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authors who have studied the midpiece of Helix
aspera spermatozoa, our results have in addition
shown that the axoneme terminates abruptly,
and symmetrically, within the midpiece (2.2 um
from the posterior extremity of the sperma-
tozoon), and is replaced by electron-dense
material, two chamber-like vesicles and closely
packed membranes. The same appears to be
true of H. pomatia though we have not observed
longitudinal sections of the terminal region in
that species. The terminal region of Euhadra
hickonis spermatozoa (see Takaichi, 1975, Figs.
12-15) is similar to that of H. aspersa, as in fact,
are other features of the midpiece and neck
region (including the presence of an electron-
dense granule near the distal accessory sheath—
see Takaichi, 1975; Takaichi & Sawada, 1973;
Dan & Takaichi, 1979). The glycogen piece
observed in spermatozoa of many opistho-
branchs and basommatophoran (s.1) pulmon-
ates (Anderson & Personne, 1970; Ohsako,
1971; Thompson, 1973; Kitajima & Paraense,
1976, Ackerson & Koehler, 1977; Maxwell,
1980; Healy, 1982, 1983b; Healy & Willan,
1984) and in all investigated meso- and neoga-
stropod euspermatozoa (see Healy, 1983c for
references), does not occur in spermatozoa of
Helix aspersa, H. pomatia, Euhadra hickonis,
or, as far as is known, in any stylommatophoran
pulmonate. In some opisthobranchs, the gly-
cogen piece is short and may show partial
degeneration or (rarely) total absence of the
axoneme (Healy & Willan, 1984; Healy 1984).
Such a trend towards regression of the glycogen
piece in euthyneuran spermatozoa may be due
to the fact that substantial glycogen deposits
are enclosed by the mitochondrial derivative,
thereby reducing the need perhaps for a gly-
cogen piece (Healy & Willan, 1984).

Only a single glycogen helix occurs in sper-
matozoa of Helix aspersa, H. pomatia and other
stylommatophorans (herein; Grasse et al., 1956,
André, 1962; Personne & André, 1964; Ander-
son & Personne, 1969a, b; Andersonetal., 1968;
Yasuzumi et al., 1974; Ritter & André, 1975;
Takaichi & Sawada, 1973; Takaichi, 1975; Dan
& Takaichi, 1979; Shileiko & Danilova, 1979;
Odiete, 1982; Atkinson, 1982; Reger & Fitz-
gerald, 1982) and this is also the case for most
opisthobranchs (see Holman, 1972; Thompson
& Bebbington, 1969; Healy, 1982; Healy &
Willan, 1984; Healy, 1984) and at least some
basommatophoran (s.1.) pulmonates (Salinator,
Siphonaria—Healy, 1983b;  Onchidium—
Healy, 1986b). Multiple helices (ranging from
two to three, possibly as many as four in some
species) have been noted in sperm of some

basommatophorans (s.1.) (lymnaeids, planor-
bids, ellobiids—Anderson & Personne, 1970;
Ohsako, 1971; Kitajima & Paraense, 1976;
Healy, 1983b; see also Thompson, 1973) and
certain cephalaspid opisthobranchs (Thompson,
1973—Acteon; Healy, 1984—Builina). The
possibility that some stylommatophoran sper-
matozoa may possess more than a single gly-
cogen helix within the midpiece remains to be
explored.

