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ABSTRACT: A new microsporidian infecting the Mediterranean common stingray Dasyatis pastinaca
(Linnaeus, 1758) is described from Iskenderun Bay, Turkey. The parasite invades the disc muscles,
producing slender, spindle-shaped subcutaneous swellings that develop into massive, elongated,
tumor-like protuberances measuring up to 11 x 4 cm. Severity of the infection may vary from light
(1 or 2 small lesions) to intense, with large parts of the dorsal surface covered with lumps and protru-
sions. These masses contained a yellowish-white caseous substance consisting of degraded host tis-
sue and microsporidian sporophorous vesicles, which in turn contained developing sporonts, sporo-
blasts and spores. The ripe spore contained a uni-nucleate sporoplasm and large posterior vacuole,
and measured 3.8-4.3 x 2.6—2.8 nym. Infection prevalence was 21 % in a sample of 143 host individu-
als examined. All the infected stingray individuals were within the weight class of 300 to 800 g (200
to 305 mm disc width). Phylogenetic analyses of TDNA sequences indicate that this microsporidian
belongs to the Pleistophoridae and clusters with species of the genera Ovipleistophora Pekkarinen,
Lom & Nilsen, 2002 and Heterosporis Schubert, 1969. However, the morphology, development and
host differ distinctly from all reported species, including those belonging to these 2 genera, and it is
thus assigned to a newly erected genus and named Dasyatispora levantinae gen. et sp. nov. This is
the first record of a microsporidian infection in a batoid. It is also the first microsporidian species to be
formally described from an elasmobranch.
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INTRODUCTION

The Microsporidia are a group of obligate, euka-
ryotic, intracellular spore-forming parasites that infect
a wide range of host cells and tissue types. These
eukaryotic parasites comprise dozens of genera and
hundreds of species, invading virtually all major ani-
mal groups (Lom 2002). The currently available mole-
cular genetic evidence suggests that the Micro-
sporidia are related to the Zygomycota (Fungi)
(Keeling et al. 2000, Tanabe et al. 2002, Lee et al.
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2008). In fish, about 100 species belonging to 17 gen-
era, including 93 unidentified species provisionally
classified within the genus Microsporidium Balbiani,
1884, have been recorded (Lom 2008). Fish micro-
sporidia typically possess simple life cycles (merogony
and sporogony) and a direct transmission (Lom &
Nilsen 2003), although small crustaceans may act as
paratenic or intermediate hosts in some fish (see
Moodie 2005). Apart from a handful of species be-
longing to the genus Pleistophora Gurley, 1893 that
also infect reptiles and amphibians, microsporidian
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genera that infect fish are not known from other host
groups (Lom & Nilsen 2003).

In the present study, we report a microsporidian in-
fection in a Mediterranean stingray which produces
significant pathology, presenting unique observations
of this parasite group in an elasmobranch host.

MATERIALS AND METHODS

Two fishery research campaigns were carried out
during May 2008 and July 2009 in Iskenderun Bay,
Turkey (36°37'N, 36°07'E). The study area is located
in the far northeast corner of the eastern Mediterra-
nean's Levant basin (Fig. 1). This shallow, 60 x 35 km
embayment is almost rectangular in shape, covering a
surface area of approximately 3755 km? and is sur-
rounded by a coastline of ~280 km. The average depth
is about 70 m, reaching a maximum of about 100 m
(Avsar 1996). The deep bottom areas are covered
mainly with silty clays and in the shallower depths
(<45) with silty sands (Avsar et al. 2001). Rajiform fish
documented from the area include 15 species (Basusta
& Erdem 2000, Turan 2008). Dasyatis pastinaca is a
common stingray in the area.

In 2008, several specimens of Dasyatis pastinaca
were observed to possess massive tumor-like protuber-
ances on the dorsal surface of the disc (see Fig. 3b).
The lesions were large and conspicuous, and represen-
tative tissue samples were taken. The lesions were
identified as being caused by a microsporidian. In
2009, we encountered the same condition in indivi-
duals of D. pastinaca caught in the same region, and
additional data and material were collected for
analysis.

