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Abstract. A juvenile sinistral specimen of Arion lusitanicus was found near Miinster
(Germany, Nordrhein-Westfalen) and raised in isolation. Its entire external and internal
morphology is a mirror image of normal dextral slugs. In mating experiments with dextral
individuals the partners showed clear courtship behaviour but were never successful. This
was probably caused by the opposite position of their genital pores, which might make copu-
lation impossible for mirror-image slugs. Reports of sinistral terrestrial slugs are very rare.
The authors review earlier cases, and discuss the possible genetic basis of sinistrality in slugs.

Kurzfassung. Einsinistrales Individuum der terrestrischen Nacktschnecke Arion lusi-
tanicus (Gastropoda: Pulmonata: Arionidae). — Fin sinistrales Jungtier von Arion lusitanicus
wurde bei Miinster (BRD, Nordrhein-Westfalen) gesammelt und isoliert aufgezogen. Die
gesamte innere und auflere Morphologie des Tieres ist spiegelbildlich zur normalen, dex-
tralen Morphe. Bei Verpaarungsversuchen mit dextralen Individuen zeigten die Tiere klares
Paarungsverhalten, waren aber immer erfolglos. Die Ursache dafiir ist wahrscheinlich die
unterschiedliche Position der Genitaloffnungen, die spiegelseitigen Partnern bei Nackt-
schnecken grundsitzlich eine Verpaarung unméglich machen konnte. Berichte iiber sinis-
trale terrestrische Nacktschnecken sind sehr selten. Die Autoren geben eine Ubersicht iiber
frithere Berichte und diskutieren mogliche genetische Grundlagen von Sinistralitit bei ter-
restrischen Nacktschnecken.
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The handedness of shell coiling in snails has attracted the attention of natural historians for
a long time, and many publications deal with this phenomenon (e.g. Bovcorr et al., 1930;
GouLp & YOUNG, 1985; GaLLowAY, 1987; ROBERTSON, 1993; Asami et al,, 1998). Owing to
the asymmetrical bauplan of the body, snail shells are either right-handed (dextral) or left-
handed (sinistral). The large majority of gastropod species are dextral, having their pneu-
mostome, genital and excretory pores on the right (CLARKE et al., 1978; Asami, 1993;
RoBERTSON, 1993). Some groups, such as the Clausiliidae, consist mainly of sinistral species.
But very few species are known to be polymorphic in coiling, that is with both sinistral
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Fig. 1: Adult sinistral specimen (lighter) together with a normal A. lusitanicus from the neigh-
bourhood of Gorlitz (Germany, Saxony).

and dextral shells commonly occurring (Asami, 1993). However, in many snail species ex-
ceptional cases of shells with the opposite orientation occur (e.g. ANCEY, 1906; SEIDL, 1989;
ROBERTSON, 1993; PEREZ & EspPiNosa, 1994).

The handedness is less obvious in slugs since they lack the typical snail shell, and their vis-
ceral mass is incorporated into the head-foot. However, the internal arrangement of the
organs and the position of the body openings on the right show that all terrestrial slugs are
dextral. Surprisingly, and in contrast to snails, reports about sinistral specimens in slugs are
very rare, raising the question whether sinistrals really occur less often in slugs, or whether
they are merely more readily overlooked. The only reports known to us concern single sinis-
tral specimens of Arion rufus (L., 1758) (BauDoN, 1884), Arion intermedius Normand, 1852
(Davies, 1972), Milax gagates (Draparnaud, 1801) (Davies, 1973) and Bielzia coerulans
(Bielz, 1851) (Semert, 1873). A few papers deal with unusual body deformations, for
instance in Arion (SIMrROTH, 1905; BOETTGER, 1956), Urocyclus (SiMroTH, 1905) and Limax
(WikTorOWA, 1962), but these have nothing to do with handedness. Sinistrality is com-
pletely unknown in marine slugs (RoBErTsoN, 1993). In this paper, we report a sinistral
Arion lusitanicus Mabille, 1868.

