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INTRODUCTION
In Europe, snail breeding has developed very quickly during the past fifteen years. In France,
only ten tons were produced in farms in 1985, whereas now about 800 tons are reared each
year. Snail rearing is now developed also outside of Europe : Canada, South America
countries, Australia, South Africa, Ivory Coast… Different species are reared but the most
common are Helix aspersa aspersa or Helix aspersa maxima. Now rearing methods are well
known and breeders need to use selected breeding stocks with predictible and improved
performances.
Very few reports concerning quantitative genetics of land snails are available. Only some
estimations of shell size heritability have been published (Cook, 1965, 1967 ; Murray and
Clarke, 1968 ; Madec, 1989 ; Albuquerque de Matos, 1988 and Panella, 1982). However, these
estimates were based on very few data and environmental effects were often confounded with
genetic ones.
This paper reports most important results from experiments carried out since 1993. They aimed
at estimating genetic parameters for main traits describing growth and reproduction, and at
testing the efficiency of an individual selection for increasing adult weight. Species studied is
Helix aspersa aspersa.

MATERIAL AND METHODS
Specificities of snail biology. Growth of H. aspersa is completed when the peristome (edge of
the shell) is reflected. At this moment, snails are considered adult and can be sold. Non adult
snails can also be sold but are very cheap, thus interesting growth traits to study are the time
needed to reach the adult stage (adult age) and the weight of the adult snail. An adult H.
aspersa aspersa  weighs about 10 grams. Breeders are interested in increasing the weight of
animals to an optimal weight of 14-16 grams. Growth in the wild takes 1 or 2 years, but in
farms it takes only 4 to 6 months. In laboratory it is possible to reduce the growth to a mean
duration of 3.5 months. Adding period of reproduction and period of hibernation (which is
necessary for good reproductive performances), the generation interval is about one year
H. aspersa is a protandrous hermaphrodite. Mating occurs between two males which fertilize
each other. Then, for most pairs, both partners turn into females and lay eggs. Mean number of
eggs per egg-laying is 150. Hermaphroditism makes it possible to estimate a maternal effect,
by comparing offspring issued from the two animals of a same pair.
Finally, it must be underlined that young snails cannot be tagged. Thus, families were each
reared in a box and not mixed. To avoid confusion of box and genetic effects, replicates of
growth box for each family were made.
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In this paper, results will be given only for the most important traits : adult age and weight for
growth, egg number per clutch and mean egg weight per clutch for reproductive traits.

Biological material. Founders animals (G0) were 500 snails sampled in the wild, in 20 loci of
the region Poitou-Charentes (France) distant by at least one kilometer. From these founders,
three successive generations (G1, G2, G3) were obtained without artificial selection in order to
estimate genetic parameters. Breeding methods were described extensively in Dupont-Nivet et
al. (1997, 1998, 2000) and Bonnet et al. (1990). Numbers of animals and families measured for
each trait is reported in the Table 1. Adult age was not measured during the first generation.

Table 1. Sample size

Trait Number of animals Number of families
Adult weight 8483 146

Adult age 4333 90
Number of eggs per clutch 983 123

Mean egg weight per clutch 983 123

Then, an individual selection for increasing adult weight was carried out during five
generations. The proportion of selected animals is around 13 %. A control line was maintained
in parallel.

Statistical analysis. For estimation of genetic parameters, multiple-trait animal models were
used :

Y = Xβ + Z1a + Z2r + Z3m + e
Where Y was the vector of observations, β the vector of fixed effects, a the vector of random
animal effects, r the vector of random maternal effects, m the vector of random growth box
effects and e the vector of random residual effects. X, Z1, Z2 and Z3 were the incidences
matrices.
For reproductive traits, fixed effects are different, and the effect of the random growth box is
not taken into account. Moreover, distribution of egg number was very skewed, thus a box cox
transformation with t = -0.3 was used.

RESULTS AND DISCUSSION
Phenotypic correlations and estimations of genetic correlations and heritabilities are given in
the Table 2. Except for egg number, heritabilities are high suggesting interesting possibilities
of improvement. Positive phenotypic correlations between size and egg number and mean egg
weight is classically observed (Wolda, 196 ; Carter and Ashdown, 1984 ; Goodfriend, 1986 ;
Baur, 1988). Genetic correlations are consistent with phenotypic ones. 
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Table 2. Estimations of heritability ±  S.E. (diagonal), genetic correlations ± S.E. above
the diagonal and phenotypic correlations below the diagonal. *: P < 0.05, *** : P < 0.001

Adult
weight

Adult age Egg number Mean egg
weight

Adult weight 0.51 ± 0.01 0.04 ± 0.01 0.57 ± 0.04 0.33 ± 0.01
Adult age 0.05

*
0.38 ± 0.01 -0.18 ± 0.02 0.02 ± 0.01

Egg number 0.26
***

-0.05 0.12 ± 0.01 -0.12 ± 0.02

Mean egg
weight

0.25
***

0.06 -0.20
***

0.37 ±0.01

Results of the selection experiment are plotted in the Figure 1. Genetic response is about 11 %
per generation, which is high compared to classical results of individual selection. Realized
heritability calculated from this selection experiment is 0.39 which is little lower than the
animal model estimation. However, since we have full sibs families, it is possible that animal
model estimation is biased by dominance variance.
From our knowledge, except Panella (1982), who found a low realized heritability (0.16)
during one generation of individual selection, no other results of selection concerning Helix
aspersa have been published.
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Figure 1- Evolution of adult weight in control and selected lines
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Correlated responses are consistent with estimations of genetic correlations for reproductive
traits : egg number increased from 134 ± 66 in the control line to 178 ± 59 (P <0.001) in the
selected one and egg mean weight from 39.2 ± 10.6 mg to 47.7 ± 7.3 (P<0.001). However,
adult age increased slightly in the selected line : 14.9 weeks against 13.9 (P<0.001)  in the
control one. 

CONCLUSION 
We have clearly shown that growth traits are highly heritable and respond quickly to selection.
Now, our aim concerning this selected material is to use it to characterize better the effect of
selection for growth on several aspects : proportion and characteristics of shell, composition of
body, strategies of resource allocation, nutritional behavior and efficiency.
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