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- In the framework of a one-year survey, the actinosporean infection of the
oligochaete fauna living in the mud and on the vegetation of Lake Balaton, Hun-
gary was studied. A total of 10 types of actinospores were isolated from the oligo-
chaetes Tubifex tubifex and Limnodrilus hoffmeisteri collected during the survey,
which could be classified into the triactinomyxon, raabeia and aurantiactinomyxon
groups. The drawings depicting the individual actinospore types are presented on
a plate and their characteristic dimensions summarised in tables. The prevalence
and seasonality of actinosporean infections observed in the two oligochaete spe-
cies are illustrated graphically. Infection by actinospores showed pronounced sea-
sonality. In the spring and summer the prevalence of triactinomyxon infection in
T. tubifex exceeded 30 and 40%, respectively, while in the autumn it dropped to
6%. In T, tubifex raabeia infection of 3% prevalence was detected only in the
summer period. In L. hoffmeisteri the peak of aurantiactinomyxon, raabeia and tri-
actinomyxon infection occurred in the summer with a prevalence of 21, 10 and
8%, respectively. Actinosporean infection in the individual Oligochaeta species
showed higher prevalence values than had been reported in the literature, which
fact may be explained by the novelty of the examination technique used. Four
types of actinospores found in Lake Balaton are identical with the actinospores al-
ready described. It cannot be determined with absolute certainty which stages of
myxosporeans parasitic in Lake Balaton fishes are identical with the 10 actino-
spores described.
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The first report on actinosporeans was published by Stolc (1899), who de-
scribed these organisms found in Bohemia as parasites related to myxosporeans.
Although nearly one hundred years have elapsed since their first description,
until quite recently only few researchers had studied actinosporeans. Of them,
Ikeda (1912) and Mackinnon and Adam (1924) detected tetractinomyxon and
triactinomyxon forms in England, while in Poland Janiszewska (1955, 1957)
performed detailed studies on the morphology, ecology and systematics of acti-
nosporeans. The ultrastructure and biology of these parasites have been studied
most intensively by Marques (1984), Lom and Dykova (1997), and Lom et al.
(1997a). Research on actinosporeans gathered momentum after Wolf and
Markiw (1984) had demonstrated that actinosporeans did not constitute an inde-
pendent taxonomic unit but corresponded to fish-parasitic myxosporean stages
developing in oligochaetes. After Wolf and Markiw (1984), other researchers
also produced experimental evidence that in the developmental cycle of a given
species of Myxosporea intrapiscine myxosporean and intra-oligochaete (EI-
Matbouli and Hoffmann, 1989; Ruidisch et al., 1991; El-Matbouli et al., 1992;
Grossheider and Korting, 1992; El-Matbouli and Hoffmann, 1993; Kent et al.,
1993; Yokoyama et al., 19934a; El-Matbouli et al., 1995; Kent et al., 1995; Us-
penskaya, 1995; Yokoyama et al., 1995; Trouillier et al., 1996; Yokoyama,
1997; El-Mansy and Molnar, 1997a, 19975b) or intra-polychaete (Bartholomew
et al., 1997) actinosporean stages alternated. Relying on these studies, Kent et al.
(1995) proposed that the class Actinosporea should be merged into the class
Myxosporea as a synonym of the latter, and that the names of actinosporean
genera should in the future be used only for typing actinospores developing in
oligochaetes. The major taxonomic changes of recent years are reflected in the
works of Smothers et al. (1994), Kent et al. (1995), Siddall et al. (1995), and
Schlegel et al. (1996), who reassigned phylum Myxozoa, earlier regarded by
many authors as protozoa, from protozoan to metazoan parasites.

The actinosporean infection of oligochaetes in fish farms and natural wa-
ters in relation to the developmental cycle of myxosporeans has so far been
studied among others by Hamilton and Canning (1987), Székely (1989), Burtle
et al. (1991), Pote and Waterstrat (1993), Koller (1994), Pallés (1995),
McGeorge et al. (1997), and El-Mansy et al. (19985).

Myxosporean infections of fishes and intrapiscine myxosporeans are rela-
tively well studied in Lake Balaton (Jaczd, 1940; Molnar and Székely, 1995;
Székely and Molnar, 1996—1997), but no study has been done on actinosporean
stages until now.

The present paper reports on a one-year survey made on the occurrence of
actinospores of Myxosporea in oligochaete alternate hosts in Lake Balaton.
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Materials and methods

The survey was carried out in Lake Balaton, Hungary, between March
1996 and March 1997. Water-weed and mud collected from the lake were trans-
ported to the laboratory for the isolation of oligochaetes and then actinospores.
In the course of the one-year survey two oligochaete species, Tubifex tubifex
(Miiller) and Limnodrilus hoffmeisteri (Claparéde) [identified according to
Brinkhurst (1963)] were examined for the occurrence of actinospores.

The methods used for the isolation of actinospores were the same as those
described by Yokoyama et al. (1991) and El-Mansy et al. (19985). Actinospores
found in this survey were measured and identified as described by Lom et al.
(1997b).

