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Influence of season, temperature, and photoperiod on growth of the land snail Helix aperta
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Growth strategies are often plastic and influenced by environmental conditions. Terrestrial gastropods are particularly
affected by seasonal and climatic variables, and growth rate and size at maturity are key traits in their life history. There-
fore, we investigated juvenile growth of Helix aperta snails under four combinations of temperature and photoperiod
using two sets of young snails, born in the laboratory from adults collected in either the autumn (aestivating snails) or
spring (active snails). Parental snails were collected from Bakaro (Northeastern Algeria). Higher temperature increased
adult size and reduced the time to first reproduction. Long day photoperiod also increased the final body weight, but had
no effect on the length of the growth period. The season of birth had significant effects on length of the growth period
and weight of hatchlings, whereas this weight difference disappeared by adulthood. The Spring snails took less time to
develop and reached similar adult body weight as the Autumn snails. These differences may be owing to differences in
egg size or quality between the snails from different seasons. More rapid growth in Spring snails results in larger snails
entering aestivation, a period with size-related mortality in this species.

Keywords: growth; Helix aperta; photoperiod; temperature

Introduction

Development time, growth, and adult size are three
important life history traits. Many studies have shown
that plasticity in these traits is common (e.g. Nylin 1992;
Nylin et al. 1993; Cushman et al. 1994). In many spe-
cies, this plasticity in growth strategy is influenced by
time constraints that are caused by seasonality. Theoreti-
cal models of adaptive growth in seasonal environments
indicate that when the time horizon for growth decreases,
the juvenile period typically becomes shorter, and that
this is often associated with a higher juvenile growth rate
and a smaller size at maturity (Ludwig & Rowe 1990;
Houston et al. 1993; Werner & Anholt 1993).

To survive the winter, most temperate ectotherms
have to reach a certain developmental stage or a mini-
mum body size before the onset of harsh conditions. In
these species, life history analysis of the optimal age and
size at maturity predicts that growth and developmental
strategies should covary with time horizons for growth
(Rowe & Ludwig 1991; Abrams et al. 1996; Abrams &
Rowe 1996). Abrams et al. (1996) treated juvenile
growth rate as an adaptively flexible trait that juveniles
can adjust depending on the situation. The authors
showed that there is a trade-off between growth and
mortality rates, as well as a cost of maturing at a subop-
timal time of year.

One group of animals that is particularly affected by
the factors outlined above is terrestrial gastropods. In
these animals, the determination of growth and reproduc-
tion is closely linked to the action of environmental fac-
tors on physiology. The detection of these environmental
factors influences physiology and affects growth and/or
reproduction (Gomot-de Vaufleury 2001). For example,
Lazaridou-Dimitriadou and Sgardelis (1997) have shown
that discontinuities in growth rates and population
dynamics between seasons may be attributed to environ-
mental constraints. In addition, helicid snails are gener-
ally very sensitive to thermal and hygrometric changes
(e.g. Helix aperta: Charrier & Daguzan 1980; Chevallier
1982). According to Sacchi (1955, 1958), when tempera-
tures are incompatible with activity (below 7 °C or
beyond 27 °C), or when relative humidity (RH) is outside
its optimum (75–95%), the snails become inactive and
live in a state of metabolic slowdown, i.e. enter endoge-
nous aestivation or hibernation (e.g. Helix aspersa and
H. aperta: Herreid 1977; Barnhart & MacMahon 1987;
Bailey & Lazaridou-Dimitriadou 1991).

