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Growth, reproduction and hibernation of Arianta arbustorum (L.)
(Gastropoda, Helicidae) in southern Finland
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Field observations and experiments were made to study the growth, reproduction
and hibernation of Arianta arbustorum in southern Finland where the species
lives at the periphery of its range.

The newly hatched young become adult during their third or fourth summer.
The rate of growth of the shell decreases gradually with age. The snails lay eggs
from spring till autumn, most frequently in spring and early summer. The eggs
hatch in 2—3 weeks. Hibernation begins earlier among adults than among
subadults and juveniles, as indicated by the number of epiphragms secreted.
Adults secreted more epiphragms than subadults, and subadults more than
juveniles. Most specimens hibernated with the apex down. The possible adaptive
value of this position is discussed. Winter mortality was greater among juveniles
than among subadults, and least among adults. Totally, it was 13.6 9, in 1967—
1968, but only 3.4 % in 1973—1974.

Juhani Terhivuo, Loological Museum, University of Helsinki, P. Rautatickatu 13, SF-

00100, Helsinki 10, Finland.

1. Introduction

Most records of Arianta arbustorum from. Finland
are confined to the coast of the Baltic up to
lat. 66° N, but its Scandinavian range extends
as far as Kilpisjarvi, Finnish Lapland (767:25,
Grid 27° E). This species prefers habitats with
a dense, rich vegetation and available calcium.
Occasional population explosions have been
recorded (NORDENSKIOLD & NYLANDER 1856,
NyrLanper 1858—1859, Lutaer 1901, MEerLa
1902, CajanpeEr 1935, SuomMALAINEN 1937, E.
Varovirta 1955, Vappura 1962, I. VaLo-
VIRTA 1964, 1967 and Kauppr et al. 1968). In
central and southern Europe it is eurytopic and
occurs on mountain slopes up to 3000 m
(LixHaRev & RAMMEL’MEIR 1952, EHRMANN
1956, JaeckeL 1962). The life history of the
species in continental Europe was described by
KoUNkeL (1916) and Fromming (1954) and in
England by CaMeron (1969a, 1969b, 1970a,
1970b,), CAIN et al. (1969) and CameroN &
Parpes-CLark (1971).

This study aims at describing the poorly

known life history of Arianta arbustorum in
southern Finland, where it lives near the
periphery of its range.

2. Study area

The study area is Pappilanmiki, a hill in the oldest
part of Porvoo (669:42), about 38 m above sea level.
The area has been inhabited since the Stone Age and
permanently since the 14th century (Luno 1947);
according to SaARIsaLO-TAUBERT (1963), settlement
has favoured the development of a rich vegetation with
many anthropochorous species. The small abandoned
fields and gardens with their mould soil and heaps of
fallen leaves offer good sites for hibernation.

In Pappilanmiki there is a dense population of
Arianta arbustorum (1. VALOVIRTA 1964) which occasion-
ally damage garden plants and pollute wells.

3. Material and methods

Snails were collected from the western slope of Pappilan-
miki from an area of about 1 ha in October 1967—
March 1968 and on 26 April 1974. Additional field
observations were made on 13 October 1968 and on
7 May 1975. Most of the snails were preserved in 80 9,
alcohol, but some were used for rearing experiments
conducted in Helsinki.
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Experiment 1. A few adult and subadult snails hiber-
nating in heaps of fallen leaves under snow were collected
on 9 March 1968 and put into a white plastic cage (10 X
20 x 10 cm) lined at the bottom with damp blotting-
paper to supply moisture, and covered with nylon net.
The box was kept indoors in natural light at about +
20°C. The snails were fed with fresh cucumber and
lettuce. For egg-laying there was a small box filled with
garden mould. To neutralize the faeces and to prevent
lack of lime, powdered chalk was sprinkled occasionally
in small amounts. The eggs laid were removed daily.
The culture was kept until 1 June 1968.

