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Abstract: The Serrulinini, a small relict group of clausiliids occurring in coastal regions of the Black and 
Caspian Seas and the Caucasus, are currently classified within the Phaedusinae, however paraphyletic origin 
of the Serrulinini is also widely debated with Pontophaedusa funiculum (Mousson) being most phylogenetically 
distinct from other taxa. As life history data may have taxonomical value, we conducted long-term 
observations in laboratory culture to assess reproductive modes, fecundity and growth pattern of three 
serruline species. Caspiophaedusa perlucens (O. Boettger) and Pravispira semilamellata (Mousson) produced 
partly calcified eggs with regular, spiral arrangement of crystals; their juveniles hatched after 17–18 days; the 
generation time was long and significantly exceeded one year. P. funiculum laid heavily calcified, elongated 
eggs. The incubation time in P. funiculum varied depending on the humidity, with a tendency towards short 
embryo-retention. The generation time in P. funiculum was one year. In all the studied species, egg calcification 
differed from the pattern common for other oviparous Phaedusinae which produce partly calcified eggs with 
homogeneous distribution of crystals. The calcite crystal distribution in the egg membranes reported here 
for the Serrulinini suggests some potential of these characters in phylogenetic context.
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INTRODUCTION

Georgia, together with adjacent territories situated 
in the Caucasus biodiversity hotspot, is known as a 
centre of plant endemism with little studied and proba-
bly underestimated invertebrate richness (Mumladze 
et al. 2020). It is also an important refuge of Tertiary 
biota, where many hygro-thermophilous relict species 
found shelters during the Quaternary climate oscil-
lations (Milne & Abbott 2002). This refers, among 
others, to the Colchic region, which was continuously 
forested since the Miocene and preserved possibly one 
of the oldest forest ecosystems in Western Eurasia 
(Tarkhnishvili et al. 2012). According to a recent 
survey, the Caucasus biodiversity hotspot harbours 
318 land snail and slug species, 66% of them being 

endemic (Walther et al. 2014). Among them, 90 
species were collected in a small number of forested 
sites in Georgia alone (Pokryszko et al. 2011).

Among terrestrial gastropods, unique for the re-
gion and regarded as Tertiary relicts, there are sev-
eral species of Serrulinini, door-snails (Clausiliidae) 
included in a speciose subfamily Phaedusinae 
(Nordsieck 1978, 2007). The Serrulinini tribe in-
cludes about 30 species, almost a third of them de-
scribed in the 21st century (e.g. Gittenberger 2000, 
Reischütz et al. 2016, Grego & Szekeres 2017, 
Mumladze & Szekeres 2020). Ecological prefer-
ences in the extant Serrulinini seem to be limited to 
sheltered protective micro-refuges providing perma-
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nent high humidity, such as decaying wood of un-
disturbed forests or shallow subterranean habitats 
of particular cave systems. For several troglobiontic 
serruline species, live material has never been col-
lected, which has impeded phylogenetic studies so 
far (Gittenberger 2000, Reischütz et al. 2016). 

In the Western Palaearctic, the Phaedusinae are 
known from Middle Eocene to Early Pleistocene 
deposits of Western and Central Europe, as well as 
Caucasia (Nordsieck 2015), while extant taxa oc-
cur in the Balkans, in coastal regions of the Black 
and Caspian Sea and Caucasia. The divergence be-
tween the Serrulinini and the Phaedusini, the more 
speciose tribe of the Phaedusinae occurring in East 
and Southeast Asia, was dated to the Late Eocene–
Early Oligocene (Mamos et al. 2021). The recent 
Phaedusini occur in a range of microhabitats, such as 
exposed rocks, stone walls, soil surface, deadwood, 
and many species are arboreal (e.g., Motochin et al. 
2017, pers. obs.).

