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Module III 

Section 5, Gymnodiniales and Noctilucales (4 hours)
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5.1. Suggested reading

Present document and and the following papers:
Daugbjerg, N., Hansen, G., Larsen, J.& Moestrup, O. 2000. Phylogeny of some major genera of dinoflagellates based on ultrastructure and partial LSU rDNA sequence data, including the erection of 3 new genera of unarmoured dinoflagellates. - Phycologia 39:302-317.

Hallegraeff, G.M. & Fraga, S. 1998. Bloom dynamics of the toxic dinoflagellate Gymnodinium catenatum, with emphasis on Tasmanian and Spanish coastal waters. - In: Anderson, D.M., Cembella, A.D. & Hallegraeff, G.M. (eds), Physiological ecology of harmful algal blooms, NATO ASI Series, vol. G 41, Springer-Verlag, Berlin, pp. 59-80 , (see Books, pdf file NATO ASI).

.

5.2. Introduction to the taxonomy of unarmoured dinoflagellates

The 'unarmoured' or 'naked' dinoflagellates lack cellulosic amphiesmal plates. Most unarmoured dinoflagellates belong to the orders Oxyrrhinales, Actiniscales, Noctilucales and Gymnodiniales, but others may have unarmoured stages in their life cycles (Desmomonadales, Dinotrichales, Dinamoebales, Dinococcales, Brachydiniales (Larsen & Sournia 1991).


Compared to the armoured dinoflagellates, the taxonomy of the Gymnodiniales is still poorly known and not very robust. Most genera and species have until now been defined by classical-morphological characters, whereas fine structural features and molecular data are only now beginning to make their impact on modern dinoflagellate taxonomy.

Fine structural studies of unarmoured species, though still few in number compared to the diversity of species, indicate that a well established genus as Gymnodinium is polyphyletic, and therefore can be expected to be divided into a number of genera in the future (Daugbjerg et al. 2000). Thus, the flagellar apparatus of Akashiwo sanguinea (Hirasaka) Hansen et Moestrup (= G. sangineum) shows greater similarity to Polykrikos kofoidii Chatton than to other species of Gymnodinium (Roberts 1991). Molecular studies also support that the Gymnodiniales as presently understood is a polyphyletic assemblage (Saunders et al. 1997, Daugbjerg et al. 2000, Shao et al. 2004).

Several genera of unarmoured dinoflagellates, e.g. Amphidinium, Gymnodinium, and Gyrodinium comprise both photo- hetero-, and mixotrophic species, and even different types of chloroplasts occur in some genera (Larsen & Sournia 1991). This feature, which is highly unusual from a taxonomic point of view, does not occur in other groups of algae, and further supports the suspected polyphyletic nature of these genera.

Identification of genera

In the Gymnodiniales, generic assignment has traditionally been based on characters related to the cingulum (girdle), i.e. the position of the cingulum, the extent of possible displacement of the girdle ends, and the number of turns around the cell body. However, application of these features is not always straightforward as dislocation and displacement of the cingulum are relative characters. Thus, the boundary between e.g. Amphidinium and Gymnodinium is not clear and interpreted differently by different authors. In the type species of Amphidinium, A. operculatum, the cingulum is strongly dislocated and appears as a collar around the tongue-shaped epicone. Other species with less pronounced dislocation of the cingulum have been assigned either to Amphidinium or to Gymnodinium, even by the same author (compare A. pelagicum and G. achromaticum, Lebour 1925).

Also the boundary between Gymnodinium and Katodinium is not clear. In the latter genus the cingulum is dislocated posteriorly, but Katodinium glaucum (Lebour) Loeblich III is assigned to Gyrodinium by some authors (e.g. Dodge 1982) because of the large displacement of the ends of the cingulum.

The distinction between the largest genera Gymnodinium Stein and Gyrodinium Kofoid et Swezy is based on cingular displacement according to Kofoid & Swezy (1921) with a displacement larger than 1/5 of the cell length characterizing Gyrodinium. This feature, although it may seem an objective character, has been shown not to be conservative at least in some species (Kimball & Wood 1965), and the cingular displacement appears to be about 1/5 of the cell length in many species making assignment to Gymnodinium or Gyrodinium arbitrary.

The weakness of the characters used to distinguish genera has long been obvious, but the lack of additional or alternative characters has impeded significant progress of the taxonomy of the Gymnodiniales. The recent studies of e.g. Daugbjerg et al. (2000), De Salas et al. (2003) and Jørgensen et al. (2004) have contributed to a clarification of generic boundaries in the Gymnodiniales. In addition to molecular features, morphology of the apical groove type has been proven useful to establish the following genera previously included in Gymnodinium: Akashivo, Gymnodinium, Karenia, Karlodinium and Takayama.
Identification of species

Species of unarmoured dinoflagellates are distinguished by morphological characters such as size, shape, position and morphology of the cingulum (displacement and/or overhang) and sulcus, presence/absence of chloroplasts and pyrenoids, shape and position of the nucleus, shape of the apical furrow when present, possible surface structures e.g. longitudinal stripes. Observation of other features, e.g. eyespots, species appendages etc., is obviously also important.

The unarmoured dinoflagellates do not - as opposed to the armoured species - maintain their shape in preserved samples, and also other important morphological features are often obliterated upon preservation or prolonged observation under the microscope. Therefore, species identification usually requires observation of live cells. Some species are quite robust and may persist for several minutes when observed under the microscope, while the most delicate ones deteriorate almost immediately after swimming has ceased. In the latter case only few cells in each preparation can be expected to be identifiable.