The hermaphroditic land snail H. aperta is a “bur-
rowing snail”, coming up above ground only during
rainy weather; during dry conditions, it burrows 7–15 cm
deep into the ground and aestivates by closing off its
shell with a thick whitish epiphragm until rain softens
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the soil. Hence, this species’ functioning is highly influ-
enced by seasonal variation. For example Giusti and
Andreini (1988) reported that individuals of this species,
collected close to Orbetello and Castelnuovo Berardenga
(respectively, Toscany and Sienna, Italy) and maintained
under laboratory conditions, reproduce preferentially in
autumn from early October to mid-December. In addi-
tion, Tafoughalt-Benbellil (2010) observed egg size vari-
ation among H. aperta collected in September from
Bakaro (Bejaïa, eastern Algeria) and kept under con-
trolled conditions. Tafoughalt-Benbellil et al. (2011) have
investigated the reproductive timing of H. aperta under
laboratory conditions using two sets of adult snails, all
collected as adults in either February or March. This spe-
cies reproduced very little during winter and spring and
seemed better adapted to reproduction in autumn. In
addition, the authors reported that the mean egg weight
was significantly heavier, and the clutch size significantly
reduced, in snails sampled in March than those collected
in February. Similarly, the authors observed a significant
difference between autumn and spring egg size (see
Tafoughalt-Benbellil et al. 2011).

To explore the importance of egg size, the present
study explores the difference in hatchling size between
eggs deposited in autumn and in spring by H. aperta.
Moreover, we test experimentally how different combina-
tions of temperature and photoperiod affect juvenile
growth up to adulthood. Thus, we address whether there
is a difference in quality between eggs laid in different
seasons as well as whether light regime and temperature
play an important role.

Methods

We used newly hatched snails of H. aperta Born (1778)
(=Cantareus apertus Born 1778). This gastropod is
native to the Mediterranean basin, where it is found in
France, Italy, Turkey, Cyprus, and North Africa (Kerney
& Cameron 1979; Schütt 2001).

The growth experiments were all performed under
artificial climatic conditions using the “soilless” breeding
technique developed by Daguzan (1981; see also Enée
et al. 1982; Laurent et al. 1984; Gomot & Deray 1987).
This technique is used in heliciculture to raise another
helicid snail, Cornu aspersum, a ubiquitous species
living beside H. aperta in Algeria.

Two 2.5 × 4.0 × 5.5 m rooms were used for the
experiments, one at 20 °C and the other at 15 °C. The
temperatures were controlled by means of 12,000 BTU
air conditioners (Samha, Setif, Algeria). In each room,
an opaque screen separated the two photoperiods used
(16hL:8hD and 8hL:16hD, in hours (h) of light (L) and
dark (D)). The lighting was provided using daylight type
neon, with an intensity of 50–100 lux. The neon lamps

were connected to an electronic chronometer set to auto-
matically control the photoperiod. In both rooms, the RH
was set at 90 ± 5%.

All the experimental snails were housed in
9 × 20 × 20 cm polythene containers with a surface of
400 cm2. The containers had perforated lids with 10
holes of 1 mm diameter to provide ventilation. A wet
absorbent paper was placed on the floor of the containers
to maintain humidity.

The growth study was conducted on two samples of
young snails born in the laboratory, under controlled
experimental conditions (20 °C, long-photoperiod 16 h
light: 8 h dark, 90 ± 5% RH), but coming from different
parents. For the first sample, aestivating parents were
collected from nature in autumn (third week of September
2011) while for the second sample the parents were
collected from nature in spring, at the end of hibernation
(fourth week of March 2011). For both samples, the
parents were immediately allowed to reproduce under the
controlled experimental conditions mentioned above. To
ensure the genetic identity of the two batches, all the
snails were collected from Bakaro 22 km east of Bejaia in
the Kabylie region (Northeastern Algeria; Latitude:
36°.65′46.49″N Longitude: 5°.19′13.83″E).

For each sample, four groups of newly-hatched
snails, coming from 20 mixed clutches, were randomly
chosen, weighed, and then placed in the transparent
polystyrene containers described above. The number of
newly-hatched snails was 25 per group for Spring snails
and 30 per group for Autumn snails. The density in the
rearing containers was 500 snails m−2 during the first
four weeks (20 newly hatched snails/container) and then
100 snails m−2 (four newly hatched snails/container) for
the following weeks of growth. The groups are coded
Autumn 20 16L:8D, Autumn 15 16L:8D, Autumn 20
8L:16D, and Autumn 15 8L:16D (all produced by par-
ents collected in autumn), and Spring 20 16L:8D, Spring
15 16L:8D, Spring 20 8L:16, and Spring 15 8L:16D (all
produced by parents collected in spring).

