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Ten month old Archachatina ventricosa (Gould 1850) snails with an average body weight of 53.37 g and 68.50 mm
shell length were fed two vegetable (R; and R;) and four concentrated diets (R, Rs;, R4 and Rs) with variable
calcium content (0.83%; 4.65%; 06.84%; 12.01%; 14.02% and 16.01%, respectively) in order to determine the
effects of diets and dietary calcium on reproductive performances. Concentrated diets stimulated reproduction
while these events were reduced by vegetable diets. The results showed that the characteristics of the eggs
(mean weight, largest diameters and smallest diameters of eggs) increased with the dietary calcium increment.
In general, reproductive parameters decreased with dietary calcium increment excepted diet Rs. However, the best
reproductive performance was obtained with a mixture of a pilot diet (Ry) and a calcium rich, concentrated flour

diet (Rs).

Keywords: Archachatina ventricosa (Gould 1850); dietary calcium; reproduction

Introduction

Large edible terrestrial gastropods (ca. 600g live
weight and 15cm shell length approximately) occur
naturally in hygrophilous forests of Cote d’Ivoire in
West Africa. These common and conspicuous molluscs
belong to three species Achatina achatina (Linnaecus)
(600 g live weight and 15cm shell length); Achatina
fulica (Bowdich) (150 g of live weight and 10 cm of shell
length) and Archachatina ventricosa (Gould) (300 g of
live weight and 12cm of shell length). The first two
species are traditionally consumed while the third is
less because of many taboos. However, A. ventricosa
(Gould) is very rich in protein, minerals and particu-
larly in iron (Aboua 1995; Aboua and Boka 1996;
Otchoumou et al. 2010) and constitute a potentially
valuable source of animal proteins and iron for rural
human populations. Many attempts of production in
Cote d’Ivoire have been unsatisfactory because of
the use of wrong wild or cultivated plants in the
diet (Otchoumou et al. 2003a, 2003b, 2004a, 2005a).
Most often, consumed and/or marketed snails
A. ventricosa (Gould) are collected in the wild during
the rainy seasons (Ebenso 2002; Ekoué and Kuévi-
Akou¢ 2002; Kouassi et al. 2007b). Artificial culture is
necessary, therefore, to make up for seasonal deficits of
snails and to relieve the species from pressures such as

result from the destruction of the forests, bush fires,
use of the pesticides and harvesting (Otchoumou et al.
1989-1990; Osemeobo 1992). The success of the
breeding needs a specialized diet able to accelerate
maturity, abundant layings and a better hatching rate.
In snail diets, calcium is an important nutrient required
for shell construction and egg envelope development
(Ngowsiri et al. 1989). This study was carried out at the
experimental farm of the University of Abobo-Adjamé
in Abidjan in Cote d’Ivoire and lasted 6 months. We
report the effects of vegetable and concentrated diets
and dietary calcium on the reproductive performance
in A. ventricosa (Gould) under indoor rearing condi-
tions in order to contribute to the development of the
culture of this species for human consumption and for
its conservation.

Materials and methods
Animals

Six hundred snails of the species 4. ventricosa (Gould)
of 36.4 g mean body weight and 6 cm mean shell length
were used (Figure 1). The adult size of this snail species
(Giant African land snails) was 580g and 147 mm,
respectively for body weight and shell length in its
natural habitat. Their age, estimated from linear
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Figure 1. Individuals of A4. ventricosa (Gould 1850).

growth curves (Hodasi 1979; Zongo et al. 1990;
Otchoumou et al. 2003b) was approximately 10
months. They were collected in the forests of south-
west Cote d’Ivoire from an area of approximately 2 ha
and were acclimatized in the laboratory for 2 weeks
prior to experimentation under the following ambient
conditions: temperature and average relative humidity
of 26+1.3°C and 82.9+1.2%, respectively, with a
12 L:12D photoperiod. They were nourished with fresh
leaves of papaw tree (Carica papaya (Caricaceae))
during this period.

