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Abstract

Marigo A. M., Ba C. T. & Miquel J., 2009. Spermiogenesis and spermatozoon ultrastructure
of the dilepidid cestode Molluscotaenia crassiscolex (von Linstow, 1890), an intestinal
parasite of the common shrew Sorex araneus. — Acta Zoologica (Stockholm).

Spermiogenesis in Molluscotaenia crassiscolex begins with the formation of a differentiation
zone containing two centrioles. One of the centrioles develops a flagellum directly into the

cytoplasmic extension. The nucleus elongates and later migrates along the spermatid body.

Acta Zoologica



©CoO~NOUTA,WNPE

Acta Zoologica Page 2 of 33

During advanced stages of spermiogenesis a periaxonemal sheath appears in the spermatid.
Spermiogenesis finishes with the appearance of a single helicoidal crested body at the base of
the spermatid and, finally, the narrowing of the ring of arched membranes causes the
detachment of the fully formed spermatozoon. The mature spermatozoon of M. crassiscolex
exhibits a partially detached crested body in the anterior region of the spermatozoon, one
axoneme, twisted cortical microtubules, a periaxonemal sheath, and a spiralled nucleus. The
anterior spermatozoon extremity is characterized by the presence of an electron-dense apical
cone and a single spiralled crested body, which is attached to the sperm cell in the anterior
and posterior areas of region I, whereas in the middle area it is partially detached from the
cell. This crested body is described for the first time in cestodes. The posterior extremity of
the male gamete exhibits only the disorganizing axoneme. Results are discussed and
compared particularly with the available ultrastructural data on dilepidids sensu lato.

Jordi Miquel, Departament de Microbiologia i Parasitologia Sanitaries, Universitat de
Barcelona, Av. Joan XXIII, s/n, E-08028 Barcelona, Spain.

E-mail: jordimiquel@ub.edu

Introduction

It has now been clearly demonstrated that the ultrastructure of spermiogenesis and of the
spermatozoon reveal significant characters for phylogenetic inference in parasitic
Platyhelminthes (Euzet et al. 1981; Swiderski 1986; Justine 1991, 1997, 1998, 2001; Ba and
Marchand 1994a, 1995; Watson and Rohde 1995; Hoberg et al. 1997; Olson et al. 2001;
Swiderski and Mackiewicz 2002; Levron et al. in press). There is a significant amount of
information concerning the order Cyclophyllidea. Nevertheless, most of the available studies

focused on the family Anoplocephalidae (see Justine 1998, 2001; Levron et al. in press).
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Within this family, subfamilies can be distinguished using spermatological data (see Levron
et al. in press).

The family Dilepididae is a diverse group, which includes more than 100 genera, parasitic in
birds and mammals (Bona 1994). However, spermatological data on the family Dilepididae
are restricted to four species only: Angularella beema (see Yoneva et al. 2006b),
Molluscotaenia crassiscolex (see Swiderski and Tkach 1996), Dilepis undula (see Swiderski
et al. 2000) and Kowalewskiella glareola (see Swiderski et al. 2002).

The taxonomy of the dilepidid cestodes sensu lato at the family level and lower groups has
been controversial for a long period of time. The species of the now recognized families
Dipylidiidae, Metadilepididae and Paruterinidae were previously included in the Dilepididae
(Schmidt  1986). Recently, ultrastructural studies of Skrjabinoporus merops
(Metadilepididae), Anonchotaenia globata and Triaenorhina rectangula (Paruterinidae), and
Dipylidiidae species (see Miquel et al. 1998, 2005a; Ndiaye et al. 2003a; Yoneva et al. 20063,
2009, in press) show differences between these groups characterised by the Type IlI
spermiogenesis. The record of the B& and Marchand’s Type IV spermiogenesis in a dilepidid
species (sensu stricto) further supports that Dipylidiidae, Metadilepididae and Paruterinidae
should be considered distinct families in agreement with Jones et al. (1994). The latter
authors sustain the recognition of the families Dilepididae (Railliet & Henry, 1909),
Metadilepididae (Spasskii, 1959), Paruterinidae (Fuhrmann, 1907) and Dipylidiidae (Stiles,
1896).

