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Fine Structure of Clonally Propagated In Vitro Life Stages of a Perkinsus sp.
Isolated from the Baltic Clam Macoma balthica

CATHLEEN A. COSS,1 JOSÉ A. F. ROBLEDO1 and GERARDO R. VASTA
Center of Marine Biotechnology, University of Maryland Biotechnology Institute, Baltimore, Maryland 21202, USA

ABSTRACT. We established monoclonal in vitro cultures of a Perkinsus sp. isolated from the baltic clam Macoma balthica and
compared morphological features of various life stages by light and transmission electron microscopy to those of the currently accepted
Perkinsus species: Perkinsus marinus, Perkinsus olseni, Perkinsus atlanticus, and Perkinsus qugwadi. Except that trophozoites were
slightly larger than those of P. marinus, and that they underwent zoosporulation in culture, observation of our isolate under light
microscopy did not reveal striking differences from any Perkinsus species. Perkinsus sp. from M. balthica shared fine structural
characteristics with other Perkinsus species that clearly place it within this genus. Although zoospores of Perkinsus sp. from M. balthica
were slightly smaller than those from other species, the ultrastructural arrangement and appearance of the apical complex and flagella
seem to be identical to those of P. marinus and P. atlanticus. Our isolate also appeared, in some sections, to have cortical alveolar
expansions of the plasmalemma at regions other than the anterior end and lobulated mitochondria that were reported as unique for P.
qugwadi. Little consensus exists among authors in the assignment of taxonomic weight to any particular morphological feature to
designate Perkinsus species. The present study of gross morphology and ultrastructure was complemented with molecular studies reported
elsewhere, which propose that Perkinsus sp. from Macoma balthica is a distinct species.
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THE protistan parasite, Perkinsus marinus (Apicomplexa,
Perkinsea), causes significant mortality of the eastern oys-

ter (Crassostrea virginica) along the Gulf of Mexico and At-
lantic coasts of North America (Burreson and Ragone-Calvo
1985; Ford 1996; Soniat 1996). The systematic position of the
genus Perkinsus continues to be controversial, and classification
of organisms within this genus has been based on a variety of
criteria for taxonomic evaluation applied by the different au-
thors. Perkinsus marinus was initially described as a fungus,
Dermocystidium marinum (Mackin, Owen, and Collier 1950),
based on the nuclear position close to the cell wall, and the
presence of a centrally located endosome. Re-examination of
its morphological features, which in culture resembled those
from water molds, led to inclusion in the protozoan phylum
Labyrinthomorpha as Labyrinthomixa marina (Mackin and Ray
1966). Evaluation of zoospore ultrastructure (Perkins and Men-
zel 1967; Perkins 1969; Perkins 1976) led to reclassification in
1978 to the protozoan phylum Apicomplexa in a newly estab-
lished taxon (Class: Perkinsea, Order: Perkinsida, Family: Per-
kinsidae, Genus: Perkinsus, Species: marinus) (Levine 1978).
Later based on actin partial gene sequences, Reece et al. (1997)
proposed that Perkinsus is more closely related to dinoflagel-
lates than to the apicomplexans. Further re-interpretation by
Siddall et al. (1997) of previously reported ultrastructural stud-
ies (Azevedo 1989; Azevedo, Corral, and Cachola 1990; Per-
kins and Menzel 1967; Perkins 1969; Perkins 1976) together
with analysis of a few alveolate DNA sequences led them to
reject inclusion of Perkinsus genus in the phylum Apicomplexa,
and to propose a much closer relationship to the Dinozoa. This
concept has recently been challenged by the detailed ultrastruc-
tural study and rigorous analysis of the SSU sequence of the
parasite Parvilucifera infestans by Norén, Moestrup, and Rehn-
stan-Holm (1999), who questioned previous phylogenetic anal-
yses for Perkinsus spp. and established a new phylum, Perkin-
sozoa, within the Alveolata that includes Perkinsus spp. under
the class Perkinsea, and constitutes a sister group to the api-
complexans.

