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Abstract: The ultrastructure of spennatogenesis and spennatozoon of Alestes dentex is described by using 
scanning and transmission electron microscopy. The testis is lobular in shape and spennatogenesis is of the 
unrestricted type. The genn cells are found in clusters within the seminiferous tubules and surrounded by a 
cytoplasmic processes of the Sertoli cells. Spenniogenesis is characterized by chromatin condensation, 
flagellum development, nuclear rotation, migration of the diplosome and mitochondria to the basal pole of the 
nucleus, nuclear indentation, nuclear fossa fonnation and loss of the excess cytoplasm. The mature 
spennatozoon is of the primitive type; type I aquaspenn. The spennatozoon has no acrosome and has a 
rounded head with a heterogeneously electron-dense nucleus, which contains a deep axial nuclear fossa and 
a nuclear notch. The nuclear fossa contains the centriolar complex and part of the basal body of the axoneme. 
The short midpiece contains a mitochondrial ring, which consists of several unequal-sized and unevenly 
distributed mitochondria. The flagellum has the classical axoneme pattern of 9+2 and has no lateral fins or a 
membranous compartment. In addition, the spennatozoon has some peculiar features, which are not 
previously described in Characifonnes and include the presence of two fibrous bodies anchoring the proximal 
centriole to the nucleus, a thick 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. These 
findings suggest that the ultrastructural features of spenniogenesis and spennatozoa of A. dentex are 
synapomorphy of Ostariophysi, Percifonnes, and Salmonifonnes. 
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Introduction 

Spermatogenesis, in general, exhibits only 
limited fine structural variations in animal species; 
however, spermiogenesis shows a wide variety of 
patterns (Franzen 1970). In teleosts, two types (I and 
II) of spermiogenesis have been recognized (Mattei 
1970). In type I, rotation of the nucleus occurs and 
the diplosome enters the nuclear fossa and the 
flagellum is symmetrically located, while in type II, 
there is no nuclear rotation, the diplosome remains 
outside the fossa and the flagellum is 
asymmetrically located. Depending upon the 
variation in these features, spermiogenesis has been 
used to provide worthwhile insights into the 
relationships of many fish groups, especially at or 
above the family level (Grier 1973, 1975, 1976, 
Jamieson and Grier 1993, Quagio-Grassiotto, et al. 
200 la, b, 2003, Medina 2003). Accordingly, teleost 
spermatozoa are widely different in morphology 
(Jamieson 1991) and their structure is influenced by 
both the reproductive mode and the systematic 
position (Gardiner 1978, Grier, et al. 1978). 
Generally, they vary from aflagellate to biflagellate 
and have an enormous range of shapes, sizes, and 
structures; the number and location of organelles 
also vary (Baccetti, et al. 1984, Baccetti 1986, Jones 
and Butler 1988, Jamieson 1991, Mattei 1991, 
Shahin 2006 ab,c). Both light and electron 
microscopy of a wide spectrum of teleost 
spermatozoa have shown that although quite a 
number of similarities are found among congeneric 
species (Todd 1976, Brusle 1981, Baccetti, et al. 
1984, Vari 1989, Matos, et al. 1998, Quagio­
Grassiotto, et al. 2003), important morphological 
differences can also be found between different 
species (Ginzburg 1968, Mattei 1970, Gwo, et al. 
1996, Burns, et al. 1998). These differences can, 
therefore be used to infer both the taxonomic and 
phylogenetic relationships among taxa (see, for 
example, Billard 1970, Mattei and Mattei 1974, 
Jamieson 1991, Baccetti, et al. 1984, Baccetti 1985, 
Lahnsteiner and Patzner 1990, Mattei 1991, Gwo 
and Arnold, 1992, Gwo, et at. 1992, 1993, 1994b, 
1995, 1996, Gwo and Gwo 1993, Gwo 1995, Bums, 
et al. 1998, Medina 2003). 

Despite the Immense studies on fish 
spermatozoa, the majority of teleost spermatozoa 
remain unexamined. Moreover, there appears to be 
no published data describing the fine structure of the 
spermatozoa of the Nile characid fish. The goals of 
this study are to examine the ultrastructure of 
spermatogenesis and spermatozoon of the pebbly­
fish Alestes dentex, which belong to one of the 
endemic families of Characoidei in Africa, the 

family Alestidae and to compare the present data on 
A. dentex with that available on other fish groups in 
general and Characiformes in particular. 

Materials and Methods 

In June, during the breeding season (April­
September), mature males of A. dentex measuring 
15-22 cm in total length, were collected from the 
Nile at El-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 hr at 4°C 
and postfixed in 1 % osmium tetroxide for 1 hr. After 
fixation, samples were dehydrated in a graded ethyl 
alcohol series. Dehydrated samples of testis were 
cleared in propylene oxide and embedded in low 
viscosity Epoxy resin. Ultrathin sections were 
subsequently made on a LKB ultramicrotome with a 
glass knife and stained with drops of 2% uranyl 
acetate followed by lead citrate for 30 min. Sections 
were examined and photographed in JEOL JEM­
100CX II TEM operated at 80 kV accelerating 
voltage. However, dehydrated samples of semen 
were critical point dried, coated with gold, and 
observed with JEOL JSM-5400LV SEM operated at 
15 kV. Germ cells and spermatogenic stages were 
identified according to the criteria given by Gwo 
and Gwo (1993) and sizes of germ cells. Organelles 
and other structures were attained on the basis of 10 
to 15 measurements from each category and mean 
and standard deviation values are given. 

