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Abstract: The present study establishes the ultrastructural organisation of the
mature spermatozoon of Echinococcus multilocularis, which is essential for future
research on the location of specific proteins involved in the sperm development in this
species and also in Echinococcus granulosus. Thus, the ultrastructural characteristics of
the sperm cell are described by means of transmission electron microscopy. The
spermatozoon of E. multilocularis is a filiform cell, which is tapered at both extremities
and lacks mitochondria. It exhibits all the characteristics of type VII spermatozoon of
tapeworms, namely a single axoneme, crested bodies, spiralled cortical microtubules
and nucleus, a periaxonemal sheath and intracytoplasmic walls. Other characteristics
observed in the male gamete are the presence of a >900 nm long apical cone in its
anterior extremity and only the axoneme in its posterior extremity. The ultrastructural
characters of the spermatozoon of E. multilocularis are compared with those of other
cestodes studied to date, with particular emphasis on representatives of the genus
Taenia. The most interesting finding concerns the presence of two helical crested bodies
in E. multilocularis while in the studied species of Taenia there is only one crested
body. Future ultrastructural studies of other species of the genus Echinococcus would be
of particular interest in order to confirm whether or not the presence of two crested

bodies is a characteristic of this genus.
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Introduction

Among taeniid cestodes, the genus Echinococcus includes species with great medical
and veterinary importance, causing important zoonotic infections, namely cystic and
alveolar echinococcosis. Within this genus, Echinococcus multilocularis is the zoonotic
agent of human alveolar echinococcosis or alveolar hydatid disease. It is present in the
northern hemisphere and its indirect life cycle includes wild canids (mainly foxes and
wolfs) and also dogs as definitive hosts, harbouring the adult tapeworm, whereas some
micromammals, particularly Arvicola terrestris and Microtus spp., act as intermediate
hosts, harbouring the larval stage. Humans may also be infected by the metacestode of
E. multilocularis and develop the alveolar hydatid disease.

The usefulness of ultrastructural characters of the spermatozoon for phylogenetic
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inference has been clearly demonstrated within Platyhelminthes, particularly in cestodes
(Justine 1991a, b, 1998, 2001; Ba and Marchand 1995; Miquel et al. 1999, 2007;
Levron et al. 2010). Presently, there is a consensus concerning the necessity of
integrating morphology, molecular and biological data for a better knowledge of
systematics and evolution of Platyhelminthes (Hoberg et al. 1997, 1999; Littlewood et
al. 1998; Olson et al. 2001; Waeschenbach et al. 2007, 2012). In the last years,
numerous ultrastructural studies have been published concerning spermiogenesis and or
the spermatozoon of cestodes (see Marigo 2011). Most of them refer to the order
Cyclophyllidea for which more than 60 species were analysed (Marigo 2011; Yoneva et
al. 2012; B& et al. 2014; Miquel et al. 2015). Concerning tapeworms of the family
Taeniidae there are ultrastructural and spermatological studies for ten species, namely
Echinococcus granulosus (Morseth 1969), E. multilocularis (Barrett and Smyth 1983;
Shi et al. 1994), Taenia crassiceps (Willms et al. 2004; Willms and Robert 2007), T.
hydatigena (Featherston 1971; Miquel et al. 2015), T. mustelae (Miquel et al. 2000), T.
parva (Ndiaye et al. 2003), T. pisiformis (Tian et al. 1998a, b), T. saginata (Tian et al.
1998a, b; Ba et al. 2011), T. solium (Tian et al. 1998a, b; Willms et al. 2003) and T.
taeniaeformis (Miquel et al. 2009a, b). However, studies on the spermatozoon
ultrastructure of the genus Echinococcus have been rather neglected; the available
results are limited to briefly illustrated papers or conference proceedings presenting
incomplete ultrastructural data on the organisation of their sperm cells.

The aim of the present work concerns the ultrastructural study of E.
multilocularis in order to draw a complete description of the spermatozoon for
comparison with other cyclophyllideans, particularly taeniids. The present work
constitutes the first complete study of the ultrastructural organization of the male
gamete in a species of the genus Echinococcus. In the framework of the Paravac project,
the present study on sperm ultrastructure is essential for future works with both E.
granulosus and E. multilocularis concerning the immunohistochemical investigation of

the expression sites of some antigenic proteins during sperm development.

