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ABSTRACT  Dissection has traditionally beea the sole method used in investigations of the parasites and other endosymbionts of
zebra mussels, Drelssena polymorpha. This stady demonstrates the valoe of histologscal analysis as a complementary technigue capable
of precisely determining the Jocation of ciliates within zebra mussels and characterizing their symbiotic relationships at the cellular B - =

level. The photomicrographs included herein represent the first published histological images of mantle-cavity ciliates of zebra mussels, ﬁ
and we have highlighted morphological characteristics wseful in distinguishing individual ciliste species in histwological sections. -

Although zebra mussels from both North America and Europe were sampled for this study, only Earopean populations were found to Hypocoma gal ma S ph enop hr ya S ph en oph rya
harbor mantle-cavity ciliates, and five species were observed. The host-specific species Conchophthinus aeuminatus (Scuticociliatida: dreissenae dreissenae naumiana
Conchophithiridae) was frequently recorded from epithelium covering the outer gill surfaces and occasiosally from visceral mass

epithelium, bat also found in four peeviously unreparted regions: froquently within gill water tubes and occasionally on labial palps,
mantle ¢pithelium, and within supcabranchial cavities. Although we sometimes observed zebra mussel sperm in feod vacuoles of €.
acuminatuy, epithelial tissoes in contact with high densities of these ciliates showed no evidence of pathology, thus confirming this
species” commensal nature. The host-specific species Sphenoplirya dreissenae (Rhynchodida: Sphenophryidae) was frequeatly re-
corded attached to mantle cavity epithelium and outer gill surfaces, but also found in three previcusly unreported regions: frequently
within the gill water tubes, occasionally on the visceral mass, and rarely within the suprabranchial cavities, High-intensity infections
with this parasitic aliate did induce hyperplasia, cell hypertrophy. and vacuolization of the cpithelia. The host-specific species
Hypocomagaima dreissenee (Rhynchodida: Ancistrocomidue) wos most frequently observed attached to epithelial cells lining ouser gill
surfaces, but also in five previowsly unreparted regions: occasionally on the visceral mass, the mantle cavity epithelium, and in gill
water tubes, and rarely oo labial palps and within the supmbranchial cavities. This parasitic ciliate feeds on the contents of epithelial
cells using o suctorfal tentacle. The intensity of H. dreissence infection, however, was usually very low, and no adverse effects on
parasitized cells of nearby fissues were evident. The ciliate Ancisiruming limnica (Scuticociliatids: Ancistridac), a nonbost-specific
commensal of mollusks, was recorded frequently within gill waser rubes, occasionally on outer gill epithelia, and rarely within
suprabranchial cavities. This specics was also observed w have ingested 1. polymorpha sperm cells. Commensal Peritrichia ciliates
were also occasionally observed within the mantle cavity, but were likely carried there passively by water currents from thear typical
location on shell surfaces, The presence of “mantle cavity™ ciliate species in the gill waser tubes and the supeshranchial cavities of zebra
mussels suggests that these ciliates probably can exit into surrounding waters to infect other zebra mussels via the exhakent siphan,




Hypocomagalma dreissenae
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Ophryoglena hemophaga n. sp. (Ciliophora:

Ophryoglenidae): a parasite of the digestive gland
of zebra mussels Dreissena polymorpha
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ABSTRACT: Ophryoglena hemophaga n. sp. is described from a freshwater Dreissena polymorpha
population in the Rhine delta of the Netherlands. This is the first ophryoglenine species (order
Hymenostomatida, suborder Ophryoglenina) recorded as a molluscan parasite. As is typical of
ciliates in the suborder Ophryoglenina, O. hemophaga exhibits a polymorphic life history with cyst-
ment and reproduction by palintomy. Trophonts were observed within digestive gland lumina, and
zebra mussel hemocytes were present in some of their digestive vacuoles. The presence of a single,
longitudinal tract of multiple contractile vacuoles represents its most unique feature and distin-
guishes it from all other described Ophryoglena spp. The number of somatic kineties of O. hemo-
phaga (range 50 to 62) is also a distinguishing feature, since it is the lowest described from any
Ophryoglena sp. Other characteristics of this species include: ovoid to elongate trophonts 96 to
288 pm in length, with an elongate macronucleus 41 to 65 pm in length; tomonts 50 to 150 pm in
diameter producing a clear mucous cyst envelope, whose thickness is approximately half of the
tomont diameter; elongated theronts 96 to 131 pm in length which emerge after 1 to 3 cell divisions
taking 36 to 48 h at 20 + 3°C. Protomonts and theronts are, respectively, negatively and positively
phototactic— characteristics that likely aid in maintenance of infection in zebra mussel populations.

