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Abstract. Three new myxosporean species are described from Tetraodon fluviatilis (Osteichthyes: Tetraodontidae) imported
from Southeast Asia to the Czech Republic. Zschokkella tetrafluvi sp. n. lives in the gall bladder. Di- or monosporic plasmodia
produce ellipsoidal spores averaging 11.3 x 7.2 um. Zschokkella pleomorpha sp. n. infects renal tubules and renal corpuscles;
mono- to polysporic plasmodia produce spores averaging 15.7 x 7.1 um. In the process of maturation, immature subspherical
spores assume elongated shape. In both species, extremely curved suture line does not bisect poles of the spore. Ortholinea tetra-
Sluvi sp. n. occurs as a rule in mixed infections with Z. pleomorpha sp. n. in the renal tubules. Mono- to polysporic plasmodia
produce spores with a wide anterior and a narrow posterior end, averaging 8.3 x 7.8 um. Both Z. pleomorpha sp. n. and O. tetra-
fluvi sp. n. have also limited number of stages located within the renal tubule epithelium, where they can complete sporogony. In
one of the fish specimens, a myxosporean tentatively identified with Sinuolinea tetraodoni El-Matbouli et Hoffmann, 1994 was
found. A new genus is proposed for Ortholinea alata Kent et Moser, 1990 ~ Kentmoseria gen. n., and its diagnosis is presented.

Protozoan parasites of Southeast Asian fish have
been paid very little attention until now, although enor-
mous development of commercial fish farming and or-
namental fish breeding takes place in this region.
Parasitic protozoa are mentioned in reviews dealing
with fish parasitoses in general (e.g., Davy and Graham
1979, Shariff 1980, Arthur 1987) and papers dealing
with certain protozoan parasite species or groups (e.g.,
Bondad-Reantaso and Arthur 1989, Shaharom-Harrison
et al. 1990, Lom et al. 1991, El-Matbouli and Hoffmann
1994) are still not numerous. In view of the recognized
pathogenicity inflicted by many protozoan fish parasites
on commercial and aquarium fish, it is desirable to ob-
tain data as complete as possible on the protozoans in-
fecting fish in this region. This communication brings
description of three new myxosporean species of the
genera Ortholinea and Zschokella from an ornamental
fish, Tetraodon fluviatilis (Hamilton-Buchanan, 1822).

MATERIALS AND METHODS

Specimens of Tetraodon fluviatilis were obtained from
pet fish shops in Ceské Budgjovice. Allegedly, they were di-
rectly imported from aquarium fish breeders from Southeast
Asia. Some of them were in moribund condition and as soon
as they died, they were examined for protozoan fish parasites.
Additional material was obtained from fish from the same
source purposely killed by an overdose of MS 222, All body

organs were examined in fresh mounts, and myxosporeans
were observed, measured and photographed in fresh state.
Samples of tissues were fixed in Bouin’s and embedded in
paraffin. Histological sections were stained with hematoxylin-
eosin and Giemsa. Other samples were fixed in cacodylate
buffered 2% osmic acid and embedded in Epon-Araldite.
Semithin sections were stained with toluidine blue.

RESULTS

Zschokkella tetrafluvi sp.n. Figs. 1-6

Site: gall bladder.
Prevalence: four of seven fish examined were infected.

Light microscopy. Sporogonic pseudoplasmodia are
rounded, with a hyaline ectoplasmic layer, ranging from
13 to 23 pum. They produce one or two spores (Figs.
1-2).

Spores (Figs. 3-5) are ellipsoidal with a smooth sur-
face and a fine suture line of irregular course which
never crosses the rounded spore ends (Fig. 6). Mostly
the suture appears slanted in a curve across the sides of
the spore, delimiting two unequal shell valves. Some-
times the suture runs quite close to the mid-spore
length, reminiscent of Leptotheca. Spore size is 11.3
(10.5-11.3) x 7.2 (6.8-7.8) um. Rounded polar cap-
sules, 3.4 (3.2-3.5) x 2.3 (2.5-3.1) um in size taper to
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Fig. 15. A — almost mature spore of Zschokkella pleomorpha; B — mature spore; C-F — shape changes during spore matura-

tion; G-J — shape variation in mature spores.

rounded triangular and, finally, ellipsoidal spores.
Transitions between them indicate that they all belong
to one species, representing different stages of spore
maturation.

The subspherical spores (Figs. 10, 15C) appear to be
non-mature, since even in the light microscope one can
observe the shrinking capsulogenic nuclei in the shell
valves. The suture line is inconspicuous with a wavy
course, with no defined relation to the plane of the polar
capsules. The diameter of these immature spores aver-
ages 10.7 um. They contain subspherical polar capsules
lying side by side with the size of 4.6 (4.2-5.2) ym.
Number of turns of the polar filament coil is 8
(sometimes 7 or 9), the turns are tightly wound in a
plane perpendicular to the point of filament discharge.

Next step in what we suppose to be the maturation
process are slightly elongated, asymmetrical spores
(Fig. 15D) with polar capsules situated side by side at
the flattened side of the spore, while the more vaulted
half is filled by the sporoplasm. At the opposing poles
of the elongated spore appear the residual valvogenic
nuclei.

