3.5. ULTRASTRUCTURE DE LA SPERMIOGENESE ET DU SPERMATOZOIDE DE
TAENIA PARVA BAER, 1926 (CESTODA, CYCLOPHYLLIDEA, TAENIIDAE),
PARASITE DE LA GENETTE (GENETTA GENETTA)

Résumé :

Nous avons étudié I'ultrastructure de la spermiogenése et du spermatozoide de Taenia parva,
un cestode intestinal de la genette commune, Genetta genetta. Chez T. parva, la
spermiogenese est caractérisée par le développement de I’axoneéme hors de 1’expansion
cytoplasmique. Aprés une petite rotation, le flagelle libre fusionne avec |’expansion
cytoplasmique médiane. Ce modele de spermiogenese correspond au type III défini par Ba &
Marchand (1995). La zone de différentiation ne présente ni racine striée ni corps
intercentriolaire. Cependant une rotation flagellaire de preés de 45° est observée chez cette
espece. D’autre part, le spermatozoide mature de 7. parva, comme chez les autres cestodes,
est filiforme, éffilé a ses deux extrémités et dépourvu de mitochondrie. La présence d’un seul
corps en créte, d’une gaine periaxonémale et de cloisons intracytoplasmiques transversales,
sont aussi des particularités ultrastructurales du spermatozoide de cette espéce. Nous avons
comparé le type de spermiogenése et 1’organisation ultrastructurale du spermatozoide de 7.
parva avec les données bibliographiques existantes chez les Cyclophyllidea et, en particulier,

chez les espéces de la famille des Taeniidae.
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Abstract We studied the ultrastructure of spermiogen-
esis and of the mature spermatozoon of Taenia parva, an
intestinal cestode of the common genet, Genetta genetta.
Spermiogenesis in 7. parva is characterized by the
growth of the axoneme externally to a cytoplasmic ex-
tension. After a slight rotation, the free flagellum fuses
with the cytoplasmic extension. This pattern corre-
sponds to type III spermiogenesis according to the
scheme proposed by Ba and Marchand. The zone of
differentiation lacks both striated roots associated with
the centrioles and the intercentriolar body between
them. Nevertheless, the flagellar rotation of about 45° is
observed in this species. On the other hand, the mature
spermatozoon of T. parva, as in other cestodes, is fili-
form, tapered at both extremities and lacks mitochon-
dria. The presence of a single crest-like body,
periaxonemal sheath, and transverse intracytoplasmic
walls are also characteristic ultrastructural features. The
pattern of spermiogenesis and the ultrastructural orga-
nization of the spermatozoon of 7. parva are compared
with the available data on cyclophyllideans and, in
particular, species of the family Taeniidae.

Introduction

Over the past several years, many papers have provided
evidence that the ultrastructural characteristics of the
spermatozoon and the process of spermiogenesis are
useful tools in the interpretation of the relationships
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between platyhelminths (B4 and Marchand 1995;
Hoberg et al. 1997; Justine 1998, 2001). For cestodes,
most ultrastructural studies on spermatology have been
carried out on the Cyclophyllidea (Justine 1998, 2001;
Miquel et al. 1999, 2000; Ba et al. 2000; Hidalgo et al.
2000; Swiderski et al. 2000; Brunanska et al. 2001; Conn
2001; Swiderski 2001). For the Taeniidae, and particu-
larly for the genus Taenia, there are studies on the
ultrastructure of sperm for only two species: Taenia
hydatigena (Featherston 1971) and Taenia mustelae
(Miquel et al. 2000). Other ultrastructural contributions
in this genus involve Taenia solium, Taenia saginata and
Taenia pisiformis (Tian et al. 1998).

This paper discusses the ultrastructural organization
of spermiogenesis and of the spermatozoa of Taenia
parva Baer, 1926 (Cyclophyllidea, Taeniidae), a cestode
that usually infects genets both in Africa and in south-
western Europe.