While the Phaedusinae of East and Southeast 
Asia are highly diversified in terms of their repro-
ductive strategies, in the Western Palaearctic group 
(Serrulinini) only oviparous reproductive mode has 
been reported to date (Sulikowska-Drozd et al. 2020, 
Mamos et al. 2021). As shown in a recent phylogenet-
ic analysis, the Caucasian Serrulinini (Pontophaedusa 

funiculum (Mousson, 1863) and Caspiophaedusa per-
lucens (O. Boettger, 1877) + Pravispira semilamellata 
(Mousson, 1863)) represent basal lineages within the 
Phaedusinae, and according to ancestral state recon-
structions, the phaedusine clade (Synphroshymini ex-
cluded) evolved from an oviparous common ancestor 
(Mamos et al. 2021). Studies on the life history under 
laboratory conditions have been published for only 
one serruline species, P. funiculum (Páll-Gergely & 
Nemeth 2008, Páll-Gergely 2010), while no de-
tailed information is known for other taxa (Páll-
Gergely & Nemeth 2008, Mamos et al. 2021).

While disentangling evolutionary drivers of 
diversification of reproductive strategies in the 
Phaedusinae is in the focus of larger research pro-
jects, we herein aim to present selected data on the 
life histories of three members of the Serrulinini 
studied under laboratory conditions: C. perlucens, P. 
semilamellata, and P. funiculum. These species occur 
in mostly forested parts of the Caucasus region (Fig. 
1): C. perlucens in the Elburs and Talysh Mts., the SE. 
slopes of the Greater Caucasus, and the N. and NE. 
slopes of the Lesser Caucasus; P. semilamellata in the 
western part of the Greater Caucasus and along the 
Black Sea coast between Sochi and Trabzon; P. funicu-
lum in western Transcaucasia and along the Black Sea 
coast (Sysoev & Schileyko 2009). 

Fig. 1. Distribution of the studied species based on authors' records (unpublished) or taken from Caucasian Molluscan 
Database (2021).  The map was prepared using the QGIS v. 3.16 (QGIS.org 2021). Arrows indicate the sampling 
sites
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MATERIAL AND METHODS

Laboratory colonies were started with individuals 
collected in Georgia by L. Mumladze (Figs 2–5): 1) C. 
perlucens (11 adults), Eagle Canyon near Dedoplistskaro 
(41°29'41.3"N, 46°05'57.1"E), 14th September 2016; 2) 
P. semilamellata (10 adults), Martkophi (41°49'14.9"N, 
44°59'11.4"E), 27th October 2015; 3) P. funiculum (14 
adults), Ajara, bank of the river Chaqvistskali near 
village Chaisubani (41°42'26.6"N, 41°46'33.2"E), 30th 
October 2017.

Colonies of field-collected individuals (F0 gen-
eration) were maintained in the Department of 
Invertebrate Zoology and Hydrobiology, University 
of Łódź, Poland. Adult snails were kept in pairs in 
plastic boxes (volume 300 cm3) lined with tissue pa-
per and supplemented with pieces of limestone as a 
source of calcium. The boxes were stored in a climatic 
chamber (POL-EKO) with natural lighting. To mimic 
the climate seasonality, two periods of different tem-
perature regime were established: “summer” and 

“winter”. From early April until the end of September 
the temperature fluctuated daily between 15 °C (12 
hours) and 20  °C (12 hours); from October until 
late March the temperature was lowered to 8–12 °C 
(12/12 hours). The change between “summer” and 
“winter” season was applied within two weeks with 
an intermediate stage of 10–15  °C (12/12 hours). 
During the summer season snails were fed weekly 
with lettuce, cucumber and zucchini and sprayed 
regularly with tap water to maintain high humidity 
in the boxes. During the winter season fresh vege-
tables were not provided; the humidity was kept at 

a lower level (60–70%). In the summer season, the 
boxes were inspected weekly for eggs; the eggs were 
counted and moved to Petri dishes with humid tissue 
paper to test the egg viability. The eggs were checked 
every 3–4 days for hatching. The time elapsing from 
egg laying to hatching (incubation time) was record-
ed. Juveniles (F1 generation) were kept in groups 
(maximum ten individuals per box) under “summer” 
temperatures until they reproduced for the first time; 
the time of attaining adult size and of the first repro-
duction were recorded.

