven by the windstress curl entered the region from the northwest in the upper 400m bending southward at 15˚S. Lass et al. (2000) suggested that this current is an important link between the cyclonic gyre in the Angola Dome area and the source region of the Benguela Current.

Variability on interannual time scales within the ABFZ has been observed by Veitch et al. (2005) who examined observational data for SST. It appears that anomalous southward positions of the ABFZ occur in conjunction with warm events such as Benguela Ninos and may be the result of coastally trapped waves, generated by wind anomalies in the tropical Atlantic.

Kim et al. (2003) indirectly showed that the thermal gradient associated with the front may vary on time scales of up to millennia. The authors reconstructed the associated trade wind intensity under the assumption that any changes in the winds may alter the strength of the front. The basic idea behind their study was that the southeast tradewinds influence heat transport from the South Atlantic subtropical zone into the western equatorial Atlantic by affecting the intensity of the South Equatorial Current (SEC, Johns et al., 1998). During stronger tradewinds the SEC is enhanced, hence leading to increased heat transport into the region north of the ABFZ. At the same time enhanced upwelling is also favoured by the stronger trade winds and thus leads to cooler temperatures towards the south of the ABFZ. Therefore, increased tradewinds trigger both cooling south of the ABFZ and warming to the north  of it, thereby effectively enhancing the temperature gradient across the ABFZ. 

INFLUENCE OF LARGE-SCALE  PATTERNS OF VARIABILITY

A number of large scale patterns of climate variability are thought to project onto the ABFZ and the tropical southeast Atlantic in general. These include, but are not limited to, the Benguela Niño, the El Niño Southern Oscillation (ENSO), the Atlantic zonal mode or Atlantic Niño, the North Atlantic Oscillation, the Southern Annular Mode, and large-scale anomalies in the regional atmospheric circulation. Unlike other subtropical eastern boundary currents, the Benguela Current is bounded by warm upper ocean conditions at both its poleward and equatorward margins and may be impacted by anomalous oceanic conditions both to the north and to the south. The termination of Africa at relative low latitudes not only leads to an ocean connection to the south via filaments and rings shed off the Agulhas Current retroflection zone, but also allows rapid communication of atmospheric signals to the BCLME from the midlatitudes of the South Atlantic since the lack of landmass to the south means that atmospheric blocking events are short-lived by comparison to those in the Northern Hemisphere. 

Atmospheric variability emanating over the Indian and Pacific Oceans may also be communicated to the Benguela, either directly via atmospheric Rossby waves (e.g., Cook, 2001) or easterly waves (e.g., Reason and Keibel, 2004) impacting on the winds over the BCLME, or indirectly, via their impact on the Agulhas Current. The latter is the strongest western boundary current in the Southern Hemisphere and exhibits pronounced meander and eddy activity in its southern regions which may then interact with at least the southern Benguela (Boebel et al., 2003), and potentially further north as well. 

Atmospheric variability of the BCLME region

Shillington et al. (2006) described the annual cycle of the winds over the BCLME region together with the synoptic and mesoscale weather systems that modulate the typical upwelling-favourable winds along the southwestern coast of Africa. In this section, an overview of the variability on intraseasonal to interdecadal scales is given. Foltz and McPhaden (2004) showed evidence of 30-70 day oscillations in the winds over the tropical Atlantic (as far south as about 20oS) and connected these with Madden-Julian oscillations originating in the Indian Ocean. Although the strongest signals were in the central tropics of the basin, their data suggests that there may also be an impact on the northern part of the BCLME region. Indeed, analysis of QuikSCAT data for the 1999/2000 period by Risien et al. (2004) also found evidence of significant intraseasonal variability of the winds in this region, although the timing of this variability led these authors to suggest linkages with the pulsing of the convection over the Congo basin and in the West African monsoon. 
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In the eastern tropical Atlantic Ocean, a semi-annual signal is apparent in the trade winds (Philander and Pacanowski, 1986). Fig. 1, taken from eight years of satellite scatterometer winds analysed by Veitch (2004), shows that the zonal wind stress over the equatorial South East Atlantic is strongest in May with a second peak in November and weakest in February with another weaker minimum in September.  Veitch (2004) presented evidence from the OPA-TOTEM and CLIPPER ATL6 models that this semi-annual variation in the local winds may influence the currents and thermocline depth in this region. It is not known how this local wind variation might impact on the northern BCLME region or if it interacts with the manifestation of the Benguela Niño, however idealised experiments with ROMS (Colberg, 2006; Colberg and Reason, 2006) have shown that both the intensity and the location of the ABFZ are sensitive to changes in the large-scale winds over the South East Atlantic.