Finally, some comment should be made con-
cerning the internal structure of the nine coarse
fibres and their relationship with the axonemal
doublets and centriolar derivative. In Helix
aspersa, and H. pomatia (herein; see also
Anderson & Personne, 1967): (1) the doublets
are enveloped by the coarse fibres between the
base of the distal accessory sheath and the cen-
triolar derivative, and (2) the coarse fibres (with
enclosed axonemal doublets) fuse to the cortex
of the centriolar derivative. Precisely the same
organization has been described in Euhadra
hickonis (Takaichi, 1975; Dan & Takaichi, 1979)
and other stylommatophorans (see Atkinson,
1982; micrographs of Maxwell, 1976; Yasuzumi
et al., 1974) some basommatophorans (s.1.)
(Kitajima & Paraense, 1976; Healy, 1983b) and
some opisthobranchs (nudibranchs—Healy,
1984). In some opisthobranchs however, the
doublets either remain distinct from the coarse
fibres or are only incompletely enclosed by them
(Healy, 1984). Marked obscuring of the dou-
blets by associated coarse fibres often makes it
difficult to establish the exact spatial relationship
between these two components in some species.
Coarse fibres of all euthyneuran spermatozoa
are periodically banded—the principal variables
being the periodicity (ranging from 200 A in
Anguispira alternata (Atkinson, 1982), to 400-
500 A in Helix aspersa and H. pomatia (Ander-
son & Personne, 1967; herein) and as great as
750 A in the lymnaeid Radix japonica (Ohsako,
1971)), width (variable depending on species
and level of section), and persistence of period-
icity into the midpiece region (according to
Maxwell, 1976, banding in coarse fibres of
Discus rotundatus extends from the neck region
into the midpiece for a distance of up to 30 um).
The distal accessory sheath of Helix aspersa and
H. pomatia spermatozoa is also observed in
other stylommatophorans (Euhadra hickonis—
Takaichi, 1975, Dan & Takaichi, 1973, Takaichi
& Sawada, 1973; Discus rotundatus—Maxwell,
1976; Limax flavus—Yasuzumi et al., 1974,
Bentosites bloomfieldi—Healy, 1984) and in
some basommatophoran (s.1.) species (Biom-
phalaria glabrata—Kitajima & Paraense, 1976;
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Salinator fragilis, S. solida—Healy, 1983b). It is
reminiscent of the inner dense cylinder
described for the spermatozoal axoneme of the
polychacte Questa by Jamieson (1983). No
definite function for this structure has been
_ determined, but it is likely that is performs some
role in determining motility of the axial complex
and does not, as suggested by Yasuzumi et al.
(1974), represent the ‘chromatoid body’.

Acrosome and nucleus

Perhaps the most interesting aspect of Helix
aspersa and H. pomatia spermatozoa is the form
of the acrosome and its positioning at the nuclear
apex. Bloch & Hew (1960) recorded a marked
difference in acid lability of nuclear histones
between spermatozoa from the hermaphrodite
duct and those from spermatophores in H.
aspersa. We have observed no significant ultra-
structural differences between spermatozoa
taken from these two sources in H. aspersa—
the apical vesicle and acrosomal pedestal con-
tinue to be angularly tilted, and associated with
a perinuclear sheath within the spermatophore.
The perinuclear sheath appears, therefore, to
be a real feature of spermatozoa in H. aspersa
and H. pomatia. Elsewhere within the Gastro-
poda, this structure has been recorded in the
stylommatophoran  Bentosites  bloomfieldi
(Healy, 1984; possibly also Anguispira alter-
nata—Atkinson, 1982, and Agriolimax reti-
culatus—Bayne, 1970) and evidently in
Vaginulus borellianus (see micrographs of Lanza
& Quattrini, 1964).

The orientation of the acrosomal elements
in H. aspersa may represent only an extreme
situation within the Pulmonata, where ‘grades’
of tilting of the apical vesicle and acrosomal
pedestal in relation to the longitudinal axis of
the nucleus occur. A slightly angular orientation
of the apical vesicle and acrosomal pedestal
(relative to the nuclear tip) has been noted by
Takaichi & Dan (1977) for spermatozoa of
Euhadra hickonis and this is also the case in
Helix pomatia (herein) and Bentosites bloom-
fieldi (Healy, 1984). In contrast, the acrosomal
pedestal and apical vesicle of late spermatids of
stylommatophoran species examined by Healy
& Jamieson (unpublished data—Pedinogyra
hayii, Varohadra curtisiana, Xanthomelon
pachystylum), despite obvious signs of imma-
turity, are aligned in the longitudinal axis of the
spermatid, and no equivalent of the perinuclear
sheath can be identified.

Although we have studied spermatozoa from
mature spermatophores, there is no guarantee

that the angular positioning of the Helix aspersa
acrosome may not, in some way, alter prior to
contact with the egg. Certainly an analysis of
sperm-cgg interaction would clarify this, and
help determine what role the perinuclear sheath
may play in fertilization.

The form of the sperm nucleus in Helix
aspersa and H. pomatia—short, helically keeled,
with a shallow basal invagination—occurs
widely within the Euthyneura (? in all pulmon-
ates) and almost certainly represents the primi-
tive form for the ancestral ecuthyneuran
spermatozoon. In contrast, sperm nuclei of
some opisthobranchs (aplysiids—Thompson &
Bebbington, 1969; Thompson, 1973; Kubo &
Ishikawa, 1981; certain notaspids—Healy &
Willan, 1984, the saccoglossan Elysia australis—
Healy, 1984) take the form of an elongate cord
which spirals around the proximal portion of
the mitochondrial derivative and axial complex.
Such a condition is here considered advanced
and may have been independently acquired in
these groups of opisthobranchs. The length of
the spermatozoan head (that is, acrosome plus
nucleus) of Helix aspersa, as determined in the
present study is 8.1 pm—appreciably longer
than the SEM results of Maxwell (1975) for this
species (sperm head length 5.5 = 0.2 um), but
reasonably close to the measurement of Ander-
son & Personne (1967) for typsin-treated sper-
matozoa (7.4 um). Grasse et al., (1956) give a
length of 7.5 um for the spermatozoan head of
H. pomatia, while Thompson (1973) found this
region of the spermatozoa of H. pomatia to
measure 12 pm (including 2 um acrosome). Our
own observations on H. pomatia indicate a head
length of approximately 10 um. It seems possible
that sperm head length may be variable in both
H. aspersa and H. pomatia or that significant
differences may exist between widespread popu-
lations. Further research on this aspect seems
warranted. Table 1 summarizes comparative
sperm morphology of Helix and other pul-
monates.

