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To add to our understanding of dendrocoelid spermatozoa and to describe additional
phylogenetic characters, the ultrastructure of the testis was investigated in the
subterranean freshwater planarian Dendrocoelum constrictum. This is the first study
investigating spermatogenesis and spermatozoon ultrastructure in a subterranean
freshwater planarian species. We found that the basic structure of spermatozoa in
D. constrictum is similar to that of other Tricladida that have been studied previously. In
fact, D. constrictum spermatozoa possess an elongated nucleus, one giant mitochondrion,
and two subterminal flagella with a 9 + ‘1’ pattern. The flagella emerge together from one
side of the spermatozoon. However, D. constrictum has some characteristics that have not
yet been described for other freshwater planarians. In fact, the number of cortical
microtubules reaches the maximum number in the anterior and middle part of region I,
and then decrease until they disappear towards the posterior extremity of the
spermatozoon. The extreme tip of the anterior region of the spermatozoon exhibits a
specific external ornamentation of the plasma membrane.

© 2014 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

The ultrastructural features of spermatozoa, such as
the number and structure of the flagella, the presence
or absence of mitochondria and the arrangement of
microtubules, have been widely used as systematic
characters because spermatozoa possess morphological
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characteristics that are more likely to be conserved than
more traditional macroscopic characters [1]. Indeed, the
use of spermiogenesis and spermatozoan ultrastructural
features has been considered to be useful for resolving
phylogenetic relationships within Platyhelminthes [2-11].

In light of their importance, several ultrastructural
descriptions have been completed on various platyhel-
minth species, particularly free-living flatworms [3,12-17].
However, even though freshwater planarians feature
relatively high diversity, data on the ultrastructural
characteristics of spermatogenesis of this group are
relatively scarce and are restricted to only a few species
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[12,18-20]. In particular, among the dendrocoelids, only
one species, Dendrocoelum lacteum, has been studied [21].
Therefore, and given that based on molecular data the
phylogeny of platyhelminthes is currently controversial,
additional research in this group is surely needed. It is
known that freshwater planarians are hermaphroditic [22].
With the present study of Dendrocoelum constrictum, we
have followed the spermatogenesis and have established
the structure of the spermatozoon. This study represents
the first ultrastructural investigation of the spermatogen-
esis of a subterranean freshwater planarian, D. constrictum.
The oogenesis of the species has been described previously
and has greatly improved our knowledge of the cellular
features of free-living flatworms group reproductive
biology, particularly freshwater planarians [23]. In fact,
oocyte maturation is characterized by a marked growth of
the cytoplasm because of the accumulation of cytoplasmic
organelles and spherical globules that migrate toward the
cortical ooplasm, forming a continuous monolayer. These
spherical globules have been suggested as cortical granules
rather than eggshell globules [23].

2. Materials and methods
2.1. Source of specimens

Sexually mature specimens of D. constrictum were
collected from the Ain Sobah spring in northwestern
Tunisia, as described previously [23,24]. Samples were
collected between January and May during the rainiest
season, a time when D. constrictum is abundant and
sexually mature.

2.2. Light microscopy

Specimens were fixed in Bouin’s fluid and were
preserved in 70% alcohol. Histological sections were
prepared at intervals of 7 wm and stained in Mallory-
Cason stain.

2.3. Transmission electron microscopy (TEM)

Worms were fixed overnight at 4 °C in 3% glutaralde-
hyde in 0.1 M phosphate buffer (pH 7.2). After fixing, the
material was post-fixed in 1% osmium tetroxide in the
same buffer for 2 h at room temperature, dehydrated using
ascending grades of ethanol series, impregnated in
propylene oxide and resin mixture, and embedded in pure
resin. Ultrathin sections of silver shades (60-70 nm) were
cut using an ultra-microtome (Leica, UCT) equipped with a
diamond knife; sections were then placed on copper grids
and stained with uranyl acetate (20 min) and lead citrate
(5 min). Stained sections were observed with a TEM (JEOL
JEM-1011) operating at 80 kV. Both the micrographs and
electron micrographs were digitized using Adobe Photo-
shop by adjusting the contrast and the brightness balance.

3. Results
3.1. Light microscopy

Testes are situated on either side of the body; they are
essentially dorsal in position, but with a few, distinctly
ventral follicles. The testes extend from the level of the
ovaries to the posterior end of the body (Fig. 1A).