An apical groove occurs in many species but is often difficult to observe in the light microscope (Takayama 1985). This furrow is usually very delicate and thus obliterated in preserved material, and it is one of the first features that disappear when live cells begin to deteriorate during examination under the microscope. Also surface striations are delicate in some species.

Several descriptions of unarmoured dinoflagellates are undoubtedly based on preserved material (see for example Schiller 1933), and their 'non‑preservable' nature is a major reason why the taxonomy of the unarmoured dinoflagellates is still inadequate with many poorly described species, which can probably never be identified.

For identification of unarmoured dinoflagellates, the reader is referred to Kofoid & Swezy (1921), Schiller (1933), Hulburt (1957), Larsen (1994, 1996), Steidinger (1997).

5.3. Harmful species

A number of unarmoured dinoflagellates may cause harmful blooms. From the public health point of view, Gymnodinium catenatum and Karenia brevis are the most serious as they may cause PSP or NSP, respectively (Fukuyo et al. 1993, Hallegraeff & Fraga 1998, Negri et al. 2001, Steidinger et al. 1998). 

Several species of unarmoured dinoflagellates may cause fish kills. Most serious is Karenia mikimotoi, and other closely related species, see table below. There has previously been considerable confusion regarding the identity of K. mikimotoi, but much was clarified through the careful study by Hansen et al. (2000). The ecology of this species has been reviewed by Gentien (1998). Cochlodinium polykrikoides often causes severe fish kills particularly in Japan and Korea (Yuki & Yoshimatsu 1989, Kim et al. 2000).

Noctiluca scintillans (Macartney) Kofoid is widely distributed and may form extensive, sometimes spectacularly coloured blooms. In South-East Asian waters it may attain a green colour due the presence of an endosymbiotic flagellate. It is not considered a toxic species, but even so blooms of N. scintillans may cause fish kills through extensive production of mucus which may damage fish gills or through changes of oxygen or ammonia concen-trations in the water mass (see Landsberg 2002, and references therein).

For identification of harmful species of unarmoured dinoflagellates, see Taylor et al. (2004). 
Species of Karenia, and related species

	Species
	Comments and references

	Karenia asterichroma de Salas, Bolch & Hallegraeff 2004
	Described from Tasmania associated with salmonid mass mortality although its ichthyotoxicity is not confirmed yet (De Salas et al. 2004a)

	K. bicuneiformis Botes et al. 2003
	Described and so far reported only from South Africa, not associated with harmful events (Botes et al. 2003)

	K. bidigitata Haywood et al. 2004
	Described and so far reported only from New Zealand, presumably synonymous with K. bicuneiformis (Haywood et al. 2004)

	K. brevis (Davis) Hansen et Moestrup 2000
	Occurring regularly in the Gulf of Mexico, but reported also from other parts of the world, see Taylor et al. (2004), it may cause NSP, fish kills, and asthma-like symptoms in humans through aerosolization of toxins (Landsberg 2002)

	K. brevisulcata (Chang) Hansen et Moestrup 2000
	Described from New Zealand, where it has caused extensive fish kills (Chang 1999)

	K. concordia Chang & Ryan 2004
	Described from New Zealand, associated with toxic outbreaks causing abalone and fish kills (Chang & Ryan 2004)

	K. cristata Botes et al. 2003
	Only known from South Africa, it may produce aerosol toxins, and it appears to be toxic to some invertebrates (Botes et al. 2003)

	K. digitata Yang et al. 2000
	Reported from Hong Kong and Japan, where it has been associated with extensive fish fills (Yang et al. 2000)

	K. longicanalis Yang et al. 2001
	Described from Hong Kong, not associates with harmful effects (Yang et al. 2001)

	K. mikimotoi (Oda) Hansen et Moestrup 2003
	This species is widespread and it has caused fish kills in many parts of the world, it may produce both hemolytic and ichthyotoxins (Landsberg 2002, Taylor et al. 2004)

	K. papilionecea Haywood et al. 2004
	Described and so far reported only from New Zealand (Haywood et al. 2004)

	K. selliformis Haywood et al. 2004
	Described from New Zealand, and reported also from Kuwait  (Haywood et al. 2004); may produce gymnodimine toxins (Miles et al. 2003, Haywood et al. 2004)

	K. umbella de Salas et al. 2004
	Described from Tasmania, Australia, ichthyotoxic (de Salas et al. 2004)

	Karlodinium armiger Bergholtz et al. 2005
	Described from the Mediterranean Sea (Bergholtz et al. 2005), probably toxic but this needs to be confirmed

	K. australe de Salas et al. 2005
	Described from Australia (de Salas et al. 2005), ichthhyotoxic 

	K. veneficum (Ballantine) Larsen 2000
	syn: K. micrum (Leadbeater et Dodge) Larsen 2000; presumably a widespread ichthhyotoxic species, several similar species, e.g. K. vitiligo, and Gymnodinium corsicum (Daugbjerg et al. 2000, Deeds et al. 2002, Kempton et al. 2002, Landsberg, 2002, Taylor et al. 2004)

	Takayama acrotrocha (Larsen) de Salas et al. 2003 
	Reported from Australia (Larsen 1996, de Salas et al. 2003)

	T. cladochroma (Larsen) de Salas et al. 2003
	Reported from Australia (Larsen 1996, de Salas et al. 2003)

	T. helix de Salas et al. 2003
	Reported from Australia and Japan (de Salas et al. 2003)

	T. pulchella (Larsen) de Salas et al. 2003
	Reported from Australia and Florida, USA, possibly ichthyotoxic  (Larsen 1994, de Salas et al. 2003)

	T. tasmanica de Salas et al. 2003
	Described and so far reported only from Tasmania, Austra-lia, not associated with harmful events (de Salas et al. 2003)
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