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SUMMARY - Convergence in morphology and ecological niches in helicoid snails (Gastropoda, Pulmonata,
Sigmurethra) with different development models: a perspective in evolutionary ecology - Two sympatric and syntopic
species of terrestrial snails living in Lombardy, the bradybaenid Bradybaena fruticum (Muell.) and the helicid
Cepaea nemoralis (L.), have been compared on a biometrical basis. B. fruticum attains the adult size with six shell
whorls in one year, while C. nemoralis, of similar adult shape and size, is pluriennial and, at maturity, completes its
shell with only five whorls. The hypothesis suggested was that Bradybaena, which belongs to an older family
(Bradybaenidae) and whose life traits may be referred to an r model, invests in the inorganic components (CaCO

3
)

of the shell more than Cepaea, a more recent helicid, which, on the contrary, shows some K traits. However, the
experimental work has demonstrated that Cepaea is the one to spend more in the inorganic shell. The thicker shell
of Cepaea nemoralis would provide a better body protection and climatic insulation. In fact, C. nemoralis, besides
being found in damp environments where it is syntopic with B. fruticum, can spread over a large spectrum of
moderately dry sunny habitats. Therefore, B. fruticum would have paid higher costs in evolutionary terms showing
a lower ecological valence than C. nemoralis.

RIASSUNTO - Convergenza nella morfologia e nicchie ecologiche di chiocciole terrestri (Gastropoda, Pulmonata,
Sigmurethra) con diversi modelli di sviluppo: una prospettiva nell’ecologia evoluzionistica - Due specie simpatriche
e sintopiche di chiocciole terrestri della pianura lombarda, il bradybaenide Bradybaena fruticum (Muell.) e l’elicide
Cepaea nemoralis (L.) sono state confrontate sulla base di dati biometrici. B. fruticum raggiunge le dimensioni adulte
in un anno con la formazione di sei spire conchigliari, mentre la maturità di C. nemoralis, con dimensioni e forma
simili, viene raggiunta in più di un anno e la conchiglia presenta in media solo cinque spire. L’ipotesi suggerita era che
Bradybaena, appartenente ad una famiglia meno recente (Bradybaenidae) e caratterizzata da un comportamento ri-
conducibile ad una strategia di tipo r, investisse nella componente inorganica della conchiglia (CaCO

3
) più di Cepaea,

un “recente” elicide di strategia K. Tuttavia, l’indagine sperimentale ha dimostrato come C. nemoralis investa mag-
giormente nella formazione della conchiglia. Una ragione si può trovare nella relazione tra il maggior spessore della
conchiglia di Cepaea ed una più efficace protezione dall’irraggiamento solare. Infatti, C. nemoralis, nonostante si
trovi spesso in ambienti umidi insieme a B. fruticum, è distribuita anche in un ampio spettro di zone moderatamente
secche e soleggiate. Quindi, B. fruticum  si sarebbe ritrovata a pagare costi maggiori in termini evoluzionistici dimo-
strando una valenza ecologica inferiore rispetto a C. nemoralis.
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1. INTRODUCTION

Among the European Helicoidea some genera, in
sympatric and even syntopic conditions, attain at
maturity similar shell size, morphology and life form

although belonging to families of different evolutionary
degree, suggesting differences in developmental
models and productivity (Sacchi 1984). The Lusitanian
region (north-western Spain and Portugal) offers a
striking example. The well-known ubiquist garden snail
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Cepaea nemoralis L. is often found in syntopy with
the Lusitanian endemic Portugala ( = Monachoides)
inchoatus (Morelet), a hygromiid species. Not only
they are practically equal in adult size and shape, but
also Portugala behaves somehow like a Muellerian
mimic with respect to the shell colour (Sacchi 1981).
In both species yellow and pink ground colour morphs
are present, the former prevailing in open bushy
countries, the latter in shady localities. Moreover, since
in the hygromiid the banding is limited to the typical
supra-equatorial brown band and in this region C.
nemoralis is mainly represented by morph 00300 and,
though far less frequently, by other  “effectively mid-
banded” forms (Cain & Currey 1968), the similarity
is so strong to deceive even experienced malacologists.
However, also in this case the adult shell is different
with respect to the number of the spire whorls that is
six in Monachoides inchoatus and only five in Cepaea
nemoralis. Such differences are mainly due to the egg
size: the eggs of all Helicoidea hatches with 1.5, or
slightly less, embryonic whorls that are commonly
smaller in the hygromiids than in the helicids. More-
over, there are differences in spire tightness, the spire
being looser in the helicids. The looser coiled shell in
the more modern family of the Helicidae, coincident
with higher costs in the production of bigger eggs,
reveals a simplifying trend towards the reduction from
a true helix to one adult scale, represented by the huge
body whorl sheltering the bulk of vitals. In such evolu-
tionary trend, already evident in Cepaea nemoralis
when compared to more primitive syntopic compa-
nions, the climax is represented by some edible gene-
ra of snails such as Cryptomphalus, Cantareus and
Helix with four shell whorls only.

