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(Mollusca, Pulmonata) 

by Thierry BACKELJAU and Luc DE BRUYN 

Summa1·y 

This paper deals with the infrageneric systematics of the genus Arion. It 
presents a historical account, after which the infrageneric position of A. 

intermedius is discussed. This species is included in the subgenus Kobe/tia, 
of which the type species is reconsidered. Next, a discussion on the infrage­
neric allocation of A. /usitanicus and A. jlagellus is provided. Both species 
are provisionally placed in the subgenus Mesarion, which in tum may be 
grouped with Arion s.s. in the "chromosomal group" Lochea (n:S27). 
Kobe/tia and Carinarion may then constitute the "chromosomal group" 
Prolepis (n2:27). This classification relies on chromosomal, electrophoretic, 
genita l and morphological characters. Yet, the currently available data do 
not a llow a re liable phylogenetic analysis, so that no taxonomic ranks are 
attributed to the retained groupings. Nevertheless, some tentative phyloge­
netic and evolutive hypotheses are presented. Thereby special attention is 
paid to I) chromosome numbers, 2) e lectrophoretic data, 3) breeding sys­
tems, 4) spermatophores and 5) the complexity of genitalia and mating 
behaviour. 
Key-words : Arion, breeding systems, chromosomes, e lectrophoresis, geni­
talia, spennatophores, systematics, type species. 

Resume 

Cette contribution est consacree a Ia systematique infragenerique du genre 
Arion. Un aper~u historique du sujet est presente, apres quoi Ia position 
infragem!rique d 'A. intermedius est discutee. Cette espece est classee dans 
le sous-genre Kobeltia, dont l'espece-type est commentee. La discussion 
se poursuit par !'attribution infragenerique d'A. /usitanicus et d'A.jlagellus. 
Provisoirement, on propose de placer les deux especes dans Ie sous-genre 
Mesarion. Puis, on presente une tentative de classification du genre Arion 
en retenant deux grandes unites chromosomiques (Lochea et Prolepis). 
Chacune d 'elles est composees de deux groupes d'especes (Arion s.s. et 
Mesarion pour Lochea, Kobeltia et Carinarion pour Prolepis). Cette classi­
fication est fondee sur des caracteres chromosomiques, electrophoretiques, 
genitaux et morphologiques. Cependant, Ia connaissance actuelle de Ia 
systematique du genre Arion n 'etant pas suffisante pour permettre une 
analyse phylogenetique, cela ne permet pas de definir le niveau taxonomi­
que des groupements distingues. Neanmoins, on propose quelques hypothe­
ses phylogenetiques et evolutives concernant I) les nombres chromosomi­
ques, 2) les donnees electrophoretiques, 3) les systemes reproducteur, 4) 
les spermatophores e t 5) Ia complexite de l' appare il genital. 
Mots-c1efs : Arion, systemes reproducteur, chromosomes, e lectrophorese, 
apparei l genital, spermatophores, systematique, espece-type. 

General introduction 

The systematics of the terrestrial slugs of the family Ario­
nidae in general, and those of the genus Arion FERUSSAC, 

1819 in particular, have always been controversial. No one 
so far has been able to present a convenient and generally 
accepted generic and infrageneric classification or phylo­
geny of these slugs. We propose and discuss here some 
reflections and hypotheses on this subject. For the author­
ship of the arionid genus- and speciesgroup names used 
in the text, we refer to appendix 1. 

Historical account 

Before LINNAEus (1758), slugs were usually referred to as 
"Limax" or "Cochleis nudis" (OKLAND, 1922). The former 
of these names was subsequently selected by LINNAEUS 
( 1758) to denote five terrestrial slugs, including Lim ax ater 
and L. rufus. Later, LrNNAEUS (1761, 1767) extended his 
"genus" Limax to include some marine species too. 
FERUSSAC (1819) divided Limax into several "genera", one 
of which was referred to as Arion. It contained the species 
with the following characters (original language) : "Cui­
rasse partielle ou nulle; tentacules retractiles. Tetraceres. 
Cuirassees anterieurement. Cavite pulmonaire anterieure; 
orifice au bord droit de Ia cuirasse, anterieurement. Orifice 
du rectum, pres celui de Ia respiration. Un pore muqueux 
terminal. Organes de Ia generation reunis : Orifice sous 
celui de Ia respiration. Point de levres ou tentacules buc­
caux : des papilles; des macho ires. Une couche de pous­
siere calcaire et graveleuse, interieurement dans Ia cuiras­
se." (FERussAC, 1821). This genus appeared to be so 
peculiar, that GRAY (in TuRTON, 1840) created a separate 
family for it, viz. the Arionidae. 
Several authors attempted to split the genus Arion into 
smaller taxa. MoQUIN-TAN DON (1855) distinguished two 
"subgenera", namely Lochea for the species with a shell­
plate consisting of loose, discrete granulae, and Prolepis 
for the species having a shellplate consisting of an irregu­
lar, but coherent aggregate of granulae. The fom1er group 
contained "A . subfuscus" and "A . rufus" (i.e. A. lusitani­
cus) , while the latter group contained "A. hortensis". 
MABILLE (1868) constituted the genus Baudonia to include 
B. timida and B. montana. These species would differ from 
Arion by 1) the anteriorly broadened and depressed body, 
2) the clearly delimited head, 3) the smooth mantle and 
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4) the short tentacles. HEYNEMANN (1 870) also used Bau­
donia, although he considered it, together with Locl·rea and 
Prolepis, as a subgenus of Arion. Most authors, however, 
rejected Baudonia, because they argued that the characters 
mentioned by MAB ILLE ( 1868) were much too variable to 
define higher taxa (COLLINGE, 1897). 
MAB ILLE (1870) described still another arionid genus, viz. 
Carinel!a, fo r which A. bourguignati (= A. fasc ia/us s. l. 
see CocKERELL, 189 1 a,b ; CoLLI NGE, 1892a,b, 1893) acted 
as type spec ies. Carinella inc luded the spec ies w ith a 
"dorsal keel", but this is usually an optical effect caused 
by the mediodorsal tuberc le row. The new genus was 
therefore rejected by CoLLI NGE (1897). Later it was a lso 
shown that even if Carinella was accepted as a taxon, the 
name Carinella itself was not available because of the 
homonymy with Carinella Jo HNSTON, 1833 (Nematomor­
pha) and Carine/la So wERBY, 1839 (Mollusca; error pro 
Cancinelle AoANSON, 1757) (SH ERBORN, 1924). 
SEIBERT (1873) created the genus Kobeltia for a spec ies 
he referred to as A. hortensis . Unfo rtunate ly, SEIBERT 
( 1873) did not support his opinion with arguments. So, 
subsequent authors refrained from using the name Kobel­
tia, except for mentioning it in synonymy lists (e.g . LES­
SONA, 188 1 ; LESSON A & POLLONERA, 1882; COCKERELL, 
1892; T AYLOR, 1907), until HESSE (1926) employed it to 
denote a "section" in the genus Arion. Nowadays, the name 
Kobeltia is commonl y used throughout malacological lite­
ratu re. 
LESSON A (188 1) and LESSON A & POLLONERA (1882) ini­
ti ally adopted the two subgenera of MoQUIN-TAN DON 
(1855) (Lochea and Prolepis). In this system, A. bourgui­
gnati was ass igned to Prolepis, but later PoLLONERA ( 1885) 
transfen ed A. bourguignati and A . subcarinatus to MAB IL­
LE's (1870) Carinella, which rece ived a rank comparable 
to that of Lochea and Prolepis. 
SJ MROTH (1 885a) refuted MoQU IN-T ANDON's ( 1855) arran­
gement by argueing that the degree of aggregation of the 
granulae under the mantle is an unre liable characte r. Alter­
natively, SI MROTH (1885a) div ided the genus by using the 
structure of the genital atrium and so he di stingui shed the 
Monoatriidae and the Diatri idae. In the fo rmer group, the 
genital atrium would consist of a single vestibule, whereas 
in the latter it would be composed of two vestibules : an 
upper (di stal) one comprising the terminations of the geni ­
ta l ducts and a lower (proximal) one conta ining the genital 
porus. In thi s scheme, S IMROTH ( l885a) ass igned A. mini­
mus (= A. intermedius), A . subfuscus and A. brunneus to 
the Monoatriidae and A. empiricorum, A. hortei?Sis and A. 
timidus to the Diatri idae, but he also admitted that A. 
bourguignati did not fit well in th is system. So thi s spec ies 
rece ived a separate, though undefined , pos ition. 
According to SIMROTH ( 1885a) the d ivis ion in Mono- and 
Diatr iidae was also supported by the colour patterns. The 
Monoatriidae wou ld have dark latera l bands with both 
marg ins sharply de limited, whereas in the Diatriidae, onl y 
the upper marg in would be c learly defined. 
SIMROTH ' s (1885a) class ification, was vigorously rejected 
by POLLONER A ( 1887) who wrote : "Questa d iv isione e, a 
m io parere, comp letamente illusoria, ... " . He argued that 

the genita l atrium in arionids is too vari able to be used 
for systematics above the spec ies leve l. This could not be 
refu ted and hence SIMROTH (1 887, 189 1) himself, aban­
doned hi s class ification . 
PaLLO ERA ( 1887) distinguished four spec ies-groups. 
These groups were c lassified in two larger units, which 
were re lated to MoQUIN-TAN DON' s ( 1855) Lochea and Pro­
lepis (fig. 1). However, in later publications, Po LLONERA 
(1 889, 1890), avoided to link his spec ies-groups with these 
"subgenera" (appendix 2). 
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Fig. 1. - Infrageneric systematics of the genus Arion as pro­
posed by f OLLONERA (1887) . 

This system was adopted by CoLLINGE ( 1892a), who shor­
tly afterwards, spl itted PoLLONERA's A. hortensis group 
imo two separate units : one including A. hortensis, the 
other containing A. intermedius (COLLI NGE, 1897). Hence, 
CoLLINGE (1 897) proposed a class ification involving five 
infrageneric spec ies-groups (appendix 3). 
This an angement was formalized by HESSE ( 1926), who 
distinguished three subgenera in Arion, viz. Letourneuxia, 
Ariunculus and Arion s.s. This latter comprised f ive "sec­
tions" corresponding to CoLLI NGE's (1897) species-groups. 
HESSE (1 926) attached names to these "sections", selected 
type spec ies fo r them and provided diagnoses (appendix 4). 
TORRES MI NGUEZ (1 925) did not accept COLLI NGE'S (1897) 
ideas, but re lied on PoLLONERA's work (1887, 1889, 1890) 
to define three infrageneric units viz. the Majorium group 
(= A. empiricorum group), the Mediocrum group (= A . 
subfuscus group) and the Parvorum group (= A. hortensis 
+ A . bourguignati groups) . This latter group was further 
di vided in a subcylindricus section for the spec ies with a 
rounded back (e.g. A. hortensis) and a pseudocarinatus 
section for the spec ies with a "keeled" back (e.g . A. bour­
guignati) . 
Most subsequent authors, however, fo llowed CoLLINGE's 
( 1897) and thus also HEssE's (1926) c lass if icat ion (e.g . 
MER MOD, 1930; EHRMANN, 1933) or modified it with res­
pect to tlu-ee items : I) the subgenera Letourneuxia and 
Ariunculus were removed from Arion and rece ived a gene­
ric rank, 2) H EssE 's (1926) sections were ra ised to sub­
genera and 3) the name Lochea was rep laced by Arion 
(GERMAIN, 1930) , while the type spec ie · of thi s subgenus 
(A. empiricorum) was specif ied to be A. ater (ICZN Op. 
335). 