Results

From the 1164 specimens of the two oligochaete species studied
(T. tubifex and L. hoffmeisteri) a total of 10 actinospore types (Figs 1, 2.1 and
2.2) were isolated from Lake Balaton. The actinospores found belonged to three
main groups (triactinomyxon, raabeia and aurantiactinomyxon). Of the 807
Tubifex specimens examined, 267 (33%) were infected with triactinomyxon and
9 (1%) with raabeia spores (Fig. 3). Of the 357 Limnodrilus specimens, 10 (3%)
proved to be infected with aurantiactinomyxon, 7 (2%) with triactinomyxon, and
5 (1.4%) with raabeia spores (Fig. 4).

Infection with actinospores exhibited a pronounced seasonality. In the
spring and summer the prevalence of triactinomyxon infection in I. tubifex ex-
ceeded 30 to 40%, while in the autumn and winter it dropped to 6 and 0%, re-
spectively. Raabeia infection in 7. tubifex was only observed during the summer.
At that time its prevalence went up to 3% (Fig. 5). In L. hoffmeisteri the highest
prevalence of actinospore infection occurred in the summer when it reached
21% with aurantiactinomyxon, 10% with raabeia and 8% with triactinomyxon
spores (Fig. 6). The main parameters of the actinospores found are presented in
Tables 1-3.

Discussion

Owing to the increased interest taken in myxosporean diseases and the
successful progress of experimental studies in recent years, actinosporean infec-
tions of oligochaetes or polychaetes have been investigated by numerous
authors, among others by Mackinnon and Adam (1924), Markiw (1986), El-
Matbouli and Hoffmann (1989), Yokoyama et al. (1991), El-Matbouli and
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Fig. 1. Line drawings of actinospores found during a one-year survey of Lake Balaton oligochae-
tes. Triactinomyxon types: 1T, 2T, 3T, 4T and 5T, raabeia types: 1R and 2R,
aurantiactinomyxon types: 1A, 2A and 3A. Bar = 50 pm
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Fig. 2.1. Microphotographs of live preparations of triactinospores (types 1-5) found during a one-
year survey of oligochaetes in Lake Balaton. Bar = 50 pm
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Fig. 2.2. Microphotographs of live preparations of raabeia spores (types 1-2) and aurantiactino-
myxon spores (types 1-3) found during a one-year survey of oligochaetes in Lake Balaton.
Bar =20 pm
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Hoffmann (1993), Kent et al. (1993), Yokoyama et al. (19934, b), EI-Matbouli et
al. (1995), Kent et al. (1995), Uspenskaya (1995), Yokoyama et al. (1995),
Trouillier et al. (1996), and Bartholomew et al. (1997). Most of the above-listed
authors reported a relatively low (around 1%) prevalence of infection in oligo-
chaete populations. Yokoyama et al. (1993a, b) were the only investigators who
detected > 4% actinosporean infection in Branchiura sowerbyi in a goldfish-
culturing pond. In a survey of the actinosporean infection of oligochaetes in
natural waters of Hungary, Székely (1989) and Pallos (1995) also found simi-
larly low levels of infection. In contrast, in the survey of El-Mansy et al. (19985)
and in the present study we obtained high prevalence values (e.g. triactinomyxon
infection of T rubifex showed a prevalence of 33—43% in certain periods of the
year). These values are significantly higher than those reported earlier by other
authors. The higher values recorded by us, however, do not mean that the level
of actinospore infection is so much higher in Lake Balaton oligochaetes than in
oligochaetes from other habitats. The observed difference can be attributed pri-
marily to the different examination technique used by us (El-Mansy et al.,
1998b). Today it is already well known that a given oligochaete can be infected
with different actinosporean developmental stages for several months, while the
mature actinospores will be excreted only after an about 3-month period of intra-
oligochaete development. The fact that in this study individual oligochaete
specimens were regularly examined over a 3-month period, greatly elevated the
ratio of positive individuals and revealed that a single examination of a given
worm cannot provide reliable data on the prevalence of actinosporean infection,
as it shows exclusively the ratio of worms that release mature spores at the time
of examination.

The data obtained by us indicate that actinospore infection of oligochaetes
persists throughout the year and is characterised by seasonality manifesting itself
primarily in the appearance of worms containing mature spores, which reaches
its peak in the warmer months.

Although myxosporeans parasitise several lower ranked vertebrates, the
great majority of species are known from fishes. Accordingly, the actinospore-
ans found in this survey should first of all be regarded as fish parasitic myxospo-
reans. It seems to be evident that a habitat harbouring several fish species must
be rich in myxosporean species and evidently also in actinospores. At the pres-
ent time about 41 fish species are known to live in Lake Balaton (Bird, 1995).

