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Executive Summary

The distribution and abundance of dinoflagellate cysts from surface sediments in Luanda Bay (Angola), and Walvis and Lüderitz Bays (Namibia), were investigated primarily to provide an assessment of the risk posed by cyst-forming HABs within these Bays and thereby an indication of their suitability for marine aquaculture. These observations are compared to the cyst composition and abundance in the adjacent coastal system of the BCLME region, as determined in the project EV/HAB/02/03: Investigation into the diversity and distribution of cysts of harmful algal blooms within the Benguela Current Large Marine Ecosystem region. 

The comparison between Bays and the adjacent coastal system demonstrated some important differences. Cyst concentrations inside Luanda Bay were more abundant than in the adjacent coastal system. Cyst concentrations inside Walvis and Lüderitz Bays were not as high as those in the adjacent coastal system. Some cyst types were common to both areas whereas others tended to be more common or to be restricted to either the Bay or the adjacent coastal system.
Three toxic cyst types were recorded from sediments in Luanda Bay: Alexandrium catenella/tamarense, Protoceratium reticulatum and Lingulodinium polyedrum. Two toxic cyst species were observed in Walvis Bay: P. reticulatum and L. polyedrum. No cysts of HAB species were found in Lüderitz Bay. The presence of the above cysts in Luanda and Walvis Bays indicates a potential seedbed for the initiation of blooms associated with PSP (A. catenella/tamarense) and YTX poisoning (P. reticulatum and L. polyedrum).

 
This information is important for the development of marine aquaculture within these Bays. Results indicate a higher risk of harmful algal blooms, from the excystment of cysts, in Luanda Bay and Walvis Bay compared to Lüderitz Bay.
1. Introduction

Harmful Algal Blooms (HABs) frequently occur within the BCLME region and are typically attributed to dinoflagellates (Pitcher 1998). Specifically, HABs are well documented in the southern Benguela, in coastal waters of South Africa (Pitcher and Calder 2000). Although there have been reports of HABs off Namibia (Pitcher 1998) and Angola (Silva 1953, Paredes 1962) little information is available for the northern Benguela. There is in general a great disparity in the available information relating to HABs within the Benguela region. The harmful effects of high-biomass, non-toxic blooms in the Benguela include die-offs resulting from anoxia or hypoxia (Hart 1934, Copenhagen 1953, Grindley and Taylor 1962, 1964, Pieterse and Van der Post 1967, Horstman 1981, Matthews and Pitcher 1996, Pitcher and Cockcroft 1998, Cockroft et al. 2000). Other effects of high biomass blooms include those that may cause mechanical or physical damage (Grindley and Nel 1968, Brown et al. 1979) or those that may alter the food web (Pitcher et al. 1999). Toxic species have caused mass mortalities of fish, shellfish, marine mammals, seabirds and other animals (Brongersma-Sanders 1948, 1957, Copenhagen 1953, Horstman 1981, Horstman et al. 1991). Toxins can also be accumulated by filter-feeding shellfish that can then find their way through the food chain to humans, causing a variety of gastrointestinal and neurological illnesses and even death (Sapeika 1948, 1958, Grindley and Sapeika 1969, Popkiss et al. 1979, Horstman 1981, Horstman et al. 1991, Pitcher et al. 1993, Pitcher and Matthews 1996). These shellfish-poisoning syndromes are described as Paralytic (PSP), Amnesic (ASP), Diarrhetic (DSP), and Neurotoxic Shellfish Poisoning (NSP). Of these shellfish-poisoning syndromes, PSP and DSP are common in the Benguela. Due to the absence of HAB monitoring programs in Angola and Namibia, the frequency, duration and extent of HABs in these countries is largely unknown, as are the species involved. 
Results from the completed BCLME project, EV/HAB/02/03: Investigation into the diversity and distribution of cysts of harmful algal blooms within the Benguela Current Large Marine Ecosystem region, provided a detailed description of cyst species composition, diversity, distribution and abundance in the coastal upwelling areas of the BCLME region. This data provided information relating to the geographic ranges of cyst-forming HAB species critical for the assessment, planning and prediction of HABs within the coastal areas of the BCLME.
This project, EV/HAB/05/01: Investigation into the diversity and distribution of cysts of harmful algal blooms within Luanda Bay (Angola), and Walvis Bay and Lüderitz Bay (Namibia), is essentially an extension of project EV/HAB/02/03, in that it focuses on the study of cyst assemblages of specific bays in Angola and Namibia. The study aims at providing an assessment of potential risk of harmful blooms in these Bays, and thereby an indication of their suitability for aquaculture.

South Africa, Namibia and Angola are in various stages of development with respect to the growth and maturity of their aquaculture operations. All three countries foresee further developing their aquaculture sectors both for domestic consumption and export. Luanda Bay in Angola, Walvis and Lüderitz Bays in Namibia, and Saldanha Bay in South Africa are prime localities for aquaculture within the BCLME owing to the exposed nature of the majority of the coastline within the region.