Procedures. Fish were collected by otter trawls with
40 mm mesh size at the cod end. The duration of each
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Fig. 1. Study area, Iskenderun Bay, Turkey

trawl session was 1 h and the depth was 20 to 40 m.
Upon capture, specimens of Dasyatis pastinaca were
placed on crushed ice and refrigerated. After reaching
the laboratory, each fish was examined externally,
weighed and its disc width was measured. Individuals
with external lesions were noted. Three infected indi-
viduals and 3 normal-appearing individuals were dis-
sected and their internal organs were examined thor-
oughly. Small bits of normal and infected muscle tissue
were fixed in formalin for 48 h, rinsed and stored in
70% ethanol for subsequent JB4 methacrylate resin
histology processing.

For electron microcopy, small pieces of infected tis-
sue were placed in 2.5% glutaraldehyde in 0.1 M
sodium cacodylate buffer. Samples of the yellowish-
white substance from the lesions containing the para-
sites were placed in 70 % ethanol for genetic analysis.

Light and electron microscopy. Fresh smears of the
microsporidian were air-dried, fixed in absolute
methyl alcohol and stained with Giemsa and Gram
stain. Light micrographs were taken with an Olympus
4040 camera mounted on Olympus phase contrast and
Nomarski interference microscopes.

For histological examination, 10% buffered neutral
formalin-fixed infected tissue was dehydrated and em-
bedded in JB4 blocks, according to the procedure de-
scribed in Lulham (1979). Three and 4 pm sections were
stained with hematoxylin and eosin or Gram stain.

For transmission electron microscopy (TEM), in-
fected muscle bits fixed in 2.5% glutaraldehyde in
0.1 M cacodylate buffer were post-fixed with osmium
tetroxide, stained en-bloc with uranyl acetate, and
embedded in Agar-100 resin blocks. Thin-sections
were cut with a diamond knife on a LKB ultratome III,
stained with lead-citrate and mounted on copper grids.
The grids were examined in a Jeol 100CXII transmis-
sion electron microscope at 60 KV.

For scanning electron microscopy (SEM), material
fixed in 2.5% glutaraldehyde in 0.1 M cacodylate
buffer was dehydrated in a graded ethanol series and
critical point-dried, mounted on stubs, gold-coated
and observed in a Jeol JSM 890A scanning electron
microscope.

DNA extraction and amplification. A small piece of
infected tissue preserved in 70 % ethanol was homoge-
nized with 500 pl TNES-urea buffer (Asahida et al.
1996) and 12.5 pl of proteinase K (20 mg/ml) for 3 h at
37°C. Following homogenization, DNA was extracted
using a standard phenol-chloroform protocol, followed
by ethanol-sodium acetate precipitation. A 1825 bp
fragment encompassing the partial small subunit
TRNA gene, the complete internal transcribed spacer
and the 5'-end of the large subunit TRNA gene was
obtained by the sequencing of 2 PCR fragments shar-
ing a 282 bp overlap. The first fragment (1406 bp) was
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amplified with the primers 530f-580r (Vossbrinck et al.
1993). The second fragment (701 bp) was located 5’
upstream to the 530f-580r sequence. It was amplified
with 2 novel primers DAS-24f and DAS-756r. The
primer DAS-24f (5'-TGG ATG CTA GTC TCA TAG
GTT AGG-3') was designed based on Ovipleistophora
and Heterosporis sequence. The primer DAS-756 (5'-
CAATTT CTC TTC CGC GGC GCA-3') was designed
based on the sequence obtained with the primers
530f-580r. The amplified fragments were directly
sequenced on both strands with an ABI PRISM 3100
genetic analyser (Applied Biosystems) using the PCR
primers as well as the internal primers 600f, 280r and
800f (Vossbrinck et al. 1993). To complete the
sequence on both strands, 3 new specific primers,
DAS-565f (5'-ACT ACA GTG GTC ACA GAA AGG
AGA GTC TAC-3'), DAS-680r (5'-GTC TTA ATG AGC
CCG CGA TTA CTA G-3') and DAS-563r (5'-TAA
GGA GCG TTT TGG GGC CAG GG-3') were de-
signed based on the preliminary sequence obtained.
The sequence was submitted to GenBank under the
accession number GU183263.