Throughout the experiment, the animals were fed
with the commercial product “Helixal” (Etablissements
Chays, France) developed by Gomot-de Vaufleury
(2000). To nourish the snails, 50 g of food was provided
in each container on Petri dishes. Three times a week, at
the same time, the containers were cleaned, the food
renewed, and the absorbent paper changed. The boxes’
locations were changed every day in the rearing room.
During the total duration of the experiment, every week,
all the snails were weighed individually (±0.01 g) until
the onset of mating, indicating the start of the reproduc-
tion phase (in H. aperta species, the cessation of growth
is not marked by shell-lip formation like in C. aspersum;
Tafoughalt-Benbellil et al. 2009). For each snail, it was
observed that the end of growth coincided with the first
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time mating, defined as the onset of reproduction. Each
week, the number of dead animals in each group was
monitored during the whole experiment.

For convenience, in the rest of the paper, snails pro-
duced by parents collected in autumn and those produced
by parents collected in spring will be called, respectively,
Autumn snails and Spring snails.

The data were analyzed using Statistica 5.5 (StatSoft
Inc. 1999). The weights of snails of the different groups
were expressed as means ± standard deviation (M ± SD).
The effect of temperature and light regime and their
interaction on the weight of snails at reproduction were
tested using two-way ANOVA. The differences between
the mean weights of snails, born in different seasons,
at the start of the experiment as well as the differences
in the length of the growth period among the different
treatments were tested using t-test.

A comparison between proportions test was used to
compare the mortality percentages reported in the results.

To estimate growth rate, we fitted Von Bertalanffy
growth curves to the data using the formula:

s tð Þ ¼ sosa= sa � soð Þe�rt þ soð Þ
where s indicates size, s(t) size at time t (in weeks), so
size at time 0 (size at the start of the experiment), sa
asymptotic size (final size), and r the growth rate con-
stant that describes how fast the organism reaches its
maximum weight (Zonneveld & Kooijman 1989; Koene
et al. 2008; Hoffer et al. 2012). Estimating growth rate,
expressed in increment per week, allows for a direct
comparison of this parameter across all the treatments
and provides additional information, which is different
from the measured length of the growth period.

Results

On average, the weight of newly hatched snails was
0.016 ± 0.002 mg in Autumn snails and 0.022
± 0.002 mg in the Spring snails (see Table 1 for values
for each treatment). Newly hatched snails born in spring
were on average 27% heavier in terms of body weight
than those born in autumn (t-test: t = 6.26; p < 0.01;
Table 1).

The final weight of snails differed among the four
groups born in autumn as well as among those born in
spring (Table 1, Figure 1). The results showed that the
four groups classified, in decreasing order of their final
mean weight, as follows: Group 20 16L:8D, Group 20
8L:16D, Group 15 16L:8D and then Group 15 8L:16D,
for the Autumn snails and Group 20 16L:8D, Group 20
8L:16D, Group 15 16L:8D, and Group 15 8L:16D for
the Spring snails.

Rearing temperature and light regime had significant
effects on the final weight of snails in both samples. In
fact, the weight of snails at the end of the experiment

varied between groups born in the same season and
reared at different temperatures (ANOVA: F = 27400.6;
df = 1, 111; p < 0.001 for the groups born in autumn and
F = 21856.0; df = 1, 91; p < 0.001 for the groups born
in spring; the post hoc comparison showed that there is
a significant difference among both groups in each sam-
ple, p < 0.001, Table 1, Figure 1). At 20 °C, the weight
of snails was significantly heavier than at 15 °C (see
Table 1).