 Recently completed work by Joyce et al. (2005) compared the cyst assemblage of Saldanha Bay, a semi-enclosed embayment, to that of coastal upwelling sites off Lambert’s Bay on the west coast of South Africa, located downstream of the Cape Columbine upwelling cell. This study illustrated how the cyst assemblage of the protected Bay differed from the adjacent coastal upwelling system. Cyst abundance and diversity were considerably lower in Saldanha Bay compared to those values recorded for the coastal upwelling sites. Cyst composition also demonstrated some important differences. Some cyst types were common to both areas whereas others tended to be more common or to be restricted to either the Bay or the coastal upwelling region. For example, cysts that were more abundant in the outer coastal stations were those of Alexandrium catenella, a dinoflagellate responsible for PSP in this region. In Saldanha Bay, cysts of A. catenella were found at only two sites at low concentrations. Low cyst numbers of HAB species within Saldanha Bay do not appear to indicate the in situ development of blooms initiated from the excystment of cysts. This information is important to the development of the aquaculture industry within Saldanha Bay, indicating the significantly lower risk of harmful algal blooms within this Bay, compared to the adjacent coastal upwelling system.

It would be beneficial for information to be acquired on cysts of HAB species in Luanda Bay (Angola), and Walvis and Lüderitz Bays (Namibia), as presently no such information exists. Luanda Bay, Walvis Bay and Lüderitz Bay are all semi-enclosed embayments in the BCLME region. Luanda Bay is situated along the northern part of the Angolan coastline, Walvis Bay is situated downstream of the Central Namibian upwelling cell, and Lüderitz Bay is situated in the vicinity of the Lüderitz upwelling cell. All three Bays are protected from the high-energy coastline but remain linked to the Benguela upwelling system.
The overall objective of this project is to assess the diversity and distribution of cysts of HAB species in Luanda Bay (Angola), and Walvis and Lüderitz Bays (Namibia) to provide an assessment of potential risk of harmful blooms in these Bays, and thereby an indication of their suitability for aquaculture. This information will be important in managing these Bays in assessing the potential development of marine aquaculture within each of these areas. 

2. Methodology

2.1. Sampling areas and sediment collection

For the analysis of surface cyst assemblages in the three Bays sediment samples were collected by means of a small Van Veen grab. 30 samples were collected from within Luanda Bay (Angola) (Fig. 1), 32 from within Walvis Bay (Fig. 2) and 38 from within Lüderitz Bay (Fig. 3) (Namibia).  The samples from Luanda Bay were collected over 2 days using a small boat provided by the Policia Fiscal, with the assistance of a colleague from IIM. The samples from Walvis Bay were collected over 2 days using a ski boat, with the assistance of staff from MFMR, and the samples from Lüderitz Bay were also collected over 2 days using a small (2m) rubber duck.

2.2. Sediment analysis

A subsample of the grab sample was removed for processing, and these samples were stored in the dark at 4°C, to prevent cyst germination, until analysis was undertaken. For cyst identification and enumeration the sediments were further processed and analysed using standard wet sieving methods (Wall and Dale 1968, Matsuoka and Fukuyo 2000). A small amount of the sediment was gently sonicated for 1 minute to separate cysts from detrital particles. From this, a 2ml subsample was filtered through a 125µm and a 20µm mesh sieve. The slurry remaining on the 20µm mesh was backwashed onto a watch glass, and a process of panning was performed to separate cysts and lightweight particles from heavier particles. The supernatant water with cysts was transferred into a beaker and the final volume noted. From the final volume, 1ml was removed by pipette and placed on a Sedgewick-rafter chamber and examined under an Olympus BX-60 light microscope. Cyst concentrations are presented as the number of cysts ml-1 wet sediment.
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Fig. 1. Map of Luanda Bay, Angola, showing the location of sediment samples. 
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Fig. 2. Map of Walvis Bay, Namibia, showing the location of sediment samples. 
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Fig. 3. Map of Lüderitz Bay, Namibia, showing the location of sediment samples.

3. Results

A detailed species list of cyst types found in the surface sediments of Luanda Bay (Angola), and Walvis and Lüderitz Bays (Namibia) is presented (Table 1). Photographs of these cysts are provided in Plate 1.  

Table 1: Cyst types found in Luanda Bay (Angola), and Walvis Bay and Lüderitz Bay (Namibia) (* Toxic species)

	Cyst types
	Luanda Bay
	Walvis Bay
	Lüderitz Bay

	Biological name
	Palaeontological name
	
	
	

	Gonyaulacales
	
	
	
	

	Gonyaulax sp.
	Spiniferites delicatus
	+
	+
	

	Gonyaulax spinifera complex
	Spiniferites ramosus
	+
	+
	

	Unidentified Spiniferites spp
	
	+
	+
	

	Lingulodinium polyedrum *
	Lingulodinium machaerophorum
	+
	+
	

	Gonyaulax spinifera complex
	Nematosphaeropsis sp.
	
	+
	

	Protoceratium reticulatum *
	Operculodinium centrocarpum
	+
	+
	

	Alexandrium catenella/tamarense complex*
	-
	+
	
	

	Pyrophacus steinii
	Tuberculodinium vancampoae
	+
	
	

	Gymnodiniales
	
	
	
	

	Polykrikos kofoidii
	-
	
	+
	

	Polykrikos schwartzii
	-
	+
	+
	

	Calcareous Peridiniales
	
	
	
	

	Scrippsiella lachrymosa
	-
	+
	
	

	Scrippsiella precaria
	-
	
	+
	

	Scrippsiella ramonii
	-
	
	+
	

	Scrippsiella trifida
	-
	+
	
	

	Scrippsiella trochoidea 
	-
	+
	+
	+

	Scrippsiella sp.
	-
	
	+
	+

	Organic Peridiniales
	
	
	
	

	Protoperidinium americanum
	-
	+
	+
	+

	Protoperidinium avellanum
	Brigantedinium cariacoense
	+
	+
	

	Protoperidinium claudicans
	Votadinium spinosum
	+
	+
	+

	Protoperidinium compressum
	Stelladinium stellatum
	+
	
	

	Protoperidinium conicoides
	Brigantedinium simplex
	+
	+
	

	Protoperidinium conicum
	Selenopemphix quanta
	+
	+
	+

	Protoperidinium denticulatum
	Brigantedinium sp.
	