Results 

The testis of A. dentex is lobular in shape and 
the germ cells are arranged in cysts or clusters 
within the seminiferous tubules. Spermatogenesis 
occurs in several places along the length of each 
tubule and the testis structure could be described as 
"unrestricted spermatogonial testicular type." 
Spermatogonia are found near the periphery along 
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 spermatogonial 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 the following types: 

I. Spermatogonia 

Primary spermatogonia are the smallest germ 
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Fig. 1. Transmission electron micrographs in the spermatogenic cells of A. dentex. (a) Primary spermatogonium with a 
prominent nucleus (nu), well-defmed 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 spermatogonium having a large nucleus and 
electron-dense granular chromatin. Note the cytoplasm contains several spherical mitochondria, Golgi vesicles (G) and 
endoplasmic reticulum (er). (c) Primary spermatocyte with a large nucleus that displays a clumped or slightly mottled 
chromatin. The cytoplasm contains mitochondria, cement and Golgi vesicles. (d) Secondary spermatocyte, which shows 
a small nucleus with granular and electron-dense mottled chromatin and synaptonemal complexes (sc). Mitochondria, 
Golgi vesicles and endoplasmic reticulum are clearly visible in the cytoplasm. 

cells (Fig. la). They measure 1.6 ± 0.3 !lm 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 nucleus is 
small (1.0 ± 0.1 !lm in diameter), nearly central in 
position and contains darkly stained granular 
chromatin that exhibits irregular condensed patches. 
The nucleus contains one distinct nucleolus with 
fibrilar and granular chromatin. The cytoplasm 
contains granular materials that are either free 
(nugae) 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, 3.7 ± 0.4 !lm in diameter, 

with less well-defined nucleoli, electron-dense 
material (nugae) and cement (Fig. I b). The nucleus 
is 2.6 ± 0.7 !lm in diameter and contains irregular 
patches of granular chromatin. Within the cysts, 
spermatogonial cells remain connected together by 
cytoplasmic bridges during mitotic division. 

2. Spermatocytes 

Primary spermatocytes are the largest germ 
cells (Fig. I c). They measure 6.3 ± 0.0 I !lm in 
diameter and are distinguished by having a very 
large nucleus (5.7 ± 0.8 !lm in diameter) and a dense 
granular chromatin. The nucleus appears clumped 
or slightly mottled in shape and without nucleolus. 
Secondary spermatocytes produced by the first 
meiotic division of the primary spermatocytes are 
comparatively smaller cells (Fig. I d). They have 
about half of the size of the primary cell, 3.7 ± 0.3 
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Fig. 2. Transmission electron micrographs through the early stages of spermiogenesis in A. dentex. (a) Transverse 
section showing the proximal (pc) and distal centrioles (dc) located at right angle to each other lateral to the nucleus 
(nu) and close to the plasma membrane and interconnected by osmiophilic filaments (of). Chromatin (ch) is condensed 
and mitochondria (m) and Golgi vesicles (G) appear close to the centriolar complex. (b) Longitudinal section showing 
the two centrioles interconnected by osmiophilic filaments and lie close to the plasma membrane (pm) and the basal 
body (bb) starts to form the flagellum (f), which extends parallel to the nucleus. A cytoplasmic canal (cc) is formed 
between the plasma membrane and the flagellum and extends longitudinally around the midpiece (mp). The 
mitochondria appear around the base of the flagellum and Golgi apparatus appears as vesicular cisternae around the 
centrioles. The nucleus is electron-dense with prominent patches of fine and coarse granular chromatin (ch). (c) 
Longitudinal section showing the nucleus with finely granular homogeneous chromatin. The nucleus becomes indented 
and a nuclear fossa (n£) (arrowhead) is formed. Note the diplosome-flagellar axis becomes perpendicular to the base 
of the nucleus due to the rotation of the nucleus. The proximal centriole is located within the nuclear fossa and the distal 
centriole gives rise to the basal body, which forms the flagellum. The basal body is traversed by the basal plate (bp) at 
its connection with the midpiece. Mitochondria, Golgi flattened cisternae and endoplasmic reticulum (er) are distributed 
within the residual cytoplasm. (d) Oblique transverse section (left) showing that the nucleus becomes more compact 
with increasing dense and thick chromatin and the 9 + 2 microtubular pattern of the axoneme in the midpiece region that 
is surrounded by the cytoplasmic canal. Longitudinal section (right) showing the rounded nucleus with increasing dense 
and thick chromatin filaments and the nuclear fossa is further expanded into the nucleus as far as one-fourth of the 
nucleus length and contains the centriolar complex and part of the basal body, the base of which is traversed by the basal 
plate. Note in the midpiece, the cytoplasmic canal separates the mitochondria from the flagellum. Most of the residual 
cytoplasm (cy) surrounds the midpiece. 

~m in diameter, while the nucleus is relatively stage. The nucleus moves to an eccentric position, 
smaller, 2.6 ± 0.02 ~m in diameter. Pachytene stage while the cell organelles migrate and concentrate at 
spermatocytes have clumped nuclear chromatin and the opposite pole of the cell. Early spermatids 
synaptonemal complexes. The cytoplasm forms a produced by second meiotic division of secondary 
narrow strand with irregular-shaped and an electron spermatocytes have a small round nucleus (2.1 ± 0.9 
dense-matrix mitochondria. ~m in diameter) with granular chromatin distributed 

in small electron-dense patches of heterogeneous 
3. Spermiogenesis density, reduced cytoplasm and inconspicuous 

ribosomes (Fig. 2a). The spherical spermatids 
The polarization of germ cells starts at this remain interconnected by cytoplasmic bridges, 
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which result from the incomplete cytokinesis of the 
mitotic and meiotic divisions. The centriolar 
complex appears lateral to the nucleus and close to 
the plasma membrane to form the flagellum (Figs. 2 
a,b). Some mitochondria of spherical or ovoid shape 
are located near the centrioles. During the 
subsequent stage, the centrioles migrate to the basal 
pole of the nucleus (Fig. 2c). The process of 
spermiogenesis cou'Id be divided into the following 
stages based on the formation of the flagellum , 
rotation and condensation of the nucleus and loss of 
the superfluous cytoplasm (exocytosis). 