[image: image54.emf]Trachurus trachurus capensis

Trachurus trachurus capensis

Engraulis encrasicolus

Engraulis encrasicolus

Engraulis encrasicolus

Engraulis encrasicolus

Sardinops sagax

Sardinops sagax

Sardinops sagax

Sardinops sagax

Parablennius pilicornis

Parablennius pilicornis

Scomberesox saurus scombroides

Scomberesox saurus scombroides

Trachurus trachurus capensis

Trachurus trachurus capensis

Trachurus trachurus capensis

Trachurus trachurus capensis

Engraulis encrasicolus

Engraulis encrasicolus

Engraulis encrasicolus

Engraulis encrasicolus

Sardinops sagax

Sardinops sagax

Sardinops sagax

Sardinops sagax

Parablennius pilicornis

Parablennius pilicornis

Scomberesox saurus scombroides

Scomberesox saurus scombroides

Trachurus trachurus capensis

Trachurus trachurus capensis


.
Fig. 1.  Annual cycle of the zonal wind stress over the equatorial South East Atlantic derived from ERS winds for 1992-1999 (after Veitch, 2004).

On the interannual scale, the dominant mode globally is ENSO and it has been shown that this mode impacts on both the atmospheric circulation and the SST of the South Atlantic region via the so-called Pacific South America (PSA) pattern (Mo and Paegle, 2001; Colberg et al., 2004). The PSA involves atmospheric Rossby wave propagation from the tropical western Pacific to the southeast and into the mid- to high latitude South Atlantic where it modulates the regional winds and hence SST during the mature phase of ENSO as well as the preceding austral spring and following autumn. Colberg et al. (2004) analysed output from a global model forced by 50 years of National Center for Environmental Prediction (NCEP) re-analyses to show that the SST anomalies induced in the South Atlantic mainly evolve via changes to the surface heat flux exchange but with sizeable contributions in certain areas from modulations to the meridional Ekman heat transport and Ekman pumping. A lag of one season between the SST response and the modulations to the surface heat fluxes was observed. In the southeastern Atlantic, the largest ENSO signal was observed to extend northwestwards from the central and southern Benguela region. Thus, although an EOF or SVD analysis of South Atlantic SST may not produce the ENSO-induced patterns as the leading mode, the work of Colberg et al. (2004) shows that there is a robust and significant ENSO signal over large areas of the South Atlantic, particularly the southern and central BCLME. A recent example concerns the strong influence of the 1999/2000 La Niña event on the southern Benguela (Roy et al., 2001). 

Central to the ENSO-induced variability of the South Atlantic are modulations to the trade winds and midlatitude westerlies of the basin. Sustained weakening or strengthening of the trade winds over the tropical central to western South Atlantic during the late austral spring or early summer may lead to Benguela Niños or Niñas respectively, perhaps the most well known of the modes of variability over the BCLME region (Shannon et al.., 1986; Florenchie et al., 2003). Smaller warm or cold events may be related to less intense weakenings or strengthenings of the trades (Florenchie et al.¸ 2004). Although the oceanic response to these wind modulations and the subsequent evolution of substantial SST anomalies along the Angolan and northern Namibian coast has been studied by these and other authors, little is known about what causes the wind changes themselves. The latter is important if the apparent predictability of Benguela Niños is to be extended beyond the roughly 1-2 month lag between these trade wind fluctuations and the SST anomalies. Given that these wind anomalies are located in the tropics, they may arise through a variety of mechanisms such as equatorial Kelvin and Rossby modes associated with ENSO or other tropical SST modes, Madden-Julian oscillations (e.g., Foltz and McPhaden, 2004), or links with convection over the Amazon, Congo or West African monsoon regions for example. 

