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Abstract: The life histories of succineids have received relatively little attention. To evaluate life history char-
acteristics of Omalonyx matheroni, we studied a Brazilian population (Reserva Particular do Patriménio Natural
Feliciano Miguel Abdala, in Caratinga, Minas Gerais, Brazil) under laboratory conditions. The aims of the pres-
ent study were (1) to describe in detail an appropriate rearing method; (2) to investigate the effects of different
temperature and photoperiod conditions; and (3) to assess the effects of self and cross-fertilization on the repro-
ductive biology of these mollusks. We studied the oviposition site, the time to sexual maturity and the influences
of photoperiod and temperature on reproductive parameters of O. matheroni reared under laboratory conditions.
We tested three combinations of temperature and photoperiod, designated A, B and C (A: 25°C, 24 hours of
light; B: environmental conditions of temperature and photoperiod, characterized as follows: average maximum
temperature=27.1°C, average minimum temperature=18.3°C, average day length=12.06 hours; and C: 25°C, zero
hours of light) and two rearing densities (I: isolated and G: grouped) on reproductive parameters (number of
eggs per egg mass, number of unviable eggs per mass, egg mass incubation period, and duration of the hatching
period). A total of 186 individuals and 565 egg masses were studied. Data were analyzed by Student’s t-test,
two-way ANOVA and Chi-Square test. Eight generations were produced (March/2004-March/2006), from 35
field specimens, 91% of 3 197 eggs hatched. The time to sexual maturity was approximately three months
for individuals reared in groups or in isolation (Student’s t-test: t=1.41, df=31, p=0.16); however, they dif-
fered significantly in weight (Student’s t-test: t=3.6, df=31, p<0.001). Regarding the influences of temperature
and photoperiod on reproductive parameters, under natural environmental conditions, individuals produced a
greater number of eggs per mass (ANOVA: F, ¢,,=84.15, p<0.001), with a longer incubation period (ANOVA:
F,.55=170.05, p<0.001). The extreme photoperiod conditions of 24 hours of light or zero hours of light likely
imposed stress and could be related to the significant reductions in the number of eggs per mass, and egg incu-
bation period as well as the increased synchrony in egg hatching. No correlations were observed between the
number of unviable eggs per mass and the temperature, photoperiod (ANOVA: F, ,,=0.87, p=0.92) or rearing
density (ANOVA: F,| 5;,=0.21, p=0.64). Individuals reared in isolation under natural conditions produced more
eggs per mass and did not presented any disadvantage with respect to the variables analyzed as compared to
the animals reared in groups. These results indicate that O. matheroni can successfully reproduce by selfing.
Rev. Biol. Trop. 60 (2): 553-566. Epub 2012 June 01.
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The genus Omalonyx d’Orbigny 1837,
belongs to the family Succineidae and rep-
resents one of the lineages with a reduced
flat shell and slug-like body shape (Patterson
1971, Tillier 1981, Barker 2001). Species of
this genus are distributed throughout South
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America; in Brazil, they are widely distrib-
uted in all regions of the country (Lange de
Morretes 1949, Tiller 1981, Dutra-Clarke
et al. 2001, Salgado & Coelho 2003, Sim-
one 2006, Arruda et al. 2009, Coscarelli &
Vidigal 2011).
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In spite of their abundance and widespread
distribution, research on the life history of
succineids, including Omalonyx, has received
relatively little attention (Hermann & Dundee
1967, Patterson 1970, Villalobos et al. 1995,
Rundell & Cowie 2003, Villalobos & Monge-
Néjera 2004, Brown et al. 2006, Dillen et al.
2009). Laboratory studies on the life history
of pulmonates are considered to be extremely
important for developing an understanding
of their complex reproductive processes and
determining the environmental factors that
influence them (Gomot de Vaufleury 2001,
Heller 2001). Influences of temperature, pho-
toperiod and rearing density (individuals raised
in isolation or in a group) on reproduction
have been demonstrated in several pulmo-
nate species, including succineids (Enee et al.
1982, South 1992, Gomot de Vaufleury 2001,
Hommay et al. 2001, Meireles et al. 2008,
Dillen et al. 2009).

According to Parodiz (1963), species of
the Omalonyx genus are found in humid sites
and are never far from water. They are often
found submerged among aquatic plants or in
the mud at the bottom of freshwater systems.
Information concerning the natural habitat and
lifestyle of Omalonyx is somewhat contro-
versial (Parodiz 1963, Hermann & Dundee
1967, Patterson 1971, Poi de Neiff et al. 1977,
Olazarri 1979, Tillier 1981, Cazzaniga 1985);
however, all of the authors agree that this genus
is strongly associated with freshwater systems
such as swamps, lakes and river margins, as
well as the surrounding vegetation.