Phylogenetic analysis. Preliminary analysis con-
ducted using a large taxon sampling representative of
Microsporidia diversity (data not shown) indicated that
the sequence of the Dasyatis pastinaca parasite
belongs to the class Marinosporidia or Clade III (sensu
Vossbrinck & Debrunner-Vossbrinck 2005). Conse-
quently, the ingroup of our rDNA data set consisted of
the Clade III sequences used in the analysis presented
by Vossbrinck & Debrunner-Vossbrinck (2005), as well
as all Clade IIl sequences available in GenBank that
were related to the D. pastinaca parasite sequence.
To identify these related sequences, a MegaBLAST
search (www.ncbi.nlm.nih.gov/blast) was conducted
using default parameters and our new parasite se-
quence as query. The outgroup consisted of slow evol-
ving representatives of each of the 4 other microspori-
dan clades.

Sequence alignment was conducted using the L-
INS-i algorithm, as implemented in MAFFT 6 (Katoh et
al. 2005). Poorly aligned positions of the alignment
were excluded using the online version of the program
Gblocks 0.91b (Castresana 2000) with the less strin-
gent parameter options. In addition, positions having
more than 25% missing data were removed. The re-
sulting alignment included 69 species and 1172 unam-
biguously aligned positions, out of which 635 were
parsimony informative, 163 were variable and parsi-
mony-uninformative, and 374 were constant.

Phylogenetic trees were reconstructed using both
Bayesian and maximum likelihood (ML) approaches.
Bayesian analysis was performed under the GTR-CAT
model using the program PhyloBayes 3 (Lartillot et al.
2009). This model was chosen since it is the most reli-

able model of sequence evolution currently available
(Baurain et al. 2007, Lartillot et al. 2007). Two indepen-
dent chains were run for 24 000 cycles (~2 740 000 gen-
erations), saving trees every 10 cycles and discarding
trees from the first 6000 cycles as burn-in. The maxi-
mum difference observed across all bipartitions was
0.04 and the average difference was 0.001, which indi-
cates a good run according to the PhyloBayes manual.
Posterior probabilities (PP) provide branch support at
each node. ML analysis was performed with the pro-
gram RAxXML 7.0.4 (Stamatakis 2006), using the GTR +
I' + I model of sequence evolution. This model was
determined as the best evolutionary model for our data
set using the program Modeltest 3.7 (Posada & Cran-
dall 1998). The o parameter was estimated to be 0.52
and the proportion of invariable sites was 0.09. The
nonparametric bootstrap method was used to assess
ML branch support.

RESULTS

A total of 366 individuals of 9 species of rajiform elas-
mobranchs were captured in the July 2009 sampling
campaign at Iskenderun Bay. These included Dasyatis
pastinaca (n = 143), D. chrysonota (131), Rhinobatus
cemiculus (41), Gymnura altavela (35), Rhinoptera mar-
ginata (9), Raja miraletus (4), Himantura uarnak (1),
Pteromylaeus bovinus (1) and Torpedo marmorata (1).

All species of skates and rays were externally exam-
ined for gross lesions. Tumor-like protuberances on the
body surface, in some cases highly conspicuous, were
observed only in Dasyatis pastinaca. The condition
was noted in 30 of 143 (21 % prevalence) individuals
examined (Fig. 2). No lesions were observed in the
internal organs.

Gross pathology

The earliest clinical signs of infection were whitish
subcutaneous spindle-shaped inclusions on the sting-
ray's dorsal surface (Fig. 3b,c). These lesions were off-
white in color, measuring approximately 2 to 3 mm in
width and 7 to 10 mm in length and as a rule aligned
with the adjacent muscle fibers, oriented perpendicu-
lar to the disc margin and often located near the fin
edge. More advanced stage lesions appeared as ovoid
tumor-like masses covered with normal-appearing
skin (Fig. 3a,c,d). In heavily infected individuals at
an advanced stage of infection, such growths were
>10 cm and often coalesced to produce deformed
masses. The lesions were in general arranged in a
radial configuration, much like the spokes of a wheel
(Fig. 3b).
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Fig. 2. Dasyatis pastinaca. Prevalence of Dasyatispora levantinae gen. et sp. nov.-infected (black bars) and non-infected (grey
bars) individuals amongst the total trawl samples collected in July 2009

The content of the lesions was a whitish-yellow,
caseous substance (Fig. 3e,f). Upon microscopical exa-
mination, this material was found to contain numerous
spherical to ellipsoid sporophorous vesicles (SPVs),
each measuring 30 to 40 pm in diameter and contain-
ing stages of the parasite (Fig. 4a,b). Each SPV con-
tained 160 to 200 spores 3.8 to 4.3 pm in length and 2.6
to 2.8 pm in width (Fig. 4c—e). In histological sections,
the parasite stages—meronts, sporonts, sporoblasts
and spores—appeared to develop synchronously in
each individual SPV (Fig. 5a-j).