In addition to P. marinus, three Perkinsus species are cur-
rently accepted: Perkinsus olseni, found in two abalone species,
Haliotis rubra and Haliotis laevigata, from Australia (Lester
and Davis 1981; Lester, Goggin, and Sewell 1990), Perkinsus
atlanticus, first identified in the clam Ruditapes decussatus in
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Portugal (Azevedo 1989), and Perkinsus qugwadi, described in
the Japanese scallop, Patinopecten yessoensis, cultured on the
west coast of Canada (Blackbourn, Bower, and Meyer 1998).
Perkinsus karlssoni was described as a new species in the bay
scallop (Argopecten irradians) from the east coast of Canada
(McGladdery, Cawthorn, and Bradford 1991). However, after
re-evaluation Goggin et al. (1996) concluded that it was a com-
bination of several different organisms and therefore is no lon-
ger considered a Perkinsus species.

Perkinsus marinus has been found in C. virginica in most
areas of the Chesapeake Bay. However, Perkinsus-like organ-
isms also have been detected in sympatric bivalve species (An-
drews 1954), although little is known about their host specific-
ity, virulence, and taxonomic relationships to P. marinus. A
study on the ultrastructure of zoospores of a Perkinsus sp. from
the baltic clam Macoma balthica showed that it was similar to
that of both P. atlanticus and P. marinus (Perkins 1968), but
its species identification was not resolved. It easily undergoes
zoosporulation in sea water, a feature described for P. atlanticus
(Azevedo, Corral, and Cachola 1990) but difficult to induce in
P. marinus (Perkins 1996). This led to the suggestion that this
Perkinsus sp. from M. balthica is most likely P. atlanticus
(Kleinschuster et al. 1994; Perkins 1996).

In order to rigorously describe this Perkinsus sp. from M.
balthica [Perkinsus sp. (M.b.)], the study reported herein was
designed to: (1) establish a monoclonal culture of this isolate
from M. balthica, and (2) characterize the fine structure of the
various life stages of the in vitro clonally-propagated parasite,
with special focus on the zoospores, for comparison with the
previously described species within the genus Perkinsus.

MATERIALS AND METHODS

Collection of clams, fluid thioglycollate medium assay,
and establishment of Perkinsus sp. in vitro cultures. Maco-
ma balthica were collected in August 1996 from the Rhode
River, Maryland. Cultures of Perkinsus sp. (M.b.) were estab-
lished using clam heart explants, and maintained in 6-well
plates or culture flasks (tissue culture treated polystyrene, Corn-
ing) in 5, 10 or 50 ml of DME/F12 (1:2), 5% FBS medium,
following the methods of Gauthier and Vasta (1993, 1995). The
transfer of one-twentieth of the culture volume into fresh me-
dium was designated as one passage. Clonal cultures were es-
tablished by limiting dilution, as reported earlier (Gauthier and
Vasta, 1995). Briefly, cell numbers were counted in a hemo-
cytometer, cell densities adjusted to 3 cells/ml, and plated at
100 ml/well in 96-well plates. Each well received 50 ml of 0.2



39COSS ET AL.—FINE STRUCTURE OF PERKINSUS FROM MACOMA BALTHICA

mm-filtered spent medium. After incubation for 24 h, the wells
containing single cells were identified by visual inspection on
an inverted microscope. Following incubation for 5 d, wells
containing single colonies were selected and transferred to sin-
gle wells in a 24-well plate. Incubation for an additional 3–4 d
was followed with a second round of cloning to ensure clonality
of the cultures.

Cultures of Perkinsus sp. (M.b.) consisted of a mixture of
life stages ranging from trophozoites, propagating from budding
and palintomy, through the process of zoosporulation, to the
release of mature zoospores. Monoclonal cultures derived from
the same Perkinsus sp. (M.b.) culture have been maintained
since then in our laboratory and continue to produce the above-
mentioned life stages after 4 yr in culture.

Light microscopy. Fifty ml aliquots of the culture were used
to view the different Perkinsus sp. (M.b.) life stages present in
the culture. Photomicrographs were taken on a Zeiss Axioskop
equipped with differential interference contrast optics interfaced
with a Sony 3 CCD Video Camera (Model DXC-760MD) and
Sony Video Printer (Model UP-5100).

