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EffEcts of tEmpEraturE and photopEriod on growth and 
rEproduction of thE land snail Helix apeRTa Born  

(gastropoda, pulmonata)

saida Benbellil-tafoughalt1*, mohamed sahnoune1,  
annette de Vaufleury2 & aissa moali1

résumé.— effets de la température et de la photopériode sur la croissance et la reproduction de 
l’escargot petit-gris helix aperta Born (gastropoda, pulmonata).— la croissance corporelle et l’activité 
reproductrice de Helix aperta ont été étudiées en laboratoire de l’éclosion à la maturité, à 15°c et 20°c 
durant 40 semaines et selon deux photopériodes: 16 h de jour / 8 h de nuit et 8 h de jour / 16 h de nuit. seule 
la température, pas la photopériode, a eu des effets significatifs sur la croissance corporelle; les escargots 
élevés à 15°c se sont développés plus lentement et ont atteint un poids adulte plus petit que ceux élevés à 
20°c. En revanche, les résultats ont montré une certaine interaction entre photopériode et température dans 
la reproduction (durée de l’activité reproductrice, nombre d’accouplements et de pontes) ainsi qu’un effet 
prédominant de la photopériode. le nombre d’œufs par ponte est apparu lié au poids des escargots. les 
meilleures conditions de croissance et de reproduction de Helix aperta furent la combinaison d’une tempé-
rature de 20°c et d’une photopériode de 16 h de jour / 8 h de nuit.

Summary.— Body growth and reproductive activity of Helix aperta were studied in laboratory condi-
tions over 40 weeks, from hatching to maturity at 15°c and 20°c, and under two photoperiods: 16h-light 
/8h-dark and 8h-light/16h-dark. only temperature, but not photoperiod, had 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. in contrast, the results showed some interaction between photoperiod and 
temperature on reproduction (length of reproductive activity, numbers of matings and layings) and revealed 
a predominant effect of photoperiod. number of eggs per clutch was linked to body weight of snails. the 
best conditions for growth and reproduction of Helix aperta snails were the combination of a temperature of 
20°c and a long-day photoperiod (16h l/8h d).

the influence of temperature on development and growth is particularly important in 
determining an organism’s life strategy since growth rate and size at maturity are key traits in 
life-history evolution (roff, 1992; stearns, 1992; charnov, 1993). in ectotherms, growth, devel-
opment rates and body size at adult age are function of environmental temperature. atkinson 
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(1994 & 1995) reported that, in most ectothermic species studied, size at maturity decreases 
with increasing growth temperature. a number of models have been proposed to explain these 
changes in ectotherms body size in response to thermal environment; both nonadaptive and 
adaptive explanations have been offered. nonadaptive theories, which suggest that temperature-
size relationship observed in ectotherms results from unequal effects of temperature on growth 
and differentiation, have been used to explain the larger body size at lower temperatures (von 
Bertalanffy, 1960; van der have & de Jong, 1996; Van Voorhies, 1996; arendt, 2000). adaptive 
explanations for the temperature-size rule use the costs and benefits of particular life histories, 
given thermal constraints on production or thermal effects on survival, to describe why, in most 
ectotherms, natural selection favours smaller size and faster development at higher temperature 
(atkinson, 1994; Berrigan & charnov, 1994).

the optimal reaction norm for size at maturity is the product of growth rate and the dura-
tion of the growth period (atkinson, 1994; Blanckenhorn, 1998; stern, 2001; davidowitz et al., 
2004). however, development and growth have different temperature/rate trajectories (smith-
gill & Berven, 1979; van der have & de Jong, 1996; Jarošík et al., 2004); an individual with 
a particular growth rate may become either large or small, depending on the length of growth 
period: a slow-growing individual grows to larger body size given enough time, and a rapidly-
growing individual may be small if its growth period is shortened (e.g. Blanckenhorn, 1999).

