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Abstract. The ultrastructure of the tail fins and muscles of Echinostoma revolutum cercaria is described.
The longitudinal muscles consist of a primitive type of transversely striated muscle fibres with
a well-developed sarcoplasmic reticulum in the Z-band. The fins are formed by a longitudinal tegument
fold containing the same components as the remaining part of the tail tegument. The difference
between the body and tail tegument is discussed.

The paper is a part of a complex study of E. revolutum cercaria from Planorbarius
corneus. It was preceded by morphological (Na§incové 1986), histochemical (Zdar-
sk and Nagincov4 1985), and ultrastructural (Zdarsk4 et al. 1987) studies of this
cercaria. The aim of this paper is the elucidation of the tail ultrastructure in echinosto-
me cercariae of the group ‘“revolutum”.

MATERIALS AND METHODS

Free-swimming cercariae Kchinostoma revolutum (Froehlich, 1802) Dietz, 1909 were obtained
from spontaneously infected snails Planorbarius corneus. For the atuoy in a transmission electron
microscope, the material was ﬁxed at 4°C in 3 9, glutaraldehyde in 0.1 M cacodylate buffer
(pH 17.2) for 2 h, postfixed in 1 9, OsO4 for 2 h, dehydrated through an alcohol series, and embedded
through acetone into Durcupan and Vestopal. Ultrathin sections were cut with Reichert’s OM-U2
ultramicrotome, contrasted with 20 9, uranyl acetate and Reynold’s solution of lead citrate, and
examined with Philips 420, Philips 300 and JEM 100 B electon microscopes.

For the scanning electron microscopy, the cercariae were fixed in warm (70—80 °C) neutral
formalin and dehydrated through alcohol series and acetone, dried at critical point, coated with
gold, and examined in TESLA BS—300 scanning electron microscope at accelerating voltage of
15 kV.

RESULTS

The tail of cercaria is provided with two dorsal, three ventral, and two ventrolateral
fins (PI. I, Figs. 1, 2). Most conspicuous is the lower dorsal fin leading almost from
the middle of the tail up to the beginning of its narrowed part. The smallest of the
fins was identified only by SEM. It is situated on the ventral side of the tail between
the two ventrolateral fins (Pl. I, Figs. 1, 2). Lateral rows of uniciliate sensory endings
running almost along the whole length of the tail, except for its basal part, are visible
in Pl. I, Fig. 1.

In the transmission electron microscope, both the ventrai and dorsal fins are formed
by a fold of the tail tegument (Pl. I, Fig. 3; Pl. II, Fig. 1) and contain the same com-
ponents as the remaining parts of tegument. These are the mitochondria, secretory
granules, lipid droplets, and small vesicles. The tegument is attached by hemides-
mosomes to lamina basalis at some points. The longitudinal muscles of the tail are
well developed, whereas the circular muscles, orientated perpendicularly to the tail
axis, form only thin rings. The contractile fibres of the longitudinal muscle cells are
concentrated on the ventral and dorsal sides of the tail (Pl. I, Fig. 3). Both the ventral
and dorsal blocks of longitudinal muscle fibres are divided into two groups. The nerve
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fibres run between these groups. The sarcoplasmic parts of myocytes containing
o« — and  — glycogen and mitochondria with numerous cristae occupy the central
part of the tail. There are also nuclei of myocytes with chromatin concentrated in
clusters under nuclear membrane and with a compact nucleolus (PIl. I, Fig. 3). The
longitudinal muscles of the tail consist of a primitive type of cross-striated muscle
fibres. In the isotropic band (I), there are only thin myofilaments, in the anisotropic
band (A), both thick and thin filaments, in H-band, only thick myofilaments, and
in Z-band, a network of sarcoplasmic reticulum and electron-dense bodies (Pl. II,
Fig. 2). Numerous flattened vesicles of sarcoplasmic reticulum are situated under
the sarcolemma of longitudinal muscle fibres (P1. II, Fig. 2). The nerve fibres running
between the muscle cells contain small mitochondria, neurotubules and electron-lucid
or electron-dense vesicles. These fibres form mutual synapses or synapses with muscle
cells. Multipolar neurons are localized in the tail axis.
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Fig. 1. Arrangement of membranes on the tail of Heiinostoma revolutum cercaria.
DISCUSSION

E. revolutum cercaria is the third species of the family Echinostomatidae in which
the tail ultrastructure has been studied. The other two species were Himasthla quis-
setensts studied by Cardell and Philpott (1960) and H. secunda, which was studied
by Chapman (1973). The tail is the locomotory organ of the cercaria and it is adapted
to rapid swimming motion.

Nasincova (1986) demonstrated by SEM 2 dorsal. 2 ventrolateral and 3 ventral
fins on the tail of E. revolutum cercaria.