Transmission electron microscopy. A 3-ml aliquot of a
monoclonal culture of Perkinsus sp. (M.b.) was centrifuged at
380 g for 5 min, the supernatant removed, and the cell pellet
fixed in 3% glutaraldehyde in 0.1 M sodium cacodylate buffer,
pH 7.8, at 4 8C for 3 h. The pellet was then washed in 0.1 M
sodium cacodylate buffer, pH 7.8, at 4 8C for 2 h, and post-
fixed in buffered 2% OsO4 at 4 8C for 3 h. After dehydration
in an ethanol series the sample was embedded in Spurr’s resin.
Ultrathin sections were double-stained with uranyl acetate and
lead citrate and examined in a Zeiss EM10 CA microscope. For
negative staining a drop of washed zoospores was placed on
coated grids and fixed with 1% potassium phosphotungstate.
Fixed samples (3% glutaraldehyde in 0.1 M sodium cacodylate
buffer, pH 7.8, at 4 8C for 3 h) were also deposited directly on
the grid for negative staining and observed under microscopy
as above.

Terminology. Structures of the presumptive apical complex
were identified according to the terminology recommended by
Perkins (1996).

RESULTS

Mature trophozoites were approximately spherical and 9.8 6
4.2 mm (n 5 30) in diam. under light microscopy. A large
eccentric vacuole was observed in mature trophozoites. This
vacuole displaced the nucleus against the plasma membrane,
giving the cell the ‘‘signet ring’’ appearance typical of Perkin-
sus species. In culture the cells divided either by budding (Fig.
1) or palintomy and often remained in clumps.

Zoosporangia were spherical and 67 6 12 mm (n 5 21) in
diam. In some zoosporangia the active process of zoosporula-
tion was observed (Fig. 2–5). The immature zoospores divided
inside the zoosporangium (Fig. 2, 3). As they matured the zoo-
spores became motile in the lumen of the zoosporangium, giv-
ing them a swarming appearance (Fig. 4), just prior to their
release (Fig. 5). Zoosporangia full of zoospores or with only a
few remaining zoospores were frequently observed (Fig. 5),
suggesting that zoosporulation was a continuous process in ac-
tively proliferating cultures, and the process of releasing the
zoospores occurred rapidly. Individual zoospores were observed
simultaneously with the other stages in the culture (Fig. 6).
Some swam quickly while others were tethered by one flagel-
lum to the culture well surface and were propelled in a circular
motion by the free second flagellum. After several days to two
weeks, individually cloned zoospores lost the flagella and be-
came trophozoites that continued to proliferate by budding or
palintomy and zoosporulated.

Immature trophozoites were characterized by the presence of
multiple vacuoles of various sizes spread throughout the cyto-
plasm (Fig. 7). The shape of the nucleus was often spherical,
occupying a large proportion of the cell. Although Perkinsus
sp. (M.b.) trophozoites propagated by either budding or palin-
tomy, palintomy was more frequently observed in culture (Fig.
8–10). Inside the tomont, trophozoites were tightly packed
against each other (Fig. 8, 9). Some of the trophozoites had a
large vacuole, although the nucleus was not packed against the
plasmalemma (Fig. 9). Following karyokinesis and during cy-
tokinesis there was active secretion of components that even-
tually may constitute the trophozoite cell wall (Fig. 10). These
components were most frequently observed at the site of divi-
sion but were also present at other locations around the tropho-
zoite and did not appear to be associated with the micropore
complex described below.

Mature trophozoites were spherical and surrounded by an
amorphous wall (Fig. 11, 12) beneath which the plasmalemma
bore uniformly distributed micropores or pore complexes open-
ing toward the cell wall (Fig. 11–14). Pore complexes appeared
to be uniform in size, approximately 100 nm in depth, and 100
nm in diam. by cross-section with what appeared to a be small
opening (20 nm in diam.) within each complex. In longitudinal
section, micropores appeared to be surrounded by an electron-
dense cytoplasmic collar (Fig. 12). The mature trophozoite was
dominated by a large vacuole containing one or more dense
inclusions or vacuoplasts (Fig. 11), which in live cells exhibited
Brownian movement. The large vacuole in mature trophozoites
displaced the cell organelles and the nucleus against the plas-
malemma (Fig. 11). The eccentric and uniformly dense nucleus
had a prominent central nucleolus, and numerous nuclear pores
(Fig. 11). Scattered virus-like particles were seen in some of
the nuclei (data not shown). The remainder of the cytoplasm
contained lipid droplets, small vacuoles, vacuoplast precursors
in the cisternae of the endoplasmic reticulum, ribosomes, and
numerous lobulated mitochondria (Fig. 11).