Random subsets of eggs were measured under a 
stereomicroscope with a graticule. Then, the shape 
index (minor diameter/major diameter) was calcu-
lated for each egg. The egg type classification fol-
lowed Tompa (1976).

According to Tompa (1979), the development of 
the embryo at the time of oviposition is important 
for the identification of reproductive modes in land 
snails. As mentioned by Páll-Gergely & Nemeth 
(2008), the transparent shell of P. funiculum allows to 
observe whitish eggs in the reproductive tract prior 
to egg-laying. Taking advantage of this situation, we 
ascertained the embryo development just before ovi-
position by dissecting several snails with such eggs 
(gravid individuals). 

Since snails are known to cease activity and delay 
oviposition when experiencing adverse dry condi-
tions, we tested the maximum duration of embryo 
retention by transferring five gravid individuals (F1 
generation) to dry boxes. These snails were kept 

Figs 2–5. Snails from laboratory culture (F1 generation): 2 – C. perlucens decollated adult; 3 – P. semilamellata adult; 4 – P. 
funiculum decollated adult; 5 – P. funiculum: decollated adult (F0), subadult, and eggs. Scale bars 1 mm

https://goo.gl/maps/nfYodwBe9QGG1AHA7
https://goo.gl/maps/GcvEDz7o8vAoMUmh8
https://goo.gl/maps/GcvEDz7o8vAoMUmh8
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under dry conditions for 10, 18, and 21 days. After 
drought challenge, the snails sprayed with tap water 
and provided with fresh food were left for one day in 

separate boxes. Then, the experimental snails (and 
the laid eggs) were dissected to examine the embryo 
development.

RESULTS

LONGEVITY AND GROWTH PATTERN 

Field-collected individuals of C. perlucens kept in 
the laboratory produced their first eggs on 17 October 
2016. Two adults were kept alive till the end of ob-
servation (January 2021). The last egg clutch was 
recorded on 14 August 2020 (1,397 days after the 
first reproduction in the laboratory). Their lifespan 
exceeded 53 months (4.5 years). Other F0 adults 
reproduced in 2016–2019; they were preserved for 
anatomical examination in July 2019. The juveniles 
hatched in October 2016 attained adult size in July 
2017 (after 9 months). Within one month after pro-
ducing apertural barriers, the snails became decollat-
ed. F1 individuals of C. perlucens produced their first 
eggs in January 2018. The generation time for this 
species was 460 days.

Field-collected individuals of P. semilamellata kept 
in the laboratory produced their first eggs on 7 Sep
tember 2016. Two adults remained alive until the end 
of observation (January 2021). The last egg clutch 
was recorded on 22 May 2020 (1,353 days after the 
first reproduction in the laboratory). Their lifespan 
exceeded 58 months (5 years). Other F0 adults re-
produced in 2016 and 2017 and died between April 
and September 2018.

Individuals of P. semilamellata, hatched in the au-
tumn of 2016, showed large discrepancies in the 
time needed for growth until adult size. The fastest 
growing F1 individuals attained adult size on the 
boundary of November/December 2016 (approxi-
mately 78–86 days since egg-laying) and the slowest 
growing individuals were still juvenile after one year. 
F1 individuals of P. semilamellata produced their first 
eggs in February 2018; the resulting generation time 
(520 days) was rather long. 

Field-collected individuals of P. funiculum kept in 
the laboratory produced their first eggs on 11 April 
2018. Five adults were kept alive until the end of ob-
servation (January 2021), then they were preserved 

for anatomical examination. The last egg clutch 
was recorded on 14 August 2020 (1,019 days after 
the first reproduction). Their lifespan equalled 40 
months (3.3 years). Juveniles hatched in April 2018 
attained adult size on the boundary of September/
October 2018 (after 5 months). Within 1–2 months 
after producing apertural barriers, the snails became 
decollated. F1 individuals of P. funiculum produced 
their first eggs in May 2019. The generation time was 
390 days.

