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ABSTRACT: Bonamia sp. is a pathogenic parasite that occurs in the haemocytes of dredge oysters
Ostrea chilensis Philippi in New Zealand. Ultrastructurally it resembles other haplosporidians in the
possession of haplosporosomes, haplosporogenesis, persistence of mitotic microtubules during inter-
phase and of the nuclear envelope during mitosis, and occurrence of a diplokaryotic or multi-nucle-
ate plasmodial stage. Another stage containing a large vacuole derived from enlargement of 1 or
more mitochondria has not previously been described from other haplosporidians. It most closely
resembles B. ostreae Pichot et al., 1979, which parasitises and is pathogenic in haemocytes of Euro-
pean flat oysters, O. edulis. However, B. ostreae is smaller and denser, and has fewer lipoid bodies
and haplosporosomes. We have nearly completely sequenced the small ribosomal gene of the organ-
ism from O. chilensis. Initial comparisons of these sequences with those of other protozoans showed
similarities to B. ostreae. Polymorphism within Bonamia sp. was confirmed by restriction fragment
length polymorphism analysis. On the basis of ultrastructural and molecular considerations it is pro-

posed that this organism be named Bonamia exitiosus sp. nov.
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INTRODUCTION

From late 1985 until 1993, large scale mortalities
occurred among oysters (Ostrea [= Tiostrea] chilensis
Philippi) in Foveaux Strait, south of the South Island of
New Zealand, reducing the population of oysters in
1990 by 67 % and in 1992 by 91 % of the stocks present
in 1975 (Doonan et al. 1994). The fishery was closed in
1993, which had a severe economic impact on local
communities. Mortalities were associated with an epi-
zootic of a haplosporidian parasite, apparently lacking
a spore stage, that occurred in haemocytes. It resem-
bled Bonamia ostreae Pichot et al. 1979 in Ostrea
edulis in Europe and was therefore called Bonamia sp.
(Dinamani et al. 1987, Hine 1991a,b, 1992, 1996, Hine
& Wesney 1992, 1994a,b, Hine & Jones 1994). Subse-
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quent investigations have shown that the parasite was
present in Foveaux Strait oysters in 1964, and a long-
standing association between host and parasite is sug-
gested by a consistent annual pattern of infection
(Hine 1991a,b).

Studies have already been published on the ultra-
structure (Hine 1991b, Hine & Wesney 1992) and func-
tional anatomy (Hine & Wesney 1994a) of Bonamia sp.
In spite of ultrastructural studies on B. ostreae (Comps
et al. 1980, Brehélin et al. 1982, Balouet et al. 1983,
Grizel 1985, Chagot et al. 1992, Mourton et al. 1992,
Montes et al. 1994), it is difficult to identify features
that clearly distinguish the 2 species. Some monoclonal
antibodies raised against B. ostreae labelled Bonamia
sp. (Mialhe et al. 1988). A specific B. ostreae DNA
probe also led to the labelling of Bonamia sp. (Cochen-
nec et al. 2000). These results confirm the close affinity
of the 2 organisms and the need for identification keys
for Bonamia spp. This paper presents ultrastructural
data and 18S sequence of Bonamia exitiosus sp. nov.
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MATERIALS AND METHODS

Ultrastructural studies. Infected Ostrea chilensis (n =
237) from Foveaux Strait were opened one at a time, the
heart was removed and cut in two, imprints were made
with one half, and the other half was fixed for ultra-
structural studies. Imprints were stained with Hema-
color™ (Merck) and microscopically examined, and
heavily infected oysters were selected for further study.
Hearts were fixed in 2.5 % glutaraldehyde in 0.22 pm fil-
tered seawater for 1 to 2 h, washed twice in filtered sea-
water, post-fixed in 1 % OsO, for 1 h, stained en bloc with
5% uranyl acetate in 0.1 M sodium acetate buffer for
45 min, dehydrated in ascending (50 to 100 %) ethyl
alcohol, embedded in Araldite, sectioned, stained with
5% uranyl acetate for 10 min and in 5 % lead citrate for
5 to 6 min, and examined on a Philips 420ST TEM.