Mature trophozoites became prezoosporangia that underwent
zoosporulation by forming a discharge tube around a lens-
shaped area under the cell wall. Cell division within the devel-
oping zoosporangia led to cells that matured into hundreds of
motile zoospores. A plug of dense material at the base of the
discharge tube probably prevented the premature release of im-
mature zoospores (Fig. 15).

Immature zoospores inside the zoosporangia had several vac-
uoles that presumably merge to form a large vacuole localized
at the anterior end of the mature zoospore (Fig. 16). Immature
zoospores close to maturation were characterized by the pres-
ence of flagella (Fig. 16). At this stage the zoospore appears to
have all the structures present in the mature zoospore (see be-
low).

Mature zoospores were uninucleated, biflagellated, and ovoid
measuring 4.4 6 0.6 mm 3 2.0 6 0.5 mm (n 5 10), as assessed
by TEM. Zoospores contained organelles presumed to be an
apical complex at the anterior end (Fig. 17). This complex con-
sisted of a conoid, rectilinear micronemes, conoid-associated
micronemes, and subpellicular microtubules (Fig. 17–20). The
conoid was composed of helically coiled microtubules forming
a cone, open at the anterior end (Fig. 18, 19). The nucleus of
the zoospore was lobulated, located on the ventral (flagellar)
side of the body, lacked an evident nucleolus, and usually pre-
sented highly condensed chromatin (Fig. 17, 20, 21). A series
of microtubules originated at the level of the anterior polar ring
and extended beneath the plasmalemma to the posterior end of
the zoospore (Fig. 20). The rectilinear micronemes consisted of
dense material, originated posteriorly to the polar ring, and were
found to extend more than half of the length of the body. These



40 J. EUKARYOT. MICROBIOL., VOL. 48, NO. 1, JANUARY–FEBRUARY 2001

Fig. 1–6. Life stages of in vitro cultured Perkinsus sp. isolated from Macoma balthica. 1. Trophozoites propagating by budding. Scale bar 5
10 mm. 2. Zoosporangium containing immature zoospores. Open arrow, discharge tube. Scale bar 5 10 mm. 3. Immature zoospores dividing
inside the zoosporangium. Scale bar 5 10 mm. 4. Mature zoospores inside zoosporangium prior to release. Scale bar 5 10 mm. 5. Partially empty
zoosporangium with some zoospores (arrows) left in its interior. Scale bar 5 10 mm. 6. Free zoospores swimming in the culture medium after
release. Scale bar 5 10 mm.

structures appeared to be variable in composition and diameter
even in the same zoospore (data not shown). Cortical alveolar
extensions of the plasmalemma were primarily present at the
anterior end of the zoospore (Fig. 17–20), but were occasionally
found at other regions around the cell including the posterior
end. The mitochondria were usually lobulated (Fig. 21).

Anterior and posterior flagella were inserted together ven-
trally in the anterior third of the zoospore. The dense body in
the lumen of the kinetosome appeared as a dense cylindrical

