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Population regulation in the land snail Arianta arbustorum: 
density effects on adult size, clutch size and incidence 
of egg cannibalism 

B. Baor 
Department of Zoology, Uppsala University, Box 561, S-75122 Uppsala, Sweden 

Summary. The relationships between local population den- 
sity and adult size, clutch size and spatial distribution of 
egg batches were investigated in 11 natural populations of  
the land snail Arianta arbustorum in a forest near Uppsala, 
Sweden. Shell size of  adults decreased with increasing popu- 
lation density as did clutch size. Within populations, clutch 
size scaled allometrically with shell size indicating size-spe- 
cific fecundity. It is hypothesized that food unpalatability 
caused by mucus deposition slows down juvenile growth 
rate in high density populations, resulting in small adults 
and thus reducing their fecundity in subsequent years. The 
influence of the distance between batches on the incidence 
of egg cannibalism by hatchlings was examined in a labora- 
tory experiment. In this experiment the number of eggs 
cannibalized increased with decreasing distance to the batch 
of hatching snails. Thus, in the field, eggs of  highly aggre- 
gated batches suffer a high risk of cannibalism. In the 3 
populations with the highest snail density, 21-39% of all 
batches were deposited close to each other (nearest neigh- 
bour distance < 5 cm, i.e. less than hatchlings move within 
1 day). These findings indicate that egg cannibalism can 
act as a population regulating factor. 
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The potential for density-dependent regulation of popula- 
tion size by intraspecific interference has been long recog- 
nized (Nicholson and Bailey 1935; Solomon 1949; Chitty 
1960). Various intraspecific mechanisms have been pro- 
posed for the control of density, such as dispersal (Welling- 
ton 1960), genetic feedback (Chitty 1960), stress (Christian 
and Davis 1964), territoriality (Rand 1967), social-domi- 
nance hierarchy (Watson and Moss 1970), habitat fouling 
(Barbosa and Peters 1970) and cannibalism (Fox 1975; Po- 
lis 1981). 

Laboratory studies of terrestrial gastropods have shown 
that population density can have an important influence 
on juvenile growth rate, adult shell size and fecundity, even 
when excess food is available (Oosterhoff 1977; Cameron 
and Carter 1979; Dan and Bailey 1982; Reichardt et al. 
1985). The effects have been ascribed to the density of mu- 
cus trails, which depresses the activity and hence food in- 

* Present address and address for offprint requests: Zoology Insti- 
tute, University of Basel, Rheinsprung 9, CH-4051 Basel, Switzer- 
land 

take and growth rate of the snails (Oosterhoff 1977; Ca- 
meron and Carter 1979; Dan and Bailey 1982). As a result, 
snails grown up under crowded conditions have been found 
to attain a small adult size and to suffer a lowered fecundity. 

In this paper I report on the relationships between local 
population density, adult shell size and clutch size in 11 
natural populations of the land snail Arianta arbustorum 
(L.) in central Sweden. A. arbustorum hatchlings indulge 
in egg cannibalism, consuming still unhatched sibling eggs 
(=within-batch cannibalism) as well as eggs from neigh- 
bouring batches (=between-batch cannibalism) (Baur 
1986a, 1987a, b; Baur and Baur 1986). While the degree 
of within-batch cannibalism in A. arbustorum depends ex- 
clusively on the extent of hatching asynchrony within egg 
batches (Baur and Baur 1986), the degree of between-batch 
cannibalism appears to depend on several factors, including 
the spatial distribution and density of egg batches, the 
hatching asynchrony between batches as well as the dis- 
tances travelled by newly hatched snails (Baur 1987a, 
1988 a). To investigate the influence of the spatial distribu- 
tion of egg batches on the extent of between-batch cannibal- 
ism, a laboratory experiment was performed. The results 
of this experiment and the dispersal distances of hatchlings 
measured in the field were related to the spatial distribution 
and density of egg batches found in the field. On the basis 
of these results the potential power of egg cannibalism as 
a density-regulating factor in natural populations of  A. ar- 
bustorum will be evaluated. 