	+
	

	Protoperidinium latissimum
	
	+
	
	

	Protoperidinium leone
	Quinquecuspis concreta
	+
	+
	+

	Protoperidinium oblongum
	Votadinium calvum
	+
	+
	

	Protoperidinium pentagonum
	Trinovantedinium applanatum
	+
	+
	

	Protoperidinium subinerme
	Selenopemphix nephroides
	+
	+
	+

	Protoperidinium sp 4
	
	
	+
	

	Unidentified Round Brown
	-
	+
	+
	+

	Zygabikodinium lenticulatum
	Dubridinium caperatum
	+
	+
	+

	Unidentified sp 1
	
	+
	+
	+

	Unidentified sp 4
	
	+
	+
	

	Unidentified sp 5
	
	+
	+
	

	Unidentified sp 7
	
	
	+
	

	Unidentified sp 8
	
	
	+
	

	Unidentified sp 9
	
	
	+
	

	Unidentified sp 11
	
	+
	+
	+

	Unidentified sp 13
	
	
	+
	


3.1. Luanda Bay (Angola)

From the 30 sites sampled in Luanda Bay, 28 cyst types representing eight dinoflagellate genera were recorded (Table 1 and Plate 1). The number of cyst types recorded at any single station ranged between 1 and 13, with an average of 8 cyst types per site. Cyst concentrations ranged from 38 to 1288 cysts ml-1 wet sediment (Fig. 4). Cysts belonging to heterotrophic dinoflagellates comprised a marginally higher percentage (57%) of the cyst assemblage than did autotrophic cysts (43%). Cysts of Protoceratium reticulatum were the most abundant cyst type, followed by unidentified round brown cysts and cysts of Scrippsiella trochoidea.

Three toxic cyst types were found in the sediments of Luanda Bay: Alexandrium catenella/tamarense, Protoceratium reticulatum (a toxic dinoflagellate that produces yessotoxins (YTX)) and Lingulodinium polyedrum (also a toxic dinoflagellate that produces YTX).  

The Alexandrium catenella/tamarense species complex comprises two species, A. catenella and A. tamarense. Both are known toxin-producing dinoflagellate species, and produce the toxin saxitoxin and several derivatives of this molecule. Both species produce a colourless resting cyst as part of their life histories. The cyst of A. catenella is morphologically identical to the cyst of A. tamarense and it is impossible to distinguish them from each other on the basis of cyst morphology (Fukuyo 1985). The cysts are elongate, ellipsoidal and transparent with rounded ends, and have a wide size range: 36-56µm in length to 23-32µm in width. The cyst walls are smooth and thick, and often covered with transparent, amorphous mucilage that sometimes incorporates fine detrital particles. A red/orange accumulation body is visible, as are pale starch granules, lipid globules and cytoplasm. Attempts were made to germinate specimens of this cyst type to determine the motile species, but germination was not successful. Therefore it is still unknown as to whether the cysts are A. catenella or A. tamarense, or both. For this reason, in this report, these cysts will be referred to as Alexandrium catenella/tamarense.

Cysts of A. catenella/tamarense were found at a number of stations, and concentrations ranged from 13 to 50 cysts ml-1 wet sediment (Fig. 5).  Cysts of P. reticulatum were found at every station sampled, with concentrations ranging from 38 to 988 cysts ml-1 wet sediment (Fig. 6). Cysts of L. polyedrum were found at only two stations at low concentrations, of only 13 cysts ml-1 wet sediment (Fig. 7).
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Fig. 4. Cyst distribution and abundance in the sediments of Luanda Bay, Angola.
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Fig. 5. Distribution of cysts of Alexandrium catenella/tamarense in Luanda Bay, Angola.
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Fig. 6. Distribution of cysts of Protoceratium reticulatum in Luanda Bay, Angola.
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Fig. 7. Distribution of cysts of Lingulodinium polyedrum in Luanda Bay, Angola.

3.2. Walvis Bay (Namibia)

From the 32 sites sampled in Walvis Bay, 33 cyst types representing eight dinoflagellate genera were recorded (Table 1 and Plate 1). The number of cyst types recorded at any single station ranged between 8 and 19, with an average of 14 cyst types per site. Cyst concentrations ranged from 313 to 2500 cysts ml-1 wet sediment (Fig. 8). Cysts belonging to heterotrophic dinoflagellates comprised a higher percentage (70%) of the cyst assemblage than did autotrophic cysts (30%). Cysts of Scrippsiella trochoidea were the most abundant cyst type, followed by unidentified round brown cysts, and cysts of Zygabikodinium lenticulatum.
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Two toxic cyst species were found in the sediments of Walvis Bay: Protoceratium reticulatum and Lingulodinium polyedrum. Cysts of these species were found at only two stations each in Walvis Bay (Fig. 9 and 10), both at low concentrations, of only 13 cysts ml-1 wet sediment. 