Materials and methods

Live specimens of Echinococcus multilocularis were isolated from the intestine of a

naturally infected red fox (Vulpes vulpes L.) from La Roche sur Foron (France) captured
in June 2014.
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Adult recovered tapeworms were immediately rinsed with a 0.9 % NaCl solution.
Later, they were fixed in cold (4 °C) 2.5 % glutaraldehyde in a 0.1 M sodium cacodylate
buffer at pH 7.4 for a minimum of 2 h, rinsed in 0.1 M sodium cacodylate buffer at pH
7.4, post-fixed in cold (4 °C) 1 % osmium tetroxide with 0.9 % potassium ferricyanide
in the same buffer for 1 h, rinsed in MilliQ water (Millipore Gradient A10), dehydrated
in an ethanol series and propylene oxide, embedded in Spurr’s resin and polymerised at
60 °C for 72 h. Ultrathin sections (60-90 nm thick) of mature segments at the level of
the vas deferens were obtained in a Reichert-Jung Ultracut E ultramicrotome. Sections
were placed on 200-um mesh copper grids and double-stained with uranyl acetate and
lead citrate according to the Reynolds (1963) methodology. The grids were examined in
a JEOL 1010 transmission electron microscope operated at 80 kV, in the “Centres
Cientifics 1 Tecnologics” of the University of Barcelona (CCiTUB).

Results

The observation of numerous ultrathin sections has enabled us to establish the main
ultrastructural characteristics of the mature spermatozoon of Echinococcus
multilocularis (Figs. 1, 2 and 3). The spermatozoon is a filiform cell, tapered at both
extremities and lacking mitochondria. Four consecutive regions (I-1V) with differential
ultrastructural features can be distinguished.

Region | (Figs. 1A-F and 3l) constitutes the anterior extremity of the
spermatozoon. This region is mainly characterised by the presence of an apical cone and
two crested bodies. From the anterior tip of the spermatozoon to the centriole, there is
an electron-dense apical cone (Fig. 1A—C) more than 900 nm long and about 200 nm
wide. The crested bodies are formed by two helical cords very close to one another that
externally surround the sperm cell throughout region | (Fig. 1A-F). The maximum
thickness of crested bodies is about 75 nm at the level of the centriole (Fig. 1B-D). The
thickness of the crested bodies decreases progressively toward the end of region I (Fig.
1F). The axoneme, of the 9+°1° trepaxonematan pattern (Fig. 1E), is centrally located
and surrounded by a thin layer of electron lucent cytoplasm and by an electron-dense
submembranous layer of cortical microtubules spirally arranged at an angle of about 45°
in relation to the hypothetical longitudinal axis of the spermatozoon (Fig. 1B,C).

Region Il (Figs. 1F-H, 2A and 3lIl) is devoid of crested body being characterised

by the progressive appearance of both periaxonemal sheath and intracytoplasmic walls
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(Fig. 1G—H). In fact, both periaxonemal sheath and intracytoplasmic wall are absent in
the anterior part of region Il (Fig. 1G). The periaxonemal sheath is a striated layer that
surrounds the axoneme and the intracytoplasmic walls consist in transverse structures
that connect the periaxonemal sheath with the peripheral layer of spiralled cortical
microtubules.

Region 11l (Figs. 2B—F and 3111) corresponds to the nuclear area of the mature
spermatozoon. The nucleus forms a loose spiral around the axoneme, presenting a
horseshoe shape in the anterior part of region Il (Fig. 2B,D,E) and an annular shape in
the posterior part (Fig. 2C,F). The nucleus is localised between the rods of the
periaxonemal sheath and the axoneme (Fig. 2B). In the posterior part of this region, the
nucleus encircles totally the axoneme and periaxonemal sheath, while the
intracytoplasmic wall disappears (Fig. 2F).

Region IV (Figs. 2G-J and 3IV) constitutes the posterior spermatozoon
extremity. It is characterised by the sole presence of the axoneme surrounded by the
plasma membrane (Fig. 2H). Near the posterior spermatozoon extremity, the axoneme
becomes disorganised (Fig. 21,J) and the posterior tip of the male gamete consists of

electron-dense material surrounded by the plasma membrane (Fig. 2G).

Discussion

The spermatozoon of Echinococcus multilocularis is a filiform cell, which lacks
mitochondrion as in all the studied cestoidean (polyzoic) cestodes (Justine 1998, 2001).
Contrarily, spermatozoa of monozoic cestodes (Gyrocotylidea and Amphilinidea), as in
all other non-cestode platyhelminths, exhibit mitochondrion (Xylander 1989). Thus, the
absence of mitochondrion in the sperm cells was postulated as a synapomorphy for the
Eucestoda (Justine, 1998, 2001).

