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Abstract: Aspects of the biology of Ovachlamys fulgens (Gude 1900) were studied under laboratory conditions
in Costa Rica for 16 months. The lifespan of this snail in captivity was about nine months (N= 22) and it could
lay viable eggs without mating (N= 40). Oviposition began 42 days after eclosion, when shell diameter averaged
5.12 mm (N= 24). Clutches had about three eggs each (N=252). One clutch was laid daily over periods of one
to four days, with intervals of one to two days (N= 252). Age, shell diameter and clutch size were positively
correlated (N=1097) as were shell diameter of adult, egg diameter and shell diameter of the offspring (N= 136).
Oviposition took place between crevices of the soil and in the leaf litter. Eggs had a soft egg shell and were laid
semi-hydrated; they hydrated by absorbing water from the surroundings (N= 21). This strategy may be the
evolutionary compromise between a mechanical limitation (small body size) and the advantage of producing
bigger eggs with a larger amount of nuritive substances. At room temperature (mean = 21°C) egg eclosion took
place in 14 days (N= 67) and in 11 days at 28 °C (N= 32). Egg shell dissolution was not uniform (N=107), it
began in a local area, that usually was the side on which it rested (N= 46). The fact that eggs with and without
an embryo (N= 5) underwent the same process of egg shell’s calcium dissolution suggested a chemical
mechanism. Embryos did not induce the process, but accelerated it. Egg viability was decreased by the tannins
of the surrounding leaf litter (N= 50). Juveniles could feed on leaves of Persea americana (Lauraceae) (N=299).
When disturbed this snail is able to jump by using its caudal horn and the posterior end of the foot as a catapult.

Key words: Land snail, life cycle, reproduction, egg development, oviposition, egg viability, egg shell
dissolution, Helicarionidae, Ovachlamys, Costa Rica.

Information on the biology of Central
American terrestrial pulmonates is scarce and
limited to a few agricultural and medical papers
about two species of Veronicellidae (Andrews et
al. 1985, Andrews & Pilz 1987, Monge-Néjera
1996) and Succinea costaricana (Villalobos et
al. 1995). Ovachlamys fulgens (Gude 1900)
appears to have been introduced to Costa Rica
from Asia in the last 15 years (Barrientos 1996).
The spatial distribution and season population
dynamics of the species in Costa Rica have been
described elsewhere (Barrientos 1996). Despite

its wide distribution and its world-wide
agricultural importance as a quarantine pest of
Heliconia spp., Dracaena marginata and orchid
plantations, there are no published studies of its
biology. The literature has yielded only two
papers about O. fulgens, and they deal only with
its taxonomy (Gude 1900).

This paper describes laboratory
observations of reproductive output, parental
investment and development of eggs and
juveniles in O. fulgens. The effect of terrarium
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size on growth and reproduction, and juvenile
feeding behaviour are also reported.

MATERIALS AND METHODS

Specimens were collected at Pavas, San
José, Costa Rica (9° 56’ 45”N, 840 07’ 15” W,
1075 masl) in an urban orchard that has been
described by Barrientos (1996). The specimens
were moved to a laboratory 7 km east to the
University of Costa Rica in San Pedro de
Montes de Oca, San José, Costa Rica. The
laboratory is located at 1200 masl and belongs
to the biotic unit defined as “subtropical,
tropical, humid with one to two dry months”
(Herrera & G6mez 1993).

Voucher specimens were deposited in the
Museum of Natural History, University of
Florida and Instituto Nacional de
Biodiversidad (INBio) catalogne numbers
1474249 (17 specimens in alcohol) and
1474252 (19 specimens in alcohol).

Descriptive statistics have the format:
mean (sample size + standard deviation,

minimum, maximum). All correlations are
Spearman’s.

Oviposition, viability and eclosion:
Specimens isolated since the egg stage were
placed in two types of terraria: standard 10 X 1
cm Petri dishes (“small terraria”) and
transparent white plastic boxes (10x10x6cm3,
“large terraria”). Small terraria had a layer of
leaf litter over another of soil (0.25 cm deep
each); in large terraria these layers were 1.5 cm
deep each. Densities were one individual per
39.27 cm3 and one individual per 300 cm3
respectively. Terraria were daily checked to
maintain moisture. The life cycle was followed
from February 1993 through January 1994.
Terrarium size effect was measured over the
first 60 days after eclosion. In most cases the
following data were recorded every 24 hr: age,
number of (a) clutches per day, (b) eggs per

clutch, and diameters of (a) shell (b) eggs (c)
and shell of neonates (always within the first
24 hr post-eclosion). Clutches were placed
under observation in independent Petri dishes
until eclosion. White transparent plastic boxes
30x21x12cm were used to keep several
individuals together in an attempt to observe
matings.