Distribution of the parasite by weight class

Analysis of the weight distribution of the common
stingray Dasyatis pastinaca samples indicated that
clinical symptoms resulting from Dasyatispora levanti-
nae gen. et sp. nov. infection became initially visible
when the fish were approximately 300 g in weight. No
evidence of infection was observed in any of the indi-
viduals weighing >800 g. Ostensibly healthy individu-
als with no physical signs of infection weighed up to
5400 g.

Ultrastructure

With SEM, Dasyatispora levantinae gen. et sp. nov.
SPVs could be seen as slightly flattened spheres, mea-
suring approximately 30 pm (Fig. 4b). Spores were
somewhat elongated and oval-shaped with a smooth
outer surface (Fig. 4e).

In TEM sections, multinucleate meronts were ob-
served within SPVs (Fig 6a). SPVs containing groups of
uninucleate meronts were also observed (Fig. 6b).
Young sporoblasts with an early, primordial polar tube
and anchoring disc were observed (Fig. 4c¢,d). In cross-
sections, the concentric layers of the isofilar polar tube
were seen in immature spores (Fig. 6f,g), in some of
which the coils were slightly disorganized and ap-
peared in 2 rows (Fig. 6g). The anchoring disc and pos-
terior vacuole were clearly observed in immature
spores. The spore wall displayed the typical double
exospore and endospore layers (Fig. 6c—e). The polar
tube was isofilar and arranged in 9 (sometimes up to
12) coils (Fig. 6f). Mature spores did not fix well and
displayed various degrees of degeneration, indicating
a resistant, impermeable spore wall (Fig. 6e).

Histopathology

In histological sections, normal-appearing muscle
tissue was packed with islets of SPVs. The micro-
sporidian proliferated inside the intact muscle, de-
stroying and replacing it while causing liquefaction
and degradation of the host cell cytoplasm. The muscle
cell nuclei became hypertrophic and developed promi-
nent nucleoli (Fig. 7a). The connective tissue surround-
ing foci of infected muscle displayed various degrees
of hyperplasia. Normal-appearing, intact muscle ad-
joined areas of infected muscle. In some cases, hyaline
degeneration of such muscle was observed (Fig. 7b),
possibly as a result of pressure exerted by the adjacent
swollen lesions. By and large, the host immune reac-
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Fig. 3. Dasyatis pastinaca. (a) Uninfected common stingray (scale bar = 5 cm). (b) Individual heavily infected with Dasyatispora

levantinae gen. et sp. nov., showing microsporidian-induced disfigurement due to numerous protuberances, early lesions (ar-

rows) and advanced stage (arrowhead) (scale bar = 5 cm). (¢) Magnification of early stage (arrows) and a more advanced lesion

(arrowhead) (scale bar = 1 cm). (d) Advanced tumor-like protuberance (arrowhead) situated near the base of the caudal peduncle

(scale bar = 5 cm). (e) Cross-section through fin region with early lesions, showing a whitish-yellow substance containing

sporophorous vesicles and host cellular debris (arrows) (scale bar = 1 cm). (f) Cross-section through advanced tumor-like lesion,
showing whitish yellow substance (arrow) (scale bar = 1 cm)
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Fig. 4. Dasyatispora levantinae gen. et sp. nov. (a) Sporophorous vesicles (SPVs) (formalin-fixed; scale bar = 30 nm). (b) SPVs

embedded in host cellular debris (scanning electron microscopy, SEM; scale bar = 30 nm). (c) Spores surrounded by cellular

debris (SEM; scale bar = 5 pm). (d) Formalin-fixed spores (Nomarski interference microscopy; scale bar = 5 pm). (e) Spores
(SEM,; scale bar = 2 nm)

tion to the intact SPVs involved infiltration of leuko-
cytes in the myoseptal connective tissue and muscle
surrounding the microsporidian parasite islets
(Fig. 7c). In areas where free spores were released
from disrupted SPVs, the parasite mass was invaded
by scores of migratory phagocytic cells, forming a
granulomatous zone packed with degraded muscle
debris and spores (Fig. 7d). With TEM, spores were
observed dispersed freely as well as within macro-
phages (Fig. 7e.f).

