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Abstract: In an attempt to elucidate the role of calcium in the life of the edible Achatinid snail, Limicolaria flam-
mea (Müller) I investigated short and long term effects of calcium added to the food. The short term experiments 
lasted for 18, 30 and 32 weeks respectively, while the long term experiment to determine life time utilization of 
calcium carbonate lasted for 15 months. In the short term experiments, hatchlings were divided into densities of 
one, ten and 50 snails. In the 10 snail group, there was a positive correlation between calcium provision, body 
weight (t test, p < 0.01; r = 0.96, p < 0.0001) and shell length (t test, p < 0.01; r = 0.96, p < 0.00001). There was 
also a positive correlation between increase in shell length and availability of calcium in the 1 snail group (t test, 
p< 0.01; r = 0.99, p < 0.00001). In the 50-snail group, the correlation was positive for shell length of the snails 
(t test, p < 0.05; r = 0.99, p < 0.0001) and body weight (t-test, p < 0.05; r = 99, p < 0.00001). Mortality was very 
high in the snails deprived of calcium and they did not produce eggs. In the long term experiment, there were 
three feeding peaks in L. flammea. In the first feeding peak, amount of food and calcium ingested by the snails 
increased in the first three months of life. The second feeding peak occurred at six months of age, while the last 
occurred at 10 months of age. The amount of calcium ingested during the second peak decreased gradually in 
the 4th and 5th month. The amount of calcium ingested was lowest during the 3rd feeding peak. The period of 
highest weight gained by the snails was between the 1st and 6th month and then dropped at between six and 12 
months of age which corresponds to the period of egg production. There were also three peaks of egg production; 
the first was between six and eight months (535 eggs), the second at between 10 and 11 months (350 eggs) and 
the third at 13 to 14 months (310 eggs) respectively. Rev. Biol. Trop. 56 (1): 333-343. Epub 2008 March 31.
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Dietary calcium is an essential nutrient 
for growth and reproduction and construction 
of the shell in terrestrial gastropods (Boycott 
1934, Wagge 1952, McKillop and Harrison 
1972, Crowell 1973, Tompa and Wilbur 1977, 
Peake 197 insoluble salts of calcium carbonate 
was one of the major steps in colonization of 
land by various groups of gastropods (Tompa 
1980). Snail hatchlings need to build a strong 
shell soon after emergence and the parental 
effort extends in some species to providing 
calcium-rich faeces or coating the eggs with a 
layer of calcium-rich soil (Tompa 1980). Some 
snails select sites for oviposition which provide 

supply of calcium after emergence (Beeby and 
Richmond 1988).

 The most important site of calcium 
deposition in the gastropods is the shell, where 
it constitutes 97% of the shell weight (Heller 
and Magaritz 1983) and it is laid down almost 
exclusively as calcium carbonate (Ireland and 
Marigomez 1992). Calcium is also deposited 
in the digestive gland, connective tissue cells, 
foot tissue and around major blood vessels 
(Tompa and Watabe 1976, Simkiss and Mason 
1983, Ireland and Marigomez 1992). Most of 
the calcium absorbed by terrestrial gastropods 
may enter the animal’s body via the epithelium 
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of the intestine (Beeby and Richmond 1988, 
Dallinger et al. 2001) or through the integu-
ment (Simkiss and Wilbur 1977, Ireland 1982). 
Calcium cells are present in the integument of a 
wide range of pulmonates (Fournie and Chetail 
1982, Luchtel and Deyrup-Olsen 2001).

Calcium provision to the eggs is a major 
cost to the parent, for example, Deroceras lose 
about 20% of their total calcium reserve at 
each oviposition (Fournie and Chetail 1982). 
Provision of calcium carbonate and nutrients to 
the shell is the most common form of parental 
investment (Baur 1994) and among the gastro-
pods a variety of strategies are used to ensure 
sufficient calcium for the hatchlings to build a 
shell after emergence (Beeby and Richmond 
2001).

Diets based on green vegetables do not 
ensure a good growth rate of terrestrial snails 
(Gomot et al. 1989), and the plant matter upon 
which the land snail feed is not a sufficient 
source of calcium (Crowell 1973) and land 
snails fed on lettuce only result in weak, thin 
and fragile shells (Crowell 1973). Therefore, 
some species have been very selective in their 
habitat preference (Chang and Emlen 1993) and 
choice of food (Baur et al. 1994, Hanley et al. 
1995, Linhart and Thompson 1995, Dallinger 
et al. 2001). The uptake and storage of trace 
elements such as copper, zinc, cadmium and 
lead by terrestrial gastropods are connected 
intimately with the uptake and storage of cal-
cium (Beeby and Richmond 1988, Beeby 1991, 
Dallinger et al. 2001).