Details of the egg-laying behaviour were
based on ten observations, two of which were
video-taped to produce the illustrations. The
time required for the egg to travel through the
gonoduct in the “head-anterior part of the foot”
section was recorded under a dissection
microscope, as well as the time between
oviposition of eggs in the same clutch.

Eggs were measured immediately after
being laid (here called “semi-hydrated eggs”)
and after 2-3 min of hydration (here called
“hydrated eggs”) over a moist dead leaf of
avocado (Persea americana) (Lauraceae) that,
like the rest of plant material used in the study,
was from the natural habitat. Egg volume was
calculated with the formula for elliptical
volume (Volume = 4/3 x m x length/2 x
breadth/2 x breadth/2).

The rate of maternal investment per egg
was calculated as the weight of the semi-
hydrated egg divided by the weight of the
mother before oviposition. The rate of
maternal investment per clutch is equal to the
summed weight of semi-hydrated eggs laid
divided by the weight of the mother before
oviposition. Only nine records of the weight of
semi-hydrated eggs and 12 of parent snail
before oviposition were obtained, making
correction factors necessary.

The incubation period was measured
under two treatments: room temperature (mean
21 °C) and under constant temperature (28 °C
+ 1 °C in an incubation chamber). In the latter
treatment the eggs were placed in the incubator
within 24 hr after oviposition.
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To check if gravity affected the dissolution
of calcite crystals in the egg shell during
development, 28 eggs were left in their original
position and 18 were turned upside-down. All
the eggs used in this experiment were 24 hr old
at most and were kept at room temperature.

Viability was studied in 330 isolated eggs
laid by 22 adults.

The role of substrate on egg mortality was
measured by randomly distributing eggs over
three substrates: I- dead mango leaves
(Mangifera indica) (Anacardiaceae) (still with
their original consistency and shape and
colored light brown); II- dead avocado leaves
(P. americana) (Lauraceae) (still with their
original consistency and shape and colored
light brown); and III- dead avocado leaves that
had lost their original consistency and shape
and had turned black. In all cases the leaves
were moistened and kept in Petri dishes at
100% relative humidity.

Adult humidity preference: Standard
sized Petri dishes, divided in four equal
compartments by plastic divisions, were
prepared with 7 ml of soil per compartment.
The soil was dried for 48 hr at 90 °C and sieved
(all experiments with sieved soil used a 0.098
cm mesh size). Moisture in the compartments
varied from dry through very humid as
follows: I- 1ml water, II- 3ml, III- 4ml and IV-
Sml. Moisture categories were randomly
assigned. In controls, all sections received 4ml
of water. Into the middle of each Petri, an adult
O. fulgens (shell diameter > 5mm) was
introduced. The dish was covered with a thick
black cardboard to eliminated the effect of
light; the position of the snail was recorded 15
min later. Specimens that stayed ambiguously
between two categories were excluded form
the analysis.

Juvenile feeding: Young snails used to
investigate feeding were no older than 24hr;
their shell diameter averaged 1.5mm (range 1.2-
1.7mm). Treatments used Petri dishes with dead

avocado leaves moisted to saturation. In the
controls, leaves were substituted by sieved soil
(taken from beneath avocado trees) also moisted
to saturation. Twenty young were placed in each
Petri dish and left there for five days; the
intestinal content of the live animals were then
examined with the dissection microscope.

RESULTS

Oviposition, viability and eclosion:
During the 16 research months there were no
observations of courtship or copulation in
either the field or laboratory. On the other hand,
all the individuals isolated since the egg stage
laid viable eggs that subsequently hatched. No
external signs of sexual maturation (like
reflected lip) were noticed; thus, mean shell
diameter of individuals reared in the large
terraria were recorded at the time of first clutch
production and used as indicator of size at
sexual maturity. This criterion was based on
observations in the present study and on
Farnesi et al. (1984) data, who showed a strong
correlation between gonad maturation and
body size in stylommatophores. O. fulgens laid
the first eggs in clutches of one to two eggs at
approximately 42-45 days after eclosion (Table
1). Terrarium size had little effect on these
variables but did affect shell diameter which
fell from 5.12 mm in the larger terraria to 4.73
mm in the smaller ones (Table 1).

Shell diameter and clutch size after 60
days were considerably greater for snails from
the larger terraria (Table 1). Nevertheless, the
number of clutches per day was independent of
terrarium size (Table 1); generally, a daily
clutch was produced over periods of one to
four days followed by pauses of one to two
days. In the smaller terraria, oviposition
periods were shorter and pauses longer.
Terrarium size also affected the size of young:
in smaller terraria, length of hydrated eggs and
shell diameter of newly emerged young were
also smaller (Table 1).
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TABLE 1

Terraria size effect on growth, age of sexual maturity, clutch size and offspring shell diameter of O. fulgens

Variable

Shell diameter when the snail
laid eggs forthe first time

Shell diameter when 60 days old

Clutch size (during the first 60
days after eclosion)

