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Abstract: The ultrastructure of spermatogenesis and spermatozoon of Alestes dentex is described by using scanning and
transmission electron microscopy. Thetestisislobular in shape and spermatogenesisis of the unrestricted type. The germ
cells are found in clusters within the seminiferous tubules and surrounded by cytoplasmic processes of Sertoli cells.
Spermiogenesis is characterized by chromatin condensation, flagellum development, nuclear rotation, migration of
diplosome and mitochondria, nuclear indentation, nuclear fossa formation and loss of excess cytoplasm. The mature
spermatozoon is of the primitive type; type | aquasperm. The spermatozoon has no acrosome and has a rounded
heterogeneoudly el ectron-dense nucleus with adeep axia nuclear fossa and a nhuclear notch. The nuclear fossa contains the
centriolar complex and part of the basal body of the axoneme. The short midpiece contains a mitochondria ring, which
consists of several unequal-sized and unevenly distributed mitochondria. The flagellum has the classical axoneme pattern
9+2 and has no lateral fins or membranous compartment. In addition, the spermatozoon has some peculiar features, which
are not previously described in Characiformes and include the presence of two fibrous bodies anchoring the proximal
centriole to the nucleus, athick outer membrane of dense fibers separating the flagellum from the cytoplasmic canal and
a basal foot and alar sheets attaching the basal body to the nucleus and plasma membrane, respectively. These findings
suggest that the ultrastructural features of spermiogenesis and spermatozoa of A. dentex are synapomorphy of
Ostariophysi, Perciformes and Salmoniformes. Spermiogenesis and spermatozoan features of many fish taxa including

Characiformes are discussed.
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INTRODUCTION

Spermatogenesis, in genera, exhibits only limited fine
structural variationsin animal species; however, spermiogenesis
shows a wide variety of patterns [1]. In teleosts, two types
(I and I1) of spermiogenesis have been recognized [2]. In typel,
rotation of the nucleus occurs and the diplosome enters the
nuclear fossa and the flagellum is symmetrically located, while
in type Il, there is no nuclear rotation, the diplosome remains
outside the fossa and the flagellum is asymmetrically located.
Depending upon variation in these features, spermiogenesis has
been used to provide worth insights into the relationships of
many fish groups, especidly at or above the family level [3-10].
Accordingly, teleost spermatozoa are widely different in
morphology [11] and their structure is influenced by both the
reproductive mode and the systematic position [12, 13].
Generaly, they vary from aflagellate to biflagellate and have an
enormous range of shapes, sizes and structures; the number and
location of organelles also vary [11, 14-17]. Both light and
electron microscopy of awide spectrum of teleost spermatozoa
have shown that although quite similarities are found among

congeneric species [10, 15, 18-21], important morphological
differences can also be found between different species
[2, 22-24]. These differences can, therefore, be used for
inferring both the taxonomic and phylogenetic relationships
among taxa[7, 11, 15, 17, 22, 24-35].

Despite the immense studies on fish spermatozoa, the
majority of teleost spermatozoa remain unexamined. Moreover,
there appear to be no published data describing the fine
structure of spermatozoa of the Nile characid fishes. The goals
of this study are to examine the ultrastructure of
spermatogenesis and spermatozoon of the pebblyfish Alestes
dentex belonging to one of the endemic families of Characoidei
in Africa, the family Alestidae and to compare the present data
on A. dentex with those available on other fish groupsin genera
and Characiformes in particular to assess its phylogenetic
relationship with other tel eosts.

MATERIALSAND METHODS

In June, during the breeding season (April-September),
mature maes of Alestes dentex (Linnaeus, 1758) measuring
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Fig. 1a-d: Transmission electron micrographs in the spermatogenic cells of Alestes dentex. a) Primary spermatogonia with a
prominent nucleus (nu), well-defined nucleolus (nc) and electron-dense chromatin (ch). Mitochondria (m) are unevenly
distributed in the cytoplasm and granular materials including nuage (ng) are distributed either free in the cytoplasm or
associated with mitochondria and referred as cement (ce). b) Secondary spermatogonia have alarge nucleus and electron-
dense granular chromatin. Note the cytoplasm contains several spherical mitochondria, Golgi vesicles (G) and endoplasmic
reticulum (er). ¢) A primary spermatocyte displays a clumped or dightly mottled chromatin within the large nucleus. The
cytoplasm contains mitochondria, cement and Golgi vesicles. d) A secondary spermatocyte shows a small nucleus with
granular and electron-dense mottled chromatin and a synaptonemal complex (sc). Mitochondria, Golgi vesicles and
endoplasmic reticulum are clearly visible in the cytoplasm