(Fig. 22), ‘‘H’’- shaped (Fig. 23), or ovoid inclusion (Fig. 24,
25) depending on the section. Accompanying the inclusion
body was a cup-like structure, the terminal plate of the central
pair of axoneme microtubules, the terminal helix of the central
microtubular array, and presumptive microtubular organizing
centers (Fig. 22–24). In some sections, there was a structure
resembling the terminal plate of the central pair of axoneme
microtubules below the cup-like structure (Fig. 24). The micro-
tubules at the level of the cup-like structure consisted of a more
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Fig. 7–10. Electron micrographs of dividing immature trophozoites of Perkinsus sp. isolated from Macoma balthica. 7. Immature trophozoite.
Scale bar 5 2 mm. 8. Two cells stage. Scale bar 5 2 mm. 9. Four cells stage. Scale bar 5 2 mm. 10. Detail of the vesicles produced during
division. Scale bar 5 1 mm. L, lipid droplet; N, nucleus; NU, nucleolus; Va, vacuole; Vs, vesicles; W, wall.
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Fig. 11–14. Electron micrographs of trophozoites of Perkinsus sp. isolated from Macoma balthica. 11. Mature trophozoite. Scale bar 5 2 mm.
12–13. Detail of a longitudinal section through the micropores of the trophozoite. Scale bar 5 1 mm. 14. Transverse section through the micropores
of the trophozoite. Scale bar 5 1 mm. Solid arrows, vacuoplast; open arrows, micropores; Mt, mitochondria; N, nucleus; Nu, nucleolus; P,
vacuoplast precursors; Va, vacuole; W, wall.
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Fig. 15. Mature zoosporangia of Perkinsus sp. isolated from Macoma balthica. Scale bar 5 5 mm. DT, discharge tube; F, flagella; Pl, plug;
V, vacuoplast; Va, vacuole; W, wall; Z, zoospore.

dense material that resembled the terminal helix of the central
microtubular array (Fig. 22, 23), a feature not observed else-
where in the 9-doublet microtubular array of the flagella. Trans-
verse sections of the flagella showed the typical eukaryotic 9-
doublet/2-central microtubular array surrounded by a thick cell
membrane (Fig. 26). The kinetosome had the typical configu-
ration of 9-triplets without a central microtubular array (Fig.
27).

The posterior flagellum was bare and tapered at about two-
thirds of the length from the body so that the diameter of the
distal end was approximately 1/3 of that at the base (Fig. 28).
The anterior flagellum was characterized by the presence of thin
hair-like appendages associated with spurs (usually four to five
thin hair-like appendages accompanying each spur) (Fig. 29).
The length of the thin hair-like appendages was 1.1 6 0.4 mm
(n 5 32) and spurs were spaced 99 6 25 nm (n 5 29) apart.
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Fig. 16. Electron micrographs of an immature zoospore of Perkinsus sp. isolated from Macoma balthica. Scale bar 5 1 mm. A, cortical alveoli
expansion; C, conoid; Cm, conoid associated micronemes; F, flagella; L, lipid droplet; Mc, subpellicular microtubules; Mi, rectilinear micronemes;
Mt, mitochondria; N, nucleus; Va, vacuole.

DISCUSSION

The gross morphology of various life stages of the Perkinsus
sp. was similar to Labyrinthomyxa sp. (Perkins 1968) and Per-
kinsus sp. (Kleinschuster et al. 1994), both from the same bi-
valve host (M. balthica), and to P. marinus (Perkins 1996), P.
olseni (Lester and Davis 1981) and P. atlanticus (Azevedo
1989; Azevedo, Corral, and Cachola 1990). The Perkinsus spe-
cies described in this study continuously sporulated in culture
without any manipulation to induce it. This is in contrast to
other Perkinsus species that require either incubation in sea

water (P. atlanticus) (Azevedo, Corral, and Cachola 1990) or
incubation initially in FTM and subsequently seawater (P. mar-
inus) (Perkins 1996).

The Perkinsus sp. (M.b.) clone shares most of the character-
istics described by Perkins (1968) for Labyrinthomyxa sp. ex-
cept that it sporulates spontaneously in culture without prior
incubation in sea water, and the zoospores are slightly larger
(4.4 6 0.6 mm, as compared to 4 6 1 mm for Labyrinthomyxa
sp.) and more homogeneous in size. The greater variation in
dimensions of the zoospores analyzed by Perkins from either
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Fig. 20. Oblique section through a mature zoospore of Perkinsus sp. isolated from Macoma balthica. Scale bar 5 750 nm. A, cortical alveoli
expansion; C, conoid; Mc, subpellicular microtubules; Mi, rectilinear micronemes; Mt, mitochondria; N, nucleus; R, ribosomes; Va, vacuole; W,
wall.