To compare Bonamia sp. with B. ostreae, quantita-
tive data were taken from published studies on the
ultrastructure of B. ostreae (Pichot et al. 1979, Comps
et al. 1980, Brehélin et al. 1982, Balouet et al. 1983,
Grizel et al. 1983, Grizel 1985, Hervio et al. 1991,
Chagot et al. 1992) and from archived material held at
the IFREMER laboratory at Ronce-les-Bains, La Trem-
blade, France. Samples were compared directly under
the TEM from blocks of B. ostreae infected Ostrea
edulis kindly lent by Steve Feist of the MAFF Fish Dis-
eases Laboratory, Weymouth, England.

Base sequence studies. DNA exiraction: Genomic
DNA was extracted from Bonamia sp. infected Ostrea
chilensis using the following procedure. Ethanol fixed
tissues were suspended in 1 ml of extraction buffer
(NaCl 100 mM, EDTA 25 mM, pH 8, SDS 0.5 %) with
proteinase K (100 pg ml™?). Following an overnight
incubation at 50°C, DNA was extracted using a stan-
dard phenol/chloroform protocol followed by ethanol
precipitation (Sambrook et al. 1989).

DNA amplification, cloning and sequencing: The
nearly complete small subunit (SSU) IDNA gene was
amplified from the Bonamia sp. DNA using universal
primers pair SUni-CAS2 (Le Roux et al.
1999). PCR was performed in a 50 pl vial
containing about 10 ng of DNA mixed with
5 pl of 10 x PCR buffer, 5 pl of 25 mM
MgCl,, 5 pnl of 2 mM deoxyribonucleoside-

elongation of the amplified products. After amplification,
5 pl of amplified DNA fragment was analysed by elec-
trophoresis on ethidium bromide staining agarose gels
(1% in Tris Acetate EDTA buffer). The amplified frag-
ment was cloned using pCR2.1 Vector System (Invitro-
gen, Cergy, Pontoise, France). Minipreps of recombinant
plasmids were prepared according to standard alkaline
lysis protocol with an additional step of phenol/chloro-
form extraction and ethanol precipitation. Two recom-
binant plasmids were sequenced using the T7 Sequen-
cing KIT according to the manufacturer's recom-
mendations (Pharmacia Biotech). Termination products
were separated by electrophoresis through a 6 % poly-
acrylamide gel and detected by autoradiography. Se-
quences were compared for similarity with public data-
bases lodged in GenBank and EMBL using a basic local
alignment search tool (BLAST) (Altschul et al. 1990).
Restriction length polymorphism: A PCR was per-
formed with primers designed for amplification of
Bonamia ostreae: Bo-Boas (Cochennec et al. 2000).
Template DNA was obtained from Bonamia sp. infected
Ostrea chilensis and B. ostreae infected O. edulis. The
restriction fragment length polymorphism (RFLP) was
studied by digesting 10 pl of PCR product with Bgll
(Promega). The pattern of resulting fragments was
analysed electrophoretically on 2 % agarose gel.

RESULTS
Ultrastructural studies

Four stages of Bonamia sp. development—dense,
intermediate, plasmodial and vacuolated —were dis-
tinguished here, although forms intermediate to these
were also observed. Quantitative data from electron
micrographs of cells sectioned through the nucleus are
given in Table 1.

Dense forms. In dense forms the nucleus was central
and nearly circular in section, and the nucleolus was