Despite the common use of HESSE ' s c lass ificat ion, the 
in.frageneric systematics of Arion have remained contro-



versial (PILSBRY, 1948 ; QuiCK, 1960; BoATO eta!., 1983; 
GITTENBERGER et al. , 1984; M ARTIN & GoMEZ, 1988). FoR­
CART (1965) even suggested that the di fferences between 
A. ater and A. hortensis do not warrant a subgeneric dis­
tinction. 
In this context, DAVIES (1987) formulated an alternative 
scheme based on the form of the spermatophores and the 
structure of the eggs. DAVIES ( 1987) distinguished three 
groups : 
(1) Mesarion + Arion s.s. : eggs robust, chalky, often 
large. Spermatophores elongate, tapering, with a single 
longitudinal ridge (Pl. 3-5). 
(2) Kobeltia + Microarion : eggs thinly coated, soft and 
sticky, small. Spermatophores truncated, more or less 
hooked posteriorly (fig. 3). 
(3) Carinarion : eggs with a tough flexible integument. 
Spermatophores elongate, polygonal, with fine longitudi­
nal ridges (Pl. l-2). 
This classification will be dealt with further on, where we 
will also propose our own cunent view on the infrageneric 
systematics of Arion. 

The infrageneric position of A. intermedius 

Introduction 

The allocation of A. intermedius to its own subgenus 
(Microarion) has been debated by several authors who 
suggested that the species should not be separated from 
the A. hortensis group (Kobeltia) (WALDEN, 1976, 1983 ; 
KoFLER, 1977 ; DAVIES, 1979; BACKELJAU, 1985; BACKEL­
JAU & DE WINTER, 1987 ; M ANGANELLI & GIUSTI , 1988). 
It appears as if there are indeed only very few characters 
by which Microarion really differs from Kobeltia (see 
diagnoses in appendix 3-4 ). In fact, only three characters 
can be retained : I) the short and undifferentiated oviduct 
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variable and overlapping. Moreover, colour in Arion spp. 
depends on factors such as age, food and (micro)environ­
mental conditions (SIMROTH, 1884, 1885a; LOENS, 1890 ; 
GAIN, 1892 ; COLLI NGE, 1897 ; KONKEL, 19 16; MARTEN­
BACH, 1940 ; ALBONico, 1948 ; BoETTGER, 1949 ; ANT, 
1957 ; CHEV ALLIER, 1972 ; BACKELJAU, 1989a). Even the 
for A. intermedius typical warty tubercles, are not restricted 
to this species, since A. owenii may display a comparable 
tubercle type (DAV IES, 1977; BACKELJAU & Y AN BEECK, 
1986; MANGANELLI & GI USTI, 1988). Finally, the size of 
slugs is such a variable character that it should only be 
used in a re lative meaning. In this sense both Kobeltia 
spp. and A. intermedius are "small" species in comparison 
with, for example, A. ater s .L. and A. subjitscus s. L. In 
conc lusion, the external morphology of A. intermedius 
does not warrant the separation of this species from Kobel­
tia. 

Genital structures 

The typical Kobeltia spermatophore is smooth as in A. 
distinctus (figs. 3A, 4G, but see also f ig . 2 1) (HESSE, 1926; 
GERMAIN, 1930; WI KTOR, 1973 ; GRossu, 1983). A. horten­
sis s.s. and A. owenii, however, produce spennatophores 

of Microarion vs. the long and differentiated oviduct of 
Kobeltia, 2) the absence of spermatophores in Microarion A 
vs. the production of spermatophores in Kobeltia and 3) 
the absence of a ligula-like structure in Microarion vs. the 
presence of such an organ in most Kobeltia spp. 
Before evaluating these "diagnostic" features, we will 
show that other features mentioned in the diagnoses of 
Microarion and Kobeltia, do not permit a separation of 
both taxa. The following comparison is based on an exten­
sive literature survey (see references) and personal obser­
vations. 

External morphology 

Both Kobeltia spp. and A. intermedius have a yellowish 
sole and produce a yellow mucus. Furthermore, A.interme­
dius and Kobeltia spp. usually have dark lateral bands on 
the man tle and body sides (fig. 2). Generally , the colour 
of A. intermedius ranges from yellowish over brown to 
metal gray, whereas Kobeltia spp. vary from brownish 
over gray to deep metal blue-black, with sometimes whi­
tish body sides. So the colour in the two taxa is high ly 

B 
Fig. 2. - Habitus of two Arion species. . A : A. distinctus 

(Wilrijk-Antwerpen, Belgium: real size ± 25 mm) - 8 : 
A. intermedi us (Flores. A::ores; real size ± 20 mm). 
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Fig. 3. - SEM photographs of two Kobeltia spermatophores. 
Scale : 1 mm. - A : A. distinctus (Wilrijk-Antwe1pen, 
Belgium) - B : A. hortensis s.s. (Mortsel, Belgium). 

which are strongly serrated (figs. 3B, 4B, 4D) (DAVIES, 
1977, 1979; DE WINTER, 1984; BACKELJAU & MARQUET, 
1985; BACKELJAU & VAN BEECK, 1986). So, in view of 
this interspecific variability among Kobeltia spp., we do 
not consider the lack of a spermatophore (A. intermedius) 
as a more fundamental difference, than the production of 
spermatophores which do not correspond to the diagnosis 
of the subgenus. Similarly, RoBERTSON (1989) remarked 
that "the mere presence or absence of spermatophores 
cannot be used to resolve relationships or to revise the 
higher classification of (non-stylommatophoran) gastro­
pods". 
The same applies to the absence of a ligula and a proximal 
(eversible) oviducal portion in A. intermedius (fig. 4H). 
These structures Jack in A. distinctus with a bipartite ovi­
duct (fig. 4F), but are present in A. distinctus with a 
tripartite oviduct (fig. 4E). This polymorphism even occurs 
among slugs raised from the same egg clusters (DAVIES, 
1977). Obviously , the fact that A. intermedius Jacks organs, 
which in Kobeltia reveal such an intraspecific presence/ 
absence polymorphism, cannot be relied on to support the 
subgeneric separation of this species. 

Breeding systems 

The genital differences between A. intermedius and A. 

'' 

hortensis s.!. may be related to the respective breeding 
systems of these species, viz. probably obligate uniparental 
reproduction in A. intermedius vs. mainly outcrossing 
(allogamy) in A. hortensis s.!. 
The uniparental breeding system of A. intermedius has 
been infened from electrophoretic surveys, which showed 
that although A. intermedius is genetically polymorphic at 
several enzyme loci, there is no sign of heterozygosity 
(McCRACKEN & SELANDER, 1980 ; FOLTZ et a/. , 1982, 
1984 ; SELANDER & OCHMA N, 1983 ; BACKELJAU, 1985, 
1989a). Thus, the species consists of a series of monomor­
phic genetic strains (agamic complex). Breeding experi­
ments demonstrated that specimens reared in isolation still 
produce a viable offspring (CHICHESTER & GETZ, 1973 ; 
DAV IES, 1977). In addition, the courtship of A. intermedius 
has never been observed, while the spermatophore of this 
species is unknown. This latter observation may be corre­
lated with the former, since spermatophores are only pro­
duced during coition (KONKEL, 1916; IKEDA, 1937 ; R uN­
HAM & HUNTER, 1970 ; LIND, 1973 ; WIKTOR, 1987 ; 
SHELLEY & CHASE, 1988). 
The simple oviduct and the absence of a ligula in A. 
intermedius, are also characters which may be related to 
the abolition of courtship in this species, for these organs 
play an active role during copulation. 
Remark that SELANDER & Oc HMAN (1983) ascertained that 
selfing mollusc species have retained mating behaviour 
and the structures needed for copulation. Yet, the species 
to which SELAN DER & Oc HMAN (1983) refeiTed, are, except 
for A . intermedius, facultative selfers , so that the preserva­
tion of functional copulatory organs and mating behaviour 
(including the production of spermatophores) could be 
expected in these cases. 
In contrast to A. intermedius, electrophoretic analyses have 
shown that A. hortensis s.!. reproduces predominantly by 
allogamy (McCRACKEN & SELANDER, 1980 ; FOLTZ eta/., 
1982, 1984; BACKELJAU, 1985, 1989a). The copulation and 
spermatophores (figs. 3-4) of these slugs are also well­
known (TAYLOR, 1907; GERHARDT, 1935; QuiCK, 1946, 
1960; WEBB, 1950; DAVIES, 1977; BACKELJAU, 1981; DE 
WINTER, 1984; BACKELJAU & MARQUET, 1985; BACKELJAU 
& VAN BEECK, 1986). Hence, one may expect that in A. 
hortensis s.!. the copulatory organs are well-developed too. 
Although the genital differences between A. intermedius 
and A . hortenis s.!. appear to be fundamental, they only 
reflect alternative breeding systems. However, different 
reproductive modes are not reliable to distinguish taxa 
above the species level , for several pulmonate species have 
mixed breeding systems. In A. ater s. !. and A. subfuscus 
s.l. , for example, both uniparental reproduction and 
outcrossing occur (WoTTON , 1893 ; ADAMS , 1910; KONKEL 
1916; PERROT, 1939 ; GERHARDT, 1940; McCRACKEN & 
SELANDER, 1980; FOLTZ et a!., 1982, 1984; SELANDER & 
Oc HM AN, 1983). WILLI AMSON (1959) even reported that in 
single egg clutches of A. ater s. !. always some eggs are 
fertilized by autosperm, whereas the remaining ones are 
fertilized by allosperm. A similar phenomenon was ob­
served in the phylomicid slug Meghimatium bilineatum 
(IKEDA, 1937) and the bulimulid snail Liguus fasciatus 
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G H 
Fig. 4. - Simplified outlines of the proximal genital parts and spermatophores of four Kobeltia species. Abbreviations used: A 

atrium; C = attachment collar ; DO = distal channel of the oviduct; E = epipha/lus + vas deferens ; EO = eversible 
(proximal) portion of the oviduct ; FO =firm portion of the oviduct (shaded area); K = serrated keel ; N = apical nozzle ; 
R = oviducal retractor; S = spermatheca. - A-B: A. hortensis s.s. (A : genitalia; B: spermatophore) - C-D: A. owenii 
(C : genitalia ; D : spermatophore) - E-G : A. distinctus ( E: genitalia with a tripartite oviduct; F: genitalia with a bipartite 
oviduct; G: spermatophore)- H: A. intermedius (genitalia). 