Materials and methods

Adult specimens of T. parva were collected live from the small in-
testine of a naturally infected genet, Genetta genetta (Carnivora,
Viverridae), that had been killed on the road in Santa Eulalia de
Rongana (Barcelona, Spain). After dissection, the adult cestodes
were kept in a 0.9% NacCl solution. Different portions of mature
proglottids were dissected and fixed in cold (4°C) 2.5% glutaralde-
hydeina 0.1 M sodium cacodylate bufferat pH 7.2 for 1 h, rinsed in
a 0.1 M sodium cacodylate buffer at pH 7.2, postfixed in cold (4°C)
osmium tetroxide in the same buffer for 1 h, rinsedina 0.1 M sodium
cacodylate buffer at pH 7.2, dehydrated in ethanol and propylene
oxide, embedded in Spurr, and polymerized at 60°C for 48 h. Ul-
trathin sections were cut on a Reichert-Jung Ultracut E ultramicro-
tome, placed in copper grids, and stained with uranyl acetate and lead
citrate, according to the methodology of Reynolds (1963). The grids
were examined with a Hitachi H-600 electron microscope at 75 kV.

Results

Figures 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24 and 25 show the results of
our ultrastructural examinations.
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Fig. 1-8 Spermiogenesis of
Taenia parva

Fig. 1 Zone of differentiation
showing the growth of the
axoneme (A4x) externally to the
cytoplasmic extension (Ce). B,
cytoplasmic bud; C, centriole;
N, nucleus. Bar=1 pm

Fig. 2 Zone of differentiation
after flagellar rotation. Ce,
cytoplasmic extension.

Bar=1 pm

Fig. 3 Several cross-sections
showing the axoneme and the
cytoplasmic extension (Ce) after
flagellar rotation but before
proximodistal fusion. Note the
parallel disposition of cortical
microtubules in the cytoplasmic
extension. Bar=0.5 pm

Fig. 4 Longitudinal sections of
spermatids showing the pres-
ence of dense material (Dm).
Bar=1 pm

Fig. 5 Cross-sections of sper-
matids showing the presence of
dense material (Dm). Cm Cor-
tical microtubules.

Bar=0.5 pm

Fig. 6 Cross-sections in the
area immediately posterior to
the proximodistal fusion be-
tween the axoneme and the
cytoplasmic extension.
Bar=0.5 pm

Fig. 7 Longitudinal section
showing the migration of the
nucleus (N) after the proximo-
distal fusion. Note the appear-
ance of crest-like body (Ch). Am
Arched membranes. Bar=1 pm

Fig. 8 Longitudinal section at
the level of the final stages of
spermiogenesis, prior to the
constriction of the ring of
arched membranes. Cb Crest-
like body. Bar=1 pm

The spermiogenesis in 7. parva (Figs. 1,2,3,4,5,6,
7, 8, 24a—f) begins with the formation of a differentiation
zone. This area is delimited at the proximal extremity by
a ring of arched membranes and is bordered by cortical
microtubules. The zone of differentiation contains two
centrioles: one gives rise to a flagellum that grows ex-
ternally to a median cytoplasmic extension with an angle
of about 45°, and the other remains oriented in a cyto-
plasmic bud, and aborts posteriorly (Figs. 1, 24a, b). At
this stage of spermiogenesis, the nucleus has already
penetrated the ring of arched membranes (Fig. 24b). The
flagellum moves parallel to the cytoplasmic extension
and fuses with it (Figs. 2, 3). After this proximodistal
fusion of the free flagellum with the cytoplasmic exten-
sion, the cortical microtubules become spiralled (Figs. 5,
6), then the nucleus migrates along the cytoplasmic ex-
tension (Fig. 7). At this stage, the cytoplasm becomes

more dense (Fig. 6) and a crest-like body (Fig. 7) can be
observed. Density is increased posteriorly in the pe-
riphery of the spermatid and is probably the origin of
the transverse intracytoplasmic walls which are present
in the mature spermatozoon (Figs. 4, 5). At the end of
spermiogenesis the ring of arched membranes narrows
(Fig. 8) until the spermatid detaches itself from the re-
sidual cytoplasm.

The mature spermatozoon of 7. parva (Figs. 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25a-d) is
filiform, tapered at both ends and lacks mitochondria.
From the anterior to posterior extremities, we have
distinguished four regions (I-1V) with differential ultra-
structural features.