Table 1. Bonamia ostreae and B. exitiosus (previously Bonamia sp.). Cyto-
metric comparison of the dense forms based on sections through the middle
of the cell. Haplosporosome measurements are based on 50 haplosporo-

somes from each species

5'-triphosphates, 0.5 pl of each 100 pM
primer and 0.25 pl (1 unit) of Tag DNA B. ostreae B. exitiosus
polymerase (Promega). Samples were de- Number examined 64 61
natured for 5 min at 94°C and amplified by Mean diameter (im) 24+0.5 3.0+03
30 cycles of 1 min at 94°C for denaturation, Mean no. mitochondria section™ 2=+1 3zx1
1 min at 55°C for primers annealing and Mean no. haplosporosomes 7£5 14+6
1 min at 72°C for elongation in a thermal Mean haplosporosome diameter (nm) 153 £ 18 148 + 11
. . Range of haplosporosome diameters (pm) 127-187 128-184
cycle apparatus (Appligene, Illkirch, Sections with lipid droplets present (%) 7 49
France). Polymerisation at 72°C was then Mean no. lipid droplets section™ 0.3+0.6 0.8+0.9
extended for 10 min to ensure complete
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Figs 1 to 5. Bonamia sp. development, dense or early stages. Fig. 1. Dense form showing the central nucleus with eccentric nucleolus,

mitochondrial sections around the nucleus, lipid bodies (L), haplosporosomes (H) and smooth endoplasmic reticulum (ER) (x24200).

Fig. 2. Dense form from the same section as Fig. 1. Note the 'blasted’ appearance of the mitochondria, dense ribosomes and light cell

margin (arrow) (x24425). Fig. 3. Reticulated structure (RS) and 4 haplosporosomes showing the characteristic internal membrane

(%96 000). Fig. 4. Nucleus of dividing cell showing the dumb-bell shape and intranuclear microtubules (arrow) (x14 560). Fig. 5. Cell in
which karyokinesis, but not cytokinesis, has occurred (x21510)

eccentric and often seen against the nuclear mem- brane-attached Golgi with thin dense deposits on the
brane (Figs 1 & 2). Ribosomes occurred densely, except concave surface were observed, enclosing granular
around the cell margin and underlying pseudopodia material at the nuclear surface. Intranuclear micro-

(Fig. 2). Sometimes curved strands of nuclear mem- tubules were present (Table 1), but were often
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Figs 6 to 8. Intermediate and plasmodial forms. Fig. 6. Intermediate form showing the irregular nucleus and greater number of

organelles, including peripheral smooth ER (sER) (x18610). Fig. 7. Intermediate form with intranuclear microtubules (arrow) and simple
perinuclear Golgi (G) (x18670). Fig. 8. Plasmodial form with an irregular nucleus, putative phagosomes (P) and large peripheral arrays
of sSER (x21060)

obscured by the dense nuclear contents. branous figures, or lacked contents. Mitochondrial sec-
Mitochondrial size and shape were variable, even in tions were often wrapped around the nucleus (Fig. 1).
the same section (Figs 1 & 2), and they were often large Short strands of smooth endoplasmic reticulum (sER),

and vacuous with sparse vesicular inclusions or mem- <3 ovoid lipoid bodies lacking a limiting membrane
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and <20 haplosporosomes occurred among the ribo-
somes but not in the light cell margin (Fig. 2). A dense
reticulated or vesicular structure occurred among the
ribosomes near the boundary with the light margin
(Fig. 3). Haplosporosomes were spherical, oval or pyri-
form, 128 to 184 nm in diameter (n = 50) with a light
internal membrane 3.5 nm wide (Fig. 3) that was rarely
invaginated in section.

In dense and early intermediate forms division
occurred by elongation of the nucleus (Fig. 4) followed
by karyokinesis. This may occur rapidly as karyokine-
sis (Fig. 5) and the early stages of cytokinesis were sel-
dom observed.

Intermediate forms. Intermediate forms were larger
with less densely packed ribosomes, more mitochon-
drial profiles, lipoid bodies and haplosporosomes, and
had an eccentric irregular nucleus with a central or
eccentric nucleolus (Fig. 6) and intranuclear micro-
tubules (Fig. 7). The clear cytoplasmic margin and
reticulated structure were rarely observed. Mitochon-
dria intermediate between dense and vacuous types
predominated, but dense and vacuous mitochondria
also occurred, sometimes in the same cell. Nuclear
membrane-bound Golgi associated with material in
cup-like indentations, detached Golgi and a few
peripheral strands of sER were also present (Fig. 6).

