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Abstract The ultrastructure of mature spermatozoa is
investigated for the Wrst time in the Volutidae, based on the
commercially signiWcant South American species Zidona
dufresnei (Donovan, 1823) (fresh material) and supple-
mented with observations on testicular (museum) material
of the deep sea New Zealand species Provocator mirabilis
(Finlay, 1926). Euspermatozoa of Z. dufresnei (ex sperm

duct) consist of: (1) a tall-conical acrosomal vesicle (with
short basal invagination, constricted anteriorly) which is
Xattened anteriorly and associated with an axial rod, cen-
trally perforate basal plate and short accessory membrane;
(2) a rod-shaped, solid and highly electron-dense nucleus
(with short basal fossa containing centriolar complex and
initial portion of a 9 + 2 axoneme); (3) an elongate mid-
piece consisting of the axoneme sheathed by 5–6 helical
mitochondrial elements, each exhibiting a dense U-shaped
outer layer; (4) an elongate glycogen piece (axoneme
sheathed by nine tracts of putative glycogen granules); (5) a
dense annulus at the junction of the midpiece and glycogen
piece and (6) a short free tail region (axoneme surrounded
only by plasma membrane). Paraspermatozoa of Z. dufres-
nei are vermiform and dimorphic: the Wrst type contains
approximately 14–20 axonemes (arranged peripherally and
interspersed with microtubules) and numerous oblong
dense vesicles, numerous less dense (round) vesicles, occa-
sional, large lipid-like vesicles, and scattered mitochondria;
the second type contains 25–31 axonemes (peripherally
arranged, interspersed with microtubules), occasional mito-
chondria and extensive cytoplasm. Results obtained for P.
mirabilis from testis material are essentially as observed in
Z. dufresnei, although the euspermatozoan acrosome still
has to achieve its compressed transverse proWle. Observa-
tions on paraspermatozoa were limited by Wxation quality
of available (testis) tissues, but these cells are similar to the
Wrst type of Zidona paraspermatozoa. Although most of the
euspermatozoal features are also observed in many neotae-
nioglossans and neogastropods, the U-shaped outer layer of
each mitochondrial element has not previously been
reported and may prove a diagnostic feature of the Voluti-
dae, the subfamily Zidoniinae or possibly only the Zidonini
(in which Z. dufresnei and P. mirabilis are currently
placed).

J. Giménez (&) · P. E. Penchaszadeh
Laboratorio de Invertebrados. Depto. de Biodiversidad y Biología 
Experimental, Facultad de Ciencias Exactas y Naturales, 
Universidad de Buenos Aires, Ciudad Universitaria, 
Pab. II, Buenos Aires C1428EHA, Argentina
e-mail: jgimenez@bg.fcen.uba.ar

J. Giménez · P. E. Penchaszadeh
CONICET and Museo Argentino de Ciencias Naturales, 
Av. Angel Gallardo 470, C1405DJR Buenos Aires, Argentina

J. M. Healy
Biodiversity Program, Queensland Museum, 
PO Box 3300, South Bank, Brisbane, QLD 4101, Australia

J. M. Healy
Department of Zoology, Field Museum of Natural History, 
Chicago, IL, USA

G. N. Hermida
Laboratorio de Histología Animal. Depto. de Biodiversidad 
y Biología Experimental, Facultad de Ciencias Exactas 
y Naturales, Universidad de Buenos Aires, Ciudad Universitaria, 
Pab. II, Buenos Aires C1428EHA, Argentina

F. L. Nostro
CONICET and Laboratorio de Embriología Animal. 
Depto. de Biodiversidad y Biología Experimental, 
Facultad de Ciencias Exactas y Naturales, 
Universidad de Buenos Aires, Ciudad Universitaria, 
Pab. II, Buenos Aires C1428EHA, Argentina
123



Zoomorphology
Keywords Sperm ultrastructure · Euspermatozoa · 
Paraspermatozoa · Gastropoda · Volutidae

Introduction

The morphological diversity of spermatozoa in gastropods
has been considered as a guide to understand phylogenetic
and taxonomic relationships within mollusc. The high diver-
sity and abundance exhibited by the volutids render it partic-
ularly interesting. Among many groups of marine gastropods
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) exam-
ined, with most literature on this group still centring on sys-
tematics, (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 et al. 2001).
Recently however, detailed studies have been undertaken on
the commercially signiWcant species Zidona dufresnei which
have provided the much needed database on the timing and
extent of reproduction (Penchaszadeh and De Mahieu 1976;
Giménez and Penchaszadeh 2002, 2003, Giménez et al.
2004, 2005). As an extension of this work, we present the
Wrst ultrastructural study of sperm morphology in the Voluti-
dae based primarily on Z. dufresnei with supplementary
observations on a second member of this group, the deep sea
New Zealand species Provocator mirabilis. Comparisons are
made with other caenogastropods, in particular with other
species of the Neogastropoda to identify possible diagnostic
sperm features of the Volutidae and to assess the relation-
ships of volutids and other neogastropods.

We believe that these new ultrastructural descriptions
may contribute to resolving some of the relationship of the
Volutidae.