This paper investigates life time utilization 
of calcium and the influence of omitting cal-
cium carbonate from the diet on the growth and 
fecundity in Limicolaria flammea (Müller).

MATERIALS AND METHODS

Biological materials: Snails used in the 
experiment were the progeny reared in the lab-
oratory from eggs produced by the parent stock 
colony obtained from Iguobazuwa village, near 
Benin-city which is located in the rainforest 
area of Southern Nigeria, about 250 km South 

east of Lagos (latitude 06° 19’ N, longitude 05° 
36’ E). They were maintained in a temperature 
controlled room with uniform illumination 
(light: dark = 12h: 12h; temperature = 25.0 ± 
1 ºC; relative humidity = 60%) with the light 
phase beginning at 7 am.

Growth experiment: Immediately after 
hatching, 188 hatchlings of L. flammea from 
five egg clutches were weighed using a Mettler 
AE100 balance (correct to 0.1 mg) and the 
shell length of each was measured using a ver-
nier caliper. The hatchlings were divided into 
densities of one (48 group), ten (four groups) 
and 50 (two groups) in clear plastic boxes of 
various sizes and lined with wet tissues. Half of 
the groups at each density were provided with 
excess lettuce, apple, potato and carrot and 
calcium carbonate in the form of natural chalk 
(control) while the other half (experimental) 
were provided with the same excess food but no 
chalk. The experiments continued for 18 weeks 
(single snails), 32 weeks (10 snails group) and 
30 weeks (50 snails group) respectively during 
which time the snails were weighed and length 
of shell measured every week and any eggs laid 
were counted. The boxes were washed weekly, 
when the wet tissue lining was changed. At the 
end of the experiments all the animals were 
dissected and the wet weights of the shell and 
body were obtained. The mean snail body 
weight and shell length was plotted against 
time for each breeding condition.

The relationship between Shell length and 
body weight of snails provided calcium and 
those without calcium were subjected statisti-
cally to Student t- test and Pearson productmo-
ment correlation (Dytham 2004).

Life time utilization of calcium: A clutch 
of 40 eggs of L. flammea which hatched the 
same day were used for this experiment. The 
hatchlings were placed in four groups of 10 
each in four plastic boxes kept in a controlled 
climatic condition in the laboratory. The hatch-
lings were weighed and measured immedi-
ately after hatching and then every week. The 
snails were fed on a mixture of weighed food 
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consisting of carrots, apples, potato and let-
tuce and calcium carbonate in form of natural 
chalk. To estimate the weight of food eaten by 
the snails, the food material was divided into 
two parts, one half was weighed and given to 
the snail while the other half was weighed and 
then dried to a constant weight for 7 days in an 
electric oven set at 60 ºC. At the end of each 
week the uneaten food was dried to a constant 
weight in the same electric oven for 7 days 
and the dried weight of the food eaten by the 
snails was calculated. The snails were weighed 
and measured before new food is provided at 
the same time of day. The experiment lasted 
for 15 months and was terminated when more 
than 80% of the snails died due to old age. The 
numbers of eggs laid by the snails during the 
period were counted. The mean snail weight, 
shell length, amount of dry food and natural 
chalk ingested, number of eggs laid were plot-
ted against time.

RESULTS

Calcium consumption and somatic 
growth: The results of the effect of calcium 
deprivation on the growth of L. flammea are 
shown (Fig. 1, 2 and 3). The experiments were 
carried out at various times during the year and 
lasted for different periods of 18 weeks for the 
1-snail group, 30 weeks for the 50-snail group 
and 32 weeks for the 10 snail group.

At the start of the experiment the mean 
weight of the 10-snails group was 29.0 mg and 
their shell length was 4.5 mm (Fig. 1). It is 
clear from the figure that, although the form of 
growth is similar in the experiment and control 
groups, lack of calcium has a profound nega-
tive effect on snail growth from the very start 
of life. The growth differential of snails with 
and without calcium increased dramatically at 
the 4th month of life when normal growth rate 
is maximal. Growth was highly correlated with 
provision of calcium carbonate and by the 20th 
week the communally reared snails in the 10 
snail groups deprived of calcium are approxi-
mately one quarter the weight and two-thirds 

the length of the control snails: at 20 weeks 
the mean weight of experimental snails was 
597.5 mg with shell length of 15.65 mm while 
the mean weight of the controls was 2 100 mg 
(t-test, p < 0.01; r = 0.96, p < 0.0001), and shell 
length was 25.13 mm (t-test, p < 0.01; r = 0.96, 
p < 0.00001).