Diets

After 2 weeks of laboratory habituation, the
snails were assigned to six groups, each fed on a
different diet:

e two vegetable diets consisting either of 50% of
fresh leaves of Lactuca sativa (Apiaceae) and
50% of fresh leaves of Brassica oleracea
(Brassicaceae) (R;) or of 50% of fresh leaves
of Laportea aestuans (Urticaceae) and 50% of
fresh leaves of  Phaulopsis  falcisepala
(Acanthaceae) (R,). An inventory of wild
and cultivated plants consumed by A4. ventri-
cosa (Gould) showed that this snail species
prefers fresh leaves of L. sativa (Apiaceae) and
B. oleracea (Brassicaceac) for cultivated plants
and fresh leaves of L. aestuans (Urticaceae)

and P. falcisepala (Acanthaceae) for the wild
forest plants (Otchoumou et al. 2004a, 2004b;
2005a, 2005b).

e Three concentrated diets Rz, R, and Rs with
variable calcium contents (12.01%; 14.02%
and 16.01%, respectively) and a pilot diet R,
6.84% calcium content already used at the
Central Laboratory of Animal Nutrition for
A. achatina (Linné) growth (Zongo et al. 1990;
Otchoumou et al. 2004b).

The composition of diets was checked by chemical
analysis (AOAC 1984). The results are presented in
Table 1.

Breeding and collection of the parameters of
reproduction

Snails were reared in wooden containers at a density of
100 snailsm > (50 snails per container). The breeding
containers were parallelepipedic (L x/x H=1m x
0.5m x 0.15m). The interior of the container was
covered with a wet foam ‘standard mattress’ 2cm
thick. The foam was in its turn covered by a cotton
fabric thereby maintaining a high humidity. The lid of
each container was covered with a plastic mesh.
The containers were positioned randomly on shelves.
At the beginning and the end of the experiment, snails
were weighed using a Sartorius balance (accuracy of
0.0l mg) and snail shell lengths measured with an
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Table 1. Diets components determined by chemical analysis (AOAC 1984).

Diets Dry matter Proteins Total lipids Mineral matters Calcium Crude energy (calg™")
R 40.40 17.70 2.34 8.91 0.83 2.760
R, 32.06 17.60 2.35 19.61 4.65 2.720
Rt 78.61 17.36 2.32 21.21 6.84 2.790
R; 81.07 17.48 2.36 36.36 12.01 2.785
Ry 81.96 17.73 2.35 41.75 14.02 2.787
Rs 83.13 17.45 2.34 45 16.01 2.725

electronic calliper (accuracy of 1 mm). Snails (pilots)
with comparable body weight and shell length and
exposed to the same photoperiod and diet were used to
replace dead snails in order to maintain snail densities.
Food was given to the snails ad libitum every 4 days
and the containers cleaned. The eggs laid were counted
each day and weighed using a balance. From three
randomly selected eggs from each laying, we measured
the largest and smallest diameter using electronic
calliper. Each egg clutch produced was incubated at
26+1.3°C and a relative humidity of 82.9+1.2%
under a 12L:12D photoperiod on a substrate of
coconut envelopes (Cocos nucifera (Palmaceae)) until
hatching (Figure 2). Coconut envelopes were selected
because they gives a better hatching rate compared to
the humid soil. Juveniles were counted and the
hatching success calculated. The snails’ growth was
followed for 6 months.

Statistical analyses

Statistical analyses of the data were carried out with
the ‘SAS® program (1987)’.

Means of the parameters of reproduction were
compared using ANOVA (Dagnelie 1975) at 225 days.
For mean number of clutch size per diet and mean
number of hatched juveniles per clutch, the following
model was used:

Yo =+ R+ B + Eji

where Y, is the measured variable, u the general
average, R; the fixed effect of the diet, Bj; the effect of
the repetition and Ej; the residual.