the effects of temperature and artificial photoperiods on body growth of helicid snails 
have been widely studied; it has been demonstrated that growth is strongly regulated by pho-
toperiod in Cornu aspersum aspersa (gomot et al., 1982; laurent et al., 1984; gomot & 
deray, 1987). however, in Cornu aspersum maxima, deray & laurent (1987) showed that the 
inhibitory effect of short-day photoperiod on body growth seems to be less pronounced than in 
Cornu aspersum aspersa. But growth in this species is more sensitive to environmental tem-
perature (lecompte, 1995; Jess & marks, 1998).

many authors took an interest in the study of the effects of photoperiod and temperature 
on the reproductive activity of terrestrial snails, with a particular reference to Cornu aspersum 
aspersa (stephens & stephens, 1966; charrier, 1980; Bailey, 1981; Enée et al., 1982; aupinel 
& daguzan, 1989) and Cornu aspersum maxima (Bonnefoy-claudet & deray, 1987; gomot 
et al., 1990). on the whole, all these works demonstrate the importance of photoperiod on the 
control of reproduction.

gomot et al. (1989), by using Cornu aspersum aspersa snails that have just entered hiber-
nation and submitting them to four different combinations of photoperiod and temperature, 
demonstrated the existence of an interaction between temperature and photoperiod on the 
reproduction of Cornu aspersum and a photoperiod-dependent control of the neuroendocrine 
centres responsible for ovulation and egg-laying. the authors observed that combination of 
long-days (18l:6d) and a temperature of 20°c is the most favourable condition for egg-laying 
as well as effective functioning of the ovotestis and the albumen gland. in contrast, they noted 
that under short day photoperiod (8l:16d), egg-laying is completely inhibited at 15°c and 
partially at 20°c; they observed differentiation of gametes in the ovotestis of snails, but mature 
oocytes were never released and thus degenerated. 

no previous studies have been carried out on the species Helix aperta Born (1778) (= 
Cantareus apertus Born, 1778), an edible snail whose biological cycle is poorly documented. 
it is a species of mediterranean origin, found in the south of france, italy, turkey, cyprus and 
north africa (Kerney & cameron, 1979; schütt, 2001). it is of brown greenish colour and has 
a mean size of 25mm. its meat is highly prized. sometimes known as the “burrowing snail” it is 
found above ground only by rainy weather; in dry conditions, it burrows 3 to 6 inches (7-15cm) 
into the ground and estivates in a thick whitish opercule until rain softens the soil. this snail 
is frequent in humid to sub-humid coastal habitats where it prefers vine and olive orchards. 
in algeria, it is frequently found throughout the coastal part of the country, especially in the 
region of Kabylia. this species is heavily exploited for gastronomy, so its density is more and 
more declining in north africa.
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in this paper, we aim to examine, under laboratory conditions, the effects of temperature 
and artificial photoperiods on growth and subsequent reproduction of snails of this understud-
ied species Helix aperta and so, determine the optimal combination of the two factors for a 
best productivity.

mEthods

100 adult snails identified as belonging to Helix aperta were collected from Bakaro (22 km east of Bejaia, Kabylia, 
northern algeria) on the second week of march 2005. the snails were reared for three generations under controlled 
conditions of 20°c temperature and 16-h light photoperiod.

all the rearing containers employed in this work were of transparent polystyrene, a volume of 3600 cm3 and 
perforated on their lids with 10 holes of 1mm diameter to provide ventilation. hatchlings of the fourth generation were 
used in the experiments. these hatchings were produced from reproductively mature snails divided into small groups 
of four individuals per container under optimal culture conditions (photoperiod: 16l:8d, temperature: 20°c, relative 
humidity: 90-95 %) following those used to raise another helicid snail, Cornu aspersum, an ubiquitous species living 
beside Helix aperta in algeria (daguzan, 1981; Enée et al., 1982; laurent et al., 1984; gomot & deray, 1987). the 
experimental animals were fed with the commercial product “Helixal” (Etablissements chays, france), a special meal 
for snails with two formulae: one for very young snails “first age” (nursery: 1 to 4 weeks) and another, “second age”, for 
growth and reproduction. the main components of these foods are reported in gomot-de Vaufleury (2000).

to examine the effects of temperature and photoperiod on growth and reproduction of Helix aperta, four groups 
of 40 newly-hatched snails were weighed and randomly placed in transparent polystyrene containers described above. 
the density in the rearing containers was 500 snails/m2 during the first 4 weeks and then 100 snails/m2 for the following 
weeks of growth. four replicates were used per sample and the boxes location in the rearing room was changed every 
day.