According to Levron et al. (2010), four different patterns of spermatozoa were
described in cyclophyllideans (IV to VII). Type IV spermatozoa can be differentiated
from the remaining three due to the presence of parallel cortical microtubules. The latter
are present in phyllobothriids and lecanicephalideans and also in mesocestoidids,
representing a particular case within cyclophyllideans (Miquel et al. 1999, 2007). The
three remaining spermatozoon types (V to VII) exhibit spiralled cortical microtubules
and are observed in different families of cyclophyllideans. Type V spermatozoa are

present in some anoplocephalids, in hymenolepidids and in nematotaeniids.
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Spermatozoa of type VI are observed in other anoplocephalids, in catenotaeniids, in
dilepidids, in dipylidiids and in gryporhynchids. Finally, type VII spermatozoa are
present in some anoplocephalids, in davaineids, in metadilepidids, in paruterinids and in
taeniids, and also in tetrabothriideans (see Levron et al. 2010). The ultrastructural
organization of the sperm cell of Echinococcus multilocularis follows the type VII
pattern. It corresponds to a uniflagellate spermatozoon that presents crested bodies,
periaxonemal sheath and intracytoplasmic walls, spiralled cortical microtubules and
nucleus spiralled around the axoneme.

The existing ultrastructural studies of spermatozoa in the family Taeniidae
concern eight species of the genus Taenia and two of the genus Echinococcus (see
Table 1). For Echinococcus, the present study is the first comprehensive work
describing the complete ultrastructural organization of the sperm cell. With respect to
Taenia species, it is interesting to remark that the published results on T. pisiformis are
jointly presented with those of T. saginata and T. solium by Tian et al. (1998a) and the
authors do not identify the species corresponding to each TEM micrograph. For the two
human Taenia species, there are additional papers showing some aspects concerning the
ultrastructural organisation of their sperm cells (Willms et al. 2003; Ba et al. 2011).
Unfortunately, there are no other papers on T. pisiformis and consequently this species
is not included in Table 1.

Within taeniids it is crucial to perform an exhaustive comparison of sperm cell
ultrastructure in species of Echinococcus with those of Taenia. To date, the
ultrastructural knowledge concerning the male gamete of species of the genus
Echinococcus is confined to a few papers or proceedings containing a reduced amount
of information. For E. granulosus, Morseth (1969) refers the particular 9+°1° pattern of
the axoneme, the absence of mitochondrion, and the spiralled disposition of both
cortical microtubules and nucleus. Also, the published TEM micrographs show the
horseshoe shape of the nucleus in cross-sections. For E. multilocularis, Barrett and
Smyth (1983) describe the early abortion of one basal body and associated axoneme
during spermiogenesis and, consequently, the presence of a single axoneme in the
sperm cell. Also, Shi et al. (1994) show the presence of periaxonemal sheath in the
spermatozoon of E. multilocularis. With respect to the genus Taenia, even though
information on the spermatozoa ultrastructure is available for eight Taenia species (see
Table 1), complete descriptions are available for only five of them, namely T.

hydatigena, T. mustelae, T. parva, T. saginata and T. taeniaeformis (Miquel et al. 2000,



©CO~NOOOTA~AWNPE

2009a, 2015; Ndiaye et al. 2003; Ba et al. 2011). Considering the need to fully
understand the sperm cell ultrastructural organization within taeniids, the present paper
provides a full description of the ultrastructural organisation of the sperm cell of an
Echinococcus species. The most relevant results concern the crested bodies. These
structures are helical cords that externally surround the spermatozoon of most cestodes
and, if present, they always characterise the anterior spermatozoon region. All of the
taeniids studied to date exhibit a single crested body, whereas two crested bodies were
observed in the mature spermatozoon of E. multilocularis. Previous ultrastructural
studies on both E. granulosus and E. multilocularis sperm cells do not remark any
information concerning crested bodies (Morseth 1969; Barrett and Smyth 1983; Shi et
al. 1994). As for the remaining ultrastructural characters found in the sperm cell of E.
multilocularis, they are present in the remaining studied taeniids (see Table 1),
emphasising the potential importance of finding two crested bodies in E. multilocularis
sperm cells in the present work. A complete ultrastructural study of other congener
species would be of particular interest in order to confirm whether or not the presence of

two crested bodies is a characteristic of the genus Echinococcus.

