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The ultrastructure of mature spermatozoa and paraspermatozoa of Odontocymbi-
ola magellanica is investigated. Euspermatozoa consist of: (1) a tall, conical
acrosomal vesicle (with a short basal invagination, constricted anteriorly); (2) a
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permatozoa, Gastropoda, Volutidae rod-shaped, solid and highly electron-dense nucleus; (3) an elongate midpiece
consisting of the axoneme sheathed by helical mitochondrial elements each
exhibiting a dense U-shaped outer layer; (4) an elongate glycogen piece; (5) a
dense annulus at the junction of the midpiece and glycogen piece; and (6) a short
free-tail region. Paraspermatozoa of O. magellanica are vermiform and dimor-
phic. First type contain approximately 14-17 axonemes (arranged peripherally
and interspersed with microtubules) and numerous oblong dense vesicles,
numerous less dense (round) vesicles, and scattered mitochondria; the second
type contains 38-45 axonemes peripherally arranged and closer to the core
region of the cell and occasional mitochondria. Most of the euspermatozoal fea-
tures of O. magellanica are also observed in many neotaenioglossans and neogas-
tropods. However, the U-shaped outer layer of each mitochondrial element has
only been previously reported in the Volutidae subfamily Zidoniinae. It is now
reported here in the subfamily Odontocimbiolinae and may prove to be a diag-
nostic feature of the Volutidae family.
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some volutid species, which have provided much-needed base

Introduction .. .
data on the timing and extent of reproduction (Penchaszadeh

The morphological diversity of spermatozoa in gastropods has
been considered a guide to understanding phylogenetic and
taxonomic relationships within the molluscs. The Volutidae
family is highly diverse and abundant, rendering it particularly
interesting, and it is among the many groups of marine gastro-
pods that need a comprehensive revision. In contrast to many
other species of the Neogastropoda, the reproductive biology
of the Volutidae has not been intensively (or comparatively)
examined, with most literature on this group still centring on
systematics (for example, see Weaver and du Pont 1970;
Novelli and Novelli 1982; Darragh 1988; Poppe and Goto
1992; Bondarev 1995; Bail and Poppe 2001; Bail ez al. 2001).
Recently, however, detailed studies have been undertaken on
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and De Mahieu 1976; Giménez and Penchaszadeh 2002,
2003; Giménez er al. 2004, 2005; Bigatti er al. 2008). Previ-
ous studies on spermatozoa in volutids have been conducted
in Zidona dufresnei (Giménez et al. 2008), Adelomelon ancilla
(Zabala er al. 2009) and Adelomelon beckii (Arrighetti and
Giménez 2010), all of them are members of the Zidoninae
subfamily. As an extension of this work in the Volutidae fam-
ily, we present the first ultrastructural study of sperm mor-
phology in Odontocymbiola magellanica (Gmelin, 1791), which
is included in Odontocymbiolinae subfamily. From these
studies of two volutid subfamilies, comparisons are made with
other caenogastropods, in particular with other species of the
Neogastropoda, to identify possible diagnostic sperm features
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of the Volutidae and within volutids. The structures of both
morphological forms of sperm contribute to an understanding
of the reproductive biology of these animals, and have also
been useful in elucidating the taxonomic and phylogenetic
relationships among them (Ponder ez al. 2007).

These new ultrastructural descriptions may contribute to
resolving some of the relationship of the Volutidae.