In addition to Benguela Niños and the impact of ENSO on the South Atlantic, interannual dipole-like patterns in South Atlantic SST often occur during the austral summer (Fauchereau et al., 2003; Hermes and Reason, 2005). These patterns involve an anomaly of one sign in the northeast (i.e., in, and extending offshore from, the central and northern Bengeula region) and the opposite sign in the midlatitude southwest Atlantic and appear to be related to modulations of the subtropical anticyclone and the circumpolar trough to the south. For some events, there is a similar dipole-like SST pattern in the South Indian Ocean as well but whose evolution lags that in the Atlantic by one or two months (Hermes and Reason, 2005). In these cases, there is a hemispheric modulation of the wave number 3 or 4 pattern in the Southern Hemisphere superimposed on an Antarctic Oscillation type pattern (Kidson, 1988) such that when there are cool (warm) SST anomalies in the southwest  (northeast) of the subtropics / midlatitudes of each basin, high (low) pressure anomalies are evident over Antarctica (the midlatitudes) (Hermes and Reason, 2005). For the reverse SST dipole anomaly pattern, the wave 4 high pressure anomalies in the midlatitudes are pronounced but the Antarctic Oscillation pattern is less evident. The results of Fauchereau et al. (2003) and Hermes and Reason (2005) indicate that there is often a linkage between variability in the South Atlantic and elsewhere in the subtropics / midlatitudes of the Southern Hemisphere achieved via coherent atmospheric forcing on a hemispheric scale.   

    High latitude forcing
The South Atlantic is open to the Antarctic region to the south and therefore it may be impacted by modes of variability originating in the high latitudes. In terms of the atmosphere, the leading mode in the circulation south of 20oS is the Antarctic Oscillation (AAO), Southern Annular mode, or ‘high latitude’ mode (Kidson, 1988). This mode is characterized by pressure anomalies of one sign centered in the Antarctic and anomalies of the opposite sign centred at about 40-50oS but in recent decades there has been a trend towards positive polarity in which high pressure anomalies occur in the midlatitudes with low pressure anomalies over Antarctica. Although the dominant signal is zonally symmetric, there is also some signature of wavenumber 2 or 3 superimposed upon it. These wavenumber changes then impact on the strength and location of the South Atlantic anticyclone  and hence on the winds that directly impact on the ABFZ location and intensity (see model section below). The AAO is apparent throughout the year, but tends to be more active in austral spring (Thompson and Wallace, 2000). Using observational, model and NCEP re-analysis data, Reason et al. (2002) and Reason and Rouault (2005) showed that the AAO modulates the surface heat flux exchange and atmospheric circulation over the midlatitude South Atlantic region with associated changes in winter rainfall over western South Africa. Given that these studies show sizeable wind anomalies over the southeastern Atlantic, there may well be an AAO influence on the Benguela system. In addition, analysis of a long coupled model run by Hall and Visbeck (2002) indicates a significant proportion of the ocean variability south of 30oS is due to the AAO and that this mode both drives changes in poleward heat transport as well as modulates the currents and wind forcing throughout the mid- to high latitudes of the Southern Hemisphere. As a result, it is likely that the AAO may influence both the Agulhas and Benguela Currents – however, detecting such an influence will be difficult given the large variability of the region. It should also be mentioned that observations taken over 1948-2003 at Marion Island, located some 1500 km to the southeast of South Africa, suggest that the AAO may influence the rainfall, temperature and local circulation there (Rouault  et al., 2005).  

 Decadal scale variability
An EOF analysis of 1948-2003 NCEP re-analysis mean sea level pressure data over the South Atlantic for the austral summer indicates that around 22 % of the variance is associated with a roughly decadal scale pulsing of the South Atlantic anticyclone. Using SVD analysis on SST and sea level pressure for a shorter period, Venegas et al. (1996) also found a quasi-decadal signal in the South Atlantic anticyclone which they determined to be the leading mode. On bi-decadal time scales, Reason (2000) used UKMO HadSLP data to find evidence of modulations of the South Atlantic anticyclone which tended to vary in phase with those in the subtropical anticyclone in the South Indian Ocean, and to lesser extent, the South East Pacific. Thus, on both decadal and interdecadal scales, variations in the strength and position of the South Atlantic anticyclone are important and likely to influence the surface winds and SST of the basin (Venegas et al., 1996; Reason, 2000; Wainer and Venegas, 2001) as well as the BCLME region itself.  In addition to this variability, Hermes and Reason (2005) noted that there was a decadal pulsing of the dipole-like SST patterns discussed above such that the timing of the events in the South Atlantic and South Indian Oceans moved in and out of phase with each other on this time scale.

