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Ultrastructure of Spermatogenesis and Sperm Development
in Saccocoelioides godoyi Kohn & Froes, 1986

(Digenea, Haploporidae)
MFD  Baptista-Farias+, A Kohn*, SC Cohen

Laboratório de Helmintos Parasitos de Peixes, Departamento de Helmintologia, Instituto Oswaldo Cruz,
Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ, Brasil

Ultrastructural observations of spermatogenesis and sperm development of  Saccocoelioides godoyi,
an intestinal parasite of  Leporinus friderici (Bloch, 1794) are described. The irregular-shaped sper-
matogonia form  a peripheral layer, and show a prominent nucleus. Spermatocytes  are larger than
spermatogonia, and in the early stage present synaptonemal complex. Spermatids show nuclei smaller
than the spermatocytes. Spermiogenesis is characterized by outgrowth of the zone of differentiation,
presenting basal bodies, separated by an intercentriolar body. At the end of this process, the spermato-
zoa are released into the residual cytoplasmic mass. The spermatozoa of  S. godoyi are elongate, similar
to the pattern described for other Digenea, showing nuclei, mitochondria and two axonemes with the
9+1 configuration. The peripheral cortical microtubules on the dorsal and ventral faces are laterally
interrupted.
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Sperm ultrastructure and spermiogenesis have
been used as tools for phylogeny in the parasitic
Platyhelminthes (Justine 1991a, 1995, 1997). Most
studies on sperm ultrastructure have been described
in Monogenea (Justine 1992, 1993, Rohde &
Watson 1994a,b, Baptista-Farias et al. 1995, 1999,
Hathaway et al. 1995, Watson et al. 1995, Watson
& Rohde 1995, Harris et al. 1997). Spermiogen-
esis presents minor differences in Digenea, sug-
gesting different evolutionary levels within the
groups (Hendow & James 1988, Cifrian et al. 1993,
Gracenea et al. 1997,  Iomini & Justine 1997). The
present study describes the ultrastructure of sper-
matogenesis and the fine structure of the mature
spermatozoon in a digenean species, Sacco-
coelioides godoyi, parasite of the freshwater fish,
Leporinus friderici.

MATERIALS AND METHODS

S. godoyi was collected from the intestine of
Leporinus friderici (Bloch 1794), Anostomidae,

from the reservoir of the Hydroelectric Power Sta-
tion of Itaipu, Paraná River, Foz do Iguaçu, Bra-
zil. Worms were fixed in 0.1M phosphate-buffered
2.5% glutaraldehyde, postfixed for one h in 1%
osmium tetroxide in the same buffer, dehydrated
in a graded ethanol series, and embedded in Epon
(Luft 1961). Ultrathin sections were collected on
copper grids, double-stained with 2% alcoholic
uranyl acetate and lead citrate (Reynolds 1963) and
observed in a Zeiss EM 900 electron microscope.

RESULTS

Examination of sections by transmission elec-
tron microscopy showed the testes surrounded by
a continuous layer of connective tissue, present-
ing different stages of development.

The irregular-shaped spermatogonia form a
peripheral layer, characterized by a prominent
nucleus, showing a low cytoplasmic-nucleus ratio
(Fig. 1). The spermatogonia nuclei appear oval or
elongated with dense spots of chromatin distrib-
uted throughout the nucleoplasm. The cytoplasm
matrix is electrondense due  the presence of ribo-
somes, disposed in rosettes or polysome-like. Mi-
tochondria and cisternae of endoplasmatic reticu-
lum are present in cytoplasm but Golgi complex
was not observed. Spermatogonia in the tertiary
stage present mitochondria joined at the  cell apex
with the nucleus displaced  to the base (Figs 1, 2).

