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outcomg te the diatoms (Harrison 1974, in Bold and Wynne
1985). Species introduced to areas may be filling empty
niches. Anthropogenic factors are increasing in importance
too, especially in the area of nutrient enrichment of water
bodies. A fourth factor is tt changes in the effect of .
grazing when marine cultures are started (Smayda 1989).
These factors all contribute to bloom formation. In South -
Africa, active upwelling usually re 1lts in diatom blooms
(contradictory to the it 1y of Harrison (1976 as cited by
Bold and Wynne 1985) that dinoflagellates bloom under
upwelling conditions. Dinoflagellates bloom when wind-
induced turbulence is « 13k, which allows stratification of
the surface layers. During conditions intermediate to

str tification and active upwelling coexistence of diatoms

and dinoflagellates in blooms can occur (Horstman 1981).

During 1988 and 1989 red waters associated with the
mortality of shellfish occurred in the False Bay area
(Horstman et al. 1998). Blooms were recorded for the late
summer/autumn period, when most outbreaks of red water in
South Africa occur (Horstman 1981). This is due to warm
conditions prevailing because of reduced upwelling. The
bloom lengths were two to three weeks. After the 1989 bloom
the species was still present in False Bay, in low
concentrations. A bloom was predicted for the March/May
period of 1990 (G.Pitcher, Sea Fisheries, Roggebaai, pers.
comm.) but did not occur as water temperatures remained
remarkable low during the latter part of summer (1990).

When in;;étigated, it was found that this organism had never
previously been recorded for False Bay. It was named

Gymnodinium sp. in this preliminary investigation (Horstman

et al. 1990).

The studied organism has caused considerable damage in the

above area. During 1989 alone, the bloom area extended from

Fish Hoek to Pearly Beach (fig. 1).



















CLASS: Dinophyceae
Motile cells are biflagellate. One ribbon-like
flagellum with a vibrating beat, located in a
transversely aligned groove, called the cingulum, which
encircles the cell in the equatorial region; the other
extending in a posterior direction from the cell in a

longitudinally or: 1tated groove, called the sulcus.

ORDER: Gymnodiniales
Cells motile, solitary and free—-living, cell covering

without thecal plates.

GENUS:: Gymnodinium STEIN
(Gr. gymnos, naked and Gr. dinein, to whorl)
Cingulum in the median position; cingulum may form a
complete circle by the ends n 2ting on the ventral
surface, or may be offset; if the cingulum displacement
is greater than 1/5 of the cell length, the generic
name is Gyrodinium, and if it is less than 1/5, it is
known as Gymnodinium. The genus Ptychodiscus is
differentiated from Gymnodinium by the presence of one
ventral flagellar pore in Gymnodinium , whilst

Ptychodiscus has two ventral flagellar pores.

Ptychodiscus was first described by Stein (1883 cited in
Boalch 1969) as a monospecific genus. It is described as
being shaped like a pair of bellows, consisting of anterior
and posterior parts connected by a girdle region. The
smaller epicone bore a lamella-like structure. The epicone
diameter was 60-923um and the hypocone diameter &6-120um
(Boalch 19469). The genus is very little flattened dorso-

ventrally‘and has thecal ridges in the cingulum.

The local species designation has been based on

morphological features from a preliminary light microscope
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GYMNODINIUM NAGASAKIENSE