Experiment 2. Hibernating adults collected on 26
April 1974 and marked with instantly drying ink were
put into two rearing cages (25x15x8 cm), eight
specimens into each. One cage was kept outdoors
protected only from direct sunshine and rain, the other
in a laboratory room at about +20 °C and in natural
daylight. The reproductive behaviour of the individuals
was observed and the eggs laid were counted. Both
groups were fed with lettuce and cucumber; some
powdered chalk was added. The experiment lasted till
10 November 1974.

Experiment 3. A few newly hatched juveniles were
kept in two rearing cages on 21 June to 10 November
1974. The snails in these cages were kept in the same
way as those in experiment 2.

Experiment 4. Subadults and juveniles collected on
26 April 1974 were put into four cages (seven specimens
in each) and treated as in experiment 2. The experiment
lasted to 10 November 1974.

Arousal experiment. Snails hibernating under snow
were collected in March 1968. Six groups of 18 snails
of different sizes were put into glass jars with foam
plastic at the bottom, with small depressions to hold
the snails with the apex down. When carefully handled
with forceps at —2 °C, none of the snails showed any
activity. Three of the jars were kept in the dark, the
other three under natural diffuse daylight in daytime
and artificial light (60 W bulb about 1 m above the
jars) at night. Into one jar of each group water was
poured to make the foam plastic float without letting
the specimens get wet. In the second jar of each group
a drop of water was placed on the uppermost epiphragm
of each individual, and in the third jar no moisture
was added. The jars were closed tightly. The temperature
was then raised from —2 to +22 °C during 12 h, and
kept at this level. During each 12-h period the jars
were examined 2—5 times and all the snails that had
wakened were removed and measured.

The meteorological data relating to the field obser-
vations were obtained from Linnanmé&ki pumping station
about 400 m from the study area.

4. Results

A. Growth

The specimens were divided into size groups
on the basis of shell width, but there was some
overlap between adults and subadults. The
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Table 1. Successive size groups of Arianta arbustorum used in the
present paper.

Age groups Width of shell Weight
(or egg), mm mg

x 4+ s n x 4+ sz n

Eggs 2.5 + 0.02 40 11.2 4 0.17 15

(one day old)

Juveniles (newly hatched) 2.7 + 0.03 35 5.9 -+ 0.24 16

range 2.2 — 3.0
Juv. and subad. mostly < 19.0, -— — —
(up to  20.0)
Adults 20.1 4= 0.06, 291 - =
range 174 — 24.3

Width of shell Correlation between width ( X) and

mm height (y) of shell
regression line r n
<8 y = 0.63 x +0.124 0.979%** 112
8—<13 y = 0.74 x —0.322 0.915*** 165
=13 y = 0.92 x —2.072 0.870%** 225
Adults y = 0.65x +3.011 0.577%** 291

adults could be recognized by the thickened
outer lip framing the aperture of the shell.
Individuals with a shell = 15 mm wide were
classified as subadults. Table 1 shows data on
the different size groups of Arianta arbustorum
distinguished in the present paper. The corre-
lation between the width and the height of the
shell is statistically significant in all these groups.

STEENBERG (1911) suggested that more or
less pigmented streaks on the surface of the
shell indicate where growth has ceased. In
Arianta arbustorum most streaks are rather wide
and easy to detect. No doubt, these indicate
cessation of growth prior to the hibernation
of the snail. Many individuals had additional
streaks which were very narrow and not so easy
to detect. These may indicate incidental cessa-
tions of growth caused, for example, by summer
drought. Fig. 1 shows the actual width (B) of
the shell of each individual on 15 October 1967
as well as the width (A) indicated by the first
wide streak counted backwards from the lip of
the shell in a sample of 1133 specimens. The
frequency distributions show at least two peaks
(4.0 and 8.5 mm in Fig. 1A, 10.5 and 14.5 mm
in Fig. 1B). Fig. 2, based on the two sets of
measurements in the same individuals, indicates
the mean annual growth of shells of different
widths. From the regression lines it can be
concluded that the two peaks in Fig. 1A (and
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Fig. 1. The frequency distribution of shell widths (mm) in a sample
of Arianta arbustorum collected on 15 October 1967. A = measured
at the first wide growth streak situated backwards from the lip of
the shell (measured as above left), B = based on the actual shell
widths (measured as above right) of the same individuals as in A
(n = 1133). See also the text.