4. 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 centrioles lie close to 
the plasma membrane and the basal body of the 
distal centriole 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 parallel to the nucleus, bringing 
with it the plasma membrane and thereby leaving a 
space, the cytoplasmic canal, between the plasma 
membrane and the flagellum (Fig. 2b). The 
diplosome-flagellar axis is tangential 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 the cytoplasmic bridges 
become narrower than in the previous stages. 

5. Rotation and condensation of the nucleus 

The cells in 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 centrioles (Fig. 2d). In addition, two fibrous 
bodies, each of which consists of osmiophilic disks 
alternating with lighter material, appear 
perpendicular to each other above the proximal 
centriole within the nuclear fossa (Figs. 3a,b,c,d). 
The two bodies are interconnected with osmiophilic 

filaments and the upper body attaches to the nucleus 
with two bands of osmiophilic filaments (Fig. 3c); 
similarly, the lower body connects with the 
proximal centriole (Fig. 3d). Moreover, a basal foot 
appears laterally in the basal part of the distal 
centriole and anchors itself to the nucleus (Figs. 
4a,b,c). The axoneme appears surrounded by 
mitochondria, which are separated from the 
flagellum by the cytoplasmic canal (Fig. 4a). As 
development proceeds, the size of the spermatids 
decreases and the intercellular spaces enlarge to 
form a lumen in the cyst. 

6. Exocytosis 

The nucleus becomes more compact with 
increasing dense and thick chromatin filaments (Fig. 
4b). The nuclear fossa is further expanded into the 
nucleus, as far as one-fourth of the nucleus length, 
and completely surrounds the centriolar complex 
(Figs. 4a,b,c). As the nuclear fossa develops, the 
nucleus condenses and a small nuclear notch 
appears at the level of the proximal centriole, which 
gradually increases and becomes filled with 
electron-dense material (Figs. 4a,b,c). The cell 
begins to discard the excess cytoplasm, leaving the 
so-called residual bodies of various sizes and shapes 
in the intercellular spaces (Fig. 4d). 

7. Spermatozoon 

The mature spermatozoon is a relatively simple 
elongated cell composed of a head, a short 
midpiece, and a relatively long tailor flagellum 
(Fig. 5a). The head is spherical in shape, 1.9 ± 1.0 
)lm in diameter, and has no, acrosome. The nucleus 
is spherical, 1.7 ± 0.7 )lm in diameter, and covered 
by a typical double-layered undulating nuclear 
envelope. The nuclear envelope and the plasma 
membrane are applied tightly to the anterior part of 
the nucleus (Fig. 5b). However, the posterior part is 
indented by a nuclear fossa, the length of which is 
about more than one half of the nucleus diameter 
(Figs. 5b,c,d). The fossa is bell-shaped In 

longitudinal sections, circular in transverse sections 
and contains the centriolar complex, part of basal 
body and cytoplasm. A peculiar nuclear notch with 
some electron-dense material connects the lower 
fibrous body to the nucleus (Fig. 5d). The chromatin 
is heterogeneously granular, highly electron-dense 
and contains tightly packed fibers and irregular 
small clear lacunae (Figs. 5b,c,d). The proximal and 
distal centrioles occupy only the distal part of the 
nuclear fossa are perpendicular to each other and lie 
at right angle to the base of the head (Fig. 5d) . Both 
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Fig. 3. Transmission electron micrographs in the late spermatids of A . dentex . (a) Longitudinal section showing that the 
nucleus (nu) is more compact and chromatin (ch) is more condensed with dense and thick filaments. The fibrous body 
(fb) lies above the proximal centriole (pc) and connects with the nucleus. The nuclear fossa (nf) completely surrounds 
the centriolar complex and part of the basal body (bb). The flagellum (f) consists of nine peripheral (pt) and two central 
(ct) microtubular filaments. The transitional region (small arrow) between the basal body (bb) and the midpiece (mp) 
lacks the central microtubules. (b) Oblique longitudinal section at the level of the head showing the nucleus with 
heterogeneous chromatin, the fibrous body lies above the proximal centriole and the nuclear fossa contains the proximal 
and the distal (dc) centrioles and part of the basal body. (c) Oblique transverse section through the head region showing 
the nucleus with heterogeneous chromatin and the upper fibrous body anchors to the nucleus by two bands of electron­
dense filaments (arrowheads). Double arrowheads refer to the location of the lower fibrous body. (d) Transverse 
section through the head region at the level of the lower fibrous body showing that the latter lies just above the proximal 
centriole and interconnected with osmiophilic filaments and the nuclear fossa is circular. bp = basal plate, er = 
endoplasmic reticulum, G = Golgi apparatus, m = mitochondria, nn = nuclear notch. 

centrioles display a characteristic nine-microtubular 
triplet pattern. An osmiophilic ring embedded in an 
electron-dense material surrounds the anterior end 
of the distal centriole. The triplets of the proximal 
and distal centrioles are interconnected by means of 
osmiophilic filaments (Figs. 6b,c). Two fibrous 
bodies, upper and lower, consisting of osmiophilic 
disks alternating with lighter material lie 
perpendicularly above the proximal centriole (Fig. 
6a). These two dense bodies give rise to short 
electron-dense fibers, which connect them together 
with the proximal centriole and anchor the proximal 
centriole to the nucleus (Fig. 5d). However, the 
distal centriole, which forms the basal body of the 
axoneme, extends from the level of the anterior end 
of the cytoplasmic canal to the basal nuclear fossa 
and its base is traversed by a prominent basal plate 

(Figs. 5b,c,d). A striated basal foot attaches laterally 
in the midregion of the basal body and anchors it to 
the nucleus (Figs. 5b,c). Alar sheets radiate from the 
basal body triplets and attach it to the plasma 
membrane (Fig. 5c) . 

