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4.1 Suggested Reading
Present document and the following papers:
Balech, E. 1989. Redescription of Alexandrium minutum (Dinophyceae) type species of the genus Alexandrium. - Phycologia 28: 206-211.

Taylor, F.J.R. & Fukuyo, Y. 1998. The neurotoxigenic dinoflagellate genus Alexandrium Halim: general introduction. - In: Anderson, D.M., Cembella, A.D. & Halle-graeff, G.M. (eds), Physiological ecology of harmful algal blooms, NATO ASI series, Series G, Ecological sciences, vol. 41, Springer-Verlag, Berlin, pp.3-11, (see Books, pdf file NATO ASI)..

Tindall, D.R. & Morton, S.L. 1998. Community dynamics and physiology of epiphytic/ benthic dinoflagellates associated with ciguatera. – In: Anderson, D.M., Cembella, A.D. & Hallegraeff, G.M. (eds.), Physiological ecology of harmful algal blooms, NATO ASI series, Series G, Ecological sciences, vol. 41, Springer-Verlag, Berlin, pp. 291-313, (see Books, pdf file NATO ASI).

.

4.2. The potentially harmful genera

This order is characterized by a strongly asymmetrical organization of the thecal plates. The apical pore complex is also asymmetrical and is never connected to the 1’ by a canal plate as is the case in the Peridiniales. The typical plate formula is 4’, 6’’, 6c, 5s, 5’’’, 2’’’’ according to Fensome et al. (1993). Variations in this plate formula – and also different interpretations - do occur, and are indicated below where appropriate. For Alexandrium, see Fig. 1.

The potentially toxic species belong mainly in the genera Alexandrium, Coolia, Gambier-discus, Ostreopsis, and Pyrodinium, see below. It should be noted, however, that also the common and widespread species Lingulodinium polyedrum (Stein) Dodge 1989 and Protoceratium reticulatum (Claparède et Lachmann) Bütschli 1885 may produce toxins (see also Module VII).

4.3. Genus Alexandrium
Taxonomy

The genus Alexandrium was created by Halim (1960) with A. minutum as the type species. However, many details pertaining to the plate pattern of the new species, and now regarded important both for the delineation of the genus and for the identification of species of Alexandrium, were not noted by Halim. This situation has created considerable taxonomic confusion in the past, and species now assigned to Alexandrium have previously been referred to Gonyaulax Diesing 1866, Goniodoma Stein 1883, Gessnerium Halim 1967, or Protogonyaulax Taylor 1979. Taxonomic reviews of Alexandrium may be found in Balech (1989) or Taylor & Fukuyo (1998), and in the monographic work of Balech (1995).


The genus is characterized by the following plate formula: Po, 4', 6'', 6c, 10s, 5''', 2'''' (Fig. 1). The apical pore plate (Po) has a comma-shaped hole covered by a tiny plate, and the Po plate may have an anterior attachment pore and a number of additional marginal pores; these features together form the apical pore complex (APC). Alexandrium may be distinguished from the common genus Gonyaulax by the presence of only three apical plates and two anterior intercalary plates in the latter; for further comparisons to related genera, see Fensome et al. (1993) and Steidinger (1997).
Identification of species of Alexandrium
Most species of Alexandrium have been described from natural material, and several of these are differentiated by very minor deviations in plate morphology. Only a few species, e.g. A. tamarense, have been studied in culture, and future culture studies on morphological variation may reveal that the genus is over-classified and reduce the number of species. Recent biochemical and molecular studies do not at least in some cases support the morpho-species concept particularly within the A. tamarense-fundyense-catenella complex (Scholin 1998, Sako 1999, Higman et al. 2001), and A. minutum Lilly et al. (2005). However, the morphological species concept is still useful and important information on distribution etc. may be lost if this is not applied in distinguishing species.