B) represent snails hatched in different years.
Ideally, if all the snails in each size class in
spring 1967 had grown equally, the frequencies
should have been the same in Figs. 1A and 1B.
Both regression lines show that the growth
rate tends to decrease for shells over 11—12 mm
in width. The two lines deviate because speci-
mens of the same size group did not grow at
equal rates. Hence, the best estimate for each
size group lies between the lines, as also seen
in Fig. 3. For the snails with a shell < 11 mm
wide the picture is blurred by the new juveniles
hatched during the growth period, as indicated
by field observations and the low peak (4.5 mm)
in Fig. 1B. That tends to decrease the value for
the mean growth of each size group and hence
there are positive slopes in Fig. 2. The wider
the shells of these juveniles in autumn 1967,
the greater had been their annual growth, and
evidently those hatched in spring 1967 had
grown most, viz. 6—7 mm (black dots). Accord-
ingly, to estimate the actual mean growth of
the juveniles (2.5 mm) hatched in spring 1967
we have to extrapolate the negative slope of
the regression line (open circles) upwards.

According to Fig. 2 (open circles), juveniles
hatched in spring will be about 10 mm the
first autumn, 14—15 mm the second, and
17—18 mm the third, becoming adult during
the fourth summer of life. Some individuals may
also become adult at the end of their third
summer (see Fig. 3).

The -sample used for the frequency distri-
bution in Fig. 1 included 29 adults. The last
annual growth of the shell among them was
3.3 mm on an average. This corresponds quite
well to the values for the adults in Fig. 3.

width

13 14 15 16 17 18 19 20 21 42‘2 23
mm

Fig. 2. Mean annual growth (mm) in the width of the shell in A. arbustorum. Open circles: growth among size groups of spring
1967 (based on Fig. 1A), solid circles: growth among those of autumn 1967 (Fig. 1B.) For further explanation see the text.
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Fig. 3. Shell growth among 16 captive Arianta arbustorum subadults
and juveniles from 26 April to 10 November 1974. Solid squares:
individuals which became adults. For further explanation see the
text.

To verify these results, 16 specimens were
reared from 26 April to 10 November 1974
(Experiment 4). The growth of these specimens
is seen in Fig. 3, where the regression line is
almost the same as in Fig. 2 (open’ circles).
Moreover, all specimens with shells > 15 mm
in April 1974 became adults.

The average annual growth of the shell in
the newly hatched juveniles was estimated in
experiment 3. For those kept outdoors it
was X + sy = 4.2 4+ 0.78 mm (n=8) and
for those kept indoors 6.0 4 0.62 mm (n =
20). The difference is not significant (t = 1.632,
d.f. 26).

Among the adults there was no further
increase in either the width or the height of
the shell (Experiment 2), as also observed by
Ku~nkeL (1916).

B. Reproduction

Data on reproduction were obtained from
experiments 1 and 2 and from field obser-
vations. A few clutches of eggs were found both
in October 1967 and in April 1968. The latter
had passed the winter but did not hatch. A few
juveniles with a shell 2.5—4.0 mm wide were
found in April 1974. No doubt, they had hatched
late the previous autumn (see also Fig. 1B).

In experiment 2 the first mating was observed
among the adults reared outdoors in May, and
the first eggs were laid on 24 May 1974. In
both groups the last clutches of eggs were laid
in September. One mating pair was found in
the study area on 7 May 1975, too. Thus egg-
laying may take place from spring till autumn.

Fennici 15.