(HILLIS et a!., 1987; HILLIS, 1989). There is also evidence 
indicating that A. fasciatus s.l. and A. owenii have mixed 
breeding systems too (BACKELJAU 1985, 1989a; BACKEL­
JAU et a!., 1987). In Geomalacus maculosus uniparental 
reproduction was reported by OLDHAM (1942), whereas 
PLATTS & SPEIGHT (1988) observed the copulation of this 
species. Finally, there are many examples of pulmonates 
in which both uniparental reproduction and allogamy have 
been documented or suggested, e.g. Limax flavus and 
Limax pseudoflavus (EvANS, 1983), Milax gagates (QuAT­
TRINI, 1970; FOCARDI & QUATTRINI, 1972; FOLTZ et a/., 
1984), Triodopsis a/bo/abris (McCRACKEN & BRUSSARD, 

1980), Rumina decollata (SELANDER & KAUFMAN, 1973; 
SELANDER & OcHMAN, 1983), PartLtla taeniata (MuRRAY 
& CLARKE, 1976) and Deroceras laeve (McCRACKEN & 
SELANDER, 1980; NICKLAS & HoFFMANN, 1981; FoLTZ et 
al., 1982b; HoFFMANN, 1983; SELANDER & OCHMAN, 
1983). 
In general, still many problems need to be solved with 
respect to pulmonate breeding systems. For example, when 
uniparental reproduction is observed, it is in most cases 
not clear whether autogamy or parthenogenesis (automixis/ 
apomixis) is involved. On the other hand, even if copula­
tions, spermatophores and spermatozoa have been des-
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<l Fig. 5. - lsoe/ectricfocusing (IEF) prof iles o.ldigestive gland esterases (EST) in fou r Kobeltia species. IEF was pelf ormed in agarose 
gels containing a 4-6.5 pH gradie111 (adapted f rom BACKELIAU (1985), who also provides the technical details ). - A : EST 
variation in a single population of A. distinctus (Loenholll , Belgium) - B: EST variation in A. owenii and A. intermedius: 
1. A. intermedius (Ronsele, B) ; 2 . A. intermedius (Leopoldsburg, B) ; 3. A. owenii (London , GB) ; 4 . A. intermedius 
(Boeckhout , B) ; 5. A . owenii (Buncrana , Ireland) ; 6. A. intermedius (Ronsele, B) ; 7. A . owenii (Bun crana , Ireland) ; 8- 11 . 
A. oweni i (London, GB) ; 12-17. A. owenii (Buncrana , Ireland) - C: EST variation bellveenA. intermedius, A. hortensis 
s.s. and A. di stinctus : 1. A. distinctus (Rochef ort , B) ; 2. A. intermedius (Leopo/dsburg , B) ; 3 . A. di stinctus (Berchem­
Amwerpen, B) ; 4. A. intermedi us (Boeckhout , B) ; 5. A. di stinctus (Wilmslow, GB); 6 . A. intermedius (Ronsele, B) ; 7. A. 
distincllls (Sanderstead, GB) ; 8. A. intermedius (L eopo/dsburg, B) ; 9. A. hortensis s.s . (We/lin , B) ; 10. A. intermedius 
(B oeckhout , B) ; 11. A. hortensis s .s. (Rochef ort , B) ; 12. A. intermedius (Ronse/e, B) ; 13. A. hortensi s s.s . (Berchem­
Antwerpen, B) ; 14. A. intermedius (Leopoldsburg, B) ; 15. A. hortensis s.s. (Wilrnslow , GB) ; 16. A. intermedius (B oeckhout , 
B) . 

cribed for a species, tt IS not at all certain whether the 
eggs are also ferti lized by allosperm. 
In summary, the different breeding systems and the related 
differences in the copulatory organs of A. intermedius and 
A. hortensis s.l. do not support a subgeneric sepm·ation of 
these taxa. 

Protein electrophoresis 

Isoelectric focusi ng (IEF) of esterases in A. hortensis s.I. 
and A. intermedius (fig. 5), revealed a higher genic simila­
rity (S) between A. intermedius and A. owenii (S=0.66), 
than between A. owenii and respectively A. hortensis s.s . 
and A. distinctus (S=0.33 and S=0.18) (fig. 6). The genic 
similarity between these latter two species was S=0.31 
(BACKELJAU, 1985) . This phenetic ana lysis suggests that 
if the three segregates of A. hortensis s.I. are grouped in 
one unit, this unit should also include A. intermedius. 

0 0.50 1.00 
.-------------------.-----------------~ 

Fig. 6. - UPGMA dendrogram showing phenetic relationships 
between A. hortensis s.s. (H), A. distinctus (D) , A. 
owenii (0) and A. intermedius (1) , based on genic 
similarities obtained from IEF profiles of digestive 
gland esterases (jig. 5) (ajier BACKELIAU (1985) ). 

Similm· results were obtained with electrophoretic analyses 
(PAGE) of albumen gland proteins. Especially the pre­
sence of the homologous assumed A-band in A. hortensis 
s. l. , A. intermedius and A. fagophilus vs. the absence of 

1 2 3 4 5 6 7 8 9 . 10 11 12 13 14 15 16 17 18 19 

G - ~~--- -- --- ::=--- -- --- ----=--- -

Fig. 7. - Discontinuous polyacrylamide gel electrophoresis profiles of albumen gland proteins (stained with Servo Blue G) in eight 
Arion species: A. hortensis s .s. (1 . South Croydon, GB ; 2. Mortse/, B) , A. distinctus (3. Mortse /, B) , A . intermedius (4-5. 
Mortse/, B), A. owenii (6-7. Buncrana, Ireland ; 8-9. London , GB ), A. fagophi lus (10-11 . Alsasua , E). A. c ircum scriptus 
(1 2- 14. Solllh Croydon , GB), A. sil vaticus (15-16. Wilrijk-Antwerpen, B ; 17. Standforth , GB) and A. fasciatus s.s . (1 8-19. 
Goteborg, S ). The arrows indicate the homologous assumed A band (compiled ji"om BACKEUAU & DE WJNT£11 (1987) and 
BACK£/...f,1U et al. ( 1988)). 
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this band in the other species studied (A. fasciatus s.l., A. 
ater s. l. , A. subfuscus s.l.) (fig. 7), may indicate a higher 
similarity between the former three species (BACKELJAU 
& DE WINTER, 1987). 
A. intermedius also shares more allozyme electromorphs 
with A. hortensis s.I. than with any other Arion species so 
far investigated (BACKELJAU & DE WINTER, 1987 ; BACKEL­
JAU, 1989a). Recently, however, DOLAN & FLEMING (1988) 
contested this conclusion by referring to an allozyme 
study, which indicated a closer relationship between A . 
intermedius and A. circumscriptus (fig. 8). 

0.20 0 .60 1.00 

.------1~.--. -_ -_ -_ -_ -_ -_ -_ -_ -_-_-_ -_ -_ -_ -.:_ -_-_ -_ -_ -_ -_ -_ -_ ~ 

L_----~============~ 
Fig. 8. - UPGMA dendrogram of Nd s genetic identities 

between A. distinctus (D) , A. hortensis s.s. (H), A. 
owenii (0), A. intermedius (/)and A. circumscriptus 
(C), based on the original allele frequen cies of DoLAN 
& FLEMING (1988) (see table I ). 

This alternative viewpoint may have been provoked by 
DoLAN & FLEMING's (1988) technical approach, which 
differed from that of BACKELJAU & DE WINTER (1987) and 
BACKELJAU ( 1989a) in at least four aspects : 1) the 
employed electrophoretic technique (starch gel electropho­
resis vs. polyacrylamide gel electrophoresis), 2) the source 
of tissue homogenates (body wall and foot vs. digestive 
gland), 3) sample preparation (in buffer vs. in aqueous 
sucrose solution) and 4) the electrophoretic buffers. Such 
methodological differences may indeed produce quite 
divergent results (CoYNE et al., 1979; RAMS HAW et a!., 
1979 ; SINGH, 1979; BACKELJAU eta/., 1987; NEI, 1987; 
BACKELJAU, 1989a). 
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Fig. 9. - Disco111inuous polyacrylamide gel electrophoresis pro­
files of PGM (white bands) and SOD (black bands) in 
digestive gland homogenates of A. hortensis s .s. (1 -2 . 
Wilmslow, GB), A. fagophilus (3. A/sasua, E), A. sub­
fuscus s. l. (4. La Malou-Les-Bains, F), A. distinctus 
(5-6. Altlengbach, A), A. intermedius (7. Annverpen, 
B), A. fasciatus s.s. (8-9. Goteborg, S) and A. silvaticus 
( 10. Muker , GB). 

A case in point is the enzyme superoxide dismutase (SOD), 
for which DOLAN & FLEMING (1988) reported that A. dis­
linctus, A. owenii, A. intermedius and A. circumscriptus 
share the same electromorph (table 1), whereas BACKELJAU 
& DE WINTER (1987) found a different variant in the latter 
species (fig. 9; table 2). Similarly, BACKELJAU & DE WIN­
TER ( 1987) demonstrated that th.e phosphoglucomutase 
(PGM) electromorph of A. hortensis differs from that of 
A. circumscriptus (fig. 9; table 2), while DoLAN & 
FLEMING (1988) reported both species to have the same 
variant (table 1). On the other hand, we found one single 
PGM allele for A. intermedius and A. distinctus (fig. 9), 
whereas DoLAN & FLEMING (1988) observed two different 

4 5 6 7 8 9 10 11 12 

Fig. I 0. - Continuous polyacrylamide gel electrophoresis profiles of IDH in dige.Hive gland homogenates of four Arion species. -
A : IDH polymorphism in A. intermedius; I . A. hortensis s.s. (Anr.verpen, B) ; 2. A. intermedius (Champion, B) ; 3. A. 
intermedius (A lto de Lizarrusti, E); 4. A. intermedius (Antwerpen, B) ; 5. A. s ilvaticus (A/1/werpen, B) ; 6 . A. fasc iatus s.s. 
(Goteborg, S).- B: IDH polym01phism in A. hortensis s .l. ; 1-2. A. hortensis s.s. (London, GB) ; 3. A. distinctus (London, 
GB) ; 4. A. hortensis s.s. (London, GB); 5. A. distinctus (London, GB) ; 6. A. owenii (London, GB) ; 7. A. distinctus 
(Wilmslow, GB) ; 8. A. hortensis s.s. (Wilms! ow, GB); 9. A. distinctus (Wilmslow, GB); 10-11 . A. hortensis s.s. (Wilmslow, 
GB) ; 12 . A. djstinctus (Wilmslow, GB). 
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alleles (table 1). Finally, DOLAN & FLEMING ( 1988) resolved DoLAN & FLEMING ' s (1988) data are probably also influen-
two isocitrate dehydrogenase loci (IDH-1 and IDH-2) , ced by the limited number of loci , populations and speci-
which were both monomorphic within species, but poly- mens surveyed (e.g. 14 loci in 6 specimens of A. interme-
morphic between species (table 1 ). BACKELJAU (1989a) dius and 4 specimens of A. circumscriptus). Small sample 
found only one single, yet in A. intermedius polymorphic, sizes (both among loci and numbers of specimens) can 
IDH locus (IDH-p) (fig. lOA; table 2). This IDH-p locus is indeed bias genetic identities (NEI, 1987). In the same way 
assumed to be identical to IDH-1 (remark from fig. JOB that they may decrease the stabil ity of dendrograms calculated 
IDH-p is also polymorphic in A. hortensis s.s.). from allozyme freq uency data (ARCHIE et a!., 1989). 