With respect to the family Gryporhynchidae (Spasskii & Spasskaya, 1973), while being
considered a subfamily of the Dilepididae by Bona (1994), Mariaux (1998) and Hoberg et al.
(1999) raise it to the family level. The sole spermatological study on a gryporhynchid
(Valipora mutabilis) shows a Type IV spermiogenesis (see Yoneva et al. 2008). Concerning

the ultrastructural organization of the spermatozoon, dilepidids, dipylidiids and
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gryporhynchids present a Type VI spermatozoon, while metadilepidids and paruterinids
present a Type VII spermatozoon (Levron et al. in press).

Although a brief unillustrated description of the mature spermatozoon of M. crassiscolex has
been presented at a conference (Swiderski and Tkach 1996), the present paper represents a
complete ultrastructural analysis of the spermiogenesis and of the spermatozoon of this

dilepidid species.

Material and methods

Naturally infected shrews (Sorex araneus) were captured in the Nature Reserve of Py
(Pyrenean Mountains, France). Mature specimens of Molluscotaenia crassiscolex were
collected live from the small intestine and were placed in a 0.9% NaCl solution. These
mature proglottids were routinely processed for transmission electron microscopic (TEM)
examination; they were fixed in cold (4°C) 2.5% glutaraldehyde in a 0.1 M sodium
cacodylate buffer at pH 7.2 for 2h, rinsed in a 0.1 M sodium cacodylate buffer at pH 7.2,
postfixed in cold (4°C) 1% osmium tetroxide in the same buffer for 1h, rinsed ina 0.1 M
sodium cacodylate buffer at pH 7.2, dehydrated in an ethanol series and propylene oxide, and
finally embedded in Spurr epoxy medium. Ultrathin sections were obtained using a Reichert-
Jung Ultracut E ultramicrotome, placed on copper grids and double-stained with uranyl
acetate and lead citrate according to Reynolds (1963). Ultrathin sections were examined
using Jeol 1010 transmission electron microscope in the Scientific Services of the University
of Barcelona.

The Thiéry (1967) technique was used to evidence the presence of glycogen particles. Gold
grids were treated in periodic acid, thiocarbohydrazide and silver proteinate (PA-TCH-SP) as
follows: 30 min in 10% of PA, rinsed in distilled water, 24 hr in TCH, rinsed in acetic

solutions and distilled water, 30 min in 1% SP in the dark, and rinsed in distilled water.
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Results

Spermiogenesis

Spermiogenesis in M. crassiscolex is described in Figures 1A-F and 2A-D. Spermiogenesis
starts with the formation of a differentiation zone (Figs 1A, 2A). This is a cone-shaped area
bordered by submembranous cortical microtubules containing two centrioles (Fig. 1A). Only
one of the centrioles gives rise to an axoneme that grows directly into the cytoplasmic
expansion (Figs 1B, D, 2B). The ring of arched membranes is present at the base of the
differentiation zone (Figs 1B, C, 2B). The nucleus elongates, becomes conical and migrates
along the spermatid body (Figs 1A, C, 2B, C). Initially, cortical microtubules are parallel to
the spermatid axis and then they become twisted (Fig. 1B-D). Finally, a crested body appears
at the anterior part of the old spermatid in the final stage of spermiogenesis (Fig. 1E, F).
Additionally, an electron-dense material present in the spermatid near the ring of arched
membranes forms the apical cone in the anterior extremity of the future spermatozoon (Figs
1E, F, 2D). At the end of spermiogenesis, the ring of arched membranes becomes narrower,
which precedes the detachment of the spermatozoon from the residual cytoplasm (Figs 1F,

2D).

Spermatozoon

The mature spermatozoon of M. crassiscolex (Figs 3A-K, 4A-J, 5, 61-1V) is a long filiform
cell, tapered at both extremities, which lacks mitochondria. The observation of numerous
longitudinal and cross-sections has enabled us to establish four regions (I-1V) characterized
by distinctive ultrastructural features.