Photoperiod affected the final weight of snails in the
two seasonal groups (Table 1); long-day photoperiod
snails had significantly higher body weights. Within the
seasonal groups (Spring snails and Autumn snails), at
15 °C as well as at 20 °C, snails raised under the long-
day photoperiod had higher body weights compared to
those reared under the short-day photoperiod (ANOVA:
F = 924.0; F = 1, 110; p < 0.001 for the groups born in
autumn and F = 947.5; F = 1, 91; p < 0.001 for the
groups born in spring, Post hoc testing revealed a signifi-
cant difference, in the two samples, among the four
groups, p < 0.001; Table 1, Figure 1).

Length of the growth period, the number of days to
onset of mating, varied within and between the two sea-
sonal groups. Rearing temperature had a significant
effect on the length of the growth period (t-test: t = 9.27;
p < 0.001; N1 = 57, N2 = 57 in Autumn snails and
t = 8.72; p < 0.001; N1 = 46, N2 = 47 in Spring snails;
Table 1). Snails raised at 20 °C took less time to develop
than those reared at 15 °C (Table 1). In contrast, growth
period did not significantly differ with photoperiod
(t-test: t = 1.12.19; p = 0.61; N1 = 57, N2 = 57 in
Autumn snails and t = 1.01; p = 0.53; N1 = 46, N2 = 47
in Spring snails; Table 1).

Overall, season of birth affected time to reproduction
(t-test: t = 5.65; p < 0.01; N1 = 114, N2 = 93; Table 1).
Autumn snails reached maturity and started to mate
3–4 weeks later than the Spring snails.

Regarding the difference in the final weight of snails
between the seasonal groups (between Autumn and
Spring snails), the results indicate that there is a small
difference between the seasonal groups (Table 1). In fact,
at the end of the experiment, the mean difference in
adult snails is 0.1 g between Autumn and Spring snails
which is only about 0.7–1.5% of adult weight.

Mortality during the experiment was low with loss of
only 3.3–8% of snails in each group (Table 1). There
was no significant difference within or between the two
seasonal groups (Comparison between proportions test,
p > 0.05).

Fitted growth curves of the Von Bertalanffy type on
the measured body weights provided us with estimates
of growth rate (r, Table 1). The 95% confidence inter-
vals allow us to evaluate differences among the treat-
ment groups, where non-overlapping confidence
intervals indicate significant differences. This clearly
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reveals that there are also differences in growth rates
among the treatments.

For the long day snails (16L:8D), there is no differ-
ence among the four treatments; they all fall into cate-
gory b. For the short day snails (8L:16D), the Spring
snails grow the same, while the Autumn snails grow sig-
nificantly slower at 20 °C and significantly faster at
15 °C compared to the other treatments (Table 1).

Discussion

Temperature, season, and photoperiod affected aspects of
growth in H. aperta. Snails reared at 20 °C were much
larger and reproduced at a younger age than snails reared
at 15 °C. These observations are in agreement with the
results of a similar experiment performed on the 4th
generation of laboratory-reared H. aperta snails, whose
parents were originally collected in March
(Tafoughalt-Benbellil et al. 2009). In that study, juvenile
growth (length of the growth period and mean wet

weight of snails at adulthood) was strongly stimulated by
a higher temperature (20 °C).

Adult weight is critical because it affects fecundity,
and natural selection would favor earlier maturity in all
thermal environments; faster growth at a higher tempera-
ture would result in a larger size at maturity (Angilletta
et al. 2004). Similarly, Stearns (1992) and Roff (2002)
reported that, generally, fecundity increases with increas-
ing body size. Tafoughalt-Benbellil et al. (2009, 2011)
reported that the number of eggs per clutch was very
significantly related to the adult weight of H. aperta.
Furthermore, rapid growth and larger body size are
expected to be advantageous, not only in fecundity but
also in other aspects of life history for many organisms
(the bigger-is-better hypothesis, reviewed by Litvak and
Leggett 1992; Arendt 1997; Blanckenhorn 2000). In
addition, in H. aperta, size at first reproduction is very
important, especially because this species has determi-
nant growth; size at first reproduction is the final size
(Tafoughalt-Benbellil et al. 2009).