Materials and methods 

Relevant natural history 

A. arbustorum is common in wet habitats in north-western 
and central Europe (Kerney and Cameron 1979). It is her- 
bivorous and, like other helicids, hermaphroditic. Shell 
growth is restricted to spring and summer, and is completed 
after one or several hibernations with the formation of a 
shell lip at the edge of the shell aperture (Baur arid Raboud 
1988). In general, the formation of this lip indicates sexual 
maturity (but see Baur 1984a). The mean adult life span 
of A. arbustorum is 3-4 years, but a maximum longevity 
of 14 years after reaching sexual maturity has been recorded 
(Raboud 1986; Baur and Raboud 1988). A. arbustorum lays 
its eggs in batches (1-3 clutches per year) in small holes 
in the soil or among decaying grass or moss (Baur 1988a; 
Baur and Raboud 1988). The eggs are 2.7-3.2 mm in diame- 
ter, depending on the mother's size (Fr6mming 1954; Baur 
1984b). Emerging snails first eat their own egg shell and 
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then consume unhatched eggs, including ones with fully 
developed embryos (Baur and Baur 1986). This type of 
egg predation only occurs during the hatchling stage (Baur 
1987b), and only conspecific eggs are eaten (Baur 1988b). 
Cannibalistic hatchlings are unable to discriminate between 
kin and non-kin eggs (Baur 1987a). 

Study site and general methods 

Field work was conducted in clearings and local stands 
of ash (Fraxinus excelsior) and aspen (Populus tremula) in 
the pine (Pinus silvestris) dominated forest Stadsskogen 
near Uppsala, central Sweden (59~ 17~ A. arbus- 
torum is abundant in both habitats. The clearings, 
0.01-0.4 ha in size, were coverd by Cirsium arvense and 
various species of grass. 

The density of adult A. arbustorum was estimated by 
using a mark-recapture procedure at 11 distinct sites. These 
sites - for convenience hereafter referred to as populations 
- were all situated within an area of 0.5 km 2, but at least 
30 m apart from each other and mostly separated by conif- 
erous woodland. At each site the vegetation and leaf litter 
(including the upper layer of soil) were carefully searched 
for adults and egg batches of A. arbustorum by sampling 
8-64 adjacent quadrats of  0.5 m 2 in August 1987 ( = p e a k  
of egg-batch occurrence). Size of adult snails (diameter and 
height of the shell) was measured to the nearest 0.1 mm 
using a vernier caliper and shell volume was calculated ac- 
cording to the formula given by Rensch (1932): 

Shell volume = (diameter) 2 x height/2. 

In each population on average 37 snails (range 20-53) were 
measured. Each snail was marked with a dot of  nail varnish 
and immediately released at the place where it was found. 
The .positions of all egg batches within each quadrat  were 
mapped. In four populations the number of eggs of each 
batch were counted. Recapture of snails occurred one day 
after release and population density was estimated using 
the Lincoln index (Begon 1979). The efficiency of the sam- 
pling method was tested by repeating the procedure in four 
quadrats, removing the vegetation and upper layer of soil. 
This improved method demonstrated that the normal sam- 
pling procedure revealed more than 90% of the egg batches 
and 45-65% of adult snails. 

To assess the relationship between shell size and clutch 
size snails from a population 3 km away from Stadsskogen 
were kept singly in boxes for 20 days. To offer appropriate 
egg-laying sites the bottom of each box was provided with 
two pits, which were filled with soil. Caged snails were fed 
fresh lettuce ad libitum and 77 out of 113 individuals depos- 
ited one clutch within 20 days. 

To estimate dispersal distances of A. arbustorum hatchl- 
ings in the field, 60 newly hatched snails (l-day-old) were 
marked with a minute dot of correction fluid (' Tipp-Ex') 
and released at two sites in Stadsskogen. Their displace- 
ments were subsequently recorded after 1, 2 and 3 days, 
respectively. During this experiment the vegetation near the 
ground was slightly moist, but no rain fell. 

