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Abstract. Spermiogenesis in Phyllobothrium lactuca Beneden, 1850 begins with the formation of a differentiation zone bordered
by cortical microtubules and containing a nucleus and two centrioles separated by an intercentriolar body and disposed one in the
prolongation of the other. Later, formation of flagellar buds, striated roots and a median cytoplasmic extension takes place. Each
centriole gives rise to a flagellum that rotates and fuses with the median cytoplasmic extension. At this stage, arched membranes
appear at the front of the differentiation zone. The nucleus elongates, becomes filiform and migrates between the striated roots
into the spermatid. After the migration of the nucleus, the old spermatid separates from the residual cytoplasm by strangulation
of the ring of arched membranes. Absence of striated roots, right at the beginning of spermiogenesis has never been described
before in the Tetraphyllidea. Likewise, centrioles made up of doublets of microtubules and spermatids with two axonemes have
never been reported before during spermiogenesis of a Phyllobothriidae. In this work we show, for the first time, the existence in
cestodes of thick-walled microtubules surrounded by a layer of electron-dense material. In addition, we describe, for the first
time, the existence of an accumulation of electron-dense granules around striated roots and an hour-glass-shaped constriction at
the anterior extremity of a median cytoplasmic extension in a platyhelminth.

To our knowledge, ultrastructure of spermiogenesis
and/or spermatozoon have been described in 50 species
of cestodes belonging to 41 genera, 20 families and 8
orders (Sène 1998). In the particular case of the
Tetraphyllidea, only seven taxa have been studied.
These are Acanthobothrium filicolle var. benedeni
(Mokhtar-Maamouri and Swiderski 1975) Acanthobothrium filicolle var. filicolle (Mokhtar-Maamouri
1976, 1982), Echeneibothrium beauchampi (MokhtarMaamouri and Swiderski 1976), Onchobothrium
uncinatum (Mokhtar-Maamouri and Swiderski 1975),
Phyllobothrium gracile (Mokhtar-Maamouri 1979),
Pseudanthobothrium hanseni (Mackinnon and Burt
1984) and Trilocularia acanthiaevulgaris (Mahendrasingam et al. 1989). In the present work, we have
undertaken the ultrastructural study of spermiogenesis
of Phyllobothrium lactuca Beneden, 1850.
MATERIALS AND METHODS
The worms were gathered live from the spiral valve of five
selacian fishes: three raies (Raja miraletus Linnaeus, 1758,
Dasyatis marmorata Steindachner, 1892, Torpedo torpedo
Risso, 1810) and two sharks (Mustelus punctulatus Risso,
1826 and Sphyrna zygaena Linnaeus, 1758). They were kept
for 24 h in cold 2.5% glutaraldehyde buffered with 0.1 M
sodium cacodylate at pH 7.2. After fixation, portions of
strobile of about 3 cm long, enclosing the male genitalia were

removed with the help of a binocular microscope, rinsed
overnight in sodium cacodylate buffer at pH 7.2, postfixed
with cold 1% osmium tetroxide for 1 h, dehydrated with
ethanol and propylene oxide, and then embedded in Epon.
Ultrathin sections were cut on a Reichert-Jung Ultracut E
ultramicrotome and then stained with uranyl acetate and lead
citrate. They were examined in a Hitachi H-17 electron
microscope.

RESULTS
In Phyllobothrium lactuca, spermiogenesis begins
with the formation by each young spermatid of a
differentiation zone, bordered by two fields of cortical
microtubules and containing a nucleus and two
centrioles (Figs. 1, 9). Initially, the centrioles are
oriented perpendicularly to the intercentriolar body
(Figs. 1, 2, 18a). They have both the same axis of
longitudinal symmetry, making impression that one of
them constitutes the prolongation of another. The
centrioles are made up of nine doublets of microtubules
(Figs. 11, 15) and are separated by an intercentriolar
body made up of one to three layers of electron-dense
material (Figs. 1, 2, 18a). During spermiogenesis, each
centriole forms a flagellar bud (Figs. 1, 2). Then, two
pyramidal-shaped striated roots, made up of about 30
discs of electron-dense material alternately superposed
with discs of electron-lucent material, develop
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perpendicularly to the centrioles (Figs. 3, 18b). A
median cytoplasmic extension forms at the posterior
part of the differentiation zone (Figs. 4-6, 10, 15). It
contains irregularly spaced cortical microtubules,
granules of electron-dense material, and fibrous
material (Fig. 4). It exhibits a constricted anterior
extremity (Figs. 4, 5) which appears in transverse
section in the shape of a hour-glass (Fig. 15). At this
stage of differentiation, the flagellar buds (Figs. 1-3)
undergo rotations and give rise to a first (Fig. 4) then to
a second flagellum (Figs. 5, 6) that grow parallel to the
median cytoplasmic extension with which they fuse
(Figs. 8, 17, 18e). The inter-centriolar body interposes
itself between the striated roots (Figs. 4-7, 18c) and
exhibits, near their bases, two accumulations of
electron-dense granules disposed in a diametrically
opposite position (Figs. 5-7, 13, 14). Arched
membranes appear at the front of the differentiation
zone (Fig. 6) whereas thick-walled micro-tubules,
surrounded by an electron-dense material appear in the
peripheral cytoplasm of the differentiation zone (Figs.