Materials and methods

Reproductively mature males of Zidona dufresnei (Dono-
van, 1823) (Volutidae, Caenogastropoda) were obtained
through commercial Wshing outlets at Mar del Plata Har-
bour from (57°37�W, 38°20�S) at depths from 40 to 60 m.
After removal from the shell, pieces of the testis (9 mm3) or
sperm duct were Wxed in modiWed Truby (3% glutaralde-
hyde in 0.1 M sodium phosphate buVer containing 0.1%
CaCl2) (for 4 h at 4°C) and subsequently washed thor-
oughly either in sucrose-adjusted cacodylate buVer or in
CaCl2-adjusted phosphate buVer. Subsequently the tissue
pieces were placed in a 1% solution of osmium tetroxide (in
0.1 M cacodylate or phosphate buVer) for 1.5 h and again
washed in buVer. Tissues were dehydrated using an ascend-
ing series of ethanols (from 20% to absolute ethanol), then

placed Wrst in a 1:1 ethanol:propylene oxide solution for
15 min and Wnally embedded in Araldite resin. For P. mira-
bilis (Finlay, 1926) (Volutidae, Caenogastropoda) testis
samples were obtained from an Australian Museum (Syd-
ney) specimen collected oV Otago Heads, New Zealand
(171°1�E, 45°50�S) from a depth of 540–590 m (Mu 70/
45). This specimen was originally Wxed in Bouin’s solution
(in 1977) and later transferred (for shelf storage) to sea
water formalin (5% formalin in 95% sea water, buVered to
pH 7.2). Tissues were dehydrated and observed in the Scan-
ning electron microscopy. Tissues were transferred to phos-
phate buVer for 40 min, postWxed in 1% OsO4 in 0.1 M
sodium phosphate buVer for 1.5 h, again buVer-rinsed
(40 min), ethanol-dehydrated and embedded in Spurr’s
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 photo-
graphed using Zeiss (Oberkochen, Germany) EM 109T,
Hitachi 300 and Jeol 1010 transmission electron micro-
scopes operated at 75–80 kV. Total sperm lengths were
determined by viewing and photographing tissue squashes
using a Zeiss Axiostar light microscope.

Results

Both Z. dufresnei and P. mirabilis exhibit two main types of
spermatozoa: (1) euspermatozoa (fertile sperm composed of
an acrosomal complex, nucleus, midpiece, glycogen piece
and end piece with a single incorporated axoneme) and (2)
paraspermatozoa (vermiform cells with multiple incorpo-
rated axonemes). In the following description, the text
applies principally to Z. dufresnei, with supplementary obser-
vations on P. mirabilis (immature testicular euspermatozoa
and paraspermatozoa) wherever relevant.

Fig. 1 Euspermatozoa of Zidona dufresnei a longitudinal section
(LS) through acrosomal complex and anterior portion of nucleus. b, c
LS showing detail of components of the acrosomal complex. Note in
1c the constriction of the acrosomal vesicle invagination (starting point
indicated by arrow); the numbers correspond to transverse sections of
d–g). d–g Series of transverse sections (TS) in series from apical bleb
region of the acrosomal vesicle (d) to basal region (g). Note lateral Xat-
tening of the acrosomal complex beginning in anterior portion of the
invagination (d–f), presence of radiating plates within the vesicle con-
tents and accessory membrane (g). h LS showing base of acrosomal
complex, in particular the centrally perforate basal plate lying on the
nuclear apex. i TS nucleus anterior to centriolar fossa. j LS junction of
nucleus (showing invagination and centriole/axoneme insertion) and
anterior portion of midpiece. Note helical midpiece elements (deWned
by dense U-shaped proWles of periphery) and dense layer associated
with plasma membrane (arrow). k–m TS nucleus with portion of dense
membrane (k), anterior of centriolar fossa with extensive dense mem-
brane (l), centrolar fossa with axoneme (m). A acrosomal complex, ab
apical bleb, ar axial rod material, Av acrosomal vesicle, am accessory
membrane, ax axoneme, bp basal plate, m mitochondrion, mp mid-
piece, N nucleus, U U-shaped deWning edge of mitochondrial element
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Euspermatozoa

Acrosomal complex

The acrosomal complex consists of a tall-conical, mem-
brane-bound acrosomal vesicle, an axial rod and a basal
plate (Fig. 1a–h). The acrosomal vesicle is approximately
4.3 �m long and its contents moderately electron-dense,
with radially arranged plate-like structures set in a Wnely
granular matrix (Fig. 1b–g). Apically the vesicle membrane
separates from the vesicle contents and lies close to the
plasma membrane to form an electron-lucent, balloon-like
space, the apical bleb (Fig. 1a–d). The acrosomal vesicle
exhibits a very deep invagination (length 4.1 �m) within
which is situated the axial rod (subacrosomal material)
(Fig. 1a–c, f, g). Although some longitudinal sections may
suggest that the vesicle invagination is short (Fig. 1h), this
is the result of a constriction of the invagination (compare
with the true, axial plane of section shown in Fig. 1a–c). A
short (0.5 �m) accessory membrane is closely associated
with the base of the acrosomal vesicle (Figs. 1c, g, h). The
centrally perforate, basal plate is positioned on the nuclear
apex, and separated from the basal rim of the vesicle by a
space of somewhat variable width (Fig. 1b, c, h). The trans-
verse proWle of the acrosomal vesicle changes gradually
from oval (or near-so) basally (Fig. 1g) to compressed lat-
erally at and above the anterior region of the invagination
(Fig. 1d, e), to Xat in the region of the apical bleb (Fig. 1d).
The radiating plates of the acrosomal vesicle are conspicu-
ously more electron-dense than the surrounding contents of
the vesicle (Fig. 1g). Acrosomal morphology P. mirabilis
(testis material only observed) resembles that of testicular
(immature) euspermatozoa of Z. dufresnei (Fig. 3e) with
very well deWned radiating plates forming a highly elec-
tron-dense layer. The acrosomal vesicle (length approxi-
mately 3.5 �m) shows no evidence of the lateral
compression observed in Z. dufresnei (Fig. 3a, c, d), but
given that such compression occurs very late in spermio-
genesis (J. Giménez et al., Paraspermatogenesis and sper-
matogenesis in the volutid Zidona dufresnei (Donovan,
1823) (Mollusca, Caenogastropoda), unpublished), this was
to be expected. Our data show that, at least in P. mirabilis,
the axial rod may exhibit transverse connectives to the
invagination wall of the acrosomal vesicle, at least in the
immature testicular euspermatozoa (Fig. 3c, d).