Fig. 8. Cyst distribution and abundance in the sediments of Walvis Bay, Namibia.
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Fig. 9. Distribution of cysts of Protoceratium reticulatum in Walvis Bay, Namibia.
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Fig. 10. Distribution of cysts of Lingulodinium polyedrum in Walvis Bay, Namibia.

3.3. Lüderitz Bay (Namibia)

From the 38 sites sampled in Lüderitz Bay, 11 cyst types representing three dinoflagellate genera were recorded (Table 1 and Plate 1). The number of cyst types recorded at any single station ranged between 1 and 7, with an average of 4 cyst types per site. Cyst concentrations ranged from 13 to 250 cysts ml-1 wet sediment (Fig. 11). Cysts belonging to heterotrophic dinoflagellates comprised a higher percentage (64%) of the cyst assemblage than did autotrophic cysts (36%). Unidentified round brown cysts were by far the most abundant cyst type. No toxic cyst species were found in the sediments of Lüderitz Bay. 
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Fig. 11. Cyst distribution and abundance in the sediments of Lüderitz Bay, Namibia.

4. Discussion

Despite the recognition that cysts play an important role in the life history of many dinoflagellates, and in particular several harmful and toxic dinoflagellates, few studies of the composition, abundance and distribution of dinoflagellate cysts in the bottom sediments of the BCLME region have been carried out. This study provides the first description of the species composition, distribution and abundance of dinoflagellate cysts in the surface sediments of Luanda Bay (Angola), and Walvis and Lüderitz Bays (Namibia). This knowledge will provide an indication of the potential risk of harmful blooms in these respective Bays.  

These observations are compared to the cyst composition and abundance in the adjacent coastal system of the BCLME region, as determined in the project EV/HAB/02/03: Investigation into the diversity and distribution of cysts of harmful algal blooms within the Benguela Current Large Marine Ecosystem region. Cyst assemblages adjacent to Luanda Bay, Walvis Bay and Lüderitz Bay (as indicated in Fig. 12) are compared to cyst assemblages within the respective Bays.
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Fig. 12. Map of the BCLME region showing the location of Luanda Bay, Walvis Bay and Lüderitz Bay, and the adjacent coastal sites selected for comparison.

4.1. Luanda Bay

Cyst abundance and diversity were higher within Luanda Bay compared to the adjacent coastal system, as determined in the project EV/HAB/02/03 (Table 2). 

Table 2: Comparison of the cyst assemblage inside Luanda Bay (Angola) and that of the adjacent coastal system

	Cyst Type


	Inside Luanda Bay
	Adjacent coastal system

	
	Mean          Range

(Cysts ml-1 wet sediment)
	Mean          Range

(Cysts ml-1 wet sediment)

	Spiniferites delicatus
	0.4
	0-13
	
	

	Spiniferites ramosus
	0.4
	0-13
	
	

	Unidentified Spiniferites spp
	2
	0-25
	5
	0-25

	Lingulodinium polyedrum 
	1
	0-13
	3
	0-25

	Nematosphaeropsis sp.
	
	
	1
	0-13

	Protoceratium reticulatum 
	256
	13-988
	7
	0-38

	Alexandrium catenella/tamarense species complex
	8
	0-50
	
	

	Pyrophacus steinii
	5
	0-25
	
	

	Polykrikos schwartzii
	19
	0-75
	5
	0-25

	Scrippsiella lachrymosa
	3
	0-50
	
	

	Scrippsiella trifida
	1
	0-13
	
	

	Scrippsiella trochoidea 
	53
	0-125
	11
	0-38

	Protoperidinium americanum
	6
	0-75
	1
	0-13

	Protoperidinium avellanum
	0.4
	0-13
	3
	0-25

	Protoperidinium claudicans
	3
	0-25
	
	

	Protoperidinium compressum
	1
	0-25
	
	

	Protoperidinium conicoides
	0.4
	0-13
	
	

	Protoperidinium conicum
	3
	0-25
	
	

	Protoperidinium latissimum
	3
	0-25
	3
	0-13

	Protoperidinium leone
	46
	0-150
	5
	0-25

	Protoperidinium oblongum
	6
	0-25
	1
	0-13

	Protoperidinium pentagonum
	3
	0-25
	9
	0-38

	Protoperidinium subinerme
	1
	0-13
	1
	0-13

	Unidentified Round Brown
	61
	0-113
	35
	0-50

	Zygabikodinium lenticulatum
	18
	0-63
	4
	0-13

	Unidentified sp 1
	55
	0-525
	2
	0-25

	Unidentified sp 4
	3
	0-25
	1
	0-13

	Unidentified sp 5
	5
	0-25
	3
	0-25

	Unidentified sp 11
	0.4
	0-13
	
	