Region | (Figs 3A-J, 61) corresponds to the anterior area of the mature spermatozoon. It

exhibits an electron-dense apical cone (Fig. 3A-C) localized in the most anterior part of the
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gamete. Later, the centriole appears and it is clearly visible in cross-sections of the
spermatozoon (Fig. 3D, E). The axoneme, of the 9+’1’ trepaxonematan pattern, is surrounded
by a thin layer of electron-lucent cytoplasm (Fig. 3F, J). The cortical microtubules constitute
a submembranous electron-dense layer (Fig. 3E-G, J) and they are spiralled at an angle of 45°
(Fig. 3G). Externally, there is a thick helicoidal cord of electron-dense material that forms a
single crested body (Fig. 3A, C-J). The positioning of the crested body is remarkable: at the
anterior and posterior areas of Region | the crested body is attached to the sperm cell, being
around 160 nm thick (Fig. 3A, C-G, ). However, in the intermediate part the crested body is
partially detached from the cell and its thickness increases to 330 nm (Fig. 3H, J).

Region 11 (Figs 3l, K, 4A-D, 5, 6ll) is characterized by the appearance of a periaxonemal
sheath and electron-dense granules (Figs 3K, 4A-D). In the anterior areas of this region the
cortical microtubules form a submembranous continuous layer and both periaxonemal sheath
and electron-dense granules are absent (Fig. 3I, K). Posterior areas of Region Il are
characterized by the discontinuity of cortical microtubules in the submembranous layer and
by the presence of both electron-dense granules and periaxonemal sheath (Figs 3K, 4A-D).
These electron-dense granules are located between the periaxonemal sheath and the
submembranous layer of cortical microtubules and may constitute either a thin (Fig. 4B) or a
thicker layer (Figs 3K, 4C). The test of Thiéry (1967) shows the absence of contrast
demonstrating the non-glycogenic nature of this electron-dense granular material (Fig. 5).
Region 11 (Figs 4D-G, I, 6111) presents the nucleus coiled around the axoneme in a helicoidal
form. In cross-sections, the nucleus is horseshoe-shaped or almost annular (Fig. 4F, G). This
region is also characterized by the lack of both electron-dense granules and periaxonemal
sheath. Cortical microtubules stop their course at the end of this region (Fig. 4G, I).

Region 1V (Figs 4H, 1, 61V) corresponds to the posterior spermatozoon extremity, which

includes only the axoneme surrounded by the plasma membrane (Fig. 4H). Towards the end
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portion of this region, the axoneme becomes disorganized; the central core disappears first
and the disorganized doublets-singlets reach the posterior tip of the spermatozoon (Fig. 41, J).

This is a short region that measures around 1.5 um.

Discussion

Spermiogenesis

Within the order Cyclophyllidea, spermiogenesis is divided in two types (Ba and Marchand
1995): Type Il is characterized by the formation of a single flagellum that grows parallel to
the cytoplasmic protrusion followed by the proximodistal fusion whereas Type IV describes
the growth of the axoneme directly into the cytoplasmic protrusion. Type Il spermiogenesis
occurs in some Anoplocephalidae, and also in Nematotaeniidae, Davaineidae, Dipylidiidae,
Metadilepidae, Paruterinidae, Catenotaeniidae and Taeniidae. On the other hand, Type IV
spermiogenesis is present in some Anoplocephalidae, in Dilepididae and in Hymenolepidae
(see Justine 1998, 2001; Levron et al. in press). To date, the ultrastructural analysis of
spermiogenesis in Angularella beema constituted the only available data on dilepidids
(Yoneva et al. 2006b). The present study showed that the spermiogenesis process in M.
crassiscolex, as in A. beema, also follows the Type IV of Ba and Marchand (1995). Among
cyclophyllideans, mesocestoidids constitute the only exception, presenting a Type Il
spermiogenesis, which is characterised by the flagellar rotation of a single flagellum followed
by its proximodistal fusion with a cytoplasmic extension, and by the presence of both
intercentriolar body and striated rootlets in the zone of differentiation (see Miquel et al. 1999,
2007a). According to the original description of Ba and Marchand (1995), the
cyclophyllidean types Ill and 1V lack both intercentriolar body and striated rootlets in the
zone of differentiation. However, posterior studies have shown certain particularities. This is