Nucleus

The nucleus is Wliform (length from light microscopy
25 § 3 �m), highly electron-dense and solid, with the
exception of a short (2.1 § 0.2 �m) invagination basally
(Fig. 1a, i–m). The basal invagination contains a centriolar
derivative which anchors, and is continuous with the initial

portion of a 9 + 2 microtubular pattern axoneme (Fig. 1j, l,
m). A dense layer was often observed associated with the
posterior region portion of the nucleus (Fig. 1j, l) and the
anterior region of the midpiece (Fig. 2a). This layer appears
to be either a thickening or folding of the plasma mem-
brane, and its status as a feature of the mature eusperatozoa
remains uncertain, especially given its often irregular
shape. Nuclear morphology in P. mirabilis is essentially as
observed in Z. dufresnei, including the structure of the basal
invagination, but the basal invagination is noticeably
deeper than observed in Z. dufresnei (Fig. 3b). Length of
nucleus in P. mirabilis was approximately 20 § 2 �m.

Midpiece

Posterior to the nucleus, the axoneme is enclosed in a mito-
chondrial sheath to form the midpiece region (Figs. 1j, 2a–
e). However, oblique longitudinal sections through the
midpiece clearly show that the sheath consists of 5–6 heli-
cally disposed mitochondrial elements around the axoneme
(Fig. 2a–d). In transverse section, the elements appear to
blend into a continuous sheath, but oblique longitudinal
sections show at least the denser, outer portion of each ele-
ment to be distinct, although evidently devoid of discern-
ible cristae (Fig. 2b–d). However, in all sections, it is
apparent that each element exhibits a, U-shaped, bilaminar,
outer layer which is noticeably more electron-dense than
the remaining mitochondrial material. The dense mem-
brane layer often observed in the nuclear region is also
seen in the midpiece region (Fig. 2a). In P. mirabilis, the
angular, U-shaped outer layer of the mitochondrial ele-
ments is clearly visible in museum material examined by
us (unfortunately originally Wxed in Bouin’s solution—
much inferior primary Wxative than glutaraldehyde) indi-
cating that it has greater structural durability than the mito-
chondrial matrix, and conWrming its reality as a discrete
sperm component (Fig. 3b). Fixation of the available mate-
rial of P. mirabilis was not good enough to determine the
presence or absence of the dense layer observed for Z.
dufresnei.

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. 2e–h). Although not
cytochemically tested by us, the glycogen composition of
these granules has been demonstrated in several previous
studies of gastropod euspermatozoa (e.g. Giusti 1969;
Giusti and Mazzini 1973; Anderson and Personne 1970,
1976; Selmi and Giusti 1980; Wilson and Healy 2006) and
it is safe to assume that this applies to the two volutid spe-
cies examined herein. At the immediate junction of the
123
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midpiece and glycogen piece is an annular complex, con-
sisting of a double ring attached to the inside surface of
the plasma membrane (Fig. 2e). The annular complex and

glycogen piece were not observable in P. mirabilis due to
the inadequate Wxation of these regions in our museum
material.

Fig. 2 Euspermatozoa of Zidona dufresnei a LS nucleus and anterior
portion of midpiece. Dense layer (arrow) visible. b TS midpiece region
showing dense periphery of midpiece elements and less dense matrix.
c, d LS and oblique LS of midpiece showing internal structure of U-
shaped outer layer, and spiralling of mitochondria around axoneme. e
LS junction of midpiece and glycogen piece. Note annular complex. f

TS glycogen piece showing radiating, longitudinal rows of putative
glycogen granules. g TS showing decrease in diameter of glycogen
piece towards posterior region of cell. h LS termination of glycogen
piece and entire end piece region. an annulus; ax axoneme; ep end
piece; g putative glycogen granules; m mitochondrion; mp midpiece; n
nucleus; U U-shaped deWning edge of mitochondrial element
123
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End piece

A very short end piece (length 0.75 § 0.05 �m) succeeds
the glycogen piece and consists of the continuing 9 + 2
microtubular pattern axoneme and surrounding plasma
membrane (Fig. 2h). The structure and length of the end
piece were not observable in P. mirabilis.

Aberrant euspermatozoa

In addition to euspermatozoa and paraspermatozoa, the
present study detected euspermatozoa with two axonemes
and irregularly arranged mitochondrial elements (Fig. 4a,
c), disruption of the centriolar complex within the nuclear
fossa (Fig. 4a), disruption of the axoneme within the glyco-
gen piece (Fig. 4e, f) or occasionally showing absence of a
glycogen sheath posterior to the annulus (Fig. 4b). Perhaps
the most extreme example observed consisted of ten axo-
nemes, each sheathed by a continuous layer of partially
metamorphosed mitochondrial material, all enclosed by an
outer membrane (Fig. 4f). As all of these cells were rare
when compared to regular euspermatozoa and showed a
variety of structural deviations (and no evidence of imma-
turity such as residual cytoplasmic droplets or cytoplasmic
microtubules), we conclude that they are not a distinct sperm
type (or a form of paraspermatozoa) but merely the result
of spermiogenic abnormality within the euspermatozoan
line.

