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ABSTRACT

The aim of this study was to evaluate the influence of population density and food intake on the
survival and reproduction of uninfected Biomphalaria glabrata and the effect of calcium carbonate
availability on cercarial emergence from experimentally infected snails, to define conditions to
maximize snails’ breeding and cercarial production for future studies about this model. The results
observed in this study indicate that increased population density has a negative effect on the survival
and reproductive activity of B. glabrata. In addition, the quantity of lettuce offered to the snails
altered the number of eggs laid per snail. There was a significant relation between the amount of
lettuce eaten per day and the number of eggs produced per snail, as well as the number of egg masses
per snail, and eggs per egg mass. Furthermore, the snail’s survival was directly associated with the
amount of calcium carbonate and the cercarial emergence was inversely related to the calcium
carbonate amount. This study might help to understand the influence of population density and food
intake on the reproductive biology of captive snail populations. In relation to cercarial emergence,
calcium supplies must not be provided to Schistosoma mansoni-infected snails while maintaining S.
mansoni under laboratory conditions because it decreases cercarial emergence.

KEY WORDS: Biomphalaria glabrata. Schistosoma mansoni. Survival rate. Egg-laying rate.
Cercarial shedding.

RESUMO

A influencia da densidade populacional e a ingestdo de alimentos na biologia reprodutiva da
Biomphalaria glabrata (Mollusca) e da quantidade de calcio em caramujos experimentalmente
infectados com Schistosoma mansoni (Trematoda)

O presente trabalho teve por objetivo avaliar a influéncia da densidade populacional e da ingestao de
alimento na sobrevivéncia e atividade reprodutiva de Biomphalaria glabrata nao infectada e o efeito
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do carbonato de calcio na emergéncia de cercarias de caramujos experimentalmente infectados, a
fim de definir condi¢des para maximizar a criagdo e a produc@o de cercérias em futuros estudos
sobre esse modelo. Os resultados observados nesse estudo indicam que o aumento da densidade
populacional tem efeito negativo sobre a sobrevivéncia e atividade reprodutiva de B. glabrata e a
quantidade de alface fresca oferecida aos caramujos altera o niimero de ovos postos por molusco.
Foi observada correlagdo significativa entre a quantidade de comida ingerida por dia e o nimero de
ovos produzidos por molusco, bem como o niimero de massas ovigeras € 0vos por massa ovigera.
Além disso, a sobrevivéncia dos caramujos infectados foi diretamente associada a quantidade de
carbonato de célcio e a emergéncia de cercérias foi inversamente proporcional a quantidade de
carbonato de célcio. Esse estudo auxilia na compreenséo da influéncia da densidade populacional
¢ a ingestdo de alimento na biologia reprodutiva de moluscos mantidos em colonias. Em relagdo
a emergéncia de cercdrias, suplementos de célcio ndo devem ser adicionados nos criadouros de
caramujos infectados com Schistosoma mansoni, tendo em vista que essa acao diminui a quantidade
de cercérias eliminadas por caramujo.

DESCRITORES: Biomphalaria glabrata. Schistosoma mansoni. Taxa de sobrevivéncia. Taxa de
oviposi¢ao. Eliminagao de cercarias

INTRODUCTION

Among the parasites transmitted by species of the Biomphalaria genus, the
most often investigated is Schistosoma mansoni (Sambon, 1907), due to its medical
and veterinary importance. Biomphalaria glabrata (Say, 1818), B. tenagophila
(Orbigny, 1935) and B. straminea (Dunker, 1848) are the intermediate host species
found naturally infected in Brazil. Biomphalaria glabrata is commonly used in
experimental studies due to its favorable characteristics, such as high reproductive
potential (Costa et. al., 2004), ability to survive under different stress conditions
(Schall et al., 1998; Mello-Silva et al., 2010; 2011), susceptibility to isolated and/
or mixed infections (Coelho et. al., 2008), high rate and prolonged elimination of
infective trematode larvae and tolerance to broad ranges of water conductivity,
calcium, sodium and potassium chloride ions, carbon dioxide, nitrogen (ammonia),
dissolved oxygen, turbidity, temperature and pH (Silva et. al., 2006). All of these
factors facilitate the maintenance of experimental populations in the laboratory, as
well as the use of this species as an intermediate host to parasites of the Strigeidae,
Echinostomatidae, Derogenidae (Souza et. al., 1998), Angiostrongylidae (Richards,
1967) and Schistosomatidae families.