C. virginica (Perkins and Menzel 1967) or M. balthica (Perkins
1968) may have been due to the presence of two or more dif-
ferent species in an individual host. In fact, we have found
through molecular analysis that P. marinus and this genetically
different Perkinsus sp. can both be detected in the same indi-
vidual bivalve (Coss et al. 1999). Alternative explanations

could include a polyclonal population of a single parasite spe-
cies, or influences of the various host microenvironments in the
multiple tissues infected. Greater consistency in the dimensions
of our isolate would be expected as the analysis was carried
out on a clonal culture, where all cells were genetically ho-
mogeneous and were not subject to host tissue responses. This
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Fig. 21. Electron micrograph of the mitochondrion of a zoospore from Perkinsus sp. isolated from Macoma balthica. Scale bar 5 1 mm. L,
lipid droplet; Mc, subpellicular microtubules; Mt, mitochondria; N, nucleus; P, vacuoplast precursors; Va, vacuole.

phenomenon was reported for P. marinus trophozoites by Gau-
thier and Vasta (1993), where optimization of the culture me-
dium resulted in size homogeneity.

By light microscopy, the clonal Perkinsus sp. (M.b.) de-
scribed herein is also morphologically similar to the cultured
Perkinsus sp. isolate from M. balthica described by Kleinschus-
ter et al. (1994). This was reported to differ from P. marinus
by exhibiting higher rates of proliferation under the same cul-
ture conditions and by undergoing sporulation by direct expo-
sure to sea water (Kleinschuster et al. 1994). No details were
provided by the authors, however, as to how this isolate may
have differed at the ultrastructural level from that described
earlier by Perkins (1968) (Labyrinthomixa sp.) or P. marinus.
Our Perkinsus sp. (M.b.) clone differs from the isolate de-
scribed by Kleinschuster et al. (1994) in that it does not require
placement in sea water to zoosporulate. In addition, a feature
that was not reported earlier for either Labyrinthomixa sp. (Per-
kins 1968) or the cultured Perkinsus sp. isolate from M. bal-
thica as described by Kleinschuster et al. (1994) is that cloned
individual zoospores eventually lost their flagella and gave rise
to trophozoites that then proceeded to proliferate by budding or
palintomy and underwent zoosporulation. Kleinschuster et al.
(1994) and Perkins (1996) proposed that because of the ease of
sporulation of Perkinsus sp. from M. balthica it could actually

be P. atlanticus. Our Perkinsus sp. (M.b.) isolate differs from
P. atlanticus in that the zoospores are smaller and spontane-
ously zoosporulates in culture. The in vitro culture of Perkinsus
sp. (M.b.) resembles the morphological changes of Parviluci-
fera infestans zoospores, which after penetrating the host cell
(Dinophysis sp.), grow into large spherical bodies that eventu-
ally become sporangia, and produce new zooids either within
the dead host cell or after their release from the host (Norén,
Moestrup, and Rehnstan-Holm, 1999).

One of the major problems in the designation of species with-
in the genus Perkinsus is that the examination of the gross
morphology of the various life stages of Perkinsus isolates has
not provided evidence robust enough on which to discriminate
new isolates at the specific level (Perkins 1996). In many in-
stances, gross morphological differences have been attributed
to responses to environmental factors, including host reaction
to parasite infection (Blackbourn, Bower, and Meyer, 1998;
Lester and Davis 1981; Perkins 1988; Perkins, 1996). There-
fore, it has been proposed that species designations should be
based on differences in fine structure of the zoospore stage (Per-
kins 1996), although most reports have included other life cycle
stages. For example, P. atlanticus differed from P. marinus in
that: (a) the mitochondria in prezoosporangia were present in
all successive bipartitions and centrioles appeared in the last



48 J. EUKARYOT. MICROBIOL., VOL. 48, NO. 1, JANUARY–FEBRUARY 2001

Fig. 22–27. Details of the flagella of Perkinsus sp. isolated from Macoma balthica. 22–24. Longitudinal sections through the anterior flagellum
and kinetosome. Scale bar 5 250 nm. 25. Detail of the kinetosomes of the posterior flagellum (upper) and the anterior flagellum (lower). Scale
bar 5 250 nm. 26. Transverse section through the flagellum showing the microtubules. Scale bar 5 250 nm. 27. Transverse section through the
flagellum between the cup-like structure and the kinetosome. Scale bar 5 250 nm. Small open arrow, presumptive microtubular organizing center.
Large open arrow, electron dense material accompanying the cup-like structure, C, cup-like structure; I, inclusion body; T, terminal plate of central
pair of axoneme microtubules.