1978 11

The number of eggs per clutch of reared adults
was 60.2 4+ 5.55 (n = 18, range 26—111), the
confidence limits for X (p — ¢.05y being 48.4 —
72.0. Some snails, especially those kept indoors,
mated and laid eggs more than once during
the experiments. One individual laid eggs three
times within a period of 8 days. Both mating
and egg-laying could occur at different times
of day. The interval from copulation to egg-
laying was less than one week, usually only a
few days. Hatching took 2—3 weeks, the time
being shorter indoors than out.

C. Hibernation

Onset of hibernation. Hibernation is here used to
mean the physiological state in which the snail
passes the winter. To follow the course of
hibernation the snail population was sampled
four times in winter 1967—68 (Table 2). A

Table 2. Onset and cessation of hibernation of Arianta arbustorum.
as shown by their position and the number of epiphragms secreted.
Porvoo, Pappilanmiki 26 November 1967 (sample 1), 16 December
1967 (2), 9 March 1968 (3) and 30 March 1968 (4; the specimens
still hibernating). The immature specimens were divided into size
groups on the basis of shell width.

Sample 1 Number of epiphragms Specimens
with =
0 1 2 3 4 n 3 epiphragms
Adults
Apex down - — 10 8 2 20 10
Apex horizontally — 1 3 4 — 8 4
Apex up - - = 1 - 1 1
Total (51.7 %)
Subadults and
juveniles
Apex down 1 4 22 9 — 36 9
Apex horizontally 1 5 8 1 — 15 1
Apex up - - 5 | 6 1
Total (19.3 %)
Sample 2
Adults - - 2 8 — 10 8
Subadults (= 15mm) - — 3 6 — 9 6
Juveniles (<< 15mm) — 1 15 13 — 29 13
Sample 3
Adults - - 1 A1 1 13 12
Subadults (= 15mm) — — 27 54 1 82 55
Juveniles (<< 15mm) — — 39 25 — 64 25
Sample 4
Subadults (= 15mm) — — 4 11 — 15 11
Juveniles (<< 15mm) — 1 28 18 1 48 19
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fifth sample was taken on 26 April 1974 (Table
3). Fig. 4 gives data on temperature and snow
cover.

In October 1967 no snails were yet observed
to enter hibernation, but on 26 November 1967
the only snails found without epiphragms were
two juveniles (Table 2), neither of them any
longer active. Comparison of samples 2 and 3
shows that no epiphragms were secreted after
16 December 1967. On combining these two
samples and comparing the results with those
of sample 1, we see that the final number of
epiphragms was secreted between 26 November
and 16 December 1967 (adults y2y,ces = 5.29*
d.f. 1, subad. and juv. 2 = 20.89*** d.f. 1),
evidently not after 4 December, when the daily
temperature maximum was below 4+ 0 °C (see
Fig. 4).

Table 2 (sample 1) shows that the apex-
down position was preferred both by adults
and by subadults and juveniles. About 60—70 %,
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of the snails of all sizes hibernated with apex
down, 25—30 9, with apex horizontally and
less than 15 9 with apex up. Samples 2 and 3
in Table 2, taken together, show that the final
number of epiphragms secreted was greater
among adults than among subadults (P, <
0.06), and least among juveniles (P, << 0.001).

Arousal from hibernation. On 30 March 1968,
of the 23 subadults found 8 (34.8 9%,) had no
epiphragms and of the 64 juveniles 16 (25.0 %)
had wakened, too. These two groups do not
deviate from each other (y% = 0.81, d.f. 1)
(Table 2, sample 4). Unfortunately, on 30
March 1968 only two adults were found, both
dead and with 3 epiphragms.-

The arousal of different stages from hiber-
nation was then studied experimentally. When
brought into the laboratory the snails that
were alive became active within 9 days. During
the first 5 days the proportion of individuals

Table 3. The arousal of Arianta arbustorum from hibernation at Porvoo, Pappilanmiki, by 26 April 1974. See the text.