The present study deals with two species which are
syntopic across Central Europe, southwards the Po
River and the surrounding areas in northern Italy, in
hedges and turfy zones along rivers and creeks: Cepaea
nemoralis – represented by the commonest subspecies
C. nemoralis nemoralis (L.) and not by the giant
subspecies C. nemoralis etrusca (Issel) of central Italy
(Sacchi 1993) – and Bradybaena fruticum (Muell.). B.
fruticum belongs to an ancient family (Bradybaenidae),
formerly predominant in Europe and still widespread
in the Holoartic kingdom (Nordsiek 1987). The two
species will be henceforth referred in the text as C.
nemoralis and B. fruticum respectively.

C. nemoralis and B. fruticum are similar in size,
the latter showing a slightly flatterer shape and a deep
umbilicus (Fig.1). Chromatic patterns and banding
polymorphism are much less evident in B. fruticum
compared to C. nemoralis. The shell ground colour is
whitish or pink, and a supra-equatorial brown band
may be present (although rarely found in the southern
Lombardy populations). Nevertheless, a “mimicry”
effect may be observed. In fact, in syntopic situations,
many B. fruticum white shells look yellow, when the
utterly citrine tegument appears through the lactescent
shell. However, the commonest predators of these
snails in the study area are not visual, being mainly

Rodents (water voles, Arvicola) and in some instances
Lampyridae and larvae of Drilidae (Sacchi 1993).

The two species show both morphological and
developmental differences: B. fruticum attains the adult
size with six shell whorls in just one year, while C.
nemoralis shows a pluriennal life cycle either in Britain
(Williamson 1979) or in Lombardy (Sacchi 1993)
completing its shell with only five whorls. Both
situations suggest somehow the occurrence of an r
selection model in B. fruticum, as opposed to some
evident K traits in C. nemoralis, as already discussed
in other syntopic situations (Sacchi 1993).

A comparison between B. fruticum and C. nemoralis
on a productivity basis is presented in this study. A
higher number of shell whorls, accompanied, as it is
typical in B. fruticum, by a larger columella, suggest
the hypothesis of a greater investment in unproductive
mineral fractions (chalk) of the shell in the Brady-
baenid.

Fig. 1 - Bradybaena fruticum (on the left side) and Cepaea
nemoralis (on the right side). Scale bar = 0.5 cm.
Fig. 1 - Bradybaena fruticum (a sinistra) e Cepaea nemoralis
(a destra). Linea di riferimento = 0,5 cm.
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2. MATERIAL AND METHODS

We collected adult snails from the south-eastern
turf around Pavia to the North of the Po River. The
area is characterised by a soil rich in clay and poor in
Calcium content (CaCO

3
 = 7-8%) at moderately low

pH (about 6.5). Both species are far less frequent at
present than a quarter of century ago (Sacchi & Valli
1975), as a consequence of the extensive use of
biocides spread on the rice fields (the prevailing local
culture), a dangerous poison for the invertebrate fau-
na.

To ensure sampling uniformity, only unbanded
dark-lipped yellow C. nemoralis (y 00000) and unban-
ded white-lipped white B. fruticum. were considered.
The snails have been collected early in the morning,
searching for a period of a hour and, once transferred
to the laboratory, individually measured and weighed.

After some pilot experiences, four lots of snails
were collected in October 1995, April, June and July
1996, for a total of 81 B. fruticum. and 63 C. nemoralis
individuals. By means of four replicates, we intended
to look for possible seasonal variations in metabolism
and reproductive conditions.

Individual measurements, taken using a dial calliper
0.01 mm accurate, have been limited to the two most
commonly adopted parameters in systematic studies,
that are the major diameter or breadth (D), and the
height (h) of the shell. An approximate measure of the
volume (V) has been estimated in mm3 by assuming
the shell shape to be like a cone with base diameter D
and height h (Sacchi 1993):

(1)       V = (1/2D)2  π 1/3h

Following techniques adopted by the International
Biological Program (IBA) for marine molluscs
(Ambrogi & Occhipinti Ambrogi 1985), the samples
have been previously weighed on analytical scales to
establish their total weight (tw), then placed for 72
hours at 20 °C in a 10% HCl solution to dissolve the
shell chalk. The remaining soft parts of the body have
been weighed a second time, after a 5 minutes drying
up on blotting paper, in order to obtain a measure of
the fresh body weight (bw). The shell weight (sw) has
been calculated by the difference sw = tw-bw. Finally,
the soft parts have been stewed at 105 °C for 24 hours
to obtain the dry weight (dw) and the body water weight
(ww = bw-dw) values.

