Parasite 2013, 20, 28
© J. Miquel et al., published by EDP Sciences, 2013
DOI: 10.1051/parasite/2013028

PARASITE

Auvailable online at:
www.parasite-journal.org

RESEARCH ARTICLE OPEN @ ACCESS

Spermatological characteristics of Pleurogenidae (Digenea)
inferred from the ultrastructural study of Pleurogenes claviger,
Pleurogenoides medians and Prosotocus confusus

Jordi Miquell’z’*, Daniel Vilavella', Zdzistaw Swiderski® 4 Vladimir V. Shimalov®, and Jordi Torres'-

! Laboratori de Parasitologia, Departament de Microbiologia i Parasitologia Sanitaries, Facultat de Farmacia, Universitat de Barcelona,
Av. Joan XXIII, sn, 08028 Barcelona, Spain

Institut de Recerca de la Biodiversitat, Facultat de Biologia, Universitat de Barcelona, Av. Diagonal 645, 08028 Barcelona, Spain
W. Stefanski Institute of Parasitology, Polish Academy of Sciences, 51/55 Twarda Street, 00-818 Warsaw, Poland

Department of General Biology and Parasitology, Warsaw Medical University, 5 Chatubinskiego Street, 02-004 Warsaw, Poland

5> Brest State University, 224665 Brest, Belarus

2
3
4

Received 15 July 2013, Accepted 16 August 2013, Published online 29 August 2013

Abstract — The present work constitutes the first ultrastructural analysis of the spermatozoon in the Pleurogenidae,
with the study of three species belonging to three of the 16 genera included in this family, namely Pleurogenes claviger,
Pleurogenoides medians and Prosotocus confusus. The mature spermatozoa of these pleurogenids present two axo-
nemes of the 9+“1” trepaxonematan pattern, a nucleus, two mitochondria, two bundles of parallel cortical microtu-
bules, external ornamentation, spine-like bodies and granules of glycogen. The organization of these characters in
the sperm cell is similar in the three species. Thus, the anterior spermatozoon extremity is filiform and a continuous
and submembranous layer of parallel cortical microtubules surrounds the axonemes at their anterior end. The posterior
spermatozoon extremity exhibits the second axoneme and corresponds to the Cryptogonimidean type of Quilichini
et al. (2010). Slight differences were noted between the spermatozoon of P. confusus and those of the two remaining
species in the location of mitochondria.

Key words: Pleurogenes claviger, Pleurogenoides medians, Prosotocus confusus, Spermatozoon ultrastructure,
Comparative spermatology.

Résumé — Caractéristiques spermatologiques des Pleurogenidae (Digenea) déduites de 1’étude ultrastructurale
de Pleurogenes claviger, Pleurogenoides medians et Prosotocus confusus. Ce travail constitue la premiére analyse
ultrastructurale du spermatozoide chez les Pleurogenidae, avec 1’étude de trois espéces appartenant a trois des
16 genres inclus dans cette famille : Pleurogenes claviger, Pleurogenoides medians et Prosotocus confusus. Le
spermatozoide mir de ces Pleurogenidae présente deux axonémes du type 9+°1° caractéristique des Trepaxonemata,
un noyau, deux mitochondries, deux champs de microtubules corticaux paralléles, des ornementations externes, des
corps épineux et des granules de glycogéne. L’organisation de ces caractéres dans le spermatozoide est similaire
dans les trois espéces. Ainsi, ’extrémité antérieure du spermatozoide est filiforme et les deux axonémes sont
initialement entourés par une couche continue et sous-membranaire de microtubules corticaux paralléles.
L’extrémité postérieure contient le deuxiéme axonéme et cette extrémité correspond au type Cryptogonimidae de
Quilichini et al. (2010). Des légéres différences existent entre le spermatozoide de P. confusus et les deux autres
espéces pour la position des mitochondries.

ally accepted that this source of characters contributes to the
establishment of a more robust phylogeny when they are com-
bined with morphological, biological and/or molecular data [28,
29, 35, 46, 66, 89]. Considering digeneans, during the last years

Introduction

Ultrastructural characteristics of spermatozoa were proved
to be valuable tools for the analysis of phylogenetic relation-

ships within the Platyhelminthes, particularly for the Eucestoda
but also for the Monogenea [3, 22, 31-36, 46, 83]. It is gener-
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there was an important increase of ultrastructural studies on the
spermatozoon, as reviewed by Bakhoum [5]. However, numer-
ous groups such as the Pleurogenidae have been neglected and
no data were available until now.
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Within the Digenea, the superfamily Microphalloidea
includes 18 families [17] and, to our knowledge, there are ultra-
structural studies on the spermatozoon of only six species,
namely Pronoprymna ventricosa (Faustulidae), Maritrema lin-
guilla and Microphallus primas (Microphallidae), Postorchig-
enes gymnesicus (Phaneropsolidae), Mediogonimus jourdanei
(Prosthogonimidae) and Diphterostomum brusinae (Zoogoni-
dae) [8, 18, 25, 26, 49, 75]. Nevertheless, in the case of micro-
phallids the studies on M. linguilla and M. primas [18, 26] are
poorly illustrated and contain numerous misinterpretations and
consequently, the ultrastructural organization of the spermato-
zoon is not clear for these species.

The family Pleurogenidae includes species parasitizing
mainly amphibians, but some species have also been reported
in reptiles and sometimes in fish and mammals, probably as acci-
dental infections [51]. The present study includes data about three
(Pleurogenes, Pleurogenoides and Prosotocus) of the 16 genera
included in the Pleurogenidae [51]. Thus, we present the first
spermatological data of this family, with the study of the ultra-
structural organization of the mature spermatozoon of Pleuroge-
nes claviger, Pleurogenoides medians and Prosotocus confusus.

Materials and methods

Specimens of Pleurogenes claviger (Rudolphi, 1819) [79]
were collected from the intestine of a naturally infected Hyla ar-
borea (Amphibia, Hylidae) whereas Pleurogenoides medians
(Olsson, 1876) [67] and Prosotocus confusus (Looss, 1894)
[50] were collected from the intestine of naturally infected Rana
lessonae (Amphibia, Ranidae). Hosts were captured in April
2008 in the Bugskiy landscape reserve (Southwest Belarus)
by V.V. Shimalov according to the Belarusian laws.

After dissection, live digeneans were routinely processed for
TEM examination. Therefore, they were fixed in cold (4 °C)
2.5% glutaraldehyde in a 0.1 M sodium cacodylate buffer at
pH 7.4 for aminimum of 2 h, rinsed in a 0.1 M sodium cacodyl-
ate buffer at pH 7.4, postfixed in cold (4 °C) 1% osmium tetrox-
ide (OsOy4) with 0.9% potassium ferricyanide [K;Fe(CN)g] in the
same buffer for 1 h, rinsed in milliQ water, dehydrated in an eth-
anol series and propylene oxide, embedded in Spurr’s resin and
finally polymerized at 60 °C for 72 h. Ultrathin sections (50—
60 nm thick) 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 [78] meth-
odology. Ultrathin sections were examined using a JEOL 1010
TEM operated at an accelerating voltage of 80 kV.

The Thiéry [86] technique was used to locate glycogen.
Gold grids were treated in periodic acid, thiocarbohydrazide
and silver proteinate (PA-TCH-SP) as follows: 30 min in
10% PA, rinsed in milliQ water, 24 h in TCH, rinsed in acetic
solutions and milliQ water, 30 min in 1% SP in the dark and
rinsed in milliQ water.

Results

The observation of numerous cross- and longitudinal sections
allows us to distinguish three different regions from the anterior to
the posterior extremity of mature spermatozoa of the three studied

pleurogenids (Pleurogenes claviger, Pleurogenoides medians
and Prosotocus confusus). Each of these three regions exhibits
distinctive ultrastructural characteristics shown in Figures 1-8.
The usual characters found in the mature spermatozoon of most
digeneans are also present in the male gamete of these pleuroge-
nids, i.e. two axonemes of the 9+“1” trepaxonematan pattern,
external ornamentation of the plasma membrane, nucleus, mito-
chondrion, parallel cortical microtubules and granules of glyco-
gen. Other particular features as the morphology of both
extremities and the presence of spine-like bodies also characterize
the spermatozoon of these species.