Eventually, the almost mature spores (Figs. 11,
15A,E) assume an ellipsoidal shape mostly asymmetri-
cal in that one side of the spore is vaulted. Their size is
15.6 (14.6-17.1) x 8.9 (8.2-10.1) um. The suture line
seen as-a delicate ridge has an irregularly oblique, wavy
course, more transverse than longitudinal and the two
shell valves are completely asymmetrical. Polar cap-
sules are located in the spore. ends. Their filament
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discharge pores face opposite sides of the spore. Their
average size (4.6 um) and number of polar filament
turns are the same as in the spherical immature spores.
Sporoplasm appears as a rounded cytoplasmic body
situated in the centre of the spore cavity.

Completely mature spores (Figs. 12~14, 15F-J) have
more slender shape; while their length remains about
the same — 15.7 (14.4-17.6) pm, their width is reduced

to 7.1 (6.4-7.9) pm.

Taxonomic affinities. Our attempts at identification
of the present species followed the same considerations
mentioned in the preceding species. Zschokella species
with smooth shell valves from the kidneys and/or uri-
nary system of freshwater hosts are all different. Most
species recorded from these organs in marine fish differ
distinctly in spore shape — e.g., Z. variabile Kovaleva et
Gayevskaya, 1982 has sharply pointed spores — or in
size; Z. pulchella Kovaleva et Gayevskaya, 1982 has
spores reaching 24 um in length. Z. meglitschi Moser et
Noble, 1977 has spores of comparable length and simi-
larly oblique suture line; however, it is semicircular in
one aspect. Z. parasiluri Fujita, 1927 as it was described
by Yoshino and Noble (1973) from Macrourus berglax
has comparable size and shape, but the obliquely wound
suture line runs at least at one spore pole close to the
polar filament discharge pore. Since our finding cannot
be identified with any of the known named species, we
propose to establish it as Zschokkella pleomorpha sp. n.,
the name indicating the changes of shape in the
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Fig. 22. A — a typical spore of O. fluviatilis, B - a rather rounded spore. (Bar =5 um). C - apical view of the spore
showing the ridges, D — three different arrangements of ridges on the shell valve, E ~ diagram of abnormally short spores.

Parasitology, Academy of Sciences of the Czech Re-
public, Ceské Budgjovice, Protozool. Coll. PM - 025.

Sinuolinea cf. tetraodoni El-Matbouli et Hoffmann,
1994

In the renal tubules of one specimen of the exam-
ined 7. fluviatilis a small number of spores was found
closely resembling Sinuolinea tetraodoni. The average
size was 9.3 (length) x 9.3 (width) pm, length of polar
capsules with seven turns of the polar filament coil av-
eraged 3.6 pm. Because of insufficient quantity of
spores observed, the identity of the species remains
uncertain.

DISCUSSION

Tetraodon fluviatilis is one of the members of its
family which are largely adapted to freshwater habitat.
Thus Ortholinea fluviatilis sp. n. is the first freshwater
exception among the rest of the species — seven to our
knowledge — which infect marine hosts. Migration of
fish hosts from brackish waters to rivers makes for the
existence of species of “marine genera” in freshwater
habitats. Similar exceptions can be found in the marine
genus Ceratomyxa. The notorious pathogen C. shasta
Noble, 1950 came to being certainly through oceanic
migrations of its salmonid hosts. C. anguillae described
by Tuzet and Ormieres (1957) and occurring in the
Mediterranean brackish lagoons has probably evolved
through contacts with marine fish. Sinuolinea tetrao-
doni El-Matbouli et Hoffmann, 1994, the sole fresh-
water Sinuolinea, is a case similar to O. fluviatilis; its
host, Tetraodon palembangensis, is also adapted to
freshwater.

In this way, ascension of myxosporeans into fresh-
water from the supposedly original marine habitat
seems to lend support to the theory of Shulman (1966)
that myxosporeans originated in perciform marine fish
as coelozoic parasites and that Platysporina are rather
evolved, histozoic freshwater forms. While there are
very few purely freshwater genera (e.g., Thelohanellus)
there are several with species almost equally divided
between marine and freshwater habitats (e.g., Zschok-
kella, Myxidium).

The changes of size and shape during final mor-
phogenesis of Zschokkella pleomorpha spores are rather
unique. The only comparable reduction in size in matur-
ing spores was observed in Sphaerospora molnari (Lom
et al. 1983) when the originally very thick, Leptotheca-
like spore shrinks to almost subspherical shape and
similar phenomenon was observed in final stages of
spore development in some other Sphaerospora species
(e.g., in S. truttae Fischer-Scherl, El-Matbouli et Hoff-
man, 1986 — our unpublished observations). However,
while in Sphaerospora the mature spore is subspherical,
in Zschokkella pleomorpha the early almost spherical
shape turns later into an elongated ellipsoid. The im-
mature spore of Z. pleomorpha with its sinuous suture
looks like Sinuolinea to an extent inviting speculations
on possible kinship of the two genera.

In species with considerably sinuous suture line as in
Z. tetrafluvi it is impossible to distinguish which view of
the spore is frontal and which is valvular, and that is
why in the preceding descriptions only “width” was
given. The same problem exists sometimes in Myxidium
and Zschokkella; the distinction between the two genera
is more or less a matter of convention (Diamant et al.
1994). Actually, there is a gradual transition between
some species described as Myxidium (e.g., M. triangu-
Ium Shulman, 1962) or Zschokkella (e.g., Z. stettinensis
Wierzbicka, 1987) with spores having polar capsules set
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close to each other and sporoplasm situated not between
the capsules but set aside and species of Neomyxobolus
and Ortholinea. These problems of myxosporean tax-
onomy can hardly be solved but by involving life cycle
studies and molecular biology. Classification according
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