Studies of the biological aspects and behavior of snails in the laboratory
are important to improve breeding and management techniques so these animals
may be used in experimental studies with parasites (Almeida & Bessa, 2001).
Among the important aspects for maintenance of productive snail colonies, two
factors — survival and reproduction — should be particularly considered, because
of their influence on the maintenance cost and viability of the specimens raised. In
infected snails, the cercariae production is considered as indicative of the quality of
maintenance of the S. mansoni life cycle under laboratory conditions.
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Nevertheless, studies of the bio-ecological factors associated with
optimization of the resources employed in managing snails infected and not infected
with S. mansoni in the laboratory are scarce in the literature. The aim of this work was
to assess how population density and food intake affect the survival and reproduction
of B. glabrata and to evaluate the influence of the availability of calcium carbonate
on cercariae production by infected snails, under laboratory conditions.

MATERIAL AND METHODS
Description of the breeding conditions

This study was carried out in the Schistosomiasis Experimental Laboratory,
Instituto Oswaldo Cruz (Fiocruz, Rio de Janeiro, Brazil). The uninfected adult
snails were maintained in polyethylene aquariums measuring 30 x 5.5 x 19 cm
with capacity of 6 liters and the infected snails were kept in polyethylene boxes
measuring 30 x 20 x 12cm with capacity of 3 liters. All the aquariums and boxes
were cleaned weekly and the snails were counted. The laboratory temperature was
maintained between 25° and 28 °C. The water was dechlorinated by decantation, as
suggested by the Brazilian Health Ministry (Ministério da Saude, 2007).

Maintenance of Schistosoma mansoni /ife cycle under laboratory conditions

Biomphalaria glabrata snails, measuring 8-10 mm in shell diameter, were
experimentally infected with S. mansoni by individual exposure to 6 — 8 miracidia per
snail, as described by Mello-Silva et al. (2007). Screenings for positive snails started on
the 35" day after exposure to the miracidia and was repeated once a week for five weeks
thereafter. For screening, the snails were isolated in vials with 5 mL of dechlorinated
water and exposed to light (incandescent lamp, 60 watts for 1 hour) to induce cercarial
emergence. Three aliquots (0.5 mL of water with cercariae) were distributed into glass
plates with lugol and counted with the aid of a stereoscopic microscope. The negative
snails, after the observation period, were sacrificed by crushing between glass plates.

Experiments to evaluate reproductive fitness

Two experiments were performed to determine the effect of population
density and food intake on live snails and reproductive fitness to optimize the
breeding of this snail species.

Experiment 1- Population Density

In this experiment, 2,080 B. glabrata specimens were used, separated
into eight groups, with four repetitions for each. All the snails were maintained in
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the same volume of dechlorinated water (6L) and fed with fresh lettuce leaves ad
libitium (Lactuca sativa, Linnacus) three times a week. The relation of density by
group was: Group A- 5.0 snails per liter (30 snails) ; Group B- 6.6 snails per liter (40
snails); Group C — 8.3 snails per liter (50 snails); Group D- 10.0 snails per liter (60
snails); Group E — 11.6 snails per liter (70 snails); Group F- 13.3 snails per liter (80
snails); Group G- 15 snails per liter (90 snails) and Group H- 16.6 snails per liter
(100 snails). This experiment was conducted during four months.

Experiment 2- Food intake

Five aquariums with 30 snails each were provided daily with controlled
quantities of lettuce (Lactuca sativa L.). The following proportions of lettuce per
snail were used: Aquarium 1 = 0.06g/snail; Aquarium 2 = 0.1g/snail; Aquarium
3 = 0.13g/snail; Aquarium 4 = 0.16g/snail; and Aquarium 5 = 0.2g/snail. The
unconsumed lettuce leaves were removed and disposed in appropriate containers.
All the snails were reared in the same volume of dechlorinated water (6L). This
experiment lasted four months.

Experiment to evaluate cercarial emergence from infected snails

The experiment was carried out using different amounts of calcium
carbonate to assess the influence of the calcium ion concentration on cercarial
emergence. Seven hundred and twenty one-day-old snails were divided into three
groups, two groups with 210 snails each, raised with 60 and 80 mg/L calcium
carbonate supplement, and one group maintained as control without calcium
carbonate supplement. All snails were maintained for two months and the cercarial
emergence was observed weekly for three weeks to count the cercariae. The
quantification of cercariae per snail was performed by exposure to artificial light
(60 watts) for one hour. The cercariae were collected in aliquots of 10% (0.5ml) of
the total sample (SmL), stained and fixed with lugol and the results were recorded.

Statistical analysis

The results were expressed as mean with standard deviation and submitted
to one-way ANOVA and the Tukey-Kramer test (0=5%). (Instat, GraphPad, v.4.00,
Prism, GraphPad, v.3.02, Prism Inc.).
RESULTS

Experiments to evaluate reproductive fitness

In general, there was a negative relationship between the population
density and reproductive rate in snails from different groups: the groups with lower
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population density produced more eggs per snail (Figure 1). However, there was
a significant difference in relation to eggs laid per snail: the groups with lower
population densities (Groups B and C) differed significantly from those with higher
population density (Groups G and H).
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Figure 1. Relation between the mean number of egg laid by Biomphalaria
glabrata and the different population densities, expressed as number
of snail/ liters. Polynomial: Fourth Order Y= -59.1+32.3x-2.1x?-
0.06x%0.004x4, R2=0.99.