(D) Anterior partor Region I (Figures 1a—g, 3a—j, Sa—h and 8I)
corresponds to the anterior extremity of the spermato-
zoon. The anterior part of this region is filiform, devoid
of axonemes and moderately electron-dense (Figures 1la,
3a—d, 5a and 8I). The axonemes of the 9+“1” trepaxo-
nematan pattern are slightly longitudinally displaced
(Figures 3c, d, 5b—d, 8I). Both axonemes are surrounded
by a continuous and submembranous layer of parallel cor-
tical microtubules (Figures lc, 3e, Se and 8I). Posteriorly,
the appearance of two and later four attachment zones is
observed and thus, parallel cortical microtubules become
arranged into two fields (Figures 1d, 3f, g, 5fand 8I). The
first mitochondrion is observed in this region (Figures 1d,
e, g, 3e—j, 5g, h and 8I). However, there are slight differ-
ences in the location of the first mitochondrion within
Region I of the studied pleurogenids. In fact, in P. claviger
and P. medians the first mitochondrion appears in the ante-
rior areas of Region I (Figures 1d and 3e—g) while in
P confusus it is observed in the ornamented area
(Figure 5g, h). Other characteristics of Region I consist
in the presence of spine-like bodies and external ornamen-
tation of the plasma membrane in the posterior area of this
region (Figures le—g, 31, j, 5g, h and 8I). These external
ornamentations are observed associated with cortical
microtubules (Figures le, g, 31, j and 5g, h). In the case
of P. claviger, the spine-like body periodicity was evalu-
ated as 0.5-0.6 pm from a longitudinal section; this was
not possible for the two other species (Figure 1f). Finally,
as for the first mitochondrion, there are also slight differ-
ences concerning the second mitochondrion of the three
studied species. In P. claviger and P. medians it is
observed simultaneously with the first mitochondrion in
the ornamented area (Figures le, g and 3i, j). Contrarily,
in the spermatozoon of P. confusus the second mitochon-
drion appears in Region II (Figure 5j—1).

(II) Middle part or Region II (Figures 1h, 3k, 5k, I and 8lI) is
mainly characterized by the appearance of electron-
dense granules, the presence of the second mitochon-
drion and the end of the first mitochondrion.

(IIT) Posterior part or Region III (Figures 2a—h, 31, 4a—h, Sm,
n, 6a—h and 8III) corresponds to the nuclear region of
the spermatozoon. Consecutive cross-sections show:
(a) the increasing size of the nucleus (Figures 2a, b,
31, 4a, and 5m, n); (b) the progressive reduction of cor-
tical microtubules until their disappearance (Figures 2b—
d, 4a, b, 6a, b and 8III); (c) the disorganization of the
first axoneme (Figures 2e, 4c, 6¢ and 8III); (d) the end
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Figure 1. Spermatozoon of Pleurogenes claviger, anterior and middle parts (Regions I and II). (a) Longitudinal section of the anterior
spermatozoon extremity (ASE). (b, c) Consecutive sections of the anterior area of the sperm cell showing the two centrioles (C1 and C2) and
the presence of the complete submembranous layer of parallel cortical microtubules (CM). (d) Cross-section showing the appearance of the
first mitochondrion (M1) and two attachment zones (arrowheads). (e—g) Longitudinal and cross-sections of the ornamented area of the
spermatozoon. Note the presence of external ornamentation of the plasma membrane (EO), spine-like bodies (SB) and the second
mitochondrion (M2). In this area, the cortical microtubules are organized into two fields separated by four attachment zones (arrowheads). M1,
first mitochondrion. (h) Cross-section of the middle part of the spermatozoon (Region II) showing the appearance of granules of glycogen (G)
and the presence of only the second mitochondrion (M2). Scales in pm: 0.3.

of second mitochondrion (Figures 2e, f, 4d, e, 5d, e and
8III) and (e) the reduction of nucleus size until its end
(Figures 2f, g, 4e—g and 6e—g). Consequently, the pos-
terior spermatozoon extremity of these species only
exhibits the second axoneme (Figures 2g, h, 4h and
6g). Figure 4a clearly shows the transition of characters
in the posterior spermatozoon extremity of P. medians,
and Figure 6h shows the presence of some granules of
glycogen in the posterior spermatozoon tip of P
confusus.

The glycogenic nature of the granular material observed
in Regions II and III of the mature spermatozoa of the three
studied pleurogenids was evidenced by the test of Thiéry

(Figure 7).
Discussion

The mature spermatozoa of Pleurogenes claviger, Pleuro-
genoides medians and Prosotocus confusus exhibit the same
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Figure 2. Spermatozoon of Pleurogenes claviger, posterior or nuclear part (Region IIT); all cross-sections. (a—c) Consecutive sections of the
nuclear or posterior area of the sperm cell showing the appearance of the nucleus (N) and its progressively increasing size. CM, cortical
microtubules; G, granules of glycogen; M2, second mitochondrion. (d) Absence of cortical microtubules. M2, second mitochondrion; N,
nucleus. (e) Level of the disorganization of the first axoneme into doublets (D) and singlets (S). G, granules of glycogen; M2, second
mitochondrion; N, nucleus. (f) Disappearance of the second mitochondrion and the reduction of the nucleus’ section (N). (g, h) Posterior
spermatozoon extremity with and without granules of glycogen (G). Scales in pm: 0.3.

ultrastructural characteristics as most digeneans described so
far: two axonemes of the Ehlers’ [20] 9+“1” pattern of trepaxo-
nematan Platyhelminthes, nucleus, mitochondria, granules of
glycogen, external ornamentation and two bundles of parallel
cortical microtubules. Other additional aspects include the pres-

ence of spine-like bodies in the ornamented area of the sperm
cell and the continuous submembranous layer of cortical micro-
tubules in the anterior extremity of the spermatozoon. More-
over, the anterior sperm tip is sharp and filiform, and the
posterior extremity contains only one of the axonemes.
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Figure 3. Spermatozoon of Pleurogenoides medians. (a, b) longitudinal sections; all others, cross-sections. (a) Anterior spermatozoon
extremity (ASE). Ax, axoneme; C, centriole. (b) Detail of the anterior spermatozoon extremity (ASE). (c, d) Consecutive sections showing the
appearance of the centrioles (C1 and C2) and cortical microtubules (CM). (e—h) Consecutive sections of the anterior area of the spermatozoon
showing the appearance of the first mitochondrion (M1) and the two and four attachment zones (arrowheads). Thus, parallel cortical
microtubules (CM) transform from a submembranous continuous layer into two fields. (i, j) Ornamented area. Note the presence of external
ornamentation of the plasma membrane (EO), spine-like bodies (SB) and the second mitochondrion (M2). M1, first mitochondrion. (k) Middle
part of the sperm cell (or Region II) showing the stopping of the first mitochondrion (M1). CM, cortical microtubules; M2, second
mitochondrion. (1) Anterior part of the nuclear region. CM, cortical microtubules; G, granules of glycogen; M2, second mitochondrion; N,
nucleus. Scales in pm: (a, c-1), 0.3; (b), 0.1.