Hermann & Dundee (1967) studied the
habitat of Omalonyx matheroni (Pontiez &
Michaud 1835) in Ecuador and found that indi-
viduals in freshwater systems could be reared
in plastic containers with water and vegetation
from the lake, where they had been collected.
Patterson (1970, 1971) described a general-
ized rearing methodology for succineids that
involved separating egg masses and young and
adult individuals into different containers and
providing a diet based on lettuce and chopped
cereal grasses. Sterilized sand with clay and
calcium carbonate was added to the bottom

of the containers. A different diet was fed to
juveniles. Employing this methodology for two
years, Patterson (1971) reared 16 generations
of Omalonyx. However, further details regard-
ing the success of this rearing methodology and
other life history data were not mentioned.

To evaluate life history characteristics of
O. matheroni, we studied a Brazilian popula-
tion under laboratory conditions. The aims
of the present study were (1) to describe in
detail an appropriate rearing method; (2) to
investigate the effects of different temperature
and photoperiod conditions; and (3) to assess
the effects of self and cross-fertilization on the
reproductive biology of these mollusks.

MATERIALS AND METHODS

Field collection and laboratory rear-
ing of mollusks: A laboratory population of
Omalonyx was established from 35 individuals
collected in March 2004 at the Reserva Par-
ticular do Patrimonio Natural Feliciano Miguel
Abdala, a private nature preserve in Caratinga,
Minas Gerais, Brazil (19°43°55” S - 41°49°03”
W). The snails were identified as O. matheroni
by means of comparative morphology based
on their reproductive organs, according to
the criteria defined by Tillier (1981). Voucher
specimens were deposited in the malacology
collection of the Laboratério de Malacologia e
Sistematica Molecular (LMSM), Departamento
de Zoologia, Universidade Federal de Minas
Gerais, Belo Horizonte, Brazil, under the cata-
log number LMSM 1 128. The individuals were
manually collected from wet soil and vegeta-
tion in the vicinity of freshwater systems. The
mollusks were maintained at room temperature
in two plastic containers (28.2L) with perforat-
ed lids containing 17-18 individuals each. The
mollusks were reared based on the procedures
described by Hermann & Dundee (1967) and
Patterson (1970, 1971) with some modifica-
tions as described below. The rearing contain-
ers were prepared with a thin layer of water at
the bottom (approximately 600mL) to maintain
a high-humidity environment. Specimens of
Pistia stratiotes (Araceae), popularly known as
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water lettuce, were used as a substrate for egg-
laying and shelter. Water lettuce obtained from
the field was washed in tap water and placed
in the rearing containers. Mollusks were fed
daily with lettuce and supplied with powdered
rodent chow to which ten percent calcium car-
bonate (CaCO,) was added; this mixture was
renewed every two days. The chow was placed
in a round plastic container (diameter: 30mm;
height: 7mm) to avoid contact with the water.
As the eggs were laid, they were transferred
to a separate container, which was called the
nursery (Nr) and is described below.

Rearing was divided into stages according
to the ages of the specimens. The cleaning pro-
cedure was performed every two days. Chow
and fecal residues were removed with tap water
and a thin paint brush. We avoided touching the
animals in order to reduce the number of stress
factors. Each day, the egg masses were indi-
vidually transferred from the main container
(Mn) to the nursery (Nr) and cleaned with tap
water and a thin paint brush.

Nursery (Nr): Hatching-day five. Glass
Petri dishes (diameter: 80mm; height: 17mm)
with moistened filter paper at the bottom were
used to create the moist chambers. Petri dishes
were labeled with the container from which the
egg mass was taken and the date of oviposition.
The moist chambers were visually inspected
every day. The filter papers were kept perma-
nently wet. After hatching, the newly hatched
young were fed twice a week with macerated
lettuce and approximately 10mg of chow.

Growth (Gr): Day six-30. Individuals were
kept in transparent plastic containers (diameter:
75mm, height: 55mm) with perforated lids. The
bottoms of the containers were covered with a
thin layer of water (approximately 3mL) and
one P. stratiotes specimen. Up to five six-day-
old individuals were placed in each container
and fed macerated lettuce three times a week
and 20mg of chow diet twice a week. The con-
tainers were visually inspected every day, and
dead specimens were removed when necessary.

Maintenance (Mn): More than 30 days old.
Mollusks were placed in transparent plastic
containers (diameter: 145mm, height: 95mm)
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with perforated lids. The bottom of each con-
tainer was covered with a thin layer of water
(approximately 10mL) and one P. stratiotes
specimen. Up to four 30-day-old individuals
were placed in each container and fed lettuce
three times a week and chow diet twice a
week (25mg per individual). Isolated individu-
als were kept in the smaller plastic container
(diameter: 75mm, height: 55mm).

Oviposition in the laboratory: The mol-
lusks collected in the field (35 individuals)
were kept in the laboratory under natural condi-
tions (condition B, according to table 1) in two
containers with perforated lids (17-18 individu-
als in each container). These mollusks were
reared as described above for stage Mn. The
containers were checked every day for new egg
masses. The egg masses were cleaned and kept
as described above for stage Nr. The number
of viable and unviable eggs was determined.
Egg diameter was measured using an ocular
micrometer (Leica, Germany, MZ12).