Spermatogonia are arranged in a regular layer located
peripherally (Fig. 1B). Toward the central region of the
testis, there are distinct clusters of cells containing clumps
of spermatocytes, spermatids and spermatozoa that can be
distinguished on the basis of features of the nucleus.
Spermatids are easily identified with their dark and round
nuclei due to their high levels of compact chromatin, while
the mature spermatozoa have elongated dark nuclei and
are present in the lumen of the testis (Fig. 1B).

3.2. Electron microscopy
3.2.1. Spermatogenesis

Cell development begins at the periphery of the testes
and as cells proceed through spermatogenesis, the

Fig. 1. (Color online.) Light microscopic view of Dendrocoelum constrictum testes (Mallory-Cason staining). A. Sagittal section of a specimen showing that
the localization of the testes (large arrows) is primarily dorsal (DE) and a slightly ventral (VE). B. Two testes with different stages of spermatozoon
maturation: from the periphery to the central part of the testis we find spermatogonia (SG), a cluster of distinctly larger primary spermatocytes (SY),
secondary spermatocytes, spermatids (SD) and spermatozoa (SZ). I: intestine. Scale bar =100 pm.
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spermatogenic stages shift toward the center of the
testicular lumen (Fig. 2A and B).

The spermatogonia form a peripheral layer of elongated
cells approximately 6 pm in diameter. They are character-
ized by a high nucleus to cytoplasm ratio; their nuclei are
eccentrically located and have well-developed nucleoli
and granular chromatin with clumps of heterochromatin
scattered throughout a granular nucleoplasm (Fig. 2C). The
reduced cytoplasm is filled with free ribosomes, many of
which occur in clusters or rosettes. Mitochondria, endo-
plasmic reticulum and Golgi complexes were not observed.

Primary spermatocytes are obtained through mitotic
division of the spermatogonia. The ratio of cytoplasmic to
nuclear volume of these cells is so high that they are some
of the largest cells formed during spermatogenesis
(Fig. 2A). Secondary spermatocytes have a cytoplasm
characterized by the presence of Golgi stacks and rough
endoplasmic reticulum (Fig. 2D). The Golgi stacks produce
small vesicles containing a dense, homogeneous sub-
stance. The chromatoid body, an electron-dense roughly
subspherical mass of material, has also been observed
(Fig. 2D). Ribosomes are scattered through the cytoplasm,

sometimes assembled in clusters. Mitochondria are
scattered with dense matrices.

Secondary spermatocytes, obtained through meiotic
division of primary spermatocytes, are smaller than the
latter and have nuclei that contain condensed nucleolus
(Fig. 2A and B).

Each early spermatid has round or an ovoid shape with
a large spherical nucleus (Fig. 2E). Several mitochondria
with lightly staining matrices are visible in the cytoplasm
of early spermatids, together with granular ER and clusters
of ribosomes. The mitochondria begin to cluster at this
stage, which indicates that they may fuse into a single
mitochondrion.

Each spermatid, originally round with a round nucleus,
becomes elongated during spermiogenesis (Fig. 3A). The
beginning of spermiogenesis is marked by the formation of
a differentiation zone situated at the periphery of each
spermatid (Fig. 3B). Early spermatids, which are round in
shape, show a protrusion that contains two centrioles,
which are placed symmetrically and joined by a banded
structure termed the intercentriolar body (Fig. 3B and C).
Each centriole gives rise to a flagellum that grows