The midpiece is short, 0.5 flm in length and 0.9 
flm in diameter, and contains a mitochondrial ring 
(Figs. 5b,c). The latter consists of several 
(approximately four to five) unequal-sized spherical 
or ovoid mitochondria, which measure about 0.6 ± 
0.01-0.8 ± 0.7 flm in diameter and are completely 
separated from the midpiece by the cytoplasmic 
canal (Figs. 6d, 7a). The distribution of 
mitochondria is irregular on both sides of the 
midpiece (Figs. 5b,c,7b) . The mitochondria have a 
cristae and an electron-dense matrix and are 
separated from the cytoplasmic canal by two closely 
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Fig. 4. Transmission electron micrographs in the late spermatids of A. dentex. (a) Oblique longitudinal section (upper) 
showing the nuclear notch (nn) that anchors the proximal centriole (pc) to the nucleus (nu) and the basal foot (bf) (white 
arrow) that extends on both sides from the lateral side of the basal body (bb). Transverse sections in the head region at 
the level of the extension of the nuclear notch from the proximal centriole (lower left) and the basal body (lower right) 
showing their microtubular structure pattern. (b) Transverse section in the head region at the level of the proximal 
centriole showing the nucleus with circular nuclear fossa (nf), the nuclear notch and the basal foot that extends on both 
sides from the basal body and anchors to the nucleus. Note the location of the distal centriole (dc). (c) Oblique 
longitudinal section (left) showing the nucleus with heterogeneous chromatin (ch), nuclear notch and nuclear fossa that 
contains the centriolar complex and the basal body with its basal foot. Oblique transverse section (right) at the level of 
the proximal centriole showing the nucleus with the circular nuclear fossa and nuclear notch. (d) Longitudinal section 
in the early spermatozoon showing the spherical nucleus with heterogeneously granular and electron-dense chromatin, 
which contains tightly packed fibers and irregular small clear lacunae and covered by a double-layered undulating 
nuclear envelope (ne) that applies tightly to the plasma membrane (pm). Note that the mitochondria (m) lie close to the 
basal pole of the nucleus and surround the midpiece (mp) and the peripheral microtubular (pt) doublets of the axoneme 
are connected to the plasma membrane by a Y-shaped electron-dense body (y). bp = basal plate, cc = cytoplasmic canal, 
ct = central microtubules, dc = distal centriole, f = flagellum, of = osmiophilic filaments. 

apposed membranes (Figs. 5b,c, 6d, 7a). Another 
membrane of dense fibrous layer extends from the 
posterior end of the midpiece collar to the anterior 
end of the cytoplasmic canal in close vicinity to the 
flagellar plasma membrane and it separates the 
midpiece from the cytoplasmic canal (Figs. 5b,c, 6d, 
7a,b). 

The flagellum measures 28.5 ± 1.02 ).lm In 

length and 0.3 ± 0.4 ).lm in diameter and is 
surrounded by the flagellar plasma membrane. In 
the transitional region between the base of the 
axoneme and the basal plate, the axoneme consists 

of nine double outer tubules and lacks the central 
tubules (Fig. 5c). Distal to these regions, the 
flagellum has the classic nine double outer and two 
single central microtubular constructions (Figs. 6d, 
7a,b). The doublets are connected to the flagellar 
plasma membrane by short Y -shaped bridges. The 
central tubules are surrounded by a thin sheath and 
appear to be interconnected by a single strand. Each 
of the nine outer doublets consist of subfibers A and 
B. Two dynein arms arise from subtubule A of each 
doublet and extend toward the next tubule (Figs. 6d, 
7a,b). 
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Fig. 5. Electron micrographs of the mature spermatozoon in A . dentex. (a) Scanning electron micrograph showing that 
the sperm has a spherical head (h), a short midpiece (mp) and a tailor flagellum (f), but there is no acrosome. (b-d) 
Transmission electron micrographs. (b) Longitudinal section showing the nucleus (nu) with heterogeneous electron­
dense chromatin (ch) that contains tightly packed fibers and irregular small lacunae and covered by a double-layered 
undulating nuclear envelope (ne) that is and the plasma membrane (pm) are applied tightly to the anterior part of the 
nucleus. The posterior part of the nucleus is indented by a nuclear fossa (nf), which has a length of about more than one 
half of the nucleus diameter. The fossa contains the proximal (pc) and distal centrioles (dc) and part of basal body (bb). 
Note the basal foot (bf) extends from the basal body, the cytoplasmic canal (cc) surrounds the midpiece and separates it 
from the mitochondria (m) and the central (ct) and peripheral (pt) microtubules of the midpiece region. (c) Enlarged part 
of the posterior part of the nucleus and midpiece showing the basal foot and alar sheets (as) extending on both sides of 
the basal body and attach it to the nucleus and the plasma membrane. Note that mitochondria are unevenly distributed 
on both sides of the midpiece and two closely apposed membranes run along between the cytoplasmic canal and the outer 
layer of mitochondria ring, in addition to another membrane of dense fibrous layer (fl) that extends from the posterior 
end of the midpiece collar to the anterior end of the cytoplasmic canal in close vicinity to the flagellar plasma membrane 
(fm) and separates the midpiece from the cytoplasmic canal. Arrowhead refers to the transitional region that is free of 
central microtubules between the basal body and the midpiece. The peripheral microtubules are connected to the plasma 
membrane by a V-shaped electron-dense body (y) . (d) Longitudinal section showing clearly the two fibrous bodies (fb), 
upper and lower, interconnected with osmiophilic filaments (of) and anchor the proximal centriole to the nucleus. Note 
the nuclear notch (nn) which connects the lower fibrous body with the nucleus, the osmiophilic filaments interconnect 
the proximal centriole with distal centriole, the length of the nuclear fossa, which is about more than one half the length 
of the nucleus, and the basal part of the basal body is traversed by the basal plate (bp). 