Equal quantities (50 g) of food were provided in each container on petri dishes of 9 cm diameter deposited in the 
bottom of the containers. to maintain the humidity, wet absorbent paper was placed on the floor of the containers. three 
times a week, at the same time, the containers were cleaned, the food renewed and the absorbent paper changed.

two photoperiod lengths were selected: one of long-days (16h light: 8h dark, noted 16l:8d) and the other of 
short-days (8h light: 16h dark, noted 8l:16d). the lighting was provided using neon of daylight type, with an intensity 
of 50–100 lux. the two temperatures tested were 15°c and 20°c, in constant temperature rooms. Each of the four groups 
of snails was submitted to a different combination of temperature and photoperiod: group a (20°c, 16l:8d), group B 
(20°c, 8l:16d), group c (15°c, 16l:8d) and group d (15°c, 8l:16d). all groups were reared at a relative humidity of 
90 to 95 %. Every week, all snails were weighed individually (± 0.01 g) and the mean snail weights in each group were 
estimated until the onset of matings, indicating the start of the reproduction phase (in Helix aperta species, the cessation 
of growth is not marked by shell-lip formation as in Cornu aspersum).

to study the effects of photoperiod and temperature on reproduction, the snails were randomly placed in groups of 
four individuals per container approximating a relative stocking density of 50 snails/m2. during the reproduction period, 
all the snails were marked by adhesive sticks to be recognized. pots of 10 cm of diameter and 8 cm of height filled with 
wet light soil were placed in each container for egg-laying. during all the time of the experiment, to follow the matings 
and egg-layings, two observations a day were made, the first early in the morning, the second in the afternoon. Each 
clutch was identified by its parentage, date of laying, number of eggs, date of hatching and number of young hatches. 
twice a week, the eggs were collected using a small spoon and their numbers recorded. 30 % randomly chosen eggs 
were individually weighed (± 0.001 g). all the eggs were then incubated at 20°c in petri dishes (9 cm in diameter and 
1.5 cm high). to maintain the humidity during all the time of incubation, a layer of wet absorbent paper was placed in 
the bottom of the petri dishes. for aeration of the eggs, the lids of the petri dishes were perforated with 10 small holes 
(1mm in diameter). after hatching, the number of young hatches was counted. Each week, the number of dead animals 
in each group was monitored during all the time of the experiment. the length of reproduction period was estimated by 
recording the beginning of matings and the end of egg-laying.

the data were subjected to statistical analysis using minitab 13.31 software (minitab inc., 2000) and statistica 5.5 
(statsoft inc., 1999). the mean weights of snails of the different groups and the mean number of eggs per clutch were 
expressed as means ± standard deviation (m ± sd) or standard error (m ± 2sE). the differences between the mean 
weights of snails in the different groups, mean weights of snails within each group at the start and the end of reproduction 
period, mean numbers of eggs per clutch and mean egg weights per clutch were tested using anova, student (t) or lsd 
tests. the comparison of numbers of matings and numbers of layings between the different groups and the relationships 
between numbers of matings and layings was done using χ2 test. comparison between proportions test was used to 
compare the different percentages estimated in the results. pearson’s correlations were determined between wet weight 
of snails and the following traits: numbers of eggs per clutch and egg wet weights. spearman’s rank coefficient was used 
to estimate the correlations of wet weight of snails with numbers of matings and layings.



