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ABSTRACT: Adults of Balea fallax sampled monthly from the Roztocze Upland were dissected to examine the
occurrence of uterine egg retention. Developing eggs were found in snails collected between May and August.
In June more than 60% of the studied individuals were gravid, while in other months egg-retaining snails con-
stituted less than 10% of the sample. The number of retained eggs ranged from 3 to 17 (mean 12.3) and was
not related to the adult shell size. In June the majority of eggs contained shelled embryos (maximum shell size
1.1 whorl). The reproduction mode of B. fallax is compared with those of other ovoviviparous clausiliids of

Central Europe.
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NTRODUCTION

The clausiliid Balea (Pseudalinda) fallax (Ross-
massler, 1836) is included in the subfamily Baleinae
(FALKNER et al. 2001) and sometimes classified in
the genus Alinda, subgenus Pseudalinda (NORDSIECK
2007). It is a Carpathian-Balkan species (RIEDEL
1988). In Poland B. fallax occurs on the northern
fringe of its distribution range: in the East Carpath-
ians and the Roztocze Upland. An isolated popula-
tion was recorded also in the Swietokrzyskie Mts. but
it probably became extinct in the second half of the
20th century. At present B. fallax is abundant locally
in the forested loess gorges of the Roztocze Upland,
also in the Roztocze National Park (URBANSKI 1958,
PIECHOCKI 1990). The species is red listed under the

MATERIAL AND METHODS

For anatomical examination specimens of Balea
fallax were collected from the Roztocze Upland near
Szczebrzeszyn (Szperéwka valley, 50°43.52°N,
022°54.53’E, 260 m a.s.l.). Snails were collected by

near-threatened category (WIKTOR & RIEDEL 2002)
but it is not protected according to the state nature
conservation law.

The reproduction of B. fallax in a laboratory culture
was analysed recently (SULIKOWSKA-DROZD & MALTZ
2012). Snails always laid eggs but, owing to the rather
short interval before they hatched, ovoviviparous re-
production (egg retention for a brief period) was hy-
pothesised.

In this paper we aimed to ascertain whether Balea
fallax from a natural population retains fertilised eggs
in its reproductive tract, when and how many eggs are
kept in the uterus, and what is the maximum develop-
mental stage of the brooded eggs.

hand from leaf litter in a hornbeam forest that over-
grows a deep loess gorge. Each sample consisted of ca.
30 adults with a fully developed clausilium and lip.
They were collected every month from 1 May to 6 Oc-
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tober 2011. The snails were killed in boiling water and
preserved in 75% ethanol.

Each preserved adult was measured under a
stereomicroscope with a graticule (shell height and
breadth) and shell whorls were counted according to
EHRMANN (1933). Then each snail had a part of the
shell of the penultimate whorl removed (Fig. 1A). All
eggs were extracted from the uterus, counted and

RESULTS

Only 33 snails (13%), out of 250 dissected, had de-
veloping eggs in their uteri. Egg retention in Balea
fallax was recorded in May-August, while in Septem-
ber and October no snails containing eggs were
found (Fig. 2). The highest number of gravid snails
(N = 26; 62%) was collected in June.

In May, July and August eggs from the dissected
snails were at developmental stage I (Fig. 1B). In the
sample collected in June, the majority of eggs (65% of
317 eggs) were at stage II. Such eggs were found in 18
adults, of which only seven retained embryos larger

their developmental stage estimated. Two stages were
distinguished: (I) egg filled with an amorphous sub-
stance or containing a small embryo without shell,
(IT) shelled embryo (Fig. 1B and C, respectively). In
the latter case the size of the embryonic shell (num-
ber of whorls) was noted.

For statistical calculations Statistica 6.0 software
was used.

than 0.5 whorls. Most of the embryos were small and
their shells were only just mineralized (approximate
size: 0.3—0.5 whorl). The shells of the largest embryos
consisted of 1.0-1.1 whorl (Figs 1C, D, 3).

The number of eggs in each uterus ranged from 3
to 17 (mean 12.3, SD 3.4). Most frequently 12-15 eggs
were found (Fig. 4).

The shell size of the examined snails is presented
in Table 1. No significant correlation was found be-
tween the number of retained eggs and any of the
adult shell parameters (Spearman’s r; p > 0.05).

P X

Fig. 1. Balea fallax: A — an adult with its shell partly removed to show eggs retained in the uterus; B — eggs (stage I) dissected
from a snail collected on 1 May; C — eggs (stage II) dissected from a snail collected on 2 June; D — embryos removed from

eggs found in a snail collected on 2 June



Egg retention in Balea fallax 37

% 29 42 49 41 45 44
100

401 —

20— —

o |

May June July Aug

Sept Oct
Months

Fig. 2. Balea fallax: percentage of non-gravid (white) adults
and gravid adults (black) during the vegetation season.
Numbers above bars indicate the number of snails exam-
ined in each period

DISCUSSION

Dissection of B. fallax collected during the vegeta-
tion season in the Roztocze Upland confirmed its
egg-retention strategy. The reproductive mode of the
species was already suggested by SULIKOWSKA-DROZD
& MALTZ (2012; for a general description of clausiliid
reproductive strategy see MALTZ & SULIKOWSKA-
DROZD 2008). However, life-history traits may vary be-
tween geographical regions and here we studied the
reproduction of only a single population isolated
from the main distribution range.