Plasmodial forms. Plasmodial forms were larger
cells with more irregular nuclear and cellular shape,
Golgi/multi-vesicular body (MVB) complexes at which
haplosporosomes formed and large peripheral arrays
of sER (Fig. 8). Haplosporosomes, mitochondrial sec-
tions and lipoid bodies were more numerous than in
intermediate and dense forms. Mitochondria were
variable in appearance but usually dense and closely
surrounding the nucleus, and were sometimes very
attenuated. Endosomes containing pinocytosed or
phagocytosed membranous inclusions were often
present (Fig. 8). Nuclear membrane-bound Golgi/
granular material complexes, detached Golgi/granular
material complexes and Golgi/MVB complexes
occurred concurrently in individual plasmodia.

As well as the presence of Golgi/MVB complexes
and large peripheral arrays of sER, plasmodia were
binucleate with the 2 nuclei forming a diplokaryon or
were rarely tetranucleate. Diplokaryosis appeared to
occur by infolding, on opposite sides of the cell, of the
nuclear membrane covered with dense material
(Fig. 9). Apposed faces, covered with dense material
(Fig. 10), were joined at nuclear pores between which
a very small internuclear chamber occasionally
formed. Small strands of sER or Golgi cisternae were
sometimes present between the 2 nuclei (Fig. 11).

Figs 9 to 11. Diplokaryosis. Fig. 9. Inversion of the nuclear membrane at points where it is coated with dense material (arrows)

(x37500). Fig. 10. Diplokaryotic plasmodium showing the dense material between apposed nuclei, and at nuclear pores else-

where on the nucleus (arrow) (x13530). Fig. 11. Detail of dense material showing an intervening sER strand or single Golgi-like
cisterna (x30290)
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Figs 12 to 16. Vacuolated stages. Fig. 12. Gross enlargement of mitochondria containing sparse vesicular cristae (x16070).

Fig. 13. Presence of a single vacuole-like mitochondrion with a few cristae (arrowheads) and membranes that may derive from

the lipid body. Perinuclear Golgi-like cisternae are present (arrow) (x21760). Fig. 14. A similar stage as in Fig. 13 containing a

dense, possibly degenerate nucleus (N) (x17240). Fig. 15. Cell with a large central vacuole surrounded by dense cytoplasm, with

a nipple-like protrusion from each end (arrows) (x12360). Fig. 16. Detail of cytoplasm bordering the vacuole showing haplo-
sporosomes (H), remnant of a lipid body (L) and dense ribosomal content (x42 670).
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Vacuolated forms. Vacuolated cells (Figs 12 to 15)
developed from cells with a poorly delineated nucleus,
with cytoplasm around vacuous mitochondria (Fig. 12),
one of which became very enlarged (Fig. 13) to form a
central vacuole. The nucleus protruded slightly to give
the cell section the appearance of a signet ring (Figs 13
& 14), and Golgi-like cisternae were present near the
apparently degenerating nucleus (Figs 13 & 14). Mito-
chondrial vesicular cristae were present, although
sparse (Figs 12, 13 & 14). Membranous figures in the
vacuole may be of mitochondrial origin (Fig. 12) or
derive from lipid bodies (Fig. 13). Eventually the cell
contained a large central vacuole bordered by a thin
rim of cytoplasm, which had a nipple-like protrusion at
each end (Fig. 15), giving the cell a bilateral symmetry.
The cytoplasm was dense, ribosome-rich and con-
tained haplosporosomes (Fig. 16), but a nucleus could
not be distinguished.

Comparison with Bonamia ostreae. Dense forms of
Bonamia ostreae were more dense, were smaller and
had fewer haplosporosomes, mitochondrial profiles
and lipoid bodies than Bonamia sp. (Table 1). The
nuclear membrane was more osmiophilic and distinct
in B. ostreae, and the tubulovesicular mitochondria
were larger. B. ostreae dense forms lacked a clear cell
margin, a dense reticulated structure near the margin,
nuclear membrane-bound Golgi/nuclear cup com-
plexes and a vacuolated stage.