Discussion 

Earlier stages of spennatogenesis in A. dentex 
do not show any special peculiarities ; nevertheless, 
its spenniogenic characters are consistent with those 

reported for type I aquasperrn (Mattei, 1970; 

Jamieson, 1991). Rotation of the nucleus is 90°, the 
diplosome enters the nuclear fossa and the flagellum 
is symmetrically located. A similar rotation of the 

nucleus has been found in many other teleost taxa 
(for review, Shahin, 2006 a). On the contrary, 
rotation of the nucleus either occurs only to a slight 

degree as in Cyprinus carpio, Esox lucius (Billard, 

1986), Oreochromus niloticus (Lou and Takahashi , 
1989) and Paracheirodon innesi (Jamieson, 1991) 
or does not occur entirely as in Liza aurata (Brusle, 

1981), Diapoma speculiferum and Diapoma sp. 
(Bums, et al. 1998), Mimagoniates barberi (Pecio 

and Rafmski, 1999), Acestrorhynchus falcatus 
(Matos, et at. 2000), Merluccius merluccius 
(Medina, et al. 2003) and in Ma lap terurus 
electric us, Chrysichthys auratus and Synodontis 
schall (Shahin, 2006 a,b,c). In these cases, except in 
the three latter catfish (Shahin, 2006 a,b,c), the 
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Fig. 6. Transmission electron micrographs in the head and midpiece of the mature spermatozoon of A. dentex . (a) Two 
transverse sections at the level of the proximal centriole (pc) (upper) showing the nucleus (nu) with tightly packed fibers 
and irregular small lacunae in the chromatin (ch) and at the level of the location of the lower fibrous body (fb) above the 
proximal centriole (lower). (b) Transverse section at the level of the basal region of the distal centriole (dc) showing the 
typical 9 + 2 construction pattern, which is surrounded by an osmiophilic ring (or) of electron-dense material that fills 
the nuclear fossa (nf). All the nine outermost microtubules of the triplets of the distal centriole disappear proceeding 
backwards. (c) Two transverse sections at the level of the distal centriole and the basal body (bb) (upper) and at the level 
of the basal plate (bp) of the basal body (lower) showing their microtubular construction pattern (mt). (d) Transverse 
section through the midpiece (mp) showing the cytoplasmic canal (cc) separating the mitochondria (m) from the 
midpiece. Note that the mitochondria are bounded by an outer and inner membrane (arrow) and exhibit transverse 
cristae and each of the peripheral microtubular doublets of the midpiece is connected to the plasma membrane by a Y­
shaped link (y). 

diplosome remains outside the nuclear fossa and the 
flagellum is asymmetrically located, i.e. it inserts 
laterally to the head (type II; Mattei, 1970). 
However, M. electricus, C. auratus and S. schall, 
Shahin (2006 a,b,c) describes that the nuclear 
rotation is absent, the diplosome enters the medial 
nuclear fossa and the flagellum is symmetrically 
located. Quagio-Grassiotto et al. (2003) mentioned 
that the position of the nuclear fossa and 
accordingly the attachment of the flagellum to the 
nucleus depend upon the rotation of the nucleus. 
Therefore, when the nuclear rotation is incomplete, 
the nuclear fossa is eccentric and so is the flagellum, 
which is perpendicular to the nucleus (Matos, et al. 
1998; Jamieson, 1991; Bums, et al. 1998; 
Magalhaes, 1998; Andrade, et al. 2001 ; Quagio­
Grassiotto, et al. 2001 b, 2003). If rotation is 
complete (90°), as in A. dentex examined herein and 
in some other characids (Mattei, et al. 1995; Aires, 
1998; Romagosa, et at. 1999; Zaiden, 2000; 

Verissimo-Silveira, 2003), the nuclear fossa is 
medial and the flagellum is medial and 
perpendicular to the nucleus. However, when the 
nucleus does not rotate, the nuclear fossa is either 
lateral in position or may be also absent, thus the 
flagellum is parallel to the nucleus (Burns, et al. 
1998; Matos, et al. 2000), or it is medial in position 
and the flagellum is perpendicular to the nucleus 
(Shahin, 2006 a,b,c). Moreover, Quagio-Grassiotto 
et at. (2003) pointed out that the position of the 
centriolar complex is related to the shape of nuclear 
fossa . When the nuclear fossa is deep, the centriolar 
complex is located inside it. If the nuclear fossa is of 
the moderate type, it may contain part or the entire 
centriolar complex or only one of the centrioles, 
while the other one lies outside. But if it is 
completely absent, the centriolar complex usual\y 
lies close to the nucleus. 

According to Quagio-Grassiotto et at. (2003), 
the nuclear fossa in A. dentex is of the deep type, 
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Fig. 7. Transmission electron micrographs in the mid piece of the mature spermatozoon of A. dentex. (a) Transverse 
section showing the 9 + 2 microtubular pattern of the axoneme in this region, each of the peripheral microtubular 
doublets (pt) is connected to the plasma membrane (pm) by a Y-shaped link (y). Note the double-layered flagellar 
membrane (fm) and its outer fibrous layer (fl) surrounding the plasma membrane and the mitochondrial envelope (me) 
that lies in close vicinity to the plasma membrane and separates the mitochondria (m) from the cytoplasmic canal (cc). 
(b) Transverse section showing several mitochondria (rarely 6) around the midpiece (mp) region. Note the double­
layered flagellar membrane and its outer the fibrous layer, which surround the plasma membrane. Arrowhead refers to 
the Y -shaped link that connects each of the peripheral microtubular doublets with the plasma membrane. 

since it has more than one half of the nuclear 
diameter in length and contains the centriolar 
complex and part of the basal body of the axoneme. 
The presence of a shallow to deep nuclear fossa, 
containing the centriolar complex and the proximal 
portion of the flagellum, is also common in the 
spermatozoa of many viviparous and some 
oviparous taxa (for more details, see Gwo, et al. 
1993; Quagio-Grassiotto, et al. 2003; Shahin, 2006 
a,b,c). Nevertheless, the nuclear fossa is moderately 
developed in the curimatid species (Matos, et al. 
1998; Quagio-Grassiotto, et al. 2003), Hoplias 
malabaricus (Quagio-Grassiotto, et al. 2001 b) and 
in the subfamilies Aphyocharacinae (Burns, et at. 
1998) and Myleinae (Matos, et at. 1993), while it is 
poorly developed in Epinephelus malabaricus and 
Plectropomus leopardus (Gwo, et al. 1994 b). It is 
completely absent in most oviparous and some 
viviparous species (Billard, 1970; Fribourgh, et at. 
1970; Mattei and Mattei, 1974; Todd, 1976; Brusle, 
1981; Gwo, 1989; Gwo and Arnold, 1992; Thiaw, et 
al. 1990; Guan and Afzehus, 1991; Burns, et al. 
1998; Pecio and Rafiilski, 1999; Matos, et al. 2000; 
Medina, et al. 2003) . 