The fish fauna of cold waters is relatively deficient in species and, in a
similar way, fish species (salmonids, goldfish and catfish) cultured in monocul-
tures are infected only with a scarce number of myxosporean species (Pote and
Waterstrat, 1993; Yokoyama et al., 19934, b; McGeorge et al., 1997). In addition
to our improved actinospore examination technique, this could also account for
the higher prevalence of actinosporeans found by us in Lake Balaton oligochaetes.
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The actinospores found during the present survey were defined on the ba-
sis of the old taxonomic terms (triactinomyxon, raabeia and aurantiactinomyxon)
described by Janiszewska (1955, 1957) and Marques (1984); however, we agree
with the view of El-Matbouli et al. (1992), Kent et al. (1993), Yokoyama et al.
(1993a), Kent et al. (1995), Yokoyama et al. (1995), Trouillier et al. (1996), and
McGeorge et al. (1997), i.e. that these cannot be regarded as independent taxo-
nomic units. The accepted names are used only for denoting the type of devel-
opmental stage of a given myxosporean species. The number of the 10 actino-
spore types detected by us from Lake Balaton roughly corresponds to that of
myxosporean species hitherto found in the lake. We do not venture to identify
any of the detected actinospore types as a developmental stage of any of the
myxosporean species occurring in the lake in question. However, based upon the
experimentally proven developmental cycles reported in the literature (Wolf and
Markiw, 1984; El-Matbouli and Hoffmann, 1989; El-Matbouli et al., 1992; Be-
najiba and Marques, 1993; El-Matbouli and Hoffmann, 1993; Kent et al., 1993;
Uspenskaya, 1995; Yokoyama et al., 1995; El-Mansy and Molnar, 1997a, 1997b)
it can be assumed that triactinomyxons and raabeias represent the developmental
stages of species belonging to the Myxobolus genus, while aurantiactinomyxons
may be the developmental stages of species included in the genera Myxidium,
Zschokkella, Hoferellus or Thelohanellus.

Although a relatively large number of myxosporeans are known from
Lake Balaton fishes (Molnar and Székely, 1995; Székely and Molnar, 1996~
1997), their actinosporean stages have not been identified. Only three species
(Myxobolus drjagini, M. hungaricus and M. portucalensis) can be regarded as
exceptions, as their actinosporean stages have already been revealed in experi-
mental studies (El-Mansy and Molnar, 1997a, 1997b; El-Mansy et al., 1998a).
All of the three Myxobolus species developed in their Tubifex alternate hosts into
triactinospores. In some dimensions (e.g. the length of the style and the caudal
processes) these triactinospores resembled some triactinospores found during the
survey but there were major differences in the shape of the spores and in the
number of secondary cells in the sporoplasm. In a similar way, none of the 5 tri-
actinospore types could be identified with triactinospores described by other
authors (Hamilton and Canning, 1987; El-Matbouli and Hoffmann, 1993;
McGeorge et al., 1997) who studied actinosporeans in waters inhabited by sal-
monid fishes. None of the triactinospores proved to be identical with the triacti-
nospores found by us during a survey of actinosporeans of oligochaetes from a
fish pond (El-Mansy et al., 1998b).

Both of the raabeia types found by us differed from the forms hitherto de-
scribed (Janiszewska, 1957; Janiszewska and Krzton, 1973; Yokoyama et al.,
1995; McGeorge et al., 1997). Although the raabeia types found by us in Lake
Balaton oligochaetes have caudal processes similar in size to that described by
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Yokoyama et al. (1995) from Branchiura sowerbyi and, moreover, type 2 even
has spore body parameters identical with those of the latter, type 2 described by
us has much larger polar capsules than that reported by the above-cited Japanese
authors. On the other hand, both raabeia types found in our survey in Lake
Balaton are identical with raabeia spores found by us during a survey of fish
pond oligochaetes (types 1 and 2 from Lake Balaton are identical with types 2
and 4 from the fish ponds, respectively; El-Mansy et al., 1998b).

By their dimensions, all the 3 aurantiactinomyxon types differed from the
forms described by Marques (1984), Trouillier et al. (1996), McGeorge et al.
(1997), and Yokoyama (1997). The possible identity of spores found by us with
the aurantiactinospores described by El-Matbouli et al. (1992), Grossheider and
Korting (1992), and Benajiba and Marques (1993) could not be evaluated, as the
authors did not give spore dimensions in these works. At the same time, two of
the three aurantiactinomyxon types found in Lake Balaton correspond to the
types found by us in a previous survey in a fish pond. In this way we have identi-
fied type 1 and type 3 from Lake Balaton with type 10 and type 5 from the fish
pond, respectively (El-Mansy et al., 19985).

A paper providing general and consistent guidelines on the description of
actinospores on their own or as the alternative form of myxosporeans has been
published only quite recently (Lom et al., 1997b). This is why it is often difficult
to compare the forms found by us with those described in earlier works. It is to
be hoped that in the future all descriptions will conform to the general guide-
lines, which would make it easier to compare the results obtained by different
researchers. Identification of a species and its systematic position will be easier
by the molecular biological methods applied by Andree et al. (1997) and Andree
et al. (in press).
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