EGG SIZE AND SHAPE

The size, shape and type of egg-envelope of the 
eggs produced in the laboratory differed among the 
species (Table 1, Figs 6–11, 15). Eggs of P. semilamel-
lata and C. perlucens were spherical to ovoid, those of 
P. funiculum were always considerably more elongated 
(shape index > 2).

Eggs produced by P. semilamellata and C. perlucens 
were partly calcified, while P. funiculum laid eggs with 
heavily calcified, rigid shell (Fig. 13). The egg-enve-
lope of C. perlucens exhibited a regular, spiral arrange-
ment of calcium crystals (Fig. 7). This pattern was 
also discernible, but less clearly, in the eggs of P. semi-
lamellata (Fig. 10). 

CLUTCH SIZE AND FECUNDITY

The studied species laid eggs singly or in small 
clutches, i.e. several eggs adhering to one another in 
a particular place within the box.

Egg clutches of C. perlucens (F0 kept in pairs) con-
sisted usually of 3–4 eggs (Table 2). During the ob-
servation period (October 2016–August 2020), ten 
F0 individuals produced 264 eggs. The total maxi-
mum fecundity of a pair equalled 96 eggs, recorded 
from 17 October 2016 till 11 July 2019. The annual 
fecundity ranged from 11 to 24 eggs per pair (mean 
15.2 eggs, n = 5), however for the years 2017 and 

Table 1. Egg size and shape in Serrulinini kept in laboratory colonies

P. semilamellata  C. perlucens P. funiculum
no. of measurements 28 67 50
Egg major diameter (mm) mean (SD)

min–max
1.56 (0.15) 
1.33–2.03

1.96 (0.18)
1.63–2.60

2.51 (0.14)
2.10–2.80

Egg minor diameter (mm) mean (SD)
min–max

1.13 (0.11) 
0.97–1.37

1.55 (0.11)
1.30–1.83

1.21 (0.05)
1.10–1.35

Egg shape (minor/major diameter) mean (SD)
min–max

0.73 (0.06)
0.49–0.82

0.80 (0.08)
0.56–0.98

0.49 (0.03)
0.44–0.55
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Figs 6–9. Eggs of C. perlucens laid in laboratory culture. Scale bars 1 mm

Figs 10–11. Eggs of P. semilamellata laid in laboratory culture. Scale bars 1 mm

Table 2. Clutch size and egg incubation time for Serrulinini kept in laboratory colonies

P. semilamellata C. perlucens P. funiculum
Number of eggs n 33 58 107

mean (SD) 1.8 (0.80) 3.1 (1.19) 2.82 (1.03)
min–max 1–4 1–6 1–6

Incubation time n 6 14 4
mean (SD) 17.8 (4.6) days 17.1 (5.7) days 24.0 (10.4) days
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2018, it was considerably higher: 11–48 eggs per pair 
(mean 24.2 eggs, n = 5). In 2018–2020, 12 F1 indi-
viduals produced 151 eggs. 

P. semilamellata (F0 kept in pairs) laid eggs usually 
singly or in clutches of two (Table 2). Eight F0 indi-
viduals produced 57 eggs during the observation pe-
riod (September 2016–May 2020); ten F1 individu-
als – 45 eggs (February 2018–September 2020). The 
total maximum fecundity of an F0 pair equalled 32 
eggs (7 September 2016–22 May 2020). In 2016, the 
mean annual fecundity ranged from one to 16 with 
only two pairs laying more than ten eggs (mean 7.75 
eggs, n = 4). One F0 pair did not reproduce at all, 
thus were excluded from the calculation.

Egg clutches of P. funiculum (F0 kept in pairs) con-
sisted most often of three eggs (Table 2). 14 F0 in-
dividuals produced 671 eggs during the observation 
period (April 2018–August 2020), F1 individuals – 
349 eggs (May 2019–September 2020). In April to 
November 2018, the number of eggs produced per 
pair (F0) averaged 66 (range 25–106; n = 7). Within 
this period, egg laying was recorded during seven to 
14 observations (weeks) for each pair.