To determine the preferred egg-laying site,
we analyzed 100 egg masses from ten indi-
viduals reared in groups (condition B). The
containers were checked every day for new egg
masses, which were removed daily, counted
and identified according to the site at which
they were laid (water lettuce or container wall).

Time to sexual maturity in the labo-
ratory: Mollusks were considered sexually
mature at their first oviposition. Data on the
age, weight and size of specimens (F1 genera-
tion) reared under natural conditions (condition
B) in isolation (16 specimens) or in groups (17
specimens in groups of three or four individu-
als) at first egg-laying were analyzed by Stu-
dent’s t-test.

Measurement of specimens from each
rearing stage: From each rearing stage, 20
individuals were randomly selected (Nr: five
days old; Gr: 30 days old; Mn: more than 100
days old), measured using an ocular microm-
eter (length of the body and shell and width
of the shell) (stereoscopic microscope: Leica,
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TABLE 1
Rearing densities and temperature/photoperiod conditions under which Omalonyx matheroni specimens were maintained

Rearing density

Condition (@ Felies G iauiaed) Temperature
A* G 25°C
1 25°C
B** G RT
1 RT
C* G 25°C
1 25°C
Total

Photoperiod Number of individuals

(hours of light per day) (n)
24 58

24 36

~]20%% 35

~]2%% 15

0 24

0 18

186

* Animals were housed in a room with controlled temperature and photoperiod.

*#% Animals were housed in a room with natural light and room temperature. Annual average day length was 12.06 hours
(SD=00:51:15). These data pertain to the prevailing environmental conditions during the experimental period (according to
the Observatério Nacional: www.on.br). Annual average maximum temperature: 27.1°C (SD=2.0); annual average minimum
temperature: 18.3°C (SD=1.9), according to information from the Instituto Nacional de Meteorologia (National Institute of
Meteorology). RT=room temperature and SD=standard deviation.

Germany, MZ12) and weighed with an analyti-
cal balance (sensitivity 0.001g, Marte, AL 500).

Influence of the rearing density and
conditions on reproductive parameters:
The F1 generation was subjected to three
different temperature and photoperiod condi-
tions (A: 25°C, 24 hours of light; B: envi-
ronmental conditions of temperature and
photoperiod, characterized as follows: aver-
age maximum temperature=27.1°C, average
minimum temperature=18.3°C, average day
length=12.06 hours; and C: 25°C, zero hours of
light) and two rearing densities (I: isolated and
G: grouped). These conditions are described in
table 1 along with the numbers of individuals
in each condition. Individuals were divided into
different rearing densities (I or G) when they
were six days old and maintained in isolation
or in groups until the end of the experiment.
For treatment I, after being transferred from the
Nr, six-day-old specimens were individually
maintained in 75Smm containers until the end
of the experiment. For treatment G, two to four
specimens were initially maintained in 75mm
containers (Gr) and then transferred to 145mm
containers (Mn) until the end of the experiment.

The following parameters were analyzed
for all of the egg masses laid under the different

conditions: number of eggs per egg mass, num-
ber of unviable eggs per mass, egg mass incu-
bation period and duration of the hatching
period, i.e., the time elapsed between the hatch-
ing of the first egg and the hatching of the last
egg in a given egg mass.

Two-way ANOVA (Zar 2009) was used to
test the effects of the temperature and photope-
riod (A, B, and C) and rearing density (I and
G) conditions on the following log-transformed
variables: number of eggs per egg mass, num-
ber of unviable eggs per egg mass, and egg
mass incubation period. The duration of the egg
mass hatching period was categorized as syn-
chronous (hatching period=zero days) or non-
synchronous (hatching period=one or more
days), and the association of this variable with
the temperature and photoperiod conditions (A,
B and C) and rearing densities (I and G) was
tested using the chi-square test (Zar 2009).

RESULTS

Field collection and laboratory rearing
of mollusks: Eight generations were reared
in 24 months with the methodology described
above. Aspects of the rearing procedure con-
sidered important for the success of labora-
tory maintenance include the following: (1)
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Defining rearing stages according to age. This
technique improved the laboratory maintenance
of O. matheroni and allowed us to achieve the
specific demands of each developmental phase
(newly-hatched and adult specimens are shown
in Fig. 1A and 1B, respectively). (2) Main-
taining the humidity in the rearing containers
(moist chambers were used for Nr, and water
was placed at the bottom of the container for Gr
and Mn). (3) Separating egg masses into indi-
vidual moist chambers (in the nursery). This
procedure facilitated observations of hatching
and the development of the egg. (4) Improv-
ing the diet with chow. Providing a source of
calcium carbonate is an essential component
for any gastropod rearing strategy. Mollusks
demonstrated a clear preference for the chow
diet when they were simultaneously presented
with chow and lettuce.