On the other hand, the arrangement of the 
centriolar complex is variable in many cyprinifonn 
species; therefore, it is considered a species-specific 
feature (Mansour, et at. 2002). The proximal 
centriole may be anterior or lateral to the distal 
centriole. In either case, it may be coaxial, parallel , 
oblique or perpendicular to the distal centriole. In A . 

dentex spermatozoa, the two centrioles are arranged 
perpendicularly to each other and the proximal one 
lies anterior to the distal centriole. Similar 
conditions have been described in Acanthopagrus 
schlegeli (Gwo and Gwo, 1993; Gwo, et al. 1993), 
A . latus (Gwo, 1995), Chanos chanos (Gwo, et al. 
1995), Diplomystes mesembrinus (Quagio­
Grassiotto, et al. 200 I a) , M. merluccius (Medina, et 
al. 2003) and in M. electricus , C. auratus and S. 
schall (Shahin, 2006 a,b,c) . The two centrioles are 
oriented at right angles to each other in Anguilla 
japonica (Gwo, et al. 1992), Plecoglossus altivelis 
(Gwo, et al. 1994 a), E. malabaricus and P. 
leopardus (Gwo, et al. 1994 b) and Oncorhynchus 
masou formosanus (Gwo, et al. 1996). Among 
Characiformes variable orientation of the centrioles 
has been reported. For example, the proximal 
centriole is antero-lateral and slightly oblique to the 
basal body (Jamieson, 1991), lateral, oblique and 
distant from the distal centriole (Mattei, et al. 1995) 
or anterior, coaxial and slightly oblique to the basal 
body (Quagio-Grassiotto, et at. 2001 b). Moreover, 
it is anterior, lateral and perpendicular to the basal 
body (Matos, et al. 2000), anterior, medial and 
perpendicular to the basal body (Aires, 1998; Burns, 
et al. 1998; Pecio and Rafiilski, 1999; Romagosa, et 
al. 1999; Zaiden, 2000), or anterior, medial to 
slightly lateral, and at a right or slightly oblique 
angle relative to the distal centriole (Quagio­
Grassiotto, et at. 2003). 

Furthermore, the midpiece exhibits two 
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situations among teleosts , one of which is at the 
posterior end of the nucleus as in A. dentex 
examined herein, many other teleosts (Jamieson, 
1991; Mattei, 1991; Shahin, 2006 a,b,c) and some 
Characiformes (Jamieson, 1991; Matos, et at. 1993, 
1998; Mattei, et al. 1995; Bums, et at. 1998; 
Andrade, et al. 2001; Quagio-Grassiotto, et al. 2001 
b, 2003) . In the other situation, the midpiece is 
located laterally to the nucleus as in some members 
of Characiformes (Bums, et at. 1998; Pecio and 
Rafmski, 1999; Matos, et al. 2000). 

In A. dentex, the midpiece is short and contains 
a short cytoplasmic canals enveloped by the 
cytoplasmic sheaths that is formed as a thin 
cytoplasmic projection (Jamieson, 19991; Mattei, 
1991). Similar cases have been recorded in the 
majority of Characiformes (Magalhaes, 1998; 
Matos, et al. 1998, 2000; Andrade, et al. 200 I; 
Quagio-Grassiotto, et al. 2003) as well as in many 
other teleosts (for review, see Gwo, et al. 1993; 
Quagio-Grassiotto, et al. 2003; Shahin 2006 a,c). 
However, long midpiece and long cytoplasmic canal 
have been observed in some characids (Jamieson, 
1991; Matos, et al. 1993; Aires, 1998; Romagosa, et 
al. 1999; Zaiden,.2000; Verissimo-Silveira, 2003). 
Moreover, a long midpiece and long cytoplasmic 
sheath attached to one side of the nucleus have been 
found in the species of Glandulocaudinae (Bums, et 
al. 1998) except species of Mimagoniates (Burns, et 
al. 1998; Pecio and Rafiilski, 1999) that have a short 
cytoplasmic sheath. However, a long midpiece with 
no cytoplasmic sheath has been found in the 
inseminating Macropsobrycon uruguayanae (Bums, 
et al. 1998). 

In the spermatozoa of A. dentex, two closely 
apposed membranes run in the vicinity of the 
plasma membrane between the outer mitochondrial 
envelope and the cytoplasmic canal membrane. A 
similar structure has been described in Thymallus 
thymallus (Lahnsteiner, et al. 1991), A. schlegeli 
(Gwo and Gwo, 1993; Gwo, et al. 1993), A. latus 
(Gwo, 1995) and M. merluccius (Medina, et al. 
2003) . One membrane has been found in some other 
species (Brusle, 1981; Billard, 1983; Gwo, 1989; 
Gwo and Arnold, 1992; Gwo, et al. 1994 b; Gwo, et 
al. 1995; Gwo, et al. 1996; Burns, et al. 1998; Pecio 
and Rafiilski, 1999; Bums, et al. 1998; Quagio­
Grassiotto, et al. 2001 a; Quagio-Grassiotto, et al. 
2003). Conversely, the cytoplasmic canal is absent 
in P. altivelis (Gwo, et al. 1994 a), Citharinus sp. 
(Mattei, et al. 1995), H. malabaricus (Quagio­
Grassiotto, et al. 200 I b) and C. auratus (Shahin, 
2006b). Mattei (1970) mentioned that the 
cytoplasmic canal is formed during spermiogenesis 
by the movement of the centriolar complex towards 

the nucleus, taking with it the plasma membrane and 
the initial segment of the flagellum. 