 – 210  –

rEsults

the data showed that juvenile growth rates increased with increasing temperature regard-
less of photoperiod length (fig. 1), but this juvenile growth, beyond the eighth week, was far 
faster (p < 0.001) at 20°c (fig. 1, groups a & B) than at 15°c (fig. 1, groups c & d). at 
15°c, the long and the short photoperiods resulted in nearly confounded curves (fig. 1, groups 
c & d) whereas at 20°c, growth rate under long-day photoperiod was faster (p < 0.001) than 
under short-day photoperiod (fig. 1, groups a & B). at the end of growth period (23rd week 
after hatching), snails were found to have significantly higher wet weights at 20°c than at 
15°c (p < 0.001); however, no significant difference (p = 0.12) was revealed between values 
obtained under long and short-day photoperiods. long-day photoperiod seemed to have a sig-
nificant positive effect on final snail weights as well as on growth rate only at 20°c but not at 
15°c (fig. 1 and tab. i). at 15°c, snails exposed to long-days were in average only 3.87 % 
heavier than those reared under short-day photoperiod (p > 0.5), whereas at 20°c, the weights 
revealed to be respectively 10.26 % greater (p < 0.05). under both photoperiods, the develop-
ment time of snails was only of 21 weeks at 20°c but of 23 weeks at 15°c. in fact, snails raised 
at 20°c reached maturity and started to mate after 21 weeks of growth, while at 15°c, this was 
observed 2 weeks later. the end of development time coincided with the cessation of growth. 
moreover, after reproduction, the mean weight of snails decreased significantly (p < 0.001) 
in group a (20°c, long-days) and group d (15°c, short-days). however, in groups B (20°c, 
short-days) and c (15°c, short-day), the mean wet weight of snails did not change much over 
the reproduction period (p > 0.05) (tab. ii, lines 1 & 2).

figure 1.— Effect of four combinations of temperature (°c) and photoperiod (h) on the growth of Helix aperta.  
(group a: 20°c, 16h-light:8h-dark; group B:  20°c, 8h-light:16h-dark; group c: 15°c, 16h-light:8h-dark; 
group d: 15°c, 8h-light:16h-dark). the curves marked with different small letters (a-c) are significantly different 

(p < 0.01).
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taBlE i

initial and final wet weights and mortality rates of helix aperta snails reared over 23 weeks under four combinations 
of temperature and photoperiod. The snails groups values marked with different small letters (a-c) are significantly 

different (p < 0.05)

Experimental design mean wet weight of snails ± sd (g) mortality

Experimental 
groups

temperature (°c)/
photoperiod1 (h)

start of
experiment

after
23 weeks

final number / initial 
number of snails

rates of
mortality (%)

group a
group B
group c
group d

20 / (l 16:d 8)
20 / (l 8:d 16) 

15 / (l 16:d 8)
15 / (l 8:d 16)

0.024±0.001a
0.023±0.002a
0.023±0.001a
0.023±0.003a

14.81±0.97c
13.43±1.07b
8.25±0.87a
7.93±0.81a

38/40a
39/40a
38/40a 
38/40a

5a
2.5a
5a
5a

1 l: light (h); d: dark (h).

taBlE ii

Reproductive traits, rates of mortality and mean weights of helix aperta reared under four combinations of temperature 
(°C) and photoperiod (h). The snails groups values marked with different small letters (a-c) are significantly different 
(p < 0.05); within each snail group, mean weights (descriptive traits 1 and 2) marked with different capital letters 

(a-B) are significantly different (p < 0.05)

descriptive traits
group a
(20°c/

l16:d8)1

group B
(20°c/

l8:d16)1

group c
(15°c/

l16:d8)1

group d
(15°c/

l8:d16)1

1. mean weights ± sd of snails at start of reproduction period (g)
2. mean weights ± sd of snails at the end of reproduction period (g)
3. sample size at start of reproduction period
4. sample size at the end of reproduction period
5.percent of snails that mated
6. total number of matings
7. number  of matings per snail
8. percent of snails that laid eggs
9. total number of clutches
10. number of clutches per snail
11. mean number of eggs ± sd per clutch
12. mean egg weight (mg)
13.% of hatching (= number of eggs that gave juveniles)
14. time between mating and egg-laying (days)
15. time of incubation (days)
16. rate of mortality during reproduction period (%) 
17. range of reproduction activity (weeks)
18. range of mating activity (weeks)
19. range of laying activity (weeks)