Offspring shell diameter
Hydrated egg length

Age at which the snail laid eggs

Large terraria
¢ (N, £S.D., Min-Max)

5.12mm (24, +0.13, 4.8-5.3 mm)

5.84mm (22, +0.27, 5.1-6.3mm)

2.68 eggs (252, +0.94, 1-6 eggs)

1.48mm (136, +0.07, 1.0-1.7mm)
1.84mm (561, +0.1, 1.3-2.2mm)

41.88 days (24, +4, 36-53 days)

for the first time
Clutch size of the first clutch

Number of clutches during the
first day that the snail oviposits  1-2 clutches)
Number of clutches per day
(From the day in which the
snail laid eggs for the first time
until they were 60 days old)

clutches)

1.7 eggs (24, £0.55, 1-3 eggs)

1.08 clutches (24, +0.28,

1.04 clutches (252, +0.2, 1-2

Small terraria Prob.

¢ (N, £S.D., Min-Max)

4.73mm (16, £0.15, 4.5-5.0mm) 0.0000
4.98mm (8, £0.53, 3.9-5.5mm) 0.0001
1.58 eggs (89, +£0.6, 1-3 eggs) 0.0000
1.44mm (47, £0.09, 1.2 -1.5mm) 0.0039
1.72mm (99, +0.08, 1.5-1.9mm) 0.0000
45.19 days (16, +9.8, 35-77 days) 0.4075
1.4 eggs (16, £0.63, 1-3 eggs) 0.1633
1 clutch (16, +0.00, 1-1 clutches)  0.67
1.01 clutches (89, +0.11, 1-2 0.65

clutches)

¢= average, N= sample size, S.D.= standard deviation, Min= minimum, Max= maximum, Prob.= Mann-Whitney U

Animals reared in large terraria lived, on
average, 264.9 days (22, + 72.53, 113-338
days) and during their lifespans produced a
total of 164.8 eggs (22, + 42.63, 81.0-242
eggs). They reached an average shell diameter
of 6.89mm (24, + 0.54, 5.2-7.5mm).

Correlations among age, adult and
offspring shell diameter, and clutch, and egg
size were few in the smaller terraria, with the
exception of adult age, shell diameter and
clutch size which increased with time (Table
2). On the contrary, in the larger large terraria
most of these variables were significantly
correlated (Table 2). With time, there was an
increase in shell diameter but the number of
clutches deposited in 24 hr was smaller,
nevertheless clutch and egg size were

increasingly larger (Table 2). The shell
diameter of newly hatched snails was also
correlated with parental age and body size,
number of eggs in the clutch and diameter of
the egg (Table 2).

To oviposit, these snails searched out
crevices in the soil or the lower sides of dead
leaves (Fig. 1 A and B). Normally the posterior
part of the foot and shell are against the
substrate while the anterior part of the food and
the head were bent and placed in the selected
site (Fig. 1). They could maintain this position
for more than one hr (n=1) before egg-laying.
The complex “head - anterior part of the foot”
could reach three times the normal length,
tentacles were completely invaginated and
stretched in parallel position (Fig. 2 A). Eggs
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TABLE 2

Correlations between O. fulgens adults and their offspring

Variables

Adult age vs. Clutch size

Adult age vs. Clutches per day

Adult age vs. Adult shell diameter

Clutches per day vs. Clutch size

Clutch size vs. Adult shell diameter

Clutches per day vs. Adult shell diameter
Adult age vs. Hydrated egg diameter

Clutch size vs. Hydrated egg diameter
Clutches per day vs. Hydrated egg diameter
Adult shell diameter vs. Hydrated egg diameter
Adult age vs. Offspring shell diameter

Clutch size vs. Offspring shell diameter
Clutches per day vs. Offspring shell diameter
Adult shell diameter vs. Offspring shell diameter
Egg diameter vs. Offspring shell diameter

Large terraria N (r) p

1097 (0.2366) **
1097 (-0.1200) **
1097 (0.9000) **
1097 (-0.1180) **
1097 (0.3292) **
1097 (-0.1258) **
561 (0.3950) **
561 (0.1949) **
561 (-0.1340) **
561(0.4131) **
136 (0.4367) **
136 (0.3519) **

373

Small terraria N (r) p

150 (0.1838) *
150 (0.1238) NS
150 (0.5713) **
150 (-0.0806) NS
150 (0.5590) **
150 (0.1019) NS
99 (0.1169) NS
99 (0.0598) NS
99 (0.0594) NS
99 (0.2012) *

47 (0.1040) NS
47 (0.3135) *

136 (0.0370) NS
136 (0.4058) **
136 (0.5455) **

47 (-0.0511) NS
47 (0.1609) NS
47(0.3001) *

N= sample size, r= correlation coefficient, p= probability. ** = p less than 0.01, *= p less than 0.05 and NS= non significant

probability.