Evidence exists that ENSO-like decadal modes influence the atmospheric circulation, SST and rainfall of the southern African region (Allan, 2000; Reason and Rouault, 2002; Allan et al., 2003). Work by Garreaud and Battisti (1999), Allan (2000), Allan et al. (2003) and others has shown that an ENSO-like pattern is the leading mode of near-global scale variability on a range of interannual, decadal and multidecadal scales. Given the evidence of its projection onto southern African rainfall and atmospheric circulation (Allan, 2000; Reason and Rouault, 2002), it seems likely that at least part of the decadal-multidecadal variability in SST and winds over the BCLME region may be related to these ENSO-like decadal modes.   

Other decadal-multidecadal signals in the region concern those in the SAO (van Loon et al., 1993; Meehl et al., 1998) and the tendency in recent decades for the AAO to assume positive polarity (i.e., negative height anomalies over Antarctica and positive over the midlatitudes) (Thompson and Wallace, 2000). These lower frequency signals may influence the slowly varying environment in which higher frequency modes evolve and hence modulate the impact of the latter over the region. 

A quasi-decadal scale signal may also exist in the manifestation of the Benguela Niño in the northern BCLME region. Although warm and cold events occur quite frequently off the Angolan coast, the large events or so-called Benguela Niños and Niñas only evolve roughly every decade or so. The next section considers these events in more detail.

BENGUELA NIÑOS AND SST VARIABILITY IN THE TROPICAL EASTERN ATLANTIC OCEAN

The Benguela Niño is the most prominent mode of low frequency variability in the South East Atlantic and hence it is described in some detail. Attention is also paid to its relationships with the so-called Atlantic Niño (Zebiak, 1993) and ENSO.  Using optimally interpolated SST (Reynolds and Smith, 2004), Florenchie et al. (2004) showed that the maximum standard deviation in SST over the South Atlantic and equatorial North Atlantic occurs between 10 and 20oS and from 8(E to the African coast, termed the ABA (Angola/Benguela area). This area also shows the largest SST seasonal signal amplitude, but unlike the tropical Pacific Ocean, the range of interannual variability is smaller compared to the seasonal one (Servain and Arnault, 1995). Within the ABA is the Angola-Benguela frontal zone (ABFZ), where warm and saline water from the equator flows poleward and meets the much cooler and nutrient-rich water from the northern Benguela upwelling system (Shannon et al. 1987, Meeuwis and Lutjeharms, 1990). Meridional movements of the frontal zone could be responsible for the strong SST anomalies in the region (Veitch et al.; 2005). Along and just south of the equator, a weaker maximum in variability spreads in the area of the cold tongue, roughly between 20°W and 5°W. The timing of the SST anomalies in the equatorial and Angolan coastal regions is considered in the final sub-section. The variability over the basin shows seasonality with pronounced maxima in March in the ABA (Florenchie et al; 2004) and in June/July along the equator (Carton and Huang 1994). 

Time series of NOAA extended SST (Smith and Reynolds, 2004) averaged over the ABA area indicate the periodicity, magnitude and duration of anomalies over the last few decades (Figure 2). Extreme warm and persistent events develop in the ABA roughly every 10 years or so (Shannon et al., 1986; Walker, 1987) and were termed Benguela Niños by Shannon et al. (1986) because they showed some similarities with the Pacific Niños. However such episodes are less frequent and less intense than their Pacific counterparts. 

During Benguela Niños, the Angola-Benguela front tends to be displaced southward following an intrusion of warm and saline water of equatorial origin as far as 25(S (Mohrholz et al 2001; Shannon et al. 1986). These anomalous events can induce significant rainfall anomalies (Rouault et al. 2003) and can drastically modify fish distribution and abundance (Boyer et al. 2001). The collapse of the Namibian sardine stock after 1974 followed a protracted warm event during 1972-74, the effect of which was aggravated by overfishing (Boyer and Hampton 2001). More recently, the 1995 event had a drastic impact on the whole ecosystem with a 4-5° southward shift of the sardine population, associated with high mortality and poor recruitment of the major pelagic fish species (Boyer and Hampton 2001). Benguela Niños occurred in 1934, 1949, 1963, 1984 (Shannon et al. 1986) and more recently in 1995 (Gammelsrød et al. 1998). The moderate but very persistent warm episode during 1972-74 seems also to be generally considered as a Benguela Niño. Being in phase with late summer (March/April), these events induce very high sea temperatures that affect the biota. By interacting with the atmosphere via modulating the surface evaporation and the moisture flux convergence in the Angolan low, high SST anomalies may lead to well above average late summer rainfall over Angola and Namibia, sometimes with local flooding. 
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Fig.2: ER-SST anomalies – ABA index
Some minor warm (1986, 1988, 1997/98) and cold (1969, 1982/83) events in the southeast Atlantic have been partly documented (Carton and Huang 1994; Walker 1987; Boyd et al. 1987). Other warm events also developed in the ABA in May 1991, in April 1996 and from January 1998 to March 2001 while strong cold events were observed in April 1978, 1992, 1997 and 2004. Figure 2 also suggests a warming tendency in the ABA since the beginning of the 1980s. This warming tendency is also noticeable over most of the tropical southeast Atlantic Ocean, although weaker than that in the ABA. 