Paraspermatozoa

The paraspermatozoa of Z. dufresnei show clear evidence
of structural dimorphism based primarily on the number of
internal axonemes present and types of vesicles contained.
In both types, however, the cells are vermiform with
tapered anterior and posterior extremities and contain no
discernible nucleus or nuclear derivative.

In the main body region of the Wrst type of paraspermato-
zoa are observed: (1) 14–20 (17 § 3, n = 15) peripherally dis-
tributed axonemes lying close to or in contact with the inner
surface of the plasma membrane (axonemes approximately
equidistant from each other); (2) groups of microtubules

Fig. 3 a–d Testis euspermatozoa (immature) of Provocator mirabilis
(Bouin’s Wxed material). a Highly electron-dense, internal layer (radi-
ating plate layer) and axial rod with the basal invagination. b LS junc-
tion of nucleus (basal invagination containing centriolar derivative and
initial portion of axoneme) and midpiece. Note the clearly marked U-
shaped outer regions of each mitochondrial element persisting despite
suboptimal Wxation. c Transverse section (TS) showing radiating
plates of acrosomal vesicle and apparent connectives between axial rod
and acrosomal vesicle. d TS acrosomal vesicle and nucleus. a acroso-
mal complex; ab apical bleb; ar axial rod material; Av acrosomal ves-
icle; ax axoneme; bp basal plate; mp midpiece; N nucleus; U U-shaped
deWning edge of mitochondrial element

�
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Fig. 4 Euspermatozoa of Zidona dufresnei (abnormal cells) a trans-
verse sections (TS) through centriolar region of nucleus (with de-
formed centriolar complex) (top) and midpiece with duplicated
axonemes and deformed mitochondrial elements; b longitudinal sec-
tion (LS) posterior of midpiece region and anterior region of ‘glycogen
piece’ the latter region consisting solely of the axoneme and plasma
membrane (i.e. lacking its glycogen granule sheath). c TS midpiece

region with duplicated axonemes and malformed mitochondrial ele-
ments. d TS multiaxonemal cell, with each axoneme with separate,
fused mitochondrial sheath. e, f TS glycogen piece region with varying
degrees of disruption to the axoneme. ax axoneme; cd centriolar deriv-
ative; g putative glycogen granules; m mitochondrion; mp midpiece; N
nucleus; U U-shaped deWning edge of mitochondrial element
123
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occupying part of the space between adjoining axonemes; (3)
numerous very electron-dense (oblong) vesicles; (4) occa-
sional, large round vesicles of low to moderate electron-den-
sity (putative lipid vesicles); (5) numerous low electron-
density small vesicles (possible mucoid deposits); (6) occa-
sional, often elongate mitochondria (Fig. 5b–e). Anteriorly
only the axonemes and some cytoplasm persist into the apex,
where each axoneme attaches to a granular deposit (Fig. 5a).
Posteriorly the axonemes initially become embedded in, and
partly obscured by, a dense matrix (making this region
noticeably more electron-dense than other regions), and the
plasma membrane forms a more exaggerated pocket around
each (externally showing as ridges) (Fig. 5f–i). In addition,
the dense vesicles become closely pressed to each other,
forming a loose reticulum (Fig. 5g). The posterior extremity
is characterised by marked reduction in cell diameter
(Fig. 5h, i) and degeneration of the axoneme into a bundle of
disassociated doublets (Fig. 5i). For P. mirabilis we were
only able to note that the paraspermatozoa (not here illus-
trated) are vermiform and contain approximately 14–20
peripherally distributed axonemes (internal cytoplasm and
vesicle constituents not preserved in available testis samples).

In the second type of paraspermatozoa the main body
region consists of approximately 25–31 axonemes (28 § 3,
n = 15), most of which are distributed peripherally (associ-
ated with an outpocket of the plasma membrane) but some
of which may be found closer to the core region of the cell
(Fig. 6a–e). Aside from an extensive, granular cytoplasm
and occasional mitochondria, the main body region appears
to lack the dense oblong vesicles, the less-dense small vesi-
cles and the large round (putative lipid) vesicles observed in
type 1 paraspermatozoa (Fig. 6d). Microtubules are often
observed between the peripheral axonemes (most proliW-
cally towards the cell apex—Fig. 6b, c). 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. 6c). The
apex was not observed in longitudinal section. The posterior
extremity of the paraspermatozoon appears to consist of
decreasing numbers of axonemes accompanied by periphe-
ral microtubules and occasional mitochondria (Fig. 6e).
Peripheral axonemes are observed in the surface of the par-
aspermatozoon by scanning electronic microscope (Fig. 6f).

Discussion

Comparison with other caenogastropoda

Euspermatozoa

Our results for Z. dufresnei clearly indicate that the Voluti-
dae belong to that large group of caenogastropods which

includes not only the Neogastropoda but also the so-called
‘higher’ mesogastropods (Neotaenioglossa of Ponder and
Lindberg 1998). This group is characterised by the type 2
euspermatozoon of Healy (1996a) (acrosomal vesicle with
apical bleb and accessory membrane; midpiece with 6–10
mitochondrial elements coiled helicaly around the axo-
neme) and type 5 paraspermatozoa of Nishiwaki (1964)
(vermiform paraspermatozoa, exhibiting multiple periphe-
ral axonemes, enclosed at maturity and bunched anteriorly;
scattered mitochondria and small dense vesicles; total
absence of nuclear material).