Molecular phylogenetic inferences

The phylogenetic trees reconstructed with the
Bayesian approaches (Fig. 8) and under the ML crite-
rion only differed in the positioning of weakly sup-
ported nodes present at the base of Clade III. These
trees also agree with Vossbrinck & Debrunner-

Vossbrinck (2005) maximum parsimony inferences.
The phylogenetic analysis clustered with maximal
support (BP = 100, PP = 1.0) of the sequence of the
Dasyatis pastinaca parasite together with the genera
Heterosporis Schubert, 1969 and Ovipleistophora
Pekkarinen, Lom & Nilsen, 2002. Within this clade
both Heterosporis (BP = 100, PP = 1.0) and Ovipleisto-
phora (BP = 100, PP = 1.0) genera were found to be
monophyletic.

DISCUSSION

The present study reports on a pathogenic micro-
sporidian infection in an elasmobranch. Only one pre-
vious record of a microsporidian infecting a cartilagi-
nous fish has been documented: a cyst-producing
microsporidian from the muscle of leopard sharks kept
in the Baltimore Public Aquarium (Garner et al. 1998).
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Fig. 5. Dasyatispora levantinae gen. et sp. nov. (a-h) Merogony and sporogony stages of development in sporophorous vesicles

(SPVs). (a, b) Multinucleate meront (Giemsa stained; scale bar = 20 pm); (c—e) multinucleate meronts while actively dividing;

(f-h) sporont and sporoblast stages. (i) Early (arrow) and late (arrowhead) sporoblasts. (j) Section through infected host muscle

showing different stages of development of SPVs: M: young meronts; MN: multinucleate meronts; SN: sporonts; SB: sporoblasts;
S: mature spores (H&E; scale bar = 20 pm)
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Fig. 6. Dasyatispora levantinae gen. et sp. nov. Transmission electron microscopy. (a) Single, multinucleate meront in a
sporophorous vesicle (SPV); nuclei are arrowed (scale bar = 10 pm). (b) Numerous uninucleate meronts in SPVs (scale bar =
10 pum). (c) Dividing sporoblast; note primordial polar tube (scale bar = 1 pm). (d) Sporoblast showing polar tube connection
with the anchoring disc (scale bar = 1 pm): ad = anchoring disc; es = endospore; ex = exospore; pp = polaroplast; pt = polar tube.
(e) Mature spores in SPV (scale bar = 2 pm). (f) Cross-section with concentric layers seen in polar filament of maturing spore (scale
bar = 500 nm). (g) High magnification through 2 rows of a slightly disorganized configuration of polar tube (scale bar = 500 nm)
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Fig. 7. Dasyatis pastinaca infected by Dasyatispora levantinae gen. et sp. nov. (a—d) Histological sections through muscle (H&E
stained). (a) Myoseptal region of muscle lesion with developing D. levantinae gen. et sp. nov., displaying apparently normal mus-
cle as well as muscle undergoing hyaline degeneration (asterisks) (scale bar = 50 pm); (b) developing D. levantinae gen. et sp.
nov. stages within degraded muscle tissue (asterisks), with hypertrophic host cell nucleus with prominent nucleolus (arrow) (scale
bar = 20 pm); (c) granulomatous area (arrow) located at the periphery of a muscle lesion (scale bar = 100 pm); (d) massive phago-
cyte and lymphocyte infiltration in region rich with free spores liberated from disrupted SPVs (scale bar = 50 pm). (e) TEM of
similar region, showing free spores (arrows) and host immune cells (scale bar = 10 pm). (f) D. levantinae gen. et sp. nov. spores
ingested by a phagocyte (scale bar = 5 pm)
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Fig. 8. Bayesian tree obtained from the analysis of the TDNA sequences under the GTR-CAT model of sequence evolution. For
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The species was not described and is included in a
list of unidentified microsporidians of fish compiled by
Lom (2002).