For the mean number of egg clutches produced,
average weight of an egg, average large diameter and
average small diameter of an egg, the following model
was used:

Y,']‘:/L—FR,‘—}‘EU'

where Y;; is the measured variable, u the general
average, R; the fixed effect of the diet and Ej; the
residual.

A Pearson product moment correlation between
the various parameters of reproduction was calculated.

Figure 2. Egg incubation container.

Results
Chemical analysis of diets

The chemical analysis of the diets showed that the
calcium content of Ry, R», Ry, R3, Ry and Rs were
0.83%; 4.65%; 6.84%; 12.01%; 14.02%, and 16.01%,
respectively. The diets had a 17.50% average protein
content and an average crude energy content of
2.760calg™". The diets R, and R, contained approx-
imately 60% and 68% water and had relative low
mineral content. Lipid levels did not vary between diets
(Table 1).

Reproduction

For the whole experiment, the total number of clutches
produced and hatched clutches were 36 and 19
clutches, respectively. The mean number of egg
clutches produced per diet, clutch size and hatching
success were 2.77 clutches; 3.38 eggs and 25.27%,
respectively. The mean smallest diameter of an egg,
largest diameter of an egg, weight of an egg and
number of hatched juveniles were 5.23 mm; 6.86 mm;
1.58 g and 1.16 juveniles, respectively (Table 2).

The results showed that the characteristics of
the eggs (mean weight, largest diameters and
smallest diameters of eggs) increased with the dietary
calcium increment (but were not significantly
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Table 2. Effects of diet and dietary calcium on reproductive characteristics in A. ventricosa.

Diets
R, R, Ry R, R, Rs
(0.83% Ca) (4.65% Ca) (06.84% Ca) (12.01% Ca) (14.02% Ca) (16.01% Ca)
Mean number of egg clutches 1.66° 0.004 4.66" 2.66° 4.00* 3.66%°
Mean number of clutch size 4° 0.00¢ 5.5° 3.33¢ 3.16° 4.33°
Mean number of hatched 1.33° - 2.66* 0.66° 0.00° 2.33*
juveniles per clutch
Hatching success (%) 33.33¢ - 45.56° 19.444 0.00° 53.33%
Average egg weight (g) 1.88% - 1.90% 1.88% 1.91% 1.94%
Average largest egg diameter (mm) 8.06% - 8.10% 8.30% 8.38% 8.35%
Average smallest egg diameter (mm) 6" - 6.10° 6.21% 6.53* 6.53%

Note: On each line mean values indexed with different letters are significantly different (p < 0.05).

Table 3. Person’s product moment correlations between reproduction characters in 4. ventricosa.

Mean number

of hatched
Mean number Mean number  juveniles Hatching Mean egg Largest egg  Smallest
of clutches  of clutch size per clutch success weight diameter egg diameter
Mean number of egg clutches 1
Mean number of clutch size 0.434 1
Mean number of hatched 0.092 0.726* 1
juveniles per clutch
Hatching success 0.129 0.663* 0.960** 1
Mean egg weight 0.554 0.874%%* 0.425 0.454 1
Largest egg diameter 0.553 0.863%* 0.403 0.433 0.999%* 1
Smallest egg diameter 0.570 0.853** 0.410 0.446 0.997** 0.997** 1