%7, # £
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Figure 4. Spermatozoon of Pleurogenoides medians, posterior or nuclear part (Region III); all cross-sections except (f). (a, b) End of the two
bundles of cortical microtubules (CM); G, granules of glycogen; M2, second mitochondrion; N, nucleus. (c) Disorganization of the first
axoneme resulting into the central core (CC), doublets (D) and singlets (S). G, granules of glycogen; M2, second mitochondrion; N, nucleus.
(d, e) Disappearance of the second mitochondrion (M2). G, granules of glycogen; N, nucleus. (f) Posterior spermatozoon extremity (PSE).
Note the posterior nuclear extremity (PNE). Cross-sections of levels * and ** are shown in (g) and (h). Ax, axoneme; G, granules of glycogen;
N, nucleus. (g, h) Sections similar to level of * and **, respectively, in (f). G, granules of glycogen; N, nucleus. Scales in pm: 0.3.
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Figure 5. Spermatozoon of Prosotocus confusus; all cross-sections except (a). (2) Longitudinal section of the anterior spermatozoon extremity
(ASE). C, centriole. (b—e) Consecutive sections of the anterior area of the spermatozoon containing a complete submembranous layer of
cortical microtubules (CM). Ax1, first axoneme; C1, centriole of the first axoneme; C2, centriole of the second axoneme. (f) Presence of two
attachment zones (arrowheads). CM, cortical microtubules. (g, h) Ornamented area of the sperm cell characterized by the presence of external
ornamentation of the plasma membrane (EO), spine-like bodies (SB) and the first mitochondrion (M1). (i-1) Middle area of the spermatozoon
(Region II) showing one or two mitochondria. CM, cortical microtubules; G, granules of glycogen; M1, first mitochondrion; M2, second
mitochondrion. (m, n) Anterior part of the nuclear region of the spermatozoon (Region III). M2, second mitochondrion; N, nucleus. Scales in
pm: 0.3.
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Figure 6. Spermatozoon of Prosotocus confusus, posterior or nuclear part (Region III); all cross-sections. (a, b) Disappearance of cortical
microtubules (CM); G, granules of glycogen; M2, second mitochondrion; N, nucleus. (c) Level of disorganization of the first axoneme; CC,
central core; M2, second mitochondrion; N, nucleus. (d—f) Consecutive sections showing the disappearance of the second mitochondrion (M2)
and the progressive reduction of the size of nucleus (N). G, granules of glycogen. (g, h) Level of the posterior spermatozoon tip. G, granules of
glycogen. Scales in um: 0.3.

Anterior spermatozoon extremity almost simultaneously at the base of this thin extremity. The

The anterior tip of the mature spermatozoa of the three WO axonemes of different lengths present in the sperm cell
pleurogenids is sharp and filiform and the two centrioles appear of pleurogenids are slightly longitudinally displaced. They
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Figure 7. Evidence of the glycogenic nature of electron-dense granules by means of the test of Thiéry in the case of Pleurogenoides medians.
G, granules of glycogen; M1, first mitochondrion; M2, second mitochondrion; N, nucleus. Scale in pm: 0.3.

exhibit the classical pattern present in the flagella and axonemes
of all the Trepaxonemata [20]. Only schistosomes and some
didymozoids show a different pattern in axonemal structure
[37, 40, 41]. In the pleurogenids studied in the present work, a
continuous and submembranous layer of parallel cortical micro-
tubules initially surrounds the axonemes. Such organization of
cortical microtubules has been observed in several species such
as Crepidostomum metoecus (Allocreadiidae) [76], Brachycoeli-
um salamandrae (Brachycoeliidae) [12], Deropristis inflata
(Deropristidae) [24], Dicrocoelium dendriticum and D. hospes
(Dicrocoeliidae) [1, 19], Euryhelmis squamula (Heterophyidae)
[6], Hypocreadium caputvadum (Lepocreadiidae) [44], Rubens-
trema exasperatum (Omphalometridae) [7], Postorchigenes
gymnesicus (Phaneropsolidae) [25], Enodiotrema reductum and
Plagiorchis elegans (Plagiorchiidae) [62, 64], Mediogonimus
jourdanei  (Prosthogonimidae) [8], Troglotrema acutum
(Troglotrematidae) [52] or Diphterostomum brusinae (Zoogoni-
dae) [49]. This organization of cortical microtubules without
attachment zones indicates the absence of fusion between the free
flagella and the median cytoplasmic process in the most basal or
proximal area of the differentiation zone during spermiogenesis.
This fact was demonstrated for several species and is clearly illus-
trated in the case of R. exasperatum or T. acutum [7, 52].

Spine-like bodies

Spine-like bodies consist in prominent electron-dense struc-
tures that seem to contain a spherical vesicle and are usually
located in the ornamented area of the spermatozoon. These ele-
ments were described only in the Digenea. Miquel et al. [52]
discussed the similarities and differences between spine-like
bodies of digeneans and crested bodies present in most ces-
todes. In cross-sections spine-like bodies and crested bodies

resemble each other. However, spine-like bodies are isolated
elements while crested bodies consist in one or more helical
cords that surround the spermatozoon.

Spine-like bodies were described for the first time in the op-
ecoelid Opecoeloides furcatus [53]. However, they were prob-
ably misinterpreted as artefacts of fixation or omitted in
previous studies, as in Paragonimus ohirai [68], which clearly
shows spine-like bodies (see Figure 7 in [68]). To our knowl-
edge, spine-like bodies have been observed in the allocreadiid
C. metoecus [76], the apocreadiid Neoapocreadium chabaudi
[45], the brachycoeliid B. salamandrae [12], the cryptogoni-
mids Adlardia novaecaledoniae, Anisocoelium capitellatum
and Aphallus tubarium [23, 69, 85], the dicrocoeliid D. hospes
[1], the diplodiscid Diplodiscus subclavatus [14], the fasciolids
Fasciola hepatica and F. gigantica [57, 59], the gastrothylacid
Carmyerius endopapillatus [82], the gyliauchenids Gyliauchen
sp. and Robphildollfusium fractum [13, 72], the mesometrids
Centroderma spinosissima, Elstia stossichianum and Wardula
capitellata [9-11], the notocotylid Notocotylus neyrai [58],
the omphalometrid R. exasperatum [7], the opecoelids
Helicometra epinepheli, Nicolla testiobliquum, N. wisniewskii,
O. furcatus and Poracanthium furcatum [47, 53, 73, 74, 77],
the opistholebetid Heterolebes maculosus [70], the paragonimid
P ohirai [68], the paramphistomids Cotylophoron cotylopho-
rum and Paramphistomum microbothrium [80, 81], the plagior-
chids E. reductum and P. elegans [62, 64], the pronocephalids
Cricocephalus albus and Pleurogonius truncatus [60, 63], the
prosthogonimid M. jourdanei [8], the troglotrematid 7. acutum
[52] and the pleurogenids P. claviger, P. medians and P. confu-
sus (present study).

A periodicity in the presence of spine-like bodies was
described in some species. For example, periodicity was esti-
mated as 1 pum in F. gigantica, O. furcatus and N. testiobliquum
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Figure 8. Schematic reconstruction of the mature spermatozoon for
the family Pleurogenidae. The sperm cell is organized in three
different regions: Region I or anterior part, Region II or middle part
and Region III or posterior part. The blue discontinuous lines linked
to the first and second mitochondria indicate the more posterior
location of the two mitochondria in the spermatozoon of Prosotocus
confusus. Consequently, in P. confusus cross-sections marked with *
do not present mitochondrion and the section marked with ** only
exhibits the first mitochondrion. ASE, anterior spermatozoon
extremity; Ax1, first axoneme; Ax2, second axoneme; AZ, attach-
ment zones; C1, centriole of the first axoneme; C2, centriole of the
second axoneme; CC, central core; CM, cortical microtubules; D,
doublets; EO, external ornamentation; G, granules of glycogen; M1,
first mitochondrion; M2, second mitochondrion; N, nucleus; PM,
plasma membrane; PNE, posterior nuclear extremity; PSE, posterior
spermatozoon extremity; S, singlets; SB, spine-like bodies.

[53, 57, 74], 0.7 um in P. furcatum [47] or 0.6 um in N. wis-
niewskii [77]. Their distribution is irregular in numerous spe-
cies, e.g. R. exasperatum or W. capitellata [7, 11]. In the case
of P. claviger the location of spine-like bodies seems to follow
a periodicity of 0.5-0.6 pm. Nevertheless, in most of the previ-
ously cited species spine-like body periodicity is not evident
because of the difficulty in observing longitudinal sections con-
taining successive spine-like bodies.