Source of Benguela Niños

To explain the origin of climate anomalies in the eastern tropical Atlantic, Hirst and Hastenrath (1983) suggested a causality chain of atmospheric-oceanic anomalies across the basin. Benguela Niños are generated by specific wind stress events in the west-central equatorial Atlantic, and progress from there as subsurface temperature anomalies that eventually outcrop only on reaching the south-west African coast (Florenchie et al., 2003). At present, the driving mechanism for these wind stress anomalies is not well understood. Figure 3 indicates that the warm pool associated with the 1995 Benguela Niño along the Angola and Namibia coast led to local SST anomalies of greater than 5°C.
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Fig. 3: OI-SST anomalies during the mature phase of the 1995 Benguela Niño


There is indeed a strong correlation between SST anomalies in the ABA and interannual zonal wind anomalies over the equatorial western Atlantic basin. Two numerical simulations of the tropical Atlantic Ocean using the OPA model over the periods 1982-1999 and 1992-2000 confirmed the equatorial origin of Benguela Niños and suggested a mechanism based on equatorial and coastal trapped waves to explain the equatorial origin of most episodes (Florenchie et al., 2004). Local sea-air heat flux exchanges do not seem to pre-condition the sea surface in the Angola-Benguela region prior to the arrival of an event. Subsurface anomalies are attributed to vertical shifts of the thermocline under the action of propagating equatorial Kelvin waves initially triggered by zonal wind variations. On reaching the African coast, poleward traveling coastally trapped waves transport the signal towards the ABA. Temperature anomalies are more or less visible at the surface depending on various factors like the strength of the event, the fluctuations of the depth of the thermocline or the strength of the local upwelling-favourable winds. The development of equatorial subsurface anomalies could be detected in advance via local measurements (e.g., PIRATA) so that it may be possible to predict the occurrence of these disruptive events with a lead-time of about 2 months. 

Atlantic Niños and Benguela Ninos

The equatorial Atlantic can develop an interannual phenomenon similar but weaker to ENSO, sometime known as the Atlantic Niño or zonal mode. It is less robust and cannot be self-sustained (Zebiak, 1993). Many authors suggest that the eastern equatorial Atlantic is primarily governed by remote wind stress effects through equatorial wave dynamics (Picaut, 1985; Huang and Shukla, 1997). Warm/cold anomalies are linked to a relaxation/increase of zonal wind stress in the western equatorial Atlantic. Most of the variability along the equator takes place in the central / eastern Atlantic.  SST interannual fluctuations in the ABA and the cold tongue area (CTA) appear to be strongly related. An index has been defined to compare the interannual variability over these two areas. Figure 4 shows two time series of detrended optimally interpolated (OI-SST) (Reynolds and Smith, 1994) and extended (ER-SST) (Smith and Reynolds, 2004) SST anomalies averaged respectively over the ABA and the CTA (15(W-5(W/2.5(S-2.5(N) for the periods 1982-2004 and 1960-2003.
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Fig. 4a: OI-SST anomalies - ABA index (black) -  CTA index (grey)
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Fig. 4b: ER-SST anomalies – ABA index (black) - CTA index (grey)
Both Figure 4a and 4b show strongly correlated signals significant at the 99 % level (the maximum correlations are 0.64 and 0.60 respectively with a one-month lag for the CTA). However, anomalies in the ABA have much larger magnitudes than those in the CTA. This difference may occur since the temperature anomalies outcrop on reaching the ABA whereas they tend to remain beneath the surface in the CTA. According to Figure 4a, seven significant and persistent warm events (Atlantic Niños) with SST anomalies exceeding 0.8(C developed over the CTA index during the 1982-2004 period: 1984, 1987, 1988, 1991, 1995, 1996, 1999. They tend to peak in June/July, a few months after a warm episode in the ABA (March/April). There are some exceptions - the June 1991 warm event in CTA occurred only one month after the May 1991 warm episode in the ABA whereas the 1987 warm event has no equivalent in the ABA. Five cold events exceeding 0.8(C are observed in the CTA during 1982, 1983, 1992, 1997 and 2004. Once again, these CTA events tend to be preceded a few months earlier by similar cold events in the ABA that have larger amplitude. 

