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Abstract

The present paper compares the ultrastructural data on spermatology of three dipylidiid species (Dipylidium caninum,
Joyeuxiella echinorhynchoides and J. pasqualei) and establishes a general pattern of spermiogenesis and main ultrastructural
characters of the mature spermatozoa for the Dipylidiidae. Spermiogenesis is characterized by an external growth of the fla-
gellum followed by a proximodistal fusion of the latter with the cytoplasmic extension. The centrioles are associated with stri-
ated rootlets which are thin in D. caninum and well-developed in Joyeuxiella spp. The most characteristic features of the mature
spermatozoa of the three species are the presence of a single crest-like body and a periaxonemal sheath. Nevertheless, the three

compared species differ in the thickness of these structures. Differences are also observed in the length of the apical cone.
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Introduction

The taxonomy of the dilepidid cestodes sensu lato at the fam-
ily level and lower groups has been controversial for a long
period of time. Some authors have recognized only one fam-
ily, Dilepididae Fuhrmann, 1907, with three subfamilies: Di-
lepidinae Fuhrmann, 1907, Dipylidiinae Stiles, 1896 and Pa-
ruterininae Fuhrmann, 1907 (Yamaguti 1959, Schmidt 1986).
Other authors have elevated each of these subfamilies to fam-
ily rank (Matevosyan 1953, 1963; Wardle et al. 1974). Ac-
cording to Jones (1994), four families are recognized: Dile-
pididae Fuhrmann, 1907, Metadilepididae Spasskii, 1959,
Paruterinidae Fuhrmann, 1907 and Dipylidiidae Stiles, 1896.
The Dipylidiidae corresponds to the subfamily Dipylidiinae of
Yamaguti (1959) and Schmidt (1986) and is represented by
only three genera, all parasites of carnivores: Dipylidium Leu-
ckart, 1863, Diplopylidium Beddard, 1913 and Joyeuxiella
Fuhrmann, 1935 (see Jones 1994).

It has now been clearly demonstrated that ultrastructure of
spermiogenesis and the spermatozoon reveal significant char-
acters for phylogenetic inference in parasitic Platyhelminthes
(Swiderski 1968, 1986; Euzet et al. 1981; Justine 1991, 1997,

1998, 2001; Ba and Marchand 1994a, 1995; Watson and
Rohde 1995; Hoberg et al. 1997; Swiderski and Mackiewicz
2002). In the Cyclophyllidea, data on the ultrastructural de-
tails of sperm and spermiogenesis are available for 9 of the 15
families recognized by Khalil et al. (1994): Anoplocephali-
dae Cholodkovsky, 1902, Catenotaeniidae Spasskii, 1950, Da-
vaineidae Braun, 1900, Dilepididae Railliet et Henry, 1909,
Dipylidiidae Stiles, 1896, Hymenolepididae Ariola, 1899,
Mesocestoididae Fuhrmann, 1907, Nematotaeniidae Liihe,
1910 and Taeniidae Ludwig, 1886.

Ultrastructural studies of the male gametes from the Di-
pylidiidae have been done on two genera: Dipylidium (Miquel
and Marchand 1997, Miquel et al. 1998) and Joyeuxiella
(Ndiaye et al. 2003a).

According to Jones (1983) the genus Joyeuxiella com-
prises only three valid species: J. echinorhynchoides (Son-
sino, 1889), J. pasqualei (Diamare, 1893) and J. fuhrmanni
(Baer, 1924).

Two species of the genus Joyeuxiella, J. echinorhyncho-
ides and J. pasqualei, have been analyzed previously in detail
(see Ndiaye et al. 2003a). Following the latter study, the avail-
able data on spermiogenesis and spermatozoon of the genus
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Fig. 1A-E. Diagram showing the main stages of spermiogenesis in Dipylidiidae species. Abbreviationsto all figures: Ac — apical cone;
Am — arching membranes; Ase — anterior spermatozoon extremity; Ax —axoneme; B — cytoplasmic bud; C — centriole; Cb — crest-like body;
Ce — cytoplasmic extension; Cm — cortical microtubules; F — free flagellum; G — glycogen-like granules; N — nucleus; Pf — proximodistal
fusion; Ps — periaxonemal sheath; Rc — residual cytoplasm; Sr — striated root