External ornamentation

The external ornamentation is another structure described in
numerous digeneans such as those included in the above-men-
tioned families and in other families as well: Aephnidiogenidae
with the species Holorchis micracanthum [4], Brachylaimidae
with Scaphiostomum palaearcticum [56], Bucephalidae with Bu-
cephaloides gracilescens (probably Prosorhynchoides borealis
according to Bartoli et al. [16]) and Pseudorhipidocotyle elopich-
thys [21, 84], Cladorchiidae with Basidiodiscus ectorchis and
Sandonia sudanensis [2], Deropristidae with D. inflata [24], Did-
ymozoidae with Gonapodasmius sp. [38], Echinostomatidae
with Echinostoma caproni [30], Faustulidae with Pronoprymna
ventricosa [75], Haematoloechidae with Haematoloechus sp.
[39], Haploporidae with Saccocoelioides godoyi [15], Hemiuri-
dae with Lecithocladium excisum and Parahemiurus merus
[54, 55], Heterophyidae with E. squamula [6], Lecithasteridae
with Aponurus laguncula [71], Lepocreadiidae with H. caputv-
adum [44], Microphallidae with Microphallus primas [18],
Monorchiidae with Monorchis parvus [48], Phaneropsolidae
with P. gymnesicus [25], Sclerodistomidae with Prosorchis pal-
inurichthi [61] and Zoogonidae with D. brusinae [49]. The pres-
ent study enlarges the number of digenean species and families
that exhibit external ornamentation in the spermatozoon. In the
digenean sperm cell, the external ornamentation is present in dif-
ferent locations. According to Quilichini ez al. [72] there are three
types of anterior spermatozoon regions depending on this charac-
ter: (i) type 1 presents external ornamentation in the anterior
extremity of the spermatozoon, (ii) type 2 presents external orna-
mentation at a more posterior level, usually in the mitochondrial
region, and (iii) type 3 lacks external ornamentation. According to
this classification, the pleurogenids studied in the present work
are included in the second type.

Thus, external ornamentation and/or spine-like bodies are
present in the spermatozoon of the great majority of digeneans
studied until now. The role of these elements remains unknown,
but they probably constitute important structures in the process
of fertilization considering their location in the male gamete. In
fact, the external elements associated to the plasma membrane
are always anterior to the nuclear region and in most cases they
are located in anterior areas of the sperm cell. During fertiliza-
tion in digeneans but also in monogeneans, the anterior part of
sperm cell coils around the oocyte, penetrating it by lateral
fusion [42, 43]. Moreover, several authors hypothesized that
the external ornamentation participates in the fusion of the sper-
matozoon and oocyte membranes during the fertilization pro-
cess [39]. In addition to their aberrant morphology,
schistosomes lack these anterior structures [37]. Certain ces-
todes also exhibit anterior external structures in the male gamete
such as the helical crested bodies that probably also play an
important role during fertilization [34, 36, 46].

Posterior spermatozoon extremity

The posterior tip of digenean spermatozoa is morphologi-
cally variable. Quilichini et al. [70] distinguished three types
of posterior parts of the spermatozoon (the Opecoelidean type,
the Fasciolidean type and the Cryptogonimidean type). These
types are characterized by the sequence of characters towards
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Table 1. Spermatological characteristics of the Microphalloidea.

Families and species ASE EO LE SB M PSE
Faustulidae
Pronoprymna ventricosa [75] 1Ax + — — 1 1Ax
Pleurogenidae
Pleurogenes claviger [present study] 2Ax + — + 2 1Ax
Pleurogenoides medians [present study] 2Ax + — + 2 1Ax
Prosotocus confusus [present study] 2Ax + — + 2 1Ax
Phaneropsolidae
Postorchigenes gymnesicus [25] 1Ax? + — — 2 1Ax
Prosthogonimidae
Mediogonimus jourdanei [8] 2Ax + — + 1 1Ax
Zoogonidae
Diphterostomum brusinae [49] 1AXx + — — 1 N

ASE, anterior spermatozoon extremity; Ax, axoneme; EO, external ornamentation; LE, lateral expansion; M, number of mitochondria; N,
nucleus; PSE, posterior spermatozoon extremity; SB, spine-like bodies; +/-, presence/absence of considered character.

the posterior spermatozoon tip. The type 1 or Opecoelidean
type is characterized by the sequence “axoneme, nucleus and
cortical microtubules”. The type 2 or Fasciolidean type presents
the sequence “cortical microtubules, axoneme and nucleus”.
Finally, the type 3 or Cryptogonimidean type follows the
sequence “cortical microtubules, nucleus and axoneme”.
According to these authors, there is a possibility of a fourth
group characterized by a different sequence: posterior extremity
of the first axoneme, posterior extremity of cortical microtu-
bules and posterior extremity of the second axoneme. This
group would be represented by the brachylaimid S. palaearcti-
cum [56], the deropristid D. inflata [24] and the lecithasterid
A. laguncula [71]. However, A. laguncula does not coincide
exactly with this pattern because cortical microtubules end
before the axonemes do. Moreover, this species exhibits a
unique morphological pattern, in which the mitochondrion
reaches the posterior spermatozoon extremity [71]. In our study,
each of the three Pleurogenidae studied species exhibits the sec-
ond axoneme in its posterior spermatozoon tip, an arrangement
which corresponds to the Cryptogonimidean type or type 3 pos-
terior spermatozoon extremity. Therefore, according to other
authors [7] in order to minimize the existing variations in these
sequences, it would be more interesting to consider only the ter-
minal characteristic rather than the succession of characters
towards the posterior spermatozoon extremity.

Perspectives

In the future, the present study can contribute to a better
knowledge of relationships between the Digenea and particu-
larly between the Microphalloidea. The taxonomic status of
pleurogenids is controversial. This group of digeneans was ini-
tially established as a subfamily included in the Brachycoeliidae
or in the Lecithodendriidaec depending on the authors [84].
More recently, it was raised to family rank, although some tax-
onomists do not accept this familial status. All these controver-
sies demonstrate that the classical morphological characters
alone cannot resolve the existing systematic confusion in

numerous taxa such as the pleurogenids [65, 87, 88]. Thus,
as numerous authors advocate, a multidisciplinary approach
to the systematics and phylogeny of Platyhelminthes is crucial,
for example by integrating molecular and ultrastructural tools
[27-29]. The molecular analysis of Digenea by Olson et al.
[65] shows the Microphalloidea as composed of two clades:
the first constituted by the Pachypsolidae, the Renicolidae and
the Eucotylidae, and the second formed by the Zoogoni-
dae+Faustulidae, the Lecithodendriidae, the Microphallidae,
the Pleurogenidac and the Prosthogonimidae. Unfortunately,
there are no spermatological data on the families nested in
the first clade. On the other hand, in another molecular study,
Tkach et al. [87] considered that the Microphalloidea were
composed of three clades corresponding to diverse families,
the lecithodendriids, the microphallids and the prosthogoni-
mids+pleurogenids. Moreover, these authors established several
subclades within the Pleurogenidae. The analysis of the avail-
able spermatological data shown in Table 1 for microphalloide-
ans emphasizes the necessity to complete additional studies on
the spermatozoon of other families, thus allowing for compari-
sons with molecular data. Presently, sperm ultrastructural data
confirm the proximity of pleurogenids and prosthogonimids
as evidenced in molecular analysis [87]. Unlike the remaining
families, in pleurogenids and prosthogonimids the two axo-
nemes and spine-like bodies are present in the anterior sperma-
tozoon extremity (see Table 1). Moreover, data concerning
ultrastructural studies of the spermatozoon in some microphal-
loideans [18, 26] are not included in Table 1 because they do
not show the complete ultrastructural organization of the male
gamete and they also contain numerous misinterpretations.
This emphasizes the need for a thorough analysis of the
spermatozoon in order to (1) avoid missing data on any of
the characters and (2) allow for comparisons among all avail-
able studies.

Acknowledgements. We are grateful to Nuria Cortadellas and
Almudena Garcia from the “Unitat de Microscopia, Facultat de
Medicina, Centres Cientifics i Tecnologics de la Universitat de Bar-
celona (CCiTUB)” for their support in the preparation of samples.



12

J. Miquel et al.: Parasite 2013, 20, 28

References

10.

11.

12.

13.

. Agostini S, Miquel J, Ndiaye PI, Marchand B. 2005. Dicro-

coelium hospes Looss, 1907 (Digenea, Dicrocoeliidae): sper-
miogenesis, mature spermatozoon and ultrastructural
comparative study. Parasitology Research, 961, 38-48.
doi: 10.1007/s00436-005-1318-6.

. Ashour AA, Garo K, Gamil IS. 2007. Spermiogenesis in two

paramphistomes from Nile fish in Egypt: An ultrastructural
study. Journal of Helminthology, 81, 219-226.
doi: 10.1017/S0022149X07409816.

. Ba CT, Marchand B. 1995. Spermiogenesis, spermatozoa and

phyletic affinities in the Cestoda. Mémoires du Muséum
National d’Histoire Naturelle, 166, 87-95.

. Ba CT, Ndiaye PI, Dione A, Quilichini Y, Marchand B. 2011.

