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ABSTRACT. The mature sperm of Brachidontes variabilis is of the primitive type,
with a head, a midpiece, and a tail. The head comprises an inverted Y-shaped
acrosome which has an anterior electron-dense region and a posterior electron-
lucent one. The subacrosomal space is filled with flocculent material, but with no
acrosomal rod. The nucleus is barrel-shaped with a posterior fossa. The midpiece
consists of five mitochondria which surround the proximal and distal centrioles.
Early spermatids have large central nuclei, and a number of scattered proacrosomal
granules. In mid-spermatids, these granules coalesce into a large basal granule which
migrates apically where it invaginates at its adnuclear surface and becomes an
inverted Y-shaped vesicle. Nuclear condensation is of the granular pattern.

Studies on the reproductive biology of bivalves from the Gulf of Aqaba (Red
Sea) are lacking; the only information is that provided by Hulings (1986) in his
survey of aspects of reproduction of rocky intertidal molluscs form this Gulf.
There have been no ultrastructural studies on sperm morphology or sper-
miogenesis of any bivalve from this region.

The available reports on the fine structure of bivalve sperm have shown
marked variations, especially in regard to the acrosomal region (Popham et al.
1974, Popham 1979, Franzen 1983, Hodgson and Bernard 1986a,b, Van der
Horst et al. 1986, Hodgson et al. 1987). Such variations have been attributed to
differences in reproductive habits, and have been used to correlate sperm
structure with bivalve phylogeny. Of the family Mytilidae, sperm of Mytilus
edulis (Niijima and Dan 1965, Longo and Dornfeld 1967, Hodgson and Bernard
1986a), Mytilus perna (Bourcart et al. 1965), Perna perna (Bernard and
Hodgson 1985), Aulacomya ater, Choromytilus meridionalis, and Mytilus
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galloprovincialis (Hodgson and Bernard 1986b) and Brachidontes virgiliae
(Bernard et al. 1988) have been described.

Brachidontes variabilis (Krauss 1848), a species within the Mytilidae, is
found as dense beds in depressed areas of beach rock or fossil reef in the Jordan
Gulf of Agaba (Hulings 1986). No information on the fine structure of the
mature sperm and spermiogenesis of this species is available. The present
investigation reports on this aspect of reproductive biology of this species.

Materials and Methods

Specimens of B. variabilis, ranging in diameter from 12.8 to 27.3 mm were
collected monthly for one year, and were kept in a seawater table with
continuously circulating seawater until time of use. The cream-colored testes
were separated from the mantle lobe, cut into small pieces, and fixed in 2.5%
glutaraldehyde in seawater at 4°C for 2 hr, at pH 7.4. After washing with
seawater, the tissues were postfixed in 1% OsO, in seawater for 90 min, then
dehydrated in a graded series of acetone, infiltrated and embedded in Spurr
resin (1969). Ultrathin sections were stained with alcoholic uranyl acetate for 10
minutes, and lead citrated for 5 minutes, and examined with a Zeiss EM10B
electron microscope.

Results

Spermiogenesis

In early spermatids, the nucleus is spherical-oval and is central. The
cytoplasm is basically granular with few organelles; it contains a basal Golgi
body, scattered proacrosomal granules, a centriole, and a few mitochondria.
Intercellular bridges connect some spermatids (Fig. 1).

As spermiogensis proceeds, the proacrosomal granules fuse into a large
basal, oval-spherical acrosomal granule which has an electron-dense core and an
electron-lucent cortex (Fig. 2). The nucleus shows peripheral clumping of the
chromatin material and the nuclear envelope has occasional pores. The
mitochondria become reduced in number and occupy indentations in the
posterior nuclear region (Fig. 2).

By the mid spermatid stage, the acrosomal granule migrates (Fig. 3) and
eventually assumes an apical position opposite to the mitochondrial complex.
By now, the middle piece, with its mitochondria closely associated with the
nucleus, has become established (Fig. 4).
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Fig. 1. Two early spermatids connected by a cytoplasmic bridge (arrow). Golgi body (G), centriole
(C), mitochondria (M), nuclei (N) and proacrosomal granules (arrow heads) are shown. X
18,400.