INCUBATION AND HATCHING

The eggs of P. semilamellata and C. perlucens hatched 
on average 17–18 days after laying (Table 2). In P. fu-
niculum, the eggs hatched on average after 24 days. The 
incubation time in this species was most variable, with 
the maximum recorded duration of 34 days. We were 
able to distinguish P. funiculum with fertilised eggs in 
the reproductive tract visible through the transparent 
shell as ready for oviposition. Dissection of such snails 
confirmed that the eggshell was fully calcified and in-
flexible prior to egg-laying (Fig. 12). The retained eggs 
contained embryos approximately 0.5 mm in diameter 
but without calcified embryonic shell (Figs 13–14).

When kept under experimental dry conditions, 
adults of P. funiculum with eggs already visible through 
the shell were inactive; moved again to a humid envi-
ronment they all started crawling and feeding within 
2–3 hours, yet one was found dead on the following 
day. Only one of the experimental adults laid eggs dur-
ing the first 24 hours. These eggs contained embryos 
in advanced stage of development. Shelled embryos 
were found in the dissected individuals (Figs 16–18). 

Figs 12–15. Eggs of P. funiculum: 12 – eggs retained in reproductive tract under high humidity conditions; 13–14 – cross-sec-
tion of retained eggs with visible small, shell-less embryo; 15 – egg clutch laid in laboratory culture. Scale bars 1 mm
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Figs 16–18. Embryos of P. funiculum: 16–17 – embryos found in eggs laid shortly after 18 day-drought; 18 – shelled embry-
os dissected from the adult found dead after 18 days of drought. Scale bar 1 mm
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DISCUSSION

As clausiliid life histories have been recently re-
viewed in detail (Maltz & Sulikowska-Drozd 
2008), in this contribution we discuss only selected 
findings which shed new light on the diversity of re-
productive strategies in the Serrulinini. 

Egg-laying is predominant and possibly the ances-
tral reproduction mode for Stylommatophora, includ-
ing clausiliids (Tompa 1979, Maltz & Sulikowska-
Drozd 2008). According to Tompa (1976), in terms 
of degree of calcification, three types of eggs are dis-
tinguished in land snails: uncalcified, partly calcified, 
and heavily calcified. Calcium crystals from the egg 
envelope are utilised by the embryo for building its 
shell; newly hatched juveniles usually consume the 
remnants of the egg envelope. With few exceptions, 
most of the stylommatophoran families produce a 
single kind of eggs (Tompa 1976). In the Clausiliidae, 
partly calcified eggs were found in all taxa studied 
so far, except P. funiculum (Maltz & Sulikowska-
Drozd 2008, Páll-Gergely & Nemeth 2008). 
Partly calcified eggs with randomly distributed crys-
tals were recorded among other members of the 
Phaedusinae, for example Oospira vanbuensis (Bavay 
et Dautzenberg, 1899) (Sulikowska-Drozd et al. 
2018b), and in more than 20 other species from 
China, Japan, and Vietnam (unpublished pers. obs.). 
The eggs of C. perlucens and P. semilamellata are partly 
calcified but show a unique, spiral arrangement of 
crystal clusters. Clausiliid eggs are laid in collapsed 
state and similarly to other partly calcified eggs they 
absorb water from the moist soil to become spheri-
cal (Tompa 1976). In contrast, the eggs-shells pro-
duced by P. funiculum are already inflexible when in 
uterus (Páll-Gergely & Nemeth 2008; Figs 12–15), 
with uniformly distributed calcite crystals forming a 
dense cover. Thus, the egg shell of P. funiculum re-
sembles that of a small bird. A heavily calcified egg 
is a rather peculiar character for a snail with complex 
apertural barriers – during egg-laying, the eggs have 
to pass the narrow canal between the clausilium and 
the apertural lamellae. Despite the differences in cal-
cification of the egg-shell, clausiliid eggs do not pro-
tect embryos from desiccation (pers. obs.). 

