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Ichthyodinium chabelardi, an endoparasite of early
larval stages of fish, was discovered in the Mediterra�
nean Sea near the coast of Algeria [4]. Recently, it has
been found widely in the Atlantic and Pacific oceans;
it infects many fish species both in nature and in
aquaculture, causing mass death at early developmen�
tal stages [1, 8, 9, 11, 12].

One or several individuals of I. chabelardi penetrate
into the fish egg and pass there several endogenous
stages of the life cycle, including the series of cell divi�
sion divisions [3, 5, 8, 13]. As a result, the cell mass of
the parasite replaces the contents of the yolk sac; its
wall breaks, and the endogenous phase ends. This
event takes place at the late stages of fish embryogene�
sis or, more usually, at early larval stages. The released
cells of the parasite undergo a series of three monoto�
mic cell divisions accompanied by the decrease in
their size and change the cell shape and mode of the
locomotion, which is ensured by a pair of flagella at
these the stages [1]. After the third cell division, small
and very motile zoospores appear; they are likely the
invasive stages [1, 10].

Earlier, the ultrastructure of some stages of exoge�
nous and endogenous phases of the I. chabelardi life
cycle has been studied [3]; however, this publication

suffered from serious contradictions and discrepancies
with the data by other authors [1, 10].

The current study aimed at describing the fine
structure of the zoospores of I. chabelardi using scan�
ning electron microscopy (SEM) and transmission
electron microscopy (TEM).

The zoospores obtained under laboratory condi�
tions [1] were fixed in a 2.5% glutaraldehyde solution
in the seawater (two series during 1 h each in the ice
bath, in the darkness). Then, the material was washed
three times for 20 min in filtered seawater and post�
fixed in a phosphate�buffered 2% solution of OsO4 in
(2 h in the ice bath, in the darkness). Then, the mate�
rial was washed in distilled water for 20 min and dehy�
drated in a series of ethanol solutions of increasing
concentrations (starting from 15% and ending at 96%,
each stage took 20 min). For TEM, the material was
dehydrated finally in the isopropanol and embedded
into the Spurr medium (Ted Pella, United States).
Prior to the fixation and each exchange of the fix�
ing/dehydrating agent, the zoospores were concen�
trated in a centrifuge (350g, 10 min). In the embed�
ding mixtures containing the resin, the centrifuging
regime was set as 4000g for 20 min. Ultrathin sections
were studied under JEM�100B and JEM�100C micro�
scopes (JEOL, Japan).

For SEM study, the zoospores were placed into a
polypropylene tube (containing 96% ethanol) and
then processed in an Elmasonic D78224 ultrasonic
bath (Elma, Germany) at 32 kHz for 30 min. The mix�
ture was centrifuged (350g, 10 min), dehydrated in
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pure acetone, and critical point dried with CO2. The
samples were mounted on stubs and sputter�coated
with gold–platinum. Then, they were studied using a
JSM�6380LA scanning electron microscope (JEOL).
The ultrastructure of the zoospores of I. chabelardi was
described using analysis of the total series of sections
of two zoospores and separate sections of several other
specimens.