Base sequence studies

Sequence. When PCR was applied to genomic DNA
extracted from Bonamia sp. infected Ostrea chilensis
using the universal primers SUni-CAS2, an amplicon
of 1623 bp was obtained. The GenBank Accession
number is BanklIt380719 AF337563. Comparisons of
this sequence with public databases using BLAST con-
firmed that it belongs to SSU rDNA genes and is simi-
lar to the genus Haplosporidium. Alignment of the
sequence from Bonamia sp. with the SSU rDNA genes
of B. ostreae showed 96.6 % homology.

B. ostreae CATTTAATTGGTCGGGCCGCTGGTCCTGATCCTTTACTTTGAGAAAATTAAAGTGCTCAA

B. sp. CATTTAATTGGTCGGGCCGCTGGTCCTGATCCTTTACTTTGAGAAAATTAAAGTGCTCAA

B. ostreae AGCAGGCTCGCGCCTGAATGCATTAGCATGGAATAATAAGACACGACTTCGGCGCCGCC

B. sp. AGCAGGCTCGCGCCTGAATGCATTAGCATGGAATAATAAGACACGACTTCGGCGCCGCC

B. ostreae TC GGCGGTTGTTTTGTTGGTTTTGAGCTGGAGTAATGATTGATAGAAACAATTGGG

B. sp. ACTCGTGGCGGGTGTTTTGTTGGTTTTGAGCTGGAGTAATGATTGATAGAAACAATTGGG Fig. 17. Bo-Boas sequence

B. ostreae GGTGCTAGTATCGCCGGGCCAGAGGTAAAATTCTTTAATTCCGGTGAGACTAACTTATG alignment of Bonamia os-

B. sp. GGTGCTAGTATCGCCGGGCCAGAGGTAAAATTCTTTAATTCCGGTGAGACTAACTTATG treae and Bonamia sp.
(CLUSTAL W [1.8]). The

B. ostreae CGAAAGCATTCACCAAGCGTGTTTTCTTTAATCAAGAACTAAAGTTGGGGGATCGAAGA position of the recognition

B. sp. CGAAAGCATTCACCAAGCGTGTTTTCTTTAATCAAGAACTAAAGTTGGGGGATCGAAGA site of the restriction en-

B. ostreae CGATCAG zyme Bgll is marked as

B. sp. CGATCAG the shaded area

Assessment of the SSU rDNA polymorphism.
CLUSTALW multiple alignment programme showed a
polymorphic region of 6 base pairs. This region was
located inside the Bo-Boas primers amplified sequence
(Fig. 17). Results of RFLP analysis of Bonamia ostreae
and Bonamia sp. PCR products are given in Fig. 18.
The B. ostreae profile consisted of 2 bands of 120 and
180 bp, respectively, while the Bonamia sp. profile
consisted of a unique band of 304 bp.

Fig. 18. 2% agarose gel electrophoresis. Lanes 1 and 5: 100 bp
molecular weight marker; Lanes 2 to 4: PCR with primers Bo-
Boas; Lane 2: DNA from Bonamia ostreae infected Ostrea
edulis; Lane 3: DNA from Bonamia sp. infected O. chilensis;
Lane 4: DNA from uninfected O. chilensis; Lanes 6 and 7:
RFLP results; Lane 6: B. ostreae profile consists of 2 bands of
120 and 180 bp; Lane 7: Bonamia sp. profile consists of a
unique band of 304 bp
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DISCUSSION
Ultrastructural studies

The taxonomic position of Bonamia ostreae, Bonamia
sp. (Hine 1991a,b, Hine & Wesney 1994a,b), Mikrocy-
tos spp. (Farley et al. 1988), and haplosporosome-bear-
ing parasites of crabs (Newman et al. 1976) and
shrimps (Dykova et al. 1988) has been regarded as
uncertain as they lack a known spore stage and, on this
basis, Bonamia spp. were once excluded from the Hap-
losporidia (Perkins 1989).