Since SST anomalies in the ABA and the CTA are both thought to be triggered by wind anomalies along the equator, similarities between the two signals are not surprising. Anomalies in the CTA are related to the vertical structure of the thermocline and its fluctuations under the surface. The fact that the ABA mode leads the CTA one could be explained by the spatial and temporal scales of Benguela Niños. During Benguela Niños or strong warm events, subsurface warm anomalies spread from the equator to the ABA at the depth of the thermocline for a few months. The seasonal lifting of the thermocline during austral winter could bring these warm anomalies near the surface in the CTA, a few months after their occurrence in the ABA. However, two warm episodes in the ABA have no equivalent in the CTA during the 1982-2004 period: the 1986 and 2001 warm events. Various factors like local wind regimes, heat flux anomalies, coupling between the atmosphere and the ocean with subsequent positive or negative feedbacks, modulations to the Angola Current, and Kelvin wave reflections at the eastern side of the basin could also play a key role in modulating the SST variability in the ABA and CTA.

ENSO and Tropical Atlantic Variability

In the tropical North Atlantic, the impact of ENSO is transferred via the atmosphere wave-train generated in the tropical Pacific (Huang, 2004). These teleconnections locally modify the northeasterly trade winds, which then influence the air-sea heat fluxes and induce warm anomalies in the tropical North Atlantic a few months after the mature phase of ENSO. The North Atlantic Oscillation (NAO) can also influence the region and modulate the impact of ENSO (Melice and Servain, 2003). 

Along and south of the equator, a clear relationship between ENSO and Atlantic Niños or Benguela Niños is not apparent. For instance, the 1984 warm event in the tropical Atlantic is often cited as a result of the 1982/83 El Niño. However, inconsistent results may occur when using different SST products at different periods for different events. Saravanan and Chang (2000) described a surface wind stress signal over the western equatorial Atlantic associated with ENSO. The observational analyses of Enfield and Mayer (1997) suggest that the mean easterly winds are intensified in the western equatorial Atlantic in response to El Niño but that coherent local changes in SST are less obvious. Curtis and Hastenrath (1995) concluded that warm events in the Pacific induce only a modest warming in the western tropical Atlantic whereas Ruiz-Barradas et al. (2000) and Zebiak (1993) found no significant impact of ENSO on the equatorial Atlantic Ocean variability. In the South Atlantic, composite maps of SST and wind anomalies derived for 14 strong events during the past century (Reason et al., 2000) suggest that warm (cool) anomalies evolve in certain large areas of the subtropical / midlatitude southeast Atlantic during the transition and peak phases of El Niño (La Niña) in association with stronger (weaker) tradewinds. Colberg et al. (2004) used output from the ORCA2 ocean model forced with 50 years of NCEP re-analyses to show that SST over most of the South Atlantic responds to ENSO via modulations to the surface heat fluxes induced by the anomalous winds with about a one season lag. Taken together, this previous work suggests that there is an ENSO impact in the southeastern Atlantic but the exact relationship between this signal and other modes such as Benguela Niños remains to be clarified.

In their study of the meridional gradient mode, in which the tropical North and South Atlantic display opposite signed SST anomalies, Melice and Servain (2003) found that the anomalies in the South Atlantic seem to lead the SOI index, implying a precursory event to SOI in the region. Wright (1986) presented evidence of three largely independent precursors of changes in the SOI, one of them in the equatorial Atlantic. Jury et al. (2002) found that upper zonal winds over the equatorial Atlantic lead the Niño3 index in the Pacific. In fact, the ABA index appears to be anti-correlated with OI-SST anomalies over the central Pacific basin, south of the equator, during the years 1982-1985 and 1995-1997.  A sliding correlation has been calculated between the two series with a window of 36 months and the strongest negative coefficients are -0.7 to -0.75 for the 1982-1985 and 1995-1997 periods (significant at the 90 % level). It is worth noting that these two periods include major cold and warm events in the ABA. For other times, there is sometimes an in-phase relationship between the two series but it is not significant. The corresponding time lag is 8 months with the leading signal in the ABA. Different leads and lags were tried but the 8 month lag gave the strongest results.  Figure 5 depicts two time series of OI-SST anomalies over the ABA and the PAC index (160°W-130°W, 8°S-2°N). In Figure 5, the ABA signal is shifted by 8 months so, for example, the April 1997 cold event appears in December 1997.