In the 50-snail group, again snails deprived 
of calcium grew more slowly than the control 
group (Fig. 2). At the end of 30 weeks the mean 
weight of the experimental group was 950 ± 70 
mg and the shell length was 17.5 ± 0.75 mm (t 
test, p < 0.05; r = 0.99, p < 0.0001) while in the 
control group the mean body weight was 1 150 
± 70 mg and shell length was 20.75 ± 0.75 mm 
(t-test, p < 0.05; r = 99, p < 0.00001).

Snails reared singly (Fig. 3) also showed 
reduced growth rate when deprived of an 
external calcium source (t test, p < 0.01; r = 
0.99, p < 0.00001), but the experiment was 
terminated just before the period of accelerated 
normal growth and so the difference between 
the experimental and control snails was still 
relatively small by the end of the observa-
tion period but it was highly significant (r² = 
0.9933, p = 0.00001).

Mortality was high from week 12 onwards 
in the two communally reared calcium deprived 
groups, so that by the end of the experiments 
60% of the snails had died in both the 10-snail 
and 80% in 50-snail groups. 10% mortality 
was recorded in the two control communally 
reared groups provided with calcium carbonate 
while none from the group reared singly with 
or without calcium carbonate. It was observed 
that in the communally reared snails, the snails 
without calcium ate from the shells of other 
live snails and also the remains of dead snails, 
and this additional boost of calcium may have 
permitted the hint of normal growth spurt at 4 
months of age in the experimental communally 
reared snails (Fig. 1 and 2).

When the control snails in the 10-snail 
group started egg laying at the age of 6 months 
the experimental snails were still too small 
and by the time the experiment was terminated 
none of the experimental snails had laid any 
eggs while the control group had laid eight 
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Fig. 1. Mean growth of L. flammea reared in groups of 10 snails with calcium (Control) or without calcium (Experimental) 
added to food as indicated by Shell length (a) and Body weight (b).

35

30

25

20

15

10

5

0

Control                              Experimental

M
ea

n 
sh

el
l l

en
gh

t (
m

m
)

0 4 8 12 16 20 24 28 32

Age (Weeks)

A

Control                            Experimental

M
ea

n 
bo

dy
 w

ei
gh

t (
m

g)

0 4 8 12 16 20 24 28 32

3500

3000

2500

2000

1500

1000

500

0

Age (Weeks)

B

clutches containing 188 eggs. When these 
snails were dissected at the end of the experi-
ments the shells of the snails deprived of calci-
um was 23.4% of the weight of snail compared 
to 28.9% in the control group. There were no 

eggs produced by the two 50-snail groups dur-
ing the period of observation.

Life time utilization of calcium: There 
were three feeding peaks in L. flammea (Fig  4a). 
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Fig. 2. Mean growth of L. flammea reared in a group of 50 snails with calcium (Control) or without calcium (Experimental) 
added to food as indicated by Shell length (a) and Body weight (b).
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In the first three months of life which correspond 
to the first feeding peak, food intake increased 
from 2 g per month to 15.5 g in the first peak 
while the amount of calcium ingested by the 
snail increased from 0.5 g to 12.0 g per month 
in the first 3 months of life (Fig. 4a). The sec-
ond feeding peak occurred when the snail was 
6 months old when the food intake increased 

to 28 g while the last occurred at 10 months of 
age, with food intake of 34 g. While the amount 
of food increased, however, the amount of cal-
cium ingested during the second peak decreased 
gradually to 4.0 g per month in the 4th and 5th 
month. During the 3rd feeding peak the amount 
of calcium stabilized at between 0.5 and 3.0  g 
per month. When the snail was 13 months old, 
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there was another period of egg production 
which was not accompanied by a feeding peak.

The period of highest weight gained by 
the snails was between the 1st and 6th month 
(Fig. 4b) and then dropped between 6 and 12 
months which correspond to the period of egg 
production. There was a small growth again at 
13 months when fewer numbers of eggs were 
produced.

The snails started egg-laying at 5 months 
producing 45 eggs and there are three peaks of 
egg production. The first was between 6 and 8 
months (535 eggs), the second at between 10 
and 11 months (350 eggs) and the third at 13 
to 14 months (310 eggs) respectively (Fig. 4c). 
Egg-laying continued in the second year of life 
but the number dropped to 40 eggs at the time 
the experiment was terminated at 15 months 
due to death by natural cause.