Material and Methods

Individuals of O. magellanica (Volutidae, Caenogastropoda)
were captured from Golfo Nuevo, Puerto Madryn (42°43'S;
65°01'W). Seven mature males were taken by SCUBA, at
depths of 5-20 m during low tide, in December of 2006. After
removal from the shell, pieces of the testis (9 mm?) or sperm
duct were fixed in modified Truby (3% glutaraldehyde in
0.1 M sodium phosphate buffer containing 0.1% CaCl,) (for
4 h at 4 °C) and washed thoroughly either in sucrose-adjusted
cacodylate buffer or in CaCl,-adjusted phosphate buffer. Sub-
sequently the tissue pieces were placed in a 1% solution of
osmium tetroxide (in 0.1 M cacodylate or phosphate buffer)
for 1.5 h and again washed in buffer. Tissues were dehydrated
using an ascending series of ethanol (from 20% to absolute
ethanol), then placed first in a 1:1 ethanol/propylene oxide
solution for 15 min and finally embedded in Araldite resin.
Ultrathin sections were cut using either a Reichert or an LKB
IV ultramicrotome and stained with uranyl acetate and lead
citrate. All sections were examined and photographed using
Philips EM 301 (Netherlands) transmission electron micro-
scopes operated at 75-80 kV. Gonadal tissue was fixed in
Bouin’s solution, dehydrated in a graded ethanol series, and
embedded in methacrylate using standard procedures. Serial
sections (5 um thick) were stained with a modified Masson’s
trichrome and with the periodic acid-Schiff (PAS) stain for
the demonstration of neutral glycoconjugates. Total sperm
lengths were determined by viewing and photographing tissue
squashes using a Zeiss Axiostar (Germany) light microscope.

Results

Odontocymbiola magellanica exhibits two main types of sper-
matozoa: (1) euspermatozoa (fertile sperm composed of an
acrosomal complex, nucleus, midpiece, glycogen piece and
end piece, with a single incorporated axoneme) and (2) paras-
permatozoa (vermiform cells with multiple incorporated axo-
nemes).

Euspermatozoa

Acrosomal complex. The acrosomal complex consists of a tall,
conical, membrane-bound acrosomal vesicle, an axial rod and
a basal plate (Fig. 1A). The acrosomal vesicle is approxi-
mately 9.2 pm long. Apically the vesicle membrane separates
from the vesicle contents and lies close to the plasma mem-
brane to form an electron-lucent, balloon-like space, the apical
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bleb (Fig. 1A,B). The acrosomal vesicle exhibits a very deep
invagination (length 3.6 um) within which is situated the axial
rod (subacrosomal material) (Fig. 1A,C). This is the result of
a constriction of the invagination. A short (1.49 pum) accessory
membrane is closely associated with the base of the acrosomal
vesicle (Fig. 1A). The centrally perforate basal plate is posi-
tioned on the nuclear apex and separated from the basal rim
of the vesicle by a space of somewhat variable width (Fig. 1A).
The transverse profile of the acrosomal vesicle changes gradu-
ally from the flat in the region of the apical bleb (Fig. 1B),
becoming compressed laterally at the anterior region of the
invagination (Fig. 1C), until oval-shaped basally (Fig. 1D).

Nucleus. The nucleus is filiform (length from light micro-
scopy 32 * 2 um), highly electron-dense and solid, with the
exception of a short (5.8 = 0.3 um) invagination basally
(Fig. 1H). The basal invagination contains a centriolar
derivative (Fig. 1E,F) and is continuous with the initial
portion of an axoneme composed of a 9 + 2 microtubular
pattern (Fig. 1G,H).

Midpiece. Posterior to the nucleus the axoneme is enclosed in
a mitochondrial sheath, forming the midpiece region
(Fig. 1E). Oblique longitudinal sections through the midpiece
clearly show that the sheath consists of 56 helically disposed
mitochondrial elements around the axoneme (Fig. 2A).
Longitudinal sections show that each element exhibits a
U-shaped, bilaminar outer layer which is noticeably more
electron dense than the remaining mitochondrial material
(Fig. 2B). In transverse sections, the elements appear to blend
into a continuous sheath (Fig. 2C).

Annular complex and glycogen piece. Beyond the midpiece, the
axoneme is associated with nine longitudinal and radiating
tracts of dense granules (one tract per axonemal doublet)
(Fig. 2A). The glycogen composition of these granules has
been demonstrated cytochemically, with a PAS positive result
(Fig. 2D). At the immediate junction of the midpiece and gly-
cogen piece is an annular complex, consisting of a double ring
attached to the inside surface of the plasma membrane
(Fig. 2A).

