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An unarmoured dinoflagellate, Amphidinium latum Lebour found in marine tidal pools off the South
African coast has been studied at the light and transmission electron microscope level. These studies have
revealed that the dinoflagellate often possesses what initially appear to be chloroplasts of varying colour but
are actually different species of cryptomonad cells that have been ingested by the dinoflagellate. Three
types of cryptomonads (Type 1, Type 2 and Type 3) have been found in the dinoflagellate cytoplasm: 1)
Type 1 is yellowish-brown in colour and possesses a nucleomorph embedded in pyrenoid matrix which is
not traversed by any thylakoid bands, 2) Type 2 is blue-green in colour and possesses a nucleomorph
situated external to pyrenoid matrix which is traversed by many thylakoid bands, and 3) Type 3 is bright-
green in colour and possesses a nucleomorph external to pyrenoid matrix which is traversed by a single pair
of thylakoids. A possible division stage of the chloroplasts has been observed in the cryptomonads within
the dinoflagellate, suggesting that they may remain photosynthetically active. It was confirmed that 4.
latum is phagotrophic and feeds on several species of cryptomonads.
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In 1925, Lebour described a small species
of Amphidinium, A. latum Lebour which was
originally found in a sample from Culler-
coats in Europe. In her description, she men-
tioned that this dinoflagellate was holozoic
and that all the specimens possessed green-
coloured “food cells”. Her drawing clearly
shows two “food cells” located in the hypo-
cone and a pyrenoid-like structure in each
food cell. The fact that all the specimens pos-
sessed the same kind of food cells seems to sug-
gest that the dinoflagellate specifically feeds
on certain species of unicellular algae.

Herdman (1924) found the same species in
a sand sample from Port Erin, Isle of Man
and she, by referring to Lebour’s manuscript,
identified it as A. latum. She mentioned that
the cell possessed bright green globules and
also noticed an orange-coloured body some-
where in the cell. It is possible that these
bright green globules are same as the Le-
bour’s “food cells”.

Recently, Larsen (1985) described a small
species of Amphidinium, A. poecilochroum Lar-
sen from the Danish coast. This rather
peculiar dinoflagellate is characterized by pos-
sessing 4 to 8 chloroplasts of varying colour,
viz. blue-green or yellow-green. Later, Lar-
sen (1988) demonstrated that this dinoflagel-
late is, in fact, phagotrophic and feeds on
small species of cryptophytes. Different spe-
cies of cryptomonads engulfed by the dino-
flagellate were responsible for the variation in
“chloroplast” colour. Although the cryptomonad
cells were eventually digested, this dinoflagel-
late is worthy of some attention, because it
may represent the earliest stage of chloroplast
acquisition via an endosymbiotic process
(Larsen 1988).

During the course of our studies on tidal
pool and sand-dwelling dinoflagellates along
the Natal coast, South Africa, we often en-
countered a small species of Amphidinium
whose chloroplasts were variable both in num-
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ber and in colour. This unique cytological
feature prompted us to undertake an ultra-
structural study of this dinoflagellate which we
subsequently identified as 4. latum. In this
paper, we demonstrate that Amphidinium latum
is, as Lebour (1925) stated, holozoic and feeds
specifically on cryptomonads.

Materials and Methods

A few specimens of Amphidinium latum were
found in a sand sample collected from the
large artificial marine swimming pool at Palm
Beach, Natal, South Africa (28 Sep. 1985; 24
May 1986; 14 May 1987) and considerable
numbers have also been collected from sand
collected from a tidal pool at Amanzimtoti,
Natal (13 May 1987).

Since the sand sample from Amanzimtoti
contained a large number of 4. latum, we were
able to undertake electron microscopical ob-
servations. For electron microscopy, 4. la-
tum cells together with other flagellates were
collected by gentle centrifugation. Then they
were fixed and embedded as mentioned by
Pienaar and Aken (1985). Observations
were made using a JEOL 100CX transmis-
sion electron microscope.

Individual cells were picked up and placed
in sterilized seawater. After two weeks of
starvation in seawater, cultured cryptophyte
cells (Chroomonas sp.) were given to the
dinoflagellates. The opportunities of observ-
ing phagotrophy in culture were few and we
were able to observe ingestion of crypto-
monad cell by dinoflagellate only once.