Fig. 2. Spermatogenesis of Dendrocoelum constrictum under TEM. A. Spermatogonia (SG) situated at the periphery of the testicular wall, and the enlarged
primary spermatocytes (SYI) and secondary spermatocytes (SYII). SD: spermatid; Scale bar =1 pm. B. Spermatids (SD) are characterized by a condensed
nucleus surrounded by a reduced cytoplasm, lying close to the lumen of the testis, whereas the spermatozoa are scattered throughout the lumen. We can
also see the spermatogonia (SG) situated at the periphery and more internal the secondary spermatocytes (SYII). Scale bar=2 pwm. C. Detail of a
spermatogonium with a characteristically large nucleocytoplasmic ratio, nucleus (N) with nucleolus (NU) and numerous ribosomes. Scale bar=1 pwm.
D. Detail of the cytoplasm from a secondary spermatocyte distinguished by the prominent development of mitochondria (M), Golgi complexes (G),
endoplasmic reticulum (ER) and chromatoid bodies (CB). Scale bar =2 wm. E. An early spermatid characterized by an ovoid nucleus (N) and numerous
mitochondria (M) which begin to cluster at this stage. Scale bar=0.5 pum. L: lumen; F: flagellum.
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Fig. 3. Electron micrographs showing different stages of spermiogenesis. A. Each spermatid, originally round in shape with a round and condensed nucleus
(N) (large arrow), becomes elongated (arrow). Scale bar = 1 wm. B. Longitudinal section of an early spermatid showing the rounded and condensed nucleus
(N) that occupies the distal end of the cell; a differentiation zone appears distal to the nucleus as a small protrusion of cytoplasm (C) (large arrow). Scale
bar =2 pm. C. Cross-section of the differentiation zone showing the intercentriolar body (IC) between the two centrioles (C) to support the two flagella (F1
and F2). Both flagella grow in opposite directions outside the spermatid. Scale bar = 0.5 pm. D. Longitudinal section of the flagella (F1 and F2) showing their
emergence that occur at the same level. Scale bar = 0.5 wm. E. Elongation of the nucleus and formation of the arching membranes (large arrow) at the base of
the differentiation zone. Scale bar = 2 pm. F. Elongation continues until the ring of arching membranes is strangled, and the newly formed spermatozoon is
released from the general cell mass (large arrow). Scale bar = 1 wm. G. Longitudinal section of differentiation zone, after flagellar rotation, showing flagella
(F1 and the emplacement of F2) parallel to the spermatid axis containing the central structure. Scale bar = 0.5 pm. H. The elongated nucleus (N) migrates
toward the median cytoplasmic process pushing ahead the two flagella (F1 and F2). Scale bar = 0.5 wm. I. The residual cytoplasm (large arrow) after the
release of the newly formed spermatozoon consists of a large vacuole (V) together with some degenerating cytoplasmic elements. We can also see two

spermatids (arrow heads). Scale bar=1 pm.

externally to the emerging median cytoplasmic process,
perpendicular to the axis of the protrusion, and in opposite
directions (Fig. 3C). The emergence of both flagella occur at
the same level (Fig. 3D). Later on, the nucleus elongates and
the apical region of the differentiation zone shows the
presence of an electron-dense material, a ring of arching
membranes is formed at the base of the differentiation
zone and cortical microtubules that border the periphery
of the differentiation zone (Fig. 3E and F). The elongation
continues until the ring of arching membranes is strangled
and the newly formed spermatozoon is released from the
general cell mass (Fig. 3F). The following stage (Fig. 3G) is
characterized by a rotation of the centrioles, which are now
parallel to each other but still perpendicular to the
elongation axis of the spermatid. Finally, the elongated

nucleus, which is characterized by a fibrillar helical
structure, migrates toward the median cytoplasmic
process after flagellar rotation, pushing ahead the two
flagella (Fig. 3H). The complete migration of mitochondria
occurs at a final stage of spermiogenesis after nuclear
migration is complete. The residual cytoplasm left after the
release of the newly formed spermatozoon, consists of a
large vacuole together with some degenerating cytoplas-
mic elements (Fig. 31).