Joyeuxiella allow us to consider a definitive status of this ge-
nus. In addition, three studies (Miquel and Marchand 1997, Mi-
quel et al. 1998, Ndiaye ef al. 2003a) described the complete
list of spermatological characters for three species belonging
to two of the three genera of dipylidiids. Presently, for all rep-

resentatives of Dipylidiidae, only data on the genus Diplo-
pylidium are lacking. The purpose of the present comparative
study is to establish a general pattern of spermiogenesis and
the main ultrastructural characters and organization of the
mature spermatozoon in this family of cyclophyllideans.
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Materials and methods

Materials

Mature specimens of Dipylidium caninum were collected live
from the small intestine of dogs (Canis familiaris) coming
from the Zoonoses Service of Barcelona (Spain). Samples of
Joyeuxiella pasqualei were collected from the intestinal tract
of a road-killed wild cat (Felis lybica) from Thiés (Senegal).
Finally, the mature proglottids of Joyeuxiella echinorhyn-
choides were collected from the intestine of a road-killed red
fox (Vulpes vulpes) from Corte (Corsica, France).

Methods

Naturally infected dogs were killed in the Zoonoses Service of
Barcelona by means of intramuscular Zoletil® injection (tile-
tamine hydrochloride and zolazepam hydrochloride) followed
by intracardiac Dexeutanol® [5-ethyl-5-(1-methylbutyl) bar-
bituric acid sodium salt] injection. The three species of dipy-
lidiid cestodes: D. caninum, J. echinorhynchoides and J. pas-
qualei, were placed in a 0.9% NacCl solution. Mature proglot-
tids of these cestodes were routinely processed for transmis-
sion 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 1 h, rinsed in a 0.1 M sodium
cacodylate buffer at pH 7.2, postfixed in cold (4°C) 1% osmi-
um tetroxide in the same buffer for 1 h, rinsed ina 0.1 M sodi-
um 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.
Ultrathin sections were examined using Hitachi H-600 and
Jeol 1010 electron microscopes in the Scientific Services of
the University of Barcelona.

Results

Spermiogenesis

Spermiogenesis in D. caninum, J. echinorhynchoides and
J. pasqualei, starts with the formation of a differentiation
zone. This is a conically shaped area bordered by submem-
branous cortical microtubules containing two centrioles. Each
of these centrioles is associated with striated rootlets and ex-
hibits a cytoplasmic process between them (Figs 1A, 2 and 3).
These striated rootlets are reduced in size and are very thin in
D. caninum (Figs 1A and 2). On the other hand, in both
Joyeuxiella species striated rootlets are well-developed (Figs
1A and 3). One of the centrioles gives rise to a flagellum that
continues its growth parallel to the cytoplasmic expansion
(Figs 1B, 2 and 6). The other centriole is situated in a short
cytoplasmic bud and subsequently aborts (Fig. 1B). After-
wards, a proximodistal fusion occurs between the axoneme
and the cytoplasmic expansion (Fig. 1B, C). Cortical micro-
tubules undergo elongation parallel to the sperm axis and then

become twisted (Figs 1D, 4 and 5). A ring of arched mem-
branes is present at the base of the differentiation zone (Figs
1B-D, 2-5). The nucleus elongates, becomes conical and
migrates along the spermatid body, before the proximodistal
fusion of the flagellum takes place (Fig. 1B, C). In the species
of Joyeuxiella, after the proximodistal fusion, a condensa-
tion of cytoplasmic material at the periphery of the spermatid
transforms into a striated peripheral layer. At this stage, cor-
tical microtubules are still parallel to the sperm axis (Figs 1D
and 7). Later, this striated structure surrounds the axoneme
and cortical microtubules become twisted (Figs 1D and 8).
The process of cytoplasmic condensation and posterior twist-
ing of cortical microtubules probably plays an important role
in the origin of the periaxonemal sheath present in the mature
sperm of the three species. Finally, an electron-dense materi-
al appears between the cortical microtubules in the anterior
part of the differentiation zone. This electron-dense material
progressively fuses and forms a crest-like body that appears at
the anterior part of the old spermatid in the final stage of
spermiogenesis (Figs 1E and 4). At this stage, the nucleus has
not yet finished its migration along the spermatid body. The
ring of arched membranes narrows until the differentiated
spermatozoid detaches from the residual cytoplasm (Figs 1E
and 5).