Prior to being classiWed into an expanded Muricoidea
(see Ponder 1974), the superfamily Volutoidea included the
Volutidae, Marginellidae, Mitridae, Olividae, Turbinellidae
(formerly Vasidae) and Harpidae. Unfortunately sperm
ultrastructural data for these groups are very fragmentary
(or missing, as in the case of the Harpidae), but it can be
noted that the Volutidae and Turbinellidae both exhibit a
solid, rod-shaped eusperm nucleus, and that the Olividae
and Marginellidae show a long, tubular nucleus (Healy
1984; Kohnert and Storch 1984; Koike 1985; present
study).

In other species of the Gastropoda which possess the
type 2 euspermatozoon (other neogastropods and most neo-
taenioglossans), the mitochondrial elements which spiral
around the axoneme are uniformly electron dense and usu-
ally show some form of cristae (irregular, sometimes tubu-
lar or plate-like; Kohnert and Storch 1984; Koike 1985). In
Z. dufresnei and P. mirabilis the outer layer of each mito-
chondrial element is considerably more electron-dense than
the remainder of the matrix component (this dense layer
having an angular, U-shaped proWle in longitudinal section)
and no recognisable cristae are observed. Although
oblique longitudinal sections show the helical spiralling
of the mitochondria, transverse sections suggest that the
dense layer forms an almost loose division of a collective

Fig. 5 Paraspermatozoa of Zidona dufresnei (Type 1) a Transverse
sections (TS) through apex showing sheath of granular material enclos-
ing axonemes and basal body/centriolar complexes. b TS (posterior to
b) main body region of paraspermatozoon, showing 15 peripheral axo-
nemes closely adherent to the plasma membrane, dense vesicles and
less dense vesicles. Microtubules also occur between the axonemes
(see also Fig. 6a). c Longitudinal section (LS) and TS main body re-
gion of cell. d LS main body region showing peripheral axonemes,
dense vesicles, less dense vesicles and a large elongate mitochondrion.
e LS putative lipid vesicle within main body region. f TS posterior re-
gion of cell showing 15 axonemes (embedded in a dense matrix) sur-
rounding tightly packed dense vesicles. g LS posterior region of
paraspermatozoon. Note dense vesicles forming a loose reticulum. h
LS posterior region of paraspermatozoon showing marked decrease in
cell diameter. i TS posterior extremity of paraspermatozoa. Note
degeneration of axonemes into constituent doublets and singlet micro-
tubules. ax axoneme(s); bb basal body; dv dense vesicles; lv putative
lipid vesicle; m mitochondrion; cr centriolar rootlet; v less-dense
vesicles

�

123



Zoomorphology
123



Zoomorphology
123



Zoomorphology

�

mitochondrial matrix. Possibly the outer layer, with its bila-
minar, precise appearance, represents a partial ‘crystalliza-
tion’ of the mitochondrial elements, analogous to that
occurring in certain rissoidean caenogastropods (see Healy
1983b).

We attach no importance to the occasional euspermato-
zoon of Z. dufresnei found with multiple axonemes and/or
duplicated mitochondria or centriolar abnormalities. These
were only rarely encountered and almost certainly can be
considered aberrant end-products of euspermiogenesis.
Such sperm have also been observed by one of us in other
caenogastropods and in certain heterobranchs (Healy
1984), but they are always rare and show varying degrees
of malformation. The euspermatozoa with duplicated axo-
nemes should not be confused with the paired (so-called
‘conjugated’) euspermatozoa observed in the Turritellidae
(Caenogastropoda, Cerithioidea) (see Afzelius and Dallai
1983). Such a phenomenon, although rare in the Mollusca,
is not an abnormality and therefore not comparable to the
situation observed in Z. dufresnei.

The glycogen piece and end piece of Z. dufresnei (no
observations possible for P. mirabilis) are essentially as
observed in other caenogastropods, which, with few excep-
tions (e.g. the rissooidean Stenothyra sp—see Healy
1983b), show the nine tract conWguration of glycogen gran-
ules associated with the axonemal doublets. The annulus of
Z. dufresnei—a complex of two ring elements attached to
the plasma membrane—is similar to that recorded in other
neogastropods and in many neotaenioglossans (Buckland-
Nicks et al. 1982a, b; Kohnert and Storch 1984; Koike
1985; Healy 1986a, 1988b, 1992; Amor and Durfort 1990;
Healy and Jamieson 1993). This diVers from the single ring
annulus observed in basal caenogastropods such as the Cer-
ithioidea (Healy 1982, 1983a).