In addition to the general characters such as size, shape, and chain formation, the morphology of particularly the 1', 6'’, Po, APC, and the s.p. plates are important for identification, see Fig 1. The features distinguishing the species can usually be observed in the light microscope, but several features are very fine and difficult to discern, and require careful observation. It should also be noted that the chains in colony-forming species often disintegrate in preserved samples. In most species, the 1' is connected to the APC either directly or indirectly by a filiform prolongation, and it usually has a ventral pore. In some species, the 1' and the APC are clearly disconnected.
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Based on morphological features, Balech (1995) recognized 29 species of Alexandrium, assigned to two subgenera, and a number of species groups as follows:
Subgenus Alexandrium (syn. Protogonyaulax Taylor): The 1'-plate is connected to the APC. The subgenus comprises the following species groups:

· the catenella group, includes 2 species (A. catenella, A. compressum), chain-forming with anterior-posteriorly compressed cells, 1' lacks a ventral pore,

· the fraterculus group, includes 3-4 species (A. affine, A. cohorticula, A.fraterculus, A. tamiyavanischii), chain-forming species with a ventral pore,

· the kutnerae group, includes 2 species (A. kutnerae, A. leei), the ventral pore is located inside the 1' plate,

· the minutum group, includes 4 species (A. andersonii, A. angustitabulatum, A. lusitanicum, A. minutum), some of which may be synonymous, small species (usually < 30 µm) characterized by a very narrow 6'’ plate and a short s.p. plate,

· the ostenfeldii group, includes 2 probably synonymous species (A. ostenfeldii, A. peruvianum), characterized by a narrow 1' plate with a large ventral pore,

· tamarense group, includes 4 species (A. acatenella, A. fundyense, A. tamarense, A. tropicale), this group is difficult to define morphologically, and the shape of the s.p. plate (with two ventrally directed, anterior prolongations) appears to be the only common feature.

Subgenus Gessnerium: The 1’-plate is not connected to the APC. The subgenus comprises 10 species: Alexandrium balechii, A. concavum, A. foedum, A. hiranoi, A. insuetum, A. margalefii, A. monilatum, A. pseudogonyaulax, A. satoanum, A. taylori.

In addition to the species included in Balech (1995), 4 more species of Alexandrium have been described: A. camurascutulum Mackenzie et Todd (Mackenzie & Todd 2002), A. gaarderae  Nguyen-Ngoc et Larsen, A. globosum Nguyen-Ngoc et Larsen (Nguyen-Ngoc & Larsen 2004) and A. tamutum Montresor, Beran et John (Montresor et al., 2004).

For species identification the reader is referred to Balech (1995), Nguyen & Larsen (2004), and Taylor et al. (2004), and particularly for the South American  region Balech (2002).

Harmful species

Several species of Alexandrium may produce paralytic shellfish poisons, see e.g. Taylor et al. (2004). Some species seem to produce also other types of toxins with haemolytic activity (Simonsen et al. 1995) and which may cause fish kills (Ogata & Kodama 1986). A. ostenfeldii may produce spirolide shellfish toxins, see Module VII.

Some Alexandrium species may produce sexual resting cysts. These cysts may be even more toxic than the vegetative stage (Dale et al. 1978), and play an important role in bloom dynamics (see Anderson et al. 2004, Matsuoka & Fukuyo 2004, and references therein). 

4.4. Coolia
This genus comprises benthic 3 species: C. areolata Ten-Hage, Turquet, Quod et Couté 2000, C. monotis Meunier 1919, and C. tropicalis Faust 1995 with the following plate formula: Po, 3(4)’, 7 (6)’’, 6c, (6s, 5’’’, 1p, 2’’’’. Faust (1992) described C. monotis by SEM.

C. monotis is an epiphytic toxin producing species preferring moderately exposed habitats with limited freshwater inflow, widely distributed from temperate to tropical waters (Tindall & Morton 1998, Rhodes & Thomas 1997). The toxin produced – cooliatoxin - is toxic to larvae of Artemia and Haliotis (Holmes et al. 1995) and contributes to ciguatera.