The tertiary spermatogonia divide mitotically
giving rise to spermatocytes. These cells are the
largest  of the process, and show an increase cyto-

+Corresponding author. Fax: +55-21-260.4866. E-mail:
bfarias@ioc.fiocruz.br
*Research fellow from Conselho Nacional de
Desenvolvimento Científico e Tecnológico, CNPq.
Received 4 April 2000
Accepted 15 August 2000



6262626262 Spermatogenesis and  Sperm in S. godoyi �  MFD Baptista-Farias et al.

plasmic-nucleus ratio. The nucleus presents sparse
chromatin, arranged in small groups. The peri-
nuclear space is not evidenced as in spermatogo-
nia. The cytoplasm presents numerous mitochon-
dria dispersed throughout it, endoplasmatic reticu-
lum and free ribosomes, disposed in groups or ro-
settes (Fig. 3). Synaptonemal complexes, charac-
teristic of this stage, were observed in the primary
spermatocytes (Fig.  3, inset).

The spermatids nuclei are smaller than those
of the spermatocytes, with small nucleolus and
chromatin equally distributed in clumps or short

and dense filaments. Free ribosomes in compact
groups are observed in the cytoplasm of the sper-
matids (Fig.  1). In early spermatids, the mitochon-
dria occupy a perinuclear position with dense ma-
trix and longitudinal cristae.

As the spermatids differentiate, the formation
of the zone of differentiation (ZD) is observed far
from the nucleus, characterizing the beginning of
spermiogenesis. In the ZD, a row of microtubules
appears in the extremity of the spermatid, as sup-
port to the plasma membrane, forming a collar of
fibrous dense material (Fig. 4).

Spermatogenesis of Saccocoelioides godoyi. Fig. 1: spermatogonia in  periphery of the testes, showing heterochromatic nuclei
(N), endoplasmatic reticulum cisternae (arrow), transversal sections of spermatozoa (arrowhead), early spermatids (E) and nu-
clei of the spermatids in the cytoplasmatic mass (*). X 10,100
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Spermatogenesis of Saccocoelioides godoyi. Fig. 2: spermatogonia in the tertiary stage with nuclei (N)  into cell base, numerous
mitochondria in the cell apex  (white arrow) and endoplasmatic reticulum cisternae (black arrow). X 9,600.  Fig. 3: spermato-
cytes showing nuclei with sparse chromatin (N), mitochondria (arrowheads) and ribosomes.  X 9,600. Inset: synaptonemal
complex in the primary spermatocytes (arrow). X 16,000

The ZD showing a section in the terminal por-
tion contains peripheral microtubules and an
intercentriolar body in development (Fig. 9). While
the nucleus migrates to the peripheral cytoplasm, it
elongates through the longitudinal axis of the cellu-
lar projection, changing its shape to cylindrical (Fig.
5). The chromatin become condensed and lamellar.
In transverse sections, the lamellae present a hon-

eycomb-like appearence. The nucleolus remains for
a short time, appearing as small dense bodies (Figs
1, 6, 11). The two centrioles are orientate perpen-
dicularly to the projection axis, on each side of the
intercentriolar body (Fig. 9). The centrioles give rise
to two free flagellae, and meanwhile the two stri-
ated rootlets, associated with each centriole, lie par-
allel to the intercentriolar body (Fig. 7).
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Spermiogenesis of Saccocoelioides godoyi. Fig. 4: zone of differentiation with the rising of fibrous material of the dense collar
(arrow) and the elongation of the nucleus (N). X 14,000. Fig.  5: sections through nuclei of the spermatids in the cytoplasmatic
mass showing the elongation of the nucleus and the chromatin becoming lamellar (arrows). X 6,300

The axonemes line up parallel to the longitudi-
nal axis of the median cytoplasmatic process. The
striated rootlets, associated with the basal bodies,
extend proximally on each side of the nucleus to-
ward  the common cytoplasmatic mass (Fig.  7).

At the proximal part of the median cytoplasmatic
process (MCP), the plasma membrane becomes
thicker forming a furrow-like, electrondense collar.

The nucleus continues to elongate and migrates to
the distal position of the median process (Figs 7, 8).
The mitochondria, which are in a perinuclear posi-
tion of early spermatids, also migrate to the median
process, forming a long cylindric body.