The presently studied parasite species was found
only in one species, Dasyatis pastinaca, at a relatively
high (21 %) prevalence, while no comparable lesions
were noted in any of the other rajiform species, includ-
ing the congener D. chrysonota, sampled concurrently.
It displays a high affinity to trunk muscle myomeres
and was not found in any of the external or internal
organs. We are unaware of a microsporidian in the
eastern Mediterranean that induces comparable mus-
cle lesions in its fish host.

Parasite effect on the host

As the infection progresses, SPVs packed with ripe
spores gradually fill the target (muscle) cell cytoplasm.
Normal stingray myocytes infected with the micro-
sporidian are overwhelmed and functional muscle tissue
is replaced by agglomerations of microsporidian spores
and increasing amounts of degenerative cell debris. This
produces engorgement and exerts pressure on sur-
rounding intact tissue, probably inducing the observed
thickening of the surrounding connective tissue. Eventu-
ally, SPVs will rupture and antigens of parasite origin
will stimulate a host reaction, manifested by infiltration
of lymphocytes and various types of phagocytic cells.
Such an immune response has been described by
Dykova & Lom (1980) as characterizing Pleistophora
ehrenbaumi and P. macrozoarcides, both of which pro-
duce lesions in their teleost hosts that are strikingly rem-
iniscent to those observed in the common stingray. This
type of immune response is known in other microsporid-
ian infections as well (see Pulsford & Matthews 1991).
We observed phagocytosis of free spores, but consider-
ing their sheer numbers, the efficiency of such immune
activity seemed quite ineffective.

The efficacy of the immune response in parasite—
host systems is known to modulate with time, depend-
ing on fecundity of the parasite, condition of the host
and the environment. In teleosts, cells infected with
non-xenoma-producing species of microsporidia, as is
the present case, typically display regressive changes
(atrophy, degeneration and necrosis) towards the final
stages of the infection (see Dykova 2006). Teleost fish
humoral and cellular activities are well known to be
temperature dependent (Van Muiswinkel & Vervoorn-
Van Der Wal 2006). While relatively little is known on
the immune system of elasmobranchs, the efficacy of
the immune reaction of the stingray host would likely
increase with rising summer seawater temperatures in
Iskenderun Bay. At the same time, the development of
microsporidian infections is also temperature depen-

dent (Olson 1981, Becker & Speare 2004), and the pro-
liferation of the stingray microsporidian could also be
expected to accelerate at higher water temperatures.

Parasite damage to host vital organs may also signif-
icantly impair normal function (Ralphs & Matthews
1986). Microsporidia can harm their hosts in a number
of ways, including destruction of tissues, retarded
growth, disfigurement, debilitation, crippling and even
death (Lom 2008). We may assume that in the demersal
common stingray, when the skin overlying a swelling
is breached and the lesion ruptures, oozing whitish-
yellow substance containing SPVs and spore masses
from the wound (see Fig. 3f) are likely to attract ben-
thic fish and invertebrates, which could exacerbate the
damage. In addition, exposure and ingress of ambient
seawater would probably facilitate bacterial contami-
nation, further compromising the host. Individuals
affected by advanced stage infections involving multi-
ple lesions may be expected to experience additional
detrimental effects. Reduced flexibility of the disc mus-
cles would probably impair swimming and burrowing
abilities, consequently affecting foraging success,
physiological condition and vulnerability to predation.
Analysis of the stingray population structure indicates
that individuals up to 300 g display no physical signs of
the disease. Apparently healthy individuals reached
weights of 5400 g, while infected individuals larger
than roughly 900 g (~30 cm disc width) were not pre-
sent in the samples, which could suggest that Dasyatis
pastinaca populations in Iskenderun Bay are con-
trolled, at least in part, by parasite-induced stunting
and/or mortality. It is noteworthy that in salmon, juve-
nile host individuals have been shown to be more
likely to suffer mortality than adults as a result of Loma
salmonis infection (Shaw & Kent 1999).