Table 1 

Locus D (N=29) H (N=I7) 0 (N=25) I (N= 6) C (N= 4) 

AAT-I: A 0.62I 1.000 
B 1.000 
c 1.000 
D 0.379 
E 1.000 

MDH-1 : A 1.000 1.000 1.000 1.000 1.000 

MDH-2: A 0.983 0.500 
B 0.017 1.000 1.000 0.500 1.000 

MDH-3: A 1.000 1.000 
B 1.000 1.000 1.000 

ENO-l : A 1.000 
B 1.000 1.000 
c 1.000 
D 1.000 

PEP-I : A 1.000 1.000 1.000 
B 1.000 1.000 

PEP-2: A 1.000 1.000 
B 1.000 1.000 1.000 

PEP-3: A 1.000 

B 1.000 1.000 
c 1.000 1.000 

IDH-1: A 1.000 1.000 1.000 
B 1.000 1.000 

IDH-2: A 1.000 1.000 1.000 1.000 
B 1.000 

MAE-I: A 1.000 
B 1.000 1.000 
c 1.000 1.000 

SOD-I : A 1.000 1.000 1.000 1.000 
B 1.000 

PMI-1 : A 1.000 1.000 1.000 
B 1.000 1.000 

PGM-1: A 1.000 
B 1.000 
c 1.000 1.000 
D 1.000 

Allele frequencies f or 14 enzyme loci in A . distinctus (D), A. hortensi s s.s. (H) , A. owenii (0) , A. intermedius(/) and A. circumscriptus 
(C) according to DoLAN & FLEMING ( 1988). Th e alphabetic allele designations do not necessarily correspond to rhose of DoLAN & FLE­
MING ( 1988) f or we did not consider Deroceras reticulatum. 
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Table 2 

Locus D (N=29) H (N=l7) 0 (N=25) I (N= 6) C (N= 4) 

IDH-p: A 1.000 1.000 1.000 0.500 
B 0.500 1.000 

SOD-1 : A 1.000 1.000 1.000 
B 1.000 
E 1.000 

PGM-1 : A 1.000 
B 1.000 
c 1.000 
D 1.000 
E 1.000 

AMY-l: A 1.000 1.000 1.000 
B 1.000 1.000 

PGD-1 : A 1.000 1.000 1.000 1.000 
B 1.000 

Allele frequencies of 3 enzyme loci (IDH-p, SOD-I and PGM-1) studied by DoLAN & FLEMING ( 1988), but modified after BACKELJAU 
( 1989a) and allele frequencies of 2 additional loci (AMY-l and PGD-1) according to BACKELJAU & DE WINTER ( 1987). Sample sizes 
were deliberately kept idemical to those of DoLAN & FLEMING ( 1988). Same abbreviations as in table 1. Remark that the PGM alleles 
of A. intermedius and A. distinctus are considered to be differem, even though in fig. 9 they appear identical. Yet, since electrophoresis 
only detects differences between alleles (not similarities), we keep on using DoLAN & FLEMING' s (1988) data here and change only 
the similarity these authors reported f or the PGM alleles of A. hortensis s.s. and A. circumscriptus. 

We reanalyzed DoLAN & FLEMING's (1988) work (table 
1) by considering our alternative data for SOD, IDH and 
partly PGM (figs. 9-10; table 2) and by including two 
additional loci for which BACKELJAU (1987) and BACKEL­
JAU & DE WINTER (1987) provided the necessary allele 
frequencies, viz. amylase (AMY) and phosphogluconate 
dehydrogenase (PGD) (table 2). This is justified since 
electrophoretic techniques only detect allozyme diffe­
rences, but not allozyme similarities (FERGUSON, 1980). 
Therefore, we retained DoLAN & FLEMING 's (1988) data 
for PGM in A. intermedius and A. distinctus, while we 
replaced their data for PGM in A. hortensis s.s. and A. 
circumscriptus (table 2). In addition, adding loci to a locus­
by-locus analysis may increase the accuracy of the genetic 
identities obtained (NEI, 1987). 
After modifying DoLAN & FLEMING's (1988) allele fre­
quency matrix (tables 1-2), we considered the following 
10 data combinations : 

- all loci mjnus IDH-1 and IDH-2 (12 loci); 
- all loci minus IDH-2, but plus IDH-1 (13 loci); 
- all loci minus IDH-2, but plus IDH-1, AMY -1 and PGD-

1 (15 loci); 
- all loci minus IDH-1 , IDH-2, AMY-l and PGD-1 , but 

plus IDH-p (13 loci); 
- all loci minus IDH-1, IDH-2 and AMY- l , but plus IDH­

p and PGD-1 (14 loci); 
- all loci minus IDH-1, IDH-2 and PGD-1, but plus IDH­

p and AMY-l (14 loci) ; 
all loci minus IDH-1 and IDH-2, but plus IDH-p, AMY­
l and PGD-1 (15 loci); 

all loci minus IDH-1 , IDH-2 and IDH-p, but plus AMY­
l and PGD-1 (14 loci); 

- all loci minus IDH-1, AMY-l and PGD-1 , but plus IDH-
2 and IDH-p (14 loci) ; 

- all loci minus IDH-1 , but plus IDH-2, IDH-p, AMY-l 
and PGD-1 ( 16 loci) 

These combinations were analyzed with the BIOSYS- 1 
program (release 1.7) of SwoFFORD & SELANDER (1981). 
For each data set, NE1 's (1978) unbiased genetic identities 
(I) were calculated between all pairs of species. These 
values were used to construct UPGMA dendrograms. 
In this way, we obtained four different topologies (fig. 
11), of which one corresponded to that of DoLAN & 
FLEM ING's (1988) dendrogram (fig. 8). This topology 
involves 2 dendrograms in fig. 11. It is the only one in 
which A. intermedius is clustered with A. circumscriptus, 

for in the three other topologies A. intermedius is clustered 
with A . owenii (8 out of 10 dendrograms; fig. 11) ! In 
these 3 topologies, A . intermedius and A . owenii reveal 
the highest genetic identities of all species pairs investi­
gated, ranging from 1=0.469 to 1=0.554. As an example, 
we give in table 3 NEI's (1978) unbiased genetic identities 
and distances between all species pairs for the combination 
of all modified allozyme data (see tables 1-2), excluding 
IDH-1 , but including IDH-p, IDH-2, AMY-l and PGD-1 
(total of 16 loci). 
In 5 dendrograms the A. intermed ius/A. owenii bifurcation 
is clustered with a bifurcation containing A. distinctus and 
A. hortensis s.s. ! These four species hence form a single 
group, which stands in opposition to A . circum scriptus . 
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Fig. II. - UPGMA dendrograms of Nd s unbiased genetic identities between A. distinctus (D) , A. hortensis s.s . (H) , A. oweni i (0), 
A. intermedius ( f) and A. circumscriptus (C) based on the modified allele frequencies of DoLAN & FLEMING (1988) (see 
table 2). The investigated locus combinations, are indicated below the dendrograms. 

Table 3 

D H 0 c 

D 0.485 0.509 0.329 0.255 
H 0.723 0.500 0.259 0.438 
0 0.675 0.693 0.5 18 0.1 88 

1.112 1.351 0.658 0.388 
c 1.366 0.827 1.674 0.946 

Nd s ( 1978) unbiased genelic ide111i1ies (above diagonal) and 
dislances (below diagonal) between five Arion species, based on 
DoLAN & FLEMING's ( 1988) data (rable I ), yel modified according 
10 rable 2 (excluding IDH-1, bur including 1DH-p , IDJ-1-2, AMY­
l and PGD-1 ; hence a to/a/ of 16 loci were considered). Same 
abbrevicllions as in !able I . 

This topology is identical to the topology of the dendro­
gram BACKELJAU (1985) constructed (fig. 6) . Thus our 
results show that also DoLAN & FLEMING's (1988) work 
supports the suggestion that A. intermedius and A. horten­
sis s. l. belong to a single higher taxon. 

C hromosome numbers 

The inclusion of A. intermedius in Kobeltia is fina lly also 
confirmed by a chromosomal ana lysis . B EESON (1960) 
reported the following haploid chromosome numbers in 
Arion spp. : A. ater n=26, A . rufus n=26, A. subfuscus 
n=25 , A. circumscriptus n=29, A . hortens is n=28 and A. 
intermedius n=28. Unfortunately, BEESON (1960) did not 
distinguish neither the segregates of A . c ircumscrip tus (= 
A.fasciatus s. l. ), nor those of A . hortensis. Yet, we do not 
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expect that chromosome numbers will vary among species 
from the same species-groups, for chromosome numbers 
of congeneric euthyneuran species rarely differ. Among 
opisthobranchs they generally even remain constant over 
whole orders (BuRCH, 1965; BuToT, 1967 ; RAINER, 1967; 
PATTERSON & BuRCH, 1978; BoATO, 1986). Hence, karyo­
logical data can be useful to delimit euthyneuran taxa 
above the species rank (BURCH, 1961 , 1965 ; B UTOT & 
KIAUTA, 1967, 1969; MINICHEV, 1974; PATTERSON & 
BURCH, 1978), even though there are a number of examples 
in which congeneric euthyneuran species have different 
chromosome numbers (BURCH, 1965; RAINER, 1967; 
PATTERSON & BuRCH, 1978 ; BoATO, 1986). Yet, the chro­
mosomal differences in many of these cases still corres­
pond to infrageneric units (BuRCH, 1965; RAINER, 1967). 
The genus Arion may represent such a situation (BACKEL­
JAU, 1985; BACKELJAU & DE WINTER, 1987). 

Conclusion 

There exist no fundamental differences between A. inter­
medius and A. hortensis s.l. which warrant the maintenance 
of different higher taxa for these species. The inclusion of 
A. intermedius in Kobeltia is furthermore strongly sup­
ported by allozyme studies and chromosomal data. Con­
sequently, A. intermedius and A. hortensis s.l. are for the 
time being united in a single species-group ("subgenus"). 
According to the priority rule this taxon should be referred 
to as Kobeltia, of which Microarion would be a subjective 
junior synonym. 

The type species of Kobeltia 

SEIBERT (1873) created the genus Kobeltia to include a 
species he referred to as A. hortensis. Recently , however, 
DAVIES (1977, 1979) and subsequent authors demonstrated 
that this name encompasses at least three different species, 
viz. A. hortensis s.s., A. distinctus and A. owenii. Thus a 
problem arose with respect to the actual identity of the 
type species of Kobeltia. 
BACKELJAU & DE WINTER (1987) suggested this to be A. 
distinctus because SEIBERT (1873) mainly studied the fauna 
of Germany and referred explicitely to the work of 
LEHMANN (1873). This latter author specialized in the 
fauna of Stettin and Pommeren, two regions which nowa­
days belong to Poland, but which in those times were part 
of Germany. DE WI NTER (1984) pointed out that, while A. 
distinctus is common all over West and Central Europe 
(including Germany and Poland) , A. hortensis s.s., on the 
contrary, is a more western species, of which hitherto only 
one record has been reported from Germany (Gruiten, 
LB77, Nordrhein-Westfalen, W. Germany). KoFLER 
(1986) also mentioned the species from Linz in Austria, 
but this record needs confirmation. 
A. owenii has until now only been found in the British 
Is les (DAVIES, 1977, 1979 ; BACKELJAU et a!. , 1 988). The 
only continen tal record of this species (K iel , W. Germany, 

see ZEISSLER, 1981) is based on misidentified specimens 
of A. distinctus (BACKELJAU et a!., 1988). 
These distributional data indicate that SEIBERT's (1873) A. 
hortensis most probably involved A. distinctus. Moreover, 
subsequent descriptions of Kobeltia (e.g. HESSE, 1926; 
GERMAIN, 1930; WIKTOR, 1973) also clearly refer to this 
species (smooth spennatophore, position of the lateral 
bands). 
The specification that A. distinctus would be the actual 
type species of Kobeltia , relied on the premise that 
LEHMANN (1862, 1873) and SEIBERT (1873) used the name 
"A. hortensis" to denote one of the segregates which are 
currently grouped in the A. hortensis complex. However, 
this appears not to be the case. 
Actually , SEIBERT (1873) explicitely indicated fig. 4a of 
LEHMANN (1873) as type of A. hortensis. He also con­
firmed that LEHMAN N's (1873) description of A. hortensis 
almost exclusively refers to what SEIBERT (1873) consi­
dered as the common and typical form of this species. 
LEHMANN's (1873) description of A. hortensis contains the 
following diagnostic features (litteraly) : 
"- Lange 4-5 em. Breite 4-5 mm; 
- in den Ruhe breit abgerundet; 
- Schild : Lange 18 mm, Breite 5 mm; 
- Grundfarbe des Thiers ist eine gelbliche oder weiss-

graue, ... 
Oberhalb und Unterhalb der dunklen Binde ist die 
Farbe heller gelb. 
Haufig erscheint unter der dunklen Langsbinde ein 
intensiv citrongelber oder oranger Streif. Er fehlt aber 
auch zumal bei den schwarzlich grauen Stticken; 

- Die Soble is gelblichweiss silberweiss; 
- Schleim des Fusses glashell; 
- Die Blase ist zungenformig, langelliptisch." 