Ultrastructure of the spermatozoon of Holorchis micracanthum
(Digenea: Lepocreadiidae), an intestinal parasite of Plectorhin-
chus mediterraneus (Pisces, Teleostei) in Senegal. Parasitology
Research, 109, 1099-1106. doi: 10.1007/s00436-011-2352-1.

. Bakhoum AJS. 2012. Contribution a la connaissance de

I’ultrastructure de la spermiogenése et du spermatozoide des
Digenes, PhD Thesis, University of Barcelona. http://hdlhandle.
net/10803/109050.

. Bakhoum AJS, Ba CT, Fournier-Chambrillon C, Torres J,

Fournier P, Miquel J. 2009. Spermatozoon ultrastructure of
Euryhelmis squamula (Rudolphi, 1819) (Digenea, Opisthor-
chiodea, Heterophyidae), an intestinal parasite of Mustela vison
(Carnivora, Mustelidae). Revista Ibero-latinoamericana de Par-
asitologia, 68, 37-45.

. Bakhoum AJS, Ba CT, Shimalov VV, Torres J, Miquel J. 2011.

Spermatological characters of the digenean Rubenstrema ex-
asperatum (Rudolphi, 1819) (Plagiorchioidea, Omphalometri-
dae). Parasitology Research, 108, 1283—1293.

doi: 10.1007/s00436-010-2178-2.

. Bakhoum AJS, Feliu C, Ba CT, Miquel J. 2012. Spermiogenesis

and spermatozoon of the liver fluke Mediogonimus jourdanei
(Microphalloidea: Prosthogonimidae), a parasite of the bank
vole Myodes glareolus (Rodentia: Cricetidae). Folia Parasito-
logica, 59, 32-42.

. Bakhoum AJS, Kacem H, Neifar L, Miquel J. in press.

Ultrastructure of the spermatozoon of Centroderma spinosiss-
ima (Stossich, 1886) (Digenea: Mesometridae) and its phylo-
genetic potential, Tissue & Cell.

doi: 10.1016/j.tice.2013.07.006.

Bakhoum AJS, Ndiaye PI, B4 CT, Miquel J. in press.
Spermatological characteristics of Elstia stossichianum (Dige-
nea, Mesometridae) from the intestine of the cow bream (Sarpa
salpa) off Dakar, Senegal. Journal of Helminthology.
doi: 10.1017/S0022149X12000478.

Bakhoum AJS, Ndiaye PI, Séne A, Ba CT, Miquel J. 2012.
Spermiogenesis and ultrastructure of the spermatozoon of
Wardula capitellata (Digenea, Mesometridae), an intestinal
parasite of the sparid teleost Sarpa salpa in Senegal. Acta
Parasitologica, 57, 34—45. doi: 10.2478/s11686-012-0008-7.
Bakhoum AIJS, Ribas A, Eira C, Ba CT, Miquel J. 2013.
Brachycoelium salamandrae (Frolich, 1789) (Digenea: Brac-
hycoeliidae): ultrastructural study of spermiogenesis and the
mature spermatozoon. Zoologischer Anzeiger, 252, 149-156.
doi: 10.1016/j.jcz.2012.05.003.

Bakhoum AJS, Séne A, Ndiaye PI, Ba CT, Miquel J. 2012.
Spermiogenesis and the spermatozoon ultrastructure of Rob-
phildollfusium fractum (Digenea: Gyliauchenidae), an intestinal

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

parasite of Sarpa salpa (Pisces: Teleostei). Comptes Rendus
Biologies, 335, 435-444. doi: 10.1016/j.crvi.2012.06.003.
Bakhoum AJS, Torres J, Shimalov VV, Ba CT, Miquel J. 2011.
Spermiogenesis and spermatozoon ultrastructure of Diplodiscus
subclavatus (Pallas, 1760) (Paramphistomoidea, Diplodiscidae),
an intestinal fluke of the pool frog Rana lessonae (Amphibia,
Anura). Parasitology International, 60, 64—74.

doi: 10.1016/jparint.2010.10.006.

Baptista-Farias MFD, Kohn A, Cohen SC. 2001. Ultrastructure
of spermatogenesis and sperm development in Saccocoelioides
godoyi Kohn & Froes, 1986 (Digenea, Haploporidae). Memor-
ias do Instituto Oswaldo Cruz, 96, 61-70.

Bartoli P, Gibson DI, Bray RA. 2006. Prosorhynchoides
gracilescens (Rudolphi, 1819) (Digenea: Bucephalidae) from
Lophius piscatorius L. is a species complex: a redescription of
this species (sensu stricto) from the western Mediterranean and
the description of P. borealis n. sp. from the northern North-East
Atlantic. Systematic Parasitology, 63, 201-219.

doi: 10.1007/s11230-005-9013-7.

. Bray RA. 2008. Superfamily Microphalloidea Ward, 1901, in

Keys to the Trematoda, vol. 3, Gibson DI, Jones A, Bray RA
Editors. CABI Publishing and The Natural History Museum:
London. p. 447-450.

Castilho F, Barandela T. 1990. Ultrastructural study on the
spermiogenesis and spermatozoon of the metacercariac of
Microphallus primas (Digenea), a parasite of Carcinus maenas.
Molecular Reproduction and Development, 25, 140-146.
doi: 10.1002/mrd.1080250206.

Cifrian B, Garcia-Corrales P, Martinez-Alos S. 1993. Ultra-
structural study of the spermatogenesis and mature spermatozoa
of Dicrocoelium dendriticum (Plathelminthes, Digenea). Para-
sitology Research, 79, 204-212. doi: 10.1007/BF00931894.
Ehlers U. 1984. Phylogenetisches System der Plathelminthes.
Verhandlungen des natwissenschaftlichen Vereins Hamburg,
NF, 27, 291-294.

Erwin BE, Halton DW. 1983. Fine structural observations on
spermatogenesis in a progenetic trematode, Bucephaloides
gracilescens. International Journal for Parasitology, 13, 413—
426. doi: 10.1016/S0020-7519(83)80003-4.

Euzet L, Swiderski Z, Mokhtar-Maamouri F. 1981. Ultrastruc-
ture comparée du spermatozoide des Cestodes. Relations avec la
phylogénése. Annales de Parasitologie, 56, 247-259.

Foata J, Quilichini Y, Greani S, Marchand B. 2012. Sperm
ultrastructure of the digenean Aphallus tubarium (Rudolphi,
1819) Poche, 1926 (Platyhelminthes, Cryptogonimidae) intes-
tinal parasite of Dentex dentex (Pisces, Teleostei). Tissue & Cell,
44, 15-21. doi: 10.1016/j.tice.2011.10.001.

Foata J, Quilichini Y, Marchand B. 2007. Spermiogenesis and
sperm ultrastructure of Deropristis inflata Molin, 1859 (Dige-
nea, Deropristidae), a parasite of Anguilla anguilla. Parasitology
Research, 101, 843-852. doi: 10.1007/s00436-007-0550-7.
Gracenea M, Ferrer JR, Gonzalez-Moreno O, Trullols M. 1997.
Ultrastructural study of spermatogenesis and spermatozoon in
Postorchigenes gymnesicus (Trematoda, Lecithodendriidae). Jour-
nal of Morphology, 234, 223-232. doi: 10.1002/(SICT)1097-
4687(199712)234:3<223:AID-JMOR2>3.0.CO;2-A.

Hendow HT, James BL. 1988. Ultrastructure of spermatozoon
and spermatogenesis in Maritrema linguilla (Digenea: Micr-
ophallidae). International Journal for Parasitology, 18, 53-63.
doi: 10.1016/0020-7519(88)90036-7.