KEY WORDS: Contractile vacuoles - Trophont - Tomont - Theront - Zebra mussel - Palintomy -
Phototaxis
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Adapted from: Owen 1955; Canella & Rocchi-Canella 1976; Thorp & Covich 1991; Morton 1993



Haplosporidium raabei n. sp. (Haplosporidia): a parasite
of zebra mussels, Dreissena polymorpha (Pallas, 1771)
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SUMMARY

Extensive connective tissue lysis is a common outcome of haplosporidian infection. Although such infections in marine
invertebrates are well documented, they are relatively rarely observed in freshwater invertebrates. Herein, we report a field
study using a comprehensive series of methodologies (histology, dissection, electron microscopy, gene sequence analysis,
and molecular phylogenetics) to investigate the morphology, taxonomy, systematics, geographical distribution,
pathogenicity, and seasonal and annual prevalence of a haplosporidian observed in zebra mussels, Dreissena polvmorpha.
Based on its genetic sequence, morphology, and host, we describe Haplosporidium raabei n. sp. from D. polymorpha —the
first haplosporidian species from a freshwater bivalve. Haplosporidium raabei is rare as we observed it in histological sections

in only 0:7% of the zebra mussels collected from 43 water bodies across 11 European countries and in none that were
collected from 10 water bodies in the United States. In contrast to its low prevalences, disease intensities were quite high

with 79:5% of infections advanced to sporogenesis.

Key words: Haplosporidium raabei n. sp., Haplosporidia, Dreissena polvmorpha, phylogeny, small subunit ribosomal DNA.
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“cousin” Dreissena spp

-- the Balkans (e.g., D. blanci, D. carinata)

--Turkey (e.g:., D. caputlacus, D. anatolica)



Lake Ohrid Skadar Lake

There’s only one dreissenid species In these lakes: D. carinata
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Morphological Evidence of an Ophryoglena n. sp. Parasitic in Dreissena carinata
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Dreissena mussels are regarded as disruptive invasive species, yet little effort has been made to
investigate the biodiversity and virulence of their parasites. This imbalance is currently being
addressed in a new international project, of which the present investigation is part of. Few
Ophryoglena spp. (Ciliophora) have been described as parasites of invertebrates, but one of
these, O. hemophaga, is a parasite in the digestive gland lumina of D. polymorpha (Molloy et al.
2005), and it remains the only Ophryoglena sp. described from a mollusc. Herein we report
morphological evidence supporting the discovery of a new species of Ophryoglena from D.
carinata in Lake Ohrid (Macedonia/Albania). As is similar to O. hemophaga, this presumptive
new species is a parasite of the digestive gland of D. carinata. Due to this similarity, our research
focused on conducting a comprehensive morphological comparison between O. hemophaga and
the Ophryoglena from D. carinata. Ophryoglena spp. exhibit a polymorphic life history, and
thus various life stages will differ by size and shape. We collected trophonts (the feeding stage)
from D. carinata by dissection and investigated the morphology both of live cells as well as cells
fixed and stained by Feulgen and protargol techniques. Trophonts were typically elongated.
Young trophonts selected for staining (150-220 pm long and 50-150 pum in maximum width) had
90-140 somatic kineties, an elongate macronucleus (Ma) (71,66+8,74x15,83+2,73 um), and one
subspherical micronucleus (Mi) (3,5x3,2 um) located in close proximity to the middle of the Ma.
The Feulgen-positive organelle of Lieberkithn (OL) was 7,0x5,4 um. In contrast to the relative
transparency of younger trophonts, mature trophonts (200-400 um long) were opaque. These
mature trophonts appeared to have a higher number of somatic kineties (>140), but due to
technical difficulties the kineties on such big cells could not be accurately counted. Trophonts
had 6-10 CV typically scattered in a field — a distribution in sharp contrast to the linear
arrangement of CV in O. hemophaga. In summary, key morphological features — such as CV
distribution, OL size, nuclei size, and cell dimensions — support description of this Ophryoglena
from D. carinata as a new species, but molecular analysis will also be required (and is now
planned) in order to fully support establishment of this Ophryoglena as a new species.




