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ABSTRACT: Light and transmission electron microscopy techniques were used to study different
stages of a thraustochytrid, a protist found on the bivalve molluscan Ruditapes decussatus. Vegetative
cells developed on the gill epithelium at the base of the cilia. The cells of the protist divide by binary
fission giving rise to zoosporangia, each containing 4 uninucleate biflagellated zoospores with a bilat-
eral array of tubular mastigonemes on one of the flagella. Each zoospore develops within a thin non-
laminated wall that is surrounded by a thicker, multilayered zoosporangial wall. Zoospores were ellip-
soidal to spherical, 6.1 = 0.6 pm in diameter. Thraustochytrids have been included in the Kingdom
Protoctista and placed in a separate phylum Labyrinthulomycota (= Labyrinthomorpha). Based on the
ultrastructural morphology of different developmental stages and absence of sagenogens and ecto-
plasmic nets, the present microorganism should be included in thraustochytrids. A comparison of ultra-
structural observation of the different species in this group provides insufficient data for identifying the
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species from R. decussatus.
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INTRODUCTION

Several light and electron microscopic studies have
been published on species of Labyrinthulomycota (=
Labyrinthomorpha) a group of mostly saprotrophic
protists, some of which are parasitic on bivalve mol-
luscs (Perkins 1988, Porter 1990). This phylum contains
8 genera, Thraustochytrium, Schizochytrium, Ulkenia,
Labyrinthuloides, Labyrinthula, Japonochytrium, Apla-
nochytriun and Althornia, that have been studied in
varying detail (Porter 1990). Overall, however, the
phylum is still not well defined (Perkins 1988, 1993,
Bower 1987a, Porter 1990). Members of the taxon have
been aligned to both algal (Perkins 1974a) and fungal
taxa (Perkins 1973b, Alderman et al. 1974, Olive 1975,
Lauckner 1983).

Previously, these microorganisms were included in
the subkingdom Protozoa and in a phylum, Labyrintho-
morpha (Levine et al. 1980). More recently and in
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order to accommodate this complex group, Porter
(1990) established the phylum Labyrinthulomycota
(Kingdom Protoctista), which contains a single class
(Labyrinthulea), a single order {(Labyrinthulida) and 2
families (Labyrinthulidae and Thraustochytriidae). The
latter includes 7 genera including the genus Laby-
rinthuloides. Results of laboratory investigations on
the infectivity and pathogenicity of several species of
Labyrinthomorpha have been described (Alderman et
al. 1974, Bower 1987a, b, c, Whyte et al. 1994), and
Bower (1987b) concluded that younger abalone are
more susceptible than adults to the abalone pathogen
Labyrinthuloides haliotides. On the other hand, thraus-
tochytrids have been reported to be parasitic in mol-
luscan species, such as octopus Eledone cirrhosa
(Polglase 1980), squid Illex illecebrosus (Jones & O'Dor
1983), nudibranch Tritonia diomedea (McLeon & Porter
1987), and abalone Haliotes hamtschatkana and H.
rufescens (Bower 19874).
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The aim of the current work is to describe some
ultrastructural details of a previously undescribed
thraustochytrid from bivalve molluscs Ruditapes
decussatus (Mollusca: Bivalvia) that were simultane-
ously parasitized with Perkinsus atlanticus (Phylum
Apicomplexa, Perkinsidae) (Azevedo 1989, Azevedo
et al. 1990). Samples were taken from a population in
which mortalities were observed.

MATERIAL AND METHODS

Fifty living and moribund Ruditapes decussatus
parasitized with trophozoites of Perkinsus atlanticus
(46 of 50, 92 %) were collected in the estuarine region
of the 'Ria Formosa', near Faro (Algarve) of southern
Portugal from a clam population exhibiting heavy
mortalities.

Near the trophozoites of gills infected by Perkinsus
atlanticus, different vegetative forms of labyrinthomor-
phids (7 of 50, 14 %) were observed under light micro-
scopy. For transmission electron microscopy (TEM),
small fragments of infected gills were collected and
fixed in 3% glutaraldehyde in 0.2 M sodium caco-
dylate buffer, pH 7.6, for 2 h at 4°C, washed for 2 h at
4°C in the same buffer and post-fixed in buffered 2%
osmium tetroxide for 2 h at the same temperature.
After dehydration in a graded ethanol series, the mate-
rial was embedded in Epon and cut with a diamond
knife. Semithin sections were stained in a mixture of
methylene blue and Azure II; ultrathin sections were
double stained with uranyl acetate and lead citrate,
and were observed in a Jeol 100CXIlI TEM operated at
60 kV.

RESULTS

Several thraustochytrid vegetative cells were ob-
served by light microscopy to be in contact with the
cilia of the gill epithelium (Fig. 1). Lysed and disorga-
nized gill epithelial cells, resulting in disruption of the
apical surface of the gills, were also observed (Fig. 1).
By TEM, the smallest vegetative cells were ovoid to
spherical in shape with a diameter of about 4.5 (4.1 to
5.0) pm (n = 25). They contained a single spherical
nucleus, several mitochondria, 1 or 2 well-developed