Bonamia sp. resembles other haplosporidians in the
persistence of intranuclear microtubules during inter-
phase (Perkins 1975a,b, Marchand & Sprague 1979)
and the retention of the nuclear envelope during mito-
sis (Azevedo et al. 1985, Perkins 1988, 1989). The
rounded dense cells are similar to the released sporo-
plasm of Minchinia dentale (Desportes & Nashed
1983), although stages of sporulation and spores have
never been observed in B. exitiosus infected oysters
(Hine 1991b, Hine & Wesney 1994a).

Plasmodia of Bonamia sp. are characterised by
MVBs, and similar MVBs have been reported from
plasmodia of Haplosporidium nelsoni and Urosporid-
ium crescens (Perkins 1979). The diplokaryotic plas-
modia of Bonamia sp. resemble other haplosporidians
in the closely apposed nuclear surfaces (Perkins 1969,
Marchand & Sprague 1979, Bachere & Grizel 1983, Des-
portes & Nashed 1983, Azevedo et al. 1985, Bonami et
al. 1985, Larsson 1987, Perkins 1989), the occurrence of
dark material (Desportes & Nashed 1983) and the small
strands of sER (Perkins 1975a) between the nuclei.

The close apposition of the nuclear membrane and
dense attenuated mitochondria in plasmodia of
Bonamia sp. is similar to the bounding of nuclei by
dense mitochondria in cysts of Haplosporidium comat-
ulae (La Haye et al. 1984). Mitochondrial sections were
also in close association with the nucleus in other
stages from dense forms (Fig. 1) to more developed
stages, and a similar association occurs in several other
haplosporidians (Perkins 1969, Marchand & Sprague
1979, Bachere & Grizel 1983, La Haye et al. 1984).
Variability of appearance of mitochondria has been
attributed to fixation artefact (Perkins 1968, 1969,
Rosenfield et al. 1969), but the occurrence of different
forms in the same section (Figs 1 & 2) or the same cell
cannot be attributed to fixation. As the mitochondria of
the sporoplasm of Minchinia dentale change in size
and density after release from the spore (Desportes &
Nashed 1983), mitochondrial appearance may indicate
differences in metabolic state.

The vacuolated stage occasionally observed in
Bonamia sp. is unlike any of the stages reported from
other haplosporidians. The stage illustrated in Fig. 15

is bilaterally symmetrical and consequently resembles
a spore. However, the bounding dense layer is cyto-
plasmic and lacks an external protective layer, and it is
unlike the spore wall of other haplosporidians (Perkins
1979, 1989), such as Urosporidium (Anderson et al.
1993), Haplosporidium (Perkins 1968, 1969, La Haye et
al. 1984, Azevedo et al. 1985, Hine & Thorne 1998) and
Minchinia (Marchand & Sprague 1979, Desportes &
Nashed 1983, Comps & Tigé 1997). Also, none of the
early stages of haplosporidian sporulation, such as loss
of haplosporosomes, thickening of the plasmodial wall
and formation of a syncytium, have been reported from
Bonamia sp. (Hine 1991b, 1992, Hine & Wesney 1992,
1994a) or B. ostreae (Pichot et al. 1979, Comps et al.
1980, Brehélin et al. 1982, Bonami et al. 1985, Grizel
1985, Perkins 1988, 1989, Chagot et al. 1992).

Comparison with Bonamia ostreae

With the exception of the occasional mention of clear
forms (Pichot et al. 1979, Grizel 1985), most of the infor-
mation available in the literature on Bonamia ostreae
concerns dense forms (Pichot et al. 1979, Comps et al.
1980, Brehélin et al. 1982, Balouet et al. 1983, Grizel et
al. 1983, Grizel 1985, Montes et al. 1994) or stages
slightly developed from it (Hervio et al. 1991, Chagot
et al. 1992, Mourton et al. 1992). A Bonamia-like para-
site that infected Suminoe oysters Crassostrea rivularis
in France (Cochennec et al. 1998) appeared similar to
B. ostreae and occurred as the dense form. B. ostreae
dense forms resemble Bonamia sp. dense forms in the
central circular nucleus, dense ribosomes, vacuous
mitochondria, few haplosporosomes and clear margin.
However, the dense form of B. ostreae is more dense, is
smaller and has fewer haplosporosomes, mitochondrial
profiles and lipoid bodies than Bonamia sp. (Table 1).
As these features increase with development in
Bonamia sp. (Table 2 in Hine 1991b), the lower number
in B. ostreae may be due to the immaturity and smaller
size of the stages observed. Size is unlikely to be due to
the different host species, as experimental infection of
Ostrea chilensis by B. ostreae still produces smaller
dense forms than those observed here (Grizel et al.
1983).