The relation between population density and number of eggs per egg mass
indicates a possible negative influence of crowding on the snails’ reproduction.
These results reinforce the observations on egg production, because the snails in the
groups with lower density had higher results than those with greater density. Group
A (5.0 snails/liter) produced 13.19 eggs/egg mass, 10.6% higher than Group B (6.6
snails/liter) and 30.6% more than Group H (16.6 snails/liter) (Table 1).

Table 1.  Reproductive parameters of Biomphalaria glabrata maintained in
different population densities lasted four months. Data expressed as
mean and standard deviation.

Snails/ L Eggs/Snails Egg masses/Snails Eggs/egg masses
sgrs?llgl?m 10.6+1.1° 32822 13.3£1.9°
6?:12?11 29.84.6° 10.142.9° 534150
8?&%& 1140 4 4.6+6.6° 9.9+0.7
10%235112& 10004 43+5.6° 9.2+0.5%
11(.}6“;E§£m 6.7:0.4+ 30454 8.3+0.2°
13?22;1]2& 3203 134310 9,741 4sbe
15%r§:11§ill:/L 2.6+04 1.245.1%¢ B 4£0.4°
16%2?&1(:& 54020 244740 9.120.7%0¢

a, b, ¢ Means differ significantly (a = 5%).
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The snails’ survival was also directly affected by the population density.
In the groups with the two lowest densities (Groups A and B), the survival rate was
90% at the end of the experiment, while in Group H, with the highest density, only
21% of the snails survived.

The quantity of lettuce given to the snails altered the number of eggs
laid per snail. There was a significant relation between the amount of lettuce eaten
per day and the number of eggs produced per snail, as well as the number of egg
masses per snail and eggs per egg mass (Figure 2). However, there was a significant
increase in relation to egg laid by snail between Group 1 (0.06g/ snail) and the other
groups. The snails in Group 1 produced an average of 0.47 eggs for 0.06 eggs mass
per snail, while in Group 5 — 0.2¢g/snail; the snails produced 22.95 eggs in 1.1 egg
masses per snail. The number of egg masses per snail increased in Groups 1 to 5, for
the remaining groups it declined 7.7% (Table 2). There was no significant difference
between the amount of lettuce offered to the snails and food intake, throughout the
observation period (Figure 3). The snails’ survival was not affected by the quantity
of lettuce given. In the group with the lowest proportion of lettuce per snail (0.06g/
snail), the survival rate was 28% at the end of the experiment, while in the group
with the highest proportion lettuce per snail, the survival rate was 29.5%.
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Figure 2. Relation between the mean number of egg laid by Biomphalaria
glabrata and the different quantities of lettuce (Lactuca sativa L.),
expressed as proportions lettuce per snails (g/snail). Polynomial : First
Order: Y = 0.69+5.01x, R>=0.88
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Table 2. Reproductive parameters of Biomphalaria glabrata exposed to differents
quantities of lettuce (Lactuca sativa L.) lasted four months. Data
expressed as mean and standard deviation.

Amount lettuce/snails/Day Eggs/snail Egg masses/snail Eggs/egg mass
Group 1
+0.6° +2.7* 13 3a
0.06g/ snail 0.470.6 0.06+2.7 48433
Group 2 - ) ]
0.1g/snail 3.241.8 0.26+4.9 12.344.6
Group 3. 3.0043. 0% 03549 40 1214272
0.13g/snail
Group 4 R ) -
0.16g/snail 15.741.0 1.192.7 13.0:0.8
Group 5 X . :
0.2g/snail 22.95+1.5 1.1435.6 12.040.1

a, b Means differ significantly (a = 5%).

Table 3.  Effects of cercariae shedding by Biomphalaria glabrata infected with
Schistosoma mansoni and exposed a 60 and 80 mg CaCO3/liter in three
analyses. Data expressed as mean =+ standard deviation

.. First analysis Second analysis Third analysis
Quantities of CaCO3 (40 days after infection) (47 days after infection) (54 days after infection)
Control 490+41.03¢ 345.0+15.08° 945+17.18°
60mg CaCo3/ liters 101.23 +£7.76* 184.7447.3 184.48+8.04°
80mg CaCo3/ liters 229.74+5.4 179.48+10.29° 195.48+17.42°

a, b Means differ significantly (a = 5%).
Experiment to evaluate cercarial emergence from infected snails

Changes in the cercarial emergence by B. glabrata infected with S.
mansoni were probably influenced by calcium carbonate amount in relation to the
control group (without CaCO,) throughout the period analyzed (Figure 4).
700A
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3004
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Quantities of Calcium Carbonate
Figure 4. Relation between the mean number of cercarial emergence of
Schistosoma mansoni and the different quantities of calcium carbonate.