From the 9 stations selected for comparison in the outer coastal system, at least 18 cyst types were recorded, but total cyst concentrations were low ranging from 38 to 175 cysts ml-1 wet sediment. From 30 stations in the Bay, at least 28 cyst types were recorded and total cyst concentrations ranged from 38 to 1288 cysts ml-1 wet sediment. Cysts that appeared to be restricted to the Bay were those of Alexandrium catenella/tamarense. No cysts of this type were observed in the samples from the outer coastal system, but within the Bay they were observed at several stations with concentrations ranging between 13 and 50 cysts ml-1 wet sediment. Both A. catenella and A. tamarense are toxic and produce saxitoxins. Cysts that were found in both the outer coastal system and inside the Bay included those of Protoceratium reticulatum, a toxic dinoflagellate that produces yessotoxins (YTX) (Satake et al. 1997). Cysts of P. reticulatum were far more abundant and widespread in the Bay, being observed at every station, with concentrations ranging between 13 and 988 cysts ml-1 wet sediment. Cysts of Lingulodinium polyedrum, a toxic dinoflagellate that also produces YTX (Paz et al. 2004) were also found in both areas in low concentrations. 
There have been no reported cases of PSP from Luanda, or Angola, but Silva (2003) observed Alexandrium catenella and A. tamarense in the plankton in Luanda Bay and adjacent coastal areas of Angola. A. catenella is responsible for PSP in the BCLME region, and confirmed cases of PSP in the southern Benguela have been known since 1948 (Sapeika 1948, 1958, Popkiss et al. 1979, Pitcher and Cockroft 1998). In 1997, sardine (Sardinops sagax) mortalities were attributed to the ingestion of A. catenella (Pitcher and Calder 2000). A. tamarense is also known to be toxic and is responsible for PSP in other regions round the world (Prakash 1967, Cembella et al. 1988, Franks and Anderson 1992, Joyce 2005).  
To date, no known blooms of Protoceratium reticulatum or Lingulodinium polyedrum, or toxic events associated with these species, have been reported for Luanda Bay, or Angola. However, the fact that cysts of P. reticulatum and L. polyedrum have been found in the sediments reveals that vegetative cells of these species do occur in the plankton, consequently, there is a potential risk for outbreaks of toxicity associated with these species. P. reticulatum is known to be toxic (Satake et al. 1997, Yasumoto and Satake 1998) and has been associated with large mortalities of both white (Donax serra) and black (Choromytilus meridionalis) mussels on the west coast of South Africa (Grindley and Nel, 1968, 1970, Horstman 1981). L. polyedrum is also known to be toxic and is associated with harmful events in other regions round the world (Kofoid 1911, Allen 1921, Eppley and Harrison 1975, Lewis et al. 1985, Marasovic 1989, 1991, Bruno et al. 1990). 
The presence of cysts of Alexandrium catenella/tamarense, Protoceratium reticulatum and Lingulodinium polyedrum in the sediments of Luanda Bay indicate a potential seedbed for the initiation of blooms and toxic events (PSP and YTX poisoning). The fact that these cysts are more abundant within the Bay, compared to the adjacent coastal system, suggests that blooms are more likely to develop in situ, initiated from excystment of cysts.

4.2. Walvis Bay 

Cyst abundance and diversity were generally lower within Walvis Bay (although there were several stations with comparable values) compared to the adjacent coastal upwelling system of the Namibian coastline, as determined in EV/HAB/02/03 (Table 3). 

Table 3: Comparison of the cyst assemblage inside Walvis Bay (Namibia) and that of the adjacent coastal upwelling system

	Cyst Type


	Inside Walvis Bay
	Adjacent coastal upwelling system

	
	Mean          Range

(Cysts ml-1 wet sediment)
	Mean          Range

(Cysts ml-1 wet sediment)