[image: image24.jpg]DETRENDED OI-SST ANOMALIES - ABA INDEX (BLACK - 8 MONTHS LAG) - PAC INDEX (GRAY) - CLIM8204

2005




Fig. 5: Detrended OI-SSTA over the ABA index (black) and the PAC index (grey). A lag of 8 months is introduced in the ABA time series.

During the last two decades, the two major cold events in the ABA (namely, 1982 and 1997) preceded the two strongest El Niños (1982/83, 1997/98). This result could be explained by a quick response of the equatorial Atlantic winds to SST anomalies in the Pacific via atmospheric teleconnections. The limited width of the Atlantic Ocean could also contribute to a faster response in the ABA. The 1984 and 1995 Benguela Niños were followed by moderate cold events in the Pacific. However, since Fig. 5 only relates to data after 1982, it is possible that the relationship between the ABA and the PAC SST indices could also change considerably from one decade to the next. 

MODELLING THE ABFZ

The discussion in this section is taken from a recent PhD thesis (Colberg, 2006) and a paper in preparation (Colberg and Reason, 2006). The ABFZ separates the tropical dynamics from the Benguela upwelling system and hence is an important system boundary, whose fluctuations affect fisheries and rainfall variability. An improved understanding of the dynamics, mechanisms and variability of the ABFZ is therefore necessary. Hence, a regional ocean model (ROMS) has been applied to the South East Atlantic region over the domain (30oS – West African coast, 5oW – African coast). The model is forced with climatological windstress (QuikSCAT) and NCEP/ NCAR heat fluxes. Other boundary conditions such as temperature, salinity and velocity are derived from an OGCM (ORCA2). The reference run has been integrated for 32 years. 

The model successfully simulates the occurrence of a sharp thermal front situated at approximately 16.5˚S, which is identified as the ABFZ. The characteristics of the front are in general agreement with observations (e.g. Shannon et al., 1987; Lass et al., 2000; Veitch et al., 2005). The front migrates annually, with the northern and southern most position during austral winter (July) and spring (October). The intensity of the front also varies, with strongest (weakest) gradients during summer / autumn (winter).

Several experiments have been conducted in order to assess the sensitivity and intensity of the ABFZ in the presence of changing windstress. In summary, the model results suggest that the position of the front is closely tied to opposing north and southward geostrophic flow within 1-2 degrees off the coast. The opposing flows are generated by the overlying atmospheric circulation, strong anticyclonic windstress curl in the frontal area acts to steer the South Equatorial Counter Current (SECC) southeastwards towards the Angolan coast, while alongshore windstress further to the south enables coastal upwelling, which triggers the equatorward coastal jet. 
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Changes in the meridional position of the windstress curl, thus leads to changes in the position of the ABFZ. The intensity of the ABFZ is found to be mainly related to the generation of upwelled water towards the south of the ABFZ. Thus, changes in the intensity of the ABFZ respond to enhanced (reduced) tradewinds. The model results agree partially with Kim et al. (2003), who suggested that changes in trade winds alter the intensity of the ABFZ, due to the combined effect of enhanced upwelling and changes in heat transport into the tropical South East Atlantic. However, the model results indicate that the response of the ABFZ towards increased (reduced) winds is not linear. Enhanced winds only marginally increase the temperature gradient, while reduced winds lead to an almost absent front. Differences between the model results and Kim et al. (2003) are likely due to fact that the model setup does not account for an adjustment of the equatorial currents towards changes in the trade wind system.