Spermatozoon

The mature spermatozoa of D. caninum, J. echinorhynchoides
and J. pasqualei are long filiform cells which lack mitochon-
dria. They are tapered at both extremities and present an ax-
oneme of the 9 + ‘1’ pattern of the trepaxonematan Platyhel-
minthes.

The anterior extremity of the spermatozoon has an elec-
tron-dense apical cone that is about 600 nm long in D. cani-
num and measures more than 2000 nm in length in Joyeu-
xiella species (Figs 9 and 10). The anterior axonemal extrem-
ity is situated immediately below the apical cone. The centri-
ole remains clearly visible in this extremity. The axoneme is
surrounded by a thin layer of electron-lucent material, a peri-
axonemal sheath and slightly electron-dense cytoplasm.
Cortical microtubules are twisted at an angle of about 40° with
respect to the spermatozoon axis in all the three dipylidiid
species. Externally, these spirally coiled cortical microtubules
are partially surrounded by a thick helicoidal cord of electron-
dense material that forms a single crest-like body (Figs
12—14). This crest-like body is coiled at the same angle with
respect to the spermatozoon axis and has a maximal width of
150 nm for D. caninum and J. echinorhynchoides and 75 nm
for J. pasqualei. The thickness of the crest-like body gradu-
ally decreases toward its end.

An intermediate portion anterior the nuclear region is
characterized by the absence of a helicoidal crest-like body
and by the presence of a periaxonemal sheath that encircles
the axoneme (Figs 11, 15-17). In the case of J. echinorhyn-
choides and J. pasqualei, this prenuclear region is also char-
acterized by the presence of glycogen-like granules arranged
as two loose spiral cords that appear on two opposite sides in
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the cross-sections (Figs 11, 15 and 16). These granules are
between the periaxonemal sheath and the submembranous
layer of cortical microtubules.

More posteriorly, the nucleus appears and coils around the
axoneme in a helicoidal form; it occupies the sheath position
(Figs 15 and 18). In cross-sections, it appears horseshoe-
shaped or almost annular in form.

Finally, the posterior region lacks a nucleus and periax-
onemal sheath. The cortical microtubules form a spiralled sub-
membranous layer in the initial part of this region. In Joyeu-
xiella spp., the cortical microtubules become parallel to the
spermatozoon axis and progressively disappear. Only the ax-
oneme is observed in more distal areas of this region, and its
doublets are progressively disorganized into singlets. A few
axonemal microtubules extend to the posterior extremity of
the spermatozoon. In D. caninum, the axoneme progressive-
ly disappears before the end of the cortical microtubules. The
posterior tip of the mature sperm of D. caninum still shows the
presence of twisted cortical microtubules.

Discussion

Spermiogenesis

The most interesting feature of dipylidiid spermiogenesis is
the presence of striated rootlets in the differentiation zone and
associated with the centrioles. These rootlets can be consid-
ered a plesiomorphic character for this cyclophyllidean fam-
ily. In fact, striated rootlets are generally present during sper-
miogenesis of the lower cestodes. To date, striated rootlets
have been observed in the differentiation zone of the caryo-
phyllidean Glaridacris catostomi (Swiderski and Mackie-
wicz 2002), the pseudophyllideans Bothriocephalus clavi-
bothrium (Swiderski and Mokhtar-Maamouri 1980) and
Eubothrium crassum (Brunanska et al. 2001), the haploboth-
riidean Haplobothrium globuliforme (MacKinnon and Burt
1985), the trypanorhynchid Lacistorhynchus tenuis (Euzet
et al. 1981, Swiderski 1994), the onchobothriids and phyllo-
bothriids of tetraphyllideans Acanthobothrium benedeni
(Mokhtar-Maamouri and Swiderski 1975), Acanthobothrium
filicolle (Mokhtar-Maamouri 1982), Onchobothrium uncina-
tum (Mokhtar-Maamouri and Swiderski 1975), Phyllo-