Observations

Light microscopy

The cell (Figs. 1-4) is broadly sac-shaped in
ventral view and dorsiventrally compressed,
measuring 16.0-22.0 ym in length and 16.0-
22.0 gm in width. The epicone is small and
has a moderately curved apex, while the hypo-
cone is large and has a rounded antapex.
The posterior part of the hypocone is notched
by the distal end of the sulcus. The left side
of the hypocone is slightly longer than the

right side. The cingulum is well excavated
and slightly left-handed. The sulcus is
narrow and extends into the epicone nearly to
the cell apex. The sulcus extends to the ant-
apex. Although the cell shape is normally
somewhat angular as shown in Figs. 1-3, the
cell shape is quite variable and rounded cells
(Fig. 4) have also been observed.

The nucleus is ovoid and is located in the
centre of the upper portion of the cell. The
dinoflagellate contains one to four coloured
bodies which appear to be chloroplasts.
Ultrastructural observations revealed that
these “chloroplasts” are in fact cryptomonad
cells which are taken up by the dinoflagellate
(see below). Recently collected specimens
possessed three differently pigmented cryp-
tomonad cells, viz. yellowish-brown, blue-
green and bright green. The different colours
are due to the fact that a dinoflagellate can
harbor three different types (species) of crypto-
monads. Although the dinoflagellate may pos-
sess one to four cryptomonads, the majority
of cells contain two, one on each side of the
nucleus (Fig. 2). In most cases, the ingested
cryptomonad cells are located in the hypocone,
while in some cases, they are found in the
epicone as well as in the hypocone (Fig. 3).
Very rarely, a small cell was found to possess
no cryptomonad cells.

Although the dinoflagellate survived for
two weeks in seawater medium, it did not di-
vide during this period. It started to divide,
however, after Chroomonas cells were added to
the culture medium. All the offsprings of the
dinoflagellate possessed cryptomonad cells in
their cytoplasm. Although we were able to
observe only one case, the way the dinoflagel-
late captures and engulfs its prey seems to be
similar to that reported for Amphidinium
poecilochroum (Larsen 1988). The crypto-
monad cell is captured and drawn into dino-
flagellate cell through the sulcal region. The
possible involvement of peduncle could not
be confirmed.

Transmission electron microscopy
The dinoflagellate cytoplasm contains typi-
cal dinoflagellate organelles, including a
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Figs. 1-4.

Light micrographs of Amphidinium latum Lebour. Figs. 1-2. Through focus of a live cell with two

cryptomonad cells. In this case, the left cryptomonad is yellowish-brown in colour, while the right one is blue-
green in colour. Fig. 1 shows the slightly left-handed cingulum. Fig. 2. A distinctive pyrenoid can be seen in each
cryptomonad cell (arrowheads). In the pyrenoid matrix of the left-hand side cryptomonad, a narrow slit can be
seen (left arrowhead). Fig. 3. A slightly larger cell containing four cryptomonad cells—all of the cryptomonad
cells are bright green in colour. Note that all these cryptomonads are relatively small compared to those of Fig. 2.
Fig. 4. A rounded cell which resembles Lebour’s original figure (1925, pl. II, Fig. 3).

dinokaryotic nucleus (Fig. 5), mitochondria
(Fig. 8), dictyosomes, trichocysts (Fig. 5) and
a pusule (Fig. 6). The pusule consists of a col-
lecting chamber and many spherical pusular
vesicles (Fig. 6). Many bacterial cells which
are surrounded by a single unit membrane
have been observed (Fig. 7). Starch grains
are scattered throughout the cytoplasm (Fig.
8). The peripheral region of the cell is occu-
pied by many vesicles which contain an amor-

phous material and they are thought to be
mucilage-producing vesicles (Fig. 8).

The cryptomonad cell

We were able to distinguish three species of
cryptomonads based on their colour and
ultrastructural features.  Although some
modifications in cell structure were evident,
all three species ingested by the dinoflagel-
lates share the features characteristic of the
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Figs. 9-10. Type 1 cryptomonad cell, showing multiple “pyrenoid (P)-nucleomorph (nm)-complex”. Note
that cryptomonad cytoplasm is enclosed by a single membrane. Fig. 10. Multiplication of the chloroplast has
taken place and three chloroplasts can be recognized. Each chloroplast possesses a single pyrenoid with an
nucleomorph. Disjunctures of chloroplasts are indicated by arrows.