The cup-like nuclear indentations with associated
Golgi complexes and MVBs (Dinamani et al. 1987,
Hine 1991b, 1992, Hine & Wesney 1992), and the vac-
uolated stage (Hine 1991b) have not been reported
from Bonamia ostreae. The reticulated structure (Hine
& Wesney 1992), which may be connected to anasto-
mosing endoplasmic reticulum (Hine & Wesney
1994a), and the Golgi associated with lipoid body gen-
esis (Hine & Wesney 1994a) have not been described in
B. ostreae. However, the cylindrical confronting cister-
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nae in Bonamia sp. (Hine & Wesney 1992) cannot be
regarded as a difference between the species as they
may be membranous abnormalities associated with
parasite lipid metabolism and senescence (Hine &
Wesney 1994a).

Tetra-nucleate plasmodia were rare in this study, but
multi-nucleated and diplokaryotic plasmodia appear
more developed in Bonamia ostreae (Brehélin et al.
1982), particularly if the stages observed by Bonami et
al. (1985) are those of B. ostreae. Also, B. ostreae differs
from Bonamia sp. in its common occurrence in the
stomach of the host (Balouet et al. 1983, Grizel 1985)
and in producing macroscopic gill lesions in Ostrea
edulis (Tigé et al. 1980, Grizel 1985) and O. chilensis
(Grizel et al. 1983).

Overall, the dense form of Bonamia exitiosus resem-
bles the sporoplasm of some haplosporidians and
develops into a typical haplosporidian diplokaryotic
plasmodial stage. The vacuolated stage is unlike any
reported so far from other haplosporidians, but the
characteristic haplosporosomes clearly show this is a
developmental stage of a haplosporidian. In the
appearance of early developmental dense forms (Hine
1991b) and lack of spore stages, Bonamia sp. most
closely resembles B. ostreae.

These results point out that haplosporidian phyloge-
netic considerations based only on ultrastructural fea-
tures description are not sufficient to elucidate taxon-
omy. Ultrastructural studies are essential as a first step
towards elucidation of the taxonomic boundaries but
should be supported by genetic information. The SSU
rDNA gene of Bonamia sp. was sequenced because
this gene has been widely used in the taxonomic study
of similar organisms including B. ostreae and Hap-
losporidium spp. The SSU rDNA sequence of B.
ostreae showed strong similarities with Haplosporid-
ium nelsoni, H. costale and Minchinia teredinis
(Cochennec et al. 2000). Similarly, B. ostreae has been
placed between H. nelsoni and H. costale in another
molecular study (Carnegie et al. 2000). These data sug-
gest that B. ostreae may eventually be included in the
genus Haplosporidium. However, phenotypic charac-
ters also have to be taken into account, and the lack of
a known spore stage in Bonamia spp. and the differ-
ence of the vacuolated stage to any known stage in
Haplosporidium spp. would make it premature to
place Bonamia spp. in the genus Haplosporidium. The
SSU rDNA sequence of Bonamia sp. had strong iden-
tity with those of B. ostreae, but some divergent
regions were evident. This polymorphism within
Bonamia species was confirmed by RFLP analysis.
These results suggest that these 2 parasites are con-
generic.

For that reason we propose the specific species name
exitiosus for Bonamia sp. 'Exitiosus’ is Latin for

'destructive’, and describes the pathogenicity of this
parasite. Also, ‘exit’ in English means 'departure of
player from stage' (Concise Oxford Dictionary), and
'tio’ is Maori for the host oyster species.
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