The MCP and the flagellae fuse along their
lenghts. Before fusion, the MCP forms an
electrondense depression with the flagellae proxi-
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mally situated (Fig. 10). When the flagellar mem-
brane, and MCP are in contact, the electrondense
material disappear and the flagellae are incorpo-
rated (Fig. 11). After fusion, sections through the
base of the projection show two axonemes, and
the microtubules sheath appear interrupted around
them (Fig. 11, inset). In other sections, is possible
to observe the cortical microtubules forming a com-
plete ring around the spermatozoon (Fig.  12).

At the end of spermiogenesis, the diameter of
the ZD decreases, the collar membranes approach
and finally, the spermatozoon is released from the
cytoplasmatic residual mass and its nucleus pre-
sents strongly condensed chromatin (Fig. 15).

The basal bodies and rootlets were never ob-
served in the mature spermatozoa. These structures

probably remain in the residual cytoplasm.
The main region of spermatozoon contains the

nucleus, anterior portion of the mitochondria, the
axonemes and a row of microtubules, which sup-
port the plasma membrane. Each axoneme con-
sists of nine pairs of microtubules disposed around
a central complex (Fig. 11). The ventral and dor-
sal plasma membranes are supported by a single
row of microtubules, located parallel to the longi-
tudinal axis of the cell.

The median region of the spermatozoon con-
tains mitochondria, two axonemes and cortical
microtubules, located just below the dorsal and
ventral membranes (Figs 1, 12).

The terminal region extends from the distal
extremity of the mitochondria to the posterior end

Spermiogenesis of Saccocoelioides godoyi. Fig. 6: transversal and longitudinal sections of  spermatids nuclei, presenting lamel-
lar chromatin (white arrow), with honeycomb appearence. X  26,400
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Spermiogenesis of Saccocoelioides godoyi. Fig. 7: high magnification of spermatids nuclei showing striated rootlets (FR), and
the  furrow-like  electrondense collar (arrowheads). X  46,000.  Fig. 8: elongation of the spermatid’s nucleus (N) and thickening
of the plasma membrana, forming a wrinkle-like, electrondense collar. X 24,200. Fig. 9: detail of the two centrioles on each side
of the intercentriolar body (arrow). X 17,600
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Sperm development of Saccocoelioides godoyi. Fig. 10: transversal section of  spermatozoa in formation with the median
cytoplasmatic process observing electrondense depression (arrow) and spermatid nuclei with honeycomb appearence of the
chromatin. X 20,000.  Fig. 11: transversal section through median cytoplasmatic process with the incorporation of the flagellae,
presenting peripheral microtubules (arrow), axonemes (A), with the traditional configuration 9+1. Observe the terminal region
of the spermatozoon with the remaining microtubules (arrowheads). X 48,000.  Inset: two axonemes and the microtubules
sheath interrupted around them. X 24,000.  Fig. 12:  transversal section through the beginning of the terminal region of the
spermatozoon, showing a complete ring of cortical microtubules around the axonemes (little arrow) and microtubules situated
beneath the dorsal and ventral membranes (large arrow). X 21,000
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of the spermatozoon. The anterior portion of the
terminal segment is surrounded by cortical micro-
tubules (Fig. 12) and in the final portion, the cell is
narrower and presents just one or two remaining
microtubules in the dorsal and ventral membranes
(Fig. 11).

At the lumen of the spermatic duct, spermato-
zoa are observed in transverse and longitudinal
sections (Figs 13, 14).

DISCUSSION

The ultrastructural organization of the tests and
cytological transformations during the spermato-
genesis and spermiogenesis in S. godoyi are in
agreement with those reported for other Digenea,
including Haematoloechus medioplexus (by Bur-
ton 1972), Cryptocotyle lingua (by Rees 1979),
Corrigia vitta  (by Robinson & Halton 1982),
Bucephaloides gracilescens (by Erwin & Halton

1983), Postorchigenes gymnesicus (by Gracenea
et al. 1997), Mesocoelium monas (by Iomini et al.
1997). The exceptions of this general pattern are
Schistosoma mansoni that has one flagellum with
a 9+1 and 9+0 configurations (Kitajima et al. 1976,
Justine & Mattei 1981) and Didymozoon sp. which
has two flagellae with a 9+0 configuration (Justine
& Mattei 1983).