Hoberg EP, Gardner SL, Campbell RA. 1999. Systematics of the
Eucestoda: Advances toward a new phylogenetic paradigm, and


http://dx.doi.org/10.1007/s00436-005-1318-6
http://dx.doi.org/10.1017/S0022149X07409816
http://dx.doi.org/10.1007/s00436-011-2352-1
http://hdlhandle.net/10803/109050
http://hdlhandle.net/10803/109050
http://dx.doi.org/10.1007/s00436-010-2178-2
http://dx.doi.org/10.1016/j.tice.2013.07.006
http://dx.doi.org/10.1017/S0022149X12000478
http://dx.doi.org/10.2478/s11686-012-0008-7
http://dx.doi.org/10.1016/j.jcz.2012.05.003
http://dx.doi.org/10.1016/j.crvi.2012.06.003
http://dx.doi.org/10.1016/jparint.2010.10.006
http://dx.doi.org/10.1007/s11230-005-9013-7
http://dx.doi.org/10.1002/mrd.1080250206
http://dx.doi.org/10.1007/BF00931894
http://dx.doi.org/10.1016/S0020-7519(83)80003-4
http://dx.doi.org/10.1016/j.tice.2011.10.001
http://dx.doi.org/10.1007/s00436-007-0550-7
http://dx.doi.org/10.1002/(SICI)1097-4687(199712)234:3&lt;223:AID-JMOR2&gt;3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1097-4687(199712)234:3&lt;223:AID-JMOR2&gt;3.0.CO;2-A
http://dx.doi.org/10.1016/0020-7519(88)90036-7

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

J. Miquel et al.: Parasite 2013, 20, 28 13

observations on the early diversification of tapeworms and
vertebrates. Systematic Parasitology, 42, 1-12.

doi: 10.1023/A:1006099009495.

Hoberg EP, Mariaux J, Brooks DR. 2001. Phylogeny among
orders of the Eucestoda (Cercomeromorphae): Integrating
morphology, molecules and total evidence, in Interrelationships
of the Platyhelminthes. Littlewood DTJ, Bray RA, Editors.
Taylor and Francis: London. p. 112-126.

Hoberg EP, Mariaux J, Justine J-L, Brooks DR, Weekes PJ.
1997. Phylogeny of the orders of the Eucestoda (Cercomero-
morphae) based on comparative morphology: Historical per-
spectives and a new working hypothesis. Journal of
Parasitology, 83, 1128-1147.

Iomini C, Justine J-L. 1997. Spermiogenesis and spermatozoon
of Echinostoma caproni (Platyhelminthes, Digenea): Transmis-
sion and scanning electron microscopy, and tubulin immuno-
cytochemistry. Tissue & Cell, 29, 107-118.

doi: 10.1016/S0040-8166(97)80077-8.

Justine J-L. 1991. Phylogeny of parasitic Platyhelminthes: a
critical study of synapomorphies proposed on the basis of the
ultrastructure of spermiogenesis and spermatozoa. Canadian
Journal of Zoology, 69, 1421-1440. doi: 10.1139/z91-203.
Justine J-L. 1991. Cladistic study in the Monogenea (Platyhel-
minthes), based upon a parsimony analysis of spermiogenetic
and spermatozoal ultrastructural characters. International Jour-
nal for Parasitology, 21, 821-838.

doi: 10.1016/0020-7519(91)90151-V.

Justine J-L. 1995. Spermatozoal ultrastructure and phylogeny of
the parasitic Platyhelminthes. Mémoires du Muséum National
d’Histoire Naturelle, 166, 55-86.

Justine J-L. 1998. Spermatozoa as phylogenetic characters for
the FEucestoda. Journal of Parasitology, 84, 385-408.
doi: 10.2307/3284502.

Justine J-L. 1998. Non-monophyly of the monogeneans?
International Journal for Parasitology, 28, 1653-1657.
doi: 10.1016/S0020-7519(98)00060-5.

Justine J-L. 2001. Spermatozoa as phylogenetic characters for
the Platyhelminthes, in Interrelationships of the Platyhelmin-
thes. Littlewood DTJ, Bray RA, Editors. Taylor and Francis:
London. p. 231-238.

Justine J-L, Jamieson BGM, Southgate VR. 1993. Homogeneity
of sperm structure in six species of Schistosomes (Digenea,
Platyhelminthes). Annales de Parasitologie Humaine et Com-
parée, 68, 185-187.

Justine J-L, Mattei X. 1982. Etude ultrastructurale de la spermi-
ogenese et du spermatozoide d’un Plathelminthe: Gonapodasm-
ius (Trematoda: Didymozoidae). Journal of Ultrastructure
Research, 79, 350-365. doi: 10.1016/S0022-5320(82)90010-7.
Justine J-L, Mattei X. 1982. Réinvestigation de I’ultrastructure
du spermatozoide d’Haematoloechus (Trematoda: Haematoloe-
chidae). Journal of Ultrastructure Research, 81, 322-332.
doi: 10.1016/S0022-5320(82)90060-0.

Justine J-L, Mattei X. 1983. A spermatozoon with two 9+0
axonemes in a parasitic flatworm, Didymozoon (Digenea:
Didymozoidae). Journal of Submicroscopic Cytology, 15,
1101-1105.

Justine J-L, Mattei X. 1984. Atypical spermiogenesis in a
parasitic flatworm, Didymozoon (Trematoda: Digenea: Didy-
mozoidae). Journal of Ultrastructure Research, 87, 106-111.
Justine J-L, Mattei X. 1984. Ultrastructural observations
on the spermatozoon, ovocyte and fertilization process in
Gonapodasmius, a gonochoristic Trematode (Trematoda:

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Digenea: Didymozoidae). Acta Zoologica (Stockholm), 65,
171-177. doi: 10.1111/j.1463-6395.1984.tb00822 x.

Justine J-L, Mattei X. 1986. Ultrastructural observations on
fertilization in Dionchus remorae (Platyhelminthes, Monogene-
a, Dionchidae). Acta Zoologica (Stockholm), 67, 97-101. doi:
10.1111/j.1463-6395.1986.tb00853.x.

Kacem H, Bakhoum AIJS, Eira C, Neifar L, Miquel J. 2012.
Ultrastructural characters of the spermatozoon of the digenean
Hypocreadium caputvadum Kacem et al., 2011 (Lepocreadioi-
dea: Lepocreadiidae), an intestinal parasite of Balistes capriscus
in Tunisia. Comptes Rendus Biologies, 335, 637-644.
doi: 10.1016/j.crvi.2012.10.002.

Kacem H, Bakhoum AJS, Neifar L, Miquel J. 2010. Spermio-
genesis and spermatozoon ultrastructure of the digenean Neo-
apocreadium chabaudi (Apocreadiidae), a parasite of Balistes
capriscus (Pisces, Teleostei). Parasitology International, 59,
358-366. doi: 10.1016/j.parint.2010.04.008.

Levron C, Miquel J, Oros M, Scholz T. 2010. Spermatozoa of
tapeworms (Platyhelminthes, Eucestoda): Advances in ultra-
structural and phylogenetic studies. Biological Reviews, 85,
523-543. doi: 10.1111/j.1469-185X.2009.00114.x.

Levron C, Ternengo S, Marchand B. 2004. Spermiogenesis and
sperm ultrastructure of Poracanthium furcatum (Digenea,
Opecoelidae), a parasite of Mullus surmuletus (Pisces, Teleo-
stei). Acta Parasitologica, 49, 190-200.

Levron C, Ternengo S, Marchand B. 2004. Ultrastructure of
spermiogenesis and the spermatozoon of Monorchis parvus
Looss, 1902 (Digenea, Monorchiidae), a parasite of Diplodus
annularis (Pisces, Teleostei). Parasitology Research, 93, 102—
110. doi: 10.1007/s00436-004-1115-7.

Levron C, Ternengo S, Marchand B. 2004. Spermiogenesis and
sperm ultrastructure of Diphterostomum brusinae (Digenea,
Zoogonidae), a parasite of Diplodus annularis (Pisces, Teleo-
stei). Parasitology Research, 94, 147-154.

doi: 10.1007/s00436-004-1199-0.

Looss A. 1894. Die Distomen unserer Fische und Frosche. Neue
Untersuchungen iiber Bau und Entwicklung des Disto-
menkdrpers. Bibliotheca Zoologica, 16, 1-296.

Lotz JM, Font WF. 2008. Family Pleurogenidae Looss, in Keys
to the Trematoda, vol 3, Gibson DI, Jones A, Bray RA, Editors.
CABI Publishing and The Natural History Museum: London.
p. 563-575.

Miquel J, Fournier-Chambrillon C, Fournier P, Torres J. 2006.
Spermiogenesis and spermatozoon ultrastructure of the cranial
digenean Troglotrema acutum (Leuckart, 1842). Journal of
Parasitology, 92, 441-453. doi: 10.1645/GE-743R.1.