	Spiniferites delicatus
	2
	0-13
	2
	0-38

	Spiniferites ramosus
	1
	0-25
	3
	0-50

	Unidentified Spiniferites spp
	3
	0-38
	3
	0-13

	Lingulodinium polyedrum 
	0.7
	0-13
	3
	0-38

	Nematosphaeropsis sp.
	0.4
	0-13
	1
	0-13

	Protoceratium reticulatum 
	0.7
	0-13
	9
	0-213

	Alexandrium catenella 
	
	
	2
	0-50

	Polykrikos kofoidii
	10
	0-88
	8
	0-75

	Polykrikos schwartzii
	0.4
	0-13
	0.8
	0-25

	Scrippsiella lachrymosa
	
	
	2
	0-13

	Scrippsiella precaria
	38
	0-163
	4
	0-75

	Scrippsiella ramonii
	12
	0-163
	1
	0-13

	Scrippsiella trifida
	
	
	1
	0-25

	Scrippsiella trochoidea 
	345
	74-813
	280
	13-1100

	Scrippsiella sp.
	2
	0-13
	5
	0-88

	Protoperidinium americanum
	27
	0-100
	33
	0-100

	Protoperidinium avellanum
	3
	0-25
	25
	0-125

	Protoperidinium claudicans
	11
	0-38
	9
	0-75

	Protoperidinium conicoides
	9
	0-38
	17
	0-100

	Protoperidinium conicum
	33
	0-113
	85
	0-400

	Protoperidinium denticulatum
	4
	0-38
	8
	0-63

	Protoperidinium leone
	31
	0-88
	47
	0-225

	Protoperidinium oblongum
	9
	0-75
	141
	0-238

	Protoperidinium pentagonum
	10
	0-63
	160
	0-2263

	Protoperidinium subinerme
	38
	0-100
	29
	0-125

	Protoperidinium sp 4
	2
	0-50
	4
	0-38

	Unidentified Round Brown
	330
	63-1025
	489
	50-1325

	Zygabikodinium lenticulatum
	140
	0-488
	177
	13-738

	Unidentified sp 1
	1
	0-13
	3
	0-50

	Unidentified sp 4
	17
	0-138
	7
	0-50

	Unidentified sp 5
	52
	0-238
	69
	0-138

	Unidentified sp 7
	2
	0-25
	4
	0-25

	Unidentified sp 8
	2
	0-38
	5
	0-100

	Unidentified sp 9
	84
	0-463
	75
	0-1500

	Unidentified sp 11
	0.4
	0-13
	0.5
	0-25

	Unidentified sp 13
	0.4
	0-13
	1
	0-25

	Unidentified sp 14
	
	
	0.2
	0-13


From the 49 stations selected for comparison in the outer coastal upwelling system, at least 37 cyst types were recorded, and total cyst concentrations were high ranging from 0 to 3975 cysts ml-1 wet sediment. From 32 stations in the Bay, at least 33 cyst types were recorded and total cyst concentrations ranged from 313 to 2500 cysts ml-1 wet sediment. Cysts that were more abundant in the outer coastal upwelling system were those of Protoceratium reticulatum and Lingulodinium polyedrum. In the Bay, cysts of P. reticulatum were found at two stations in the centre of the Bay, and cysts of L. polyedrum were found at two of the outer most stations. Both species were observed at low concentrations, of only 13 cysts ml-1 wet sediment. 

Cysts that appeared to be restricted to the adjacent coastal upwelling system were those of Alexandrium catenella as none of these cysts were observed inside the Bay. Pieterse and Van der Post (1967) reported that in the northern Benguela, Gonyaulax tamarensis, (now Alexandrium tamarense), a recognized PSP-producing dinoflagellate, was one of the species regularly responsible for red tide in the Walvis Bay region. Despite frequent blooms of this species, mussel poisoning was never reported on the Namibian coast (Pieterse and Van der Post 1967). The responsible dinoflagellate has subsequently been identified as A. catenella, and not A. tamarense (MCM, unpublished data). The cysts of Alexandrium sp. found in the sediments off Namibia during the previous project EV/HAB/02/03, were isolated and germinated in the laboratory, and confirmed to be cysts of A. catenella, no cysts of A. tamarense were found.
Despite the fact that the total cyst abundance in Walvis Bay is high, only two toxic species were observed in the sediments, both in low concentrations. The presence of cysts of Protoceratium reticulatum and Lingulodinium polyedrum in the Bay present a potential risk for the initiation of blooms and toxic events (YTX poisoning). To date, no known blooms of these species, or harmful events associated with them, have been reported for Walvis Bay, or Namibia. However, the fact that cysts of P. reticulatum and L. polyedrum have been found in the sediments reveals that vegetative cells of this species do occur in the plankton, consequently, there is a potential risk for outbreaks of toxicity or harmful effects associated with this species. As already mentioned both species are toxic and have been associated with harmful events elsewhere. 

4.3. Lüderitz Bay

Cyst abundance and diversity were considerably lower in Lüderitz Bay compared to the adjacent coastal upwelling system of the Namibian coastline, as determined in EV/HAB/02/03 (Table 4). 

Table 4: Comparison of the cyst assemblage inside Lüderitz Bay (Namibia) and that of the adjacent coastal upwelling system

	Cyst Type


	Inside Lüderitz Bay
	Adjacent coastal upwelling system

	
	Mean          Range

(Cysts ml-1 wet sediment)
	Mean          Range

(Cysts ml-1 wet sediment)

	Lingulodinium polyedrum 
	
	
	1
	0-13

	Protoceratium reticulatum 
	
	
	4
	0-25

	Polykrikos kofoidii
	
	
	1
	0-13

	Polykrikos schwartzii
	
	
	1
	0-13

	Scrippsiella lachrymosa
	
	
	4
	0-38

	Scrippsiella precaria
	
	
	1
	0-13

	Scrippsiella trifida
	
	
	1
	0-13

	Scrippsiella trochoidea 
	0.3
	0-13
	50
	0-125

	Scrippsiella sp
	3
	0-25
	10
	0-50

	Protoperidinium americanum
	6
	0-75
	26
	0-100

	Protoperidinium avellanum
	
	
	19
	0-50

	Protoperidinium claudicans
	0.6
	0-13
	2
	0-13

	Protoperidinium conicoides
	
	
	18
	0-50

	Protoperidinium conicum
	13
	0-63
	44
	0-113

	Protoperidinium denticulatum
	
	
	12
	0-50

	Protoperidinium leone
	8
	0-38
	79
	0-163

	Protoperidinium oblongum
	
	
	1
	0-13

	Protoperidinium pentagonum
	
	
	2
	0-13

	Protoperidinium subinerme
	4
	0-25
	24
	0-75

	Protoperidinium sp 4
	
	
	2
	0-13

	Unidentified Round Brown
	85
	0-150
	404
	200-600

	Zygabikodinium lenticulatum
	2
	0-13
	59
	0-225

	Unidentified sp 1
	2
	0-38
	
	

	Unidentified sp 4
	
	
	7
	0-75

	Unidentified sp 5
	
	
	23
	0-75

	Unidentified sp 9
	
	
	1
	0-13

	Unidentified sp 11
	0.6
	0-13
	
	


From the 18 stations selected for comparison in the adjacent coastal upwelling system, at least 25 cyst types were recorded, and total cyst concentrations were high ranging from 538 to 1238 cysts ml-1 wet sediment. From 38 stations in the Bay, at least 11 cyst types were recorded and total cyst concentrations were low, ranging from 13 to 250 cysts ml-1 wet sediment. No cysts of toxic species were observed in the sediments of Lüderitz Bay. Cysts that were more abundant in, and appeared to be restricted to, the adjacent coastal upwelling system included those of Protoceratium reticulatum and Lingulodinium polyedrum. 