The dimensions mentioned by LEHMANN (1873) are much 
too large to refer to A. hortensis s.l. for the mean length 
of the mantle in A. hortensis s.s. and A. distinctus is only 
about 6 mm (in alcohol , but after relaxation) (BACKELJAU 
& MARQUET, 1985). 
Moreover, the oviduct of A. hortensis s.l. is almost as long 
as the vas deferens and epiphallus together (fig. 4 ), while 
in the genitalia of "A. hortensis" figured by LEHMANN 
(1873: Pl. VII fig. 4), the oviduct is much shorter (fig. 12). 
The colour of the body and the mucus as described by 
LEHMANN (1873) also excludes A. hortensis s.l., for this 
species produces a yellowish mucus, has an orange-yello­
wish sole and has a brownish to blue-blackish body 
without orange-yellowish bands under the dark lateral 
stripes (see section 3). 
Finally, A. hortensis s.l. has a spherical, rather than a 
tonguelike, spennathecal bursa. 
The features enumerated by LEHMANN (1873) fit remar­
kably well an in NW-Poland common species , which is 
currently referred to as A. fasciatus. This was already 
remarked by SIM ROTH (1885a) , who suggested that 
LEHMANN ( 1873) mixed up A. hortensis and A. bourgui­
gnati (= A. fasciatus s. l.) . According to SIMROTH ( 1885a), 
LEHM ANN ' s ( 1873) fig. 4 would be true A. hortensis, while 
his fig. 4a would refer to A. bourguignati. Since SEIBERT 



created the genus Kobeltia for the species repre­
sented by this latter figure, it is obvious that he actually 
intended to separate A. fasciatus. This was confirmed by 
(1873) SEIBERT (1873) himself, who wrote about LEH­
MANN's (1873) A. hortensis that "Die Beschreibungen LEH­
MANN's passen auch nur auf fig. Nr. 4a". With respect to 
the form illustrated in LEHMANN'S (1873) fig. 4, SEIBERT 
(1873) stated "ich bin tiber diese Form noch nicht klar". 
Unfortunately, SEIBERT apparently never published again 
on this subject. Hence, it remains unknown what he plan­
ned to do with the "A . hortensis" with a dark body and a 
yellow sole. 
This implies that A. fasciatus is the actual type species of 
Kobeltia, which in turn means that Carinarion (type spe­
cies : A. circumscriptus = one of the segregates of A. 
fasciatus s.l.) would become a junior synonym of Kobeltia. 
Hence, the equivalent taxon to which A. hortensis s.l. 
belongs, would require a new name. This could be Micro­
arion, for we suggested in section 3 that A. hortensis s.l. 
and A. intermedius belong to a single "subgenus". Yet, 
such a rearrangement does not serve nomenclatural stabi­
lity, since after HESSE's ( 1926) work, the names Kobeltia 
and Carinarion have always been used in their current 
sense. Therefore, this case has been submitted to the ICZN 
with the request to conserve the link between A. hortensis 
and Kobeltia. 

The infrageneric position of A. lusitanicus 
and A. flagellus 

The differences between these two species (which here­
after will be referred to as A. lusitanicus s.l.) were recently 
established by DAVIES ( 1987) and R1sc 1-1 & BACKELJAU 
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Fig. 12. - Enlarged copy of LEHMANN' s ( 1873)figure of the geni­
talia of "A. hortensis" . 

( 1989). Yet, contradictory opinions exist with respect to 
the infrageneric allocation of both species. 
DAVI ES (1987) placed A. lusitanicus in Arion s.s., while 
A. jlagellus would be a Mesarion. RISCH & BACKELJAU 
(1989), however, suggested that both species are more 
similar to A. subfuscus s.l. than to A. ater s.l. and hence 

c 
Fig. 13. - Simplified outlines of the proximal genital paris of three large Arion species. Abbreviations as in fig. 4, adding 0 = 

oviduct. The dotted structure is the ligula. - A : A. lusitanicus s.l. - B : A. subfuscus s.l. - C: A. ater s. l. - Remark : both 
A. lusitanicus s./. and A. subfuscus s./. may show a bulbous protrusion at the junction between the proximal portion of 
rhe oviduct and its disral channel (here only indicated in 8 ). 
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A 8 

c D 

E F 
Fig. 14. - Habitus of A. subfuscus s. l. - A : Lago Fiorenza , I (real size ± 40 mm) - 8 : Tischamend, A (real size ± 45 mm) - C: 

Drongen , 8 (real size ± 40 mm) - D : same specimen as in A - E-F : Lago Fiorenza, I (real size ± 35 mm). 

may be more conveniently assigned to Mesarion. This 
latter hypothes is is based on the observation that A. lusita­
nicus s. l. and A. subfuscus s.l. share the following features : 

Genjtal atrium relatively small and weakly developed; 
its distal compartment is almost completely absent (fig. 
13A-B). 
Oviduct long and conspicuous, wi th a strongly deve­
loped proximal portion which contains a ligula (fig. 

13A-B). 
Ligula consisting of longitudinal fo lds (fig. 13A-B). 
Mature individuals usually with dark lateral bands (figs . 
14- 15). 

These characters clearl y differentiate A. /usitanicus s. l. and 
A. subfuscus s.l. from A. ater s.l. , for the latter species has 
the following character combination (fig. 13C) : 
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A 8 

c D 
Fig. 15. - Habitus of A. lusitanicus s./. - A-B : Thues-Les-Bains, F (real size ± 40 mm) - C-D : Aspet, F (real size ±50 mm) (see 

a/so B ACKEUAU ( J989b)). 

- Genital atrium large with a strongly developed distal 
compartment in which the ligula is located. 

- Oviduct short and not differentiated. 
- The ligula is a large, bulky and knoblike papila. 

Mature individuals usually unhanded, even though juve­
niles sometimes have well-marked lateral bands (fig. 
16). 

There are also characters in which A. lusitanicus s.l. resem­
bles A. ater s.l. The most important of these is the number 
and structure of the skin tubercles (figs. 14-16). The tuber­
cles of A.lusitanicus s.l. are usually large, prominent and 
elongated as in A. ater s.l. (figs. 15-1 6), whereas those of 
A. subfuscus s. l. are smaller, flatter and more polygonal 
(fig. 14). Consequently, A. subfuscus s.l. has on the average 
more tubercles in cross section behind the mantle (fig. 14), 
than A. lusitanicus s.l. or A. ater s.l. (CAMERON et al. , 
1983). Yet, there is a considerable intraspecific variation 
in the tubercle form of A. lusitanicus s.l. (fig. 15) (BACKEL­
JAU, 1989b) and hence we do not use this feature to allocate 
the species to one or another species group. 
We neither re ly on the "rocking" behaviour (== swaying 
and twisting the contracted body when prodded) of A. ater 
s.l., for it seems that the occurrence of this behaviom varies 

from one individual or population to another (DAVIES, 
1987). As such it is not appropriate to use it in the present 
context: it is not because A. lusitanicus s.s. has once been 
observed to rock (DAVIES, 1987), that it would be more 
closely related to A. ater s.l., than to A. flagellus or A. 
subfuscus s.l., which both do not seem to rock (CAM ERON 
et a/., 1983; DAVIES, 1987). 
The colour of the mucus in Arion s.s. and Mesarion is 
also too variable to be a reliable group character. In A. 
subfuscus s.l., for example, some forms have a conspicuous 
orange-yellowish mucus, while in others it is colourless. 
A similar situation is found in A. !usitanicus s.l. , for the 
mucus of A. jlagellus is usually faint ly yellow, while the 
mucus of A. ater s. l. and A. lusitanicus s.s. is colourless 
with sometimes an orange tinge in the latter species (CAME­
RON et af., 1983). 
In conclusion, for the time being we see no reasons to 
allocate A. lusitanicus s.s., A. jlagellus and A. subfuscus 
s.l. to different species-groups ("subgenera"). Therefore, 
we include A. !usitanicus s.l. in Mesarion (RISCH & 
BACKELJAU, 1989; BACKELJAU, 1989b). This suggestion 
may be evaluated by checking the chromosome numbers 
of the involved species. 
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A 

8 
Fig. 16. - Habitus of A. ater s.l. - A : southern Sweden (real 

size ± 70 mm)- B :juvenile specimen from Antwerpen, 
B (real size ± 20 mm) . 

Towards a classification of Arion 

As outlined earlier, there exist two current classifications 
of Arion spp. Firstly there is the wide ly adopted system 
of HESSE (1926) and there is the recent proposal of DAV IES 
(1987). The former system has been criticized, because 
the characters onto which it is based (appendix 4) , are not 
convincing. Indeed, HESSE 's (1926) classification is mainly 
based on features which are neither constant, nor restric­
tive, so that the delimitation of the subgenera remains 
confused. 
The class ification of DAV IES (1987) relies on two features, 
whose interpretation is subjective. The "subgeneric" diffe­
rences between the spermatophores of Mesarion, Arion 
and Carinarion , for example, are not clear, s ince all these 
spermatophores are e longated and serrated (Pl. 1-5). How­
ever, several Kobeltia spennatophores are also senated 
(fi gs. 3B and 4) , but this was not mentioned by DAV IES 
(1987), who characterized the Kobeltia spermatophore by 
its anterior lTuncation. The latter fean1re does not apply to 
the A. distinctus spermatophore, which is tapering (fig. 

'I 

3A). Thus the "subgeneric" differentiation of spermato­
phores in Arion is not unambiguous. Consequently, even 
though arionid spermatophores may be species specific, 
they are not so appropriate to distinguish taxa above the 
species level. Similarly the species specific spermato­
phores of Milacidae do not enable the distinction between 
species-groups or genera (Milax vs. Tandonia) (WIKTOR, 
1987a, b). Nevertheless , spermatophores have been succes­
fully used in the supraspecific systematics of Urocyclinae 
(VAN GoETHEM, 1977), some Pyramidellidae (RoBERTSON, 
1978), Siphonariidae (HuaENDICK, 1947) and Neritidae 
(ANDREws, 1937). Thus, perhaps that further studies of 
arionid spe1matophores will reveal useful supraspecific 
characters too (e.g. the polygonal form of the Carinarion 
spe1matophore, see Pl. 1-2). 
The structure of the eggs and egg clutches on the other 
hand, is also an unreliable character for it is difficult to 
quantify objectively. It is for example not clear what 
should be considered as "sticky", "chalky", etc. 
In conclusion, the classifications of HESSE ( 1926) and 
DAVIES ( 1987) are not satisfactory, because they are based 
on too variable and too vaguely defined characters. Yet, 
as we will point out further on, we do not refute a priori 
the species-groups distinguished by these authors. 
The classification we provisionally adopt basically relies 
on the chromosome data of BEESON (1960). If A. interme­
dius is placed together with A. hortensis s.l., then each of 
the four species-groups of PoLLONERA ( 1887) (fig.1) has 
a type species with a well-defined chromosome number. 
This feature has the advantage to be discretely quantified. 
Moreover, it allows testable predictions. For example, if 
A . fagophilus is a Kobeltia , then BACKELJAU & DE WINTER 
( 1987) predicted for this species a haploid chromosome 
number of n=28. Similarly, RISCH & BACKELJAU (1989) 
suggested that if A. lusitanicus s.l. belongs to Mesarion, 
it is expected to have a haploid chromosome number of 
n=25 . 
This chromosome classification is also supported by bio­
chemical, morphological and anatomical characteristics, 
which enable the distinction of two larger units (chromo­
some groups), each containing two species-groups. These 
two larger units reflect tendencies in chromosome num­
bers, electrophoretic characteristics of albumen gland pro­
teins, the relative sizes of the slugs and the development 
of a ligula. 
Thus, the currently available data conoborate POLLONE­
RA 's (1887) division of Arion (fig. 1). Our modified and 
updated version of thi s classification is outlined below. 
Measurements refer to live specimens. 