End piece. 'The end piece succeeds the glycogen piece and
consists of the continuing 9 + 2 microtubular-pattern axo-
neme and surrounding plasma membrane (Fig. 2F). In longi-
tudinal sections, the end piece was not observed.

Paraspermatozoa

The paraspermatozoa of O. magellanica (length 50 £ 2 um)
show clear evidence of structural dimorphism based primarily
on the number of internal axonemes present and types of vesi-
cles contained. In both types, however, the cells are vermiform
with tapered anterior and posterior extremities and contain no
discernible nucleus or nuclear derivative (Fig. 3A).
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Fig. 1—Euspermatozoa of Odontocymbiola magellanica. —A. Longitudinal section (LS) through acrosomal complex and anterior portion of
nucleus. Note dense membrane associated with plasma membrane in the basal portion of the acrosome. —B-D. Transverse section (TS) of the
acrosomal complex from apical bleb region of the acrosomal vesicle. —E—G. TS nucleus anterior to centriolar fossa. Anterior of centriolar fossa
(E), centriolar fossa with axoneme (G). —H. LS junction of nucleus (showing invagination and centriole/axoneme insertion) and anterior portion
of midpiece. Note helical midpiece elements (defined by dense U-shaped profiles of periphery) and dense layer associated with plasma membrane
(arrow). A acrosomal complex; ab apical bleb; ar axial rod material; Av acrosomal vesicle; am accessory membrane; ax axoneme; bp basal plate; m

mitochondrion; 7p midpiece; N nucleus.

In the main body region of the first type of paraspermato-
zoa are observed: (1) 14-17 (15 £ 2, n = 11) peripherally
distributed axonemes lying close to or in contact with the
inner surface of the plasma membrane (axonemes approxi-
mately equidistant from each other); (2) numerous very elec-
tron-dense (oblong) vesicles; (3) occasional, large round
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vesicles of low to moderate electron-density (putative lipid
vesicles); (4) numerous low electron-density small vesicles
(possible mucoid deposits); (5) occasional mitochondria
(Fig. 3B-D).

Anteriorly only the axonemes and some cytoplasm persist
in the apex, where each axoneme attaches to a granular



Euspermatozoa and paraspermatozoa in the volutid gastropod * Giménez

Acta Zoologica (Stockholm)

%y
iy

§

S

P

Fig. 2—Euspermatozoa of Odontocymbiola magellanica. —A. LS junction of midpiece and glycogen piece. Note annular complex with two rings.
—B. LS midpiece showing internal structure of U-shaped outer layer C. TS midpiece spiralling of mitochondria around axoneme. —D. LS gly-
cogen piece showing putative garnules. —E. TS glycogen piece showing radiating, longitudinal rows of putative glycogen granules. —F. TS end
piece region showing the axoneme pattern (9 + 2) close to the membrane. az annulus; ax axoneme; ep end piece; g putative glycogen granules; m
mitochondrion; mp midpiece; 7 nucleus; U U-shaped defining edge of mitochondrial element.

deposit (Fig. 4A,B). In the second type of paraspermatozoa,
the main body region consists of approximately 38—45 axo-
nemes (42 * 3, n = 12), distributed peripherally and closer to
the core region of the cell (Fig. 4C,D). Anteriorly the axo-
nemes become bunched, and toward the apex each axoneme
loses its central microtubules to form multiple basal bodies,
centrioles and centriolar rootlets (Fig. 4A,B). The apex was
not observed in transverse sections. The posterior extremity of
the paraspermatozoan appears to consist of decreasing num-
bers of axonemes accompanied by peripheral microtubules
and occasional mitochondria (Fig. 4B,E).

Discussion

Most features of O. magellanica euspermatozoa can be
observed in many other neogastropods and in the higher mes-
ogastropods (Buckland-Nicks 1973; Healy 1982), as charac-
terized by the second type of euspermatozoa described by
Healy (1996). These shared characters include: (1) the mor-
phology of the acrosomal complex (apical bleb, accessory

membrane, shape of the acrosomal vesicle and existence of
the axial rod material); (2) a solid electron-dense nucleus; (3)
a midpiece composed of the axoneme surrounded by multiple
(6-10) helically coiled mitochondria; (4) a glycogen piece with
nine tracts of granules associated with the axonemal doublets;
and (5) the presence of a dense ring structure at the mid-
piece—glycogen piece junction.