Although no cysts of Alexandrium catenella were observed in the sediments of Lüderitz Bay, or in the coastal area that was selected for comparison purposes, there have been prior reports of PSP in shellfish from this area. In the mid-1990s attempts to market mussels grown in Lüderitz failed because cultured mussels consistently tested positive for PSP. 

The low cyst abundances in general within Lüderitz Bay, and certainly the absence of any cysts of toxic or harmful species, indicate a low risk of blooms initiated by the excystment of cysts in the Bay. The fact that cysts, including cysts of Protoceratium reticulatum and Lingulodinium polyedrum, were more widespread and abundant in the adjacent coastal upwelling system suggests that there is a higher risk of bloom development here compared to inside the Bay. It is likely that any blooms experienced within the Bay are initiated in the adjacent coastal upwelling system and introduced into the Bay.

4.4. Mechanisms that control cyst distribution and abundance 

The mapping of dinoflagellate cysts, especially those of harmful or toxic species, in marine sediments is a useful means to indicate areas where blooms have occurred or where vegetative growth may occur in the future (White and Lewis 1982, Anderson et al. 1982, Tyler et al. 1982, Anderson and Keafer, 1985). For this purpose it is important to establish the mechanisms of the formation of potential seedbeds where higher numbers of cysts accumulate. Differences in cyst abundances between areas are argued to be caused generally by two main factors; differences in the abundance of the motile phases or in their cyst production efficiencies, and/or differences in the sedimentary regime (Blanco 1995). 

The factors that control phytoplankton biomass and production in Luanda Bay, Walvis Bay and Lüderitz Bay have not been investigated. Blooms that form in the outer coastal system in the vicinity of the Bays can probably be advected into the Bays, but the system of exchange that operates between each Bay and the outer coastal system is also unknown.
The distribution and abundance patterns of cyst assemblages in Luanda Bay indicate that the Bay is a suitable environment for the accumulation and retention of cysts. The Bay is very protected and mainly composed of muddy and muddy/sand deposits. Currents in the Bay produced by tides are of very low intensity. Local hydrographic and sedimentary processes combine to account for the deposition of cysts in Luanda Bay. Few studies of phytoplankton species composition and abundance have been conducted along the Angolan coast (Silva 1953, 1955, 1958, Paredes 1962, Silva 2003). Silva (1955) found dinoflagellate abundance overall to be low, even though it differed slightly along the coast, with Baía dos Tigres, in the south, having the lowest biomass, while Benguela and Luanda, both in the north, had marginally higher biomass.
High values of chlorophyll a are frequently recorded downstream of the Central Namibian upwelling cell (Shannon and O’Toole 1999), in the vicinity of Walvis Bay. This region is susceptible to the formation of HABs, often attributed to high biomass dinoflagellate blooms. Owing to these blooms and the retentive circulation characteristics of this area, cyst formation and deposition is high. The distribution and abundance patterns of cyst assemblages in Walvis Bay indicate that this Bay is also a suitable environment for the accumulation and retention of cysts. The central area of the Bay is a protected area mainly composed of muddy and muddy/sand deposits. The combination of high phytoplankton productivity in the vicinity of Walvis Bay and the sedimentary processes within, could account for the high deposition of cysts in the Bay. 
Lower values of chlorophyll a are frequently recorded around 27-28°S, the base of the Lüderitz upwelling cell (Shannon and O’Toole 1999), indicating that this is a region with lower productivity. The distribution and abundance patterns of cyst assemblages in Lüderitz Bay indicate that the Bay is not a suitable environment for the accumulation and retention of cysts. Even though the Bay is relatively protected, the bottom sediments are largely composed of sand, not ideal for the accumulation of cysts, it is common to find higher concentrations of dinoflagellate cysts in muddy rather than sandy sediments (Nehring 1993). The combination of low phytoplankton productivity in the vicinity of Lüderitz Bay and the sedimentary processes within, could account for the low concentration of cysts in the Bay.
5. Conclusion

Results from this project provide a good baseline of information on the diversity, distribution and abundance of dinoflagellate cysts within Luanda Bay (Angola), and Walvis and Lüderitz Bays (Namibia). Of particular importance are the cysts of HAB species found within the sediments of these Bays. Three toxic types were found in Luanda Bay: Alexandrium catenella/tamarense, Protoceratium reticulatum and Lingulodinium polyedrum, and two in Walvis Bay: P. reticulatum and L. polyedrum. No cysts of HAB species were found in Lüderitz Bay. This information is important to the development of the aquaculture sector within these Bays. The presence of these toxic cysts in Luanda Bay and Walvis Bay indicates a potential seedbed for the initiation of blooms and toxic events, namely PSP and YTX poisoning.
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Explanation of plate.

Dinoflagellate cyst types found in the sediments of Luanda Bay (Angola), and Walvis and Lüderitz Bays (Namibia).