3.2.2. Spermatozoon

Based on transverse and longitudinal sections (Fig. 4A
and B) examined by electron microscopy, the sections
show the nucleus alone, the nucleus accompanied by
the giant mitochondrion, or the mitochondrion alone
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Fig. 4. Ultrastructural organization of the mature spermatozoon of Dendrocoelum constrictum. A-B. Transverse and longitudinal sections of the mature
spermatozoon at different levels (arrows). A: Scale bar = 0.5 pm, B: Scale bar=2 wm. C. Transverse section of the anterior extremity of a spermatozoon,
devoid of a nucleus and microtubules, exhibits a specific external ornamentation of the plasma membrane (arrow). Scale bar = 0.2 wm. D. Cross-section of
the posterior area of region I in which we only see the nucleus (N) and no mitochondrion appears (arrow). Scale bar = 2 pwm. E. Cross-section of the anterior
area of region II showing both nucleus (N) and mitochondrion (M). At this level, the section of the condensed nucleus is larger than that of the
mitochondrion. Scale bar = 0.1 wm. F-G. From the anterior to the posterior area of region II of the spermatozoon, the mitochondrion (M) begins to widen
whereas the nucleus (N) becomes narrower until it disappears (spermatozoa section stages from 1 to 4). F: Scale bar =0.5 wm, G: Scale bar=0.2 pm.
H. Longitudinal section of the spermatozoon showing an elongated and helical structures of the nucleus (large arrow). Scale bar = 0.5 pm. I. Cross-section of
the anterior area of region IIl showing the enlarged profile of the mitochondrion (M) and the disappearance of the nucleus (large arrows). Arrow head is
showing the trace of the nucleus. Scale bar = 0.2 wm. J. Transverse section showing the insertion level of the flagella (large arrows) at the posterior part of
spermatozoon. Note the reduced section of the mitochondrion and the disappearance of the cortical microtubules. Scale bar = 0.5 wm. K. The axonemal
pattern in D. constrictum (large arrows). The flagellar microtubules are arranged in a 9 +‘1” structure. Scale bar =2 pm. CM: cortical microtubules.
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depending on the level examined. To reconstitute the
organization of the spermatozoon in D. constrictum, we
distinguish the three following regions.

Region | corresponds to the anterior portion of the
spermatozoon. The extreme tip of this region is character-
ized by lightly staining content devoid of the nucleus,
mitochondrion and microtubules and exhibits a specific
external ornamentation of the plasma membrane (Fig. 4C).
The posterior part of this region is characterized by the
presence of the nucleus where it reaches its maximum
width and fills the entire section of the spermatozoon
(Fig. 4D). The nuclear chromatin is densely packed. The

Region |

$
i
]

Region Il

Region Il

microtubules, numbering between 40 and 45, lie imme-
diately beneath the plasma membrane and circumscribe
the nucleus in this region.

Region II corresponds to the middle of the spermato-
zoon. It represents a wide region because it is characterized
by the presence of the nucleus accompanied by the
mitochondrial rod (Fig. 4E). From the proximal to the distal
part of the spermatozoon in this region, the mitochondrion
begins to widen, whereas the nucleus becomes narrower
until it disappears completely (Fig. 4F and G). In long-
itudinal section, the chromatin appears to form a helical
pattern (Fig. 4H). The number of cortical microtubules

Fig. 5. Diagram showing the organization of the mature spermatozoon of Dendrocoelum constrictum reconstructed from ultrastructural sections. cm:
Cortical microtubules; eo: external ornamentation; f1: flagellum 1; f2: flagellum 2; m: mitochondrion; n: nucleus. Arrows are showing the nucleus whereas
the large arrows are showing the mitochondrion.
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decreases from 40 to 35-30 along the anterior-posterior
axis in this region.

Region III represents the posterior part of the sperma-
tozoon. It is characterized by the disappearance of
the nucleus and thus contains only the mitochondrial
rod and 10-30 microtubules (Fig. 41). The posterior part
of the spermatozoon contains only the mitochondrial
rod whereas the peripheral area is devoid of cortical
microtubules and most likely represents the exiting
point of the flagella (Fig. 4]). The flagellar microtubules
are arranged in a 9+‘1’ structure (Fig. 4K). A diagram
showing the organization of the mature spermatozoon of
D. constrictum has been proposed from the ultrastructural
sections (Fig. 5).

4. Discussion

Spermatogenesis, spermiogenesis and the basic struc-
ture of spermatozoa from D. constrictum is similar to that of
other freshwater planarians, including Dendrocoeulum
lacteum, Polycelis tenuis, Polycelis nigra, Schmidtea medi-
terranea, and Dugesia sicula. However, D. constrictum has
some characteristics that have not yet been described for
other freshwater planarians.

The spermatozoa of D. constrictum consist of two main
divisions as described in many triclads [18,19,22,25,26].
The proximal division consists of a condensed elongated
nucleus and a giant mitochondrion, whereas the distal
process primarily contains the mitochondrion. The length
of the nucleus within the spermatozoa may be used to
distinguish the two suborders of the Polyclad ftaworms
[27]. In fact, the cotylean species have a nucleus that
extends through most of the spermatozoon in contrast to
the acotyleans that have their nucleus located in the
posterior part of the spermatozoon. Moreover, the
numbers of mitochondria can be of phylogenetic value
since it can increase up to more than two for some species
of Platyhelminthes [16,28-30] but might disappear
completely in cestodes [31]. In Polyclad ftaworms, the
spermatozoa have many mitochondria along with small
and large dense bodies arranged in a specific pattern [27].