Golgi apparatuses, endoplasmic reticulum and several
lipid droplets (Figs. 2 & 3). Some of these vegetative
cells, originating from multinucleate forms, seemed to
be engaged in schizogony (Fig. 4). These cells were
externally surrounded by a thin wall that seemed com-
posed of several layers of laminated material (Figs. 5
& 6). After binary fission, a cell wall was formed
between the 2 daughter cells (tetrad cell clusters)
(Fig. 7). By ultrathin serial sections, it was observed
that each zoosporoblast contained 4 zoospores, each
one with 2 coiled flagella (Figs. 7 & 8). Zoospores were
ovoid to spherical in shape, approximately 5.3 (4.9
to 5.7) um (n = 25) wide with 2 inserted flagella (Figs. 7
& 8). In favorable ultrathin sections, we observed the
mastigonemes attached to the flagella that contained
an axoneme with 9 doublet blades plus 2 ceniral
microtubules (Fig. 8). The cytoplasm of the zoospores
contained several mitochondria and swollen endo-
plasmic reticulum (Fig. 8). A few free spherical zoo-
spores, approximately 3 um in diameter, were ob-
served among the gill cilia (Figs. 9 & 10).

DISCUSSION

While some electron-microscopic studies of laby-
rinthulids have been published, the taxonomic position
of the labyrinthulids is not well established, nor have
labyrinthulids been adequately described (revised by
Porter 1990). These microorganisms have been in-
cluded in the kingdom Protoctista and phylum
Labyrinthomorpha (Pokorny 1985, Porter 1990). At
present, the genus Labyrinthuloides, one of the 8 gen-
era of this group, is represented by only 5 adequately
described species: L. yorkensis (Perkins 1973a), L. min-
uta (Perkins 1974b) (previously Labyrinthula minuta
described by Watson & Raper 1957), L. saliens (Quick
1974a), L. schizochytrops (Quick 1974b) and L. halio-
tidis (Bower 1987a). The laminated wall of these spe-
cies varies in thickness depending on the stage in the
life cycle and is similar to other less well defined spe-
cies of the phylum (Alderman et al. 1974, Perkins
1974a, Bower 1987a, Porter 1990). On the basis of the
cell shapes and sizes, tetrad cell clusters, laminated
wall structures, appearance of the endoplasmic reticu-
lum and tubular mastigonemes, the protist studied
here probably belongs to 1 of 2 genera, Labyrinthu-

:

Figs. 1 to 4. A thraustochytrid from the gill clam Ruditapes decussatus. Fig. 1. Several vegetative cells, adjacent to the gill epi-

thelium (H), with lysis of some host cells (% ). x1600. Fig. 2. Ultrathin section of 2 vegetative cells showing the nucleus (N), rough

endoplasmic reticulum, Golgi apparatus (G), and some mitochondria (M). The cells are externally surrounded by a thin wall (W).

x28000. Fig. 3. A vegetative cell, before karyokinesis, showing a nucleus (N), several mitochondria (M), lipid droplets (L) and the

wall (W}. x18000. Fig. 4. A multinucleated vegetative cell with 4 nuclei (N) and the same cytoplasmic organelles as cited in the
previous figure. x9000
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Figs. 5 to 10. A thraustochytrid from the gill clam Ruditapes decussatus. Figs. 5 & 6. Details of variations observed in the cell
wall {arrows). At the periphery of the cytoplasm the mitochondria (M) are observed. x40900; 34 870, respectively. Fig. 7. Zoo-
sporoblasts containing zoospores associated in groups of 2 and 3. Each group is surrounded by a wall (W). The nuclei (N), mito-
chondria {M) and flagella (F) are indicated. x10080. Fig. 8. Details of 2 immature zoospores contained within the zoosporoblast.
Indicated are the nucleus (N), mitochondria (M), endoplasmic reticulum (ER) and the transverse section of the coiled flagella (F)
surrounding the zoospores and the mastigonemes (arrows) which extend from a flagellum. x30460. Fig. 9. An immature zoospore
after liberation from the zoosporoblast, showing the nucleus {N), and some mitochondria (M). At the periphery, the wall (W) is still
present. x20630. Fig. 10. A free zoospore showing some mitochondria (M), Golgi apparatus (G) and the nucleus (N). At the
periphery 2 transverse sections of the flagella (arrows) are visible. x20 140

-

loides or Schizochytrium. However, based on the
absence of sagenogens (= sagenogenetosomes) and
ectoplasmic nets in our observations we think that it is
advisable to consider it a thraustochytrid species, with-
out commitment to a generic designation.

Nothing is known about thraustochytrid species
living in European bivalve hosts. This study is only the
second one that reports on these microorganisms as
parasites of European mollusc hosts; the first was a
preliminary ultrastructural report about a presumed
thraustochytrid found on the skin of the European
lesser octopus Eledone cirrhosa (Polglase 1980). Those
ultrastructural data show some similarities with the
present results.

Although these organisms are considered as one of
the most destructive pathogens of marine bivalves
(Polglase 1980, Lauckner 1983, Bower 1987a, b, d),
our observations are not adequate for determining
whether this thraustochytrid is responsible for mor-
talities of Ruditapes decussatus which are concurrently
parasitized by Perkinsus atlanticus (Azevedo 1989,
Azevedo et al. 1990). On the other hand, Perkins (1988)
believes that designation as a parasite must be re-
garded with doubt and the relationship with the host
be re-evaluated, as it seems reasonable to consider the
protists as facultative parasites. Recently, Whyte et al.
(1994) were faced with a similar problem in trying to
identify a labyrinthulid found in quahaug clams from
a shellfish hatchery in Canada. Further studies are
necessary to identify this species of thraustochytrid
and determine its host specificity.
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