The morphology of the paraspermatozoas of O. magellanica
categorizes them with the Type 5 paraspermatozoa of Nishi-
waki (1964) (vermiform paraspermatozoa exhibiting multiple
peripheral axonemes enclosed at maturity and bunched ante-
riorly; scattered mitochondria and small dense vesicles; and
total absence of nuclear material).

Euspermatozoa

General features of the acrosomal complex in O. magellanica
are shared with other caenogastropods (Healy 1983, 1996;
Koike 1985). The mitochondrial elements and the constric-
tion in the posterior acrosomal invagination, however, are

© 2010 The Author
Acta Zoologica © 2010 The Royal Swedish Academy of Sciences



Acta Zoologica (Stockholm)

Fig. 3—Paraspermatozoa (Type 1) of Odon-
tocymbiola magellanica. —A. Longitudinal sec-
tion (LS) through apex showing axonemes
and basal body/centriolar complexes. —B—-C.
TS main body region of paraspermatozoan,
showing 14—15 peripheral axonemes closely
adherent to the plasma membrane, dense
vesicles and less dense vesicles. —D. LS main
body region showing a part of peripheral
axonemes, less dense vesicles and a elongate
mitochondrion. ax axoneme(s); dv dense vesi-
cles; v less dense vesicles; 7 mitochondrion; cr
probable centriolar rootlet.

features shared only with other volutids (Giménez et al. 2008;
Zabala et al. 2009; Arrighetti and Giménez 2010).

Many neogastropods and some mesogastropods, like Pota-
mididae, show uniformly electron-dense mitochondrial ele-
ments (Kohnert and Storch 1984; Koike 1985) other present
a nonhelical arrangement of mitochondrial elements (Suwanj-
arat and Suwaluk 2003). In O. magellanica, 1 found the outer
layer of each mitochondrial element considerably more elec-
tron-dense than the remainder of the matrix component
(which shows a U shape in the longitudinal section profile).
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There was a spiraling of the mitochondrial elements, as found
in Z. dufresnei and Provocator mirabilis (Giménez et al. 2008),
A. ancilla (Zabala er al. 2009) and A. beckii (Arrighetti and
Giménez 2010).

The glycogen piece of O. magellanica does not differ in any
respect from the configuration shown to exist in many other
caenogastropods (Healy 1983; Kohnert and Storch 1984;
Koike 1985), as it shows the typical microtubular pattern
(9 +2) and has each pair of axonemes associated with
glycogen granules. The junction between the midpiece and
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glycogen piece exhibits a complex of ring elements attached to
the plasma membrane, as in many caenogastropods (Buck-
land-Nicks ez al. 1982a,b; Healy 1986, 1988; Healy and
Jamieson 1993; Giménez et al. 2008; Zabala et al. 2009).
However, the double-ring complex of O. magellanica as well
as other members from Volutidae family differs from the
annulus of other groups, which have a single ring, such as in
the Cerithioidea family (Caenogastropoda) (Healy 1982,
1983).

Paraspermatozoa

Vermiform paraspermatozoa are present in most of the
Neotaenioglossa and Neogastropoda (see Nishiwaki 1964;
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Fig. 4—Paraspermatozoa (Type 2) of Odon-
tocymbiola magellanica. —A. LS through apex
showing cap of granular material enclosing
axonemes and basal body/centriolar com-
plexes. —B. LS showing clustered basal
bodies/ centriolar complexes (some transi-
tional to axonemes). —C. TS near apex show-
ing mix of axonemes and dense structures
(probable centriolar rootlets). —D. TS main
body region of cell showing axonemes periph-
erally and within the cytoplasm. —E. TS pos-
sible posterior region of cell showing reduced
number of axonemes. A mitochondrion is also
visible. ax axoneme(s); 7 mitochondrion; cr
probable centriolar rootlet.