Fig. 1. Typical body postures of O. fuilgens during
oviposition. A- Specimen laying eggs in a soil crevice; the
shell and rear part of foot are kept outside the crevice;
removal of part of the soil was necessary for a complete view
of the specimen; B- Oviposition on leaf litter, the dotted line
is the approximate position of the head. Both Figs. from a
video image. S=shell, T=invaginated tentacles. F=foot, H=
head, L=leaf, M= mantle lappet.

travelled singly via the gonoduct but usually
left the uterus before the previous egg was laid
(Fig. 2 A). While moving through the second
quarter of its visible trip, the egg momentarily
displaced the tentacles towards upper left side
section, thus the tentacles were bent but kept
more or less parallel (Fig. 2 B). Finally the egg
pushed the right tentacle over itself, going
under the tentacles (Fig. 2 C). The right
tentacle was the first to recover its stretched
position (Fig. 2 D-E). When the egg exited the
gonopore the tentacles were invaginated,
stretched and parallel (Fig. 2 E). The egg
emerged in longitudinal position and was
slightly squeezed while traversing the
gonopore (Fig. 2 F). Complete passage
through the “head - anterior part of the foot”
lasted 7.31 min (6, + 2.11, 4.82-10.0 min) (Fig.
2 A-F). Eggs were deposited in 5.72 min
intervals (6, + 3.35, 0.23-9.0 min). When the
clutch had been produced the snail put its head,
anterior part of the foot and tentacles in the
usual position (Fig. 3 A-B) in 2.22 min (3,
+0.71, 1.5-2.92 min). It began by retracting
head and anterior part of the foot to the level of
the shell; the dorsal part of the anterior part of
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F

Fig. 2. Head and anterior part of O. fitlgens foot during oviposition. A-E: Egg laying process. Only the anterior part of the
foot is drawn. F: A more detail view of the gonopore during oviposition. T= invaginated tentacles, G= gonopore, S= shell,

H= head, E=egg.

the foot was contracted more rapidly giving the
impression that it rolled over itself (Fig. 3 A).
In this part of the process the mantle collar had
many contractions followed by abundant
movements of the cephalic region that ended
when the tentacles came out (in no particular
order) (Fig. 3 B). Finally the “head-anterior
part of the foot” was stretched (specially the

dorsal part) until reaching the normal position
and size; the snail immediately abandoned the
oviposition site.

Snails were less disturbed by external
activity during egg-laying; they did not react to
the light of the microscope or when the
terrarium was moved to improve observation,



BARRIENTOS: Life history of the terrestrial snail Ovachlamys fulgens 375

i

Fig. 3. After egg-laying, O. fulgens starts a process in
which the tentacles are everted and the anterior part of the
foot and head are shortened to their usual shape and
position. A- Anterior part of the foot is retracted until shell
edge is reached. B- After many movements of the mantle
collar tentacles are everted and the anterior part of the foot
is stretched to the usual size and position. Scale = 1 mm.

but terminated egg-laying if touched. Recently
laid eggs were oval shaped and had many
longitudinal folds because they were not
completely hydrated (n=17) (Fig. 4 A). They
had a white, flexible and thin egg shell. They
hydrated fully in 2-3 min, absorbing water

Fig. 4. Ovachlamys fulgens eggs. A- Freshly laid egg, still
dehydrated; B- Egg 2-3 min after oviposition, fully
hydrated; C- Eleven-day old egg; shell decalcification
reaches about half egg; D- Eclosion day, egg development
Type A. ES= egg shell, S= juvenile’s shell, BS= edge of
the shell, O= eye, F= foot, H= heart, E= spheroid body of
gelatinous material. Scale = 1 mm.

from their surroundings (Fig. 4 B). As a
consequence, egg size increased significantly
with volume exceeding 100% (Table 3). The
size of the hydrated egg failed to predict size of
semi-hydrated egg and viceversa (Table 4).

Maternal investment per laid egg was
calculated at 2.31% of its own weight (105, +
0.0064, 1.2-4.4%). Investment per clutch was
10.53% (23, + 0.045, 2.3-22.0%). Clutch size
averaged 4.57 eggs (23, + 2.52, 1-9 eggs).
Heavier snails laid more eggs (Table 4). Larger
clutches required greater maternal investment
but investment per egg was smaller (Table 4).