DISCUSSION

In this study, calcium deficiency in L. 
flammea has been shown to result in a decrease 

in the rate of growth of snails raised under 
laboratory condition. The results, particularly 
thosefor the snails reared singly showed that 
the effect of calcium deprivation was barely 
noticeable until after week four. Before start-
ing with the experiments, the hatchlings, like 
most pulmonates, eat their egg shell as well as 
the eggs which fail to hatch (Ghose 1959, Rees 
1951, Owiny 1974, Plummer 1975, Hodasi 
1979, Pawson and Chase 1984). This initial 
ingestion of calcium ensures that the snail has 
sufficient material to strengthen the shell after 
hatching and thereafter they rely on their food 
supply and a calcium rich soil for further calci-
um. Hatching asynchrony within a clutch may 
prompt egg cannibalism by early hatchlings 
(Baur 1994, Desbuquois 1997) and the produc-
tion of unfertilized nurse or trophic eggs pro-
vides an additional source of calcium (Baur 
1994). Egg cannibalism improves the sur-
vival prospects of Helix hatching (Desbuquois 
1997) and the production of nurse eggs antici-
pates egg cannibalism, perhaps to supply 
calcium to hatchlings from eggs whose cal-
cium concentration cannot be raised much 

Fig. 3. Mean increase in shell length of L. flammea reared singly with calcium (Control), or without calcium (Experimental) 
added to food. The experiment was terminated shorly before the start of egg production.
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above 10% (Beeby and Richmond 2001). 
This strategy would require an abundance of 
labile calcium (Beeby and Richmond 2001). 
According to Stephanou (1986) young snails 
have lower calcium requirement than they do 
at maturity, however, snail hatchlings need to 
build a strong shell soon after emergence and 
the parental effort extends in some species to 

producing calcium-rich faeces or coating the 
egg with a layer of calcium rich soil or as in 
aquatic species, select sites for oviposition 
which provide a supply of calcium after emer-
gence (Tompa 1980).

In the life time utilization of calcium, three 
feeding peaks were observed in L. flammea. 
The first feeding peak, when a large amount 

Fig. 4. Amount of dry food ingested (a), weight gained (b), number of eggs produced by L. flammea. Observations started 
when the snails were hatched.

N
um

be
r o

f e
gg

s 
pr

od
uc

ed

C

B

W
ei

gh
t g

ai
ne

d 
(g

)

A

D
ry

 w
ei

gh
t o

f f
oo

d 
ea

te
n 

(g
)

40

35

30

25

20

15

10

5

0

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
1 2 3 4 5 6 7 8 9 10 11 12 13

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 3 4 5 6 7 8 9 10 11 12 13

Food

Calcium

300

250

200

150

100

50

0

Age (Months)



340 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 56 (1): 333-343, March 2008

of chalk was eaten, corresponds to the period 
of growth. The second and the third feeding 
peaks correspond to the periods of egg produc-
tion during which the amount calcium ingested 
by the snail was lower than during the first 
peak. The need for calcium is critical to the 
snail, especially during the earlier period of life 
and before the commencement of egg laying 
but surprisingly calcium consumption decreased 
appreciably during the actual period of egg lay-
ing in L. flammea indicating that the snail stores 
calcium in the body until needed. There is a 
considerable mobilization of calcium during egg 
production in Helix, some of which is derived 
indirectly from the digestive system (Tompa and 
Wilbur 1977, Beeby and Richmond 2001) and 
Deroceras has been estimated to lose about 20% 
of their total calcium reserve at each oviposition 
(Fournie and Chetail 1982). Over the life of 
the slug Deroceras and its several egg layings, 
between one third and a half of the total metabo-
lised calcium is passed to the egg. The size of the 
labile calcium available to the eggs may be criti-
cal for their success (Fournie and Chetail 1982, 
Beeby and Richmond 1998), most of which is 
mobilized from the parent’s hepatopancreas and 
shell (Fournie and Chetail 1982).

Uniformity with age in efficiency of 
absorption of calcium ion was reported by 
Greenaway (1971) for Lymnaea stagnalis; 
however the present study showed that the 
amount of calcium ingested by L. flammea 
fluctuated with growth and reproduction. Until 
the snail was 3 months old, a large amount of 
calcium was ingested but this decreased to very 
low levels from 4 to 13 months after the onset 
of oviposition. The egg peak observed at 13 
months in L. flammea was not accompanied 
by a feed peak, an indication that probably 
body reserves were used to produce this last 
egg peak as the snail lives for about 15 to 22 
months and has one or two breeding seasons, 
with very few surviving to the end of their sec-
ond year (Egonmwan 2004). Egg production 
by Helix aspersa exposed to calcium-poor soil 
was approximately doubled when calcium car-
bonate was supplied during the second half of 
the experimental period (Crowell 1973, Tompa 

1984) and they retain 20% of the ingested 
calcium and some land snails refuse to mate 
in the laboratory under low calcium conditions 
(Tompa 1984).