15-22 cmintotal length were collected from the Nileat ElI-Minia
(Middle Egypt). Samples of testis and semen were fixed in 3%
glutaraldehyde made in 0.12 M phosphate buffer (pH 7.4) for
1 hat 4°C and postfixed in 1% osmium tetroxide for 1 h. After
fixation, samples were dehydrated in a graded ethyl alcohols
series. Dehydrated samples of testis were cleared in propylene
oxide and embedded in low viscosity Epoxy resin. Afterwards,
thick plastic sections were cut using a LKB ultramicrotome with
aglass knife and stained with toluidine blue. When appropriate
regions were found, ultrathin sections were subsequently made
and stained with drops of 2% uranyl acetate followed by lead
citrate for 30 min. Sections were examined and photographed in

JEOL JEM-100CX |l TEM operated at 80 kV accelerating
voltage.

On the other hand, dehydrated samples of semen were
critical point-dried, sputter-coated with gold and carbon and
images were recorded with a JEOL JSM-5400LV SEM operated
a 15 kV. Germ cells and spermatogenic stages were identified
according to definite criteria [29].

RESULTS

The testis of A. dentex is lobular in shape and the germ
cells are arranged in cysts or clusters within the seminiferous
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tubules. Spermatogenesis occurs in severa places along the
length of each tubule and the testis structure could be
described as the unrestricted spermatogonial testicular type.
Spermatogonia are found near the periphery aong the length of
the tubule, while spermatocytes, spermatids and spermatozoa
are found toward the interior. Sertoli cells are found surrounding
the germ cells. Within the lobules, spermatogonia undergo
numerous mitotic divisions producing cysts containing several
spermatogonia cells. Depending upon the morphology and size
of the nucleus, presence of organelles and centriolar
morphology, particularly the pericentriolar structures, germ cells
are classified into:

Spermatogonia: Primary spermatogonia are the smallest germ
cells (Fig. 1a). They measure about 2.4 um in diameter and
possess a prominent dark rounded nucleus and an extensive
cytoplasm. The cytoplasmic processes of the Sertoli cell
surround either one or two spermatogonia. The nucleusis small
(about 1.0 um in diameter), nearly central in position and
contains darkly stained granular chromatin that exhibitsirregular
condensed patches. The nucleus contains one distinct nucleolus
with fibrilar and granular chromatin. The cytoplasm contains
granular materialsthat are either free (nuage) or associated with
mitochondria (cement). Mitochondria are unevenly distributed
throughout the cytoplasm, while the endoplasmic reticulum is
concentrically organized in the peripheral cytoplasm.

Secondary spermatogonia produced by mitotic division of
the primary spermatogonia are comparatively larger cells, about
3.7 um in diameter, with less well-defined nucleoli, electron-
dense material (nuage) and cement (Fig. 1b). The nucleus is
about 2.6 um in diameter and contains irregular patches of
granular chromatin. Within the cysts, spermatogonial cells
remain connected together by cytoplasmic bridges during mitotic
division.

Spermatocyte: Primary spermatocytes are the largest germ
cells (Fig. 1c). They measure about 6.3 um in diameter and
distinguished by having a very large nucleus (about 5.7 umin
diameter) and adense granular chromatin. The nucleus appears
clumped or slightly mottled in shape and without nucleolus.
Secondary spermatocytes produced by first meiotic division of
the primary spermatocytes are comparatively smaller cells
(Fig. 1d). They have nearly about hdf of the size of the primary
cell, about 3.7 um in diameter, while the nucleus is relatively
smaler, about 2.6 pm in diameter. Pachytene stage
spermatocytes have clumped nuclear chromatin  and
synaptonemal complexes. The cytoplasm forms a narrow
strand with irregular-shaped and electron dense-matrix
mitochondria.