bothrium gracile (Mokhtar-Maamouri 1979), Phyllobothrium
lactuca (Séne et al. 1999) and Trilocularia acanthiaevulgaris
(Mahendrasingam et al. 1989), the proteocephalideans Pro-
teocephalus longicollis (Swiderski 1985, Brutianské et al.
2004), Proteocephalus torulosus (Bruianska et al. 2003) and
Nomimoscolex sp. (Séne et al. 1997), and the tetrabothriidean
Tetrabothrius erostris (Stoitsova et al. 1995). In the Cy-
clophyllidea, these structures have been described in the three
dipylidiid species which are compared in the present study
(D. caninum, J. echinorhynchoides and J. pasqualei: see
Miquel et al. 1998, Ndiaye ef al. 2003a). In addition, striated
rootlets have been reported in the anoplocephalid Anoplo-
cephaloides dentata (Miquel and Marchand 1998); and the
mesocestoidid Mesocestoides litteratus (Miquel et al. 1999).
In A. dentata (Miquel and Marchand 1998) the striated root-
lets are thin and quite similar to those in D. caninum (Miquel
et al. 1998). On the other hand, the striated rootlets associat-
ed with the centrioles are well-developed in M. litteratus
(Miquel et al. 1999) as well as in the genus Joyeuxiella
(Ndiaye et al. 2003a).

The case of M. litteratus is particularly interesting consid-
ering that during spermiogenesis, in addition to striated
rootlets, a flagellar rotation of 90° and a reduced intercentri-
olar body were also observed. These characters represent the
plesiomorphic conditions within the Eucestoda (B& and Mar-
chand 1995; Justine 1998, 2001). Also in M. litteratus, the
parallel arrangement of the cortical microtubules in the male
gamete, another plesiomorphic character, is not in accordance
with the general pattern found in the cyclophyllideans (Mi-
quel et al. 1999, Justine 2001). Moreover, the life cycle of
Mesocestoides in which three hosts are required, as well as the
morphoanatomy of the genital atrium and the bilobated
vitelline gland of representatives of this family (Mesocesto-
ididae) has lead to much controversy regarding the position of
this group within the Cyclophyllidea (Wardle et al. 1974,
Brooks et al. 1991, Rausch 1994). Mariaux (1998) suggested
that on the basis of molecular data the Mesocestoididae should
be removed from the Cyclophyllidea. According to this
author, the monophyly of the cyclophyllideans is recognized
only when species of the Mesocestoididae are excluded from
the Cyclophyllidea or when the representatives of the Tetra-
bothriidea are reincluded as a family in the Cyclophyllidea.
Ultrastructural observations on the spermiogenesis of M. [it-