Figure 1. Weekly means and errors of body weights (g) in H. aperta born in autumn and those born in spring under four controlled
combinations of temperature (15 or 20 °C) and photoperiod (hours of light and dark; LD, indicates long day 16L:8D; SD indicates
short day 8L:16D).

Table 1. Initial and final wet weights, length of growth period, mortality rates and estimated growth rate constant of H. aperta, born in
different seasons and reared from hatching to maturity under four combinations of temperature and photoperiod. Standard deviations are
indicated behind a ± symbol; 95% confidence intervals (for r) are indicated within brackets. Different superscripted letters indicate
significant differences between the treatments based on the ANOVA results (for weight at end) and based on 95% confidence intervals
(for r). The values for r are not separated by a line between Autumn and Spring because these estimates can be directly compared.

Season
Temperature

(°C)
Photoperiod

(Light/Dark, h)
Weight at
start (g)

Weight at
end (g)

Growth
period (days)

Final/initial N
(% died)

Estimated growth rate
(r, week−1)

Autumn 20 16L:8D 0.016 ± 0.001 14.45 ± 0.83d 160 29/30 (3.3%) 0.41 (0.40–0.42)b

Autumn 20 8L:16D 0.016 ± 0.002 13.04 ± 1.12c 158 28/30 (6.7%) 0.36 (0.36–0.37)a

Autumn 15 16L:8D 0.016 ± 0.002 8.01 ± 1.11b 175 28/30 (6.7%) 0.40 (0.39–0.41)b

Autumn 15 8L:16D 0.017 ± 0.001 7.17 ± 0.73a 182 29/30 (3.3%) 0.46 (0.45–0.47)c

Spring 20 16L:8D 0.021 ± 0.001 14.62 ± 1.37d 139 23/25 (8.0%) 0.41 (0.40–0.42)b

Spring 20 8L:16D 0.022 ± 0.002 13.12 ± 0.87c 141 24/25 (4.0%) 0.40 (0.39–0.41)b

Spring 15 16L:8D 0.021 ± 0.002 8.21 ± 0.85b 154 23/25 (8.0%) 0.38 (0.37–0.39)ab

Spring 15 8L:16D 0.021 ± 0.003 7.14 ± 0.81a 152 23/25 (8.0%) 0.42 (0.41–0.44)b
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Photoperiod (light regime) affected snail weights at
the onset of reproduction. Indeed, within the same sea-
son and temperature, snails raised under long day photo-
period averaged higher body weights than those reared
under short-day photoperiod. However, the photoperiod
effect was less than the temperature effect. These find-
ings are similar to those reported by Gomot et al. (1982)
and by Gomot and Deray (1987) in their studies of
C. aspersum, for which young snails exposed to long
days achieved heavier body weights than those reared
under short days. However, our observations are dissimi-
lar to those made on a laboratory colony of H. aperta
(Tafoughalt-Benbellil et al. 2009), in which photoperiod
length had no effect on the final weight. To explain this
difference, we hypothesize that the difference in the
effect of photoperiod on the final weight of snails is the
product of a physiological acclimatization to the labora-
tory conditions. Indeed, Madec (1988) showed that in
C. aspersum, some environmental variation allows the
animal to adapt to the new conditions either through
plasticity of development or via the possibility of a phys-
iological acclimatization of the species. In contrast to
snail weight, our data showed that photoperiod length
did not measurably affect length of the growth period
(until maturity), which is in agreement with observations
reported by Tafoughalt-Benbellil et al. (2009) for a labo-
ratory colony of H. aperta.

Season of birth affected two aspects of life history:
hatching weight and juvenile growth (length of the
growth period) but not weight at first reproduction. The
snails collected in spring laid larger eggs that resulted in
heavier body weights at hatching compared to those
collected in autumn.