Spermiogenesis. The polarization of germ cells starts at this
stage. The nucleus moves to an eccentric position, while the cell
organelles migrate and concentrate at the opposite pole of
the cell. Early spermatids produced by second meiotic division
of secondary spermatocytes have a small round nucleus
(about 2.1 pm in diameter) with granular chromatin distributed
in small electron-dense patches of heterogeneous density,
reduced cytoplasm and inconspicuous ribosomes (Fig. 2a). The
spherical spermatids remain interconnected by cytoplasmic
bridges, which result from incomplete cytokinesis of mitotic
and meiotic divisions. The centriolar complex appears lateral to
the nucleus and close to the plasma membrane to form the
flagellum (Figs. 2a, b). Some mitochondria of spherical or ovoid
shape are located near the centrioles. At subsequent stage, the
centrioles migrate to the basal pole of the nucleus (Fig. 2c). The
process of spermiogenesis could be divided into the following
stages based on formation of the flagellum, rotation and
condensation of the nucleus and loss of the superfluous
cytoplasm (exocytosis).

Formation of the flagellum: In this stage, the two centrioles,
each with nine triplet microtubules, are arranged at right angles
to each other and appear to be interconnected by osmiophilic
filaments. Both centrioleslie close to the plasma membrane and
the distal centriole (or its basal body) starts to form the
flagellum (Fig. 2b). The flagellum reveals a typical axonemal
configuration with two single central and nine double peripheral
microtubules. The axoneme then detaches itself from the
perinuclear region and extends backward paralldl to the nucleus,
bringing with it the plasma membrane and leaving a space, the
cytoplasmic canal, between the plasma membrane and the
flagellum (Fig. 2b). The diplosome-flagellar axisistangential to
the nucleus and the mitochondria aggregate around the base of
the flagellum. Golgi apparatus appears as vesicular cisternae.
The nucleus is electron dense with prominent patches of fine
and coarse granular heterochromatin. The cell outline appears
very irregular in shape and cytoplasmic bridges become
narrower than in previous stages.

Rotation and condensation of the nucleus: The cellsin this
stage display a finely granular appearance because of the
homogeneity of chromatin (Figs. 2c, d). The nucleus becomes
indented and a nuclear fossa is formed. Due to the rotation of
the nucleus (90°) the diplosome-flagellar axis becomes
perpendicular to the base of the nucleus. The proximal centriole
is then located within the nuclear fossa (Fig. 2c). A nuclear
notch appears in the region between the proximal and distal
centriols (Fig. 2d). In addition, two fibrous bodies, each of
which consists of osmiophilic disks aternating with lighter
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In speciesof the Glandulocaudinae, the elongate mitochondria
are grouped and located close to the posterior end of the
nucleus [22, 39]. The Acestrorhynchidae have few elongate
mitochondria located around the nucleus and around the
initial region of the axoneme and separated from the axoneme by
the cytoplasmic canal. However, mitochondria are found in the
nuclear indentation in the flounder [16], many blenniid species
[34, 67] and several eels[20, 30, 35]. In the citharinid species,
mitochondria are located close to the nucleus near the centriolar
complex [49]. In P. altivelis[58] and H. malabaricus[9], dueto
the absence of the cytoplasmic canal, asingle mitochondrionin
the former species or several mitochondria in the latter species
are situated close to the nucleus and laterally in relation to the
flagellum. In addition, the number and distribution of
mitochondria are frequently variable among teleosts; they
range from a single mitochondrion to several (up to ten)
mitochondria. For example, one mitochondrion has been found
lying either in a concavity in the anterior end of the nucleus as
in A. japonica [30], lateral to the flagellum asin P. altivelis [58]
or encircling the base of the flagellum asin C. chanos[33],
O. m. formosanus [24] and D. mesembrinus [8]. Nevertheless,
it has been reported that there are three mitochondria in
A. latus [27], fourin A. schlegeli [29, 31], five (rarely six) in
E. malabaricus and P. leopardus[32] and C. auratus [45] and
several, up to ten, mitochondria in M. merluccius [7], which
surround the base of the flagellum. Among Characiformes,
however, it has been reported that there is either one
mitochondrion that initially extends laterally to the flagellum
to one side of the nucleus or several mitochondria, as the case
in A. dentex examined herein, which surround the base of the
flagellum at the posterior part of the nucleus[9, 10, 22, 39].