14.81±0.97cb
13.46±0.98da

38a
29a

100%c
132d
3.47c

100%d
72c

1.89d
340.4±30c

26.6 ± 1.12a
86%a

20
13

24%a
20
18
17

13,43±1.07ba
12.35±1.01ca

39a
35a

64%b
34b

0.87a
53.85%b

21b
0.54b

306.0±43b
26.49 ± 0.32a

87%a
20
13

10%a
9
5
6

8.25±0.87aa
8.12±0.52ba

38a
35a

100%c
98c

2.58b
84.21%c

56c
1.47c

188.9±31a
27.01±0.21a

87%a
20
13

8%a
11
10
8

7.93±0,81ab
7.01±1.02aa

38a
30a

39,47%a
20a

0.53a
13.15%a

05a
0.13a

188.8±07a
26.21±0.03a

85%a
20
13

21%a
5
4
2

1 l: light (h); d: dark (h).

regarding reproduction activity, the data showed that, at the end of the experiment, the 
total numbers of matings per group were very variable (tab. ii, line 6) and it seemed to be 
under long-day photoperiod that snails were inclined to mate more frequently (χ2 = 106.54; df 
= 5; p < 0.001) and had significantly more frequent egg-layings (χ2 = 88.68; df =2; p < 0.001) 
(fig. 2). an interaction between photoperiod and temperature was obvious on both matings and 
egg-layings (fig. 2). the results revealed clearly that it was at 20°c in long-days (figs. 2-4, 
group a; tab. ii) that snails had the highest reproduction activity which lasted 20 weeks, with 
3.47 matings and 1.89 clutch per individual as the highest frequencies observed in this experi-
ment (tab. ii, lines 7 & 10). snails reared at 15°c in short-days (group d) showed the smallest 
numbers of matings (0.53) and layings (0.13) per snail and stopped copulation and egg-laying 
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after 4 and 2 weeks respectively (tab. ii, lines 18 & 19; figs. 2 & 3). snails of group c reared 
at 15°c under long-day photoperiod mated and laid more frequently than those of group B 
raised at 15°c under short-day photoperiod with 2.58 vs 0.87 mating per snail and 1.47 vs 0.54 
laying per snail respectively (tab. ii, lines 7 & 10). mating and egg-laying activities lasted 
respectively 10 and 8 weeks in group c against 5 and 6 weeks in group B (fig. 3; tab. ii, lines 
18 & 19).

figure 2.— distributions of the snails of Helix aperta (as % of the total number of surviving snails) according to  
their total numbers of matings () and clutches () at four combinations of temperature (°c) and photoperiod (h). 
(group a: 20°c, 16h-light:8h-dark; group B: 20°c, 8h-light:16h-dark; group c: 15°c, 16h-light:8h-dark;  

group d: 15°c, 8h-light:16h-dark).
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figure 3.— weekly variations of mating () and laying frequencies () in Helix aperta, (as % of the total number of 
surviving snails) at four combinations of temperature (°c) and photoperiod (h). (group a: 20°c, 16h-light:8h-dark; 

group B:  20°c, 8h-light:16h-dark; group c: 15°c, 16h-light:8h-dark; group d: 15°c, 8h-light:16h-dark).
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the first mating took place on the 21st week in groups a and B and on the 23rd in groups 
c and d at frequencies of 89.47 %, 46.15 %, 84.21 % and 28.95 % respectively (fig. 3). as to 
the first clutch, it was laid on the 24th week for groups a and B and on the 26th for groups c 
and d at the respective frequencies of 23.68 %, 17.42 %, 34.21 % and 5.26 % (fig. 3). numbers 
of matings per snail ranged from 2-5, 0-2, 1-4 and 0-2 in groups a, B, c and d respectively; 
likewise, the numbers of egg-layings per individual were 1-2 for groups a and c, and 0-1 for 
groups B and d (fig. 2). the modal values of mating numbers per snail and their frequencies 
were respectively, for the four groups listed in order, 3 (47.37 %), 1 (41.03 %), 3 (42.11 %) and 
0 (60.53 %) (fig. 2); similarly, the modal values of laying numbers per snail were 2 (89.47 %), 
1 (53.85 %), 2 (63.16 %) and 0 (86.84 %) (fig. 2). Even if the ranges of mating and laying 
numbers per snail were the same for groups B and d, the corresponding frequencies were 
significantly different (p < 0.05). the four groups showed also important differences regarding 
the numbers of eggs laid per snail over the reproduction period (fig. 4). on the basis of the total 
quantity of eggs produced, the four groups classified, in decreasing order, as follows: group 
a, group c, group B and then group d (fig. 4; tab. ii, line 11). groups a and B showed two 
peaks of egg numbers per snail, the first one at the 24th week for both groups and the second 
one at the 29th week for group B and the 32nd week for group a, with the highest values in 
group a (fig. 4). as to groups c and d, they presented only one peak of egg numbers per snail 
at the 26th and 27th week respectively.

