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ABSTRACT: Laboratory observations made it possible to ascertain some life cycle parameters of Xerolenta
obvia. The eggs are laid in clutches of 15-65 (mean 32) or rarely singly; they are partly calcified, milky white,
oval or almost spherical, with a mean size of 1.37x1.46 mm; time to hatching is 11 to 28 days (mean 18);
hatchlings have shells of 1.5-2.0 whorls (mean 1.7); hatching success is ca. 57%. Sexual maturity (first
egg) is reached by snails at 4.25-5.2 whorls (mean 4.85) within 290-660 days. The average life span is two
years. Neither uniparental reproduction nor egg or sibling cannibalism was observed. The life-history traits
of X. obvia are compared with some xerophilous species of similar size.
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INTRODUCTION

Xerolenta obvia (syn. Helicella obvia) originates
from south-eastern Europe (WIKTOR 2004, WELTER-
SCHULTES 2012), from where it was introduced into
Central and Western Europe. It has since extended its
range further (URBANSKI 1957, WOJTAS & WOJTAS-
STOKEOSA 2001). The snail dispersed mainly along
railway embankments and rivers (RIEDEL 1988).
Now its distribution extends from Asia Minor to
the eastern and central Balkans, N. Italy, Carpathian
countries (in the east to Moldova and N. Ukraine)
and to the Baltic Sea (WELTER-SCHULTES 2012).
In Central Europe it inhabits Poland, the Czech
Republic, Slovakia, Hungary, Switzerland, Austria
and Germany, reaching SE. France (KERNEY et al.
1983). In Poland X. obvia occurs in almost the whole
country, occupying mainly lowlands (WIKTOR 2004),
while in Bulgaria and the Alps it reaches altitudes up
to 2,000 m a.s.l. (WELTER-SCHULTES 2012). Outside
Europe it was introduced to Canada (in 1969 and

1972 to Bethany, Ontario) and the United States
(by 2002 to Wayne County, Michigan and by 2012
to Cascade County, Montana) (GRIMM & WIGGINS
1975, FORSYTH et al. 2015, BIRDSALL et al. 2019).
The systematic position of X. obvia has changed.
It was included in the Helicidae Rafinesque, 1815
(KERNEY et al. 1983) or the Hygromiidae Tryon, 1866
(BOUCHET & ROCROI 2005, SCHILEYKO 2006). Now
it is classified in the Geomitridae C. Boettger, 1909
(RAZKIN et al. 2015), whose members mostly occur
in xeric habitats. The information on geomitrid life
cycles and/or seasonal dynamics has been reported
in several studies (e.g. LAZARIDOU-DIMITRIADOU
1981, STAIKOU & LAZARIDOU-DIMITRIADOU 1991,
HANSEL et al. 1999, Kiss et al. 2005, BAKER 2012).
The information on the biology of X. obvia includes
field observations on climate-dependent varia-
tions in life histories in the Mediterranean and
Central Europe (LAZARIDOU-DIMITRIADOU 1995,
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LAZARIDOU & CHATZIIOANNOU 2005, MARZEC et al.
2020); there is also a study further east in Belarus
(ZEMOGLYADCHUK 2019). Some fragmentary data are
also provided by FROMMING (1954) and BIRDSALL et
al. (2019).

MATERIAL AND METHODS

The source material for the laboratory culture of
X. obvia (131 individuals of different ages, i.e. 1.5-3.5
whorls) was collected on two occasions: 55 snails
kept in groups and 15 snails kept singly, collected
as 128 eggs on the 17th of October 2015; and 50
snails kept in groups and 11 snails kept singly, col-
lected as juveniles (mean number of whorls: 2.96;
range 2.25-3.5; SD = 0.25; n = 61) on the 18th of
June 2016. Additionally, a group of 50 snails (2.0-4.0
whorls) were kept in a glass vivarium since October
4th, 2017. All the snails and eggs originated from
the village of Piotrkowiczki (SW. Poland, 51°16.12'N,
17°02.12'E; 190 m a.s.l.).

To check the possibility of uniparental reproduc-
tion, 26 individuals were kept singly from their ear-
liest juvenile stages until death. The remaining 105
snails were kept in pairs (10 pairs) and groups: 2
groups of 3 individuals, 5 groups of 5 individuals, 3
groups of 8 individuals, 3 groups of 10 individuals.

