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Kożuchowska 5b, 51-631 Wrocław, Poland; corresponding author 
E-mail: elzbieta.kowalska@upwr.edu.pl; https://orcid.org/0000-0002-5509-0336 

2Department of Animal and Plant Sciences, University of Sheffield 
Sheffield S10 2TN, United Kingdom 

3Department of Zoology, Natural History Museum, London SW7 5BD, United Kingdom 
E-mail: r.cameron@sheffield.ac.uk 

4Museum of Natural History, University of Wrocław 
ul. Sienkiewicza 21, 50-335 Wrocław, Poland 

E- mail: malgorzata.prockow@uwr.edu.pl; https://orcid.org/0000-0003-2240-7306

Among ten adult specimens of the Madeiran endemic land snail Leptaxis simia (Férussac, 
1832) (Gastropoda: Hygromiidae), harvested from their natural environment, kept in the 
laboratory, a single clutch of 110 eggs was reared, and the mortality, growth and reproduc-
tive capacity of hatchlings over a 1240-day period were monitored. Of 70 hatchlings, 34 
survived to complete shell growth at around 640 days. Growth was rapid, and mortality 
high in the early stages; growth slowed, and mortality was very low as the full size was 
approached. Snails kept singly failed to lay any eggs. Among those with potential mates, 
only three clutches were produced, one of which yielded no hatchlings. Clutches were 
produced at least five months after shell growth was complete. Mortality increased sharply 
after the onset of sexual maturity, and the oldest snail survived for three and a half years. 
The apparently very strictly semelparous mode of reproduction, delayed sexual maturity 
and a relatively long period of juvenile growth are discussed in relation to other species 
and to the practical problems of rearing potentially endangered species in captivity.

Key words: endemic, delayed maturity, growth rate, reproduction, life history traits, 
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INTRODUCTION

In common with many oceanic islands, the Madeiran archipelago has 
a rich fauna of endemic land snails (Cook 1996, Cameron et al. 2013, Trian-
tis et al. 2016). Many are restricted to single islands and have limited ranges 
within them. Human disturbance in the form of habitat destruction, intro-
duced predators, and competitors have caused many extinctions (Lydeard 
et al. 2004, Nicolai & Ansart 2017); many others are listed as Critically En-
dangered (Neubert et al. 2019, IUCN 2021). The effects of climate change are 
expected to add to the threats already identified.
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The capacity to maintain viable populations is at least partly related to 
patterns of life history and reproductive capacity. Unfortunately, even among 
continental faunas, details of such features are available for only a minority of 
species (Kuźnik-Kowalska 1999, Maltz 2003). Data for island endemics are 
even less abundant (Cowie 1996), despite the need for information to assist 
in conservation measures. Such data may also shed light on the evolutionary 
consequences of isolation on islands (Cameron 2016).

Among the many endemic species of land snail found only in the Ma-
deiran archipelago, and the Azores are those in the helicoid genus Leptaxis 
Lowe, 1852 (Bank et al. 2002). Among these is Leptaxis simia (Férussac, 1832), 
previously assigned to L. erubescens (Lowe, 1831).

It is native to Madeira, Porto Santo and Desertas, where it is relatively 
common, although never found in abundance (Seddon & Martins 2011). 
Most often, it is found in partly open habitats with bushy or shrubby vegeta-
tion rather than in forests or very exposed sites (Cameron & Cook 1997). In 
the Azores, it is regarded as introduced (Backhuys 1975). It is rare and usu-
ally confined to semi-open and anthropogenic sites (Morelet & Drouët 1857, 
Cameron et al. 2007). A medium-sized snail (shell width of 12–13 mm and 
height of 10–11 mm), it is clearly distinct from other species (Koene & Mura-
tov 2004). While not currently threatened, it can serve as an example of an en-
demic, oceanic island species. In the present paper, we aimed at determining 
some data on the reproduction of L. simia in laboratory conditions.