In the first nine days after oviposition all
eggs appeared to develop similarly. After day
nine, the shell began to lose calcium from a
focal point, where upon two types of egg
development were recorded (n=107). In “Type
A development” the shell gradually lost
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TABLE 3

Semi-hydrated and hydrated egg size of Ovachlamys fulgens

Variable Semi-hydrated egg ¢ (N, +S.D., Min-Max)
Width 1.31 mm (17, + 0.099, 1.2-1.5 mm)
Length 1.66 mm (17, + 0.1, 1.4-1.8 mm)
Volume 1.51mm3 (17, + 0.273, 1.06-2.00 mm3)

Hydrated egg ¢ (N, +S.D., Min-Max)  U-Mann-Whitney (p)
1.75 mm (21, + 0.086, 1.5-1.9 mm) (0.0000)
1.87 mm (21, + 0.12, 1.5-2.0 mm) (0.0000)
3.03 mm3 (21, + 0.429, 1.77-3.78 mm3) (0.0000)

@= average, N= sample size, S.D.= standard deviation, Min= minimum, Max= maximum, p= probability.

TABLE 4

Correlations of semi-hydrated and hydrated O. fulgens eggs and maternal investment

Variables

Clutch size vs. Adult weight before laying eggs
Clutch size vs. Adult weight after laying eggs
Clutch size vs. Maternal investment per clutch

Adult weight before laying eggs vs. Adult weight after laying eggs

Clutch size vs. Maternal investment per egg

Adult weight before laying eggs vs. Maternal investment per egg
Adult weight after laying eggs vs. Maternal investment per egg

Clutch size vs. Semi-hydrated egg weight
Clutch size vs. Hydrated egg weight

Maternal investment per clutch vs. Adult weight before laying eggs (with correction factor)
Maternal investment per clutch vs. Adult weight after laying eggs

Hydrated egg width vs. Semi-hydrated egg width
Semi-hydrated egg length vs. Semi-hydrated egg width
Hydrated egg length vs. Semi-hydrated egg width
Hydrated egg volume vs. Semi-hydrated egg width
Semi-hydrated egg length vs. Hydrated egg width
Hydrated egg length vs. Hydrated egg width
Semi-hydrated egg volume vs. Hydrated egg width
Hydrated egg length vs. Semi-hydrated egg length
Hydrated egg volume vs. Semi-hydrated egg length
Semi-hydrated egg volume vs. Hydrated egg length
Hydrated egg volume vs. Semi-hydrated egg volume

N (@) p

23(0.6032) **
23 (0.6032) **
23(0.9578) **
12 (0.9636) **
105 (-0.5014) **
12 (-0.764) **
105 (-0.6828) **
9 (0.5547) NS
104 (0.092) NS
23(0.5304) *
23 (0.4481) *
17 (-0.0804) NS
17 (0.3454) NS
17 (0.2442) NS
17 (0.0356) NS
17 (-0.3049) NS
17 (0.4544) NS
17 (-0.1610) NS
17 (-0.1354) NS
17 (-0.2890) NS
17 (0.2112) NS
17 (-0.0408) NS

N=sample size, r= correlation coefficient, p= probability, ** = p less than 0.01, *= p less than 0.05, NS= non significant

probability.

calcium until approximately one half was
decalcified and became transparent (the
calcified section was white, Fig. 4 C). The
shell broke in the translucent part and the
juvenile emerged surrounded by an spheroid
body of gelatinous material (Fig. 4 D), which
liquefied in less than 24 hr freeing the snail.
No active participation of the neonate in
exiting the egg was seen. During eclosion the

neonates kept their heads inside the shells with
the posterior part of the foot outside; once that
the gelatinous material melted, a great number
of tentacle movements began and continued
until they emerged and the neonate began to
move away. “Type B development” began like
type A but the egg shell calcium dissolution
continued until the whole shell was
translucent. With a maximum of 72 hr after
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complete shell calcium loss the gelatinous
body melted and the animal became free with
the head protruding from the shell. The only
exception to these types of egg development
was a single embryo-less egg whose egg shell
dissolution began at two points and moved
until only a white equatorial band of calcium
was left; five other embryo-less eggs however,
had type A development and one had type B.

Egg development at constant temperature
(11.34 days (32, +0.482, 11-12 days)) was
significantly  shorter (U-Mann-Whitney
p=0.0000) than at room temperature (13.94
days (67, £0.919, 11-15 days)). Development
time, temperature and eclosion type were
interdependent = (Tridimensional contingency
Table p=0.0000). Type A development was
correlated with high temperatures (28 °C) and
a developmental time of about 11 days; type B
was correlated with lower mean temperatures
(21 °C) developmental times of about 14 days.
Embryo-less eggs “development” took 31.8
days (6, + 12.97, 19-48).

Egg decalcification was correlate with egg
position on the substrate (x2, p=0.0238). Eggs
that stayed in the original position where laid
usually had the lower hemisphere translucent
(n= 28, 89.28%), a trend that was less clear in
those that had been turned upside down (n=18,
61.11%).

In the laboratory, egg viability was 88%
(n=330 eggs). Nonviable eggs were: either
infertile (2.43%), turned dull yellow or orange
after absorbing tannins from the substrate
(3.03%), dried out (0.61%), consumed by
fungi (1.21%) or died from unknown causes
(2.12%). On two occasions an infertile egg
was found to contain two ova (in other words
Siamese twins).