The spermatozoa of D. constrictum possess two axo-
nemes with a 9+‘1’ pattern. This structure is always
observed in most flatworms [15,19,22,25,31-33]. The only
exceptions to this are the Acoel with a 9 + ‘2’ arrangement
[17,21] and the Digenea with a 9+0 pattern [34]. In
contrast to the spermatozoa of S. mediterranea in which
the second flagellum appears some distance from the
first, indicating that their emergence from the spermato-
zoon does not occur at the same level, both free flagella
of D. constrictum are subterminal and emerge together
from one side of the spermatozoon. The number of
microtubules and their arrangement vary remarkably
between groups and, in some cases, allow closely related
species to be distinguished [4,5,7,35-38]. The spermatozoa
of D. constrictum have an increased number of cortical
microtubules, reaching a maximum number of 40-45 in
the anterior and middle part of region I. The number of
microtubules then decreases until they disappear toward
the posterior extremity of the spermatozoon. This type of
organization has been observed in many species of digenes

[8,28,39] but, to our knowledge, has never been reported in
freshwater planarians. In fact, in S. mediterranea, the
number of cortical microtubules increased from the
anterior extremity of the spermatozoon to the middle
region, and then decreased to the tail [12]. In Dugesia sicula,
a single row of peripheral longitudinal microtubules with a
maximum number of 40 surrounds the nucleus and the
mitochondrion along the entire sperm shaft [20]. They can
disappear entirely in some species of Nemertodermatides
and Acoeles [40,41], and in some Digenes and Monogenea
[34,42,43].

To our knowledge, the external ornamentation has
never been reported in planarians. It has commonly been
reported in Digenean species [44-46]. Its localization can
be in the anterior extremity of the spermatozoon or at a
more posterior level and not around the anterior part of the
two axonemes [28]. Studies that could demonstrate the
importance of these ornamentations are needed to further
investigate the role they may play.

Disclosure of interest

The authors declare that they have no conflicts of
interest concerning this article.

Acknowledgments

The authors extend their appreciation to the Deanship
of Scientific Research at King Saud University for funding
this work through the research group project NoRGP-VPP-
254.

References

[1] B.G.M. Jamieson, S.C. Oliver, D.M. Scheltinga, The ultrastructure of the
spermatozoa of Squamata. 1. Scincidae, Gekkonidae and Pygopodidae
(Reptilia), Acta Zool. Stockh. 77 (1996) 85-100.

[2] J.L. Justine, A. Lambert, X. Mattei, Spermatozoon ultrastructure and
phylogenetic relationships in the monogeneans (Platyhelminthes), Int.
J. Parasitol. 15 (1985) 601-608.

[3] J. Hendelberg, The phylogenetic significance of sperm morphology in
the Platyhelminthes, Hydrobiologia 132 (1986) 53-58.

[4] J.L. Justine, Cladistic study in the monogenea (Platyhelminthes), based
upon a parsimony analysis of spermiogenetic and spermatozoal ultra-
structural characters, Int. J. Parasitol. 21 (1991) 821-838.

[5] J.L. Justine, Phylogeny of parasitic Platyhelminthes - a critical study of
synapomorphies proposed on the basis of the ultrastructure of sper-
miogenesis and spermatozoa, Can. J. Zool. 69 (1991) 1421-1440.

[6] J.L.Justine, Spermatozoa as phylogenetic characters for the Eucestoda, J.
Parasitol. 84 (1998) 385-408.

[7] J.L. Justine, Spermatozoa as phylogenetic characters for the platyhel-

minthes, in: D.T,J. Littlewood, R.A. Bray (Eds.), Interrelationships of the

Platyhelminthes, Taylor & Francis, New York, 2001, pp. 231-238.

P.I. Ndiaye, J. Miquel, C. Feliu, B. Marchand, Ultrastructure of spermio-

genesis and spermatozoa of Notocotylus neyrai Gonzalez Castro, 1945

(Digenea, Notocotylidae), intestinal parasite of Microtus agrestis

(Rodentia: Arvicolidae) in Spain, Invertebr. Reprod. Dev. 43 (2003)

105-115.