Cercarial shedding/snail
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The number of cercariae was 75.5% higher compared to the control group
and the group submitted to 60mg/liter and 39% greater than the group submitted to
80mg/liter in the first week of analysis (Table 3). In the third week of analysis, the
difference in cercarial production between the control group and those maintained
with 80 mg of CaCO,/liter was 73%. Significant differences between the cercarial
shedding by snails in the control group and the other groups were observed in the
third week of analysis.

The snails’ survival was directly associated with the concentration of
calcium carbonate. At the end of this experiment, in the control group (without
CaCO,), 60 infected snails survived (85.7%) and they were all positive (100%). In
the group maintained with 60mg CaCO /liter, 26.6% died and 88.6% (39 snails)
were positive, whereas in the group maintained with 80 mg CaCO,/liters there were
44 snails remaining (26.6% mortality) and 97.7% (43 snails) positive.

DISCUSSION

Studies of the improvement of techniques to breed snails in the laboratory
are important to clarify what conditions allow these organisms to best allocate
their energy reserves and thus maximize their reproductive fitness. The storage and
mobilization of resources for reproduction in snails are associated with different life
history strategies, selected in the course of evolution (Antkowiak & Chase, 2003).
After hatching, the energy stores are mainly used to maintain vital functions and the
excess is directed to growth. After sexual maturity, growth slows down so that all
the excess energy can be allocated to reproductive functions (Carvalho et al., 2008).

The results observed in this study indicate that increasing population
density has a negative effect on the survival and reproductive activity of B. glabrata.
According to Lande et al. (2002), in nature the intra-specific population density is a
critical ecological factor that directly affects the growth, survival and fecundity of
snails, with rising density having negative consequences on the population dynamic
and maintenance in the environment. Mangal et al. (2010) suggested that the effects
observed in B. glabrata maintained at high densities can be a result of competition
for food resources, oxygen and/or calcium depletion and the production of products
that inhibit growth or of toxic products dispersed in the water. However, Daguzan
& Verly (1989), studying land snails, suggested that the large quantity of mucus
produced when snails are subject to high densities is responsible for inhibiting the
growth and reproduction of Bradybaena similaris.

Some authors have shown the preference of the snails for lettuce compared
to other types of food, like fish food or synthetic compounds. Selck et al. (2006) in
order to determine the highest growth rates in the colony, suggested fresh lettuce
ad libitum instead of other food types. This preference for lettuce appears to be
associated with preference of invertebrate herbivores for foods that contain higher
amounts of nitrogen in their composition (Barilie et al., 2004).
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In B. glabrata, calcium has a direct influence on shell growth, fecundity,
oviposition, survival and maintenance of the internal metabolism, acting as a buffer
system. Calcium is mainly located in the shell and digestive gland (Wilbur & Tompa,
1979). Snails obtain calcium ions from their food and lack of calcium resources in
the environment can limit the growth of populations because this ion is essential
to the egg shell formation and embrionary shell (Davies & Erasmus, 1984). When
snails are maintained under physiological stress factors, calcium is mobilized from
the shell to the hemolymph in the form of calcium carbonate (CaCO,), which breaks
down, leading to the formation of a bicarbonate buffer system, thus preserving the
organism’s homeostasis (De Witt & Sminia, 1980; Magalhaes et al., 2011). This
ion also affects the immune response of gastropods, since the phagocytic activity
of the hemocytes and other defense cells depends on the presence of these ions in
the hemolymph (Souza and Andrade, 2006). Calcium is often added to the diets of
snails raised in the laboratory, but there is no study about the ideal proportion of
calcium per liter of water to optimize their survival.

In these snails, calcium directly influences the shell composition, fecundity,
oviposition, survival, development of eggs and embryos, mortality and maintenance
of internal homeostasis (Thomas et al., 1974, Dawies & Erasmus, 1984, Magalhaes
et al., 2011). This ion may influence intramoluscal larval development so there is
lower emergence of cercariae, as observed in this experiment, due to its influence
on the production of defense cells of mollusks, the hemocytes, interfering with the
susceptibility and resistance to infection by S. mansoni.

CONCLUSION

The success of snails reared under laboratory conditions for research
purposes is directly related to their health and number of sexually mature specimens,
because the younger and more fecund, the fitter they are for use in experiments and
the more animals are produced. This study can help to estimate how the population
density and food intake affect the reproductive age and survival in the laboratory
of snail populations. In relation to cercarial emergence, the shedding was inversely
associated with the number of cercariae. Therefore, in line with the aim of laboratory
breeding, calcium should not be used as a supplement for infected snails, because
the number of cercariae released decreases.
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