The results of the study can be compared with re-
cently published data on other ovoviviparous clausi-
liids inhabiting Central Europe, namely Vestia gulo
(E.A. Bielz, 1859), V. elata (Rossmissler, 1836), V.
turgida (Rossmassler, 1836) (SULIKOWSKA-DROZD
2009) and Ruthenica filograna (Rossmassler, 1836)
(SzyBIAK 2010). In B. fallax, specimens containing de-
veloping eggs were found through spring and sum-
mer months but only in early June was a significant
part of the population gravid (62%). The highest per-
centage of egg retaining specimens was also observed
in June in other ovoviviparous clausiliids
(SULIKOWSKA-DROZD 2009, SZYBIAK 2010). In V. gulo
and V. turgida egg retention was recorded from early
May till August, with the maximum in June (50% and
72% of adults were gravid, respectively). In R.
filograna the reproductive season was much longer
and gravid adults were found between March and Oc-
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Fig. 3. Balea fallax: degree of development of eggs incubated
in the uteri of snails sampled on 2 June 2011. Eggs con-
taining amorphous substance or a small embryo without
shell (light grey) and eggs containing a shelled embryo
(dark grey)

tober; in June more than 80% of adults retained eggs.
The shells of the largest embryos removed from uteri
of B. fallax had 1.0-1.1 whorl. This can be compared
with 1.3 whorl in retained embryos of V. gulo, 1.8 in V.
elata, and 2.9 in V. turgida (SULIKOWSKA-DROZD 2009).
The largest embryonic shells of R. filograna have
2.5-2.7 whorls (SZYBIAK 2010). In ovoviviparous spe-
cies neonates should hatch inside the parent or im-
mediately after egg-laying (BAUR 1994), while in ovi-
parous clausiliids the period between egg-laying and
hatching lasts usually 10-16 days (MALTZ &
SULIKOWSKA-DROZD 2008). It seems that B. fallax ex-
hibits an intermediate reproductive strategy (short
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Fig. 4. Balea fallax: number of eggs found in the uterus.
Adults collected in May (light grey), June (grey), July
and August (black)

Table 1. Balea fallax from Szperéwka (Roztocze Upland). Shell size, shape and Spearman’s correlation coefficient (r) be-
tween shell parameters and number of retained eggs (data for 33 gravid individuals)

n mean (+SD) range s (p>0.05)
Shell height (mm) (H) 205 17.03 (x0.77) 14.8-19.4 0.21
Shell breadth (mm) (B) 210 4.57 (+0.17) 3.7-4.9 -0.19
H/B 205 3.37 (£0.22) 3.22-4.43 0.19
Number of whorls (NW) 208 10.74 (+£0.43) 9.5-11.9 0.09
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egg retention): the eggs of B. fallax develop in the pa-
rental body only to a certain stage and the rest of em-
bryonic development occurs outside. It remains un-
known how long the eggs stay in the reproductive
tract, while the interval between egg laying and hatch-
ing ranges from 8 to 10 days and the hatchling shell
consists of ca. 2.5 whorls (SULIKOWSKA-DROZD &
MALTZ 2012).

According to TOMPA (1979), ovoviviparous snails
had significantly lower fecundity than oviparous spe-
cies and most common cases involved the retention of
2-6 eggs in the reproductive tract. However, the num-
ber of eggs found in the uterus varies among clausi-
liids. For egg retaining species of the genus Vestia a
negative correlation was observed between the num-
ber of eggs in the uterus and their ultimate size
(SULIKOWSKA-DROZD 2009). In R. filograna, up to four
embryos are simultaneously retained (SZYBIAK 2010),
but other species, perhaps owing to their large shell
sizes, contain larger broods: V. turgida up to 12 and V.
gulo up to 21 eggs (SULIKOWSKA-DROZD 2009). B.
fallax from Roztocze retains a mean of 12.3 eggs
(maximum 17). The eggs in the uterus are more nu-
merous than in an average batch laid in our labora-
tory culture of the studied species (mean 6.7, SD
3.61) (SULIKOWSKA-DROZD & MALTZ 2012). A similar
difference between the numbers of retained and laid
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eggs was observed previously in species of the genus
Vestia (SULIKOWSKA-DROZD 2009). It may be advanta-
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are laid at once.

The strategy of gradual release of eggs may ob-
scure the correlation between the parent size and the
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rather than facultative and that it is not an artefact of
laboratory conditions.
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