As observed in field populations, labo-
ratory-reared individuals did not stay in the
water. Exceptions occurred when they were
laying eggs at the roots, under the leaves or on
the leaf axis of the water lettuce or when they
were moving to another site. Most of the time,
the individuals remained on the substrate (con-
tainer wall or water lettuce leaves). P. stratiotes
was not consumed as food, but it was an excel-
lent egg-laying site.

Oviposition in the laboratory: From the
35 field specimens kept in the laboratory under
condition B, 218 egg masses were obtained
after 125 days of observation, and 91% of the 3
197 eggs hatched. Each individual laid a mean
of 91.34 eggs during this period. The egg diam-
eter was 2.1+0.3mm (mean+SD). Only 4% of
the egg masses were laid on the plastic con-
tainer wall; 96% were found on P. stratiotes. In
addition to being readily available, P. stratiotes
is very manageable and can be kept alive in the
laboratory for over a month. Reciprocal copula-
tion was observed when mollusks were housed
in groups (Fig. 1C).

Time to sexual maturity in the laborato-
ry: No significant differences in the time to sex-
ual maturity were observed between specimens
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reared in groups or in isolation under condition B
(Grouped=91.7+£7.6 days; Isolated=86.2+14.1
days) (Student’s t-test: t=1.41, df=31, p=0.16).
However, they significantly differed in weight
(Grouped=181+80mg; Isolated=320+133mg)
(Student’s t-test: t=3.6, df=31, p<0.001),
and the p-value obtained for size was very
close to significance (Grouped=14+0.44mm;
Isolated=16.6+0.28mm) (Student’s t-test:
t=1.84, df=31, p=0.072).

Measurement of specimens from each
rearing stage: The mean body length, body
weight, and shell size of specimens reared in
groups under natural environmental conditions
(B/G) are shown in table 2.

Influence of the rearing density and con-
ditions on reproductive parameters: Each
egg mass was analyzed in relation to four

Fig. 1. Omalonyx matheroni: specimens from Caratinga,
Minas Gerais, Brazil; (A) newly hatched; (B) adult; and
(C) two specimens reciprocally copulating with the penis
of each (arrow head) penetrating the genital pore of the
other (arrow). Scale bars: A=3mm, B=9mm, C=2.7mm.
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TABLE 2
Body and shell measurements of Omalonyx matheroni specimens (in condition B/G) representing the three rearing stages

Shell length/wide (mm)**
1.8+0.12/1.26+0.06
2.55+0.37/1.91+0.33
10.05x1.22/5.5+0.5

Body length (mm)/weight (mg)**
3.02+0.3/2.0+4.0
4.48+1.10/6.0+5.0
21.1+4.3/345+120

Stage*
five days old (Nr)
30 days old (Gr)
Adult: more than 100 days old: Mn

*Stages were established according to the ages of the specimens.
*#*Data are expressed as means=SD; Nr=Nursery: from hatching-day five; Gr=Growth: day six-30; Mn=Maintenance: more
than 30 days old; and SD=standard deviation.

reproductive parameters and these results are 5 30 + Isolated

presented separately below. % 28 £ Grouped
Number of eggs per egg mass: Signifi- é 26 1

cant effects of rearing density (ANOVA: 2 24 i

F|53=5.81, p=0.016) and temperature and ; 22

photoperiod conditions (ANOVA: F, 5,,=84.15, o 0 I {

p<0.001) on the number of eggs per mass were § 18 I

observed. At both rearing densities (I and G), s 16

the number of eggs per mass was higher under é 4

natural environmental conditions (B); however, 2.,

isolated individuals laid more eggs per mass as A B C
compared to grouped individuals (Fig. 2 and
Table 3). The effect of the interaction between

Temperature and photoperiod conditions

rearing density and the temperature and photo-
period conditions was not significant (ANOVA:
F, 5;;=1.12, p=0.28).

Number of unviable eggs per egg mass:
There were no significant differences in the
number of unviable eggs, neither among the
different temperature/photoperiod conditions

Fig. 2. Mean (+95% CI) number of eggs per mass (log-
transformed data) at different rearing densities (isolated
or grouped) and under different photoperiod/temperature
conditions. (A) 25°C, 24 hours of light; (B) Average
maximum/minimum temperature 27.1°C/18.3°C, average
day length 12.06 hours; and (C) 25°C, zero hours of light.
The central point is the mean, and the vertical bar indicates
the 95% confidence interval.