Laboratory experiment 

A laboratory experiment was designed to investigate the 
influence of the spatial distribution of egg batches on the 
extent of between-batch cannibalism. For simplicity, the 

number of egg batches was kept at two, clutch size was 
constant and hatching asynchrony between batches was as- 
sumed to exceed 5 days, while the distance between the two 
batches was varied. For this purpose 30 newly hatched 
snails (2-day-old and younger) were placed very close to 
each other (simulating emerging snails) in a container 
(24.7 x 18 x 7 cm) 0, 2.5, 5, 7.5, 10, 15 or 20 cm apart from 
a batch of 30 eggs. The bottom of the container was covered 
with moist soil and 4 leaves of lettuce were placed on top 
of it. Containers were kept at 20-22 ~ C and under natural 
light conditions. Experiments were rtm for 3 days, after 
which the number of eggs consumed was recorded. A total 
of 24 trials were run; each hatchling was tested only once. 
For each trial the containers were washed and soil, lettuce 
and eggs replaced. 

I used linear regression of logl0-transformed values 
(which at first were X +  1 and Y+ 1 transformed because 
zero values occurred) to analyse the relationship of the dis- 
tance between hatchlings and eggs and the number of eggs 
cannibalized. 

R e s u l t s  

Local population density, adult size and clutch size 

The local population density of A. arbustorum ranged from 
1.9 to 10.8 adults per m 2, but no relationship between snail 
density and habitat type (clearing or woodland) could be 
found (Table 1). The pattern of population density was sim- 
ilar to that in 1986 (B. Baur, unpublished work). 

Adult size of A. arbustorum decreased with increasing 
local population density (Fig. 1). Measurements of adult 
shell diameter showed a decrease of 1.5 mm (6.9%) asso- 
ciated with an increase in density from 1.9 to 10.5 adults 
p e r  m 2. Adult shell volume decreased by 18.6% within the 
same range of population density. 

Clutch size was negatively correlated with local popula- 
tion density ( r= -0.971,  N = 4 ,  P=0.029) (Table 1). Fur- 
thermore, clutch size scaled allometrically with shell size 
in snails kept singly in boxes during egg-laying (Fig. 2). 
For an increase in shell diameter of 1 mm clutch size in- 
creased by 6.2 eggs 

The density of egg batches in the field ranged from 0.2 
to 21.0 per m 2 and was positively correlated with local 
population density (r=0.689, N =  11, P=0.019) (Table 1). 
The mean distance to the nearest neighbour batch ranged 
from 10.5 to 160 cm (Table 1). In populations with very 
high batch density (populations 1-3 in Table 1), 21-39% 
of all batches were deposited 5 cm or less away from their 
nearest neighbour batch and 43 58% within 10 cm. Both 
the proportion of egg batches deposited within a nearest 
neighbour distance (D) of 5 and 10 cm, respectively, were 
positively correlated with local population density (for D = 
5 cm: r=0.677, N = l l ,  P=0.021;  for D =  10 cm: r=0.726, 
N = l l ,  P=0.011) (Table 1). 

Dispersal of hatchlings in the field 

Displacements of newly hatched A. arbustorum after I day 
averaged 5.8 cm (range: 2-12 cm, N=9) .  The correspond- 
ing figures after 2 days were 8.0 cm (range 3 20 cm, N =  5) 
and after 3 days 13.8 cm (range: 8 25 cm, N=4) .  The pro- 
portion of recaptured hatchlings was low; decreasing from 
15.0% after i day to 6.7% after 3 days. 
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Table 1. Density of snails and egg batches, clutch size and characteristics of egg-batch dispersion in 11 populations of A. arbustorum 

Population No. of adult snails No. of egg batches Clutch s i z e  Distance to 
per m 2 p e r  m 2 nearest neighbour batch 
~• )7• ~_+SE .~ (N) 

Proportion of egg batches 
deposited within a nearest 
neighbour distance of 

_< 5 cm _< 10 cm 

Grassland (clearings) 