Position and Aroused before Not aroused by Total
width of shell 26 April 1974 26 April 1974
Epiphragms Epiphragms
0 1 2 3 n % 2 3 4 n % n %
Apex down
< 8 mm 6 1 - — 7 - - - - 7
8 — < 13 mm 15 6 — — 21 43 — — — — 50.0 21 43
= 13 mm 13 5 1 — 19 1 2 — 3 22
Adults 19 2 3 1 25 45 6 29 10 45 75.0 70 60
n 53 14 4 1 72 7 31 10 48 120 52
% 60 40
Apex horizontally
< 8 mm 4 2 — — 6 — — — - 6
8 — < I3 mm 7 9 — — 16 47 = — - — 50.0 16 47
= 13 mm 22 8 — — 30 — 3 — 3 33
Adults 17 2 2 1 22 39 1 7 1 9 15.0 31 27
n 50 21 2 1 74 1 10 1 12 86 37
% 86 14
Apex up
< 8 mm — 1 - - 1 - = = = 1
8 — < 13 mm 2 2 — - 4 10 — - - — — 4 9
= 13 mm 2 4 — - 6 - — - — 6
Adults 6 1 1 1 9 16 1 5 — 6 10.0 15 13
n 10 8 1 1 20 1 5 — 6 26
% 77 23 11
Total n 113 43 7 3 166 9 46 11 66 232
% 72 28

/0
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Fig. 4. Temperature range and snow cover in Porvoo, Linnanmiki, in autumn 1967, spring 1968 and spring 1974. For further

explanation see the text.

activated was higher among those with a shell
< 15 mm wide than among those with = 15
mm. The deviation between these two groups,
counted over the whole 9-day period, was
significant (P < 0.001). In this experiment no
effect of light or moisture could be detected.

If samples 2 and 3 (Table 2) are combined,

the ratio of subadults with < 2 epiphragms to
those with > 3 is 30/61 and in sample 4 it is
4/11 (%2 = 0.23, d.f. 1), the corresponding
ratios among the juveniles being 55/38 and
29/19 (42 = 0.02, d.f. 1). We may conclude
that the wakened subadults and juveniles had
the same number of epiphragms as those that
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were still hibernating. Thus, time of arousal
does not seem to depend on the number of
epiphragms (see also Table 3).

By 26 April 1974 (Table 3) 71.6 9, of the
specimens had wakened. About 3 weeks earlier
there had been a sudden decrease in temperature
and a fall of snow (Fig. 4). Presumably the
specimens with no epiphragms had wakened
after 17 April, when there was no snow; the
others, which, when found, had newly secreted,
thin, transparent epiphragms, had wakened
before 10 April.

On 26 April 1974 40 %, of the snails found
in the apex-down position were not yet aroused.
In the other two groups the corresponding
figures were significantly lower, viz. 14.0 9
(apex horizontally) (P < 0.001) and 23.1 %
(apex up) (P < 0.001). Moreover, of all the
adults 60.4 9, were lying apex down, 26.7 %,
apex horizontally and 12.9 9, apex up. Among
subadults and juveniles the corresponding
figures were 43.1 9%, 47.4 9, and 9.5 %,. All
the snails with shells < 13 mm wide had
already wakened. If the adults that had already
wakened had hibernated in the positions in
which they were found, it would seem that
those lying apex down hibernate longer than
the others (y2 = 24.48***, d.f. 2). The individ-
uals hibernating longer than the others in
spring may have better chances of surviving
spells of adverse weather.

Mortality after winter. Tables 2 and 3 refer
only to snails that were alive. On 9 March
1968 13.6 9, of the specimens examined were
dead. On 30 March 1968 the corresponding
figure was 11.2 9%, showing no significant
difference between the groups (x2 = 0.34,
d.f. 1). In April 1974 it was only 3.3 9%. If
we combine these samples, the overall winter
mortality was 3.3 9, among the adults, 6.7 9,
among the subadults and 13.5 9%, among the
juveniles, indicating significant differences be-
tween the groups (y2 = 12.23%* d.f. 2).