The snails were kept in plastic containers of
different sizes depending on the number of indi-
viduals (6x7.5x5 cm for singly kept snails and
pairs; 11.5x7x7 cm for groups of 3 individu-
als; 15.5x12.5x5 cm for groups of 5 individuals;
15.5x12.5x7 cm for groups of 8 and 10 individu-
als). Eggs and hatchlings were kept in separate Perti
dishes (5-10 cm diameter) lined with damp tissue
paper and moist soil. The substratum of the contain-
ers consisted of a layer of damp tissue paper with a
thin layer of gardening soil (natural, with no supple-
ments) on top, which was replaced with sandy grav-
el after October 4th, 2017. The gravel was brought
from the natural habitat and sterilized at 70 °C for
72 h. The containers were aired and the substratum
was changed at least once a week. Water and food
(iceberg lettuce) were supplied as needed. Dolomite
tablets constituted the source of calcium. The dish-

RESULTS

COPULATION, EGG LAYING, TIME TO
HATCHING AND HATCHLINGS

The fragmentary copulation (its last stage: re-
tracting the copulatory organs) was observed in the
laboratory on September 16th, 2017 and February
23rd, 2018, and in the field on October 4th, 2017

This paper presents the results of laboratory ob-
servations on the life cycle of the species and com-
pares the results with those obtained by other au-
thors and/or from other regions for some European
xerophilous species of similar size.

es and containers with snails were kept in a climate
chamber in regular conditions of temperature (day
22 °C, night 18 °C) and humidity (80%), with a 12:12
h lighting regime (fluorescent lighting). The glass vi-
varium (30x30x45 cm) was placed in the laboratory
room, where the temperature ranged from 17 °C in
winter to 28 °C in summer, and a humidity of ca. 80%
was maintained by regularly wetting the tissue paper.
In these conditions one fragmentary copulation and
six egg clutches were recorded.

The observations in a climate chamber were to
investigate the capability/incapability of uniparental
reproduction (n = 26), egg laying, clutch size, time
to hatching, hatching success, growth rate (105
snails kept in groups vs 26 snails kept singly), mat-
uration (i.e. until the first egg laying was observed,
n = 5), life span (period from hatching to death of
snails with at least 4.8 whorls, 884 days, n = 12) and
possible cannibalism (n = 45). Survivorship was cal-
culated based on Kaplan-Meier estimate.

The growth rate of individuals was assessed
through counting whorls at 30-day intervals using
EHRMANN’s method (1933). To ascertain the clutch
size and hatching success, likely egg-laying places
were searched at least once a week and during pe-
riods of intense observations (e.g. reproductive pe-
riod) every day or two, the eggs and hatchlings were
counted, and the time to hatching recorded. A sam-
ple of eggs (n = 100) were measured with a calibrat-
ed eyepiece to the nearest 0.025 mm. The measure-
ments included 60 eggs laid by snails during their
collection in the field and transport to the laboratory
as well as two clutches of 20 eggs each laid by snails
in the laboratory on December 18th, 2017 and March
9th, 2018. To test cannibalism, hatchlings (test 1)
and adults (test 2) were offered conspecific eggs at
different stages of development.

(Fig. 1). During copulation the snails were in a hori-
zontal position, attached to each other side-to-side.
Copulations and sperm transfer were reciprocal.
After the copulations, each partner was placed in a
separate container in the climatic chamber. Only af-
ter the mating in September, one of the snails laid 30
eggs in a single clutch 16 days later. Of these, seven
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Fig. 1. Mating of X. obvia in the field (4 Oct 2017, photo E.  Fig. 2. Frequency distribution of number of eggs per clutch
KUZNIK-KOWALSKA) in X. obvia

Figs 3-6. X. obvia: freshly laid eggs (3), juvenile during asynchronous hatching (4), nearly hatched juveniles in semi-trans-
lucent envelope (5), and five-day hatchlings (6) (photos E. KUZNIK-KOWALSKA). Scale bars 1 mm
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eggs hatched and five hatchlings survived until the
end of the study. The other snails observed copulat-
ing did not lay eggs.

None of the 26 snails kept singly laid eggs where-
as 13 out of the 155 snails kept in groups did lay
eggs. The difference in proportion was not statisti-
cally significant (Fisher’s exact test p = 0.2). Eggs
were laid mainly in autumn (October 2016, n = 28;
October 2017, n = 290), then in winter (December—
January 2017, n = 60) and spring (March-April 2017,
n = 45). Of the total of 423 eggs, 6 were laid singly
and the rest in 13 clutches. The mean clutch size was
32 eggs (range 15-65; SD = 14.8; n = 13) (Fig. 2).
The eggs were laid mainly in holes dug in the sandy
gravel, but also directly on the tissue paper. Newly
laid eggs were partly calcified, milky white, and oval
or almost spherical. Initially they were shiny as a re-
sult of the covering mucus layer; then they became
cream-coloured and matt, and finally light brown,
semi-translucent, so that the young snail could be
seen (Figs 3-6). The mean egg width was 1.37 mm
(range 1.2-1.6 mm; SD = 0.11 mm; n = 100), while
the mean egg length was 1.46 (range 1.2-1.8 mm;
SD = 0.12; n = 100).