P.I. Ndiaye, J. Miquel, R. Fons, B. Marchand, Spermiogenesis and sperm

ultrastructure of the liver fluke Fasciola hepatica L., 1758 (Digenea,

Fasciolidae): transmission and scanning electron microscopy, and tu-

bulin immunocytochemistry, Acta Parasitol. 48 (2003) 182-194.

[10] W. Levron, S. Ternengo, B. Marchand, Ultrastructure of spermiogenesis
and the spermatozoon of Helicometra fasciata (Digenea, Opecoelidae), a
parasite of Labrus merula (Pisces, Teleostei), Acta Parasitol. 48 (2003)
255-264.

[11] M. Brunanska, T. Scholz, ]. Nebesarova, Reinvestigation of spermiogen-
esis in the proteocephalidean cestode Proteocephalus longicollis (Zeder,
1800), J. Parasitol. 90 (2004) 23-29.

(8

(9


http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0005
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0005
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0005
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0010
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0010
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0010
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0015
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0015
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0020
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0020
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0020
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0025
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0025
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0025
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0030
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0030
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0035
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0035
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0035
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0035
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0040
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0040
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0040
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0040
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0040
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0045
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0045
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0045
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0045
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0050
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0050
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0050
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0050
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0055
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0055
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0055

520 A.H. Harrath et al./C. R. Biologies 337 (2014) 513-520

[12] AH. Harrath, S. Alwasel, F. Zghal, S. Tekaya, Ultrastructure of sper-
matogenesis and mature spermatozoon of the freshwater planarian
Schmidtea mediterranea (Platyhelminthes, Paludicola), C. R. Biologies
335 (2012) 87-95.

[13] N.A. Watson, K. Rohde, Ultrastructure of Spermiogenesis and Sperma-
tozoa in Phaenocora anomalocoela (Platyhelminthes, Typhloplanida,
Phaenocorinae), Invertebr. Reprod. Dev. 25 (1994) 237-246.

[14] J.L. Hendelberg, Platyhelminthes-Turbellaria, in: K.G. Adiyodi, R.G.
Adiyodi (Eds.), Reproductive Biology of Invertebrates, ]. Wiley & Sons,
New York, 1983, pp. 75-104.

[15] S.Ishida, W. Teshirogi, Comparison of spermatozoa among freshwater
planarian species, Fortschritte der Zool. 36 (1988) 297-302.

[16] N. Nourysrairi, J.L. Justine, L. Euzet, Phylogenetic implications of the
ultrastructure of spermatogenesis, the spermatozoon and oogenesis of
the turbellarian urastoma-cyprinae (Prolecithophora, Urastomidae),
Zool. Scr. 18 (1989) 175-185.

[17] N. Nourysrairi, J.L. Justine, L. Euzet, Comparative ultrastructure of
spermiogenesis and the Spermatozoon of 3 species of paravortex
(Rhabdocoela, Dalyellioida, Graffillidae), Intestinal Parasitic Turbellar-
ians of Mollusks, Zool. Scr. 18 (1989) 161-174.

[18] R. Franquinet, T. Lender, Etude ultrastructurale des testicules de Poly-
celis tenuis et Polycelis nigra (Planaires). Evolution des cellules germi-
nales males avant la spermiogenese, Zeit. Mikrosk. Anatomy Forsch.
Leipzig 87 (1973) 4-22.

[19] R. Franquinet, T. Lender, Quelques aspects ultrastructuraux de la
spermiogenese chez Polycelis tenuis et Polycelis nigra (Planaires), Zeit.
Mikrosk. Anatomy Forsch. Leipzig 86 (1972) 481-495.

[20] M. Charni, A.Ben Ammar, M.H. Jaafoura, F. Zghal, S. Tekaya, Spermatogene-
sis and spermatozoon ultrastructure in Dugesia sicula Lepori, 1948 (Platy-
helminthes, Tricladida, Paludicola), Belg. J. Zool. 140 (2010) 118-124.

[21] J. Hendelberg, On the development of different types of spermatozoa
from spermatids with two flagella in the Turbellaria with remarks on
the ultrastructure of the flagella, Zoologiska bidrag fran Uppsala 38
(1969) 1-52.

[22] S. Tekaya, F. Zghal, Spermiogenesis and ultrastructure of the sperma-
tozoon in the dioecious marine planarian Sabussowia dioica (Platyhel-
minthes, Tricladida), Belg. J. Zool. 131 (2001) 183-185.