the case of the well-developed striated rootlets present in Joyeuxiella species (Dipylidiidae)
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(see Ndiaye et al. 2003a) and the vestigial striated rootlets which include thin, spiralled and
filamentous striated rootlets, found in the zone of differentiation of the anoplocephalids
Anoplocephaloides dentata, Gallegoides arfaai, Moniezia expansa and Mosgovoyia ctenoides
(see Miquel and Marchand 1998, Li et al. 2003, Miquel et al. 2005b, Eira et al. 2006), the
dipylidiid Dipylidium caninum (see Miquel et al. 1998, 2005a), the metadilepidid
Skrjabinoporus merops (see Yoneva et al. 2006a), the paruterinids Triaenorhina rectangula
and Anonchotaenia globata (see Yoneva et al. 2009, in press), and the taeniid Taenia
taeniaeformis (see Miquel et al. 2009).

Ba and Marchand (1995) describe the presence of an electron-dense material, the centriolar
adjunct, associated with centrioles in the zone of differentiation in the type IV
spermiogenesis. This structure has been observed in the anoplocephalid cyclophyllideans
Thysaniezia ovilla (Ba et al. 1991), Gallegoides arfaai (Miquel et al. 2005b) and Mosgovoyia
ctenoides (Eira et al. 2006). Other anoplocephalids (Anoplocephaloides dentata, Aporina
delafondi and Moniezia expansa —see B& and Marchand 1994b, Miquel and Marchand 1998,
Li et al. 2003), the dilepidid A. beema (Yoneva et al. 2006b), the gryporhynchid V. mutabilis
(Yoneva et al. 2008) and the hymenolepidid Rodentolepis nana (Ba and Marchand 1992) also
follow a type IV spermiogenesis but they lack the centriolar adjunct as occurs in the case of
M. crassiscolex spermiogenesis. Other centriole-associated structures, the intercentriolar-
dense material and the electron-dense material, are described in anoplocephalid Sudarikovina
taterae (Ba et al. 2000) and in the hymenolepidid Rodentolepis microstoma (Ba and
Marchand 1998), respectively.

According to several authors (see Ndiaye et al. 2003a, Miquel et al. 2005a, in press) the
process of cytoplasmic condensation and posterior twisting of cortical microtubules during
spermiogenesis probably plays an important role in the origin of the periaxonemal sheath

present in the mature spermatozoon of cyclophyllideans. This has been clearly described in

Acta Zoologica
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the dipylidiids Joyeuxiella echinorhynchoides and J. pasqualei by Ndiaye et al (2003a). A
similar condensation of material in the periphery of spermatids has also been observed in the
davaineid Raillietina micracantha (Miquel et al. in press). In our study, an electron-dense
granular material appears in the spermatids, but the formation of periaxonemal sheath is not
observed. Nevertheless, it is interesting to remark that these species follow different patterns
of spermiogenesis: both Joyeuxiella spp. and R. micracantha follow type I, while

spermiogenesis in M. crassiscolex corresponds to pattern 1V.

Spermatozoon

According to Levron et al. (in press) there are seven types of spermatozoa in the Eucestoda.
The latter authors consider three different types of spermatozoa for cyclophyllideans (types V
through VII). Type V is characteristic of hymenolepidids, nematotaeniids and some
anoplocephalids. Type VII is found in the davaineids, metadilepidids, paruterinids, taeniids
and certain anoplocephalids, and also in tetrabothriideans. The ultrastructural organization of
the mature spermatozoon of M. crassiscolex corresponds to the type VI, which is
characterized by the presence of one axoneme, spiralled cortical microtubules, spiralled
nucleus, crested body and periaxonemal sheath. This pattern is present in the
Catenotaeniidae, Dilepididae, Dipylidiidae, Gryporhynchidae and in the Anoplocephalidae
genera Mathevotaenia and Stilesia (see Levron et al. in press). With respect to the family
Mesocestoididae, studies on M. litteratus and M. lineatus (see Miquel et al. 1999, 2007a)
have revealed plesiomorphic characters (as in the case of spermiogenesis) and the
ultrastructural organization of their spermatozoa corresponds to Type IV, which is also
present in lecanicephalideans and in the phyllobothriid tetraphyllideans.