→

Fig. 28–29. Negative staining of the zoospore of Perkinsus sp. isolated from Macoma balthica. 28. Zoospore showing the anterior (solid
arrow) and posterior flagella (open arrow). Note the tapering of the posterior flagellum at its distal end (arrow). Scale bar 5 2 mm. 29. Detail of
the thin hair-like appendages and spurs of the anterior flagellum (arrows). Scale bar 5 500 nm.

cellular division; (b) it readily zoosporulated after FTM incu-
bation and exposure to sea water; and (c) zoospores exhibited
multiple cytoplasmic vacuoles and a smaller angle between fla-
gella (658) as compared to P. marinus (908) (Azevedo 1989;
Azevedo, Corral, and Cachola 1990). Blackbourn, Bower, and
Meyer (1998) suggested that the angle between flagella of P.
qugwadi was variable, and would not constitute a character with
taxonomic weight. The anterior flagellum of P. atlanticus zoo-
spores exhibits hairs-like appendages (mastigonemes) (Azeve-
do, C., pers. commun.), a feature shared with P. marinus (Per-
kins 1967).

We attempted to identify ultrastructural characteristics that
would determine if our isolate was P. atlanticus, as suggested
by Kleinschuster et al. (1994) and Perkins (1996), or clearly
indicate if it was a distinct species. Our Perkinsus sp. (M.b.)
isolate shares most of the ultrastructural characteristics with P.
marinus and P. atlanticus zoospores, such as the arrangement

and appearance of the structures of the apical complex, the cor-
tical alveolar expansions at the anterior end of the zoospore
body, and the structures of the flagella (Table 1–3). Our Per-
kinsus sp. (M.b.) isolate also exhibits some of the characteristics
that were thought to distinguish P. qugwadi from the other spe-
cies within the genus. While we can find mitochondria that have
the typical oblong or round shape, we can also see, even in the
same cell, mitochondria that appear to be lobulated as was de-
scribed to be unique for P. qugwadi (Blackbourn, Bower, and
Meyer 1998). In addition, other features described as unique
for P. qugwadi such as the presence of an elongated conoid
with micronemes that wrap around the nucleus, the lack of a
dense body within the lumen of the flagella kinetosome, and
the presence of cortical alveolar extensions over the entire
body, as well as the lobulated mitocondria, were not consis-
tently present in all cell sections examined (Blackbourn, Bower,
and Meyer 1998). Several reasons may explain the inconsisten-
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Table 1. Comparative chart of morphological features of Perkinsus species.

Perkinsus
species Host type Source

Zoosporulation
Induction

Assay by
FTM/

Lugol’s

Zoosporangia

Diameter
(mm)

Discharge
Tube

Zoospore
Body Size

(mm)

P. marinus C. virginica HT/FTM/SW FTM/SW Positive 45 6 15 Present 5 6 1 3 2.0 6 0.5
P. olseni H. ruber Host tissue FTM/SW Positive 75 6 19 Poorly developed nr
P. atlanticus R. decussatus HT/FTM/SW SW Positive nr Present 4.5 3 2.9
P. qugwadi P. yessoensis Host tissue Only in host Negative 13 Absent d4.5 6 1 3 2.0 6 0.5;

e3.9 6 0.3 3 2.5 6 0.3
Perkinsus sp.a

Perkinsus sp.b

Perkinsus sp.c

M. balthica
M. balthica
M. balthica

HT/FTM/SW
Cell culture
Monoclonal culture

SW
SW
Culture/SW

Positive
nr
Positive

nr
nr

67 6 12

Present
Present
Present

4 6 1 3 2.5 6 0.5
nr

4.4 6 0.6 3 2.0 6 0.5

a Perkins (1968); b Kleinschuster et al. (1994); c Perkinsus sp. (M.b.); d gonadal imprint; e whole cell; nd, not determined; nr, not reported; HT,
host tissue; FTM, fluid thioglycollate media; SW, seawater.

Table 2. Comparative chart of ultrastructural features of Perkinsus species.

Perkinsus sp.