Fig. 1. Sample site of L. simia on Deserta Grande
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MATERIAL AND METHODS

Ten adult L. simia were collected in 
July 2012 from a population on Deserta 
Grande (32°31’11”N, 16°30’27”W, Fig. 1). 
The snails were kept in three boxes (with 
six in one (box size: 15.5×12.5×7 cm) and 
two in each of the others (11.5×7×7 cm)) 
in a climate chamber of constant tem-
perature (22°C day, 15°C night), relative 
humidity of 80% and 12:12 photoperiod 
(thus approximating average natural con-
ditions of temperature and daylight). A 
single clutch of 110 eggs was laid on 7th 
December 2012 in the box of six snails, 
five of which remained alive at the time. 
The clutch was initially kept in Petri dish-
es lined with damp tissue paper and soil. 
70 eggs hatched successfully (64%). These 
were then distributed in boxes as follows: 
20 kept singly (box size: 6×7.5×5 cm), 5 
pairs (11.5×7×7 cm), 4 groups of 5 indi-
viduals (15.5×12.5×5 cm) and 2 groups 
of 10 individuals (15.5×12.5×7 cm) (Table 
1) and were kept in a climate chamber 
under the conditions as above. All the 
bottoms of the containers were covered 
with tissue paper and moist soil (2-2.5 cm 
deep in 1/2 of the container) to encourage 
egg-laying. Dolomite tablets were served 
as a supplementary source of calcium. 
Food (e.g. lettuce, carrot) was provided 
as required. In addition, the snails were 
sprayed with boiled, cooled water once a 
week.

The boxes were inspected regu-
larly, and mortality was recorded. The 
growth of individuals was assessed by 
counting whorls at 30-day intervals us-
ing Ehrmann’s method (1933). Although 
adult status (the completion of the lip 
at the shell-mouth) was achieved earlier 
(see below), no eggs had been laid after 
849 days. Snails from some boxes were 
then combined (Table 2). From two of 
these boxes, and only these, three clutch-
es were laid.

Table 1. The number of snails in boxes from 
the F1 generation. Each box 1–20 contained 

a single snail.
Box 
no.

At start of 
experiment

At 637 days  
of age

No. of snails (mortality in %)
1–20 20 12 (40)
21 5 3 (40)
22 5 3 (40)
23 5 2 (60)
24 10 2 (80)
25 10 2 (80)
26 5 2 (60)
27 2 1* (50)
28 2 2 (0)
29 2 1* (50)
30 2 2 (0)
31 2 2 (0)

*As the snails in these boxes died within the 
first two months, they were classified as be-
ing singly kept in terms of possible mating

Table 2. Combination of selected snails on 
day 849.

Box no. No. of in-
dividuals

New box 
number

No. of in-
dividuals

2 1 32 2
13 1
21 3 33 7
24 2
25 2
23 2 34 4
31 2
26 2 35 4*
28 2

*But on day 909 (when the eggs were laid) 
there were three individuals
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RESULTS

Of the initial 70 snails reared from the original clutch, 34 survived for 
more than 637 days, the time at which the first snail achieved adulthood (lip 
formation completed by snails with 4.8–5.2 whorls) (Fig. 2). Mortality was 
heavy in the first six months of life, very low thereafter until the approxi-

Fig. 2. Survivorship curve of L. simia individuals (n = 70); morphological maturity = lip 
formation, sexual maturity = first egg lying

Fig. 3. Growth pattern of L. simia individuals (n = 34). The error bars represent 95% confi-
dence intervals
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mate date of sexual maturity. It then increased rapidly, the last survivor dying 
three and a half years after hatching. The juvenile mortality was greatest in the 
boxes containing 10 snails (80%), whereas only 60–40% in the others.

Table 3. Reproduction in Leptaxis simia. Data from the original clutch (P) added for 
comparison. age – days and no. of whorls when laying eggs; incubation time – mean, 
range [days] and (SD); n – no. of individuals kept in box; viability = hatching success.

Box no. n No. clutches Age No. eggs Incubation time Viability (%)
P I 5 1 no data 

5.0–5.2
110 16.4 

12–21 (2.1)
63.6

F1 34 4 2 913 
4.8–5.1

90 13.8 
11–17 (1.3)

46.7

931 
4.8–5.1 

44 – 0

35 3 1 909 
5.2 

22 13.9 
11–16 (1.5)

81.8

Figs 4–7. Freshly laid eggs of L. simia (4), non-hatched eggs (5), juveniles during asynchro-
nous hatching (6), and three-month snails (7)
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Growth rates varied greatly, especially among those that died before 
reaching adult status. For those that did become adult, the growth rate was 
more consistent. It was rapid at first (Fig. 3) but slowed down greatly after 
most approached adulthood after about 600 days. Numbers in each box did 
not have any significant influence on the growth rate.