Acknowledgments: This study was financially supported by the European Commission
Contract KBBE 2010 1.3-01 265862 (PARAVAC). The authors are grateful to
Almudena Garcia from the “Centres Cientifics i Tecnologics” of the University of
Barcelona (CCiTUB) for her assistance in the preparation of samples. We are also
grateful to Francois Contat from the “Clinique Vétérinaire des Afforéts” and the
“Lieutenant de Louveterie” (La Roche sur Foron, France) for their help during

fieldwork. JM is a member of the AGAUR group (2014 SGR 1241).

References

Ba A, Ba CT, Quilichini Y, Dieng T, Marchand B (2011) Ultrastructure of the
spermatozoon of Taeniarhynchus saginatus (syn. Taenia saginata) (Goeze, 1782)
Weinland, 1858 (Cestoda, Taeniidae) an intestinal parasite of human. Parasitol
Res 108:831-836. d0i:10.1007/s00436-010-2125-2

Ba CT, Marchand B (1995) Spermiogenesis, spermatozoa and phyletic affinities in the
Cestoda. Mém Mus Natn Hist Nat Paris 166:87-95

Ba A, Ndiaye Pl, Ba CT, Miquel J (2014) Ultrastructure of the spermatozoon of



©CO~NOOOTA~AWNPE

Anomotaenia quelea (Mettrick, 1961) (Cestoda, Cyclophyllidea, Dilepididae), an
intestinal parasite of Quelea quelea (Aves, Ploceidae) in Senegal. Zool Anz
253:119-125. doi:10.1016/j.jcz.2013.08.006

Barrett NJ, Smyth JD (1983) Observations on the structure and ultrastructure of sperm
development in Echinococcus multilocularis, both in vitro and in vivo.
Parasitology 87:i.

Featherston DW (1971) Taenia hydatigena. Ill. Light and electron microscope study of
spermatogenesis. Z Parasitenkd 37:148-168. doi:10.1007/BF00259555

Hoberg EP, Gardner SL, Campbell RA (1999) Systematics of the Eucestoda: advances
toward a new phylogenetic paradigm, and observations on the early
diversification of tapeworms and vertebrates. Syst Parasitol 42:1-12.
d0i:10.1023/A:1006099009495

Hoberg EP, Mariaux J, Justine J-L, Brooks DR, Weekes PJ (1997) Phylogeny of the
orders of the Eucestoda (Cercomeromorphae) based on comparative morphology:
historical perspectives and a new working hypothesis. J Parasitol 83:1128-1147

Justine J-L (1991a) Phylogeny of parasitic Platyhelminthes: a critical study of
synapomorphies proposed on the basis of the ultrastructure of spermiogenesis and
spermatozoa. Can J Zool 69:1421-1440. doi:10.1139/z91-203

Justine J-L (1991b) Cladistic study in the Monogenea (Platyhelminthes), based upon a
parsimony analysis of spermiogenetic and spermatozoal ultrastructural characters.
Int J Parasitol 21:821-838. doi:10.1016/0020-7519(91)90151-V

Justine J-L (1998) Spermatozoa as phylogenetic characters for the Eucestoda. J Parasitol
84:385-408. doi:10.2307/3284502

Justine J-L (2001) Spermatozoa as phylogenetic characters for the Platyhelminthes. In:
Littlewood DTJ, Bray RA (eds) Interrelationships of the Platyhelminthes. Taylor
and Francis, London, pp 231-238

Levron C, Miquel J, Oros M, Scholz T (2010) Spermatozoa of tapeworms
(Platyhelminthes, Eucestoda): advances in ultrastructural and phylogenetic studies.
Biol Rev 85:523-543. d0i:10.1111/j.1469-185X.2009.00114.x

Littlewood DTJ, Bray RA, Clough KA (1998) A phylogeny of the Platyhelminthes:
towards a total-evidence solution. Hydrobiologia 383:155-160

Marigo AM (2011) Etude ultrastructurale de la spermiogenése et du spermatozoide chez
les cestodes. Apports en Taxonomie et Phylogénie. PhD Thesis, University of
Barcelona. http://www.tdx.cat/handle/10803/109219



©CO~NOOOTA~AWNPE

Miquel J, Eira C, Swiderski Z, Conn DB (2007) Mesocestoides lineatus (Goeze, 1782)
(Mesocestoididae): new data on sperm ultrastructure. J Parasitol 93:545-552.
d0i:10.1645/GE-1008R.1