Paraspermatozoa

The phenomenon of paraspermatozoal dimorphism, as here
noted for Z. dufresnei, has previously been demonstrated in
at least four other caenogastropod families (Nishiwaki

1964; Tochimoto 1967; Nishiwaki and Tochimoto 1969;
Buckland-Nicks 1973, 1982a, b; Healy 1986b, c). Vermi-
form paraspermatozoa (type 5 of Nishiwaki 1964) appear to
be characteristic of a signiWcant proportion of the Neotae-
nioglossa and most of the Neogastropoda (see Nishiwaki
1964; Tochimoto 1967; Melone et al. 1980; Healy 1988a;
Hodgson 1997; Buckland-Nicks 1998). Buckland-Nicks
et al. (1982a) diVerentiated two types of vermiform paras-
permatozoa in the ranellid Fusitriton oregonensis (Red-
Weld, 1848) a bulkier ‘carrier’ type which bear numerous
attached euspermatozoa and contains vary large dense vesi-
cles and approximately 112 axonemes (the latter generally
centrally positioned) and a smaller type, the ‘lancet’ which
never physically associates with euspermatozoa (or for that
matter, the ‘carrier’ paraspermatozoa) and contains small
vesicles and only 16 axonemes. Although we have not
observed any physical association of euspermatozoa and
paraspermatozoa in Z. dufresnei (or in P. mirabilis, based
on limited material), both of our Zidona paraspermatozoa
correspond most closely to the ‘lancet type’ of Buckland-
Nicks et al. 1982b, although the type with larger numbers
of axonemes shows a bunching of axonemes anteriorly
more close resembling the ‘carrier’ type of Buckland-Nicks
et al. 1982b. At this stage we cannot rule out the possibility
that paraspermatozoa never physically interact with eusper-
matozoa in Z. dufresnei (or P. mirabilis) after sperm trans-
fer, but at least within the sperm duct (and testis) we are
conWdent that spermatozeugma-formation does not occur in
Z. dufresnei, nor has it been recorded for any other neogas-
tropod. Regarding the chemical composition of the various
vesicles observed in type 1 Zidona paraspermatozoa, the
dense vesicles are presumably homologous with those of
other caenogastropod paraspermatozoa, and likely contain
glycoprotein or possibly yolk (although we did not observe
yolk-type crystalloids in these vesicles). The small, less
dense, round vesicles of type 1 appear to correspond with
those observed by Buckland-Nicks et al. 1982a, and termed
by them ‘mucoid vesicles’. Similarly the occasional large,
round vesicle of type 1 is morphologically very similar to
lipid vesicles.

Although the ultrastructure of the anterior extremity of
vermiform caenogastropod paraspermatozoa has been dem-
onstrated on a number of occasions (e.g. Melone et al.
1980; Buckland-Nicks 1998; Buckland-Nicks et al. 1982a,
b; Healy 1986a; Hodgson 1993), the posterior region has
been virtually ignored with the exception of a single micro-
graph of Buckland-Nicks et al. (1982a, b) for Fusitriton
oregonensis which showed peripheral microtubules and
scattered vesicles. Our observations on Z. dufresnei demon-
strate that at least in the Wrst type of ‘lancet’ paraspermato-
zoa (the 14–20 axonemes type), the axonemes continue
posteriorly in their peripheral position, but then become
embedded in dense material (markedly increasing the

Fig. 6 Paraspermatozoa of Zidona dufresnei (Type 2 a-b) a TS near
apex of cell showing 29 clustered basal bodies (some transitional to
axonemes). b TS anterior region of cell, posterior to a and b, showing
31 9 + 2 axonemes. Microtubules are visible peripherally. c TS near
apex showing mix of axonemes, basal bodies and dense structures
(probable centriolar rootlets). Microtubules also visible peripherally. d
TS main body region of cell showing axonemes peripherally and with-
in the cytoplasm. A mitochondrion is also visible. e TS possible pos-
terior region of cell showing reduced number of axonemes, peripheral
microtubules and one mitochondrion. f Body region of the parasperma-
tozoide showing axonemes peripherally. ax axonema(s); dv dense ves-
icles; m mitochondrion; cr probable centriolar rootlet; pa
paraspermatozoide
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electron-density of this region) and ultimately degenerate
into disorganised doublets and singlet microtubules. We
suspect that further (hopefully comparative) studies will
show that these structural changes also occur in some other
caenogastropod vermiform paraspermatozoa—at least
those conforming to the ‘lancet type’ of Buckland-Nicks
et al. (1982a). For example, Nishiwaki (1964), using light
microscopy, illustrates vermiform parasperm with dark
posterior regions in certain species of Cypraeidae.

Sperm ultrastructure and the Volutidae: systematic consid-
erations

The taxonomic and phylogenetic utility of sperm ultrastruc-
ture has been well demonstrated within the Caenogastro-
poda (Giusti 1971; Giusti and Selmi 1982; Healy 1983a,
1996b; Kohnert and Storch 1984; Koike 1985) and results
of such work have been incorporated into recent classiWca-
tions (see Ponder and Lindberg 1997). Although our obser-
vations on P. mirabilis are limited somewhat by Wxation
deWciencies and cytological maturity of the available mate-
rial [museum (testis) material Wxed in Bouin’s solution and
stored in sea water formalin], the preservation of key
euspermatozoan components is good enough to demon-
strate close similarity with Z. dufresnei. In particular the
dense, angulate, U-shaped proWle of each mitochondrion is
very distinctive, and to our knowledge this feature has not
been demonstrated or noted in any previous study of caeno-
gastropod euspermatozoa. Currently P. mirabilis and Z.
dufresnei are the only two members of the Volutidae exam-
ined for sperm ultrastructure, and hence it is impossible to
state whether the U-proWles are characteristic of the entire
taxon, or just the subgroup Zidoninae or only the Zidonini,
consisting of Zidona, Provocator and Harpovoluta (see
Bail and Poppe 2001). Sperm data for other subfamilies of
the Volutidae are now required to test this.