Three clutches were laid among snails from two boxes, both containing 
snails transferred from more than one box after reaching maturity (Table 3). 
Leaving aside those snails that remained single, these three clutches derive 
from a total of 20 snails that survived to adulthood with potential partners 
(15%). One, with rather more elliptical eggs, failed to produce any hatch-
lings. Clutches were laid at least 250 days after the nominal adult status was 
achieved, and hatching was asynchronous (Figs 4–7).

DISCUSSION

This study was carried out as an exploratory venture into captive breed-
ing of island endemic snails. Its small scale and the fact that clutches laid 
by the progeny of the original parent are the result of sibling crosses makes 
conclusions tentative, as does the constant, aseasonal conditions in which the 
snails were kept. Nevertheless, it reveals aspects of the life history of L. simia 
that may add to both comparative studies of reproductive strategies and to 
the development of appropriate conservation actions.

On the evidence available, L. simia does not self-fertilise, or does so only 
very rarely, as is the case among helicoid snails generally (Lucarz 1991, Chen 
1994, Lush 2007, Kuźnik-Kowalska et al. 2013a). The clutch sizes found here 
(22–110 eggs, mean 67) are rather larger than those recorded for most other Hy-
gromiidae (Kuźnik-Kowalska & Roksela 2009, Proćków & Kuźnik-Kowalska 
2016), but are similar to those recorded for Monacha (Taylor 1916). Likewise, 
they are within the range recorded in the generally larger Helicidae (Heller 
2001, Kramarenko 2013, Cameron 2016). Hatching success varied greatly, but 
the failure rate is within the range recorded for other species (Tompa 1984).

L. simia appears to be very strictly semelparous, death following some 
months after a single clutch has been laid (Hughes & Simons 2014). While 
many other land snails and slugs are also limited to reproduction in one sea-
son only, rather few are restricted to a single clutch within it; rather, egg-
laying may be spread over breeding seasons of varying length as in Trochulus 
hispidus (Proćków et al. 2013) or Monacha cantiana (Chatfield 1968). There are 
many others (Riedel & Wiktor 1974, Wiktor 1989). While the two-year pe-
riod taken to reach adult size is unusual in semelparous snails, it has been 
found in others, where, however, it may vary with climate or population 
density (Heller 2001). Size appears to have little to do with the length of 
time taken to reach maturity (Heller et al. 1997, Pokryszko 2001). Intraspe-
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cific variation in growth rate may lengthen attaining maturity until the next 
reproductive season even within the same population or in populations from 
different geographic regions (e.g. Cowie 1984, Staikou & Lazaridou-Dimi-
triadou 1990, Avivi & Arad 1993, Kuźnik-Kowalska et al. 2013b, Proćków 
& Kuźnik-Kowalska 2016, Marzec et al. 2020). The remarkable uniformity of 
growth rate found in our L. simia reaching adulthood might not be reflected 
in natural populations.

L. simia in our laboratory showed one other feature atypical of semelpa-
rous species: the period of several months elapsing between the completion 
of growth and the start of reproduction. In many species, semelparous or it-
eroparous, sexual maturity is either coincident with the completion of growth 
or may, indeed, precede it, as in T. pisana (Cowie 1984) or Lissachatina fulica 
(Tomiyama 1993). Delay in reproductive activity is more normally associated 
with long-lived species such as the mainly iteroparous Clausiliidae (Giokas 
& Mylonas 2002, Maltz & Sulikowska-Drozd 2008, 2011). It is also recorded 
in the helicid Cepaea nemoralis (Williamson 1975, cited in Cameron 2016). Un-
like these species and others such as Vertiginidae, however, there is no spurt 
in growth just before adult size, and shell lips and teeth are developed (Cam-
eron 2016). For long-lived species, investment in adult shell features prior to 
reproduction is presumed to strike a balance between the risk of predation 
and speed of reproduction; it is unexplained here, and further work would be 
needed to relate the phenomenon to gonadal development.

In terms of the rearing of snails in captivity, the high initial mortality of 
juveniles is comparable to that found in many studies of natural populations. 
Interestingly, the remarkably low mortality among those L. simia that reached 
adult size until they had passed a presumed state of sexual maturity, is coupled 
with the very poor rate of reproductive success. A simultaneous attempt was 
made, in the same laboratory, to induce breeding in the much more endangered 
Atlantica calathoides (R. T. Lowe, 1863) from the same island; adult snails sur-
vived for several years but did not lay eggs. It seems that establishing the condi-
tions suitable for breeding is a harder task than for those that sustain survival.

*

Acknowledgements – We would like to thank the reviewers for their helpful com-
ments and corrections.
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