Miquel J, Feliu C, Marchand B (1999) Ultrastructure of spermiogenesis and the
spermatozoon of Mesocestoides litteratus (Cestoda, Mesocestoididae). Int J
Parasitol 29:499-510. doi:10.1016/S0020-7519(98)00202-1

Miquel J, Foronda P, Torres J, Swiderski Z, Feliu C (2009a) Ultrastructural study of the
spermatozoon of Taenia taeniaeformis (Batsch, 1786) (Cestoda, Cyclophyllidea,
Taeniidae), an intestinal parasite of Felis catus from La Palma (Canary Islands,
Spain). Parasitol Res 104:1477-1483. doi:10.1007/s00436-009-1351-y

Miquel J, Hidalgo C, Feliu C, Marchand B (2000) Sperm ultrastructure of Taenia
mustelae (Cestoda, Taeniidae), an intestinal parasite of the weasel, Mustela nivalis
(Carnivora). Invert Reprod Dev 38:43-51. doi:10.1080/07924259.2000.9652435

Miquel J, Khallaayoune K, Azzouz-Maache S, Pétavy A-F (2015) Spermatological
characteristics of the genus Taenia inferred from the ultrastructural study on
Taenia hydatigena. Parasitol Res 114:201-208. doi:10.1007/s00436-014-4179-z

Miquel J, Swiderski Z, Foronda P, Torres J, Feliu C (2009b) Ultrastructure of
spermatogenesis of Taenia taeniaeformis (Batsch, 1786) (Cestoda, Cyclophyllidea,
Taeniidae) and comparison of spermatological characters in the family Taeniidae
Ludwig, 1886. Acta Parasitol 54:230-243. doi:10.2478/s11686-009-0040-4

Morseth DJ (1969) Spermtail finestructure of Echinococcus granulosus and
Dicrocoelium dendriticum. Exp Parasitol 24:47-53. doi:10.1016/0014-
4894(69)90220-3

Ndiaye PI, Miquel J, Marchand B (2003) Ultrastructure of spermiogenesis and
spermatozoa of Taenia parva Baer, 1926 (Cestoda, Cyclophyllidea, Taeniidae), a
parasite of the common genet (Genetta genetta). Parasitol Res 89:34-43.
d0i:10.1007/s00436-002-0702-8

Olson PD, Littlewood DTJ, Bray RA, Mariaux J (2001) Interrelationships and evolution
of the tapeworms (Platyhelminthes: Cestoda). Mol Phylogenet Evol 19:443-467.
doi:10.1006/mpev.2001.0930

Reynolds ES (1963) The use of lead citrate at high pH as an electronopaque stain in
electron microscopy. J Cell Biol 17:208-212

Shi DZ, Liu DS, Wang SK, Craig PS (1994) The ultrastructure of Echinococcus
multilocularis. Chin J Paras Dis Contr 7:40-41



©CO~NOOOTA~AWNPE

Tian X, Yuan L, HuoX, Han X, LiY, Xu M, Lu M, Dai J, Dong L (1998a)
Ultrastructural observations on the transformation of the spermatozoon in
spermatogenesis of taeniid cestodes. Chin J Parasitol Paras Dis 16:269-273

Tian X, Yuan L, Li Y, Huo X, Han X, Xu M, Lu M, Dai J, Dong L (1998b)
Ultrastructural observation on spermatocytogenesis in taeniid cestode. Chin J
Parasitol Paras Dis 16:209-212

Waeschenbach A, Webster BL, Bray RA, Littlewood DTJ (2007) Added resolution
among ordinal level relationships of tapeworms (Platyhelminthes: Cestoda) with
complete small and large subunit nuclear ribosomal RNA genes. Mol Phylogenet
Evol 45:311-325. d0i:10.1016/j.ympev.2007.03.019

Waeschenbach A, Webster BL, Littlewood DTJ (2012) Adding resolution to ordinal
level relationships of tapeworms (Platyhelminthes: Cestoda) with large fragments
of mtDNA. Mol Phylogenet Evol 63:834-847. doi:10.1016/j.ympev.2012.02.020

Willms K, Robert L (2007) Ultrastructure of a spermatid transport system in the mature
proglottids of experimental Taenia crassiceps (WFU strain). Parasitol Res
101:967-973. doi:10.1007/s00436-007-0570-3