Acknowledgments Financial support for this project was provided
Agencia de Promoción CientiWca PICT-14419 and UBACyT X316. JG
and FLN were supported by a fellowship from CONICET (Argentina).
JMH thanks the Queensland Museum Director (Dr. I. Galloway) and
other staV of the Queensland Museum (Biodiversity Program Head, Dr
J. Hooper; Malacology Curator, Dr J. Stanisic) for their support during
this project.

References

Afzelius BA, Dallai R (1983) The paired spermatozoa of the marine
snail, Turritella communis Lamarck (Mollusca, Mesogastro-
poda). J Ultrastruct Res 85:311–319

Amor MJ, Durfort M (1990) Changes in nuclear structure during eupy-
rene spermatogenesis in Murex brandaris. Mol Reprod Dev
25:348–356

Anderson WA, Personne P (1970) The localization of glycogen in the
spermatozoa of various invertebrate species. J Cell Biol 44:29–51

Anderson WA, Personne P (1976) The molluscan spermatozoon: dy-
namic aspects of its structure and function. Am Zool 16:293–313

Bail P, Poppe GT (2001) A taxonomic introduction to the recent Vo-
lutidae. A conchological iconography. ConchBooks, Hackenheim

Bail P, Limpus A, Poppe GT (2001) The Genus Amoria. A concholog-
ical iconography. ConchBooks, Hackenheim

Bondarev I (1995) A phylogenetic classiWcation of Australian Voluti-
dae. La Conchiglia 276:25–38

Buckland-Nicks JA (1973) The Wne structure of the spermatozooan of
Littorina (Gastropoda: Prosobranchia), with special reference to
sperm motility. Z Zellforsch 144:111–129

Buckland-Nicks JA (1998) Prosobranch parasperm: sterile germ cells
that promote paternity ? Micron 29:267–280

Buckland-Nicks JA, Williams D, Chia FS, Fontaine A (1982a) The Wne
structure of the polymorphic spermatozoa of Fusitriton oregonen-
sis (Mollusca: Gastropoda), with notes on the cytochemistry of
the internal secretions. Cell Tissue Res 227:235–255

Buckland-Nicks J, Williams D, Chia FS, Fontaine A (1982b) Studies
on the polymorphic spermatozoa of a marine snail. I—Genesis of
the apyrene sperm. Biol Cell 44:305–314

Darragh TA (1988) A revision of the Tertiary Volutidae (Mollusca: Gas-
tropoda) of south-eastern Australia. Mem Mus Vic 49:195–307

Finlay HJ (1926) On Iredalina, a new genus: a volute without plaits.
Proc Malacol Soc Lond 17:59–62

Giménez J, Penchaszadeh PE (2002) Reproductive cycle of Zidona du-
fresnei (Caenogastropoda: Volutidae) from the southwestern
Atlantic Ocean. Mar Biol 140:755–761

Giménez J, Penchaszadeh PE (2003) Size at Wrst sexual maturity in Zi-
dona dufresnei (Caenogastropoda: Volutidae) of the south-west-
ern Atlantic Ocean (Mar del Plata, Argentina). J Maine Biol
Assoc UK 83:293–296

Giménez J, Brey T, Mackensen A, Penchaszadeh PE (2004) Age, pro-
ductivity and mortality of the prosobranch snail Zidona dufresnei
(Donovan, 1823) in the Mar del Plata area, SW Atlantic Ocean.
Mar Biol 145:707–712

Giménez J, Lasta C, Bigatti G, Penchaszadeh P (2005) The volute snail
Zidona dufresnei (Donovan, 1823), an over-exploited resource in
the SW Atlantic Ocean. J ShellWsh Res 24(4):1135–1140

Giusti F (1969) The spermatozoon of a freshwater prosobranch mol-
lusc. J Submicrosc Cytol 1:263–273

Giusti F (1971) L’ultrastruttura dello spermatozoo nella Wlogenesi e
nella sistematica dei molluschi gasteropodi. Atti della Societa It-
aliana di Scienze Naturali e Museo Civico di Storia Naturale Mi-
lano 112:381–402 (in Italian)

Giusti F, Mazzini M (1973) The spermatozoon of Truncatella (s. str.)
subcylindrica (L:) (Gastropoda: Prosobranchia). Monit Zool Ital
7:181–201

Giusti F, Selmi MG (1982) The atypical sperm in the prosobranch mol-
luscs. Malacologia 22:171–181

Healy JM (1982) An ultrastructural examination of developing and
mature euspermatozoa in Pyrazus ebeninus (Mollusca, Gastrop-
oda, Potamididae). Zoomorphology 100:157–175

Healy JM (1983a) Ultrastructure of euspermatozoa of cerithiacean gas-
tropods (Prosobranchia: Mesogastropoda). J Morphol 178:57–75

Healy JM (1983b) Ultrastructure of euspermiogenesis in the mesogas-
tropod Stenothyra sp. (Prosobranchia, Rissoacea, Stenothyridae).
Zool Scr 12:203–214

Healy JM (1984) The ultrastructure of gastropod spermatozoa and
spermiogenesis. PhD Thesis, University of Queensland, Brisbane,
370 pp

Healy JM (1986a) An ultrastructural study of euspermatozoa, parasper-
matozoa and nurse cells of the cowrie Cypraea errones (Gastrop-
oda, Prosobranchia, Cypraeidae). J Molluscan Stud 52:125–137

Healy JM (1986b) Ultrastructure of paraspermatozoa of cerithiacean
gastropods (Prosobranchia: Mesogastropoda). Helgoländer
Meeresuntersuchungen 40:177–199
123