Chromosome group : Lochea 
Medium-sized to very large slugs (usually > Scm) with a 
complex and well-developed ligula. Haploid chromosome 
number: n<27. The albumen gland proteins do not yield 
discrete fractions with PAGE (fig. 17). Contains the spe­
cies-groups Mesarion and Arion s.s . 

Species-group : Mesarion 
Genital atri um relatively small with no, or a very weakly 



developed, distal compartment. The oviduct is long (gene­
rally longer than half the length of epiphallus + vas defe­
rens). Usually, its proximal portion is strongly developed 
for it contains a ligula consisting of longitudinal folds (fig. 
13A-B). Adults generally with dark lateral bands (figs. 14-
15). Haploid chromosome number: n=25. Type : A. sub­
fuscus. Other tentative examples :A. urbiae, A. lusitanicus, 
A. flagellus, A . anguloi, A. sibiricus, A. simrothi and A. 
mag nus. 

Species-group : Arion s.s. 
Genital atrium large with a 'strongly developed, conspi­
cuous and musculated distal compartment. This compart­
ment contains a massive, conical to knoblike ligula (fig. 
13C), which never consists of longitudinal folds. The ovi­
duct is short (generally shorter than half the length of 
epiphallus +vas deferens) and undifferentiated (fig. l3C). 
Adults only very rarely with dark lateral bands. Haploid 
chromosome number: n=26. Type: A. ater. Other exam­
ples : A. rufus. 

Chromosome group : Prolepis 
Small to medium-sized slugs (usually < Scm), in which 
the ligula is absent or at least relatively inconspicuous, 
simple and weakly developed. Haploid clu·omosome num­
ber: n>27. The albumen gland proteins yield dis.crete and 
well-defined fractions with PAGE (fig. 7). Contains the 
species-groups Kobeltia and Carinarion. 

Species-group : Kobeltia 
Sole light yellowish to deep reddish orange (sometimes 
white). Back evenly rounded, without a fine mediodorsal 
row of lighter tubercles (not "keeled"). Mucus generally 
yellowish. Bursa of the spermatheca more or less globose, 
not tapering and without a pointed tip (fig. 4). Species 
monomorphic for the PGD 100 electromorph (fig. 18). 
Haploid clu·omosome number : n=28. Type : A. hortensis. 
Other tentative examples : A. hortensis s.s., A. owenii, A. 
intermedius, A . a/pinus and A. fagophilus. 

Species-group : Carinarion 
Sole white. Back usually with a fine mediodorsal row of 
whitish tubercles, which mimic a faint "keel" (a real, but 
very weak keel is sometimes also visible) . Mucus colour­
less and transparent. Bursa of the spe1matheca pear-shaped 
to triangular, tapering and with a pointed tip (fig. 19). Spe­
cies monomorphic for the PGD86 electromorph (fig. 18). 
Haploid chromosome number : n=29. Type : A. circum­
scrip/us. Other examples : A.fasciatus and A. silvaticus. 

Several species assignments proposed here, are based on 
morphological and anatomical data and may therefore be 
regarded as predictions with respect to the involved chro­
mosome numbers and electrophoretic characteristics. 
Although our arrangement reflects a current state of know­
ledge, it does not provide a proper place for A.franciscoloi. 
This species has a diverticulum near the junction of the 
epiphallus and the vas deferens (fig. 20). This is unique 
in the genus Arion and therefore it is likely that the species 
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Fig. 17. 
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- Discontinuous polyacrylamide gel eleurophoresis 
profiles of albumen gland proteins in A. ater s.l. and 
A. subfuscus s.l. 1-3 : A. ater s.l. (Boom, B); 4 -5: 
A. ater s .l. (Bergen, N ); 6-8: A. subfuscus s.l. (6 . 
Renkum, Nl ; 7. Matagne-le-Petite, B ; 8: Dinant. B) 
(modified after BACKELIAU & DE WiNTER ( 1987)). 

1 2 3 4 5 

Fig. 18. - Continuous polyacrylamide gel electrophoresis pro­
files of PGD in fi ve arionid species. I . A. d isti nct us 
(Deurne-Antwerpen, B); 2. A. inte rmedius ( f-lamhurg . 
D) ; 3. Geomalacus maculosus (G iengarrift; Ireland) ; 
4 . A. fagophilus (Aisasua, E) ; 5. A. fasciatus s.s. 
(Gdtehorg. S). 
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Fig. 19. - Simplified outline of the proximal genital parts in A. 
fasciatus s.l. Abbreviations as in Jigs . 4 and 13. 

belongs to a still undefined species-group. The systematics 
of A.franciscoloi will be discussed in a forthcoming paper. 
The four species-groups in our classification, are basically 
the same as those of HESSE (1926), at least if his sections 
Kobeltia and Microarion are fused. Yet, HEssE (1926) did 
not retain higher taxa comparable to our chromosome 
groups. 
DAV IES ( 1987) not only recognized the same four species­
groups as we, but also united Arion s.s. and Mesarion in 
a larger group. However, DAV IES (1987) gave Kobeltia 
and Carinarion the same rank as the compound group 
Mesarion + Arion s.s. In thi s way DAV IES (1987) implici­
tely adopted the anangement of POLLONERA ( 1885), who 
also distinguished tlu-ee equivalent species-groups viz. 
Lochea, Prolepis and Carinella. 
These alternative opinions demonstrate the problem of 
attaching " taxonomic levels" to the different groups. 
Although we discern two chromosome groups and four 
species-groups, this does not necessarily imply that these 
groups are taxonomically equivalent. There is for example 
the fact that Arion s.s., Mesarion and Kobeltia share the 
PGD 100 electromorph, whereas Carinarion is characterized 
by PGD86 (fig. 18). Since Geomalacus macu.losus displays 
the PGD 114 electromorph (fig. 18) (BACKELJAU, 1989a), it 
can be argued that Carinarion deserves a higher rank than 
the three other species-groups. 
On the other hand, the location of the ligula and the 
insertion of the oviducal retractor in Lochea (fig. 13) sug­
gest that distal atri al compartment of Arion s.s. is the 
homologue of the proximal oviducal portion of Mesarion 
s.s. If thi s is correct, then the differences between Arion 
s.s. and Mesarion may be less fundamental than those 
between Kobeltia and Carinarion or than those between 
Lochea as a whole and the two latter species-groups. So, 
one can also postulate three (DAV IES, 1987), instead of 
fo ur groups. 
The problem of the taxonom ic ranks can only be succes­
fully dealt with after a sound phylogenetic analysis. Yet, 
such an approach requires a much more extended syste­
matic knowledge about Arion than presently is available. 
Nevertheless, in the next sect ion we will discuss some 
tentative phy logenetic and evolu tionary cons iderations. 

-R 

Fig. 20. - Simplified outline of the proximal genital parts in A. 
franciscoloi. Abbreviations as in figs 4 and 13, adding 
D = diverticulum. 

Evolutionary and phylogenetic considerations 

If the correspondence between chromosome numbers and 
species groupings is confirmed, and if it is accepted that 
in euthyneuran molluscs higher clu-omosome numbers 
represent phylogenetically more advanced states (BuRcH, 
i965 ; PATTERSON & B URCH, 1978), then it follows that 
Carinarion (n=29) is the most recent species-group, 
whereas Mesarion (n=25) should be the oldest one 
(BACKELJAU & DE WI NTER, 1987). However, it has been 
suggested that in eukaryotes chromosome fusions (= 
reduction of the chromosome number) are more common 
than chromosome fissions(= increasing chromosome num­
bers) (DoBZHANSKY et al., 1977). This would reverse the 
phylogeny suggested above, but as pointed out by WHITE 
(1973), both types of chromosomal reanangements inter­
vene in speciation processes. Thus, a third phylogenetic 
hypothesis can be formulated, involving an ancestral form 
with n=27, giving rise to two lineages : one by chromo­
some fusions leading to Lochea, the other by chromosome 
fissions leading to Prolepis. The more ancient group in 
Lochea would then be Arion s.s. instead of Mesarion. 
Finally, one can also assume a polyphyletic origin of 
Arion. In that case, both Lochea and Prolepis may have 
undergone a parallel evolution towards higher chromo­
some numbers and a reduction of the free oviduct (figs . 
4, 13). 
Only the first two hypotheses have hitherto been advo­
cated. SIMROTH ( 1885b) and TAYLOR (1907) , for example, 
regarded A. subfuscus as respectively "die einfachsten 
unter dem Arionen" and "a more ancient species". SIM­
ROTH (1885b) even suggested to relate A. subfuscus with 
Geomalacus maculosus, because A. pegorarii (a species 
which is usually considered to be a variety of A. sub.fuscus) 
has four dark bands over its back, a feature shared by G. 
maculosus. 
The possible relationship between Geomalacus and Mesa­
rion is still speculative. Once again, a chromosome ana ly-
is could be relevant here, for if Geomalacus is indeed 

closely related to , and o lder than , Mesarion , then its 
haploid chromosome number is expected to be n:S25. Note 
that the Philomycidae, which constitute an earlier (?) 



branch of the ancestral stock from which the Arionidae 
arose (PILSBRY, 1948; RuNHAM & HuNTER, 1970 ; C!-IICHES­
TER & GETZ, 1973; LIKHAREV & WJKTOR, 1980), have a 
haploid chromosome number of n=24 (PATTERSON & 
BuRCH, 1978). This observation is even more suggestive 
since TILLIER ( 1989) regarded the Philomycidae as a subfa­
mily of the Arionidae. 
The chromosome fusion hypothesis was implicitely advo­
cated by QuiCK (1960), who believed that rather A. fascia­
tus and A. intermedius, instead of A. subfuscus, would be 
the Arion species with more ancestral characters. Also 
SIMROTH (1891) regarded A. intermedius as an "Urform". 
This opinion was based on (1) the absence of a ligula in 
both species, (2) the limited eversion of the genitalia 
during coition and (3) the more anteriorly situated genital 
porus. According to QuiCK (1960), A. ater would then be 
the most advanced form, because this species no longer 
displays dark lateral bands. This feature was also used by 
SIMROTH (1885a), who suggested that within both the 
Mono- and Diatriidae there would exist a tendency towards 
monochromaticy. 
At present we do not concur with QuicK's (1960) opinion. 
A. fasciatus s.l. combines so many special features such 
as 1) the bell-shaped body, 2) the whitish mediodorsal 
tubercle row, 3) the tapering and pointed bursa of the 
spermatheca (fig. 19), 4) the high chromosome number 
and 5) the predominant uniparental reproduction, that this 
species-group cannot be interpreted as an ancient branch. 
Moreover, the electrophoretic characteristics of A. fascia­
tus s.l. are usually also unique among the arionids hitherto 
studied (BACKELJAU & DE WINTER, 1987 ; BACKELJAU, 
1989a). An example is the PGD86 variant (fig. 18). 
Although not much is known about the relationship be­
tween electrophoretic mobilities and the degree of dissimi­
larity between allozymes, it has been suggested that for a 
given protein, greater mobility differences between allozy­
mes also imply greater structural differences (FERGUSON, 
1980). This premise relies on the common observation that 
when enzyme profiles of related species are compared by 
standard electrophoretic methods, the electromorphs are 
distributed equidistantly. It is then assumed that a single 
mutation would correspond to a " unit of mobility diffe­
rence" and so one could infer the number of presumed 
mutations needed to accomplish the observed mobility 
differences (JELNES, 1983). If this hypothesis is correct, 
more mutations are required to explain the mobility diffe­
rences between the PGD electromorphs of Geomalacus 
and A. fasciatus s.l., than between those of Geomalacus 
and other Arion species (note the constant mobility diffe­
rence of 14 units between PGD86, PGD 100 and PGD 11 4) . 