Prezoosporangium

Mitochondria Centrioles
Mitochondria

Form

Zoospore

Conoid Assoc.
Micronemes Location/Shape Alveoli Expansions

P. marinus Lost or reduced in FTM
Restored in zoospore

Appear at first
bipartition

nr Diagonally to posterior Anterior end

P. olseni nr nr nr nr nr
P. atlanticus Several present in all

successive bipartitions
Appear at last

bipartition
nr Diagonally to posterior Anterior end

P. qugwadi nr nr Some lobulated Elongated, around nucleus Entire surface
Perkinsus sp.a Retained nr nr Diagonally to posterior Anterior end
Perkinsus sp.b nr nr nr nr nr
Perkinsus sp.c nd nd Some lobulated Diagonally to posterior Primary at anterior end

a Perkins (1968); b Kleinschuster et al. (1994); c Perkinsus sp. (M.b.); nd, not determined; nr, not reported.

cies, among which are the plane of the cut through the cell,
artifacts resulting from the fixation process, and the possibility
of multiple parasite species/strains present in the infected bi-
valve tissue. Thus, these characters may not be taxonomically
robust enough and other features that appear to be relevant at
the genus level, such as the pattern of flagellar insertion, may
be incorporated (Norén, Moestrup, and Rehnstan-Holm (1999).
In addition, the species designation from an infected tissue sam-
ple may have to be corroborated with fine structure information
from clonal cultures.

Although most of the studies on the fine structure of Perkin-
sus isolates have focused on the zoospore stage, there has been
little consensus among authors in the assignment of taxonomic
weight to particular features. Furthermore, there has been little
justification for the choice of those characters and their assign-
ment to the generic, specific or sub-specific level. In addition,
statements about ultrastructural observations have not always
been supported by the actual electron micrographs reported
(Blackbourn, Bower, and Meyer 1998), and re-interpretation
(Siddal et al. 1997) of well documented published observations
have recently been questioned (Norén, Moestrup, and Rehnstan-
Holm 1999). Physiological aspects of the parasite, such as spon-
taneous sporulation in culture and enlargement in thioglycollate
medium may not represent characters robust enough to be con-
sidered of taxonomic value at the generic level (Blackbourn,
Bower, and Meyer 1998; Goggin et al. 1996). Finally, serolog-
ical approaches for the identification or discrimination of Per-
kinsus spp. have failed so far. For example, that cross-reactivity
with anti-P. marinus antibodies supports the inclusion of P.
qugwadi in the genus Perkinsus (Blackbourn, Bower and Meyer
1998) is questionable because the aforementioned anti-P. mar-

inus antibodies also cross-react with various dinoflagellate spe-
cies (Dungan et al. 1998).

In order to complement the morphological studies on the Per-
kinsus sp. (M.b.) isolate reported herein, molecular studies were
undertaken in our laboratory (Coss et al. 2001). Sequence data
from the rRNA locus indicate not only that Perkinsus sp. (M.b.)
is not P. marinus, but also that it is not P. atlanticus, P. olseni
or P. qugwadi, and the degree of sequence difference is com-
parable to or greater than differences between accepted Perkin-
sus species. Until taxonomic weight at the specific level can be
assigned to well-defined gross morphological and fine structure
characteristics of Perkinsus morphotypes, molecular approaches
may provide invaluable information to aid in species designa-
tion within the genus Perkinsus.
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Table 3. Comparative chart of flagellar features of Perkinsus spe-
cies.

Perkinsus sp.

Length

Anterior (mm) Posterior (mm)

Dense
Kinetosome

Body

P. marinus
P. olseni
P. atlanticus
P. qugwadi

Perkinsus sp.a

Perkinsus sp.b

Perkinsus sp.c

14 6 4
nr

17.2 6 2.4
9.7 6 2d

9 6 12e

15 6 2
nr
nd

8 6 2
nr

11.0 6 3
7.7 6 1.8d

8 6 1.2e

8 6 1
nr
nd

Present
nr
Present
Absent

Present
nr
Present

a Perkins (1968); b Kleinschuster et al. (1994); c Perkinsus sp. (M.b.);
d gonadal imprint; e whole cell preparation; nd, not determined; nr, not
reported.
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