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Introduction
Dinophysis acuminata, D. acuta and D. caudata produce
lipophilic toxins (Fernández et al., 2001, submitted), lead-
ing to prolonged closures of shellfish beds in Galicia. Large
intraspecific morphological variability has been observed
in these three species (Reguera and González-Gil, 2001),
leading to uncertainties in their taxonomic classification,
based on the size and shape of the large hypothecal plates
and sulcal lists. The problem is exacerbated when in-
traspecific variability is added to the difficulties met in
routine monitoring analyses to separate two closely related
species, such as the pair D. acuminata /D. sacculus (Zingone
et al., 1998) and D. caudata / D. tripos (Reguera and
González-Gil, 2001). A great deal of intraspecific vari-
ability within the same region can be explained by complex
polymorphic life cycles within Dinophysis spp. that include
formation of small and intermediate cells, different in size
and shape from the vegetative cells (Reguera and González-
Gil, 2001). The formation of small (D. skagii-like) cells
that behave as male gametes, following a “reductionary
division” of a large cell, and of intermediate cells, formed
after growth of the small cells, have been demonstrated by
the latter authors after laboratory incubations of single cell
isolates of D. acuminata. In this paper, we confirm with lab-
oratory incubations that D. dens Pavillard and D. diegensis
Kofoid that had been hypothesized (from observations on
fixed field samples) to be conspecific with D. acuta Ehren-
berg and D. caudata Saville Kent, respectively, are but life
cycle stages of these species. Illustrations of small and in-
termediate forms of D. caudata and D. acuta are contrasted
with those observed during their proliferation in Galicia or
Catalonia.

Materials and Methods 
D. caudata and D. diegensis-like specimens observed in a hose
sample during monitoring in the Ebro Delta (Catalonia) in
October 1997 (Delgado et al., 2002) were filtered through
a 10-µm mesh and stained with calcofluor (Fritz and
Triemer, 1985). 70 selected images of D. caudata/D. diegen-
sis were taken at 1000 X and the contours of the hypothecal

plates redrawn on the computer. Bottle samples with Dino-
physis spp. from the Galician rías (October 2001) were
concentrated through a 20-µm mesh. Full-sized healthy
(well-pigmented and mobile) vegetative cells of D. acuta and
D. caudata were picked with microcapillary pipettes under
an inverted microscope (25×, 100×), transferred 2–3 times
through filtered (0.2 µm Millipore filters) seawater and
placed in groups of 12–15 cells in 0.2 mL wells of culture
plates with modified L1 culture medium, as in Reguera
and González-Gil (2001). They were further incubated at
15°C (+ 1°C) and a 16:8 L/D regime, and examined daily
with an inverted microscope (100×) (D. acuta) or with a
stereomicroscope (40×) (D. caudata). Several times, the
content of one well was collected and fixed with buffered
formaldehyde for detailed microscopic observation and
measurements of digitized images, obtained with a Sony Hi
Resolution CCD-IRIS video system (Sony Corp., Japan)
connected to the microscope, and to an image analysis pro-
gramme (IPPLUS 4.0).

Results and Discussion 
The sample from Delta del Ebro corresponded to late
stages of a D. caudata + D. diegensis population (693 cell·
L–1) that lasted from August to October 1997. 76% of the
specimens were vegetative cells of D. caudata and 24%
were D. diegensis-like cells and intermediate forms between
the latter and D. caudata. Thus, a large variability was ob-
served in the size (L:35–79 µm; W:15–41 µm) of the large
hypothecal plates, in the curvature of the dorsal margin and
in the differentiation of the antapical process of these spec-
imens (Fig. 1) that included forms illustrated by Jorgensen
as Dinophysis caudata var. subdiegensis, D. diegensis, D.
caudata a degenerate form, D. caudata var. abbreviata and
D. caudata var. ventricosa (Figs. 31–32 and 35–37 in Jor-
gensen, 1923). D. tripos, a species with small and
intermediate forms that can easily be mistaken for those of
D. caudata (Reguera and González-Gil, 2001), was never
observed in the area during the sampling period. Fig. 2 il-
lustrates wild and laboratory incubated specimens of D.
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caudata, D. acuta, and their respective small forms ob-
tained from the rías of Vigo and Pontevedra (Galicia,
Spain). Vegetative cells of D. caudata (L:79–87 µm; W:35–44
µm) and its small cells (L:50–68 µm) were larger and wider
than those from Catalonia, but in both cases the vegetative
cells were similar to those of D. caudata var. abbreviata sensu
Jorgensen (1923). Vegetative cells of D. acuta from Galicia
measured L:67 ± 3 µm (63–73 µm); W:47 ± 2 µm (46–54 µm),
and those of D. dens L:43–47 µm; W:28–34 µm. Incubated
D. caudata individual and paired cells were extremely buoy-
ant and had to be observed from above with a
stereomicroscope. Eight to 10 days after inoculation, small
cells similar to D. diegensis and D. dens started to appear
and eventually dominated the population in wells where D.

caudata and D. acuta respectively had been inoculated.
Cells going through a “reductionary division,” couplets D.
caudata–D. diegensis, and the large cell engulfing the small
one were also observed. The observation of these forms after
incubation of individually picked vegetative cells of D.
acuta and D. caudata confirms, as it was previously hy-
pothesized, that they are part of a polymorphic life cycle
of these species of Dinophysis.
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Figure 1 Micrograph contours of D. caudata (rows 1–3), D. diegensis (rows 6–7) and intermediate forms between D. caudata and D.
diegensis (rows 4–5) found in a single sample from Delta del Ebro (Southern Catalonia, Spain, Mediterranean coast) that correspond
to late stages of a D. caudata population.
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Figure 2 A–D: Light (DIC) micrographs of Dinophysis caudata and Dinophysis diegensis-like cells from Ría de Vigo: A, fully devel-
oped vegetative pair of D. caudata; B, intermediate form between D. caudata and D. diegensis; C–D, D. diegensis-like small cells. E–F,
phase contrast micrographs of D. dens; G, intermediate form between D. dens and D. acuta (bar = 25 µm). H–L: digitized micro-
graphs of incubated specimen: H, vegetative cell of D. caudate; I, D. diegensis-like cell formed after incubation of D. caudata specimen;
J, vegetative cell of D. acuta; K, paired cells of D. acuta through a “reductionary” division leading to formation of small D. dens-like
cells; L, D. dens-like cell formed after incubation of D. acuta cells (bar = 20 µm). Bottom right: Low-resolution micrographs (100×) of
live specimen of D. caudata and D. acuta swimming in the incubation wells: first row: Dividing cells of D. caudata; second row: two
steps of the fusion of a D. caudata with a D. diegensis-like cell formed after 8 days of incubation of vegetative cells; third row: heav-
ily pigmented (planozygote?) and a normal vegetative cell of D. acuta; fourth row: Paired cells of D. acuta completing cytokinesis.