Note: *p < 0.01; **p < 0.001

different p > 0.05). The mean number of egg clutches
produced per diet, the mean number of clutch size and
the mean number of hatched juveniles decreased with
dietary calcium increment (p < 0.05). The snails fed
diet (R,) did not laid during the experiment, whereas
those fed diets R;, Rt, R3 and R5 began to produce egg
clutches at the third month. The results (Table 2)
showed that the diet Rt (6.83% calcium content) and
R5 (16.01 calcium content) accelerated sexual maturity
and gave the best reproductive outputs. The ANOVA
results (Table 2) showed that there was no significant
difference (p > 0.05) for the mean number of clutches
produced per treatment (diet) between diets R, R4 and
Rs. On the other hand, there was a significant
difference (p < 0.05) for the mean number of egg
clutches per treatment (diet) between diets Ry, R, and
the other diets. There was a significant different for the
mean clutch size between diet Rt and the diets R;, R»,
R3;, R4 and Rs, but there was no significant difference
(p > 0.05) for the mean clutch size between diets Rj
and R, then between diets R; and Rs. There was a
significant difference (p < 0.05) for the mean number
of hatched juveniles per clutch between diets Rt, Rs
and diets R3;, R4 and R,. There was a significant

difference (p < 0.05) for the mean hatching success
whatever the diet. There was no significant different
(p > 0.05) for the mean values of the characteristics of
the eggs (weight, largest and smallest diameter) what-
ever the diet. Table 3 showed that there was a strong
positive correlation between the mean clutch size per
diet and the mean weight (> =0.87), the mean largest
diameter (r=0.86) and the mean smallest diameter of
an egg (r*=0.85). There was a strong positive corre-
lation between the mean weight of an egg and the
largest diameter (+*=0.99) and the smallest diameter
of an egg (*=0.99).