4.5. Gambierdiscus
Adachi & Fukuyo (1979) described Gambierdiscus with the following plate formula: Po, 3’, 7’’, 6c, 8s, 6’’’, 1p, 1’’’’, but subsequent interpretations indicate: Po, 4’, 6’’, 6c, 8s, 5’’’, 2’’’’ (e.g. Steidinger 1997), or Po, 3’, 7’’, 6c, 8s, 5’’’, 1p, 2’’’’ (e.g. Chinain et al. 1999). Thus, the largest plate of the hypotheca which is used in differentiation of species is interpreted as 2’’’’ by some authors and as 1p by others.

The genus comprises 6 species: G. australes Faust et Chinain 1999, G. belizeanus Faust 1995, G. pacificus Chinain et Faust 1999, G. polynesiensis Chinain et Faust 1999, G. toxicus Adachi et Fukuyo 1979, and G. yasumotoi Holmes 1998. The latter species is globular in shape, while the others are anterio-posteriorly compressed and differentiated mainly by the size and shape of the Po and 1p (2’’’’) plates. Chinain et al. (1999) discussed the differences between the 6 species of Gambierdiscus.
G. toxicus is generally regarded an epiphytic species, but Nakahara et al. (1996) found in studies from Tahiti that it rather moves around the thalli of macroalgae, particularly species of the red algae Jania and Amphiora, and only attach to the thallus upon disturbances e.g. strong water movements which might wash the cells away. According to Grzebyk et al. (1994) and Tindall & Morton (1998), G. toxicus may occur in a wide variety of habitats including exposed coral reefs, but is often most abundant in more protected habitats.

G. toxicus is the main cause of ciguatera (fish poisoning: ciguatoxins and maitotoxins), and is widely distributed in subtropical and tropical areas.

4.6. Ostreopsis
Species belonging in this genus have strongly antero-posteriorly compressed cells, which are more or less pear-shaped in apical view; thus what appears as the cell length is the dorso-ventral width. The plate formula is the same as in Coolia (Po, 3(4)’, 7 (6)’’, 6c, (6s, 5’’’, 1p, 2’’’’) according to Steidinger (1997), but different interpretations occur. As in Coolia, a ventral pore has been found in the cingulum (Faust et al. 1996).

The genus currently comprises 9 species, which are differentiated mainly by cell shape and size, and features relating to the Po, 1’, and 1p plates, see Fukuyo (1981), Faust et al. (1996), and Faust (1999) for discussion of the differences between the 9 species of Ostreopsis. It should be noted that Faust et al. (1996) confused O. siamensis and O. lenticularis indicating that O. siamensis Schmidt 1902 (l.c. Plate 21, Fig. 4) has two types of valve pores, and O. lenticularis only one type of pores, but the original description of O. lenticularis (Fukuyo 1981) clearly indicates that this species has 2 types of pores, see also Nguyen et al. (2004).

Ostreopsis species also contribute to ciguatera in tropical and subtropical regions; they produce toxins which may cause clupeotoxicity in fish. In the Southwest Atlantic, O. ovata was associated with large scale sea urchin mortality.

4.7. Pyrodinium bahamense var. compressum
Pyrodinium bahamense var.compressum (Pbc) has caused major public health and economic problems in the South East Asian region for more than 2 decades (Azanza & Taylor 2001). This thecate dinoflagellate has probably existed since the Eocene (McMinn 1989), and fossil cysts of the species have been recorded from many geographical locations. In contrast, modern, extant cysts of P. bahamense seem to have a more limited distribution, mainly in South East Asia, the Caribbean and in Western Europe (Ferreira & Dale 1997). Various aspects of the biology of P. bahamense var. compressum are described in Hallegraeff & Maclean (1989) and Usup & Azanza (1998).
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Figure 1. The thecal plate arran-gement of Alexandrium (redrawn from Balech 1995). 





A: ventral view, 


B: dorsal view, 


C: apical pore complex (APC),


D: apical view, 


E: antapical view. 
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