Willms K, Caro JA, Robert L (2003) Ultrastructure of spermatogonia and spermatocyte
lobules in Taenia solium strobilae (Cestoda, Cyclophyllidea, Taeniidae) from
golden hamsters. Parasitol Res 90:479-488. doi:10.1007/s00436-003-0897-3

Willms K, Robert L, Jiménez JA, Everhart M, Kuhn RE (2004) Ultrastructure of
spermiogenesis and the spermatozoon in Taenia crassiceps strobilae WFU strain
(Cestoda, Cyclophyllidea, Taeniidae) from golden hamsters. Parasitol Res
93:262-267. doi:10.1007/s00436-004-1125-5

Yoneva A, Levron C, Nikolov PN, Mizinska Y, Mariaux J, Georgiev BB (2012)
Spermiogenesis and spermatozoon ultrastructure of the paruterinid cestode
Notopentorchis  sp.  (Cyclophyllidea).  Parasitol Res  111:135-142.
d0i:10.1007/s00436-011-2809-2



©CO~NOOOTA~AWNPE

Legends to figures

Fig. 1 Spermatozoon of Echinococcus multilocularis. A Longitudinal section of region 1.
B and C Two details of the anterior spermatozoon extremity showing the apical cone. D
and E Cross-sections of region | at the level of centriole and axoneme, respectively. F
Transitional area between regions | and Il. G and H Cross-sections of region I, anterior
and posterior part, respectively. AC apical cone, ASE anterior spermatozoon extremity,
Ax axoneme, C centriole, CB crested body, CM cortical microtubules, W

intracytoplasmic walls, PS periaxonemal sheath.

Fig. 2 Spermatozoon of Echinococcus multilocularis. A Longitudinal section of region
II. B and C Longitudinal sections of region Ill, anterior part and posterior part,
respectively. D-F Cross-sections of region 111 showing the nuclear morphology evolving
from horseshoe (anterior part of region, level * in B) to annular-shape (posterior part of
region, level ** in C). G Longitudinal section of region IV showing the posterior
spermatozoon extremity. H-J Cross-sections of region IV showing the progressive
disorganization of the axoneme. Ax axoneme, C centriole, CB crested body, CM cortical
microtubules, D doublets, IW intracytoplasmic walls, N nucleus, PS periaxonemal
sheath, PSE posterior spermatozoon extremity, S singlets.

Fig. 3 Schematic reconstruction of the spermatozoon of Echinococcus multilocularis.
AC apical cone, ASE anterior spermatozoon extremity, Ax axoneme, C centriole, CB
crested body, CM cortical microtubules, D doublets, IW intracytoplasmic walls, N
nucleus, PM plasma membrane, PS periaxonemal sheath, PSE posterior spermatozoon

extremity.



Table

Table 1. Spermatological characteristics of the species of the family Taeniidae.

Click here to download Table Echinococcus multilocularis Sperm_Table.doc

Genus and species  Sperm AC CM PS IW PSE References
type* Lenght Width Number Thickness Pattern Shape
Echinococcus
E. granulosus ? ? ? ? ? 40%  Spi HS ? ? Ax  Morseth (1969)
E. multilocularis ~ VII >900 200 2 75 45°  Spi HS-A + +  Ax  Present study
Taenia
T. crassiceps VIl ? ? 1 ? 45%  Spi  HS-A + + Ax  Willmsetal. (2004)
T. hydatigena VIl 2000 225 1 80 50 Spi  HS-A + +  Ax  Miquel et al. (2015)
T. mustelae VIl 1900 250 1 75 45° Spi HS-A + +  Ax  Miquel et al. (2000)
T. parva VIl >1900 225 1 60 45°  Spi HS-A + +  Ax  Ndiaye et al. (2003)
T. saginata VIl 1200 230 1 50 40° Spi HS-A + + N-Ax Béetal. (2011)
T. solium® ? ? ? ? ? Spi Spi HS + ? ?  Willms et al. (2003)
T. taeniaeformis VIl >1350 250 1 140 40°  Spi HS-A + +  Ax  Miquel et al. (2009)

AC apical cone, Ax axoneme, CB crested body, CM angle of cortical microtubules, G granules, HS horseshoe, HS-A horseshoe to annular, IW
intracytoplasmic walls, N nucleus, PS periaxonemal sheath, PSE posterior spermatozoon extremity, +/— presence/absence of considered

character, ? unknown data.

All dimensions are given in nanometers.

& Type of spermatozoon according to Levron et al. (2010).

b Estimated value from TEM micrographs.
¢ Data obtained from spermatids.
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