Figs. 5-8. General cell structure of Amphidinium latum. Fig. 5. A longitudinal section, showing a dinokaryotic
nucleus (Dn) and two cryptomonad cells. (Cn=cryptomonad nucleus; t=trichocyst) Fig. 6. Pusule (Pu). Fig. 7.
Bacterial cells (B) surrounded by a single unit membrane system. Fig. 8. Peripheral region of a cell, showing
mucilage producing vesicles (arrowheads), starch grain (S) and dinoflagellate mitochondrial profile (Dm).
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Cryptophyceae, such as the possession of a
nucleomorph (Figs. 9, 11, 15), the presence of
a plastidial complex enclosed by a double unit
membrane (chloroplast endoplasmic reticu-
lum), and the possession of paired thylakoids
whose lumen is filled with amorphous materi-
al (Fig. 13). Cryptomonad cytoplasm is en-
closed by a single membrane (Fig. 9). Ultras-
tructurally, the three types are readily distin-
guished from one another by the structure of
the pyrenoid and the position of the nucleo-

morph. We designate them as Type 1, Type
2 and Type 3 cryptomonad, respectively.
The correlation between the ultrastructural
type and the chloroplast colour was confirmed
by means of light microscopy using morpho-
logical features, such as the presence of a nar-
row slit in the pyrenoid matrix (Type 1), the
shape of starch sheaths and the cell size (Type
2 and 3).

The nucleomorph of Type 1 is embedded in
the pyrenoid matrix. This feature can be

Figs. 11-13.
tomonad cell. Fig. 12. Detail of nucleomorph. Fig. 13. Paired thylakoid bands each with a thickened lumen.

Type 2 cryptomonad cell. Fig. 11. Longitudinal section, showing general structure of the cryp-



Ultrastructure of Amphidinium latum 359

recognized as narrow slit in the pyrenoid
matrix under the light microscope (Fig. 2)
and thus, we were able to confirm that the
yellowish-brown cell is the Type 1 crypt-
omonad. The pyrenoid matrix itself is not
traversed by any thylakoid bands (Figs. 5 on
the left, 9, 10). The number of pyrenoids per
cell varies from one to three and each pyre-
noid contains a nucleomorph (Figs. 9, 10).
Some sections reveal that a single chloroplast
possesses two pyrenoid-nucleomorph-com-
plexes (Fig. 9). Other sections show that a
single cell contains three chloroplasts. In the
latter case, each chloroplast possesses a single
pyrenoid with a nucleomorph (Fig. 10). In
both cases, the number of chloroplasts was
confirmed by serial sections. From these ob-
servations, one can infer that multiplication
of the cryptomonad plastidial complex takes
place in the dinoflagellate cell. Other ultras-
tructural modifications are the absence of the
periplast, the flagellar basal bodies and the

Figs. 14-15. Type 3 cryptomonad cell.
general structure of the cell.

ejectisomes.

Type 2 is characterized by possessing a
pyrenoid whose matrix is traversed by many
thylakoid bands (Fig. 5 on the right, Fig.
11). The nucleomorph is situated outside
the pyrenoid matrix (Fig. 12). The absence
of the periplast, basal bodies and ejectisomes
has also been confirmed. Additionally the
existence of more than one pyrenoid per chlo-
roplast has been observed in this crypto-
monad (Fig. 11). Multiplication of the nucleo-
morph, however, has not been confirmed.