TABLE 3
Reproductive parameters of Omalonyx matheroni specimens maintained under different conditions and rearing densities

Temperature and Rearing Number of Number of Egg mass Duration of egg  Sexual maturity
photoperiod density eggs per unviable eggs incubation mass hatching (days)
condition egg mass per egg mass  period (days) period (days)
A: 25°C, 24 hours G 6.4+3.5 1.3+1.8 15.0£2.6 1.4£1.0 _
of light I 8.2+5.3 1.7+2.3 16.1+2.4 1.20.5 _
B: 18.3°C-27.1°C, G 14.6+£9.4 1.2+2.9 20.5+4.5 1.7£1.4 91.7£7.6
12.06 hours of light I 16.5+7.2 2.53.5 18.2+1.9 3.4x1.5 86.2x14.1
C: 25°C, zero hours G 8.8+4.9 2.7+3.4 13.0£1.1 0.3+0.6 _
of light I 9.2+5.2 1.0£2.3 14.0+1.5 0.7+0.8 _

Data are expressed as means+SD. G=grouped, I=isolated and SD=standard deviation.
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(A, B and C) (ANOVA: F, (,,=0.87, p=0.92)
nor between the rearing densities (G and I)
(ANOVA: F1y573:0.21, p=0.64). However, the
interaction between these factors presented
a significant effect (ANOVA: F2’573:14.62,
p<0.001). Isolated individuals produced more
unviable eggs per egg mass than grouped indi-
viduals under condition B, but under condition
C, they produced fewer unviable eggs per egg
mass (Fig. 3 and Table 3).

Egg mass incubation period: There was
a significant difference in egg mass incuba-
tion period among the temperature and pho-
toperiod conditions (A, B and C) (ANOVA:
F2’559:170.05, p<0.001) but not between the
two rearing densities (ANOVA: F2’559:0.41,
p=0.52). The interaction between rearing den-
sity and temperature and photoperiod condi-
tions was significant (ANOVA: F2’559:13.O3,
p<0.001). The egg mass incubation period
was longer in condition B than in either of the
extreme conditions (A and C). Under condition
B, the egg mass incubation period was longer
for grouped specimens than for isolated indi-
viduals. In conditions A and C, no significant
differences were observed between isolated
and grouped individuals (Fig. 4 and Table 3).

B 12
2" < Isolated
v 1 = Grouped
G
£ 10
> _
9 0.9 :|:
» 08
[}
Q 07
<
Q 06
R
§ 0.5
3 o4
o
=~ 03
8 1
0.2
£
= 0.1 ; - c

Temperature and photoperiod conditions

Fig. 3. Mean (+95% CI) number of unviable eggs per
mass (log-transformed data) at different rearing densities
(isolated or grouped) and under different photoperiod/
temperature conditions. (A) 25°C, 24 hours of light; (B)
Average maximum/minimum temperature 27.1°C/18.3°C,
average day length 12.06 hours; and (C) 25°C, zero hours
of light. The central point is the mean, and the vertical bar
indicates the 95% confidence interval.

W

2 = Isolated
= 30 T < Grouped
°
kel
g 29 T
5 28 I
=
©
S 27 I
v
£
w 26 I
wv
g 1
o 25
>
w

24

A B C

Temperature and photoperiod conditions

Fig. 4. Mean (£95% CI) egg mass incubation period (log-
transformed data) at different rearing densities (isolated
or grouped) and under different photoperiod/temperature
conditions. (A) 25°C, 24 hours of light; (B) average
minimum-maximum temperature 18.3°C-27.1°C, average
day length 12.06 hours; and (C) 25°C, zero hours of light.
The central point is the mean, and the vertical bar indicates
the 95% confidence interval.

Duration of egg mass hatching period:
There was a significant association between the
rearing condition and the synchrony of hatch-
ing (x?=377.6, df=2, p<0.001). Egg hatching
was not synchronous under condition A or B;
however, under condition C, 71% of hatching
events were synchronous (Table 4). We also
found an association between rearing density
and the duration of the egg mass hatching peri-
od (¥?=23.9, df=1, p<0.001). The egg masses
from isolated individuals were synchronous
in 5.1% of the hatching events, compared to
18.8% of egg masses from grouped specimens
(Tables 3 and 4).

DISCUSSION

Pulmonates are simultaneous hermaphro-
dites, well-known for their broad variation in
life history characteristics. Snails of the genus
Omalonyx are capable of reproduction by both
outcrossing and apparent self-fertilization (Pat-
terson 1970). The ability to rear stable popula-
tions in the laboratory allows for controlled
laboratory trials and consequently informative
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TABLE 4
Synchronous and non-synchronous egg hatching of Omalonyx matheroni specimens
under different conditions and rearing densities

Condition Synchronous
A 0
B 0
C 71 (71%)
Total 71 (12.6%)
Rearing density
Isolated 13 (5.08%)
Grouped 58 (18.77%)
Total 71 (12.6%)

Non-synchronous Total
54 (100%) 54
411 (100%) 411
29 (29%) 100
494 (87.4%) 565
243 (94.92%) 256
251 (81.23%) 309
494 (87.4%) 565

studies on life history. Studying life history
aspects such as rearing density, fecundity and
fertility rates allows for a better understanding
of pulmonate population structure, and contrib-
utes to the management and conservation plans
for these mollusks. Data of this sort also enable
further studies on snail parasitology (e.g., stud-
ies on snail-fluke interactions) and physiology
(e.g., regulation of growth and reproduction)
(South 1992, Lam 1994, Villalobos et al. 1995,
Gomot de Vaufleury 2001, Hommay et al
2001, Daoust et al. 2009, Dillen et al. 2009).