Development of an acrosoma complex (the acrosomal
vesicle and the subacrosomal material) from the functions of
smaller Golgi-derived proacrosomal vesiclesis not apparent in
A. dentex. The Golgi apparatus appears at the posterior region
of the diplosome during spermiogenesis and disappears at the
end of spermiogenesis. The absence of acrosome, athough it is
very common in the majority of teleosts, an acrosomal vesicle
has been observed, however, in O. mykiss[36].

In A. dentex, progressive condensation of chromatin occurs
during spermiogenesis. In early stages, the chromatin appears as
irregular aggregations of coarse and dense granules scattered
throughout the nucleus. This is followed with gradua
coalescence of the thick chromatin strands into denser
aggregations. Changes in the nuclear chromatin condensation
pattern during spermiogenesis have previously been reported
in O. mykiss [36], O. niloticus [43], Blennius pholis[67],
A. schlegeli [29], M. barberi [39], D. mesembrinus [8],
H. malabaricus [9] and C. auratus [45]. The progressive
aterations of chromatin packing have been interpreted as the
result of the transformation of nuclear basic proteins [68].
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Moreover, spermatozoan head nuclear chromatin is
widely different in appearance among fishes. It is dense,
homogeneous and compact in C. carpio [26], C.auratus
[15, 60], R s. sinensis[63], Goodeidae [13], P. latipinna [3],
G. affinis[4], Blenniidae [34, 67], A. gigas[62], C. aggregata
[12], C. lateralis [13], J. lineata [53], L. sicculus [56],
A. schlegdi [29, 31], A. latus [27], D. mesembrinus [8],
A. japonica [30] and M. merluccius[7]. However, it is granular
and heterogeneous in L. aurata [18], O. niloticus [43],
salmonids, e.g. O. tshawtscha [54], S. fontinalis [55], Coregonus
wartmanni [69] and O. mykiss [36], M. undulatus[28, 61],
C. chanos [33], O. masou formosanus [24], E. malabaricus
and P. leopardus [32] and P. altivelis [58]. In A. dentex, the
spermatozoon chromatin appears heterogeneously granular,
highly electron-dense and contains tightly packed fibers and
irregular small clear lacunae. Similar appearance of chromatin
has been found in C. auratus [45] and some Characiformes
[22, 48-52, 59]. On the contrary, among other members of the
Characiformes, spermatozoa exhibit thick fibers of
homogeneously condensed chromatin [9-11, 19, 22, 39, 44,
47, 49].

In A. dentex, the nucleusis spherical. Similar appearance of
the nucleus has been recorded in some characids [9-11, 17, 19]
and in some teleosts [11, 17, 27, 29, 31, 32]. Nevertheless,
conical and elongate form of the nucleus has been described in
C. auratus [45] and several characids[22, 39, 49]. In addition,
neither nuclear elongation in the spermatozoon nor structures
used to attach the flagellum to the nucleus during
spermiogenesis are found in  A. dentex. In other teleosts,
however, nuclear €elongation has been described in many
teleosts [3, 16, 20, 22, 34, 35, 39]. Moreover, several
structures that connect the flagellum with the nucleus are
reported. In O. mykiss [36] and eels [20, 30, 35], there is a
structure called flagellar rootlet. In Oryzias laptipes [5],
T. thymallus [57] and P. flesus [16], there is an electron-dense
material. Nonetheless, there are bundles of microtubulesin
G. affinis[4].