Region I (Figs. 9, 10, 11, 12, 13, 25a) is about 350 nm
wide and constitutes the anterior extremity of the mature
spermatozoon. Characteristically, this area contains an
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Figs. 9-17 Mature spermato-
zoon of Taenia parva

Fig. 9 Longitudinal section of
the anterior extremity of the
spermatozoon. Ac¢ Apical cone;
Cb crest-like body. Bar=1 pm

Fig. 10 Longitudinal section at
the transition level of region 7
into region /1. Cb Crest-like
body; Iw intracytoplasmic
walls. Bar=1 pm

Fig. 11 Cross-section of region
I at the apical cone level. Ch
Crest-like body. Bar=0.5 pm

Fig. 12 Another cross-section
of region I. Cb Crest-like body.
Bar=0.5 pm

Fig. 13 Cross-sections of re-
gion [ at the level of centriole
and region /1. Ch Crest-like
body; Cm cortical microtubules;
Iw intracytoplasmic walls; Ps
periaxonemal sheath.-
Bar=0.5 pm

Fig. 14 Tangential section of
region II. Cm Cortical mi-
crotubules; Iw intracytoplasmic
walls; Ps periaxonemal sheath.
Bar=0.5 pm

Fig. 15 Cross-sections of re-
gions /I, ITT and IV. N Nucleus.
Bar=0.5 pm

Fig. 16 Longitudinal section of
region III showing areas in
which the nucleus (V) sur-
rounds the axoneme more than
once. Bar=1 pm

Fig. 17 Cross-sections of
region III showing the horse-
shoe shape and the annular
shape of the nucleus (N).
Bar=0.5 pm

apical cone (Figs. 9, 11) comprising electron dense ma-
terial more than 1,900 nm long and 225 nm wide and a
single helical crest-like body with a maximum thickness
of 60 nm (Figs. 9, 10, 11, 12, 13). The axoneme, of the
9+’1" pattern of Trepaxonemata, is situated in a central
position. It is surrounded by a thin layer of electron
lucent cytoplasm and an electron dense submembranous
layer of cortical microtubules spiralled at an angle of
about 45° to the hypothetical spermatozoon axis. In the
posterior areas of region I, a periaxonemal sheath and a
thin layer of transverse cytoplasmic walls appear be-
tween the axoneme and the cortical microtubules layer
(Fig. 10).

Region II (Figs. 10, 13, 14, 15, 18, 21, 25b) is about
375 nm wide and is characterized by the absence of the
crest-like body and by the gradual increase of the
transverse intracytoplasmic wall layer with respect to
region I (Figs. 10, 13, 14, 15, 21). The axoneme is ad-
ditionally surrounded by the periaxonemal sheath
(Figs. 13, 14, 15, 21). Externally to the transverse walls,
the submembranous layer of spiralled cortical microtu-
bules can be observed.

Region IIT (Figs. 16, 17, 18, 21, 25¢) is about 485 nm
wide and corresponds to the nuclear area of the mature
spermatozoon. This nucleus is spiralled, surrounds the
axoneme and the cross-section has a horse-shoe



Figs. 18-23 Mature spermato-
zoon of Taenia parva

Fig. 18 Longitudinal sections of
mature spermatozoa showing
the transition from region /7
into region /I and region 111
into region /V. Bar=1 pm

Fig. 19 Longitudinal section of
the posterior extremity of the
spermatozoon (Pse).

Bar=0.5 pm

Fig. 20 Longitudinal section of
region IV before the disappear-
ance of the periaxonemal
sheath, intracytoplasmic walls
and cortical microtubules.
Bar=0.5 pm

Fig. 21 Cross-sections of re-
gions 1, I1, Il and IV. Cb Crest-
like body; Cm cortical microtu-
bules; /w intracytoplasmic
walls; Ps periaxonemal sheath.
Bar=0.5 pm

Fig. 22 Cross-section of region
IV showing the axonemal dis-
organization. D Doublet.
Bar=0.5 pm

Fig. 23 Cross-sections of sper-
matozoon near to the posterior
extremity. S Singlet.