On 17th April 2000, MB collected a single juvenile slug from grassland along the river
Werse near Werse, NE of Miinster (Germany, Nordrhein-Westfalen). This slug was taken to
the State Museum of Natural History Gorlitz, and, because its pneumostome was on the left
(Fig. 1), was raised there in isolation in a temperature chamber (15°C, LD 12 : 12). The
juvenile slug was brown with greyish sides and dark lateral stripes, and changed later into an
orange adult lacking stripes.

Between 10th October and 1st November we set up mating trials between the sinistral slug
and two normal (i.e. dextral) A. lusitanicus and one dextral A. rufus (species identities were
determined later by dissection) collected as adults in the neighbourhood of Gorlitz
(Germany, Saxony). After several days of isolation to increase their readiness to mate, each
dextral slug was put together with the sinistral specimen, and kept under observation (direct
or with a video camera) for 2 to 23 h. In the two pairings with A. rufus neither of the part-
ners showed any interest. However, with each A. lusitanicus partner we observed typical pat-
terns of early courtship behaviour in one out of four and two out of two experiments. In such
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Fig. 2: Internal morphology of the sinistral specimen. Scale bar = 10 mm.

cases the couple showed repeated courtship behaviour, lasting up to 45 min and including
trail following, circling, and licking of the partner’s tail gland, genital pore and face. Usually
the genital pores were swollen, and sometimes showed a white mass (the beginning of the
eversion of the atrium). However, the partners showed clear signs of confusion over posi-
tioning relative to each other, and mating never proceeded further. The dextral slugs tended
to circle clockwise while the sinistral slug almost always circled counterclockwise. One of
the dextral A. lusitanicus partners was later allowed to mate with another dextral conspecif-
ic. These partners quickly began circling in a clockwise direction, and then assumed the
usual Ying-Yang position, although in the end they did not copulate. However, this shows at
least that positioning was no problem with the right partner.

The sinistral slug was killed in 50% ethanol at the beginning of November, and dissected for
species determination, as well as to investigate its internal organisation. The specimen is ca.
63 mm long (in ethanol), and the albumen gland is very large, although the slug never laid
eggs. An anatomical investigation revealed the internal organs to be a complete mirror
image of the usual arrangement in A. lusitanicus, including the position of the genitalia, the
loops of the digestive tract, the rectal opening, and the pallial complex (Fig. 2). The speci-
men is stored in the collection of the State Museum of Natural History Gérlitz (catalogue
number p9075).

Other than in trauma-induced shell-coiling inversions with a normal organisation of the soft
body (e.g. HarasEwycH, 1998), the coiling direction of gastropods is determined by the
direction of spiral cleavage, and can be apparent even at the first cleavage (FREEMAN &



250 } Malak. Abh. Mus. Tierkde. Dresden 20, Nr. 25 (2002)

LunpEeLius, 1982; ROBERTSON, 1993). At least in some species, variation in coiling direction
is genetically determined. The few cases studied so far have revealed alternative alleles at a
single locus, dominance of the common allele, and delayed expression in which the pheno-
type depends on the mother’s genotype (Bovcorr et al., 1930; MURRAY & CLARKE, 1966;
FREEMAN & LUNDELIUS, 1982; Asami, 1993; and references therein). Furthermore, FREEMAN
& LunpeLus (1982) demonstrated that sinistrality in Lymnaea peregra is caused by the
absence of a maternal gene product in the egg cytoplasm that normally induces dextrality.
If one assumes the same genetic background for A. lusitanicus, one might expect more sinistral
individuals to turn up in the Miinster population. However, a search at the same locality in
autumn 2001 was unsuccessful, although normal dextral slugs of this species were very
common.