Tochimoto 1967; Melone er al. 1980; Healy 1988; Hodgson
1997; Buckland-Nicks 1998). Buckland-Nicks ez al. (1982a)
describe two types of vermiform paraspermatozoa: the bulkier
‘carrier’ type, which has many euspermatozoa attached and
contains very large, dense vesicles and approximately 112 axo-
nemes, and the smaller ‘lancet’ type that never physically asso-
ciates with euspermatozoa.

Odontocymbiola magellanica presents the vermiform lancet
type of parasperm. The parasperm consist of a conical ante-
rior region, where the axonemes decrease in number and are
embedded in electron-dense material. This structure was
observed in Z. dufresnei (Giménez et al. 2008), A. ancilla
(Zabala er al. 2009) and A. beckii (Arrighetti and Giménez
2010), and other caenogastropods such as the Fusitriton and
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Ceratostoma (Buckland-Nicks 1998). Bigatti et al. (2008)
called two types of cells they found in O. magellanica para-
sperm based on external characteristics observed with a scan-
ning electron microscope. Posteriorly, the number of
axonemes increases and centriolar rootlets are present. Trans-
verse sections through the parasperm show the increase in the
number of vesicles and decrease in the number of axonemes.

In other caenogastopods, paraspermatozoa are clustered in
cohorts of either four or eight parasperm linked by cytoplas-
mic bridges (Buckland-Nicks 1998). In O. magellanica, the
same clustering of parasperm was observed, but the cytoplas-
mic bridges were not observed.

Functional considerations of paraspermatozoa

Alternative theories have been advanced in an attempt to
answer the role of paraspermatozoa in the reproductive cycle.
Many researchers (Buckland-Nicks and Chia 1977) consider
the function to be the provision of nutrients to and/or the
stimulation of euspermatozoa by the products released upon
breakdown of the paraspermatozoa. Fretter and Graham
(1962) suggest the role of parasperm is to provide ‘transporta-
tion’ for euspermatozoa during and after sperm transfers from
male to female, via mobile associations with euspermatozoa.
Buckland-Nicks (1998) suggests paraspermatozoa may be
involved in creating a hostile prefertilization environment for
rival sperm. In this context, lancet parasperm form a sperm
plug in the bursa copularrix that binds eusperm in the lumen.
These processes are poorly understood in snails but are cen-
tral to our understanding of the role of parasperm in repro-
duction (Buckland-Nicks 1998).

The function of paraspermatozoa in O. magellanica may
be involved in supplying nutrition to or stimulation of the
eusperm, as euspermatozoa and paraspermatozoa were found
in the seminal vesicle together. Still, more intensive studies
are needed to determine if paraspermatozoa are present in the
bursa copulatrix.

Systematic considerations

We consider the U-shaped electron-dense mitochondrial ele-
ments in the midpiece of the eusperm present in O. magella-
nica, A. ancilla, A. beckii, Z. dufresnei and P. murabilis and the
constriction in the posterior acrosomal invagination in O. ma-
gellanica, A. ancilla, A. beckii, Z. dufresner and P. mirabilis to
be diagnostic at least to the family level. These characters was
not evident in Olivancillaria deshayesiana, a member of Olivi-
dae family (Giménez ez al. 2009). We suggest that these char-
acteristics could have taxonomic importance because they
have not been observed in other caenogastropods or in the
close family Olividae, which shares the same superfamily
(Muricoidea) with Volutidae. The volutid subfamilies Zidoni-
nae and Odontocymbiolinae share these characteristics and is
possible to confirm that the characters are shared with the rest
of the Volutidae family. The content of axonemes in the

© 2010 The Author
Acta Zoologica © 2010 The Royal Swedish Academy of Sciences

Giménez + Euspermatozoa and paraspermatozoa in the volutid gastropod

paraspermatozoa number varies in each species of the Voluti-
dae family, and this could be considered as a systematic char-
acter of this group.
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