Fig. 2. Early spermatid showing a basal Golgi body (G), mitchondria (M), nuctcus (N), and a large
proacrosomal granule (arrow). X 21,400.

During the late spermatid stage, the chromatin material becomes granular
and the nucleus attains a barrel-shape with a posterior fossa into which the
proximal centriole fits. The proacrosome invaginates at its adnuclear surface,
and an electron-dense material appears in its apex. The cytoplasm is completely
sloughed (Fig. 5). Later, the acrosomal vesicle attains an inverted V-shaped
form, the apical dense material spreads posteriorly, and the ends of the
electron-lucent acrosome become bulbous (Figs. 6,7). As the spermatid
matures, the nucleus becomes condensed. The acrosomal vesicle assumes an
inverted Y-shaped appearance, and is closely associated with the nucleus. The
subacrosomal space becomes bell-shaped, and is filled with a posteriorly
aggregated flocculent material (Figs. 8,12).

Sperm Ultrastructure

The mature sperm of B. variabilis (58 um long) comprises three regions: a
head, a middle piece, and a tail. The head (2.4 um long) consists of an inverted
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Fig. 3. Mid-spermatid showing a migrating proacrosomal granule (arrow), mitochondria (M), and a
nuclicus (N). X 18,300.

Fig. 4. Mid-spermatid showing an apical proacrosome (arrow), mitochondria (M), and a nucleus
(N). X 21,500.

Y-shaped acrosome, and a nucleus. The acrosome (0.8 um long) is differenti-
ated into two zones: an anterior electron-dense zone, and a posterior
electron-lucent one. The adnuclear acrosomal surface is invaginated to form a
subacrosomal space which contains flocculent materials, but no acrosomal rod
(Figs. 8,12). The nucleus, about 1.6 um long, is electron-opaque, barrel-shaped,
and with a posterior fossa (Figs. 10,12).

The middle piece consists of five oval-spherical mitochondria (0.6 um in
diameter) surrounding the proximal and distal centrioles. Pericentriolar bodies
originated from the distal centriole and project towards the plasmalemma, close
to an annulus (Figs. 9,10). Glycogen granules are observed around the
centrioles (Fig. 11). The tail, about 55 um long, originates from the distal
centriole (Fig. 10).




The Fine Structure of Spermiogenesis and... 157

]
!
§
¥

4

Fig. 5. Anterior region of a latc spermatid showing an indented proacrosome (arrow), with an
apical electron-dense material (arrow head) and a granular nucleus (N). X 40,000.

Fig. 6. Anterior region of a late spermatid showing a V-shaped proacrosome (arrow) with more
spreading of the electron-dense material. X 45,000.

Fig. 7. Anterior region of a late spcrmatid showing a proacrosome (arrow) with an anterior
electron-dense zone (1), a posterior electron-lucent one (2) with bulbous ends, and a
flocculent subacrosomal space (S). X 36,000.

Discussion

This investigation shows that sperm of B. variabilis are of the primitive type
(Franzen 1955, 1970), and similar to those of other bivalves studied thus far,
particularly in the tail and the midpiece regions (Trimble and Gaudin 1975,
Popham and Marshall 1977, Lewis et al. 1980, Sakai et al. 1982, Franzen 1983,
Hodgson and Bernard 1986a). This adds support to the contention of Popham
(1979) that these two regions represent the least variable structures in bivalve
sperm, and consequently could not be of help in using sperm ultrastructrue in
determining taxonomic relationships. In contrast, the nuclei of bivalve sperm
show more morphological diversity. The nucleus of B. variabilis sperm is
barrel-shaped, as in some other bivalves (LLongo and Anderson 1969, Popham et
al. 1974, Franzen 1983, Hodgson and Bernard 1986a,b, Bernard et al. 1988).
Other nuclear shapes of bivalve sperm, like the ovoid-round (Daniels et al.1971,
Hodgson and Bernard 1986b, Popham 1979), cylindrical (Sakai et al.1982)
conical (Popham 1979, Trimble and Gaudin 1975, Popham and Marshall 1977),
or bullet-shaped (Popham 1979) have been reported.