The situation of mitochondria shows consider­
able variation among teleosts. In the spermatozoa of 
most taxa (Shahin, 2006 a,c) including A. dentex 
examined herein, mitochondria are located adjacent 
to the caudal pole of the nucleus and surround the 
initial segment of the axoneme and are separated 
from it by the cytoplasmic canal. Similar location of 
mitochondria has also been reported among 
subfamilies of Characidae, particularly those that 
have a long midpiece, such as Myleinae (Matos, et 
al. 1993), Bryconinae (Aires, 1998; Romagosa, et 
al. 1999, Zaiden, 2000), Hyphessobrycon innesi of 
the Tetragonopterinae (Jamieson, 1991) and 
Salmininae (Verissimo-Silveira, 2003), where they 
are grouped in the anterior third of the midpiece 
around the initial region of the axoneme and 
separated from it by the cytoplasmic canal. The 
same arrangement has been observed also in an 
inseminating species of the Cheirodontinae (Burns, 
et al. 1998). In the species of the Glandulocaudinae, 
the elongate mitochondria are grouped and located 
close to the posterior end of the nucleus (Bums, et 
al. 1998; Pecio and Rafiilski, 1999). The 
Acestrorhynchidae have few elongate mitochondria 
located around the nucleus and around the initial 
region of the axoneme and are separated from the 
axoneme by the cytoplasmic canal. However, 
mitochondria are found in the nuclear indentation in 
the flounder (Jones and Butler ,1988), many 
bleIU1iid species (Lahnsteiner and Patzner, 1990; 
Silveira, et al. 1990), and several eels (Mattei and 
Mattei, 1974; Todd, 1976; Gwo, et at. 1992). In the 
citharinid species, mitochondria are located close to 
the nucleus near the centriolar complex (Mattei, et 
al. 1995). In P. altivelis (Gwo, et at. 1994 a) and H. 
malabaricus (Quagio-Grassiotto, et al. 2001 b), due 
to the absence of the cytoplasmic canal, a single 
mitochondrion in the former species or several 
mitochondria in the latter species, are situated close 
to the nucleus and laterally in relation to the 
flagellum. Moreover, in C. auratus mitochondria 
are located at the basal pole of the nucleus and 
separated from the axoneme by the iIU1er 
mitochondrial envelope due to the absence of the 
cytoplasmic canal (Shahin, 2006 b). 

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 (Gwo, et al. 1992), lateral to the flagellum 
as in P. altivelis (Gwo, et al. 1994 a) or encircling 
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the base of the flagellwn as in C. chanos (Gwo, et 
al. 1995), O. m. formosanus (Gwo, et al. 1996), D. 
mesembrinus (Quagio-Grassiotto, et al. 2001 a) and 
C. auratus (Shahin, 2006 b). It has been reported 
that there are three mitochondria in A. latus (Gwo, 
1995), four in A. schlegeli (Gwo and Gwo. 1993; 
Gwo, et al. 1993), five (rarely six) in E. malabaricus 
and P. leopardus (Gwo, et al. 1 994b) and C. auratus 
and S. schall (Shahin, 2006 b,c) and several, up to 
ten mitochondria, in M. merluccius (Medina, et al. 
2003) or fifteen in M. electricus (Shahin, 2006 a), 
which surround the base of the flagellwn. Among 
Characiformes, however, Bums, et al. (1998), Pecio 
and RafIitski (1999), and Quagio-Grassiotto, et al. 
(2001 b, 2003) 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. 

Development of an acrosomal complex (the 
acrosomal vesicle and the subacrosomal material) 
from the functions of smaller Golgi-derived 
proacrosomal vesicles is 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. Absence of 
the acrosome is very common in the majority of 
teleosts. An acrosomal vesicle has been observed in 
O. mykiss (Billard 1983). 

In A . dentex, progressive condensation of the 
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 
gradual coalescence of the thick chromatin strands 
into denser aggregations. Changes in the nuclear 
chromatin condensation pattern during 
spermiogenesis have previously been reported in 
many other teleosts (see Gwo and Gwo, 1993; 
Shahin, 2006 a,b,c). Iatrou and Dixon (1978) 
interpreted the progressive alterations of chromatin 
packing as the result of the transformation of 
nuclear basic proteins. 

Moreover, spermatozoan head nuclear 
chromatin is widely different in appearance among 
fish and it varies from dense, homogeneous and 
compact to granular and heterogeneous (for review, 
see Gwo and Gwo, 1993; Shahin, 2006 a,b,c). In A. 
dentex, the spermatozoon chromatin appears 
heterogeneous, highly electrondense and contains 
tightly packed fibers and irregular small clear 
lacunae. Similar appearance of chromatin has been 
found in some Characiformes (see Matos, et al. 
1993; Mattei, et al. 1995; Aires, 1998; Bums, et al. 

1998; Romagosa, et al. 1999; Zaiden, 2000; 
Verissimo-Silveira, 2003). In contrast, among other 
members of the Characiformes, spermatozoa exhibit 
thick fibers of homogeneously condensed chromatin 
(Jamieson, 1991; Mattei, et al. 1995; Bums, et al. 
1998; Magalhaes, 1998; Matos, et al. 1998, 2000; 
Pecio and Rafinski, 1999; Quagio-Grassiotto, et al. 
2001 b, 2003). 