Bar=0.5 pm

(Figs. 15, 17) or annular shape (Fig. 17). This is inter-
posed between the rods of the periaxonemal sheath and
the transverse intracytoplasmic walls (Fig. 15). Some-
times it envelopes the axoneme more than once
(Fig. 16). As the nucleus increases its development, we
also noted the progressive disappearance of a periax-
onemal sheath, transverse intracytoplasmic walls and
cortical microtubules (Fig. 18).

Region 1V (Figs. 15, 18, 19, 20, 21, 22, 23, 25d) is
about 280 nm wide. It is characterized by the absence of
a nucleus. We noted that first the intracytoplasmic walls

and periaxonemal sheath disappear (Fig. 18, 20, 21)

followed by the posterior cortical microtubules
(Figs. 15, 21). The cross-sections show the axoneme
surrounded only by the layer of cortical microtubules
(Fig. 21). Finally, the cortical microtubules disappear
and the axoneme is surrounded by the plasma mem-
brane (Figs. 15, 19, 21). Near to the posterior extremity
the axoneme becomes disorganized (Fig. 22). Doublets
transform into singlets before the disappearance of the
central core. A few singlets reach the posterior extremity
of the spermatozoon (Fig. 23).
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Fig. 24 Diagram showing the
main stages of spermiogenesis.
Am Arched membranes; Ax
axoneme; B cytoplasmic bud;
C centriole; Cb crest-like body;
Ce cytoplasmic extension; Cm
cortical microtubules; Dm dense
material; Fr flagellar rotation;
N nucleus; Rc residual
cytoplasm

Discussion

There are no complete data on spermiogenesis for rep-
resentatives of the Taeniidae family. The study by
Featherston (1971) on T. hydatigena contains several
electron micrographs of diverse stages of spermiogene-
sis, although it is difficult to establish a pattern. In the
early stages of spermiogenesis, the micrographs seem to
indicate a migration of the nucleus to a cytoplasmic
mass surrounded by cortical microtubules (Featherston
1971). The absence of an axoneme in this image makes
us think of a probable type III spermiogenesis, but the
author does not describe this. In this sense, a similar
situation is observed to that described in the study of
Tian et al. (1998). In their paper, unidentified observa-
tions of three Taenia species (7. solium, T. saginata and
T. pisiformis) also seem to indicate a probable type 111
spermiogenesis. In addition, recent observations on
sperm formation in another Taenia species, T. polya-
cantha infecting the red fox Vulpes vulpes, (Ndiaye, un-
published data) also reflects a pattern of spermiogenesis
that matches with the type III proposed by Ba and
Marchand (1995). In the other genus of Taeniidae, the
ultrastructural organization of the spermatozoon of
Echinococcus granulosus was described by Morseth
(1969). In this paper, the author shows an electron mi-
crograph with transverse sections of the free flagellum
without cortical microtubules and the cytoplasmic ex-
tension with cortical microtubules before the proximo-

Q
@

distal fusion. In the same image, Morseth (1969) also
shows transverse sections of the spermatid after the
proximodistal fusion. This micrograph obviously cor-
responds with spermatids and with type III spermio-
genesis.

Ba and Marchand (1995) postulated four types of
spermiogenesis in the Eucestoda. Type I has been found
in the Tetraphyllidea—Onchobothriidae, Proteocephali-
dea, Trypanorhyncha and Pseudophyllidea. It is char-
acterized by the flagellar rotation and proximodistal
fusion of two free flagella with a median cytoplasmic
extension. Type II has been found in the Tetraphyllidea-
Phyllobothriidae, Caryophyllidea and Tetrabothriidea,
and is characterized by the flagellar rotation and prox-
imodistal fusion of a single flagellum with a cytoplasmic
extension. Type II has recently been also described for
the spermiogenesis of a Mesocestoidid cyclophyllidean
(Mesocestoides litteratus; Miquel et al. 1999). Types III
and IV are restricted to the cyclophyllideans. Thus, type
III has been found in certain Cyclophyllidea and is
characterized by the absence of flagellar rotation and the
presence of proximodistal fusion. Finally, type IV, also
found in certain Cyclophyllidea, is characterized by the
absence of both flagellar rotation and proximodistal
fusion.