1 10.5 + 0.8 21.0 +_ 0.5 27.6 + 1.9 11.0 (110) 0.29 0.45 
2 6.6+_1.1 15.5_+0.4 34.0___3.3 10.5 (31) 0.39 0.58 
3 10.8 ___ 1.3 7.8 _+ 0.7 - 14.2 (47) 0.21 0.43 
4 7.3-t-1.2 5.2_+0.5 - 21.7 (26) 0 0.15 
5 5.5_+1.6 4.3_+0.4 - 24.5 (17) 0 0 
6 6.5+_1.4 3.5_+0.9 36.0_+4.1 21.4 (21) 0.10 0.29 
7 5.7_+1.4 3.0_+0.5 35.5_+7.0 24.2 (18) 0.11 0.17 
8 5.7_+1.1 3.0_+0.6 - 25.1 (18) 0 0.11 
9 4.3_+0.6 2.3_+0.6 - 27.8 (14) 0 0 

Woodland 

10 6.3_+1.0 3.3___0.3 - 30,0 (27) 0.07 0.15 
11 1.9-+0.5 0.2_+0.2 - 160.0 (3) 0 0 
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Fig. 1. Relationship between mean adult shell diameter (_+ SE) and 
adult population density in A. arbustorum. Y= 21.73~0.146 X, N= 
11, r 2 = 0.396, P = 0.038 (standard error of slope = 0.060) 
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Fig. 2. Relationship between clutch size and shell diameter in A. 
arbustorum. Snails were kept singly in boxes for oviposition. Y= 
6.21X-72.20, N=77, r2=0.086, P=0.0095 (standard error of 
slope = 2.33) 

Egg cannibalism in the laboratory experiment 

The number  of eggs consumed by hatchlings decreased with 
increasing distance between their place of release and the 
batch with unhatched eggs (Fig. 3). Thirty A. arbustorum 
consumed on average 14.3 eggs (47.5%) within 3 days when 
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Fig. 3. The number of eggs cannibalized (+1) within 3 days by 
30 newly hatched A. arbustorum as a function of the distance (+ 1) 
between their place of release (' hatching') and a batch of 30 un- 
hatched eggs. Logto(Y+ 1) = 1.18-0.53 loglo(X+ 1), N=24, r 2 = 
0.378, P=0.0014 

they were released side by side of a batch consisting of 
30 unhatched eggs (Fig. 3). The corresponding figures were 
9.0 eggs (30.0%) for a distance of 5 cm between 'ha tch ing '  
snails and the unhatched eggs, 3.3 eggs (11.1%) for 10 cm 
and 2.5 eggs (8.3%) for 20 cm. 

Discussion 

The present study demonstrates a decrease in adult  shell 
size with increasing density of A. arbustorum in the field. 
A similar density-dependent decrease of adult shell size was 
found in natural  populations of the land snails Cepaea ne- 
moralis, Helicella itala, Candidula intersecta and Cochlieella 
acuta (Williamson et al. 1976; Tattersfield 1981), as well 
as in several other species in laboratory studies (see review 
in Goodfriend 1986). The range of adult density found in 
Stadsskogen does not  exceed those reported in other studies 
on A. arbustorum (0.6-17.3 adults per m2; see review in 
Baur 1986b). 
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Juvenile A. arbustorum showed a reduced growth rate 
when reared under conditions of high density in the labora- 
tory, even if waste products were removed (Reichardt et al. 
1985). Moreover, it has been shown in C. nemoralis and 
H. aspersa that the smaller adult size attained at higher 
densities is caused by a lower growth rate (Oosterhoff 1977; 
Cameron and Carter 1979; Lucarz 1982). The lower growth 
rate is apparently a result of inhibition of activity at high 
densities. This inhibition has been shown experimentally 
to be proximately caused by an unidentified pheromone 
present in snail mucus (Cameron and Carter 1979; Dan 
and Bailey 1982). 