The use of local vegetation as shelter and
substrate for egg-laying was first reported by
Hermann & Dundee (1967). According to these
authors, in the laboratory setting, eggs were
preferentially laid on the walls of the plastic
containers, with plants serving as a second
choice. In the present study, P. stratiotes was
not consumed as food but was the first choice
for an egg-laying site, contrary to the results of
Hermann & Dundee (1967).

In the absence of a partner, some her-
maphrodites, including Omalonyx, do not cease
reproduction, and apparent self-fertilization
occurs (Patterson 1970). Thus, by rearing O.
matheroni in isolation or in groups, we favored
selfing (parthenogenesis or self-fertilization)
or cross-fertilization, respectively. Diverse
hermaphroditic mollusks, including Omalo-
nyx, copulate reciprocally. The first observa-
tion of reciprocal copulation in Omalonyx
was recorded by Hermann & Dundee (1967).

During our routine observations of the grouped
individuals, we verified the occurrence of
reciprocal copulation.

Information on the life history of a given
species allows inferences about its ecology.
Oviposition comprises an important life his-
tory characteristic. Laboratory trials are need-
ed to determinate the range of this variable,
due to the difficulty in studying life history
characteristics in the field. The hatching rate
of Succinea costaricana von Martens 1898
(Stylommatophora: Succineidae), is close to
100% when proper laboratory conditions are
available (Villalobos et al. 1995). However,
this rate is likely very different from that which
occurs in the wild, where several factors that
cannot be controlled, such as dryness, predators
and parasites, likely destroy most of the eggs
(Villalobos et al. 1995). In the present work,
oviposition data for O. matheroni revealed a
hatching rate of 91% and a mean production
of 91.34 eggs per individual over a period of
125 days. An 80% hatching success rate and a
mean production of 23.4 eggs per snail in the
laboratory over the same period were observed
for the succineid Catinella rotundata (Gould
1846) (Stylommatophora: Succineidae) (Run-
dell & Cowie 2003). Likewise, in the same
period of time, a production of 71.44 eggs
per individual and an 81.22% hatching rate
were reported for Bradybaena similaris (Férus-
sac 1821) (Stylommatophora: Bradybaenidae)
(Almeida & Bessa 2001). The authors also
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commented about the large intraspecific and
interspecific variation in these variables among
several different mollusks. These reproductive
variables are related to the species’ success
in their natural habitat and are important for
laboratory rearing trials and for the develop-
ment of pest control methods (Villalobos et al.
1995, Hommay et al. 2001). The egg size of
stylommatophoran mollusks varies under dif-
ferent ecological and environmental conditions
(Peake 1978). Villalobos et al. (1995) reported
an egg diameter of 1.367+0.163mm for the
succineid S. costaricana. The egg diameter
of Omalonyx measured in the present work
(2.120.3mm) fell in the range expected for eggs
lacking a calcium carbonate cover (one-eight
mm) (Peake 1978).

The time to sexual maturity is an important
life history characteristic that can present large
intraspecific and interspecific variation and be
influenced by several factors (Roff 1992, Stea-
rns 1992). The time to sexual maturity observed
in this work did not vary among groups; despite
the fact that they were larger, specimens reared
in isolation reached sexual maturity at the same
time as grouped individuals. This result is in
accordance with the observations of Succinea
thaanumi (Ancey 1899) performed by Rundell
& Cowie (2003) and with the period estimated
by Hermann & Dundee (1967) for Omalonyx.
The time to sexual maturity in all of these cases
was approximately three months.

Variation in weight was substantial among
individuals of the same age at all of the rearing
stages studied herein. Hommay ez al. (2001)
observed a significant variation in the weight
of Limax valentianus Férrusac 1823 (Stylom-
matophora: Limacidae), particularly in the first
days after hatching. Peake (1978) suggested
that the nutritional content in individual eggs
may be an important factor determining future
growth patterns in pulmonates. Several works
have also demonstrated that increased size is
related to increased fecundity in many animals,
including mollusks (Stearns & Koella 1986,
Heller 2001, D’Avila & Bessa 2005). Con-
sidering that isolated individuals were larger
and produced more eggs per egg mass, further

studies might investigate the relation between
size and fecundity in O. matheroni.

