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ABSTRACT: The diploid chromosome set of Arion vulgaris Moquin-Tandon consists of 52 chromosomes, with
the karyotype formula: 2n = 44m+6sm+2st=>52; FN = 104. The chromosome number (n = 26, 2n = 52)
of A. vulgaris is identical to that of A. subfuscus sensu lato, A. ater (L.) and A. rufus (L.) which may suggest

their close relationship.
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INTRODUCTION

Cytogenetic studies often provide data which are
relevant to taxonomy, identification of species and to
understanding of the mechanisms of speciation and
evolution (BURCH 1968). However, literature data on
mollusc karyotypes are scarce because of the difficul-
ties in obtaining mitotic fields of a quality sufficient
to carry out chromosome studies (PARK et al. 1999).

Most reports on mollusc chromosomes, using
histological or squash techniques, dealt chiefly, or
only, with chromosome numbers (for review see
PATTERSON 1969, PATTERSON & BURCH 1978). Later,
the development of cytogenetic techniques, such as
pre-treatment with colchicine and hypotonic treat-
ment combined with air-drying techniques, permit-
ted better assessment of chromosome morphology
(NAKAMURA 1985, 1986). Recently developed dif-
ferential staining techniques (e.g. silver-staining, C-
and G-banding) started to be applied to molluscan
chromosomes (THIRIOT-QUIEVREUX 1994), as well
as advanced techniques, such as the use of fluores-
cent in situ hybridisation (FISH) with rDNA probes
to visualize the sites of the nucleolus organiser re-
gions (NORs). Chromosome studies of gastropod
molluscs have greatly increased since the reviews
of PATTERSON (1969), PATTERSON & BURCH (1978)
and NAKAMURA (1986).

First descriptions of karyotypes in the family
Arionidae appeared in the second half of the 20th
century: BEESON (1960) investigated six species
whose haploid chromosome numbers varied from n
= 25 to n = 29. Chromosome numbers of two slug
species of the genus Arion from Ukraine were stud-
ied by GARBAR at al. (2010): A. fuscus (Draparnaud,
1805) (n = 26, 2n = 52) and A. fasciatus (Nilsson,
1823) (n = 29, 2n = 58). In the first case the chro-
mosome number differed from BEESON’s (1960) data
(2n = 50). The karyotype of the second species was
identical to that of another closely related species —
A. circumscriptus Johnston, 1828 from Great Britain
(BEESON 1960).

Next descriptions of arionid karyotypes were
provided by PATRAO at al. (2013) who recorded
the same chromosome number for four species of
Geomalacus and one species of Letourneuxia (n = 31,
2n = 62). They also found that the karyotypic for-
mulae were different and unique to each Geomalacus
species.

An invasive slug Arion vulgaris Moquin-Tandon,
1855 originates from South and Central France. At
present its populations are often found in Central,
Northern and Western Europe (WELTER-SCHULTES
2012). It spreads mostly anthropochorously (DE
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WINTER 1989, VON PROSCHWITZ 1997, BRINER &
FRANK 1998). In Ukraine, the species appeared re-
cently and quickly spread (GURAL-SVERLOVA &
GURAL 2010, GURAL-SVERLOVA 2011).

There are no literature data on the karyotype of A.
vulgaris. Its chromosome number may prove informa-

MATERIAL AND METHODS

The material for karyological studies was collected
by the authors in the spring-autumn period of 2013.
Two samples (20 specimens) from the Sakharova and
Pryrodna streets in Lviv (Ukraine) were used.

Chromosome slides were prepared from gonad
tissues using methods which had been successfully
used to study karyotypes of other molluscs (GARBAR
& GARBAR 2007). The animals were injected with
0.02% colchicine 18 h before dissection. Gonad
fragments were minced and subjected to hypotonic
treatment for 40 min in distilled water. The material
was fixed in a mixture of 96% ethanol and glacial
acetic acid in a 3:1 ratio. Cell suspension was pre-
pared by maceration of the material in a mixture of
glacial acetic acid and 60% lactic acid (30:1); then it
was dropped onto dry slides warmed to 50°C, using
a capillary pipette. The dried slides were stained for

RESULTS AND DISCUSSION

The diploid set (2n) of A. vulgaris consists of 52
chromosomes. The TCL = 79.01 + 2.58 um. The
chromosomes gradually decrease in size from the
1st to the 26th pair. Their relative length varies from
8.56 (1st pair) to 1.28% (26th pair) (Table 1).

The morphological characteristics of the karyo-
type are the following: 2nd pair — subtelocentric (st);

tive, since BACKELJAU & DE BRUYN (1990) suggested
that in arionids, chromosome numbers might corre-
late with the subgeneric division of the genus. The
data can also be useful to gain insight in the recently
reported hybridisation between A. vulgaris and A. ru-
fus/A. ater (HAGNELL at al. 2003).