The pyrenoid of Type 3 is single and is sur-
rounded by conspicuous starch sheaths (Fig.
14). The shape of starch sheaths can be recog-
nized under the light microscope. Based on
the shape of the starch sheaths together with
the fact that the cell size of Type 3 is relatively
small compared to other two species, it is ap-
parent that bright-green cells are the Type 3
cryptomonad. Because bright-green cell is
Type 3 cryptomonad, it is, then, obvious that

Fig. 14. Longitudinal section through a cryptomonad cell showing
Fig. 15. Multiplied chloroplasts and pyrenoids (P). A nucleomorph (nm) can be
seen near one of the pyrenoids.
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the blue-green one is the Type 2 cryp-
tomonad. The pyrenoid matrix of Type 3 is
traversed by a single pair of thylakoids. The
nucleomorph is situated external to the pyre-
noid (Fig. 15) and the periplast, basal bodies
and ejectisomes are also absent as found in
the Type 1 and Type 2 species. A possible di-
vision stage of the chloroplast has been ob-
served in this cryptophyte (Fig. 15).

Discussion

The dinoflagellate species described here
has been identified as Amphidinium latum Le-
bour based on several similarities, such as cell
size (our specimens are slightly bigger than
the original description), cell form, position of
the nucleus and the possession of greenish
“food cells”. The typical cell form of our spe-
cies is, however, somewhat angular and is
slightly different from that of Lebour’s (1925)
illustration. It should be pointed out, how-
ever, that the cell form is variable and round-
ed cells (Fig. 4) which are similar to that of
the original description (Lebour 1925) were
often been observed. Furthermore, it is
worthwhile noting that Lebour (1925) drew a
pyrenoid-like structure in the greenish “food
cells”. Therefore, it is highly possible that
what she described as green food cells were
actually blue-green cryptophytes (not neces-
sarily the same cryptomonad as that in our
species) which had been ingested by the
dinoflagellate. In this study, we have demon-
strated that 4. latum is, in fact, phagotrophic
and feeds specifically on cryptomonad cells.

The cryptomonads in Amphidinium latum
are not true endosymbionts. Attempts to ob-
tain clonal cultures of the dinoflagellate were
unsuccessful. The cryptomonads are obvi-
ously ingested by the dinoflagellate as a
source of food, as in the case of A. poecilochro-
um (Larsen 1988). The process whereby A.
latum captures the prey seems to be essentially
the same as that of A. poecilochroum (Larsen
1988). It should be pointed out, however,
that the morphology of A. poecilochroum is
different from that of 4. latum and they obvi-
ously belong to different species. The pres-

ence of numerous bacteria surrounded by a
single membrane system suggests that A.
latum probably feeds also on bacteria as in
the case of G. acidotum (Farmer and Roberts
1990).

Accurate identification of these cryp-
tomonads even at generic level is not possible,
because certain key features for identification
of cryptomonads, such as cell shape, arrange-
ment of ejectisomes and periplast structure,
have been lost.

Recently, some blue-green gymnodinioid
dinoflagellates have been shown to possess
chloroplasts or coloured bodies that appear to
be chloroplasts of cryptophyte origin. These
include Gymnodinium acidotum Nygaard (Wil-
cox and Wedemayer 1984), Gymnodinium ae-
ruginosum Stein (Schnepf et al. 1989), Am-
phidinium wigrense Woloszynska (Wilcox and
Wedemayer 1985) and Amphidinium poecilochro-
um (Larsen 1988). The degree of reduction
of the cryptomonad cytoplasm in these
dinoflagellate cells has been thought to
represent various evolutionary steps leading
towards acquisition of chloroplasts through en-
dosymbiosis, viz. 1) the cryptophyte is ac-
quired as food and some of its organelles are
kept intact for some time (4. poecilochroum), 2)-
cryptophyte is acquired by dinoflagellate and
eventually become permanently established
endosymbiont which includes chloroplasts
and other organelles (G. acidotum and G. ae-
ruginosum, Note: these two species may be
conspecific (Popovsky and Pfiester 1990) and
3) only the chloroplasts of cryptophyte origin
are retained as permanently established chlo-
roplasts (4. wigrense).