Our work represents the first complete study of
spermiogenesis in a taeniid cestode. It shows that the
spermiogenesis of T. parva corresponds to type III as
defined by B4 and Marchand (1995) for the Eucestoda.



Fig. 25 Diagram showing the ultrastructural organization of the
mature spermatozoon. Ac Apical cone; Ase anterior spermatozoon
extremity; Ax axoneme; C centriole; Cb crest-like body; Cc central
core; Cm cortical microtubules; D doublet; Iw intracytoplasmic
walls; N nucleus; Pm plasma membrane; Ps periaxonemal sheath;
S singlet

This pattern is characterized by the growth of a single
axoneme outside of the cytoplasmic mass, by the ab-
sence of flagellar rotation prior to proximodistal fusion
and by the absence of both striated rootlets and a in-
tercentriolar body. In fact, the absence of flagellar ro-
tation was described by Ba and Marchand (1995) as an
apomorphic character for cyclophyllideans. Neverthe-
less, in our study a slight rotation of the free flagellum of
about 45° was observed. This has also recently been seen
in other cyclophyllidean cestodes such as Catenotaenia
pusilla (Catenotaeniidae) by Hidalgo et al. (2000). For
the Hymenolepididae Rodentolepis myoxi, an oioxenous
parasite of the garden dormouse Eliomys quercinus, a
similar situation occurs (Ndiaye, unpublished data). Yet,
in all of these species (7. parva, C. pusilla and R. myoxi)
the pattern of spermiogenesis shows certain differences
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in relation to type II described by Ba and Marchand
(1995) in which a single axoneme also grows externally
but orthogonally to the cytoplasmic extension and pos-
teriorly a 90° flagellar rotation occurs. In species that
follow type II spermiogenesis, striated rootlets associ-
ated with the centrioles and intercentriolar body be-
tween centrioles are also present in the zone of
differentiation. However, in 7. parva this zone of dif-
ferentiation lacks both striated roots associated with the
centrioles and the intercentriolar body between them.

The ultrastructural features present in the mature
spermatozoon of T. parva are similar to those observed in
the spermatozoon of the related Taenidae species
T. hydatigena and T. mustelae described respectively by
Featherston (1971) and Miquel et al. (2000). One of the
most distinctive particularities observed in the sperma-
tozoon of T. parva s the length of the apical cone (around
1,900 nm). In fact, it is one of the longest of all the apical
cones described in the cyclophyllideans (Table 1). Only
Skrjabinotaenia lobata (Catenotaeniidae) (Miquel et al.
1997) has a longer one (2,500 nm). It is interesting to note
the close resemblance between the morphometry of the
anterior extremity of the sperm in 7. mustelae observed by
Miquel et al. (2000) and 7. parva (present paper). Ac-
cording to the study of Ba et al. (1991), a crest-like body or
bodies always mark the anterior extremity of the cestode
spermatozoon. It is also necessary to orient the sperma-
tozoon of T parvain relation to the four regions, from the
anterior to the posterior, based on many cross-sections
and longitudinal sections of different levels of the mature
spermatozoon. In the Cyclophyllidea, the number of
crest-like bodies varies from 1 to 12, but apart from the
work of Ba and Marchand (1994a) on Aporina delafondi
(Anoplocephalidae), Ba et al. (2000) on Sudarikovina
taterae (Anoplocephalidae) and Ba and Marchand
(19924, 1993, 1996, 1998) on Hymenolepididae species, all
of the other cyclophyllideans exhibit 1 or 2 crest-like
bodies (Table 1). In the Taeniidae (Table 1), only a single
crest-like body has been previously described; in
T. mustelae by Miquel et al. (2000). Moreover, in 7. parva
as in T. mustelae (Miquel et al. 2000) the crest-like body
initiates its helical course along the spermatozoon at the
level of the apical cone.