We expected to observe a clear disadvan-
tage in the reproductive parameters of isolated
individuals relative to those of grouped indi-
viduals. However, our results indicate that self-
ing may be a successful reproductive strategy
for O. matheroni. This supposition is based
on the fact that under natural environmental
conditions (B), isolated individuals (I) laid egg
masses containing more eggs than the individu-
als maintained in groups (G). The two rearing
densities presented similar results for the time
of sexual maturity, the number of eggs per egg
mass under extreme conditions (A and C) and
the number of fertile eggs under condition A.
However, the influence of self-fertilization
on the life history characters of succineids
seems to vary. A study performed by Dillen
et al. (2009) demonstrated that the succineid
Succiena putris (Linnaeus 1758) is predomi-
nantly an outcrosser. These authors observed
that mated individuals laid clutches with more
eggs and demonstrated a higher fertility rate
than unmated individuals. On the other hand,
Silva et al. (2009) verified an increase in the
reproductive success of Habroconus semenlini
(Moricand 1846) (Stylommatophora: Euconu-
lidae) reared in isolation. To verify the impact
of cross-fertilization and selfing on life history
traits of O. matheroni, further studies should
determine the number of descendants that reach
the adult phase.

Temperature and photoperiod are impor-
tant factors that influence life history. Animals
adapt to photoperiod to allow efficient timing
relative to the favorable part of the season. Sev-
eral aspects of development are determined by
environmental cues, of which the photoperiod
is perhaps the most important (Beck 1980).
In turn, temperature can initiate responses
or affect rates of development, growth and
reproduction (Atkinson 1996). The effect of
temperature depends on both mean temperature
and the frequency and magnitude of any fluc-
tuations (Ratte 1985, Cossins & Bowler 1987).

In the present study, the extreme photo-
period conditions (A: 24 hours of light and C:
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zero hours of light, both at 25°C) resulted in
reductions in the number of eggs per egg mass,
the incubation period and the egg mass hatch-
ing period. However, the consequences of these
extreme conditions on the growth and survival
of the snails were not evaluated. Despite the
longer egg incubation period, a greater number
of eggs per egg mass were produced under
natural conditions (B), indicating that in the
absence of a day-night cycle (in A and C),
individuals produced fewer eggs per egg mass.
Indeed, temperature and light incidence vary
daily and over time under natural conditions
(B), which was not the case in condition A or C.

Variations in the number of eggs per egg
mass have been reported by several authors.
Dimitrieva (1975) and Heller (2001) noted the
influence of factors such as age, size, environ-
mental conditions and seasonality on the clutch
size (number of eggs per clutch) for several ter-
restrial mollusks. Lam (1994) mentioned inter-
populational differences in clutch size that were
likely environmentally determined, and Heller
(2001) discussed interpopulational differences
in clutch size among mollusks of the same size
maintained under the same conditions.

The average numbers of eggs per egg mass
for the succineids S. costaricana, S. thaanumi
and C. rotundata were 6.8+4.5, 9 (range 1-16,
n=21) and 12.0 (range 3-19, n=4), respec-
tively (Villalobos et al. 1995, Rundell & Cowie
2003). Hermann & Dundee (1967) observed
a range of four to 20 eggs per egg mass in
Omalonyx populations, with occasional drops
to one to three eggs per egg mass. The mean
number of eggs per egg mass found in the pres-
ent investigation varied from 6.4+3.5 (A/G)
to 16.5+7.2 (B/I), which is approximately the
same range observed by Hermann & Dundee
(1967), Villalobos et al. (1995) and Rundell
& Cowie (2003).

Despite the higher number of eggs per
egg mass produced by isolated individuals
under natural conditions (B), these snails also
yielded more unviable eggs and shorter incu-
bation periods as compared to the grouped
individuals. Tompa (1984) and Hommay et
al. (2001) mentioned that slug eggs are highly

temperature-sensitive. Thus, further studies
that include more temperature variations are
necessary to identify the factors that may influ-
ence the number of unviable eggs.

Development is highly influenced by pho-
toperiod (Beck 1980). Several works have
demonstrated that continuous light accelerates
development and induces egg hatching in avi-
ans and crustaceans, while continuous darkness
inhibits hatching (Jones 1970, Horiguchi et
al. 2009). In this work, the extreme photope-
riods in conditions A and C (continuous light
and continuous darkness, respectively) were
associated with shorter egg incubation periods
relative to that observed under natural condi-
tions (B). This finding suggests that continuous
light and continuous dark both resulted in the
acceleration of development. These conditions
probably represent stress factors that led to the
production of fewer eggs per egg mass and
reductions in the egg incubation period.