Our findings suggest that the Spring snails, character-
ized by heavier hatchling weight, took less time to
develop and reached a similar adult weight than the
Autumn snails. Investment in eggs is known to vary in
snails (e.g. Hoffer et al. 2012). Baur (1994) showed that
larger eggs in Arianta arbustorum have higher nutrient
content and snails require only a short period of growth
to reach a shell diameter greater than 20 mm under natu-
ral conditions. Similarly, Sibly and Monk (1987)
reported, in a grasshopper species, that a large egg can
conceivably be an alternative to high growth rate or
reduced adult size when short development times are
important. These results are also consistent with variation
in egg weights reported by Tafoughalt-Benbellil et al.
(2011) for H. aperta. Snails living under Mediterranean
climates, characterized by dry summers, prepare them-
selves as early as May to undergo a long aestivation that
is essential to their survival. Thus, the increase in the
weight of snails at hatching as well as the shortened
length of the growth period, observed for the Spring
snails, would affect juvenile mortality during periods of
aestivation. For a better survival of a species and

maintenance of its populations during summer aestiva-
tion, the adjustment of the egg number per clutch, in
Spring snails, is compensated by an increase in egg
weight relative to the snails born in autumn (Tafoughalt-
Benbellil et al. 2011). In contrast, winter survival for
snails born in autumn is not a decisive factor for mortal-
ity in a region that has a sub-humid climate with mild
winters (Emberger 1955). The temperature conditions
and food availability in winter are also optimal for juve-
nile growth and, consequently, they would allow for
better survival regardless of their size.

The trade-off between clutch size and egg weight in
helicid snails with season is thus in agreement with the
observations of Madec et al. (1998). In their study of the
reproductive traits of the land snail Helix aspersa max-
ima from North Africa under laboratory conditions, the
authors noted that second clutches were smaller than the
first ones, but their eggs were heavier. This increase of
egg size, prior to the timing of aestivation, was associ-
ated to a size-dependent mortality of juveniles during
summer aestivation. Other Mediterranean snails, such as
Helix lucorum (Staikou et al. 1988) and Helix texta
(Heller & Ittiel 1990), also tend to reduce their number
of eggs per clutch (to 70–80 eggs/clutch) and compen-
sate by an increase in the weight of individual eggs.
Similarly, many authors (Wolda & Kreulen 1973; Pollard
1975; Oosterhoff 1977; Peake 1978; Caïn 1983; Cowie
1984; Madec et al. 1998, 2000) reported a trade-off
between egg size and clutch size in autumnal clutches of
helicid snails from Western Europe. In these species, the
change in the trade-off between egg size and clutch size
is linked to a size-dependent mortality of juveniles dur-
ing winter, rather than summer, because in more northern
climates, a lengthy hibernation occurs as an adaptation
to low temperature.

Because snail growth varies adaptively and can be a
plastic trait, another explanation for the longer growth
period in Autumn snails, relative to Spring snails, is
maternal effects. Such effects might be sought in inade-
quate provisioning of (specific) nutrients in the autumn
eggs as compared to spring eggs. This may be supported
by the fact that from late December to late March
(winter), and early May to late September (summer)
temperatures are not optimal for H. aperta (optimal
temperatures range from 7 to 27 °C) (see Tafoughalt-
Benbellil et al. 2011).

In conclusion, our results indicate that temperature,
photoperiod, and season have significant effects on body
growth. Snails reared at 15 °C grew slower, took more
time to develop and reached a smaller adult body weight
than those raised at 20 °C. Photoperiod length has signif-
icant effects on snail weight at adulthood, but not on the
length of the growth period. The season of birth has
significant effects on weight of hatchlings, juvenile
growth rates, and lengths of the growth period, but not
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on snail weight at adulthood. Seasonal differences on
weight of hatchlings are significant and large, whereas
this weight difference disappears by adulthood. As
expected from our experiments, the shortened growth
length in the Spring snails is associated with higher body
weights at hatching (and is probably due to either
heavier or qualitatively better eggs).
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