In spermatozoa of A. dentex, there are intercentriolar
connections in the form of osmiophilic filaments arise from
the triplets of the proximal centriole and connect it with the
distal one. A similar structure has been described also in
O. mykiss[36], P. flesus[16], T. thymallus [57], M. undul atus
[28, 61], A. schlegdli [29, 31], P. altivelis[58], E. malabaricus
and P. leopardus [32], A. latus [27] and C. chanos [33].
Moreover, in A. dentex, there are two fibrous bodies consist
of osmiophilic disks alternating with lighter material and
lie perpendicularly above the proxima centriole in the
upper part of nuclear fossa. These two dense bodies give
rise to two short electron-dense fibers, which connect them
together with the proximal centriole and anchor the latter to
the nucleus. Similar findings have been described in the
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salmon O. m. formosanus [24], where there is a fibrous body,
consisting of osmiophilic disks aternating with lighter
material, adheres to the two centrioles laterally and links them
together and also links the proximal centriole with dense
bodies in the nuclear fossa. However, in the gadiform
M. merluccius [7], the proximal centriole is linked to the
nuclear surface by granular materia. In addition, nine radial
fibers project from the basal body of the dista centriole
triplets and contact the plasma membrane at the caudal part
of the centriole. Nevertheless, a structure caled the
intercentriolar  lamellate body has been observed in the
poeciliids P. latipinna [3] and G. affinis [4]. This structure
appears during the development of spermatids to form an
electron-dense cap on the proximal end of the basal body
and then disappears during the fina stage of spermiogenesis.
Furthermore, a connecting piece has been described in
A. japonica [30]. The morphology of the intercentriolar
connection is suggested to have a phylogenetic importance
among fishes [5].

Further, in A. dentex there is a striated basal foot
attaches the basal body to the nucleus and alar sheets radiate
from the basal body triplets and joins it to the plasma
membrane. The same structures have been observed in
E. malabaricus and P. leopardus [32] and A. latus [27].
However, alar sheets have been described in O. m. formosanus
[24]. As has been described, it is probable that both the alar
sheets and basal foot function in the attachment and
stabilization of the tail, thereby enabling the centriole to
withstand the torque generated by the movement of the
flagellum [27].

Vesicles, which are commonly shown with more or less
regularity in the midpiece of Characiformes spermatozoa[10]
and in C. auratus [45], are entirely absent in A. dentex. In
addition, the “lattice tubule” described in Citharinus sp. [49]
or the membranous compartment found intheinitial region
of the flagellum of some Characiformes[10] aswell as some
Cypriniformes [15, 70, 71] and also the flagellar lateral fins
or intratubular differentiations occurred in some teleosts
[11, 17, 66] are not found in A. dentex examined herein. Similar
findings have been reported in many species of Characiformes
of which data are available [10].

According to the previously cited hypothesis [2, 66],
spermatozoa of A. dentex seem to be of the primitive type, but
they have some peculiar structures that are not previously
mentioned in any of the characiform species examined up to
date, one of which is the peculiar notch in the nucleus. This
structure is observed in A. schlegeli [29, 31] and A. latus[27]
and seemsto be found aso in some of the curimatid species, but
not described by the authors [10]. The function and nature of
this structure and origins of the nuclear notch and electron-dense
materia are still obscure. Presumably, the centrioles play some
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role in the formation of these structures [29]. The other
structures are the presence of two fibrous bodies, which occupy
the upper part of the nuclear fossa and connect the proximal
centriole with the nucleus and the basal foot and alar sheets that
attach the basal body to the nucleus and plasma membrane,
respectively.

As regards, the general features of spermiogenesis of
A. dentex are considerably similar to those of Ostariophysi
with external fertilization, which includes Cypriniformes
[14], Characiformes [9-11, 22, 48, 50, 59, 72], Siluriformes
[8, 11, 17, 73-75] and Gonorynchiformes [33]. Moreover,
A. dentex spermatozoon has some of the characteristics of
Perciformes [27, 29, 31, 32] and Salmoniformes [24].
Therefore, it could be concluded that the ultrastructural
features of spermiogenesis and spermatozoa of A. dentex
are synapomorphy of Ostariophysi, Perciformes and
Salmoniformes. Nevertheless, it is difficult to understand the
significance of the ultrastructural characteristics of A. dentex
spermatozoa in relation to other species of Characiformes
because of the lack of data about spermatozoa from other
families of this order. On the other hand, the similarity of some
morphological features of A. dentex spermatozoa to those of
Cypriniformes supports the hypothesis that the Cypriniformes
are the sister-group of the Otophysi, Characiformes and
Siluriformes [76-78].
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