figure 4.— weekly oviposition (eggs per snail) of Helix aperta at four combinations of temperature and photoperiod: 
(group a: 20°c, 16h-light:8h-dark; group B: 20°c, 8h-light:16h-dark; group c: 15°c, 16h-light:8h-dark;  

group d: 15°c, 8h-light:16h-dark).

however, there was a highly significant association between numbers of matings and lay-
ings per snail (χ2 = 71.81; df = 5; p < 0.001; n = 153). the snails that laid eggs were the ones 
that mated the most. furthermore, there was no relation between the weights of snails and the 
numbers of matings in all groups (r = 0.033 - 0.098, p = 0.555 - 0.845). similarly, the results 
showed no influence of body weight on the number of layings in all groups (r = 0.068 - 0.108, 
p = 0.519 - 0.679).

the results show clearly that snails reared at 20°c laid more eggs per clutch. in fact, the 
mean number of eggs per clutch was 340.4 ± 30 and 306.0 ± 43 in groups a and B respectively, 
188.9 ± 31 in group c and 188.8 ± 07 in group d (tab. ii, line 11). the effect of tempera-
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ture on egg number by clutch was significant at both photoperiods (p < 0.001). in contrast, 
the length of photoperiod had no effects on the mean number of eggs per clutch (p = 0.87) at 
15°c, but a significant difference (p = 0.001) was detected in the mean number of eggs per 
clutch between the two photoperiods at 20°c (tab. ii, line 11). there was a strong correlation 
between the weight of the snails and the number of eggs by clutch (r > 0.966, p < 0.001) in all 
the four groups but no significant one was detected between the weight of the snails and that 
of the eggs (r = 0.120, p = 0.473). no significant difference in the weights of the eggs was 
detected between the four studied groups (p = 0,591); the mean egg weight was practically the 
same (tab. ii, line 12). the period between mating and egg-laying (20 days) and the time of 
incubation (13 days) were exactly the same in all the four groups. hatching success of eggs 
was not variable and the percentage of hatching was nearly identical in the four groups (tab. ii, 
line 13).

mortality rate was very low during the growth phase of snails and did not exceed 5 % for 
all the four groups (tab. i); it seemed to be unaffected by temperature or photoperiod (p = 0.46) 
but it tended to increase rapidly towards the end of the experiment in groups a and d (tab. ii, 
line 16). mortality was high for group a (24 %) after intense reproductive activity and also in 
group d (21 %), in which very few eggs were produced (tab. ii, line 16). however, in groups 
B and c, there were relatively lower rates of mortality (10 % and 8 % respectively).

discussion

the present study contributes to a better understanding of the effects of temperature and 
photoperiod on growth, sexual maturity and fecundity of Helix aperta snails reared under labo-
ratory conditions. it provides the first data on the life history of this ecologically and economi-
cally important land snail.