In Gymnodinium acidotum, the cryptomonad
cytoplasm is separated from the dinoflagellate
cytoplasm by a single unit membrane and con-
tains not only a periplastidial compartment
containing chloroplasts and a nucleomorph,
but also other organelles, such as mitochon-
dria and a Golgi apparatus (Wilcox and
Wedemayer 1984). The cryptomonad
nucleus is, however, often absent (Farmer
and Roberts 1990; Fields and Rhodes 1991).
Since the cryptomonad cytoplasm is consider-
ably modified as is the chloroplast which is
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highly convoluted, the cryptomonad within
G. acidotum is believed to be a true endosym-
biont (Wilcox and Wedemayer 1984; Farmer
and Roberts 1990). This situation is com-
parable to those of thecate dinoflagellates with
a chrysophyte endosymbiont, such as Peridin-
tum balticum (Levander) Lemmermann (To-
mas and Cox 1973), P. foliaceum (Stein) Biechler
(Jeffrey and Vesk 1976) and P. quinquecorne
Abé (Horiguchi and Pienaar 1991) where the
true endosymbiont is separated from host
cytoplasm by a single unit membrane.
However, a recent study (Fields and Rhodes
1991) has demonstrated that G. acidotum has
to ingest new cryptomonad cells from time to
time since it could only be maintained in cul-
ture when Chroomonas cells were supplied.
These cryptomonad cells are maintained
within the dinoflagellate cytoplasm for some
time (at least 12 days) but then degenerate
and make it necessary for the dinoflagellate
to ingest further cryptomonad cells. The
relationship between G. acidotum and its cryp-
tomonads is, then, essentially the same as that
of A. poecilochroum (Larsen 1988). In these
species, the organelles of the cryptomonad
cytoplasm seem to remain intact for some
time and the chloroplasts probably remain
photosynthetically active. This is also the
case in 4. latum. 1In A. latum, the chloroplast
and nucleomorph undergo multiplication
and, as a result, a single cell or cytoplasmic
region could contain up to three chloroplasts
and three nucleomorphs. This modification
of the cryptomonad cytoplasm strongly sug-
gests that the cryptomonad organelles are in-
tact, at least, for some time after being in-
gested by the dinoflagellate. A similar proli-
feration of chloroplasts has been reported
for G. acidotum (Wilcox and Wedemayer 1984)
and the marine ciliate Mesodinium rubrum
(Hibberd 1977). Unlike G. acidotum, however,
all the cryptomonads in A. latum retained
their cryptophyte nucleus.

Amphidinium wigrense is different from the
above mentioned species in that its chlo-
roplasts are bounded by a triple unit mem-
brane and other cellular organelles of cryp-
tomonad origin are completely absent (Wil-

cox and Wedemayer 1985). The chloroplasts
seem to be permanently established (true chlo-
roplast) and this might be comparable to the
situation of other unusually pigmented gym-
nodinioid dinoflagellates, such as Gyrodinium
aureolum Hulburt and a green dinoflagellate,
Lepidodinium viride Watanabe et al. G. aureo-
lum contains 19-hexanoyloxyfucoxanthin
(Bj¢rnland and Tangen 1979; Tangen and
Bjgrnland 1981) instead of peridinin, while
the chloroplasts of L. wviride contain chlo-
rophylls aand b. The former species possess-
es chloroplasts of unusual ultrastructure and
has no other organelles of endosymbiotic ori-
gin (Kite and Dodge 1988), while in the latter
species, although the boundary between the
host cytoplasm and cytoplasmic region of en-
dosymbiont still exists, no organelles other
than chloroplasts are present in the cytoplas-
mic region of the endosymbiont (Watanabe et
al. 1987; Watanabe et al. 1990).

As far as blue-green dinoflagellates are con-
cerned, two types of cryptomonad-dinoflagel-
late relationship could be recognized; the one
type is like A. latum in that the dinoflagellate is
capable of retaining intact chloroplasts for
some time, but needs to capture further cryp-
tomonad cells from time to time in order to
maintain this “system”, while the other type
is like A. wigrense, where the dinoflagellate pos-
sesses permanently established chloroplasts.
The intermediate situation between these two
types, which is comparable to those of Peridini-
um balticum, P. foliaceum and P. quinquecorne,
have not been found in blue-green dinoflagel-
lates. In this connection, it should be point-
ed out that a number of unusually pigmented
dinoflagellates have been described (e.g. Con-
rad and Kufferath 1954) and most of them
have yet to be studied in detail. It would be
of great interest to survey them ultrastructur-
ally and to study them using unialgal cultures
in order to verify whether these dinoflagel-
lates contain true endosymbionts or not.
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