Miquel J, Nourrisson C, Marchand B. 2000. Ultrastructure of
spermiogenesis and the spermatozoon of Opecoeloides furcatus
(Trematoda, Digenea, Opecoelidae), a parasite of Mullus
barbatus (Pisces, Teleostei). Parasitology Research, 86, 301—
310. doi: 10.1007/s004360050047.

Ndiaye PI, Bakhoum AJS, Séne A, Miquel J. 2013. Ultrastruc-
ture of the spermatozoon of Parahemiurus merus (Linton, 1910)
(Digenea: Hemiuroidea: Hemiuridae), a parasite of Sardinella
aurita Valenciennes, 1847 and S. maderensis (Lowe, 1838)
(Teleostei: Clupeidae) in the Senegalese coast. Zoologischer
Anzeiger, 252, 572-578. doi: 10.1016/j.jcz.2012.11.005.
Ndiaye PI, Diagne PM, Séne A, Bakhoum AJS, Miquel J. 2012.
Ultrastructure of the spermatozoon of the digenean Lecithocla-
dium excisum (Rudolphi, 1819) (Hemiuroidea: Hemiuridae), a
parasite of marine teleosts in Senegal. Folia Parasitologica, 59,
173-178.


http://dx.doi.org/10.1023/A:1006099009495
http://dx.doi.org/10.1016/S0040-8166(97)80077-8
http://dx.doi.org/10.1139/z91-203
http://dx.doi.org/10.1016/0020-7519(91)90151-V
http://dx.doi.org/10.2307/3284502
http://dx.doi.org/10.1016/S0020-7519(98)00060-5
http://dx.doi.org/10.1016/S0022-5320(82)90010-7
http://dx.doi.org/10.1016/S0022-5320(82)90060-0
http://dx.doi.org/10.1111/j.1463-6395.1984.tb00822.x
http://dx.doi.org/10.1111/j.1463-6395.1986.tb00853.x
http://dx.doi.org/10.1016/j.crvi.2012.10.002
http://dx.doi.org/10.1016/j.parint.2010.04.008
http://dx.doi.org/10.1111/j.1469-185X.2009.00114.x
http://dx.doi.org/10.1007/s00436-004-1115-7
http://dx.doi.org/10.1007/s00436-004-1199-0
http://dx.doi.org/10.1645/GE-743R.1
http://dx.doi.org/10.1007/s004360050047
http://dx.doi.org/10.1016/j.jcz.2012.11.005

14

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

J. Miquel et al.: Parasite 2013, 20, 28

Ndiaye PI, Miquel J, Ba CT, Feliu C, Marchand B. 2002.
Spermiogenesis and sperm ultrastructure of Scaphiostomum
palaearcticum Mas-Coma, Esteban et Valero, 1986 (Trematoda,
Digenea, Brachylaimidae). Acta Parasitologica, 47, 259-271.
Ndiaye PI, Miquel J, Ba CT, Marchand B. 2004. Spermiogen-
esis and ultrastructure of the spermatozoon of the liver fluke
Fasciola gigantica Cobbold, 1856 (Digenea, Fasciolidae), a
parasite of cattle in Senegal. Journal of Parasitology, 90, 30—40.
doi: 10.1645/GE-3171.

Ndiaye PI, Miquel J, Feliu C, Marchand B. 2003. Ultrastructure
of spermiogenesis and spermatozoa of Notocotylus neyrai
Gonzalez Castro, 1945 (Digenea, Notocotylidae), intestinal
parasite of Microtus agrestis (Rodentia: Arvicolidae) in Spain.
Invertebrate Reproduction and Development, 43, 105-115.
doi: 10.1080/07924259.2003.9652529.

Ndiaye PI, Miquel J, Fons R, Marchand B. 2003. Spermiogen-
esis and sperm ultrastructure of the liver fluke Fasciola hepatica
L., 1758 (Digenea, Fasciolidae): Scanning and transmission
electron microscopy, and tubulin immunocytochemistry. Acta
Parasitologica, 48, 182—-194.

Ndiaye PI, Quilichini Y, Séne A, Ba CT, Marchand B. 2011.
Ultrastructure of the spermatozoon of the digenean Cricoceph-
alus albus (Kuhl & van Hasselt, 1822) Looss, 1899 (Platyhel-
minthes, Pronocephaloidea, Pronocephalidae), parasite of “the
hauksbill sea turtle” Eretmochelys imbricata (Linnaeus, 1766)
in Senegal. Zoologischer Anzeiger, 250, 215-222.

doi: 10.1016/j.jcz.2011.04.002.

Ndiaye PI, Quilichini Y, Séne A, Bray RA, Ba CT, Marchand B.
2013. Prosorchis palinurichthi Kurochkin, Parukhin & Koro-
taeva, 1971 (Digenea, Sclerodistomidae): Ultrastructure of the
mature spermatozoon. Zoologischer Anzeiger, 252, 404-409.
doi: 10.1016/j.jcz.2012.11.001.

Ndiaye PI, Quilichini Y, Séne A, Tkach VV, Ba CT, Marchand
B. 2012. Ultrastructural study of the spermatozoon of the
digenean Enodiotrema reductum Looss, 1901 (Platyhelminthes,
Plagiorchioidea, Plagiorchiidae), parasite of the green turtle
Chelonia mydas (Linnaeus, 1758) in Senegal. Parasitology
Research, 111, 859-864. doi: 10.1007/s00436-012-2911-0.
Ndiaye PI, Quilichini Y, Séne A, Tkach VV, Ba CT, Marchand
B. 2012. Ultrastructural study of the male gamete of Pleurogo-
nius truncatus Prudhoe, 1944 (Platyhelminthes, Digenea,
Pronocephalidae) parasite of Eretmochelys imbricata (Linnaeus,
1766). Comptes Rendus Biologies, 335, 239-246.

doi: 10.1016/j.crvi.2012.02.004.

Ndiaye PI, Quilichini Y, Tkach VV, Greiman SE, Ba CT,
Marchand B. 2013. Ultrastructure of the spermatozoon of the
digenean Plagiorchis elegans (Rudolphi, 1802) (Plagiorchioi-
dea, Plagiorchiidae). Journal of Morphology, 274, 965-972.
doi: 10.1002/jmor.20152.

Olson PD, Cribb TH, Tkach VV, Bray RA, Littlewood DTJ.
2003. Phylogeny and classification of the Digenea (Platyhel-
minthes: Trematoda). International Journal for Parasitology, 33,
733-755. doi: 10.1016/S0020-7519(03)00049-3.

Olson PD, Littlewood DTJ, Bray RA, Mariaux J. 2001.
Interrelationships and evolution of the tapeworms (Platyhel-
minthes: Cestoda). Molecular Phylogenetics and Evolution, 19,
443-467. doi: 10.1006/mpev.2001.0930.

Olsson P. 1876. Bidrag till skandinaviens helminthfauna I.
Kongliga Svenska Vetenskaps-Akademiens Handlingar, 14,
1-35.

Orido Y. 1988. Ultrastructure of spermatozoa of the lung fluke,
Paragonimus ohirai (Trematoda: Troglotrematidae), in the

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

seminal receptacle. Journal of Morphology, 196, 333-343.
doi: 10.1002/jmor.1051960306.

Quilichini Y, Foata J, Justine J-L, Bray RA, Marchand B. 2009.
Sperm ultrastructure of the digenean Siphoderina elongata
(Platyhelminthes, Cryptogonimidae) intestinal parasite of Ne-
mipterus furcosus (Pisces, Teleostei). Parasitology Research,
105, 87-95. doi: 10.1007/s00436-009-1366-4.

Quilichini Y, Foata J, Justine J-L, Bray RA, Marchand B. 2010.
Ultrastructural study of the spermatozoon of Heterolebes
maculosus (Digenea, Opistholebetidae), a parasite of the
porcupinefish Diodon hystrix (Pisces, Teleostei). Parasitology
International, 59, 427-434. doi: 10.1016/j.parint.2010.06.002.
Quilichini Y, Foata J, Justine J-L, Bray RA, Marchand B. 2010.
Spermatozoon ultrastructure of Aponurus laguncula (Digenea:
Lecithasteridae), a parasite of Aluterus monoceros (Pisces,
Teleostei). Parasitology International, 59, 22-28.

doi: 10.1016/j.parint.2009.06.007.