Variability in the ABFZ has been investigated by introducing two indices that measure (a) the position and (b) the intensity of the ABFZ, respectively. It appears that the annual signal accounts for most of the variability displayed. Intra-annual variability is also evident for both time series with maximum power at (a) 6 month and (b) less than 6 month. The anomalous indices reveal fluctuations of these prominent signals. Anomalous northward frontal positions are associated with an anticyclonic circulation near the frontal area, which enhances the equatorward coastal jet and reduces the southward flowing Angola Current, thereby shifting the symmetry of the system towards the north. Associated with this pattern are anomalous temperatures due to changes in upwelling. These give rise towards cooler temperatures beneath the frontal position and thus effectively enhance the meridional temperature gradient. This mechanism is most effective in the model during spring and summer, when climatological upwelling is reduced.

Lastly, interannual variability is investigated. The filtered indices reveal coherent variability between 1 to 3 years, that is associated with changes in the sea surface height. Anomalous SSH propagates westward in a periodic fashion, with an approximate speed of the surrounding geostrophic velocities. A cycle is completed after 4 to 5 years. It is suggested that internal instability processes are responsible for the anomalous propagation. The SSH anomalies are elongated towards the north suggesting the presence of geostrophic turbulence due to changes in the Rossby radius of deformation (Theiss, 2004).

The model analysis has implications for the understanding of variability in the ABFZ. Several authors (e.g. Shannon et al., 1987) have suggested that windstress may play an important role in determine the position of the ABFZ. Results of the work presented here prove that the curl of the windstress is (when existent) the most important factor in determine the frontal position. However, the model results also suggest that windstress curl only modifies the position of the front and is not necessarily the cause, implying that alongshore winds, coastline orientation and bottom topography are also important and future work should focus on their influence on the ABFZ.

SUMMARY

This document has reviewed the Angola Benguela Frontal Zone (ABFZ), its variability, some initial model studies of the ABFZ, and the major large-scale modes that exist in the South Atlantic as well as those external to the region such as ENSO and the Antarctic Oscillation that may influence the BCLME region. In terms of the latter, most attention has been paid to the Benguela Niño which is the most well known and dominant mode in the South East Atlantic. 

Although the most recognizable feature of the BCLME region is its upwelling, the strength and timing of this process and its related SST expression is modulated by ENSO and likely also by other large-scale modes of variability. In the north of the BCLME region, the Benguela Niño impacts on the Angola – Benguela frontal zone and on SST to as far south as about 25oS. The proximity of the BCLME region to the Southern Ocean and the South West Indian Ocean, due to the termination of Africa in the sub-tropics, means that the Benguela upwelling system tends to display greater variability than do the Humboldt, Canary or California Current upwelling systems. Better understanding of this variability is fundamental for assessing its potential predictability and for developing appropriate management strategies of its rich ecosystems.      

A concern is the relative sparseness of in situ observations in the region. These include not only ocean data but also land surface and atmospheric data which, amongst other applications, are needed to improve the reliability of the NCEP re-analyses often used to diagnose modes of variability over the region. In particular, prediction efforts for the region are significantly hindered by a lack of data with which to validate model outputs. Close collaboration between the observing system and modelling communities is therefore needed in order to make progress on better understanding the variability of the BCLME region and working towards prediction. 
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Fig. 6 Annual cycle in the meridional temperature gradient from the model showing the main front near 16-17oS and some secondary fronts (Colberg, 2006; Colberg and Reason, 2006)
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_1226078397.xls
Tabelle1

		Year		R / V		Latidude [° S]		Month

		1925 / 27		Meteor I		5 - 17° 17'		May - October

		1951		Baldaque da Silva		5 - 17° 17'		July - October

		1952 - 1953		Baldaque da Silva		5 - 17° 17'		August - January

		1997		Kottsov		13 - 17		April - May

		1999		Welwitchia            Africana		9 - 23                     15 - 23		July - August

		2000		Meteor 48 / 3		9 - 20° 19'		August - September

		2002		Africana		9 - 17		February - March

		2004		Alexander  von Humboldt		23 - 5		January - June

		V_L_P

		Year		R / V		Latidude [° S]		Month

		1925 / 27		Meteor I		5 - 17° 17'		May - October

		1951		Baldaque da Silva		5 - 17° 17'		July - October

		1952 - 1953		Baldaque da Silva		5 - 17° 17'		August - January

		1997		Kottsov		13 - 17		April - May

		1999		Welwitchia		9 - 23		July - August

		2000		Meteor 48 / 3		9 - 20° 19'		August - September

		2001		Dr. Fridjof Nansen		9 - 17		July - August
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