Description: Dasyatispora levantinae gen. et sp. nov.
General diagnosis

Macroscopic lesions varying from 2-3 mm to 11 cm
extended throughout trunk musculature of Dasyatis
pastinaca collected at Iskenderun Bay, Turkey. The
lesion border was clearly demarcated from adjoining
healthy muscle. Wet mounts of lesion material (immer-
sion, 1000x) reveal ovoid spores.

The microsporidian was determined within the Mari-
nosporidia or Clade III (sensu Vossbrinck & Debrun-
ner-Vossbrinck 2005) containing mostly parasites of
marine hosts. Within this clade, the position of the new
microsporidian relative to Heterosporis spp. and
Ovipleistophora spp. could not be resolved. The new
sequence shows 7.8 to 11.7 % sequence divergence (of
which 1.9 to 3.4 % is due to indels) when compared
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with Heterosporis spp. sequences, and 8 to 10.8 % se-
quence divergence (of which 1 to 1.3 % is due to indels)
when compared with Ovipleistophora spp. sequences.
The number of base pairs of IDNA analyzed ranged
between 1194 to 1852 due to length variation among
the Heterosporis spp. and Ovipleistophora spp. se-
quences available in GenBank. These divergence val-
ues exceed that within other microsporidian species,
and are in the range of divergence observed between
closely related genera.

Taxonomic summary

Genus: Dasyatispora.

Diagnosis: uni-nucleate throughout developmental
cycle. Parasites of muscle. Meronts, sporonts, sporo-
blasts and spores develop in sporophorous vesicles;
sporophorocyst absent; spore dimorphism absent. Par-
asites of batoid elasmobranchs.

Species: Dasyatispora levantinae. Spore dimensions
(formalin fixed, in pm): 4.0 £ 0.2 x 2.7 = 0.1; range:
3.8-4.3 to 2.6-2.8 (N = 25). Sporophorous vesicle
dimensions: 38.6 + 5.5 x 30.3 + 3.6; range: 29.8 to 55.6
(N = 25). Number of spores per SPV: 160 to 200.

Type host: common stingray Dasyatis pastinaca (Lin-
naeus, 1758) (Dasyatidae).

Site of infection: skeletal musculature.

Type locality: Iskenderun Bay, Mediterranean Sea,
Turkey (36°37'N, 36°07'E).

Prevalence: 30 of 143 (21 %) common stingrays were
visibly infected.

Holotype: heavily infected muscle tissue preserved
in formalin, deposited at the Tel Aviv University Zoo-
logical Museum, Invertebrate Collection, Catalogue
no. TAU-MP-1.

Paratypes: JB4 embedded histological sections
stained with Giemsa, hematoxylin & eosin and Lee's
stain, catalogue no. TAU-MP-2.

Etymology: the genus denotes the generic name of
the host; the species denotes the Levant basin of the
eastern Mediterranean.

Remarks

The inconsistencies between the taxonomic designa-
tions based on morphological characters and evolu-
tionary relationships of the phylum Microsporidia, as
reflected by the analysis of tDNA, have been ad-
dressed by Lom & Nilsen (2003) and Vossbrinck & De-
brunner-Vossbrinck (2005), who proposed that future
taxonomic divisions be based primarily on phylo-
genetic relatedness as well as considering the signifi-
cance of habitat and host in major taxonomic divisions.

The presently studied microsporidian does not
induce xenomas in its host. Of the 16 currently recog-
nized microsporidian genera in fish (including the col-
lective group Microsporidium) (see Lom 2008), only 5
fit this criterion and do not elicit xenomas, among
which is Kabatana Lom, Dykovéa & Tonguthai, 2000, a
muscle-invading species. However, Kabatana lacks
sporophorous vesicles.

In the molecular analyses, our species resolved
within Clade III within the Class Marinosporidia of
Vossbrinck & Debrunner-Vossbrinck (2005), parasites
of marine hosts. It clusters on a distinct branch together
with 3 other species Ovipleistophora mirandellae, O.
ovariae and Heterosporis anguillarum. Ovipleisto-
phora spp. do not infect muscle, but rather exclusively
target fish oocytes (Pekkarinen et al. 2002). The 2 spe-
cies O. mirandellae and O. ovariae parasitize fresh-
water teleosts and display spore dimorphism, i.e. pro-
ducing both macro- and microspores (Pekkarinen et al.
2002).