The “box-and-whiskers” technique has been
applied to describe graphically the distribution of the
variables studied: besides the median, minimum and
maximum values, the 25th and the 75th percentiles are
shown. Comparisons between distributions of
independent samples were carried out by means of
Mann-Whitney non parametric test (Lehmann 1975).
Multiple regression analysis was applied to analyse
the relationships between variables. All statistical
analyses were carried out using the SPSS-PC + V 3.0
software.

3. RESULTS AND DISCUSSION

The pilot study carried out on 50 C. nemoralis and
50 B. fruticum. individuals collected over a year from
several localities of the southern Lombardy country-
side showed average smaller dimensions for B. fru-
ticum. in comparison to C. nemoralis, although some
individuals of the two species showed almost the same
breadth (Tab. 1). However, in order to verify the hypo-
thesis of a different growth and productivity model in
the two species, it was decided to compare individuals
from one locality and matched with respect to the
sampling date. A description of shell dimensions and
weights has therefore been presented for the four se-
parate samples, whenever differences were found
between samples within species.

Breadth (mm) October April June July
C.n. 21.2 21.6 21.5 22.0
B.f. 20.1 19.5 19.9 20.1

Volume (mm3 10-2) October April June July
C.n. 21.07 23.22 21.83 24.65
B.f. 18.53 16.40 17.31 18.32
N.C. 16 12 29 6
N.B.f. 16 11 31 23

Tab. 1 - Shell breadth and volume median values are given
for the four seasonal samples of the two species; N. shows
the samples dimensions.
Tab. 1 - Le mediane delle distribuzioni del diametro e del volume
conchigliare vengono fornite per i quattro campioni stagionali
delle due specie; N. indica le dimensioni dei campioni.

Breadth distributions are graphically represented
in figure 2: B. fruticum. turns out to be significantly
smaller than C. nemoralis (Mann-Whitney Test: W =
2,907; P < 0.01). The two species also appear to have
a slightly but signif icant difference in shape, B.
fruticum. being somehow flatter, as shown by the
regression lines in figure 3; in this case data have been
pooled within species since no significant variation
was found between the four samples. Variability in
height with respect to shell breadth is larger in C.
nemoralis than in B. fruticum.; in fact in C. nemoralis,
only 51% of the height variability is explained by the
shell breadth, vs the 71% in B. fruticum. While smaller
in size, B. fruticum. turned out to be heavier than C.
nemoralis, when the total snail weight (tw) was studied
in relation to shell volume (Fig. 4); even with respect
to weight C. nemoralis shows greater variability than
B. fruticum. (46% vs 69% of weight variability
explained by the shell volume). However, the
contribution of the shell to the snail total weight is
smaller in B. fruticum. than in C. nemoralis, except
for the July sample (Fig. 5). It is also interesting to
mention that in the samples collected in April and June
the shell accounts for more than 50% of the total weight
in about half C. nemoralis individuals and only about
a quarter of B. fruticum. individuals. The lack of
significant differences (Mann-Whitney Test: W = 872,
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Fig. 3 - The relationship between shell height and breadth
for the total samples of C. nemoralis and B. fruticum is shown
through the regression lines (solid and broken line for C.
nemoralis and B. fruticum, respectively), which explain 51%
and 71% of the observed variability.
Fig. 3 - La relazione tra altezza e diametro della conchiglia
per tutti i campioni di C. nemoralis e B. fruticum è
evidenziata  dalle rette di regressione (linea continua e
interrotta per C. nemoralis e B. fruticum, rispettivamente),
che spiegano il 51% e il 71% della variabilità.

Fig. 4 - The relationship between the snail total weight and
shell dimensions (volume) for the whole sample of C.
nemoralis and B. fruticum is shown through the regression
lines (solid and broken line for C. nemoralis and B. fruticum,
respectively), which explain 46% and 69% of the observed
variability.
Fig. 4 - La relazione tra peso totale dell’animale e dimensioni
(volume) della conchiglia per tutti i campioni di C. nemoralis
e B. fruticum è evidenziata dalle rette di regressione (linea
continua e interrotta per C. nemoralis e B. fruticum rispetti-
vamente), che spiegano il 46% e il 69% della variabilità
osservata.