Fig. 2. Three thin striated rootlets (arrow heads) associated with a centriole, giving rise to externally growing flagellum, separated from cyto-
plasmic extension on the longitudinal section to the differentiation zone of D. caninum. Scale bar = 1 pm. Fig. 3. Longitudinal section of the
zone of differentiation of J. echinorhynchoides showing a well-developed striated rootlet associated with a centriole. Note that the migrat-
ing nucleus and the centriole are situated in the common cytoplasmic extension. Scale bar = 0.5 um. Fig. 4. Oblique section of the differen-
tiation zone of J. echinorhynchoides. Note: (1) the formation of crest-like body in the advanced stage of spermiogenesis, (2) several cortical
microtubules situated between the spiral of crest-like body, and (3) arching membrane bound clefts at the base of differentiation zone. Scale
bar = 0.5 um. Fig. 5. Two differentiating spermatids of J. echinorhynchoides on the oblique sections through the different regions. Note: (1)
the region adjacent to arching membrane bound clefts showing a ring of moderately electron-dense material and the obliquely section of
axoneme; and (2) the more distal region containing nucleus and the axoneme in the same cytoplasmic extension. Scale bar = 0.5 pm.
Fig. 6. Joyeuxiella echinorhynchoides: cross-sections of a single spermatozoon with axoneme surrounded by a periaxonemal sheath as well
as numerous free flagella and cytoplasmic extensions before the proximodistal fusion of both structures. Scale bar = 0.5 pm. Figs 7 and 8.
Cross-sections of advanced stages of spermatid differentiation in J. echinorhynchoides showing early (Fig. 7) and more advanced (Fig. 8)
phase of periaxonemal sheath formation. Scale bars for Fig. 7= 0.5 um; and for Fig. 8 =0.2 pm
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Figs 9 and 10. The anterior spermatozoon extremity with an apical cone and a single twisted crest-like body on the longitudinal sections of
mature spermatozoa of D. caninum (Fig. 9) and J. pasqualei (Fig. 10). Scale bars = 0.5 pm. Fig. 11. Two cords of glycogen-like granules in
loose spirals at the opposite parts of the section between the cortical microtubules and the periaxonemal sheath on the longitudinal section
of mature sperm of J. echinorhynchoides. Scale bar = 0.5 um. Figs 12—14. Details of crest-like body on the cross-sections of anterior region
of the mature spermatozoa of D. caninum (Fig. 12), J. echinorhynchoides (Fig. 13) and J. pasqualei (Fig. 14). Scale bars = 0.2 pm. Figs 15
and 18. Several cross-sections of mature spermatozoa of J. echinorhynchoides showing crescent shape of nucleus and the dense glycogen-like
granules situated between the cortical microtubules and the periaxonemal sheath at the opposite poles of the sections (Fig. 15). Note pres-
ence of the fragmented periaxonemal sheath in the nuclear region before its complete disappearance (Fig. 18). Scale bars = 0.2 pm.
Figs 16 and 17. Details showing different thickness of periaxonemal sheath on the cross-sections of the spermatozoa of J. pasqualei

(Fig. 16) and D. caninum (Fig. 17). Scale bars = 0.2 um
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teratus (Miquel et al. 1999) are in agreement with this sug-
gestion. Also, the sperm ultrastructure of M. litteratus reveals
new discriminating characters that also support this exclusion
and its placement as a sister group to the tetrabothriideans (see
Miquel et al. 1999, Justine 2001). All these observations place
the validity of the current systematic status of mesocestoidids
in question. In what refers to dipylidiids, the presence of typ-
ical striated rootlets in Joyeuxiella spp. probably should be
considered either as a secondary loss or reversal of this syn-
apomorphy in the genus Joyeuxiella. In this sense, as previ-
ously established for the intercentriolar body (see Justine
2001), it is probably necessary to consider this feature as a
multistate character, taking the following conditions into
account: (1) the absence of striated rootlets, (2) the presence
of atypical striated rootlets, and (3) the presence of typical stri-
ated rootlets.

Spermatozoon

The mature spermatozoa of the three dipylidiid species com-
pared in this study are characterized by having both a single
crest-like body in the anterior extremity and a periaxonemal
sheath (Miquel and Marchand 1997, Ndiaye et al. 2003a).
Other important details, such as: (1) thickness of the crest-like
body; (2) length of the apical cone; (3) thickness of the peri-
axonemal sheath; and (4) the morphology of the posterior
extremity of the spermatozoon, represent distinctive features
between the two genera of the Dipylidiidae examined in this
study (see Table I).

To date, the ultrastructural studies of the spermatozoon of
the Cyclophyllidea reveal that a periaxonemal sheath is pres-
ent in only 17 species from six families: Inermicapsifer gui-
neensis and I. madagascariensis (B& and Marchand 1994b),
Mathevotaenia herpestis (B& and Marchand 1994c¢), and Sti-
lesia globipunctata (B& and Marchand 1992) (Anoplocephali-
dae), Catenotaenia pusilla (Hidalgo et al. 2000), and Skrja-
binotaenia lobata (Miquel et al. 1997) (Catenotaeniidae),
Cotugnia polyacantha (B& and Marchand 1994a), and Rail-
lietina tunetensis (B4 and Marchand 1994d) (Davaineidae),
Dilepis undula (Swiderski et al. 2000) (Dilepididae), Echi-
nococcus multilocularis (Barret and Smyth 1983, Shi et al.