The mean incubation period in our study
varied from 13.0+1.1-20.5+4.5 days. Hermann
& Dundee (1967) reported that the median
incubation period for Omalonyx populations
from the Lesser Antilles was 11 days. They did
not report methodological details regarding the
number of specimens studied, the statistical
analysis or the environmental conditions under
which these observations were conducted. Dif-
ferent species of the same genus can show
variations in the incubation period, as demon-
strated in Succinea (Rundell & Cowie 2003,
Dillen er al. 2009). Variations in incubation
period were previously reported for slugs and
snails, and temperature was identified as an
influential factor (Carrick 1942, Almeida &
Bessa 2001). Carrick (1942) mentioned that
the incubation period decreases with increasing
temperature. Hommay er al. (2001) reported
that small differences between temperatures
did not produce substantial differences in incu-
bation period for L. valentianus. In our study,
variation in temperature occurred only in the
natural conditions (B), in contrast to the con-
stant temperature maintained in conditions
A and C. Further investigations into the life
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history characteristics of O. matheroni should
include diverse daily variations in temperature.
Concerning the duration of the egg hatch-
ing period, shorter hatching periods were
observed in the absence of light, indicating
that this condition stimulated synchronous egg
hatching. In contrast, Hommay et al. (2001)
observed that temperature, but not photope-
riod, influenced the egg hatching period of L.
valentianus. These authors also showed that
variation in the egg hatching period was lower
for the animals reared in isolation compared
to those maintained in groups. In the present
work, the duration of the egg mass hatching
period was not influenced by rearing density.
Rearing density is known to affect several
life history characters in mollusks, including
growth and reproduction (South 1982). Several
studies demonstrated that crowding increases
mortality and decreases the growth rate of
snails (Charrier 1981, Lazaridou-Dimitriadou
& Daguzan 1981, Dan & Bailey 1982, Lucarz
& Gomot 1985, Jess & Marks 1995) and that
snails reared in isolated conditions presented
less variation in weight, a higher growth rate
and were generally heavier than those raised
in groups (South 1982, Gutiérrez et al. 2001).
However, Hommay et al. (2001) commented
that contrary to Deroceras reticulatum (Miil-
ler 1774) (Stylommatophora: Agriolimacidae)
and Limax pseudoflavus Evans, L. valentianus
did not reach higher weights when raised in
isolation vs. groups. Our results indicate that
rearing density did affect the analyzed vari-
ables when individuals were maintained under
natural environmental conditions (B). Isolated
individuals were larger at the time of sexual
maturity, produced more eggs per egg mass
and more unviable eggs and presented shorter
incubation periods as compared to individu-
als housed in groups (condition B). Under the
extreme temperature and photoperiod condi-
tions (A and C), the differences among isolated
and grouped individuals were attenuated, prob-
ably due to the greater influence of the stressful
photoperiod conditions. The only exception
was the number of unviable eggs per egg mass
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under condition C, which was significantly
smaller for isolated individuals.

Life history characters are known to be
influenced by diverse factors, present wide
intraspecific and interspecific variation and
be related to life history evolution (Roff 1992,
Stearns 1992, Silva et al. 2009). Research on
mollusks reaffirms this statement (South 1982,
Dillen et al. 2009). Efforts to better understand
the life histories of mollusks are essential to
understanding the biology of these animals and
to the improvement of conservation efforts.
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RESUMEN

En vista de que las historias de vida de los Succinei-
dae han recibido relativamente poca atencion, se estudio
una poblaciéon de Omalonyx matheroni, de Brasil (Reserva
Privada y Patrimonio Natural Feliciano Miguel Abdala, en
Caratinga, Minas Gerais, Brazil), en condiciones de labo-
ratorio. Los objetivos de este trabajo fueron: (1) describir
una metodologia para el cultivo en laboratorio de Oma-
lonyx matheroni; (2) investigar los efectos de diferentes
condiciones de temperatura y fotoperiodo en su cultivo
y, (3) verificar los efectos de la autofecundacién y de la
fecundacidén cruzada en la biologia reproductiva de estos
moluscos. Se estudiaron 186 individuos y 565 masas de
huevos. La edad de madurez sexual fue aproximadamente
de tres meses, igual para los animales aislados que para los
que estuvieron en grupo (Student’s t-test: t=1.41, df=31,
p=0.16). En condiciones mds cercanas a la naturaleza se

563



presentaron mds huevos por masa (ANOVA: F, ;,,=84.15,
p<0.001) y un tiempo mds largo de eclosiéon (ANOVA:
F2'559=170.05, p<0.001). En condiciones mds extremas,
debido probablemente al estrés producido por las mismas,
se observé una reduccién en el niimero de huevos por masa,
en el tiempo de incubacién y una eclosién mds sincrénica.
No se encontré una correlacion entre el nimero de huevos
inviables y las condiciones de temperatura y fotoperiodo
(ANOVA: F, ;,=0.87, p=0.92) y la densidad de cultivo
(ANOVA: F|y573:0.21, p=0.64). Animales en aislamiento
se reprodujeron con éxito lo que muestra la capacidad que
tiene O. matheroni para la autofecundacion.

Palabras clave: reproduccion, historia de vida, molusco,
fotoperiodo, temperatura, mantenimiento en laboratorio.
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