The generally accepted sperm characters interpreted as synapomorphies for the Eucestoda are

the absence of mitochondria in the mature sperm (Justine 1991) and the presence of one or
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more helical crested bodies (B& and Marchand 1995). The validity of the latter is
questionable because their absence in the sperm cell of caryophyllideans, spathebothriideans
and trypanorhynchs (see Justine 2001 and Levron et al. in press). The synapomorphies for the
cyclophyllidean + tetrabothriidean include the presence of twisted peripheral microtubules
and the presence of periaxonemal sheath (Justine 2001). However, the validity of the latter
character as a synapomorphy may be impeded by the anoplocephalid cyclophyllideans whose
spermatozoa lack periaxonemal sheath (see Yoneva et al. 2006Db).

The present results on M. crassiscolex are in agreement with the previous ultrastructural
studies on spermatozoa of dilepidid cestodes (Swiderski et al. 2000, 2002; Yoneva et al.
2006b — see Table I). The mature spermatozoon of M. crassiscolex exhibits a single crested
body that marks the anterior extremity of the gamete (B& et al. 1991). Among
cyclophyllideans, the number of crested bodies varies from 1 to 12 (see B& and Marchand
1995; Justine 1998; Ba et al. 2000). A single helical crested body is present in the
cyclophyllidean families Dilepididae (Swiderski et al. 2000, 2002; Yoneva 2006b),
Dipylidiidae (Miquel and Marchand 1997, Ndiaye et al. 2003a, Miquel et al. 2005a),
Mesocestoididae (Miquel et al. 1999, 2007a), Metadilepididae (Yoneva et al. 2006a),
Nematotaeniidae (Mokhtar-Maamouri and Azzouz-Draoui 1990), Paruterinidae (Yoneva et
al. 2009, in press) and Taeniidae (Miquel et al. 2000, Ndiaye et al. 2003b, Willms et al.
2004), whereas Catenotaeniidae and Davaineidae are characterised by the presence of two
crested bodies (Miquel et al. 1997, in press; Ba and Marchand 1994a, c; Hidalgo et al. 2000;
Ba et al. 20053, b). The spermatozoa of the Hymenolepididae possess multiple (6-12) crested
bodies (Ba and Marchand 1992, 1993, 1996, 1998; Miquel et al. 2007b), while in the
Anoplocephalidae species the number of crested bodies varies from 1 to 7 (Ba and Marchand
1994b, Ba et al. 2000, Miquel et al. 2004, Eira et al. 2006). The particular morphology of the

crested body observed in M. crassiscolex is reported for the first time in a cestode. In fact,
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while the anterior and posterior areas of region | show a crested body adjacent to the sperm
cell, in the middle area the crested body is partially detached from the cell.

Although the transverse intracytoplasmic walls are usually present in the spermatozoon of
species that also exhibit a periaxonemal sheath (see Justine 1998), the mature spermatozoon
of M. crassiscolex lacks intracytoplasmic walls while presenting a periaxonemal sheath. In
fact, as describe Levron et al. (in press), transverse intracytoplasmic walls and periaxonemal
sheath consist of characters that they are not associated in all the studied species. Thus,
according to these authors, among the cyclophyllidean types of spermatozoon, the type VI
presents only periaxonemal sheath and the type VII exhibits both periaxonemal sheath and
transverse intracytoplasmic walls. The periaxonemal sheath characterizing the posterior part
of region Il of the spermatozoon of M. crassiscolex is present in all dilepidid, dipylidiid,
gryporhynchid, metadilepidid and paruterinid cestodes that have been studied to date (see
Table 1). Among these families, only the metadilepidid S. merops and the paruterinids T.
rectangula and A. globata (Yoneva et al. 2006a, 2009, in press) exhibit both intracytoplasmic
walls and periaxonemal sheath in agreement with the above mentioned statement by Justine
(1998).