A higher level of structural diversity in bivalve sperm involves the shape
and size of the acrosome, its proximity to the nucleus, and the presence or
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absence of an acrosomal rod. Bell-shaped (present study; Popham et al. 1974,
Sakai et al. 1982), cup-shaped (Popham and Marshall 1977, Popham 1979,
Hodgson et al. 1987), bullet-shaped (Lewis et al. 1980) or cone-shaped
acrosomes (Popham 1979, Franzen 1983, Bernard and Hodgson 1985, Hodgson

Fig. 8. Acrosome of a sperm with anterior electron-dense zone (1), a posterior electron-lucent one
(2), a beli-shaped subacrosomal space (S). X 40,000.

Fig. 9. Cross section through the mid-piece, showing five mitochondria surrounding the distal
centriole. X 22,400.

Fig. 10. Posterior portion of a sperm showing a nucleus (N) with a fossa, mitochondria (M)
surrounding the proximal (1) and distal centrioles (2). Note the annulus (arrowhcad), the
pericentriolar process (arrow), and the flagellum (F). X 21,400.

Fig. 11. Mid-piece region of a sperm showing glycogen granules (arrow heads). X 30,600.
Fig. 12. A mature sperm showing the acrosome (arrow) with an anterior electron-dense zone (1), a

posterior electron-lucent one (2), subacrosomal space (S), nucleus (N), and mid-piece
(arrow-head). X 40,700,
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and Bernard 1986a,b, Hodgson et al. 1987) have been described. Within the
mytilids studied thus far, variations in acrosomal shape and dimensions are very
apparent, namely Choromytilus meridionalis, Aulacomya ater (Hodgson and
Bernard 1986b), and in closely related species like Mytilus edulis, M.
galloprovincialis (Hodgson and Bernard 1986a), B. variabilis (present study)
and B. virgiliae (Bernard et al. 1988), Bankia australis and B. carinata (Popham
et al. 1974); Solen cylindraceus and S. capensis (Hodgson et al. 1987).

The acrosomal rod is of particular interest in bivalve spermatology. This
structure is lacking in sperm of B. variabilis and some twelve other species
studied thus far (Higashi 1964, Trimble and Gaudin 1975, Popham and Marshall
1977, Franzen 1983, Hodgson and Bernard 1986a,b, Hodgson et al. 1987,
Bernard et al. 1988). This contradicts with the prediction (Popham et al. 1974,
Bernard and Hodgson 1985) that genera having common ancestry with Mytilus
would have an acrosomal rod deeply inserted in the nucleus. The absence of an
acrosomal rod has been described as a primitive feature (Baccetti 1979). When
present, this rod is either short and limited to the acrosome lumen (Longo and
Anderson 1969, Popham et al. 1974, Franzen 1983), or penetrates the nucleus
either slightly (Pochon-Masson & Gharagozlou 1970, Popham et al. 1974, Lewis
et al. 1980, Sakai et al. 1982; Franzen 1983) or deeply (Niijima and Dan 1965,
Daniels et al. 1971, Bernard and Hodgson 1985, Hodgson and Bernard 1986a).
This rod may play a role in fertilization of oocytes of the bivalves concerned
(Niijima and Dan 1965, Popham 1974b).

The acrosome of B. variabilis sperm is made of an anterior electron-dense
region and a posterior electron-lucent one, as in other bivalves (Popham et al.
1974, Hylander and Summers 1977, Bernard and Hodgson 1985, Hodgson and
Bernard 1986b, Hodgson et al. 1987, Bernard et al. 1988). This regional
difference has been suggested to reflect different functions of the acrosome
during fertilization (Hylander and Summers 1977). The acrosome of this species
develops from scattered proacrosomal granules associated with a Golgi body.
Such granules coalesce into a large spherical, basally located acrosomal granule
which migrates apically where it develops into its final form. This contrasts with
earlier findings (Bernard and Hodgson 1985, Hodgson and Bernard 1986b,
Bernard et al. 1988) which refer to “the migration of proacrosomal granules to
the presumptive anterior end of the spermatid where they probably coalesce
into one large acrosomal vesicle”.

Results of this study support the suggestion of other investigators (Popham
1979, Hodgson and Bernard 1986a,b, Hodgson et al. 1987) that the acrosomal
region is a more useful structure in assessing bivalve phylogentic relations than
other sperm regions.
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