Fig. 2 - The distributions of shell breadth are described by
means of box-and-whiskers graphs, in which besides
minimum and maximum values (the “whiskers” extremi-
ties), the 25th and the 75th percentiles (the “box” bottom
and top values respectively) and the median (the “box”
intermediate line) are shown. Since only few snails could
be collected for the Cepaea July sample (N=6), at that date
only the individual values and the median (the asterisk)
are given. Cepaea and Bradybaena distributions have been
compared according to the sampling date; the significance
level of the differences observed between the samples of
each pair is also shown.
Fig. 2 - Le distribuzioni del diametro conchigliare sono
descritte per mezzo dei grafici box-and-whiskers, in cui
insieme ai valori minimi e massimi (le estremità dei “baffi o
whiskers”), vengono rappresesentati il 25° ed il 75° percentile
(i valori alle due estremitaà del “box”) e la mediana (la linea
interna al “box”). Poiché nel campione di luglio sono stati
raccolti pochi esemplari di Cepaea (N=6), in corrispondenza
di questa data vengono mostrati solo  i singoli valori e la
mediana (asterisco). Le distribuzioni di Cepaea e Bradybaena
vengono confrontate per ogni data di campionamento; il livello
di significatività delle differenze osservate tra i campioni di
ogni coppia viene riportato in figura.

P > 0.05) between the proportion of dry over fresh
body weight in all the four samplings demonstrates
that the relatively heavier fresh body of B. fruticum. is
not due to a higher tissue water content. On the whole,
the dry weight proportion varies from 13.5 to 24.4%,
being 18.7% the median value. Moreover, the graphs
of figure 2 and figure 5 clearly depict a seasonal
variability both in dimension and relative shell
investment within each species.

4. CONCLUSIONS

In order to draw general conclusions on the two
examined species, further data are needed analysing
more morphs coming from different localities. At
present it is possible to state that Bradybaena fruticum
compared to Cepaea nemoralis, proves to be a poorer

investor in the inorganic fraction of the shell. The faster
growth of this r species may be obtained by renouncing
to a thick shell, as a less vital part of the organism. Yet
lighter shells can ensure a limited protection and hygro-

24

22

20

18

16

P = 0.01 P<<0.001 P<<0.001 P<<0.001

N:   16    16         12    11        29    31          6      23

October April June July
C.n. B.f.



235Studi Trent. Sci. Nat., Acta Biol., 80 (2003): 231-235

Fig. 5 - The distributions of shell weight proportion over the
snail total weight are described by means of box-and-whiskers
for the four seasonal samples of C. nemoralis and B. fruticum.
Fig. 5 - Le distribuzioni del rapporto tra peso della conchiglia
e peso totale dell’animale sono descritte per mezzo dei grafici
box-and-whiskers per i quattro campioni stagionali di C.
nemoralis e B. fruticum.

thermic insulation of the body. This can explain why
syntopy between C. nemoralis and B. fruticum is only
observed in damp environment, while the helicid is
able to spread even into more open and sunny habitats.
The similarity in tissue water content may be conside-
red as a confirm of a life-form analogy when the two
species are syntopic.

However, the bradybaenid is swiftly getting large size
costs in terms of geonemic and evolutionary restraints.

REFERENCES

Ambrogi R. & A. Occhipinti Ambrogi, 1985 - The estimation
of secondary production in the marine Bivalve Spisula
subtruncata (Da Costa) in the area of the Po river Delta.
P.S.Z.N.I. Mar. Ecol., 6: 239-250.

Cain J. & J. Currey, 1968 - Ecogenetics of a population of
Cepaea nemoralis subjected to strong area effects. Philos.
T. Roy. Soc. B., 253: 447-482.

Lehmann E.L., 1975 - Non parametrics: Statistical Methods
Based on Ranks. Holden-Day.

Nordsiek H., 1987 - Revision des Systems der Helicoidea.
Arch. Mollusk., 118: 9-50.

Sacchi C.F., 1981- Convergence du polymorphisme chez
Cepaea nemoralis (L.) et Monachoides inchoatus
(Morelet): parallélisme écologique ou mimétisme
imitatif? S.It.E. Atti, 122: 139-150.

Sacchi C.F., 1984 - Les formes biologiques animales comme
indicatrices du milieu: considération générales et
exemples pratiques. Rend. Sem. Fac. Sci. Univ. Caglia-
ri, 54: 303-318.

Sacchi C.F., 1993 - Le polymorphisme de la coquille dans
une métapopulation de Cepaea nemoralis dans le sud de
l’Insubrie (Lombardie, Italie). Mem. Soc. Tic. Sci. Nat.,
4: 59-72.

Sacchi C.F. & G. Valli, 1975 - Recherches sur l’écologie des
populations naturelles de Cepaea nemoralis (L.) en
Lombardie méridionale. Arch. Zool. Exp. Gen., 116: 549-
578.

Williamson P., 1979 - Age determination of juvenile and adult
Cepaea. J. Mollus. Stud., 45: 52-60.