12, 14). The nucleus, situated outside the ring of arched
membranes (Fig. 6) forms a cone between the striated
roots (Figs. 6, 7, 12) then it migrates into the
differentiation zone (Fig. 8). During its migration,
nucleus pushes downwards the striated roots beyond the
arched membranes (Figs. 6, 8). The end of spermiogenesis is marked by the constriction of the ring of
arched membranes and the detachment of an old
spermatid from the residual cytoplasm (Fig. 8).
DISCUSSION
To our knowledge, spermiogenesis has been
described in 20 species of cestodes (Bâ and Marchand
1998, Miquel et al. 1998, Chomicz and Swiderski 1992,
Sène 1998). It always begins with the formation of a
differentiation zone which contains one or two
centrioles. Nevertheless, the disposition of the centrioles
to each other varies according to the species. In the
Cyclophyllidea, they may be parallel to one another and
situated at the same level (Chomicz and Swiderski
1992, Bâ and Marchand 1994a) or not (Bâ and
Marchand 1994b), in an orthogonal position (MokhtarMaamouri and Azzouz-Draoui 1990, Bâ and Marchand
1992) or else in an intermediate position (Bâ and
Marchand 1994c). In the Diphyllidea (Azzouz-Draoui
1985), the Proteocephalidea (Swiderski and Eklu-Natey
1978, Swiderski 1985, 1986), the Pseudophyllidea
(Swiderski and Mokhtar-Maamouri 1980, Swiderski
1986), the Caryophyllidea (Swiderski and Mackiewicz
1976, Swiderski 1986), the Trypanorhynchidea
(Swiderski 1994) and the Tetraphyllidea (MokhtarMaamouri 1979, 1982), they are located, one in the
prolongation of the other and are linked by an
intercentriolar body as in P. lactuca.
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The centrioles of platyhelminths may be associated
with a centriolar adjunct, striated roots, an intercentriolar body and striated roots, depending on the
case, or else be free and separated from one another (Bâ
and Marchand 1998). P. lactuca can be distinguished
from the other platyhelminths owing to the fact that a
granular and electron-dense material surrounds the base
of its striated roots.
In the Tetraphyllidea (Mokhtar-Maamouri 1976,
1979, 1982), the centrioles and the striated roots
observed at the beginning of spermiogenesis persist in
the body of the old spermatid. P. lactuca conforms with
this description. Nevertheless, in the particular case of
P. lactuca, there are no striated roots in young
spermatids, right at the beginning of spermiogenesis.
In the Tetraphyllidea, the structure of centrioles is
variable. In the Onchobothriidae, Acanthobothrium
filicolle var. filicolle and A. filicolle var. benedeni,
centrioles are made up of doublets and triplets,
respectively (Mokhtar-Maamouri and Swiderski 1975).
In the Phyllobothriidae, Phyllobothrium gracile, the
only transverse section of a centriole presented by
Mokhtar-Maamouri (1976) did not give any precise idea
on the constitutive number of microtubules. In P.
lactuca, we have been able to observe centrioles made
up of nine doublets of microtubules.
In the Tetraphyllidea, the modalities of incorporation
of the flagellum or flagella and the nuclear migration in
the cytoplasmic extension were interpreted in different
ways. In Acanthobothrium filicolle var. benedeni and
Onchobothrium uncinatum (Mokhtar-Maamouri and
Swiderski 1975), the flagella undergo a rotation of 90°
and become parallel to the median cytoplasmic
extension. Then, the nuclear migration induces its
fusion with the flagella. On the other hand, in
Phyllobothrium gracile, (Mokhtar-Maamouri 1979),
Acanthobothrium filicolle var. filicolle (MokhtarMaamouri 1982) and Trilocularia acanthiaevulgaris
(Mahendrasingam et al. 1989), like in P. lactuca, the
nuclear migration takes place after the rotation of the
flagella and their fusion with the median cytoplasmic
extension.
Nevertheless, P. lactuca, can be
distinguished from the other Tetraphyllidea owing to
the fact that its flagella are formed one after the other.
Moreover, the anterior extremity of its median
cytoplasmic extension exhibits a constriction which is,
in transverse section, hour-glass-shaped. A similar
extension has never been described before in a
platyhelminth.