A zoospore cell (Fig. 1a) is of elongated shape and
is 8–9 × 4–5 µm in size. The apical end of the cell is
wide and rounded; it narrows gradually towards the
caudal end. The cell carries a wide and shallow spiral
groove with slightly sloping walls; the groove makes
one turn counterclockwise when viewed from the api�
cal end. This groove makes the cell asymmetric and of
the spiral shape. The zoospore carries two smooth fla�
gella; at least one of them lays in the groove partly. The
cytoplasm of the cell carries well�developed mito�
chondria (Figs. 1d, 1g) and large inclusions that prob�
ably store reserve nutrients. These inclusions may
resemble lipid globules (Figs. 1b, 1d–1f) or grains of
storage carbohydrates (Fig. 1c). Interestingly, both
types of the inclusions never occur at the sections of
the same cell. In order to explain this phenomenon,
additional cytochemical studies are required. Large
(~3 × 0.3 µm) electron�dense structures that were
identified as trichocysts are specific feature of the cells
(Figs. 1b–1f). These structures are very elongated and
look square or rhombic on cross�sections and diagonal
sections, respectively. At the apical end of the cell,
these organelles are distributed evenly and are oriented
differently; their distal ends are located close to the
plasmalemma (Figs. 1e, 1f). In the middle and the
caudal end of the cell, where, probably, trichocysts are
forming, they are oriented along the longitudinal axis
of the zoospore; they closely neighbor the cell nucleus
and even look embedded into it in some samples (Figs.
1b, 1c). The cell nucleus is located in the middle and
in the posterior part of the cell; it is a dinokaryon. The
condensation of chromatin varies greatly in the chro�
mosomes of different cells studied, from homogenous
compact electron�dense structures to loose structures
with separate fibrils (Figs. 1g–1j). At some sections of
the zoospores, there are paranuclear bodies (large
globular structures with heterogeneous granular con�
tent) adjacent to the cell nucleus (Figs. 1c, 1h). A large
electron�transparent structure of angulate shape is
located in the caudal part of the cell (Fig. 1b). Its loca�
tion corresponds to the location of the light�refracting
body detected regularly in living zoospores [1]. The
origin of this structure still remains unclear. Probably,
this is a cavity remained after the mineral crystal has
been dissolved during the fixation and dehydration,
but this suggestion requires further study.

Our study of the ultrastructure of the zoospores of
I. chabelardi revealed characteristics common for all
dinoflagellates, including evolutionary advanced taxa
[6]: their cells contained large trichocysts and a
dinokaryon.

Despite thorough and detailed study of the series of
the sections, we did not find structures resembling
penetration organelles. Particularly, there were no
components of the apical complex. If the zoospores
studied are indeed the infecting stages, then the
absence of specific penetration organelles may support
the hypothesis of their penetration into the fish egg
through the micropyle [9]. The large light�reflecting
body in the caudal end of the cell (electron�transpar�
ent in TEM) is the only significant difference of the
zoospores of I. chabelardi from those of other parasitic
and free�living dinoflagellates.

The zoospores studied here are externally identical
to those described by Skovgaard et al. [10] but differ
significantly from the cells described by Gestal et al.
[3] in both ultrastructure and external morphology.
The latter article [3] have studied the ultrastructure of
some stages of both endogenous and exogenous phases
of the life cycle of I. chabelardi, namely the formation
of zoosporangia via a namely environment and pro�
ducing the zoospores by zoosporangia in the series of
palintomic divisions of sporoblasts inside the common
envelop has been described; these results contradict
other studies on of this species [1, 5, 10]. The
zoospores described in [3] were smaller (5 µm), of
spherical shape, and they bore two flagella, one of
them was not smooth (as in I. chabelardi) but was cov�
ered by mastigonemes arranged in a single longitudi�
nal row. These results and their interpreting [3] suffer
from some discrepancies and contradictions. Particu�
larly, the cell nuclei of the studied sporangia and
zoospores represent the standard eukaryotic nuclei
whereas the typical dinokaryon is clearly seen on the
microphotograph of the ultrathin section of the earlier
exogenous stage (prior to the zoosporangia). The
chromosomes of the dinokaryon were identified as
rhoptries [3]. A wide microtubular band contacting
the kinetosome of the flagellum (found at the same
stage) was described as conoid, but the absence of
these structures in the zoospores studied was not dis�
cussed at all. Nevertheless, the conclusion on the pres�
ence of rhoptries and conoid in the cells studied was
the reason to exclude I. chabelardi from Dinoflagellata
and to assign it to the paraphyletic group Protalveolata
[3], which comprises organisms such as Chromera,
Colpodella, and Perkinsus [2], and, finally, to rename it
to Perkinsoide chabelardi.

Based on the results of this and our previous [1]
studies as well as on the other publications cited above,
the only possible explanation of all the discrepancies
and contradictions in [3] is that only the earlier exog�
enous stage studied by Gestal et al. belonged to the
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genuine I. chabelardi, whereas all the subsequent
stages (zoosporangia and zoospores) clearly belonged
to some other parasitic protist probably, to all appear�
ance not even a dinoflagellate. Therefore, the conclu�
sions on the taxonomical position and following
changes in the taxonomy of this species are ground�

less, which also agrees with results of molecular phylo�
genetic analyses [7, 10].