The present study demonstrates a positive relationship 
between adult shell size and clutch size. In other popula- 
tions of A. arbustorum I have previously found that the 
total number of eggs produced per year and egg size scaled 
allometrically with adult shell size (Baur 1984b; Baur and 
Raboud 1988). Thus, one can safely assume that bigger 
snails have a higher reproductive output than smaller ones. 
However, the size-related reproductive characters varied 
considerably among populations, most probably indicating 
interactions of size with genetic factors. In addition to the 
size-specific fecundity, a direct influence of density on 
clutch size, hatching success and mortality has been demon- 
strated experimentally in A. arbustorum (Reichardt et al. 
1985; for other species see Wolda 1970; Yom-Tov 1972; 
Oosterhoff 1977). Hence, the population density of A. ar- 
bustorum appears to be regulated via growth rate, adult 
shell size and fecundity. Growth rate is reduced due to 
habitat fouling by an increasing density of mucus trails 
of conspecifics rather than by food shortage. In fact, there 
was no trace of any food shortage in the populations inves- 
tigated, but Cirsium arvense (a food plant preferred by A. 
arbustorum (Fr6mming 1954; B. Baur, unpublished work)) 
was often seen to be completely covered by mucus trails 
in areas with high snail densities. Intraspecific interference 
by mucus deposition therefore may be a major factor for 
density-regulation in A. arbustorum. 

Dispersal often increases in high density populations 
(Swingland and Greenwood 1983). In C. nemoralis dispersal 
was found to be inversely related to population density 
(Cain and Currey 1968; Greenwood 1974; Oosterhoff 
1977), and Oosterhoff (1977) stated that dispersal is an im- 
portant factor for the regulation of population size in this 
species. Similar information for A. arbustorum is not avail- 
able. 

Cannibalism as a factor regulating local population size 
has recently received increasing attention in numerous ani- 
mal species (e.g. Polis 1980; 1981; Harris 1987). A. arbus- 
torum prefers to lay its eggs at places with high moisture 
content (Baur 1988a). When starting to oviposit a snail 
does not react to the presence of conspecific eggs, thus 
exposing its eggs to the risk of between-batch cannibalism 
(Baur 1988a). As a result of the spatial heterogeneity of 
habitats, egg batches can be found in a highly aggregated 
pattern, above all in habitats with high population density 
(Baur 1988 a). In the laboratory, the extent of egg cannibal- 
ism increased with decreasing distance between egg batches. 
In the field, habitat structure may be more complex than 
in my laboratory experiment, and consequently fewer 
hatchlings will move from their place of emergence to a 
neighbour batch. On the other hand, one egg batch is often 
surrounded by several other egg batches, and furthermore 
land snails are known to locate food by chemical cues (Croll 

1983). Between-batch cannibalism could actually be ob- 
served in populations of A. arbustorum in Stadsskogen 
(Baur 1987a). My experiment and the dispersion of egg 
batches found in the field indicate that between-batch can- 
nibalism may occur above all in high density populations. 
Thus, egg cannibalism can act as a regulating factor in 
A. arbustorum. 

Apart from self-regulation, predation by birds (family 
Turdidae), toads, shrews, ground beetles and snails as well 
as parasitism may influence population density in A. arbus- 
torum (for lists of potential predators see Wild and Lawson 
1937; Reichardt et al. 1985). The influence of predators 
and parasites may vary between different populations. In 
Stadsskogen I frequently observed the zonitid snail Oxychi- 
lus alliarius preying upon eggs and juveniles of A. arbus- 
torum. Furthermore, 27 out 36 egg batches (1004 eggs) col- 
lected in population 1 (see Table 1) were parasitized by 
dipteran larvae (family Phoridae), resulting in an average 
hatching success of 32.2% (range 0-97.6%) (B. Baur, un- 
published work). However, quantitative estimates of the 
total impact of predators and parasites on land snail popu- 
lations have never been published. 

In addition, of course, abiotic factors such as drought 
or extreme cold prior to the formation of a snow cover 
or following snowmelt can cause high mortality in snail 
populations (cf. St6ver 1973; Terhivuo 1978). For example, 
Williamson (1958) suggested that a shortage of suitable 
shelter sites can regulate the density of snail populations. 

In conclusion, population size of A. arbustorum may 
be controlled by a complex of factors varying in space and 
time. Adult shell size and fecundity were found to decrease 
with increasing population density indicating that habitat 
fouling due to mucus trails acts as a regulating mechanism. 
In addition, egg cannibalism by hatchlings may contribute 
to a reduction of population fluctuations. 
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