[23] A.H. Harrath, M. Ahmed, S.R. Sayed, M.A. Saifi, S.H. Alwasel, An ultra-
structural study of oogenesis and cell dynamics during cocoon shell
secretion in the subterranean freshwater planarian Dendrocoelum con-
strictum (Platyhelminthes, Tricladida), Tissue Cell 45 (2013) 39-46.

[24] AH. Harrath, R. Sluys, A. Ghlala, S. Alwasel, The First subterranean
freshwater planarians from North Africa, with an analysis of adeno-
dactyl structure in the genus dendrocoelum (Platyhelminthes, Tricla-
dida, Dendrocoelidae), J. Cave Karst. Stud. 74 (2012) 48-57.

[25] S. Ishida, Y. Yamashita, W. Teshirogi, Analytical studies of the ultra-
structure and movement of the spermatozoa of freshwater triclads,
Hydrobiologia 227 (1991) 95-104.

[26] K. Rohde, N.A. Watson, Ultrastructure of sperm and spermiogenesis of
two species of the Tricladida (Platyhelminthes) - Romankenkius libi-
dinosus (Paludicola) and an unidentified species of the Maricola, Inver-
tebr. Reprod. Dev. 27 (1995) 181-196.

[27] M.K. Liana, M.K. Litvaitis, Comparative spermatology of selected poly-
clad flatworms (Platyhelminthes), ]. Morphol. 268 (2007) 891-897.

[28] Y. Quilichini, J. Foata, B. Marchand, Ultrastructural study of the sper-
matozoon of Pronoprymna ventricosa (Digenea, Baccigerinae), parasite
of the twaite shad Alosa fallax Lacépéde (Pisces, Teleostei), Parasitol.
Res. 101 (2007) 1125-1130.

[29] S. Agostini, J. Miquel, P. Ndiaye, B. Marchand, Dicrocoelium hospes Looss,
1907 (Digenea, Dicrocoeliidae): spermiogenesis, mature spermatozoon
and ultrastructural comparative study, Parasitol. Res. 96 (2005) 38-48.

[30] S. Ternengo, Y. Quilichini, P. Katharios, B. Marchand, Sperm ultrastruc-
ture of the gall bladder fluke Anisocoelium capitellatum (Digenea:
Cryptogonimidae), a parasite of Uranoscopus scaber (Pisces: Uranosco-
pidae), Parasitol. Res. 104 (2009) 801-807.

[31] U. Ehlers, Phylogenetic relationships within the Platyhelminthes, in: S.
Conway Morris, T. George, R. Gibson, H.M. Platt (Eds.), The origins and
relationships of lower invertebrates, Clarendon Press, Oxford, 1985, pp.
143-158.

[32] M. Silveira, K.R. Porter, The spermatozoids of flatworms and their
microtubular system, Protoplasma 59 (1964) 240-265.

[33] N.A. Watson, L.D. Whittington, K. Rohde, Ultrastructure of spermiogen-
esis and spermatozoa in the monogeneans Concinnocotyla australensis
(Polystomatidae) and Pricea-Multee (Gastrocotylidae), Parasite ]. Soc.
Fr. Parasitol. 2 (1995) 357-366.

[34] J.L. Justine, X. Mattei, A spermatozoon with two 9 +0 axonemes in a
parasitic flatworm, Didymozoon (Digenea: Didymozoidea), ]. Submicr.
Cytol. Path. 15 (1983) 1101-1110.

[35] J.L. Justine, The general classification of parasitic Platyhelminthes:
recent changes, and the use of ultrastructural characters, particularly
those of spermatozoa, B. Soc. Zool. Fr. 122 (1997) 269-277.

[36] O.L Raikova, J.L. Justine, ultrastructure of spermiogenesis and sperma-
tozoa in three acoels (Platyhelminthes), Ann. Sci. Nat. Zool. 15 (1994)
63-75.

[37] O.L Raikova, ].L. Justine, Microtubular system during spermiogenesis
and in the spermatozoon of Convoluta saliens (Platyhelminthes,
Acoela): tubulin immunocytochemistry and electron microscopy,
Mol. Reprod. Dev. 52 (1999) 74-85.

[38] J.L. Justine, R.P. Deleon, X. Mattei, Ultrastructural observations on the
spermatozoa of two temnocephalids (Platyhelminthes), Acta Zool.
Stockh. 68 (1987) 1-7.