1994), Taenia spp. (Tian et al. 1998), T. hydatigena (Feath-
erston 1971), T. mustelae (Miquel et al. 2000), T. parva
(Ndiaye et al. 2003b), T. solium (Willms et al. 2003), T cras-
siceps (Willms et al. 2004) (Taeniidae) and the three Dipy-
lidiidae compared here (D. caninum, J. echinorhynchoides
and J. pasqualei) (Miquel and Marchand 1997, Ndiaye et al.
2003a). According to Ndiaye et al. (2003a) the formation of
the periaxonemal sheath occurs during the final stages of
spermiogenesis; its formation was described for the first time
in Joyeuxiella spp. The process begins as a condensation of
cytoplasm into an electron-dense material that forms a striat-
ed structure that encircles the axoneme at the periphery of the
spermatid. At this stage the cortical microtubules are still par-
allel to the presumed spermatozoon axis. However, in more
advanced stages of sperm development, the striated structure
progressively approaches the axoneme and forms the periax-
onemal sheath. It is interesting to note that in this stage of
spermiogenesis, the cortical microtubules become twisted.
This twisting of cortical microtubules probably results in the
displacement and final disposition of the periaxonemal sheath
very close to the axoneme.

A comparative analysis of the mature spermatozoon of
J. echinorhynchoides and J. pasqualei has revealed the same
ultrastructural organization in both species (Ndiaye et al.
2003a). Minor differences were noted only in the maximal
width of the single crest-like body (Table I). In J. echino-
rhynchoides it is twice as large as in J. pasqualei (150 vs. 75
nm).

The ultrastructural features of the mature spermatozoa of
J. echinorhynchoides and J. pasqualei (Ndiaye et al. 2003a)
are quite different from those of D. caninum (Miquel and
Marchand 1997). The most remarkable differences are: (1) at
the level of the apical cone which is shorter in Dipylidium
species (600 nm) and longer in Joyeuxiella species (2000 nm);
(2) thickness of the periaxonemal sheath in the three species
examined; (3) presence of glycogen in Joyeuxiella spp. and its
absence in D. caninum; and (4) the morphology of the poste-
rior extremity of the sperm (see Table I). On the other hand, a
periaxonemal sheath seems to be a character present in the
spermatozoa of the Dipylidiidae (see above).

Tablel. Some differences in spermiogenesis and ultrastructure of the spermatozoon in the dipylidiid cyclophyllideans

Spermatological Dipylidium caninum Joyeuxiella pasqualei J. echinorhynchoides
character Miquel and Marchand (1997) Ndiaye et al. (2003a) Ndiaye et al. (2003a)
Miquel et al. (1998) Present study Present study
Present study

Striated rootlets thin well-developed well-developed
Thickness of crest-like 150 75 150

body (nm)
Length of apical cone (nm) 600 >2000 >2000
Thickness of periaxonemal 15 50-75 40-60

sheath (nm)
Cortical microtubules in twisted parallel parallel

posterior extremity
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The disposition of glycogen in two spiral cords in the
mature spermatozoon of Joyeuxiella species (Ndiaye et al.
2003a) has never been reported previously in other cestodes.
According to Swiderski (1968) and Euzet et al. (1981), glyco-
gen seems to be the energy source of the spermatozoon, but
the mechanisms by which it is utilized are not yet known. In
the Cyclophyllidea, the distribution of glycogen varies great-
ly in different species.

The ultrastructure of the posterior end of the spermatozoon
in Joyeuxiella is different from that observed in D. caninum.
While in Joyeuxiella spp., cross-sections of the posterior end
present only singlets resulting from the disorganization of the
axonemal doublets (Ndiaye et al. 2003a), in D. caninum the
posterior end is characterized by the presence of torsioned
microtubules and a moderately electron-dense granular mate-
rial (Miquel and Marchand 1997).

We believe that further ultrastructural studies on spermat-
ology are necessary to better understand phylogenetic rela-
tionships within the Dipylidiidae. In the future, priority should
be given to the genus Diplopylidium for which ultrastructur-
al data on sperm and spermiogenesis are not yet available.
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