Zoomorphology
Healy JM (1986c) Euspermatozoa and paraspermatozoa of the relict
cerithiacean gastropod, Campanile symbolicum (Prosobranchia,
Mesogastropoda). Helgoländer Meeresuntersuchungen 40:201–
218

Healy JM (1988a) Sperm morphology and its systematic importance in
the Gastropoda, in Prosobranch Phylogeny (Ed. W.F. Ponder).
Malacol Rev (Suppl) 4:251–266

Healy JM (1988b) Sperm morphology in Serpulorbis and Dendropoma
and its relevance to the systematic position of the Vermetidae
(Gastropoda). J Molluscan Stud 54:295–308

Healy JM (1992) Dimorphic spermatozoa of the hydrothermal vent
prosobranch Alviniconcha hessleri: systematic importance and
comparison with other caenogastropods. Bulletin du Muséum Na-
tional d’Histoire Naturelle (Paris) 4 sér A 14:273–291

Healy JM (1996a) Molluscan sperm ultrastructure: correlation with
taxonomic units within the Gastropoda, Cephalopoda and Bival-
via. In: Taylor J (ed) Origin and evolutionary radiation of the
Mollusca. Oxford University Press, Oxford, pp 99–113

Healy JM (1996b) An ultrastructural study of euspermatozoa in Bemb-
icium auratum including a comparison with other caenogastro-
poda, especially Littorinoidea. J Molluscan Stud 62:57–63

Healy JM, Jamieson BGM (1993) Euspermatozoa, paraspermatozoa
and spermatozeugmata of Littorina (Palustorina) articulata
(Prosobranchia: Caenogastropoda) with special reference to the
pseudotrich. Acta Zool 74:321–330

Hodgson AN (1993) Spermatozoon structure and spermiogensis in
Nassarius kraussianus (Gastropoda, Prosobranchia, Nassariinae).
Invertebr Reprod Dev 23:115–121

Hodgson AN (1997) Paraspermiogenesis in gastropod molluscs. Inver-
tebr Reprod Dev 31:31–38

Kohnert R, Storch V (1984) Vergleichend-ultrastrukturelle Untersuch-
ungen zur Morphologie eupyrener Spermien der Monotocardia
(Prosobranchia). Zool Jahrb 111:51–93

Koike K (1985) Comparative ultrastructural studies on the spermato-
zoa of the Prosobranchia (Mollusca: Gastropoda). Sci Rep Fac-
ulty Educ Gunma Univ 34:33–153

Melone G, Lora Lamia Donin D, Cotelli F (1980) The paraspermatic
cell (atypical spermatozoon) of Prosobranchia: a comparative ul-
trastructural study. Acta Zool 61:191–201

Nishiwaki S (1964) Phylogenetical study on the type of the dimorphic
spermatozoa in Prosobranchia. Sci Rep Tokyo Kyoiku Daigaku
Sect B 11:237–275

Nishiwaki S, Tochimoto T (1969) Dimorphism in typical and atypical
spermatozoa forming two types of spermatozeugmata in two epit-
oniid prosobranchs. Venus (Jpn J Malacol) 28:37–49

Novelli R, Novelli A (1982) Algumas consideracoes sobre a subfami-
lia Zidoninae e notas sobre a anatomÂ´a de Adelomelon brasiliana
(Lamark, 1811), Mollusca, Gastropoda, Volutidae. Atlántica Rio
Grande 5:23–34

Penchaszadeh PE, De Mahieu GC (1976) Reproducción de gasterópo-
dos prosobranquios del Atlántico Surpccidental. Volutidae Physis
A 35:145–153

Ponder WF (1974) The origin and evolution of the Neogastropoda.
Malacologia 12:295–338

Ponder WF, Lindberg DL (1997) Towards a phylogeny of gastropod
mollusks—an analysis using morphological characters. Zool J
Linn Soc 119:83–265

Poppe GT, Goto Y (1992) Volutes. Mostra Mondiale: Cupra Maritti-
ma, Ancona, Italy

Selmi MG, Giusti F (1980) Structure and function in typical and atyp-
ical spermatozoa of Prosobranchia. 1. Cochlostoma montanum
(Issel) (Mesogastropoda). Attidella Accademia dei Fisiocritici,
Siena, IV Congresso (Society Malacologica Italiana, Siena),
1978:115–167

Tochimoto T (1967) Comparative histochemical study on the dimor-
phic spermatozoa of the Prosobranchia with special reference to
polysaccharides. Sci Rep Tokyo Kyoiku Daigaku 13:75–109

Weaver CS, du Pont J (1970) The living volutes. Delaware Museum of
Natural History

Wilson NG, Healy JM (2006) Basal chromodorid sperm ultrastruc-
ture (Nudibranchia, Gastropoda, Mollusca). Zoomorphology
125:99–107
123


	Ultrastructure and potential taxonomic importance of euspermatozoa and paraspermatozoa in the volutid gastropods Zidona dufresnei and Provocator mirabilis (Caenogastropoda, Mollusca)
	Abstract
	Introduction
	Materials and methods
	Results
	Euspermatozoa
	Acrosomal complex
	Nucleus
	Midpiece
	Annular complex and glycogen piece
	End piece

	Aberrant euspermatozoa
	Paraspermatozoa

	Discussion
	Comparison with other caenogastropoda
	Euspermatozoa
	Paraspermatozoa

	Sperm ultrastructure and the Volutidae: systematic considerations

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