(1) Spiniferites delicatus, (2) Spiniferites ramosus, (3) Lingulodinium polyedrum, (4) Nematosphaeropsis sp, (5) Protoceratium reticulatum, (6) Alexandrium catenella/tamarense (confirmed as A. catenella in Namibian and South African sediment samples, still unknown for Luanda Bay if it’s A. catenella or A. tamarense, or both). (7) Pyrophacus steinii, (8) Polykrikos kofoiii, (9I) Polykrikos schwartzii, (10) Scrippsiella lachrymosa, (11) Scrippsiella precaria, (12) Scrippsiella ramonii, (13) Scrippsiella trifida, (14) Scrippsiella trochoidea, (15) Scrippsiella sp, (16) Protoperidinium americanum, (17) Protoperidinium avellanum, (18) Protoperidinium claudicans, (19) Protoperidinium compressum, (20) Protoperidinium conicoides, (21) Protoperidinium conicum, (22) Protoperidinium denticulatum, (23) Protoperidinium latissimum, (24) Protoperidinium leone, (25) Protoperidinium oblongum, (26) Protoperidinium pentagonum, (27) Protoperidinium subinerme, (28) Protoperidinium sp4, (29) unidentified ‘round brown’, (30) Zygabikodinium lenticulatum, (31) unidentified sp1, (32) unidentified sp4, (33) unidentified sp5, (34) unidentified sp7, (35) unidentified sp8, (36) unidentified sp9, (37) unidentified sp11, (38) unidentified sp13.
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APPENDIX 1.

Contributions in-kind to the project

The sediment samples from Luanda Bay (Angola) were collected using a small boat provided by the Policia Fiscal, Republica de Angola. Fuel for the boat was also provided by the Policia Fiscal. It is estimated that 50 Litres of fuel was used to sample Luanda Bay (over two days), costing approximately ZAR 145 (the estimated cost of fuel is ZAR 2.8/Litre). The sediment samples from Lüderitz Bay and Walvis Bay (Namibia) were collected using small boats provided by MFMR. Fuel for the boats was also provided by MFMR. It is estimated that 70 Litres of fuel was used to sample Walvis Bay (over two days), costing approximately ZAR 420 and 30 Litres of fuel was used to sample Lüderitz Bay (over two days), costing approximately ZAR 180, (the estimated cost of fuel is ZAR 6/Litre).
Assistance from D. Louw, MFMR, Swakopmund, Namibia (in the role of sampling collaborator), totalled 10 hours, financially, this in-kind contribution is estimated as ZAR 2,000  (at an average cost of ZAR 200/hr).

Assistance from A. du Randt, MCM, South Africa, (in the role of sampling collaborator), totalled 40 hours, financially, this in-kind contribution is estimated as ZAR 8,000 (at an average rate of ZAR 200/hr)

Assistance from G. Pitcher, MCM, South Africa, (direct input and advice), totalled 40 hours, financially, this in-kind contribution is estimated as ZAR 12,000 (at an average rate of ZAR 300/hr for a senior scientist).  

The total financial costing of in-kind contributions to this project is estimated at ZAR 22,745.

Summary of contributions in-kind to the project

	Fuel

· Angola

· Namibia
	Cost (ZAR)

	· 
	145

600

	Assistance from sampling collaborator (D. Louw - MFMR)
	2,000

	Assistance from sampling collaborator (A. du Randt – MCM)
	8,000

	Assistance from Associate Investigator (G. Pitcher – MCM)
	12,000

	       Total (estimated) financial costing of in-kind contributions
	22,745


APPENDIX 2.

Capacity Building and Training

Angola

Capacity building and training was completed with a colleague (Sonia Silva) from IIM, Luanda. The Capacity building and training took place in the form of a mini ‘hands-on workshop’.  Sonia Silva, was involved in the co-ordination and set-up of the sampling survey, she joined the boat for sampling and therefore had first hand experience of sample collections (techniques), and in the laboratory she was given an introduction to dinoflagellate cysts, and was taught the methods of how to process the sediments and how to identify cysts under the microscope.

Namibia

Capacity building and training was completed with colleagues at MFMR, Swakopmund. The Capacity building and training took place in the form of a mini ‘hands-on workshop’. One colleague (the sampling collaborator – Deon Louw) was involved in the co-ordination and set-up of the sampling survey. Two colleagues (the sampling collaborator +1) joined the boat for sampling, and therefore had first hand experience of sample collection techniques. In the laboratory eight colleagues were given an introduction to dinoflagellate cysts, and were taught the methods of how to process the sediments and how to identify cysts under the microscope. Samples were collected and left with colleagues at MFMR so that they may do the preliminary cyst identifications themselves.

On the boat: Deon Louw, Jan Gei-Khaub.

In the Laboratory: Deon Louw & Selma Nujoma (Phytoplankton section); Bronwen Currie, Jan Gei-Khaub, Paloma Ellitson, Rikka Hatutale, Johannes Hamukwaya & Anna-Lusia Mukumangeni (Aquaculture section).

A guide (teaching manual) has been compiled by the lead investigator, L. Joyce, and given to colleagues at IIM and MFMR as part of the capacity building and training component. The guide sets out, and explains, cyst sampling techniques, basic taxonomy and identification (keys) of dinoflagellate cysts, and also introduces very basic statistical techniques necessary to evaluate data.
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