The ultrastructure of the posterior region of the spermatozoon in M. crassiscolex shows only
the axoneme surrounded by the plasma membrane. The cortical microtubules stop their
course at the end of the nuclear region and thus the distal spermatozoon extremity is
characterized by the absence of peripheral microtubules and the posterior disappearance of
the central core unit followed by the gradual disintegration of doublets. This schema is in
agreement with those found in the previously studied dilepidids D. undula (Swiderski et al.
2000) and A. beema (Yoneva et al. 2006b), in the dipylidiid genus Joyeuxiella (Ndiaye et al.

2003a), in the gryporhynchid V. mutabilis (Yoneva et al. 2008), in the metadilepidid S.
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merops (Yoneva et al. 2006a) and in the paruterinids T. rectangula (Yoneva et al. 2009) and

A. globata (Yoneva et al. in press).

Concluding remarks

Type IV spermiogenesis is the characteristic pattern of dilepidids as revealed by the
comparative analysis of the available spermatological data. During spermiogenesis, a root-
like structure is absent in all the studied dilepidids. Concerning the ultrastructural
organization of the mature spermatozoon, dilepidids present a type VI spermatozoon, which
is characterized by the presence of (1) a single axoneme, (2) spiralled cortical microtubules
and nucleus, (3) a periaxonemal sheath and (4) a single crested body. Although these
characteristics clearly differentiate dilepidids from dipylidiids, metadilepidids and
paruterinids they do not differentiate dilepidids from gryporhynchids, which present similar

spermiogenesis and spermatozoa ultrastructural characters.
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Figure captions

Fig. 1 — Spermiogenesis of Molluscotaenia crassiscolex. — A. Zone of differentiation
showing two centrioles (C) and the nucleus (N). Bar = 0.5 um. — B. Longitudinal
section of a zone of differentiation showing the elongation of the axoneme (Ax) in
the cytoplasmic extension (CE) bordered by the cortical microtubules (CM) and
delimited by the arched membrane (AM). Bar = 0.5 um. — C. Longitudinal section of
spermatids showing the migrating nucleus (N) into the cytoplasmic extension. AM,
arched membranes. Bar = 0.5 um. — D. Cross-sections of spermatids before the
twisting of cortical microtubules (CM). G, granules. Bar = 0.3 um. — E. Longitudinal
section of a zone of differentiation showing the formation of the crested body (CB).
AM, arched membranes. Bar = 0.5 um. F. Final stage of the spermiogenesis showing
the detachment of the spermatid after the formation of the apical cone (AC). CB,

crested body. Bar = 0.5 um.

Fig. 2(A-D) - Schematic drawing showing the main stages of spermiogenesis of

Molluscotaenia crassiscolex. AC, apical cone; AM, arched membranes; C, centriole;
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CB, crested bodies; CE, cytoplasmic extension; CM, cortical microtubules; N,

nucleus; RC, residual cytoplasm.

Fig. 3 — Spermatozoon of Molluscotaenia crassiscolex. — A. Longitudinal section of Region |

showing the apical cone, the anterior spermatozoon extremity (ASE) and the crested
body (CB). Bar = 0.5 um. — B. Cross-section of Region | showing the electron-dense
apical cone (AC). Bar = 0.3 um. — C-D. Cross-sections of posterior areas of the
apical cone (AC) in Region | showing the presence of one crested body (CB) and the
beginning of centriole (C). Bars = 0.3 um. — E. Cross-section of Region | at the level
of the centriole. CB, crested body; CM, cortical microtubules. Bar = 0.3 um. — F.
Cross-section of anterior areas of Region | showing the axoneme. CB, crested body;
CM, cortical microtubules. Bar = 0.3 um. — G. Longitudinal section of Region I
showing the anterior axonemal extremity marked by the presence of the centriole
(C). CB, crested body; CM, cortical microtubules. Bar = 0.5 um. — H. Longitudinal
section of Region | showing the detached crested body (CB) in the median part of
this region. Bar = 0.5 um. — I. Longitudinal section showing the transition area
between Region | (RI) and Region Il (RII). CB, crested body. Bar = 0.5 um. — J.
Cross-section showing the detached crested body (CB) in the middle area of Region
I. CM, cortical microtubules. Bar = 0.3 um. — K. Cross-section of Region Il showing
the periaxonemal sheath (PS), the electron-dense granules (G) and the cortical

microtubules (CM). Bar = 0.3 um.