Eggs laid on dead avocado leaves, had a
viability of 82.35% (n=17) when these leaves
retained their consistency, shape and were pale
brown in colour (treatment II); 94.12% (n=17)
if such characteristics were lost and the color

was black (treatment III), and 0% (n=16) on
dead mangoleaves (treatment I). Treatments II
and III were not significantly different (x2,
p=0.29) but they did differ from treatment I
(x2, p=0.0000). In treatment I eggs were
enveloped in a dark substance 11 days after
being laid. Besides, egg color had turned from
the normal white to dull greyish yellow.
Saprophytic fungi developed on some eggs;
others turned orange or brown. After 23 days
dissection showed that no embryos had
developed in any of them.

Adult humidity preference: In the
control experiment snails were allowed to
choose among four compartments each with
equal humidity. These specimens (N= 59)
showed no preference for any of the sections
(Kruskal-Wallis, n=16, p=0.1490). Section I
was selected by 24% of snails, II 32%, 111 27%
and IV 17%. By contrast, treatment specimens
(n=941) showed a clear preference for sections
IIT and IV (Kruskal-Wallis, n=40, p=0.0000)
(Tukey, p<0.01). Section I had an incidence of
15%, 11 23%, 111 30% and 1V 32%, reflecting a
tendency to select the more humid parts.

Juvenile feeding: Young in petri dishes
with avocado leaves tended to have: full
intestines (78.2%, n= 142) while most of those
on soil had empty intestines (662%, n= 157)
(x2, n=299, p= 0.0000). In the latter case
specimens never had completely full
intestines. By contrast those feeding on leaves
showed pigmented shells and covered the
walls of the trerraria with abundant faeces.

DISCUSSION

Several defensive strategies are known in
pulmonates, but these is the first time in which
a land snail’s ability to jump is reported in a
scientific journal (Beetle-Pillmore 1995). This
phenomenon was first seen by the author in
1990 (Barrientos 1996). When disturbed, after
several vigorous movements of the foot, the
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snail uses its caudal horn as a catapult. This
strategy allows it to jump centimeters in less
than a second. A more detailed analysis of the
phenomenon will be published elsewhere.

Both in the field (Barrientos 1996) and the
laboratory, reproduction was recorded during
the rainy season. However, in the field snails
that began to reproduce at the beginning of the
rainy season were those adults that had
survived the dry season. In the laboratory,
reproduction was by individuals that were
hatched, developed and matured during the dry
season outside. Besides the physiological
simplicity of adult survival (versus that of eggs
or young), there is an advantage because this
results in a mean of 75 more offspring and 12
300 grand-offspring assuming a 100% survival
in only one year (data calculated with the
means obtained in the present study).

When isolated individuals were kept and
terrarium size was reduced, although the
density grew the effect of interference by
another individual disappeared. In O. fulgens
terrarium size affected number of eggs laid,
shell diameter at first reproduction, and
diameter of eggs and new-born shell. In
contrast with these results, Baker and Hawke
(1991) found that the development of
Cochlicella acuta is not affected by population
density as long as food is not a limiting factor.
In the present study O. fulgens always received
more lettuces than what they could daily eat
and leaf litter was changed weekly. As
literature about helicarionids is scarce,
comparison with other stylommathophorans is
necessary. Baur and Baur’s (1992) work fully
agrees with the results found here. They
reported that several life cycle characteristics
of Balea perversa are a function of population
density, for example at high density sexual
maturity requires more time and is reached
with a smaller body size, while the number of
eggs laid decreases. Studies on Theba pisana
and Cernuella virgata also showed a
proportional inverse relation between density
and number of offspring (Baker 1991). Similar

results were obtained with Limicolaria
flammea which reduces the growth rate,
retards sexual maturation and increases
mortality when population density increases
(Egonmwan 1992).

Many of the characteristics or trends that a
species follows during its life cycle, such as
clutch size, egg size and age at first
reproduction are correlated with body size
(Farnesi et al. 1984, Baker 1991, Bengtsson
and Baur 1993). O. fulgens follows the known
pattern because sizes of eggs, clutches and
offspring shells were greater when the parents
had larger shells.

Species of small terrestrial pulmonates
generally have a short life cycle that often lasts
one or two years (Johnson and Black 1991).
Tropical species frequently have short life
cycles and even some with large bodies such as
Euglandina rosea, Achatina fulica and
Archachatina marginata mature in one to three
years (Johnson and Black 1991). Of course
there are exceptions such as Rhagada convicta
(Camaenidae) that requires five years for
sexual maturation (Johnson and Black 1991)
or Hawaiian Achatinella that are small but
need four to seven years (Cowie 1992). In turn
O. fulgens has a yearly life cycle, not
surprising because of its size and -currently-
tropical condition, but it matures sexually very
rapidly in comparison with other species of
similar size studied in the Neotropics
(Villalobos et al. 1995).