our results revealed that length of photoperiod had no effect on juvenile growth in the 
species Helix aperta; and no significant interactive influence of temperature and photoperiod 
on growth was detected (fig. 1, tab. i). furthermore, the prolonged development time at 15°c 
compared to 20°c, regardless of photoperiod (tab. i), suggests that length of photoperiod has 
also no effect on development rate. these findings are similar to those reported by hunter & 
stone (1986) in their study of Cepaea nemoralis where they concluded that gametogenesis 
and functional development of the reproductive system are neither prevented nor retarded by 
exposing the animals to short-days (8h-daylength) for the entire pre-reproductive life. simi-
larly, Jess & marks (1998) reported that, in Cornu aspersum maxima, the mean adult weight 
and sexual maturity of snails (incidence of shell-lip and onset of oviposition), were unaffected 
by photoperiod and no interaction between photoperiod and temperature was detected. in con-
trast, henderson & pelluet (1960) observed that, in Deroceras reticulatum, spermatogenesis 
was strongly stimulated under 24h-daylength. in Cornu aspersum aspersa, gomot et al. (1982) 
and gomot & deray (1987), demonstrated that the young snails of this species, when exposed 
to long-days (18h or 24h of light per day) from birth, matured earlier and achieved heavier 
body weights than those reared under short-days.

as expected from our experiments, both growth and development time of juvenile snails 
of Helix aperta species were faster at 20°c than 15°c (fig. 1, tab. i). in several groups of 
ectotherms, temperature is indicated as the major proximal factor explaining the variation in 
growth rates and development (smith-gill & Berven, 1979; van der have & de Jong, 1996; 
Jarošík et al., 2004) and body size is the product of growth rate and duration of growth period 
(atkinson, 1994; Blanckenhorn, 1998; stern, 2001; davidowitz et al., 2004). in our results, 
at low temperature, snails achieved smaller weights with little prolonged development time. 
at high temperature, however, snails were forced into a trade-off in which they favoured early 
maturation over large size, with selection favouring high growth rates at high temperatures 
and a short growing season. consequently, the basic trade-off between development time and 
body size at maturity frequently assumed in life-history theory (stearns, 1992; roff, 2002) did 
not occur. the heavy weights in the snails reared at 20°c were due to plastic growth (higher 
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growth rates) and the reduction in adult size at lower temperature (15°c) may be a consequence 
of short growing season, development time being prolonged only by 2 weeks. as shown by 
davidowitz & nijhout (2004) at lower temperatures, the duration of the growth period is more 
important in determining body size, while growth rate is more important in determining size 
at higher temperatures.

our results are closely comparable with those reported earlier for Cornu aspersum maxima 
in which body size at maturity increases with increasing growth temperature (lecompte, 1995) 
and hatched snails reared at 20°c matured earlier and achieved heavier body weights than those 
at 15°c (Jess & marks, 1998).

natural selection would favour earliest age at maturity in all thermal environments and 
the faster growth at a higher temperature would result in a larger size at maturity (angalita, 
2004). in our results, higher growth rates and higher weights at 20°c favoured fecundity. simi-
larly, stearns (1992) and roff (2002) reported that fecundity increases with increasing body 
size. our results showed strong positive correlation between the weight of Helix aperta mature 
snails and their fecundity (number of eggs per clutch). snails reared at 20°c laid more eggs per 
clutch than those raised at 15°c. 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 arendt, 1997; Blanckenhorn, 2000). 
however, reduction in adult weights at lower temperature resulted in smaller numbers of eggs 
per clutch because slower growth and the resulting smaller body size reduce fecundity of each 
individual (arendt, 1997; Blanckenhorn, 2000).

the mean weight of snails after reproduction (tab. ii, lines 1 & 2) decreased significantly 
(p < 0.001) in group a (20°c, long-days) presumably because the animals required higher 
energy amounts to reproduction and also in group d (15°c, short-days) which produced the 
smallest number of eggs but not in groups B (20°c, short-days) and c (15°c, long-days) 
(p > 0.05).

although the interactive effect of photoperiod and temperature has an influence on the 
number of matings and layings, with predominance of the effects of photoperiod, our results 
showed clearly that snails reared in long-day photoperiod had higher numbers of matings and 
layings and longer periods of reproduction (figs. 2 & 3; tab. ii, lines 6, 9 & 17). in contrast, 
for snails reared in short-days, egg-laying stopped very early (after two weeks time) at 15°c 
(fig. 3, group d) and lasted only 6 weeks at 20°c (fig. 3, group B). numbers of matings and 
egg-layings were higher in group c (15°c, short-day photoperiod) than in group B (20°c, 
long-day photoperiod) (tab. ii, lines 6 & 9; fig. 2, groups B & c).