Gymnodinium nagasékiense Takayama et Adachi was described by
Iizuka (1975) and Takayama (1981) and was named Gymnodinium
sp (type-'65) and G.nagasakli. The type-'65 refers to it
having been observed blooming in 1965. This species is
known in Japan, Korea (Matsuoka et al. 1989) and New Zealand
(Partensky et al. 1988). Cell dimensions vary for the
different studies completed and these are listed separately
in Table 2. From the original description, cells are dorso-
ventrally flattened, with flattening 33% to 75% of the width
and up to 5@0%Z of the width in the middle section, no surface
striations, the apical groove is sculptured on the epicone
and starts immediately above or to the right of the apical
end of the sulcus, the nucleus is ellipsoidal or reniform
(longer than wide) and always on the left of the cell
(Matsuoka et al. 1989, Partensky et al. 1988, Takayama and
Adachi 1984). The chloroplasts are shapeless and brown with
an exterr 1 pyr 10id attatched to each chloroplast. The
cingulum displacement is 11% to 23% of the cell length, but
average 14% to 20%. It is thus mainly below 20%, which is
why 1t is placed ‘in the genus Gymnodinium. Cells are
rounded in ventral outline, with the epicone sub-
hemispherical in ventral view, and dorso-ventrally
flattened, the hypocone is notched by the sulcus at the
antapex, which reaches to the dorsal side and chromosomes
are granular (Takayama and Adachi 1984). It has a reduced
apical process when compared to P.brevis, has a distally
upturned cingulum that joins the broad anterior end of the
sulcus, the sulcus on the hypocone is deeply excavated, the
apical groove is at a distinct angle but is shorter than in
P.brevis, which has thecal ridges in the cingulum and a
dorsal pore which the latter has too, but differs mostly in
the degree of sulcal intrusion on the epitheca and the
cingulum displacement (Steidinger 1983) (fig. 4c). This
species exhibits a high degree of morphologicel variability.

The major difference being the presence of a carinal groove












METHODS AND MATERIALS:

Source of material:
Material for the study was obtained from G.Pitcher, Sea

isheries Research Institute, Roggebaai, Cape Town. These
samples were colleci 41 from False Bay in 1988 and 1989 and
fixed in 4% borate-buffered formalin. The sample was

t: 3l with armoured species present as well,

Light microscopy:
For light microscopy, material were prepared as temporary

slides, and stained with a nuclear stain (Aceto-carmine and
Haematoxylinxwere used) and a counter stain (Fast Green?
(Johansen D.A. 1940@). The coverslip was ringed with
transparent nail varnish to seal it temporarily. No
permanent slides were prepared due to the species extreme
sensitivity to chemicals used in fixation, which causes
drastic distortion. These were viewed with a light
microscope, under phase contrast and differential
interference contrast. Zeiss photomicroscopes was used for
differential interference contrast microscopy and phase

contrast, and a Nikon-Japan light microscope for preliminary

observations.

Characters studied with the light microscope included cell
dimensions (length and width of the cells, length of the
epicone and hypocone), and the length and dire¢ tion of tt
apical groove on the epicone. The cell length was taken
from the apex of the cell to the antapex. Width, was
measured as the maximum length from right to left and was
found to occur at the highest part of the hypocone,
immediately below the cingulum. External morphology was not
readily distinguishable by light microscopy, thus electron

microscopy became an essential tool for determining the

morphology.

x A 17 solubion Hacmal:orat»&li was macke w  absolufe alcohol-

A 5% solubon sj’ Fast 9ran FCF (7 (oater.

i8













































described in Table I and Il as L-shaped. The Falss Bay

organism has chloroplasts which are usually lobed or L~

shaped as in the Japanese species (fig. 5). The chloroplast

number of the local organism is lower, on average 16 as
ympared with 18 in the Japanese (Partenshy et al 1988).

The Japanese taxon h: external pyrenoic . No such

pyrenoids v re observed in Gymnodinium sp. 1t may occur

internally.

The statistical tests (T-test, Zar 1984) for comparing cell
dimensions, showed that the means of cell length, cell width
and length:width ratio were significantly different for the
two species, even though their standard srrors overlapped.
Cingulum displacement:length ratio was equal. There was no
clear deviation from any of the characters Applying
atistical tests for similarity does not help in
elucidating affinities. Although cell dimensions are
different according to the T-test, the overlapping of the
standard errors points to these differences being non-
significant. Differences observed could be attributed to
the preservation technique employed. The nucleus shape and
position and the number of chromomosomes were different.
Although morphologically similar to &.nagasakiense,
Gymnodinium sp. is not this species when cytology is

considered.

Gymnodinium sp., bloomed in sea temperatures of 12.5°C to
20°C in False Bay. G.nagasakiense occurs widely in west
Japan and south Korea, mainly in temperatures of between 24e¢
and 29°C, although red tide has been reported for this
species at lower temperature conditions (13e to 21 oC).
Thus G.nagasakiense blooms in tropical as well as temperate
waters. The most favourable temperature for reproduction of
this species is spproximately 28¢eC in tropical waters. When
nsidering temperature tolerances of these two species,
ey cannot be distinguished.
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