Systematic significance of stylommatophoran
spermatozoa

Apart from those studies dealing with the cyto-
chemistry of pulmonate spermatozoa which
have been briefly reviewed above, very little
interest has been shown in comparative sperm
morphology of the Stylommatophora. The order
is large (over 50 families, approaching 15,000
species—see Boss, 1982) and diverse. Under-
standably, any comprehensive review of styl-
ommatophoran spermatozoa would be onerous.
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It would, however, provide an opportunity to
assess relationships within the order (from
suborder to generic levels) and between these
pulmonates, the Basommatophora (s.1.) and
the Opisthobranchia.

In this paper we have presented structural
information for the two most economically
important species of Helix (H. pomatia—type
species for the genus, prized as a delicacy, and
H. aspersa—a widespread pest species). The
results have shown numerous similarities
between the two species (nucleus, midpiece)
and one major difference (position of the acro-
some—7? possibly reflecting current subgeneric
assignments of H. pomatia and H. aspersa). It
is hoped that these data will provide the impetus
for a wide-ranging survey of helicid sper-
matozoa.

On a more general level, spermatozoa of H.
aspersa and H. pomatia (Helicidae (Helicinae),
Helicoidea) are similar to those of other
adequately studied stylommatophorans
(Euhadra hickonis—Bradybaenidae, Heli-
coidea;  Anguispira  alternata—Punctidae,
Arionoidea; Trichia hispida—Helicidae
(Hygromiinae) Helicoidea; Succinea putris—
Succineidae, Succinoidea). Varying amounts of
data are available for other species though
usually with no reference to acrosomal mor-
phology. A perinuclear sheath similar to that of
Helix pomatia, though less structured than that
of H. aspersa is also observed in Bentosites
bloomfieldi (Camaenidae, Helicoidea—Healy,
1984). Bentosites bloomfieldi and Euhadra
hickonis (see—Takaichi & Dan, 1977) both have
acrosomes only slightly tilted relative to the
sperm longitudinal axis, as in Helix pomatia.
The laterally-displaced acrosome of Helix
aspersa has, as far as we are aware, no equivalent
in any studied gastropod species. Interestingly,
neither perinuclear sheath nor tilting of the acro-
some are evident in late spermatids of the cama-
enids Xanthomelon pachystylum or Varohadra
curtisiana (Healy & Jamieson, unpublished
data) or the helicid Trichia hispida (Hygro-
miinae, Helicoidea—see Shileiko & Danilova,
1979). Clearly more information is required on
spermatozoa of the Helicoidea before any useful
discussion of systematics within the group can
be attempted.

Absence of a glycogen piece in spermatozoa
of all investigated stylommatophoran species
suggests that this may even be an ordinal charac-
ter (in all studied opisthobranchs, a glycogen
piece, albeit sometimes very poorly developed,
is still present—see Healy & Willan, 1984).
Spermatozoa of basommatophoran (s.1.) pul-

monates Salinator fragilis and S. solida (see
Healy, 1983b) approach the form of styl-
ommatophoran spermatozoa (especially Suc-
cinea putris Succinoidea—see Shileiko &
Danilova, 1979) more closely than do other
basommatophorans, and it is pertinent that in
Salinator, the axoneme terminates within the
midpiece, leaving a glycogen piece composed
solely of the plasma membrane and glycogen
granules surrounding a central lumen. This
arrangement, though neither proving nor refut-
ing an Amphiboloidea-Stylommatophora link,
provides a hypothetical intermediate towards
the stylommatophoran condition (absence of

glycogen piece).
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ABBREVIATIONS USED IN FIGURES

ap acrosomal pedestal

av apical vesicle (of acrosome)

cd centriolar derivative

cf coarse fibres

das distal accessory sheath

gh glycogen helix (of midpiece)

ma matrix material of mitochondrial derivative
n nucleus
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p paracrystalline material of mitochondrnal

derivative
pns perinuclear  sheath (?  acrosomal
component)
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