A periaxonemal sheath surrounding the axoneme has
been described by many authors in the spermatozoon of
12 cyclophyllidean cestodes (Table 1). This structure is
seen in regions [-III of the mature 7. parva spermato-
zoon. In all of these regions, we have also observed
transverse intracytoplasmic walls that progressively
disappear at the beginning of region IV. The presence of
these two features (periaxonemal sheath and transverse
intracytoplasmic walls) in the mature spermatozoon and
the absence of electron dense granular material are in
agreement with the relationship established by Justine
(1998) that shows a mutual exclusion between the pres-
ence/absence of both periaxonemal sheath-transverse
intracytoplasmic walls and dense granules. Furthermore,
Justine (1998) indicates a possible presence of dense
granules only in sperm originating from a type IV
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(1983), Shi et al. (1994)

Barrett and Smyth
Tian et al. (1998)
Featherston (1971)
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I

Taenia hydatigena
Taenia mustelae
Taenia parva

Echinococcus multilocularis
Taenia spp.*

Echinococcus granulosus

Taeniidae

Miquel et al. (2000)

Present paper

++

1,900x250
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60

IIr°
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graphs from 7. solium, T. saginata and T. pisiformis
Presence of thin striated roots associated with the centrioles in the zone of differentiation

¢ Presence of a flagellar rotation of about 45°

# Unidentified micro
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spermiogenesis. In this type of spermiogenesis, both
periaxonemal sheath and transverse walls are absent. On
the other hand, in all of the cyclophyllideans that have a
periaxonemal sheath in the mature spermatozoon, the
pattern of spermiogenesis is type III as it occurs in
T. parva. This is the case for Mathevotaenia herpestis
(Anoplocephalidae) studied by Ba and Marchand
(1994b), Catenotaenia pusilla (Catenotaeniidae) by
Hidalgo et al. (2000) and T. hydatigena (Taeniidae) by
Featherston (1971). The only exception is Nematotaenia
chantalae (Nematotaeniidae) which follows a type III
spermiogenesis and apparently lacks a periaxonemal
sheath (Mokhtar-Maamouri and Azzouz-Draoui 1990).

Transverse intracytoplasmic walls are a characteristic
found in the sperm of several groups of Eucestoda, such
as Inermicapsiferinae and Linstowinae anoplocephalids
(Ba and Marchand 1994c, d), davaineids (Ba and
Marchand 1994e, f), dilepidids (Swiderski et al. 2000)
and also in several taeniids, in particular, the Taenia
genus (Featherston 1971; Tian et al. 1998; Miquel et al.
2000 and present paper).

The spiralled nucleus present in the mature sperma-
tozoon of T. parva shows a horse-shoe to annular shape
in cross-sections. The same characteristic is observed in
other Taeniidae species studied in this way, such as
T. mustelae (Miquel et al. 2000) and unidentified Taenia
spp. T. solium, T. saginata and T. pisiformis (electron
micrographs see Tian et al. 1998). Tian et al (1998) de-
scribe the presence of a mitochondrion in the mature
spermatozoon of Taenia spp. We think that this repre-
sents a misinterpreted feature that probably corresponds
with the annular morphology of the nucleus around the
axoneme. It is important to consider that the absence of
a mitochondrion is a synapomorphic character for the
Eucestoda and has been observed in the more than 50
genera studied to date.

The presence of twisted cortical microtubules has
been considered as a synapomorphic character for the
Tetrabothriidea and Cyclophyllidea (Justine 1998). All
of the cyclophyllideans studied so far present a sub-
membranous layer of spiralled cortical microtubules
(Table 1), with the unique exception of Mesocestoides
litteratus, a mesocestoidid studied by Miquel et al.
(1999). This cestode belongs to a group the systematic
position of which has been the subject of controversy.
T. parva also has this characteristic and the angle of the
cortical microtubules to the hypothetical spermatozoon
axis is about 45° as with the other Taenia species 40—50°
in T. hydatigena (Featherston 1971) and 45° in
T. mustelae (Miquel et al. 2000).

In conclusion, it appears that type I1I spermiogenesis,
the length of the apical cone, the presence of a single
crest-like body, periaxonemal sheath and also transverse
intracytoplasmic walls are the most distinguishing fea-
tures for 7. parva and also for the other Taeniidae spe-
cies. Nevertheless, more ultrastructural studies are
needed and several characters, such as the absence of a
periaxonemal sheath in the case of 7. mustelae, require
re-evaluation.
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