This supports the apomorphic character of the PGD86 

variant of A. fasciatus s.l. 
Yet, the mobility criterion is controversial and probably 
not appropriate for all enzymes. SOD, for example, does 
not fit into this model, neither as it fits into the molecular 
clock hypothesis (AYALA, 1986). Hence, when phylogene­
tic re lationships are inferred from electrophoretic data, it 
should be realized that different proteins have different 
evolutionary rates (NEI, 1987). Thus, slowly evolving pro-
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teins are more infonnative for higher category systematics, 
whereas at the species level (or lower) faster evolving 
proteins are more relevant (NEI, 1987; HILLIS, 1989). 
Altogether, the available data indicate that A. fasciatus s.l. 
should not be regarded as an ancient species-group. This 
is the more so since the presumed ancestral features of A. 
fasciatus s.l. (e.g. the simple oviduct and the limited ever­
sion of the genitalia during copulation) (QuiCK, 1960) can 
be interpreted as derived character states as well. This 
viewpoint will be expanded by referring to A. intermedius. 
A. intermedius has indeed also been considered as an 
ancient species, for its genitalia are comparatively simple 
(QuiCK, 1960). This could be an ancestral configuration 
from which the genitalia of other Arion species were deriv­
ed. Yet, earlier we already pointed out that the genital 
features of A. intermedius only reflect an uniparental 
breeding system and it seems unlikely that such a breeding 
system is an ancestral condition, especially not in proteran­
dric hermaphrodites (IKEDA, 1937 ; SMITH, 1966; VISSER, 
1977; but see Luc HTEL (1972) for the definition of prote­
randric he1maphroditism). On the contrary, uniparental 
reproductive modes are commonly regarded as recently 
acquired traits (HAusER, 1987). 
The derived character state of the simple oviduct in A. 
intermedius can also be deduced from the observation that 
within the family Arionidae, there exists a tendency 
towards a gradual reduction of the copulatory organs. In 
more ancient genera such as Ariopelta, Ariostralis, Bin­
neya, Hemphillia, and Ariolimax there is a well-developed 
penis (PILSBRY, 1898, 1948 ; PILSBRY & VANATTA, 1898; 
MEAD, 1943; SIRGEL, 1985; VISSER, 1988), whereas in 
presumably younger genera (e.g. Anadenus) this organ 
starts to reduce till it is eventually lost in Arion (PILSBRY, 
1898, 1948; VISSER, 1988). The simple oviduct in A. inter­
medius and A. fasciatus s.l. , may be a continuation of this 
tendency, for in these two species, not only the penis would 
have regressed, but also other copulatory genital parts such 
as the ligula and the proximal portion of the oviduct. 
This assumption has been implicitely debated by WEBB 
(1961 ), who argued that ( 1) the genitalia of Arion do 
contain a strongly reduced, yet functional penis, (2) the 
arionid oviduct does not assume the function of a penis 
and (3) the genera Binneya, Hemphillia, Ariolimax and 
Anadenus (to name a few) do not belong to the Arionidae. 
With respect to point 3 most recent authors do not follow 
WEBB (1961) and hence we assign the genera mentioned 
above to the Arionidae. On the other hand, WEBB's (196 1) 
opinion about the penis (or its remnants) in Arion may be 
partly correct (BACKELJAU & VAN BEECK, 1986; DE WIN­
TER, 1986), while the copulatory function of the arionid 
oviduct is indeed still debated. Yet, the latter two points 
do not weaken the "genital reduction hypothesis". 
This hypothesis is furthermore supported by the apparent 
relationship between the form of the spermatophore, the 
duration of the copulation, the development of the oviduct, 
and, eventually, the nature of the breeding system(s) in 
Kobeltia. 
This is illustrated by the following comparison : 
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A. hortensis s.s. 
Oviduct tripartite and well-developed. Its proximal ever­
sible portion with a ligula-like structure. Spermatophore 
with a straight serrated ridge, an apical nozzle forming an 
angle of 90° with the longitudinal axis, a thick and rigid 
attachement collar and a strongly curved hook at the poste­
rior end (figs. 3B and 4B). These features , and particularly 
the configuration of the apical nozzle and the posterior 
hook, may counteract the spermatophore transfert. The 
copulation lasts for at least 80 min. 

A. owenii 
Oviduct also tripartite, but the proximal eversible portion 
(with the ligula-like structure) is less developed than in A. 
hortensis s.s. (fig. 4C). The spermatophore is also similar 
to that of A. hortensis s.s., but its serrated ridge is spirally 
winded around the spermatophore, its apical nozzle points 
along the longitudinal axis and its posterior hook is less 
curved (fig. 40). The alternative orientation of the apical 
nozzle and posterior hook may slightly reduce the resis­
tance during spermatophore transfert. The copulation in A. 
owenii lasts for about 40-60 min. 

A. distinctus 
Oviduct dimorphic. A minority of specimens has a tripar­
tite oviduct comparable to that of the two previous species 
(fig. 4E). The majority of specimens, however, has a bipar­
tite oviduct, in which the proximal eversible portion (with 
the ligula-like structure) is strongly reduced or complet ly 
absent (fig. 4F). The elongated and fusiform spermato­
phore (figs. 3A and 4G) has no, or only very weak, sen·a­
tions (fig. 21 ), while its attachment collar is poorly deve­
loped. Both the apical nozzle and the posterior hook, are 
tapering and point along the longitudinal axis of the sper­
matophore. This configuration may enhance speimato­
phore transfert. The copulation lasts for at most 30 min. 

A. intermedius 
Here the oviduct not only lost its proximal eversible por­
tion , but also its firm portion (fig. 4H). We interpret this 
oviducal type as the homologue of the distal channel in 
the oviduct of A. hortensis s.l. This hypothesis is supported 
by the oviducal retractor of A. hortensis s.l. which is 
implanted near the junction of the firm portion of the 
oviduct and the distal channel. In A. intermedius the ovidu­
cal retractor inserts near the junction of the oviduct and 
the atrium (fig. 4). This configuration suggests a loss of 
the firm oviducal portion in A. intermedius, resulting in a 
direct connection between the distal channel of the oviduct 
and the atrium. This type of oviduct is probably no longer 
functional as copulatory organ and coition has been aban­
doned. Consequently, spermatophores are no longer pro­
duced. 

Despite the puzzling existence of the oviducal dimorphism 
in A. distinctus , it seems as if the regression of the oviduct 
in A. hortensis s.l. proceeds parallel to a decrease in the 
eversion of the genitalia during mating (A. hortensis s.s. 
>A. owenii > A. distinctus with a bipartite oviduct), until 

Fig. 21: - Light microscopic photograph (xl25) of the "ser­
rated" keel of the spermatophore in A. distinctus 
(Temse , 8). 

copulation eventually is abolished and the genitalia are no 
longer everted (A. intermedius). The degree of genital 
eversion is also expected to influence the duration of the 
copulation. 
Given that intemal fertilization is required as a precondi­
tion for the evolution of tenestrial gastropods (VISSER, 
1988), it is evident that the abolition of copulation and 
spermatophore formation should be accompanied by a 
switch from biparental to uniparental reproduction. The 
evolutionary and ecogenetic consequences of such a transi­
tion, as well as its possible origin, will be expanded in a 
forthcoming paper about A. fasciatus s.l. Yet, if the "geni­
tal simplification hypothesis" is correct, one should also 
regard the limited eversion of the genitalia of A. fasciatus 
s.l. (GERHARDT, 1935) as a derived character state, related 
to the reduction of the oviduct in this species-group. 
One could also presume a link between the development 
of the serrated keels on the spermatophores and the dura~ 
tion of copulations. The denticles point indeed towards the 
apical side of the spermatophore (fig. 3, Pl. 1-5) and could 
thus hinder spermatophore transfert. Consequently, the 
stronger the dentitions, the longer the copulation would 
last. Note, that the degree of dentition not only vruies 
between individuals but also between different parts of 
single spermatophores, in which for example the apical 
side is usually less serrated than the distal regions (Pl. 
1-5). 
However, DAV IES ( 1987) remru·ked that during their trans­
fert, spermatophores are covered by a thick mucus layer 
which prevents any poss ible resistance provoked by the 
denticles. Therefore, DAV IES (1987) regarded the senated 
keels as reinforcing structures. If this is correct, one should 
expect that the most fragile spermatophores must beru· the 
strongest keels. Yet, this is not the case since precisely 
the most fragile spermatophores (e.g. A. distinctus) have 
no significant keels at all. 
This observation supports KONKEL's (1916) suggestion that 
the serrated keels facilitate the rupture of the spennato­
phores, for the ridges ru·e less flexible than the rest of the 
spermatophore wall. As a consequence, this latter is rup­
tured along the ridges when the spermatophore is moved 
and curved in the recipient genitali a. The orientation of 



the serrations may enhance this process by hindering the 
spermatophore movements so that the tension in the sper­
matophore wall is increased (the mucus cover, which sur­
rounds the spermatophore during transfert, is assumed to 
be digested or detached in the recipient genitalia). The 
more fragile spermatophore of A. distinctus, on the 
contrary, may be weak enough to be ruptured without the 
intervention of tension enforcing structures. This is of 
course a hypothesis. In Helix pomatia , for example, sper­
matophores should not be ruptured to release spetmatozoa, 
because they have a small porus at their distal end. In this 
case the ridges would enhance elastic resistance (LIND, 
1973). 
Altogether, despite the hypothetical character of several 
viewpoints outlined in this section, we conclude that the 
simple oviduct and the uniparental reproduction in A. inter­
medius and A. fasciatus s.l. are derived features , rather 
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Appendix 1 

A lphabetical list of the arionid species- and genus-group names mentioned 

in the text. 

I . Genus-group names : 

Anadenus H EYNEMANN, 1863 

Ariolimax M 6RCH, 1859 

Arion fERUSSAC, 18 19 
Ariope/ta SiRGEL, 1985 
Ariostralis SIRGEL, 1985 
Ariunculus LESsONA, 188 1 
Baudonia M ABILLE, 1868 

Binneya CooPER, 1863 
Carinarion HESSE, 1926 
Carine/la M ABILLE, 1870 

Diatriidae StMROTH, 1885 (a) 

Geomalacus ALLMAN, 1843 

Hemphil/ia BLAND & BINNEY, 1872 

Kobe/tia SEIBERT, 1873 

Letoumeuxia BouRGUIGNAT, 1866 
Lochea M oQUIN-TANDON, 1855 
Majorium ToRRES MtNGUEZ, 1925 (sic) 
Mediocrum TORRES MINGUEZ, 1925 (sic) 

Mesarion H ESSE, 1926 

Microarion HESSE, 1926 
Monoatriidae SIMROTH, 1885 (a) 
Parvorum T ORRES MINGUEZ, 1925 (sic) 

Prolepis M oQUIN-TANDON, 1855 
pseudocarinatus ToRRES MINGUEZ, 1925 (sic) 

subcylindricus ToRRES MINGUEZ, 1925 (sic) 

(a) StMROTH ( 1885a) used fami ly-group names in a (sub)generic sense. 
These names are not in accordance w ith Art. II f of the ICZN. 