At least two of the four papers on sinistral slugs seem to suggest a different genetic back-
ground to their sinistrality. The sinistral individuals of M. gagates and B. coerulans were each
F1-offspring of a dextral wild individual, and they hatched together with respectively two
and an unreported number of dextral siblings (SEiBERT, 1873; Davies, 1973). Similarly, the
sinistral specimen of A. intermedius was an F2-offspring of a dextral wild specimen hatching
together with an unreported number of dextral individuals (Davies, 1972), although it is
possible that the latter were not siblings of the sinistral specimen. At least in the first two
cases, delayed expression of a sinistral maternal genotype would seem to be excluded, as all
siblings should then have been sinistral. However, FREEMAN & LunpELIUs (1982) explained
similar isolated occurrences of sinistral Lymnaea peregra in dextral families as due to incom-
plete penetrance when the mother was heterozygote (the dosage of the dextral-inducing
substance was then low and in some eggs might fall below the critical threshold). Other
potential explanations are delayed expression of a mutation in one cell line during oogene-
sis in a heterozygote mother, direct expression of a mutant embryo genotype, or a non-
genetic phenomenon. The latter two explanations are known in other taxa (e.g. direct
expression in vertebrates, and alterations of handedness by temperature, removal of the egg
shell, or mechanical manipulations in nematodes — Woobp et al., 1996) but we know of no
evidence in molluscs or other phyla with spiral cleavage.

Unfortunately, we were not able to investigate the genetics of sinistrality in A. lusitanicus as
our specimen failed to mate with dextral conspecifics and thus to reproduce. Self-fertiliza-
tion seems not to be known in A. lusitanicus (Grimm, 2001, pers. comm.). Generally in inter-
nally-fertilizing gastropods the exact positioning of genital pores next to one another in nor-
mal pairings demands a sequence of elaborate co-ordinated behaviours that do not work
properly when the individuals are mirror images. The consequent reproductive isolation is
incomplete in snails with high-spired shells, while low-spired snails may be unable to mate
with each other at all because in these species the body orientations are normally antiparallel
(GITTENBERGER, 1988; Asamr et al., 1998). Inability to mate with the opposite coiling morph
causes strong selection against the rare morph (JoHNsoN, 1982; Asami et al, 1998).
However, delayed expression and recessiveness may allow the rare coiling allele to persist
in the population for a long time (Jounson et al., 1990; VAN BATENBURG & GITTENBERGER,
1996) and occasionally even become fixed (VAN BATENBURG & GITTENBERGER, 1996). The
question of whether coiling polymorphism might be important for sympatric speciation has
been discussed (GITTENBERGER, 1988; JoHNsON et al., 1990; ANISTRATENKO & BAIDASHNIKOV,
1991; VAN BATENBURG & GITTENBERGER, 1996; Asami et al., 1998). Gastropods can show a
reduced propensity for mating with conspecifics from different populations (e.g. BAUR &
BAUR, 1992), so we cannot exclude that the failure of the mating attempts between our sinis-
tral and dextral slugs is due to their different origins. However, the behaviour implied rather
that the incompatibility was caused by the opposite position of their genital pores. Slugs of
the genus Arion mate on the ground, assuming a Ying-Yang position so that the partners’
genital pores face each other. Genitalia are everted without intromission, and a successful
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(usually reciprocal) spermatophore transfer probably depends much on the exact position-
ing of their genital pores relative to each other. For this reason, we suggest that mating
between slugs with antiparallel orientation is as impossible as in snails with low-spired
shells. (The only exception might be species that can mate in a parallel orientation, such as
some limacids that mate while hanging tightly entwined on a vertical mucus string.) Such
incompatibility might be a reason for the rarity of sinistral slugs, if we assume that sinistral-
ity is genetically based. On the other hand, many slugs can self-fertilize, which would allow
a single sinistral individual to reproduce. It thus remains highly desirable to perform breed-
ing experiments with a self-fertilizing slug species, although the precondition would be the
discovery of a sinistral specimen of such a species.
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