Fig. 4 — Spermatozoon of Molluscotaenia crassicolex. — A. Longitudinal section of Region 11

showing the periaxonemal sheath (PS) surrounding the axoneme (Ax), and electron-

dense granules (G). CM, cortical microtubules. Bar = 0.5 um. — B-C. Cross-sections
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of Region Il showing the periaxonemal sheath (PS) and the different aspect of
electron-dense granules (G). CM, cortical microtubules. Bars = 0.3 um. D.
Longitudinal section of the transition zone between Region Il (RIl) and Region Il
(R (nuclear region). G, electron-dense granules; N, nucleus; PS, periaxonemal
sheath. Bar = 0.5 um. — E. Longitudinal section of the nuclear region. N, nucleus.
Bar = 0.5 um. — F. Cross-section of the nuclear region showing the nucleus (N) in a
horse-shoe shape and the twisted cortical microtubules (CM). Bar = 0.3 um. — G.
Cross-section of the nuclear region near the end of the nucleus showing the posterior
extremity of cortical microtubules (CM). Bar = 0.3 um. — H. Cross-section of
Region IV at the level of the posterior end showing the axoneme surrounded by the
plasma membrane. Bar = 0.3 um. — I. Cross-section of Region IV showing the
disorganization of the axoneme forming doublets (D). Bar = 0.3 um. — J.
Longitudinal section of the transition zone of Regions Il (RI1I) and IV (RIV). Note
that the cortical microtubules (CM) stop at the end of Region |1l and that Region IV
presents a reduced length. The arrowhead indicates the disappearance of the central
core. Ax, axoneme; D, doublets; N, nucleus; PSE, posterior spermatozoon extremity.

Bar = 0.5 um.

Fig. 5 — Several cross-sections showing the non-glycogenic nature of electron-dense granules

(G) evidenced by the application of Thiéry staining. N, nucleus. Bar = 0.5 um.

Fig. 6(1-1V) — Schematic drawing showing the ultrastructural organization of the mature

spermatozoon of Molluscotaenia crassiscolex. AC, apical cone; ASE, anterior

spermatozoon extremity; Ax, axoneme; C, centriole; CB, crested body; CM, cortical
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microtubules; G, electron-dense granules; N, nucleus; PM, plasma membrane; PS,

periaxonemal sheath; PSE, posterior spermatozoon extremity.
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Family and species

DILEPIDIDAE
Angularella beema
Dilepis undula
Kowalewskiella glareola

Molluscotaenia crassiscolex

DIPYLIDIIDAE

Dipylidium caninum

Joyeuxiella echinorhynchoides

Joyeuxiella pasqualei

GRYPORHYNCHIDAE
Valipora mutabilis
METADILEPIDIDAE
Skrjabinoporus merops
PARUTERINIDAE
Anonchotaenia globata

Triaenorhina rectangula

Table I: Spermatological characters in the Dilepididae, Dipylidiidae, Gryporhynchidae, Metadilepididae and Paruterinidae cestodes.

Spermiogenesis

Type

v

FR

<90°

<90°
<90°

PF

RLS

VSR

SR

SR

VSR

VSR
VSR
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Spermatozoon
Type AC CB

Vi

VI

VI

VI

VI

VI

Vil

Vil
Vil

e

600 1

>2000 1

>2000 1
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CM
thickn.
30-40°
35-45°
twisted
160-330 45°
150 40°
150 400
75 400
55 450
30-40°
75 350
50 400

PS

+

+

+

+
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AC: apical cone (length), CB: crested body (number and thickness), CM: angle of cortical microtubules, FR: flagellar rotation, G: electron-dense granules, IB: intercentriolar body, IW:
intracytoplasmic walls, PF: proximodistal fusion, PS: periaxonemal sheath, RLS: root-like structures, SR: striated rootlets, VSR: vestigial striated rootlets, +/-: presence/absence of
character, ?: data required to be confirmed.

Spermiogenesis types are considered according B& and Marchand (1995).

Spermatozoa types are considered according Levron et al. (in press).
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