Reciprocal insemination is the rule among
pulmonates (Hyman 1967), and the exceptions
include self-insemination, parthenogenesis,
unilateral copulation, self mutilation of the
male organs, etc. (Hyman 1967, Peake 1978,
Leonard 1991). The difference between
parthenogenesis and self-insemination is
difficult to establish (Peake 1978), thus many
papers mention ‘“self-insemination” as a
generalisation of absence of copulation, as is
the case with O. fulgens. In the field, O.
fulgens clutches often have little more than
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half the number of eggs in clutches obtained in
the laboratory with specimens isolated from
birth (Barrientos 1996); the greater laboratory
productivity may result from the lack of
predators, but this also indicates that the
absence of copulation does not reduce fertility
and that this could be the main, if not the only,
type of reproduction in the species.
Helicarionidae is not the only family with
members that can reproduce without
copulation; the system is also used by Punctum
pygmaeum (Endodontidae) (Baur 1987),
Rumina decollata (Selander et al. 1974) and
several Succineidae (Bayne 1973, Villalobos
et al. 1995). The Partulidae include species in
which self insemination is the dominant
reproductive method; for example, isolated
virgin Partula gibba lay eggs at the same rate
as those that have mated. Based on the low
allozyme variability it has been concluded that
the four species of Samoanna from the Society
islands reproduce mainly by self-insemination
(Cowie 1992). On the other hand, it has been
shown that some species such as Helix
aspersa, that normally mate (Peake 1978), can
lay eggs without mating if they receive
prostatic homogenates (Lucarz 1991).

Like most stylommatophores, O. fulgens
oviposits in dark humid places (e.g. soil
crevices, rotten trunks and leaf litter) that
protect the eggs from desiccation and sharp
changes of temperature (Dundee 1986, Bidart
et al. 1992). O. fulgens is opportunistic
because it only uses places that naturally fill
the requirements of protection, not like some
Helicidae that actively excavate holes for
oviposition (Hyman 1967).

Stylommatophoran  oviposition and
maternal investment have seldom been treated
in the literature (Tompa 1974a). The increase
in diameter and volume of O. fulgens eggs has
a different origin and must not be mistaken
with the phenomenon described by Bidart et
al. (1992) when the egg of Polymita muscarum
increases to 14.8% its original diameter
because of embrionary development. O.

fulgens is outstanding because its eggs are laid
semi-hydrated and reach their definitive size a
few minutes later with water taken from the
surroundings. Egg size at oviposition seems to
be the “morphological and physiological
maximum” for the species. A similar
phenomenon has been reported for small
turtles whose pelvic limitations force them to
lay more elongated eggs (Hailey and
Loumbourdis 1988). In O. fulgens evolution
has favoured a strategy to increase maternal
investment per egg; making an optimum use of
space by including less water (but probably
more nutrients) in the egg; water is not a
limiting resource because egg-laying takes
place during the rainy season. By having a
permeable (perhaps hydroscopic) shell the egg
can absorb water from the surroundings and
duplicate its volume. The hydrating capacity
may be because the eggs are “partially
calcified” according to the categories proposed
by Tompa (1974b) because CaCOj; in calcite
form does not make a hard shell. As suggested
for the kiwi (Apteryx australis) (Rahn et al.
1975), another possible explanation is that the
ancestors of O. fulgens were larger and O.
fulgens has not had the evolutionary pressure
or the genetic mutation needed to decrease egg
size. This last option seems less probable but
its evaluation requires more studies about the
egg width / adult shell diameter rate of other
helicarionids to establish if the phenomenon is
constant throughout the family. Also their
phylogenetic affinities need to be clarify.

Another evidence for the previous
analysis is obtained if we compare the
proportion of egg width with shell diameter in
other heliciform molluscs. Usually, as adult
shell diameter decreases, the relative egg size
increases (Table 5). Thus in large species such
as H. aspersa egg diameter is only 1/9 of shell
diameter while smaller species such as P.
pygmaeum egg diameter is 1/3 of shell
diameter. When O. fulgens lays its eggs these
are 1/4 of shell diameter, with hydration egg
diameter increases to 1/3 of shell diameter,
which is the proportion known for species that
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TABLE 5

Adult shell diameter and egg width of some heliciform stylommatophoran snails

Species (Source)

Helix aspersa (Dekle 1969)

Anguispira alternata (Tompa 1974a, Burch pers. com.1995)
Arianta arbustorum (Baur & Baur 1986)

Polymita muscarum muscarum (Bidart et al. 1992)
Ovachlamys fulgens Semi-hydrated egg

Ovachlamys fulgens Hydrated egg

Punctum pygmaeum (Baur 1987)

have shell diameters 3.7 times smaller. Future
studies should focus on the strategies that
allow smaller species to produce eggs that are
comparatively large.