In A. dentex, the nucleus is spherical. A similar 
appearance of the nucleus has been recorded in 
some characids (Jamieson, 1991; Mattei. 1991; 
Matos, et al. 1998; Quagio-Grassiotto, et al. 2001 b, 
2003) as well as in some other teleosts (Jamieson, 
1991; Mattei, 1991; Gwo and Gwo, 1993; Gwo, et 
al. 1993, 1994 b; Gwo, 1995; Shahin, 2006 a,c). 
Conical and elongate form of the nucleus has been 
described in C. auratus (Shahin, 2006 b) and in 
several characids (Mattei, et al. 1995; Bums, et al. 
1998; Pecio and Rafinski , 1999). 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 (Grier, 1973; Mattei and 
Mattei, 1974; Todd, 1976; Jones and Butler, 1988; 
Lahnsteiner and Patzner, 1990; Bums, et al. 1998; 
Pecio and Rafinski, 1999). Moreover, several 
structures that connect the flagellum with the 
nucleus have been reported. In O. mykiss (Billard, 
1983) and eels (Mattei and Mattei, 1974; Todd, 
1976; Gwo, et al. 1992), there is a structure called 
flagellar rootlet. In Oryzias laptipes (Grier, 1976), 
T. thymallus (Lahnsteiner, et al. 1991), P. flesus 
(Jones and Butler, 1988), there is an electron-dense 
material. Nonetheless, there are bundles of 
microtubules in Gambusia affinis (Grier, 1975). 

In spermatozoa of A . dentex, there are 
intercentriolar connections in the form of 
osmiophilic filaments that arise from the triplets of 
the proximal centriole and connect it with the distal 
one. A similar structure has been described also in 
some species (Billard, 1983; Jones and Butler, 1988; 
Lahnsteiner, et al. 1991 ; Gwo, 1989; Gwo and 
Arnold, 1992; Gwo and Gwo, 1993; Gwo, et al. 
1993; Gwo, et al. 1994 a; Gwo, et al. 1994 b; Gwo, 
1995; Gwo, et al. 1995). Moreover, In A. dentex, 
there are two fibrous bodies, which consist of 
osmiophilic disks alternating with lighter material 
and lie perpendicularly above the proximal 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 salmon 
0. m. formosanus by Gwo, et al. (1996) who 
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mentioned that there is a fibrous body, consisting of 
osmiophilic disks alternating with lighter material, 
adhering to the two centrioles laterally and linking 
them together while also linking the proximal 
centriole with dense bodies in the nuclear fossa. 
However, in the gadiform M. merluccius (Medina, 
et al. 2003), the proximal centriole is linked to the 
nuclear surface by granular material. In addition, 
nine radial fibers project from the basal body of the 
distal centriole triplets and contact the plasma 
membrane at the caudal part of the centriole. A 
structure called the intercentriolar lamellate body 
has been observed in the poeciliids P. latipinna 
(Grier, 1973) and G. ajJinis (Grier, 1975). 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 final stage of spermiogenesis. In addition, 
a connecting piece has been described inA .japonica 
(Gwo, et al. 1992). The morphology of the 
intercentriolar connection is suggested to have a 
phylogenetic importance among fish (Grier, 1976). 

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 (Gwo, et al. 1994 b) and A. latus (Gwo, 
1995). However, alar sheets have been described in 
O. m. formosanus (Gwo, et al. 1996). As described 
by Gwo (1995), it is probable that both the alar 
sheets and basal foot function are in the attachment 
and stabilization of the tail, thereby enabling the 
centriole to withstand the torque generated by the 
movement of the flagellum. The occurrence of the 
basal foot has also been reported in the catfish C. 
auratus and S. schall (Shahin, 2006 b,c). 

Vesicles, which are commonly shown with 
more or less regularity in the midpiece of 
Characiformes spermatozoa (for details, see 
Quagio-Grassiotto, et al. 2003) as well as in M. 
electricus and C. auratus (Shahin, 2006 a,b), are 
entirely absent in A. dentex. In addition, the "lattice 
tubule" described by Mattei et al. (1995) in C. sp. or 
the membranous compartment found in the initial 
region of the flagellum of some Characiformes 
(Quagio-Grassiotto, et al. 2003) as well as some 
Cypriniformes (Baccetti, et al. 1984; Kim, et al. 
1998; Lee and Kim, 1998) and also the flagellar 
lateral fins or intratubular differentiations occurring 
in some teleosts (Mattei, 1988, 1991 ; Jamieson, 
1991) are not found in A. dentex examined herein. 
Similar findings have been reported in many other 
species of Characiformes for which data are 
available (for review of species, see Quagio-

Grassiotto, et al. 2003). 
According to the hypothesis of Mattei (1970, 

1988), 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 (Gwo and Gwo, 
1993; Gwo, et al. 1993) and A. latus (Gwo; 1995) 
and seems to be found also in some of the curimatid 
species, but not described by Quagio-Grassiotto, et 
al. (2003). The function and nature of this structure 
and origins of the nuclear notch and electron-dense 
material are still obscure. Presumably, the centrioles 
play some role in the formation of these structures 
(Gwo and Gwo, 1993). 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. 

The general features of spermiogenesis of A. 
dentex are considerably similar to those of 
Ostariophysi with external fertilization, which 
includes Cypriniformes (Baccetti, et al. 1984), 
Characiformes (Jamieson, 1991; Matos, et al. 1993; 
Aires, 1998; Burns, et al. 1998; Negrao, 1999; 
Romagosa, et al. 1999; Quagio-Grassiotto, et al. 
200 I b, 2003), Siluriformes (Poirier and Nicholson, 
1982; Maggese, et al. 1984; Jamieson, 1991; Mattei, 
1991; Quagio-Grassiotto and Carvalho, 2000; 
Quagio-Grassiotto, et al. 2001 a, Shahin, 2006 a,b,c) 
and Gonorynchiformes (Gwo, et al. 1995). 
Moreover, A. dentex spermatozoon has some of the 
characteristics of Perciformes (Gwo and Gwo, 
1993; Gwo, 1995; Gwo, et al. 1993, 1994 b) and 
Salmoniformes (Gwo, et al. 1996). Therefore, it 
could be concluded that the ultrastructural features 
of spermiogenesis and spermatozoa of A. dentex are 
synapomorphy of Ostariophysi, Perciformes, and 
Salmoniformes. 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 (Fink and Fink, 
1996; Shahin, 1997, 1999). 
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