The spermatids and spermatozoa of the
Phyllobothriidae,
Echeneibothrium
beauchampi
(Mokhtar-Maamouri and Swiderski 1976), Phyllobothrium gracile (Mokhtar-Maamouri 1979) and
Pseudanthobothrium hanseni (Mackinnon and Burt
1984) contain a single axoneme because one of the
centrioles aborts during their spermiogenesis. In the
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Figs. 1-4. Longitudinal sections of differentiation zones of young spermatids of Phyllobothrium lactuca. Fig. 1. The
intercentriolar body is in the shape of a layer of electron-dense material. Arrow indicates the level of section of Fig. 9 (× 8 800).
Fig. 2. The intercentriolar body is in the shape of three layers of electron-dense material (× 24 000). Fig. 3. One of the striated
roots is in a perpendicular position to one of the centrioles (× 23 000). Fig. 4. The first flagellum formed. The intercentriolar
body interposes itself between the striated roots and is made up of two layers of electron-dense material. Arrow indicates the
level of section of Fig. 11 (× 25 800).
Abbreviations used in Figs. 1-18: Am – arched membranes; Ax – axoneme; C – centriole; Ce – median cytoplasmic extension;
Cm – cortical microtubule; Cy – cytoplasm; D – disc of electron-dense material; F1 – the first flagellum formed; F2 – the second
flagellum formed; Fb – flagellar bud; G – granules of electron-dense material; Ib – intercentriolar body; N – nucleus; Rc –
residual cytoplasm; Sr – striated roots; Tm – thick-walled cortical microtubule.
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Figs. 5-7. Longitudinal sections of differentiation zones of spermatids of Phyllobothrium lactuca. Fig. 5. The two flagella F1 and
F2 are formed and are situated outside the median cytoplasmic extension. F2 which is the second one formed is shorter than F1.
The striated roots are situated in the prolongation of the centrioles (× 14 400). Fig. 6. A nuclear cone. This is deformed by the
striated roots anterior extremities which pass beyond the ring of arched membranes (× 10 800). Fig. 7. Striated roots. They are
linked at their bases by an intercentriolar body made up of two layers of electron-dense material. Arrows c, b, a indicate the
levels of sections of Figs. 12, 13 and 14, respectively (× 28 800).
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Figs. 8-12. Longitudinal and cross sections of differentiation zones of an old (Fig. 8) and young spermatids (Figs. 9-12) of
Phyllobothrium lactuca. Fig. 8. The flagella are now completely incorporated in the cytoplasm. The striated roots are situated
under the ring of arched membranes (× 12 300). Fig. 9. At the level indicated in Fig. 1. The cortical microtubules are arranged
into two clearly separated fields of 17 to 19 units (× 17 600). Fig. 10. At different levels of median cytoplasmic extensions
before the formation of flagella (× 35 200). Fig. 11. At the level indicated in Fig. 4. The cortical microtubules are arranged into
three clearly separated fields (× 28 200). Fig. 12. At the level c indicated in Fig. 7 (× 30 800).
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Figs. 13-17. Cross sections of differentiation zones of spermatids of Phyllobothrium lactuca. Fig. 13. At the level b indicated in
Fig. 7. The cortical microtubules are arranged into two clearly separated fields (× 16 000). Fig. 14. At the level a indicated in
Fig. 7. The cortical microtubules are arranged into two clearly separated fields (× 23 000). Fig. 15. At the anterior extremity of a
median cytoplasmic extension. This is constricted and hour-glass-shaped. The centrioles, not yet incorporated, are parallel to one
another. The cortical microtubules are irregularly spaced (× 18 000). Fig. 16. At the level of already incorporated centrioles
(× 16 000). Fig. 17. At different levels of an old spermatid showing one and two axonemes (× 13 000).

present work, we show, for the first time, the presence
of two axonemes in a spermatid of a Phyllobothriidae.
To our knowledge, only cortical microtubules, in
more or less close contact with the plasma membrane,
have been described in the differentiation zone of
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spermatids of cestodes. P. lactuca also conforms to this
description but is distinguishable from the other
cestodes by the presence of thick-walled microtubules,
surrounded by an electron-dense material and situated at
the periphery of the cytoplasm of differentiation zones.
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Fig. 18. Attempted reconstruction of the main stages of spermiogenesis of Phyllobothrium lactuca. a – organisation of the
differentiation zone at the beginning of spermiogenesis; b – rapid formation of striated roots, flagellar buds and a median
cytoplasmic extension; c – growth and rotation of flagella, and appearance of a constriction at the anterior region of the median
cytoplasmic extension; d – fusion of flagella with the median cytoplasmic extension and appearance of granules of electrondense material at the base of the centrioles; e – migration of the nucleus in the body of the spermatid followed by a constriction
of the ring of arched membranes, then the separation of the old spermatid from the residual cytoplasm.
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