It is harder to explain why ovipositing O.
fulgens fully invaginate the four tentacles
while other stylommatophorans such as the
endodontid Anguispira alternata (Tompa
1974a) and the helicid H. aspersa (pers. obs.)
do not. An answer may require detailed
anatomical studies, but it is probably related
with the relatively big size of the eggs.

In agreement with this study, several
researchers have found that the snails are less
disturbed by the same stimuli once oviposition
begins (Hyman 1967, Tompa 1974a). O.
fulgens clutches tend to be small if compared
with those of Limax maximus (100-368 eggs)
and H. aspersa (11-96 eggs) (Hyman 1967),
however, clutches are deposited with a greater
frequency, similarly to the zonitid Zonitoides
nitidus that lays eggs throughout the year in
five to six egg clutches every 9-13 days (Didier
& Rondelaud 1987). O. fulgens’ strategy is
adapted to habitats with a longer time suitable
for egg-laying, as tropical rain forests are
(Barrientos 1996).

Egg viability in O. fulgens is considerably
high. Although in other species it has been
found that dry climate induces individuals to
lay immature eggs before aestivation (Raut &

Egg width (mm) Adult shell Rate: egg width /
diameter (mm) adult shell diameter
32 28.0 1/9
2.8 20.0 177
2.7 18.5 177
2.7 17.0 1/6
1.31 5.12 1/4
1.75 5.12 173
0.44 1.39 1/3

Ghose 1980), this was not observed in O.
fulgens and the causes for expulsion of
infertile eggs needs further study. The facility
with which O. fulgens eggs absorb water from
the surroundings make them be easily affected
by tannins from the substrate: it would be
interesting to learn how they select substrates
for oviposition, if they do. Just like some
species have shown feeding preferences
(Speiser & Rowell-Rahier 1991) others may
have oviposition preferences. On the other
hand mango may have molluscicide properties
like those of Anacardium occidentale, another
Anacardiaceae (Laurens et al. 1987).

Tompa (1979) reported that eggs of
Stenotrema leai undergo a processes of egg
shell dissolution similar to O. fulgens. He
suggested that some larval organ is specifically
applied against the egg shell causing local
calcium resorption in one area at a time.
Nevertheless, the fact that embryo-less eggs
undergo the same process of egg shell calcium
dissolution as fertile eggs suggests that the
phenomenon has a chemical nature and that
embryo development does not affect it
significantly. The effect of embryonic presence
is only reflected in an acceleration of the
process. The analysis of the egg fluid of
Strophocheilus oblongus showed that the pH’s
fluid decreased during development (Tompa
1979), suggesting also chemical nature of the
phenomenon. Tompa (1979) assumed that the
pH was homogeneous in all the egg fluid, but
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the experiments here hint to heterogeneity due
to gravity effect: However, more detail
experiments are needed for a conclusion.

Many terrestrial molluscs feed on leaf
litter (Szlavecz 1986, Speiser & Rowell-Rahier
1991), however, the alkaloids, tannins and
phenolic compounds from the leaf are not
accepted by them (Molgaard 1986, Speiser &
Rowell-Rahier 1991). In this study, O. fulgens
was found to accept dead avocado leaves; a
valuable information for laboratory rearing of
this and other leaf litter species.
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RESUMEN

Durante 16 meses se estudié en laboratorio la biolo-
gia basica de Ovachlamys fulgens en Costa Rica. Esta es-
pecie se reprodujo sin copular (N= 40) y su longevidad fue
de nueve meses (N= 22). La oviposicién inici6 a los 42
dias de haber eclosionado y con 5.12 mm de didmetro de

concha (N=24). Los huevos fueron depositados en cama-
das diarias de alrededor de tres huevos (N= 252). Existe
una correlacién positiva entre la edad y el didmetro de la
concha del progenitor y el tamaiio de la camada (N=
1097), y entre el didmetro de los huevos y el de la concha
de adultos y neonatos (N= 136). Los huevos de cascara
suave son depositados semi-hidratados y se hidratan absor-
biendo agua del entorno (N=21). Esta estrategia puede ser
el resultado evolutivo entre una limitacién mecénica (pe-
quefio tamaiio corporal) y la ventaja de producir huevos
mas grandes con mds sustancias nutritivas. Los huevos tar-
dan 14 dias en eclosionar a 21°C (N= 67). La disolucién
de la céscara del huevo no es uniforme (N=107), sino que
comienza en un drea especifica, que normalmente es en la
que reposa (N=46). El hecho de que huevos sin embrién
(N=5) pasen por el mismo proceso de disolusion de la cés-
cara sugiere que éste es de caricter quimico. El embrién no
induce el proceso, pero si lo acelera. Los taninos de la ho-
jarasca que rodea los huevos reduce su viabilidad (N= 50).
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