Quilichini Y, Foata J, Justine J-L, Bray RA, Marchand B. 2011.
Spermatozoon ultrastructure of Gyliauchen sp. (Digenea: Gy-
liauchenidae), an intestinal parasite of Siganus fiscescens
(Pisces: Teleostei). Biological Bulletin, 221, 197-205.

Quilichini Y, Foata J, Justine J-L, Bray RA, Marchand B. 2011.
Sperm ultrastructure of Helicometra epinepheli (Platyhelmin-
thes, Digenea, Opecoelidae), parasite of Epinephelus fasciatus
(Pisces, Teleostei). Histology and Histopathology, 26, 1019—
1028.

Quilichini Y, Foata J, Marchand B. 2007. Ultrastructural study
of the spermatozoon of Nicolla testiobliguum (Digenea,
Opecoelidae) parasite of brown trout Salmo trutta (Pisces,
Teleostei). Parasitology Research, 101, 1295-1301.

doi: 10.1007/s00436-007-0636-2.

Quilichini Y, Foata J, Marchand B. 2007. Ultrastructural study
of the spermatozoon of Pronoprymna ventricosa (Digenea,
Baccigerinae), parasite of the twaite shad Alosa fallax Lacepede
(Pisces, Teleostei). Parasitology Research, 101, 1125-1130. doi:
10.1007/s00436-007-0599-3.

Quilichini Y, Foata J, Orsini A, Marchand B. 2007. Ultrastruc-
tural study of spermiogenesis and the spermatozoon of Crep-
idostomum metoecus (Digenea: Allocreadiidae), a parasite of
Salmo trutta (Pisces: Teleostei). Journal of Parasitology, 93,
458-468. doi: 10.1645/GE-1045R.1.

Quilichini Y, Foata J, Orsini A, Marchand B. 2007. Spermio-
genesis and spermatozoon ultrastructure of Nicolla wisniewskii
(Digenea: Opecoelidae), an intestinal parasite of brown trout
Salmo trutta (Pisces: Teleostei). Journal of Parasitology, 93,
469-478. doi: 10.1645/GE-1085R.1.

Reynolds ES. 1963. The use of lead citrate at high pH as an
electronopaque stain in electron microscopy. Journal of Cell
Biology, 17, 208-212.

Rudolphi CA. 1819. Entozoorum sinopsis, cui accedunt man-
tissa duplex et indices locupletissimi. Sumtibus Augusti Riicker:
Berolini.

Seck MT, Marchand B, Ba CT. 2007. Ultrastructure of
spermiogenesis and the spermatozoon of Paramphistomum
microbothrium (Fischoeder 1901; Digenea, Paramphistomidae),
a parasite of Bos taurus in Senegal. Parasitology Research, 101,
259-268. doi: 10.1007/s00436-007-0503-1.

Seck MT, Marchand B, Ba CT. 2008. Spermiogenesis and
sperm ultrastructure of Cotylophoron cotylophorum (Trematoda,
Digenea, Paramphistomidae), a parasite of Bos faurus in
Senegal. Parasitology Research, 103, 157-166.

doi: 10.1007/s00436-008-0944-1.


http://dx.doi.org/10.1645/GE-3171
http://dx.doi.org/10.1080/07924259.2003.9652529
http://dx.doi.org/10.1016/j.jcz.2011.04.002
http://dx.doi.org/10.1016/j.jcz.2012.11.001
http://dx.doi.org/10.1007/s00436-012-2911-0
http://dx.doi.org/10.1016/j.crvi.2012.02.004
http://dx.doi.org/10.1002/jmor.20152
http://dx.doi.org/10.1016/S0020-7519(03)00049-3
http://dx.doi.org/10.1006/mpev.2001.0930
http://dx.doi.org/10.1002/jmor.1051960306
http://dx.doi.org/10.1007/s00436-009-1366-4
http://dx.doi.org/10.1016/j.parint.2010.06.002
http://dx.doi.org/10.1016/j.parint.2009.06.007
http://dx.doi.org/10.1007/s00436-007-0636-2
http://dx.doi.org/10.1007/s00436-007-0599-3
http://dx.doi.org/10.1645/GE-1045R.1
http://dx.doi.org/10.1645/GE-1085R.1
http://dx.doi.org/10.1007/s00436-007-0503-1
http://dx.doi.org/10.1007/s00436-008-0944-1

82.

83.

84.

85.

86.

J. Miquel et al.: Parasite 2013, 20, 28 15

Seck MT, Marchand B, Ba CT. 2008. Spermiogenesis and
sperm ultrastructure of Carmyerius endopapillatus (Digenea,
Gastrothylacidae), a parasite of Bos taurus in Senegal. Acta
Parasitologica, 53, 9-18. doi: 10.2478/s11686-008-0006-y.
Swiderski Z. 1986. Three types of spermiogenesis in cestodes.
Proceedings of the XIth International Congress of Electron
Microscopy: Kyoto. p. 2959-2960.

Tang J, Wang W, Wang G. 1998. Studies on ultrastructure of
spermatogenesis and sperm in Pseudorhipidocotyle elpichthys.
Acta Hydrobiologica Sinica, 22, 168—173.

Ternengo S, Quilichini Y, Katharios P, Marchand B. 2009.
Sperm ultrastructure of the gall bladder fluke Anisocoelium
capitellatum (Digenea: Cryptogonimidae), a parasite of Ur-
anoscopus  scaber (Pisces: Uranoscopidae). Parasitology
Research, 104, 801-807. doi: 10.1007/s00436-008-1259-y.
Thiéry JP. 1967. Mise en évidence des polysaccharides sur
coupes fines en microscopie électronique. Journal de Micros-
copie, 6, 987-1018.

87.

88.

89.

Tkach VV, Littlewood DTL, Olson PD, Kinsella JM, Swiderski
Z. 2003. Molecular phylogenetic analysis of the Microphalloi-
dea Ward, 1901 (Trematoda: Digenea). Systematic Parasitology,
56, 1-15. doi: 10.1023/A:1025546001611.

Tkach VV, Pawlowski J, Mariaux J, Swiderski Z. 2001.
Molecular phylogeny of the suborder Plagiorchiata and its
position in the system of Digenea, in Interrelationships of the
Platyhelminthes. Littlewood DTJ, Bray RA, Editors. Taylor and
Francis: London. p. 186-193.

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. Molecular Phy-
logenetics and Evolution, 45, 311-325.

doi: 10.1016/j.ympev.2007.03.019.

Cite this article as: Miquel J, Vilavella D, Swiderski Z, Shimalov V & Torres J: Spermatological characteristics of Pleurogenidae
(Digenea) inferred from the ultrastructural study of Pleurogenes claviger, Pleurogenoides medians and Prosotocus confusus. Parasite,

2013, 20, 28.

PARASITE

An international open-access, peer-reviewed, online journal publishing high quality papers

on all aspects of human and animal parasitology

Reviews, articles and short notes may be submitted. Fields include, but are not limited to: general, medical and veterinary parasitology;
morphology, including ultrastructure; parasite systematics, including entomology, acarology, helminthology and protistology, and molecular
analyses; molecular biology and biochemistry; immunology of parasitic diseases; host-parasite relationships; ecology and life history of
parasites; epidemiology; therapeutics; new diagnostic tools.

All papers in Parasite are published in English. Manuscripts should have a broad interest and must not have been published or submitted
elsewhere. No limit is imposed on the length of manuscripts.

Parasite (open-access) continues Parasite (print and online editions, 1994-2012) and Annales de Parasitologie Humaine et Comparée
(1923-1993) and is the official journal of the Société Francaise de Parasitologie.

Editor-in-Chief:
Jean-Lou Justine, Paris

Submit your manuscript at '
http://parasite.edmgr.com/



http://dx.doi.org/10.2478/s11686-008-0006-y
http://dx.doi.org/10.1007/s00436-008-1259-y
http://dx.doi.org/10.1023/A:1025546001611
http://dx.doi.org/10.1016/j.ympev.2007.03.019
http://parasite.edmgr.com/

	Introduction
	Materials and methods
	Results
	Discussion
	Anterior spermatozoon extremity
	Spine-like bodies
	External ornamentation
	Posterior spermatozoon extremity
	Perspectives

	Acknowledgements
	References