In addition, our studies on the fine structure of the
zoospores of I. chabelardi show that this species
undoubtedly belongs to Dinoflagellata, just as other
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Fig. 1. The ultrastructure of zoospores of I. chabelardi. (a) General morphology of the zoospore (SEM); (a–c) longitudinal sec�
tions; (d–f) diagonal sections at various levels; (g) the zone of cytoplasm carrying a mitochondrion (m); (h– j) variants of chro�
mosome decondensation within the nucleus. Abbreviations: (g) globules (likely, carrying the storage molecules); (m) mitochon�
dria; (pb) paranuclear bodies; asterisks mark chromatin, arrows mark trichocysts, and double arrow marks à caudal electron�
transparent structure.
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representatives of Syndinea likely do; and and recent
molecular phylogenetic data [7, 10] do not conflict
this statement.

ACKNOWLEDGMENTS

We are grateful to the Joint Russian–Vietnamese
Science and Technological Tropical Centre for the
support. The studies were carried in the Laboratory of
Electron Microscopy (Biological Faculty, Moscow
State University) and in the Electron Microscopy
Center for Collective Use at the Papanin Institute for
Biology of Inland Waters, Russian Academy of Sci�
ences.

The study was supported by the Russian Foundation
for Basic Research (project no. 15�29�02601ofi_m) and
by the Council for Grants of the President of the Russian
Federation (project no. NSh�7770.2016.4).

REFERENCES

1. Shadrin, A.M., Simdyanov, T.G., Pavlov, D.S., and
Nguyen, T.H.T., Dokl. Biol. Sci., 2015, vol. 461, no. 5,
pp. 104–107.

2. Adl, S.M., Simpson, A.G., Lane, C.E., Lukes, J.,
Bass, D., Bowser, S.S., Brown, M., Burki, F., Dun�
thorn, M., Hampl, V., Heiss, A., Hoppenrath, M.,
Lara, E., Lynn, D.H., McManus, H., Mitchell, E.A.D.,
Mozley�Stanridge, S.E., Parfrey, L.W., Pawlowski, J.,
Rueckert, S., Shadwick, L., Schoch, C., Smirnov, A.,

and Spiegel, F.W., J. Eukar. Microbiol., 2012, vol. 59,
pp. 429–514.

3. Gestal, C., Novoa, B., Posada, D., Figueras, A., and
Azevedo, C., Environ. Microbiol., 2006, vol. 8, pp. 1105–
1114.

4. Hollande, A. and Cachon, J., C.R. Acad. Sci. Paris Ser.
D, 1952, vol. 235, pp. 976–977.

5. Hollande, A. and Cachon, J., Stat. Aquicult. Péche Cas�
tiglion (Alger), 1953, vol. 4, pp. 321–331.

6. Lee, R.E., Phycology, New York: Cambridge, 2008.
7. Lepelletier, F., Karpov, S.A., Le Panse, S., Bigeard, E.,

Skovgaard, A., Jeanthon, C., and Guillou, L., Protist,
2014, vol. 165, pp. 31–49.

8. Meneses, I., Vendrell, C., and Stratoudakis, Y.,
J. Plankton Res., 2003, vol. 25, pp. 1177–1181.

9. Mori, K., Yamamoto, K., Teruya, K., Shiozawa, S.,
Yoseda, K., Sugaya, T., Shirakashi, S., Itoh, N., and
Ogawa, K., Fish Pathol., 2007, vol. 42, pp. 49–57.

10. Skovgaard, A., Meneses, I., and Angelico, M.M., Envi�
ron. Microbiol., 2009, vol. 11, pp. 2030–2041.

11. Skovgaard, A., Meyer, S., Overton, J.L., Stottrup, J.,
and Buchmann, K., Dis. Aquat. Org., 2010, vol. 88,
pp. 161–167.

12. Sorensen, S.R., Tomkiewicz, J., and Skovgaard, A.,
Aquaculture, 2014, vol. 426/427, pp. 197–203.

13. Stratoudakis, Y., Barbosa, A., and Meneses, I., J. Fish.
Biol., 2000, vol. 57, pp. 476–482.

Translated by D. Martynov


		2016-07-07T13:21:01+0300
	Preflight Ticket Signature