10 min in a 10% Romanovskii solution of azure-eosin
in 0.01 M phosphate buffer (pH 6.8). The slides were
examined in a ULAB XY-B2 microscope (10x100).

Metaphase plates (2n) with a satisfactory scatter
of chromosomes and an equal degree of spiralisation
were selected for subsequent photography and meas-
urements. Based on the measurements, total comple-
ment length (TCL), relative length of chromosomes
(Lr - total length of chromosomal pair/TCL100%)
and centromeric index (Ci, length of short arm/chro-
mosome length) were calculated. The morphological
type of chromosomes was determined according to
LEVAN’s (LEVAN et al. 1964) classification. The fun-
damental number (FN) was determined as the num-
ber of chromosome arms in a diploid set. The linear
parameters of chromosomes were processed using
methods of variation statistics.

6th, 7th, and 8th pairs — submetacentric; remain-
ing pairs — metacentric. The chromosomal formula
is 2n = 44m + 6sm + 2st = 52. The fundamental
number FN = 104 (Figs 1-3).

The diploid set (2n) of A. vulgaris consists exclu-
sively of two-arm chromosomes (NF = 104). Such
chromosomes prevail in other slugs’ karyotypes

Table 1. Measurements (Ci — centromeric index, Lr — relative length, SE - standard error) and classification of chromo-
somes (m — metacentric, sm — submetacentric, st — subtelocentric chromosome) of A. vulgaris

Ci, % Lr, %

Ci, % Lr, %

Pair no. Mean SE Mean SE Type Pair no. Mean SE Mean SE Type
1 46.73 0.45 8.56 0.22 m 14 46.22 0.49 3.33 0.04 m
2 23.55 0.77 6.96 0.11 st 15 46.79 0.42 3.11 0.03 m
3 45.72 0.54 6.59 0.11 m 16 45.43 0.45 2.91 0.03 m
4 46.06 0.41 6.15 0.09 m 17 47.26 0.27 2.69 0.04 m
5 45.50 0.52 5.71 0.08 m 18 47.27 0.44 2.51 0.05 m
6 35.01 0.26 5.36 0.08 sm 19 45.95 0.75 2.38 0.05 m
7 30.29 0.74 5.04 0.07 sm 20 48.20 0.40 2.26 0.04 m
8 36.25 0.55 4.67 0.06 sm 21 47.71 0.37 2.08 0.05 m
9 45.70 0.53 4.51 0.06 m 22 46.94 0.55 1.93 0.05 m

10 45.46 0.62 4.34 0.05 m 23 46.59 0.41 1.78 0.05 m
11 45.83 0.49 4.10 0.06 m 24 47.34 0.51 1.63 0.05 m
12 44.96 0.43 3.79 0.05 m 25 46.24 0.48 1.47 0.05 m
13 45.43 0.55 3.58 0.05 m 26 46.46 0.46 1.28 0.05 m
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Figs 1-2. Chromosomes of A. vulgaris: 1 — mitotic metaphase (2n); 2 - karyotype. Bar represents 0.004 mm

(VITTURI 1992, VITTURI & SPARACIO 1993, PATRAO
at al. 2013).

BEESON (1960) reported the following haploid
chromosome numbers in Arion: A. ater (Linnaeus,
1758) —n = 26, A. rufus (Linnaeus, 1758) - n = 26, A.
subfuscus (Draparnaud, 1805) — n = 25, A. circumscrip-
tus — n = 29, A. hortensis (Férussac, 1819) —n = 28
and A. intermedius (Normand, 1852) —n = 28. It was
found later that the chromosome number of A. fus-

Lr [%]
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Fig. 3. Idiogram of karyotype (based on data from Table 1)
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cus (A. subfuscus sensu lato) was different (n = 26,
2n = 52) (GARBAR at al. 2010). Thus, the chromo-
some number in A. vulgaris (n = 26, 2n = 52) is iden-
tical to that of A. subfuscus sensu lato, A. ater and A.
rufus, which may indicate their close relationship. In
this regard, hybridisation of the species is quite pos-
sible.

The previous chromosome studies on slugs
(BEESON 1960) and euthyneuran gastropods in gen-
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eral (BURCH 1965) suggested that karyological data
might be useful to distinguish (sub)genus level taxa
in limacid and arionid slugs. There seems to be a sug-
gestive correspondence between the haploid chromo-
some numbers and subgeneric groupings in the ge-
nus Arion: n = 25 in Mesarion Hesse, 1926, n = 26 in
Arion Férussac, 1819, n = 28 in Kobeltia Seibert, 1873
and Microarion Hesse, 1926, and n = 29 in Carinarion

CONCLUSIONS

The diploid chromosome set of A. vulgaris con-
sists of 52 chromosomes; the karyotype formula is
2n = 44m + 6sm + 2st = 52; FN = 104). The chro-
mosome number (n = 26, 2n = 52) is identical with
that of A. subfuscus sensu lato, A. ater and A. rufus
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