The studies in transmission electron microscope revealed that the fins of the tail
consist of a longitudinal tegument fold without any reinforcement and contain the
same components as the remaining part of the tail tegument. Of a similar structure
is also the caudal fin of Cryptocotyle lingua cercaria described by Rees (1975). In our
studies of the tail of E. revolutum cercaria, like in those by Rees (1975) concerning
C. lingua, no subtegumental cells and interruption of the tegument between the body
and tail were observed. It is therefore supposed that the tail tegument contents is
identical with the tegument contents of body, as it is reported by Galaktionov
and Dobrovolskiy (1987). However, the tail tegument of K. revolutum differs from
that of C. lingua (Rees 1975) only in that it contains, in contrast to the body tegum-
ent, only one type of secretory granules and that it is lower. Three types of granules
were demonstrated in the body-tegument of E. revolutum cercaria (Zd4rské, in press).
The secretory granules in the tail tegument of E. revolutum cercaria are similar to the
secretory granules of dorsal gland cells released into the body tegument, but they may
be also a product released from the caudal gland cells during the development of the
tail, the structure of which remains unknown. The elucidation of this question requires
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further studies of developing cercariae and their comparison with the free-swimming
ones, which were the subject of the present paper. _

In agreement with the findings in other cercariae (Vickers 1940, Pearson 1956,
1961, Kruidenier and Vatter 1960, Cardell and Philpot 1960, Lumsden and
Foor 1968, Rees 1971, 1974, 1975, Nuttman 1974, Reger 1976, Sundararaman
and Nakadel 1979), the tail of E-revolutum cercaria was found to contain both cross-
striated and smooth muscles. The representative of the smooth muscles are the
circular muscles. The longitudinal muscles, which are responsible for the rapid
movements of the tail, are a primitive type of cross-striated muscles known in inver-
tebrates (Kryvi 1973). These muscles differ, e.g., from the muscles of suckers in
flatworms, which according to Kryvi (1973) have slower contractions than the longi-
tudinal muscles of the tail. Like in other cercariae, the longitudinal muscles of the
tail form two blocks — ventral and dorsal. Each block consists of two groups of con-
tractile parts of myocytes, running longitudinally immediately below the circular
muscles. The sarcoplasmic parts of myocytes, which contain a large number of mito-
chondria and «- and B-glycogen, and the nucleus are localized in the centre of the tail.
Isotropic (I), anisotropic (A) and Z-bands are distinetly visible in longitudinal sections
of the tail. In the transverse sections through myofibrils, the isotropic (I) bands con-
tain only thin myofilaments of actin. In anisotropic (A) bands the thick myofilaments
of myosin are surrounded by thin myofilaments of actin, in H-bands, there are only
thick myofilaments, while sarcoplasmic reticulum and electron dense bodies with
attached thin myofilaments prevail in the Z-bands.

Longitudinal muscle fibres of the tail in E. revolutum cercaria differ from its somatic
muscle fibres in the orientation of electron-dense bodies into distinct transverse
disks (= Z-bands), in the division of myofibrils into sarcomers with typical A-, I-,
and H-bands, and in the presence of extensive sarcoplasmic reticulum, which pene-
trates between the myofibrils and forms a network between the electron-dense bodies
in the Z-band and contains a larger number of mitochondria. According to Rees
(1975), both the logitudinal muscles of tail and the radial musles of suckers of Crypto-
cotyle lingua cercaria are cross-striated. However, we have not managed to demonstrate
the cross-striation in the radial muscles of E. revolutum cercaria. Consequently, the
tail is the single organ of E. revolutum cercaria in which the cross-striated muscles
occur. The circular muscles of tail are smooth and consist of thick myofilaments
surrounded by a variable number of thin myofilaments. The tail is innervated with
dorsal and ventral nerves localized between the two groups of muscle fibres. The
intracellular content of axons consists of neurotubules, small mitochondria, as well
as electron-lucid and electron-dense vesicles, which conform to the description of
axons in Fasciola hepatica cercaria (Dixon and Mercer 1965) and Cryptocotyle
lingua cercaria (Rees 1975).
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VILTPACTPYRTYPA XBOCTA IIEPRAPUN ECHINOSTOMA REVOLUTUM

3. Wpasapcera, B. Hamuunosa u JI. BaakoyHoBa

Pesome. Onucana cTpyKTypa IJIaBaTeJbHLIX MeMOpAH ¥ MBI XBOocTa Ieprapum Echinostoma
revolutum. IIpOJIOJIbHBIE MBINIILI COCTOAT M3 IIPUMHTHBHOIO THUIIA IONEPEYHOMOJIOCATHIX BO-
JIOKOH ¢ MOryueil capKOILTa3MaTHUecKOil ceThlo B Z-mosioce. IlmaBaresbHple MeMOpamsr o0pa-
30BaHBl CKJIAJKOI TerymeHTa. colep:alleil Te ke KOMIOHCHTHI, KaK OCTAQJIbHLIE TAcTH Tery-
MeHTa XxBocta. OGcysjpaeTcsi PasHHIIA MEXY TeI'yMEHTOM TeJld U XBOCTA.
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Fig. 1. Dotail of fin fold (A) on the tail of K. revolutum oorcirin, B il tegumient, O clreular

Fig. L Tail of £, revolutum corcarin — lataml view. a— lower dorsal, b — ventrolateral, ¢ — lower musclos, D tongiiudinal  muscles, arrow Inmina basnlis, G, Os, UAC, Ph (x17,500). Fig. 2.
vithibrnd, o micleln ventml flns (< 000). Fig, 2, Tail of B, revolutwm ooroncin -vontoud viow, © Detadl of toll tegomont (B), conteaatil () and sarcoplpamic (12) parts of myocy tes, nervi fibire (E),
lowee, d middle, @ — uppor ventenl fins (% 400). Fig. 3. Tranaverse soction through the tail with anil vesislos of surcoplusmic rotionlum (werowa) below the sureolommn. A-bands (a), I<bands _,t_
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