[39] A.W.Sstitt, I. Fairweather, Spermatogenesis and the fine-structure of the
mature spermatozoon of the liver fluke, Fasciola hepatica (Trematoda,
Digenea), Parasitology 101 (1990) 395-407.

[40] J. Hendelberg, Comparative morphology of turbellarian spermatozoa
studied by electron microscopy, Acta Zool. Fennica 154 (1977) 149-
162.

[41] S. Tyler, RM. Rieger, Uniflagellate spermatozoa in Nemertoderma
(Turbellaria) and their phylogenetic significance, Science 188 (1975)
730-732.

[42] J.L. Justine, X. Mattei, Comparative ultrastructural study of the sper-
miogenesis of monogenea. 1. Megalocotyle (Monopisthcotylea, Capsa-
lidae), J. Ultrastruct. Mol. Struct. Res. 82 (1983) 296-308.

[43] J.L. Justine, X. Mattei, Comparative ultrastructural study of spermio-
genesis in monogeneans (flatworms). 5. Calceostoma (Monopisthoco-
tylea, Calceostomatidae), J. Ultrastruct. Mol. Struct. Res. 96 (1986) 54—
63.

[44] P.I. Ndiaye, ]J. Miquel, C. Ba, C. Feliu, B. Marchand, Spermiogenesis and
sperm ultrastructure of Scaphiostomum palaearcticum Mas-Coma, Este-
ban et Valero, 1986 (Trematoda, Digenea, Brachylaimidae), Acta para-
sitologica/Witold Stefanski Institute of Parasitology, Warszawa, Poland
47 (2002) 259-271.

[45] P.I. Ndiaye, Y. Quilichini, A. Séne, C.T. B, B. Marchand, Ultrastructure of
the spermatozoon of the digenean Cricocephalus albus (Kuhl & van
Hasselt, 1822) Looss, 1899 (Platyhelminthes, Pronocephaloidea, Pro-
nocephalidae), parasite of “the hawksbill sea turtle” Eretmochelys
imbricata (Linnaeus, 1766) in Senegal, Zool. Anz. 250 (2011) 215-
222.

[46] Y. Quilichini, J. Foata, J.-L. Justine, R.A. Bray, B. Marchand, Ultrastruc-
tural study of the spermatozoon of Heterolebes maculosus (Digenea,
Opistholebetidae), a parasite of the porcupine fish Diodon hystrix
(Pisces, Teleostei), Parasitol. Int. 59 (2010) 427-434.


http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0060
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0060
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0060
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0060
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0065
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0065
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0065
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0070
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0070
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0070
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0070
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0075
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0075
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0080
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0080
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0080
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0080
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0085
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0085
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0085
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0085
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0090
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0090
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0090
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0090
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0095
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0095
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0095
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0100
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0100
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0100
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0105
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0105
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0105
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0105
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0110
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0110
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0110
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0115
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0115
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0115
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0115
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0120
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0120
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0120
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0120
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0125
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0125
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0125
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0130
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0130
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0130
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0130
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0135
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0135
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0140
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0140
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0140
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0140
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0145
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0145
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0145
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0150
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0150
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0150
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0150
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0155
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0155
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0155
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0155
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0155
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0155
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0160
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0160
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0165
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0165
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0165
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0165
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0170
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0170
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0170
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0170
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0170
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0175
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0175
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0175
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0180
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0180
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0180
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0185
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0185
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0185
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0185
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0190
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0190
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0190
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0195
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0195
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0195
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0200
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0200
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0200
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0205
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0205
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0205
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0210
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0210
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0210
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0215
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0215
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0215
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0215
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0220
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0220
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0220
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0220
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0220
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0225
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0225
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0225
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0225
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0225
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0225
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0230
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0230
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0230
http://refhub.elsevier.com/S1631-0691(14)00163-2/sbref0230

	Investigation of the ultrastructure of Dendrocoelum constrictum (Platyhelminthes, Tricladida) spermatogenesis and mature spermatozoa
	Introduction
	Materials and methods
	Source of specimens
	Light microscopy
	Transmission electron microscopy (TEM)

	Results
	Light microscopy
	Electron microscopy
	Spermatogenesis
	Spermatozoon


	Discussion
	Disclosure of interest
	Acknowledgments
	References