these results suggest that photoperiod has the greatest effect on all the process of mating 
and egg-laying of the species Helix aperta; it means that reproduction is strongly regulated by 
the length of photoperiod. this observation confirms those made by other authors on Cornu 
aspersum. stephens & stephens (1966) observed that the species Cornu aspersum aspersa 
receiving 9h of light per day never laid eggs. in the same species, Bailey (1981) detected also 
a close relationship between photoperiod and reproductive activity. Enée et al. (1982) reported 
that reproductively active Cornu aspersum aspersa snails collected from natural habitats in 
france stopped laying after only 4 weeks when exposed to short-days (6-12h of light), whereas 
those exposed to long-days (18h light) did continue laying for as long as 13 weeks. our results 
demonstrate the existence of an interaction between temperature and photoperiod on matings 
and egg-laying in Helix aperta with a predominant effect of photoperiod. previously, gomot 
et al. (1989) observed that oviposition was completely or partially inhibited under short-day 
photoperiods at 15°c and 20°c, respectively. the authors have shown that interactions between 
photoperiod and temperature exist, and increased daylight compensates the negative effect of 
low temperature on reproduction of Cornu aspersum aspersa. similar observations have been 
recorded for Helix pomatia (gomot, 1990). furthermore, our results indicated highly signifi-
cant association (χ2 = 71.81; df = 5; p < 0.001) between the number of matings and that of 
layings. in fact, snails which mated a lot were those which laid the most. these results confirm 
those reported for different gastropod snails where it has been clearly shown that the number 
of clutches is strongly regulated by the number of matings. Baur (1988) and Baur & Baur 
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(1992) showed that repetitive mating in the species arianta arbustorum had a positive effect 
on the number of egg-layings. according to stearns (1989), such a relation could be due to the 
“intermediate structure” of the variation, including physiological mechanisms under endocrine 
control. numbers of matings and clutches are not correlated to the weight of snails (madec et 
al., 1998, 2000).

our experiments demonstrate clearly that the number of eggs per clutch was very sig-
nificantly related (r > 0.966; p < 0.001) to the weight of the snails in all the four groups. this 
could explain the differences in the mean number of eggs per clutch between snails reared at 
different temperatures and between those reared at 20°c under different photoperiods (groups 
a & B) (tab. ii, line 11); snails reared at 20°c were heavier and more reproductive, those 
reared at 15°c were lighter and less reproductive. similarly, snails in group a were heavier 
and have greater mean number of eggs per clutch than those in group B (tab. ii, line 11). our 
results revealed no significant correlation between the mean weight of eggs and the weight of 
snails (r = 0.120, p = 0.473). comparable correlations between weight and fecundity of ani-
mals were noticed in Cornu aspersum maxima on farm snails after an artificial hibernation of 
3 months (madec et al., 1998) and, in Cornu aspersum aspersa, on wild snails collected from 
nature in france (madec et al., 2000). the authors detected a strong correlation between the 
number of eggs by clutch and the body size of snails, but no relation between the body size 
of snails and the weight of their eggs. in Cornu aspersum, dupont-nivet et al. (1998) found 
that snails with comparable past and present conditions of life showed positive phenotypic and 
genetic correlations between egg number and (1) time from emergence from hibernation to lay-
ing and (2) time from mating to laying, but no relation of (1) and (2) with egg weight.

our results indicate also that the physiological factors that control all of (1) the mating 
and egg-laying and (2) the number of eggs by clutch were not identical, with no correlation 
between these two aspects of reproduction activity. matings and egg-layings are only sensitive 
to interferences between the environmental factors and the neuroendocrine stimuli of the snails 
of the species Helix aperta; but the number of eggs per clutch is strongly related to the weight 
of snails, it depends probably on the quantity of energy stocked regardless of temperature and 
photoperiod.

in conclusion, the best conditions for growth and reproduction of Helix aperta snails are 
the combination of temperature of 20°c and a long-day photoperiod (16h light: 8h dark).
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