Attribution of clausiliid taxa to the reproductive 
modes distinguished by Tompa (1979) is not always 
straightforward. It has been found that a continuum 
of strategies occurs (different duration of embryo 
retention in genital tract) and only extensive stud-
ies can reveal details of developmental processes in 
a given species. The reproduction mode of P. funicu-
lum is classified as oviparity or egg-laying, however 
observations in our colony and the variable incuba-
tion time of 9–20 days reported by Páll-Gergely & 
Nemeth (2008) suggest that egg laying not necessar-

ily occurs immediately after fertilisation. According 
to Tompa (1979), truly oviparous snails lay their 
eggs with embryos in initial stage of development, 
up to 24 hours after fertilisation. Under laboratory 
conditions, P. funiculum showed some tendency to-
wards short embryo retention, as the retained eggs 
were usually visible in the parent body for a few days 
before egg-laying. During dissections, shelled em-
bryos were never detected in individuals kept under 
high humidity conditions. However, we showed that 
under dry conditions P. funiculum could retain devel-
oping embryos for almost three weeks, during which 
time the embryonic shell was produced. The embryo 
retention in this case was induced or prolonged by 
adverse environmental conditions, and thus can be 
classified as facultative (see Tompa 1979). The lim-
ited number of individuals in this experiment did 
not allow for comparison of reproductive success 
between individuals experiencing drought and those 
kept under high humidity conditions. According to 
our knowledge, intra-specific variation in the dura-
tion of embryo retention has never been recorded in 
the clausiliids, moreover P. funiculum provides a good 
model system for experimental design due to the 
shell transparency and the high fecundity under lab-
oratory conditions. Mamos et al. (2021) suggested 
that the ability for embryo retention may have been 
of importance in the evolutionary process leading 
to viviparity, yet the occurrence of this reproductive 
mode in the Phaedusinae is underestimated.

Iteroparity and longevity recorded in the studied 
species are typical traits of clausiliid life histories 
(Maltz & Sulikowska-Drozd 2008). In terms of 
shell growth and maturation time, however, discrep-
ancies between species are often observed. This is 
the case also in our study. F1 individuals of C. per-
lucens, P. semilamellata, and P. funiculum started re-
producing 390–520 days after hatching, while for 
members of SE. Asian Phaedusinae the generation 
time was only 161–168 days under the same labora-
tory conditions (Sulikowska-Drozd et al. 2018a). 
According to Páll-Gergely & Nemeth (2008), shell 
growth was completed 4–5 months after hatching in 
P. funiculum and sexual maturation occurred at about 
the same time. In contrast, our observations point 
towards a seven month delay between attaining the 
adult shell size and first reproduction. Delayed first 
reproduction was recorded in other Phaedusinae 
as well (Sulikowska-Drozd et al. 2018a, b). The 
differences in growth rate between experiments in 
various laboratories may be partly explained by den-
sity-dependent factors and different food provision 
in both cultures. It is likely that snails kept in sub-
optimal conditions show a slower growth rate and 
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require more time to reach sexual maturity. It was 
shown that for development of some tree dwelling 
clausiliids, bark pieces (with microorganisms) taken 
from natural localities might be essential (Marzec 
2018). 

It appears that, besides relict distribution and 
preference for protective habitats, the Serrulinini dif-
fer from their SE. Asian relatives, the Phaedusini, in a 
unique life history trait (type of egg shell). Molecular 
analyses show that the Serrulinini may be a paraphy-
letic group (Uit de Weerd & Gittenberger 2013, 
Mamos et al. 2021), which was suggested already by 
Nordsieck (2007). According to molecular analyses, 
P. funiculum is phylogenetically distinct from the oth-
er Serrulinini, with a divergence from its sister group 
at about 37.3 Ma (Mamos et al. 2021). Life history 
traits, for example calcite crystal distribution in the 

egg membranes reported for the Serrulinini, suggest 
some potential of these characters in phylogenetic 
context. However, further accumulation of data and 
broader comparisons are limited by the difficult ac-
cess to live individuals, especially of troglobiontic 
serruline taxa. 
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