Discussion

The distribution of these terrestrial snail species in a
tropical rainforest, showed that they were present in
secondary forest with much human activity, an open
canopy and a loose litter. In the sampled forest, there
are several preferential microhabitats for Achatinidae:
the litter, the soil, the leaves, the herbs, the branches
and the dead or living tree trunks. Each species
or group of snails has a preferred microhabitat,
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which would reduce dietary competition. Achatina
fulica, Archachatina marginata and A. ventricosa prefer
higher locations (herbs, leaves) (Memel et al. 2008,
2009). The choice of the microhabitat would thus be
related to the qualitative and quantitative diversity of
food (plants) available. In their natural environment,
the Achatinidae snails consume a varied range of wild
and cultivated plants. Achatina fulica and A. ventricosa
prefer Cecropia peltata and L. aestuans, shrubs of
secondary managed forests. The highest rates of
phosphorus, sodium, potassium, cellulose, proteins
and lipids are observed in these plants and may be
responsible for this dietary preference (Agongnikpo
et al. 2010). Cook et al. (2000) studying the influence of
nutritional status on the feeding behaviour of
Deroceras reticulatum (Miiller) showed that this field
slug, a common pest of agricultural and horticultural
crops, is a generalist herbivore with distinct preferences
for particular food items. However, the slugs selected
food items, when given a choice, containing nutrients
that were deficient in earlier diets, even though all the
food items contained the same familiar secondary taste
chemicals. The results showed that the concentrated
diets gave the best reproductive performance when
compared to vegetable diets. These results agree
with those of Otchoumou et al. (2005b) in A. fulica.
In general, animals depend on a large set of essential
compounds in their food. A reduced supply of protein
and calcium might be critical for the growth, repro-
duction and survival of herbivorous gastropods.
The calcium deficiency could be partly mitigated by
the snails’ internal calcium storage and reallocation
capacity. A depletion of internal calcium reserves
adversely affects the entire nutrient metabolism
(Wacker and Baur 2004). Therefore, Wacker (2005)
showed that differences in diet did not affect shell
growth, time to reach adulthood, and reproductive
traits such as the number of eggs, dry mass and volume
of spermatophores in gastropods. In Achatinidae and
particularly A. fulica (Bowdich), spermatogenesis com-
menced and was completed before the ovogenesis
(Ngowsiri et al. 1989). The snails were then male at the
end of the spermatogenesis and hermaphrodites at the
end of the oogenesis. In the natural environment,
young male snails select only adult hermaphroditic
individuals as sexual partners. Only hermaphroditic
individuals lay after the coupling (Tomiyama 2002).
Sexual maturity was reached in A. ventricosa in the
natural environment at 12 months of age (Waitkuwait
1989). Our snails (10 months old) were not mature at
the beginning of the experiment. The concentrated
diets, strongly rich in calcium, proteins and energy
particularly the diet Ry, would have stimulated game-
togenic maturation and subsequent egg laying.
Reproductive development obtained with the vegetable
diets was very weak compared to that in snails fed on
the concentrated floured diets, which were qualitatively
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and quantitatively rich in nutrients. The overall
results obtained for the clutch size, the dimensions of
the eggs and the hatching success were similar to those
of other studies (Waitkuwait 1987; Zongo et al. 1990;
Otchoumou et al. 2003a; Kouassi et al. 2007a).
The mean weights and dimensions of eggs increased
with the dietary calcium increment but not signifi-
cantly, although calcium is important in egg envelope
formation (Ireland 1991). Fournié and Chetail (1984)
studying the calcium dynamics in land gastropods
revealed that calcium is precipitated in the shell, in
connective calcium cells which are widely distributed
throughout the whole connective tissue, in epithelial
calcium cells of the digestive gland, and in the calcium
gland cells of the skin and the mantle collar. Calcium is
taken up from the external medium via food and by
absorption through the foot. To adapt to terrestrial
life, these animals allocate appreciable amounts of
calcium for their protection and their reproduction.
During the egg laying period, a calcium flux occurs
through the epithelium of the reproductive tract in
order to supply the egg shell and the egg fluids.
This egg calcium is taken up by the embryo.
The maintenance of a positive calcium balance between
its uptake and the loss is due to an important reservoir
of easily mobilizable calcium in the form of calcium
carbonate. This reservoir consists of the connective
calcium cells which are constantly able to accumulate
or release calcium as long as calcium is locally available
or required. The epithelial calcium cells of the digestive
gland are loaded with calcium phosphate and have an
essential function in detoxification. However, the fact
that the diet Rt (calcium 6.84%) and Rs (16.01%) gave
the best reproductive development could be explained
by their high content in proteins, biogenic salts and
especially the calcium. High calcium levels associated
with high protein and lipids content play an important
role as precursors for signal-transduction involved in
the regulation of mating and reproduction. Snails fed a
polyunsaturated fatty acid (PUFA)-rich diet showed
higher mating activity than snails fed a diet deficient in
PUFAs. A depletion of internal PUFA reserves may
affect the regulation of mating behaviour, because
PUFAs play an important role as precursors for signal-
transduction involved in the regulation of mating and
reproduction (Wacker 2005). It is clear that dietary
calcium influences reproduction in A. ventricosa,
reproductive indices being elevated with dietary cal-
cium ranging between 6.84% and 16.01%. Within this
range, the 6.84% calcium gave the greatest number of
clutches and, although not significant, the greatest
mean number of clutch size and the greatest number of
juveniles per clutch. These data indicate that under
higher calcium content, reproductive capacities are
stimulated, whereas a calcium content <6.84% will
reduce them, although it has not been shown that low
calcium content inhibits the development and the
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maturation of the ovotestis. Finally, the highest dietary
calcium was not at the best and even might be toxic.
The strong correlations between the mean number of
clutches produced and the average number of clutch
size, and between the mean number of hatched
juveniles per clutch, indicate that conditions which
improve the number of eggs laid also causes the
ovotestis to be well developed, increase the quantity
and quality of eggs laid and improve the rate of
hatching. The strong correlations between dimensions
of eggs would be due to the allometric relationships
phenomenon (Gould 1966).

In this study, we have shown that indoor snail
production in Cote d’Ivoire is possible with concen-
trated floured diets. The reproducers would be fed with
diets 6% to 15% dietary calcium content and 17.36%;
2.32%;21.21% and 2.790 cal g~' protein, lipid, mineral
matter and energy content respectively. However, these
results need to be confirmed under large-scale culture
conditions.
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