4. Discussion

The method used to study the growth of the
shell does not reveal whether an individual was
hatched in spring or summer 1967 or in late
summer or autumn 1967 (Fig. 1). Accordingly,
the values in Fig. 2 (positive slopes) are some-
what too low for the former and too high for
the latter group.
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It was concluded that in autumn 1967 the
non-reproductive part of the snail population
consisted of individuals hatched in 1967, 1966,
1965, and a few possibly in 1964. Differences in
the growth rate and birth date of the individuals
born in the same year are due to overlapping
of the age classes.

In Germany, according to KUnkeL (1916),
the growth of the shell of Arianta arbustorum
may be completed in one year under favour-
able conditions, but in nature it will take two
years. In France the newly hatched juveniles
will become adults during their next summer
(GErMAIN 1930). The same is true in the
Netherlands, where the whole life span of a
specimen takes 3—4 vyears (VAN BENTHEM
Jurrine 1933). In Denmark the juveniles
become adults in 15—16 months (STEENBERG
1911), but Burescu (1911) gives newly hatched
juveniles only one year to live. It is also known
that the growth rate of juveniles from the same
clutch may vary greatly (vAN BENTHEM JUTTING
1933). In Finland the adults hibernate at least
once, and usually more than once. Before they
mature they have lived 3—4 years as juveniles
and subadults. Undoubtedly, the reason why
their life span is considerably longer here than
in Central Europe is because in Finland their
period of activity is only 6—7 months.

Arianta arbustorum is usually regarded as a
strict herbivore, but on 15 October 1967 I
observed a few specimens eating a dying earth-
worm. In rearing experiments soft parts of dead
snails were eaten. Moreover, some individuals
were seen to eat one or two of their own epiph-
ragms after wakening.

Many terrestrial gastropods show a tendency
to aggregate (Evans 1972:111). This is also
true of Arianta arbustorum, but the tendency
seems to vary with the season and with the
age of the snail. Accordingly, the frequency
distributions of Fig. 1 do not necessarily corre-
spond to those of the actual snail population.
In Fig. 1B among the juveniles hatched in 1967
(shell < 12 mm) there are two frequency
peaks, viz. 4.5 mm and 10—10.5 mm. This
suggests two groups hatched from eggs laid
in spring and in late summer, and interrupted
by summer drought.

The number of eggs per clutch is given by
most authors as 30—50 (60) (MoQuiN-TANDON
1855, SteenBeErG 1911, GerMaIN 1930), but
also as 30—90 (KU~keL 1911), 30—80 (TavLOR
1882) and 60—80 (Burescu 1911). At least
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the exact figures by FromminGg (1954:303)
(40.6 4 4.51, n = 19, range 11—65) are
significantly lower than those found in ex-
periments 1 and 2 (t = 2.755**, d.f. 35).

In Germany, specimens may lay eggs 3—4
times during their first reproduction period
(KONKEL 1916). In experiment 2 some adults
laid eggs 2—3 times. In Cepaea nemoralis the
frequency of oviposition increases if the snails
are frequently exposed to short periods of
drought, but this does not affect the mean
clutch size (WoLpa 1965).

In Finland Arianta arbustorum hibernates for
5—6 months each year and most specimens do
so in the apex-down position. CARNEY (1966)
observed that specimens of Allogona ptychophora
hibernating with their aperture facing down
suffered a higher winter mortality than the
others. The mortality figures for the snails
collected on 26 April 1974 were 2.4 9,
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(apex down), 4.2 9, (apex horizontally) and
3.6 % (apex up). Moreover, as shown in Table
3, the adults lying apex down hibernated
longer than the others. This indicates a possible
adaptive value of the “apex-down” position.

In general, juveniles are more frequently
active than adult snails (MacHIN 1975:155).
The differences between these two groups, both
in the onset of hibernation and in arousal from
it, may be explained by differences in their
metabolism.
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