2. Species-group names with original generic allocation : 

a/pinus POLLONERA, 1887 (Arion) 
anguloi M ARTiN & G6MEZ, 1988 (Arion) 
ater LINNAEUS, 1758 (Limax) 
bourguignati M ABILLE, 1868 (Arion) 
brunneus L EHMANN, 1862 (Arion) 

circumscriptus JoHNSTON, 1828 (Arion) 
distinctus M ABILLE, 1868 (Arion) 
empiricorum FERUSSAC, 1819 (Arion) 
fagophilus D E WiNTER, 1986 (Arion) 
fascia/us N iLSSON, 1823 (Limax) 
{/agel/us COLLINGE, 1893 (Arion) 
francisco/oi BOATO, BoDON & GIUSTI, 1983 (Arion) 
hortensis FERUSSAC, 18 19 (Arion) 
imermedius NoRMAND, 1852 (Arion) 
lusitanicus M ABILLE, 1868 (Arion) 
maculosus ALLMAN, 1843 (Geoma/acus) 
magnus TORRES MINGUEZ, 1923 (Arion) 
minimus SIMROTH, 1885 (Arion) 
montana M ABILLE, 1868 (Baudonia) 
owenii DAVIES, 1979 (Arion) 

pegorarii L ESSONA & POLLONERA, 1882 (Arion) 
rufus LiNNAEus, 1758 (Limax) 
sibiricus SIMROTH, 190 I (Arion) 
silvaticus Lo i-IMANDER, 1937 (Arion) 
simrothi K ONKEL in GEYER, 1909 (Arion) 
subcarinatus POLLONERA, 1885 (Arion) 
subfuscus DRAPARNAUD, 1805 (Limax) 
timidus M ORELET, 1845 (Arion) 
urbiae DE W iNTER, 1986 (A rion) 

Appendix 2 

Diagnoses of spec ies-groups in the genus Arion as proposed by PoLLONERA 

( 1890): 

I. - Groupe de I 'A. empiricorum. 

A nimal habituellement grand et unicolore a l 'etat adulte, rarement orne de 

bandes; tres rarement de petite taille. Bouclier assez grand. Oviducte plus 

au mains renfle a sa termination, n~tracteur situe au-dessus du renflement 
se reunissant it celui qui part du canal de Ia poche copulatrice. Dent centrale 
avec acu/ei, champs medians avec 2; dans les champs lateraux le petit 
aculeus (externe) se perd, et on ne le retrouve que dans les demieres series 
marginales. 

II. - Groupe de I'A. subfuscus . 

Animal generalement de tai lle moyenne, tres souvent orne de bandes. 

Bouclier assez grand. Oviducte sans renflement terminal bien marque; 

retracteur attache directement a Ia poche copulatrice, et etroi tement uni a 
celui de I 'oviducte. Radula. Dents des champs lateraux avec le petit awleus 
(externe) fondu avec le grand aculeus, mais toujours visible. 

Ill. - Groupe de l'A. lwrtensis. 

A nimal generalement de taille assez petite; presque toujours orne de bandes. 
Bouclier souvent assez petit. Oviducte le plus souvent sans renflement 
terminal distinct; retracteur partant du canal de Ia poche copulatrice se 
reunissant avec celui de I 'oviducte, mais mains etroi tement que dans le 

groupe precedent. Champs lateraux de Ia Radula avec les deux aculei 
dist incts. 

IV. - Groupe de I'A. Bourguignati. 

Different du precedent pour avoir le dos carene par Ia serie mediane des 

tubercules dorsaux plus relevee que les autres; dans tous les <tutres carac­
teres tout-a-fait semblable au groupe precedent. M abille (Ann. Malac. , 

1870, p. 106) donne ace groupe le nom de Carine/la . 



Appendix 3 

Diagnoses of species-groups in the genus Arion as proposed by CoLLINGE 
( 1897): 

I. The Arion ater group. 

The an imal is large and unicolour in the adult. Rarely banded or striped, 

excepting in young specimens. Mantle large. Adult never keeled. Free­
oviduct of moderate length, with its termina l portion usually globose or 
expanded. Sperm-duct usually, but not always, opens into the vestibule by 
a thickened ring-like swelling. Retractor muscle of the free-oviduct always 
s ituated above the lower portion, and joins with that supplying the recepta­
culum seminis . 

2. The Arion subfuscus group. 

Usually banded, variable in colour. Varies in s ize from 35 to 75 millim. 
Mantle rather large. Adul t never keeled. Free-oviduct generally sac-like or 
wide and long, without well-defined terminal swelling. Duct of receptacu­
lum seminis usualy long. Retractor muscles of the free-oviduct and recepta­
culum seminis usually distinct or only slenderly united. 

3. The Arion hortens1s group. 

Nearly always banded, of dark colour. Varies in s ize from 30 to 55 mill im. 
Mantle medium-sized, often small. Adult never keeled. Sperm-duct usually 
long and tapering, passing imperceptibly into the vas deferens. Free-oviduct 
gradually tapering. Retractor muscles usually united, but only slende rly. 

4. The Arion fasciatus group. 

Nearly a lways banded. In exte rnal appearance agree very c losely with the 
preceding group. Body sometimes keeled. Head of receptacu lum seminis 
e longated, duct short. 

5. The Arion intermedius group. 

Animal usually of small s ize, varying from 15 to 27 m illim. Mantle almost 
circular. Adult never keeled. Receptacular duct short and broad. 
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Appendix 4 

Diagnoses of spec ies-groups in the (sub)genus Arion as proposed by HESSE 
( 1926): 

Sect. I. Lochea M.-Td., 1855 (ex rect. mea). 
Typ. A. empiricorum Fer. 

Lochea MoouiN-TANDON, Hist. Moll. France II, S. 10. 
Tier grol3, Lange tiber 7 em, erreicht bis 25 em; erwachsen stets einfarbig, 
in der Jugend zuweilen getreift. Schleim gewohnlich farblos, ziihe. Mantel­
binden fehlen, im Jugendzustande sind sie mitunter vorhanden, und dann 
leierartig geschweift. Genitalien : Atrium oft. durch eine quere Einschnii­
rung in zwei Abschnille geteilt. Der obere hat nichi selten e ine sackartige 
seitliche Ausbuchtung und enthiilt ein eigentiimliches konisch aufgerolltes 
Organ, die Ligula, das am vorderen Ende des freien Oviducts befestigt ist. 
Der am Oviduct angeheftete bre ite Arm des Genitalretractors umfal3t teil­
weise den Oviduct scheidenartig von der Anhaftungsstelle nach dem Atrium 

zu. Spermatophor mit einer siigezahnartig gezackten Liingsleiste und diin­
nem Schwanzende. 

Sect. 2. Mesarion n. sect. 
Typ. A. subfuscus Drap. 

Tier von milllerer Grosse, ausgestreckt 35-75 mm lang. Gewohnl ich mit 
breiten dunkeln Uingsbinden auf jeder Seite des Mante ls; in der rechten 
liegt die Atemoffnung. Die Farbung variiert von maltgrau bis gelb und 

dunke l rotlichbraun. Ohne helle Riickenlinie. Schle im dunkelgelb. Soble 
gelblichwe il3. Genitalien : Der freie Oviduct relativ kurz, nach vom breiter 

werdend.· Bursa rundlich. Atrium wesentlich kiirzer, als be i A. circwnscrip­
tus. 

Sect. 3. Carinarion n. nom. 
Typ. A. circumscripllls JoHNSTON 

CaPnella MABILLE, Ann. Malac. 1870, S. 106, nee Carine/la SowERBY, 
1839. 
Farbe gelbgrau oder braunlichgrau. Die miitlere Runzelreihe des Riickens 
durch he llere Farbung ausgezeignet und dadurch starker hervortretend, 
besonders de utlich bei jungen Tieren. Schleim nie dunke lgelb. Sohle rein 
wei(\. Die rechte Mantelbinde verliiuft oberha lb der Atemoffnung. Genita­
lien : Fre ier Oviduct relat iv kurz. Bursa fast immer mit einem spitzen 
Zipfel. Atrium bandformig, mindestens doppelt so lang als bre it. 

Sect. 4. Kobeltia SEIBERT, 1873. 

Typ. A. hortensis Fer. 

Kobeltia SEIBERT, Nachr. Bl. V., 1873, S. 81. 
Tier Mittelgrol3, 30-55 mm lang. Sohle auffallend gelb. Farbe bliiulichgrau 
be i jungen oder briiunlich bei erwachsenen lndiv iduen. Runzeln normal 
Flach. Mantelbinde schwarz, verlauft am Rande des Mantels, oft mit einem 
schmalen he llen Streifen an der Aussenseite . Genitalien: Der freie Oviduct 
sehr lang, so lang wie Vas deferens und Epiphallus zusammen; seine hintere 
Halfie schlank, die vordere konisch verbreitert. Spermatophor glau, nicht 
sageartig gezackt. 

Sect. 5. Microarion n. sect. 
Typ. A. intermedius No RMAND 

Tier kle in, Lange 15-27 mm, weil3 bis gelblichgrau. Ueber dem vorcleren 
Teile des Fu13saums gewohnlich cine horizontale Reihe dunkler Punkte. 

Beim zusammengezogenen Tiere haben die Runzeln das Aussehen kleiner 
Spitzen oder konischer Kntitchen. Mantelbinclen fehlen meist oder sind 
unde utlich und verschwommen, in der Form denen von A. subfuscus iihn­
lich; selten de ui lich dunkel roibraun. Gen italien : Fre ier Oviduct relativ 
kurz, von g leichmUfliger Bre ite . Bursa rundlich . Atrium kli rze r als be i A. 
circumscriptus. Spennatophor noch nichi bcobachte t. 
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PLATE I . 

SEM photographs of spermatophores of Carinarion sp. from Sweden. - A : A. si lvaticus (Overgrans). - B : A. silvaticus (Tierps ). - C : 
detail of the serrated ridge in B. - D : detail of the serrated ridge in A. 

PLATE 2. 

SEM photographs of spermatophores of Carinarion spp . - A : A. si lvaticus (Vielsalm , Belgium). - B : detail of the serrated ridge in 
A. - C : A. fasciatus s.s. (Teplice, Czechoslovakia). - D : detail of the serrated ridge in C. 

PLATE 3. 

SEM photographs of a spermatophore of Arion (Mesarion) subfuscus s./. ji-om Bel/evaux, Belgium. - A : complete spermatophore. -
B-C: details of the serrated ridge. Remark the variation in dentition between the apical (B) and distal regions (C). 

PLATE 4. 

SEM photographs of a spermatophore of Arion (Mesarion) subfuscus s.l. from Rouge C!oftre, Belgium. - A : complete spermatophore. 
- B :part of the serra1ed ridge with rransition between dijfere/11 dentition types. - C: apical region where the ridge is continuous and 
not serrared. - D : derail of rhe serrarions in rhe upper part of B . 

PLATE 5. 

SEM phorograph of spermarophores of Arion (Mesmio n) Iusitanic us s. l. ji·om Belgium. - A :apical side of a specimen ji-om Wezem!Jeek­
Oppem. - B: complere specimen ji"om Ste . Cecile-sur-Semois. - C: derail of the serrated ridge in A . - D: derail of rhe serrared ridge 
in B. 
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