The synaptonemal complexes were readily ob-
served in the primary spermatocytes of S. godoyi,
a feature previously noted in other Digenea
(Robinson & Halton 1982).

In the species studied, the spermatids are dis-
tributed in the cytoplasmatic mass, in the periph-
ery of which the cytological transformations oc-
cur as described for other Digenea (Robinson &
Halton 1982, Sharma & Rai 1995).

The development of the ZD in the spermatids
is followed by the formation of two free flagellae

Spermatozoa of Saccocoelioides godoyi. Fig. 13: longitudinal and transversal sections of spermatozoa in the spermatic duct. X
9,000.  Fig. 14: detail of the anterior figure showing spermatozoa nuclei and axonemes in transversal and longitudinal section.
X 10,800. Fig. 15: transversal section of the spermatozoa showing the nucleus with strongly condensed chromatin. X 10,000
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from basal bodies and by the penetration of the
nucleus and mitochondria into the median
cytoplasmatic process. Initially, the flagellae are
free and posteriorly, they can fuse with MCP from
the proximal region to the distal extremity of the
spermatic cell. This proximal-distal fusion has also
been observed in Aspidogastrea, Monogenea,
Gyrocotylidae, Amphilinidea and Eucestoda
(Justine 1991a).

Spermiogenesis in S. godoyi is similar to that
described in most Digenea, consisting of a proxi-
mal-distal fusion on flagellar axonemes with a
MCP, followed by an elongation of the sperma-
tids.  The presence of two centrioles and striated
rootlets, and this fusion are general characteristics
of parasitic Platyhelminthes (Justine 1991 a,b,
1995). The migration of the nucleus to the distal
region of the differentiating spermatozoon ob-
served in S. godoyi was previously reported in H.
medioplexus, by Burton (1972), C. vitta by
Robinson & Halton (1982) and B. gracilescens by
Erwin and Halton (1983), Maritrema linguilla by
Hendow & James (1988) and Paragonimus ohirai
by Orido (1988).

The elongation of the nucleus in the longitudi-
nal axis of the spermatid and the condensation of
the chromatin into lamellae have already been ob-
served in other Digenea (Burton 1972, Grant et al.
1976, Rees 1979).

The spermatozoa of S. godoyi are elongated and
follow the pattern previously described for Dige-
nea, similar to C. vitta (by Robinson & Halton 1982).
Transversal sections of the  anterior region show
two axonemes surrounded by a continuous row of
microtubules, while the main region with nucleus
and mitochondria presents two axonemes with the
configuration 9+1 and peripheral cortical microtu-
bules in the ventral and dorsal faces laterally inter-
rupted. In this aspect, they are similar to the major-
ity of species studied to date (Robinson & Halton
1982, Zdarska et al. 1991, Sharma & Rai 1995).
Justine (1995) established that the structure found
in the non-nuclear region presents a great variety
among the taxon, and would be of  great value for
phylogenetic considerations within the group.

Iomini et al. (1997) stated that the lenght of
axoneme may be used as a character for phylog-
eny in Digenea, and the number of axonemes have
already been used in phyletic characterization in
Monogenea (Justine 1991b) and Cestoda (Euzet et
al. 1981, Bâ & Marchand 1995).

According to Watson and Rohde (1992), the
formation of two centrioles, an intercentriolar body
and two axonemes  initially free but which later
rotate to lie parallel and eventually fuse with MCP
is common in the spermiogenesis of many groups
within Neodermata. However, it is possible to find

exceptions within the same group, e.g. Gona-
podasmius, Didymozoon,  and members of the fam-
ily Schistosomatidae, which live in pairs. Their
different process of spermiogenesis, and sperm
ultrastructure may be related to the biology of fer-
tilization in species that live in pairs or are fused
(Justine 1991a).
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