The first egg-laying (sexual maturity) was directly
observed in snails with 4.25-5.2 whorls (mean 4.91;
SD = 0.38; n = 5). These sizes were reached 290-
660 days after hatching (mean 448.6; SD = 158.35; n
= 5). The smallest egg-laying snail (4.25 whorls) laid
28 eggs, which did not hatch. This snail kept grow-
ing for the next five months to reach 4.5 whorls. The
juveniles hatched from eggs laid by one snail with
5.0 whorls, which grew to 5.1 whorls within five
months, and by three other snails (with 5.0, 5.1 and
5.2 whorls), which did not grow further.

The time to hatching ranged from 11 to 28
days (mean 18; SD = 8.04; n = 100). The hatch-
ing was asynchronous; juveniles of the same clutch
hatched over 1-3 days. The newly hatched juveniles
had translucent shells and bodies; their shells had
1.5-2.0 whorls (mean 1.7; SD = 0.11; n = 100).
The hatching success was 57% (variation between
clutches 24-100%; SD = 22.6%; n = 423 eggs; n
= 13 clutches). Out of six single eggs, five (83%)
hatched.

No egg cannibalism was observed among juve-
niles or adults, even in the absence of other food;
likewise, no juvenile-juvenile and adult-juvenile can-
nibalism occurred.

GROWTH, SURVIVORSHIP AND LIFE SPAN

The growth rate of individuals of X. obvia kept
in isolation and in groups was similar (Fig. 7), sug-
gesting that it did not depend on the density. The
proportional growth rate was more or less consist-
ent throughout whole growth unless there occurred
an unexpected acceleration in snails between ca. 3.5
and 4.5 whorls. The juvenile snails suffered very high
mortality in the laboratory culture. Among 131 young
snails observed, 13 survived 884 days, i.e. to the end
of the laboratory culture (10%). 25% of all juveniles
died during 130.5 days, 50% snails survived 300
days and 25% survived longer than 582 days (Fig. 8).
The life span of X. obvia ranged from 655 days (ca. 22
months) to 884 days (ca. 30 months) (mean = 772;
SD = 69; n = 12).

55

5.0

4.5

Lt
i

i

.
—e

4.0

35 i}#ifi

3.0

25

number of whorls

2.0

MEL

1.0

1 57
26

117 179 239 300 392 481 655 757 884
147 200 270 328 431 588 708 801

age (days)

82

Fig. 7. Mean growth of X. obvia individuals kept in groups
(circle, n = 105) and singly (square, n = 26). The error
bars represent 95% confidence intervals

o ]
'L
",

0.8

0.7

0.6

0.5

0.4

0.3

survival probability

0.2
0.1

0.0
0

3

~

vt}‘*af

L

200

400

600

800

survival time in days

1000

Fig. 8. Survivorship function of 131 X. obvia individuals



¥4

Reproduction and growth of Xerolenta obvia in laboratory

205

DISCUSSION

The knowledge of pulmonate life cycles is still
very scanty, and varies much among the various fam-
ilies (HELLER 2001). Members of the Geomitridae
sensu RAZKIN et al. (2015), which thrive in predomi-
nantly xeric habitats, are no exceptions. We managed
to observe egg and clutch size, time to hatching, the
appearance of hatchlings and the growth of X. obvia
in the laboratory, and - in an earlier study - the dif-
ferences in growth pattern, population dynamics and
shell morphology between two natural populations
(MARZEC et al. 2020). These field observations per-
tained to two distant populations from areas which
varied in terms of climatic regime. Here we attempt
to place the information in the context of a few arbi-
trarily chosen European xerophilous species of sim-
ilar size.

In many xerophilous gastropods from the
Mediterranean region reproductive and egg-laying
periods are similar regardless of the location. In
this area the reproduction takes place in autumn
(MOQUIN-TANDON 1855, BERNER 1941, STAIKOU
& LAZARIDOU-DIMITRIADOU 1991, LAZARIDOU &
CHATZIIOANNOU 2005). In Central and Eastern
Europe X. obvia also reproduces in autumn
(ZEMOGLYADCHUK 2019, MARZEC et al. 2020), but
snails introduced to Montana in the USA can lay eggs
both in autumn and spring (BIRDSALL et al. 2019). In
French populations of Xeropicta derbentina (Krynicki,
1836) (syn. X. arenosa) prolonged egg-laying was ob-
served from September to January, with some eggs
also recorded in March (Kiss et al. 2005). In a xero-
philous helicid Theba pisana (Miiller, 1774) the breed-
ing period included summer and autumn in Britain
and northern France, but the reproduction occurred
in autumn and winter in the Mediterranean (COWIE
1984).