Heterosporis anguillarum produces lesions in trunk
muscle of the Japanese eel Anguilla japonicum Tem-
minck & Schlegel, 1846 which are comparable to those
observed in Dasyatis pastinaca. However, Dasyati-
spora levantinae gen. et sp. nov. differs in several
attributes from species belonging to the genus Hetero-
sporis. Most importantly, we found no evidence of
spore dimorphism, which is a pivotal feature in the
genus Heterosporis. While all members of Hetero-
sporis possess spores with a very large posterior vac-
uole and all develop within an SPV, the number of
spores per SPV is significantly larger in D. levantinae
gen. et sp. nov. Also, parasite development in Het-
erosporis takes place within a sporophorocyst, a thick,
dense envelope of parasite origin that develops around
the meronts, sporonts, sporoblasts and spores. This
structure is absent in D. levantinae gen. et sp. nov.

In addition to these differences, all fish hosting
known species of Heterosporis and Ovipleistophora in-
habit very different habitats in geographically remote
regions. H. anguillarum infects the Japanese eel An-
guilla japonicum, a catadromous elopomorphan teleost
from the Pacific Ocean. H. finki Schubert, 1969 and H.
schuberti Lom, Dykova, Korting & Klinger, 1989 infect
freshwater ornamental cichlid and siluriform hosts,
while O. mirandella infects cyprinid hosts of fresh-
water habitats in Europe and central Asia. Finally, O.
ovariae infects North American cyprinids. In contrast,
Dasyatis pastinaca is a truly marine elasmobranch
that inhabits the Mediterranean and eastern Atlantic
Ocean.

Several Pleistophora included in our molecular phy-
logenetic analyses, which clustered in different lin-
eages, display similar developmental features and
cause fairly similar lesions to Dasyatispora levantinae
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gen. et sp. nov., which could suggest that this mode of
development has evolved independently several times
in the Microsporidia. The genus Pleistophora is poly-
phyletic and includes 25 named species and an addi-
tional 7 described as ‘sp.’ (Lom 2008). Many of these
are clearly unrelated to the type species (see Voss-
brinck & Debrunner-Vossbrinck 2005). The number of
spores formed per Pleistophora SPV span between 6
and 200, with some species producing heterogenous
(micro- and macro-) spores. Meronts are multinucleate
and rounded, and all stages have isolated nuclei; the
parasite typically proliferates in myocyte cytoplasm,
spreading to new host cells and eventually degrading
the tissue into bundles of mature spores, creating
whitish foci in the muscle tissue.

Positioned on a separate branch within the Mari-
nosporidia, Pleistophora ehrenbaumi Reichenow, 1929
infects the wolffish Anarhichas minor Olafsen, 1772
and A. lupus Linnaeus, 1758 from the Atlantic Ocean,
forming brownish needle-like lesions packed with
spores in the host trunk muscles. Egidius & Soleim
(1986) found a giant tumor-like swelling in an emaci-
ated individual, and reported a 10% prevalence of
P. ehrenbaumi in A. minor populations. Meyer (1952)
reported a similar prevalence in populations of A.
lupus. Pleistophora macrozoarcidis Nigrelli, 1946,
whose SSU rDNA sequence is still unavailable, infects
the ocean pout Macrozoarces americanus (Bloch &
Schneider, 1801), producing small, white cylinders
0.5 mm long aligned lengthwise with the trunk muscle
fibers. Such parasite foci mature into tumor-like
masses up to 8 cm long that gradually replace healthy
muscle tissue with parasite spores. These produce
bulges on the body surface. Prevalence of infection
increases with host age and size (Sheehy et al. 1974).
The pathology induced by this species as described
by Nigrelli (1946) is remarkably similar to that caused
in Dasyatis pastinaca by Dasyatispora levantinae
gen. et sp. nov. Pleistophora-type infections are
thought to have a severe prognosis for the host
(Dykova & Lom 1980).

The available morphological and molecular evi-
dence, host phylogeny and host habitat support the
placing of this newly discovered microsporidian in a
separate genus, which, based on rDNA phylogeny,
should be located within the Marinosporidia.
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