Tompa and Wilbur (1977) found that there 
is about 70% increase (from 5.89 millimol to 
9.93 millimol) in the total blood calcium in 
Helix aspersa during egg-laying and this high 
level was maintained throughout the reproduc-
tive period, becoming normal again after the 
last egg was laid. Differences in time to hatch-
ing, egg size, the number of eggs in a clutch 
and the number of clutches in populations of 
Arianta sp. were most probably related to shell 
size (Baur and Baur 1997), which indirectly 
represent a measure of total calcium (Beeby 
and Richmond 2001).

When the external supply of calcium was 
limiting, growth was reduced in L. flammea. 
Thomas and Lough (1974) found that the 
growth and natality rates of the freshwater 
snail Biomphalaria glabrata are enhanced by 
the net uptake of calcium from the external 
medium. Calcium provision to the eggs is one 
key adaptation to a terrestrial habitat in gastro-
pods (Tompa 1980) and meeting this demand at 
oviposition is likely to represent a considerable 
cost to the parents. Local adaptations might be 
expected to reflect essential metal availabil-
ity (Beeby and Richmond 2001). Snails which 
grow on areas with low level of toxic metals 
that may slow the absorption of calcium have 
a larger calcium reserve even after an oviposi-
tion (Beeby and Richmond 2001). In Natalina 
cafra, Appleton and Heeg (1999) observed that 
this carnivorous land snail attach the empty 
shells of some victims to the posterior end of 
the foot and carry them for up to 4 days; at the 
end of the period, the shell has been reduced to 
the consistency of tissue paper as most of the 
calcium rich matrix has been removed. Since 
not every victim’s shell is decalcified, the 
authors believe that the removal of calcium by 
Natalina cafra from some may be due to a cal-
cium demand for building or repairing its own 
shell, egg laying or preparatory to aestivation.

The snails reared singly showed reduced 
growth rate when deprived of external calcium 
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source as the communally reared snails 
deprived of calcium. While this growth dif-
ferential was pronounced in the snails reared 
singly, it was not very pronounced in the com-
munally reared snails due to the adverse effects 
of high snail density on normal growth as 
reported by Egonmwan (1991). It was observed 
during this study that the communally reared 
snails resort to cannibalism or feed on the 
shell of dead snails. Cannibalistic egg eating 
in newly hatched snails has also been observed 
in Arianta arbustorum (Baur 1986) and results 
in accelerated growth. The amount of calcium 
provided by food is therefore significantly less 
than the snail’s requirement and the snails will 
benefit markedly from external calcium source, 
particularly in the early stage, as the amount 
of calcium ingested during reproduction when 
the snail is producing shelled eggs is actually 
very small.

Soil which contain useable carbonates and 
total calcium levels exert a significant benefi-
cial effect on snail growth and a high level of 
exchangeable calcium and magnesium in the 
soil seems favourable to snail growth although 
calcium is taken up selectively while soil mag-
nesium increase (Gomot et al. 1989) and the 
active substances in the soil are effective when 
taken in by the digestive route. Studies carried 
out by Crowell (1973), Dan (1978), Cowie and 
Cain (1983), Fournié and Chatail (1982) con-
firm the need to add lime or calcium carbonate 
to the diet of terrestrial snails to prevent dwarf-
ing except when the snails are reared on very 
calcareous soils (Elmslie 1988, Johannessen 
and Solhøy 2001).
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RESUMEN

Estudié el efecto de agregar calcio al alimento sobre 
el desarrollo del caracol pulmonado africano Limicolaria 
flammea (Müller). La cantidad de calcio tuvo una corre-
lación positiva con el peso corporal (T de Student, p < 
0.01; r = 0.96, p < 0.0001) y la longitud de concha (T de 
Student, p < 0.01; r = 0.96, p < 0.00001). Los caracoles 
que no recibieron calcio murieron en gran cantidad y no 
produjeron huevos. En un experimento a largo plazo, hubo 
picos de consumo del calcio y el mayor aumento de peso 
fue en los seis meses iniciales. Los picos de producción de 
huevos fueron entre los seis y los ocho meses (535 huevos), 
entre los diez y once meses (350 huevos) y en los meses 13 
y 14 (310 huevos).

Key words: calcio, crecimiento, uso durante el periodo 
vital, ovoposición, Limicolaria, Achatinidae.
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