In SW. England a smaller snail Candidula intersec-
ta (Poiret, 1801) laid eggs in November-December
and early summer, the timing apparently varying
according to rainfall and moisture balance (BAKER
1968). We observed egg-laying by the snails collect-
ed in October. Field studies revealed that the snails
from this population in SW. Poland were more plas-
tic compared to the population from the distant ge-
ographic region in NE. Poland. The SW. population
reproduced mainly in autumn, but juveniles of the
smallest recorded age class were present from April
to August. Few adults could survive for more than
one season (MARZEC et al. 2020).

The field studies indicate a predominantly annual
life cycle of X. obvia and show that its growth rate
depends on climatic conditions and is negatively cor-
related with the age of snails (MARZEC et al. 2020).
Since the juveniles of X. obvia survived in the labora-

tory very poorly, doubts may arise whether the mean
life span, estimated for two years, was real. However,
our data did not differ from those published by oth-
er authors, who reported longevity of X. obvia for
1-3 years (LAZARIDOU & CHATZIIOANNOU 2005,
WELTER-SCHULTES 2012). As determined by width,
weight and number of whorls, X. obvia exhibits high
variation in growth rate but develops fastest at 20 °C.
Individuals at both 12 °C and 28 °C were noticeably
smaller than snails reared at 20 °C. Moreover, snails
reared at 28 °C experienced high mortality (BIRDSALL
et al. 2019). Variations in growth rate and life span
are suspected to be a response of X. derbentina to an
attenuation of summer drought due to occasional
rain (Kiss et al. 2005).

Xerolenta obvia reached maturity in the year follow-
ing hatching, similarly to that observed in the French
populations of Cernuella virgata (Da Costa, 1778) and
Helicella itala (Linnaeus, 1758) - two species of size,
shell structure and habitat requirements similar to
those of X. obvia (MOQUIN-TANDON 1855). There
is, however, substantial variation in the life cycles,
depending on the habitat type or climate (KIss et al.
2005, LAZARIDOU & CHATZIIOANNOU 2005, BAKER
2012, MARZEC et al. 2020). C. virgata normally
had a single generation annually with massive egg
hatching in autumn and fast juvenile growth until
the next spring in Australia (POMEROY 1969). Its
life cycle may also vary between habitats: annual in
pasture—cereal rotations or biennial in permanent
pastures (BAKER 1996, 2008). T. pisana, X. derbentina
and X. obvia are able to switch from an annual to a
biennial cycle in response to climatic conditions or
population density (COWIE 1984, Kiss et al. 2005,
LAZARIDOU & CHATZIIOANNOU 2005). Given such
plasticity as well as fast growth and reproduction of
these snails, and the fact that they form very abun-
dant populations, it is likely that, with a climate
change, the species will be able to invade new re-
gions of the world. T. pisana and C. virgata invaded
North America and southern Australia, becoming se-
rious pests of crops and pastures and difficult to con-
trol (COWIE et al. 2009, BAKER 2012). There are no
published observations in Europe of X. obvia being
an agricultural pest. Nevertheless, its recent intro-
duction in Montana, USA, is seen as a potential risk
for grain and hay production and for export markets.
This snail is of particular concern since it is known
to feed on fodder crops (BIRDSALL et al. 2019). X. der-
bentina was successfully introduced to south-eastern
France from Eastern Mediterranean Europe (KISs et
al. 2005). In the near future, we may expect a further
increase in the number of alien gastropods to expand
across Europe and other continents (HATTELAND et
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al. 2013, SARMA et al. 2015, PROCKOW et al. 2019).
Several species, e.g. C. virgata, Arion vulgaris, Monacha
cartusiana, Helix lucorum, Hygromia cinctella, Cornu as-
persum are well adapted to human-impacted environ-
ments (PELTANOVA et al. 2012, DEDOV et al. 2015,
WALTON 2017, PALL-GERGELY et al. 2019).

The differences in life history of X. obvia report-
ed by various authors indicate inter-population dif-
ferences in life cycle traits. They are summarised in
Table 1 and compared with some xerophilous spe-
cies of similar size. The intraspecific differences in
the egg size and the number of eggs could be due
to population densities or to climatic differences
among the sites studied. An adaptive evolutionary
response to the climate may be manifested among
others by the small number of eggs in more arid
areas (LAZARIDOU-DIMITRIADOU 1981, STAIKOU
& LAZARIDOU-DIMITRIADOU 1991, LAZARIDOU &
CHATZIIOANNOU 2005). The fecundity (i.e. total
number of eggs produced, numbers of clutches and
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