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The envivonmental factors affecting the distribution, variation, and development und taxonomy
ol Helix (facosta) siphnive Kobelt, 1883, an endemic landsnail of Siphnos Island [Cryelades,
Greece), are examined,

Two types of populations can be distinguished due 1o different strategies of shell
developmenl. In the first, and maore frequent, type, the keeled and depressed juvenile shells,
hecome rounded in the later developmental stages. In the second type, in all developmental
stages, only keeled shells are found. In this Stud} changes in the allometric relatiomships of
sh[]l h{ 1ghL shell diameter and whorls are correlated with the Lle'velopmenl of the genilal
system and changes in habital selection. The keeled forms are found in drier and more stony
environments. The degradation of the forests to dry maquis and [rygana and desertification
in the Aegean insular ccosystems are probably connected with the development ol keeled
forms. Keeled populations of Trocheidea siphnica are regarded as an cxample of neoteny
leading to pacdomorphosis by retardation.

w195 The Linmean Sacicts of Londom

ADDITIONAL KEY WORDS: ~variation — allometry — neoteny,

CONTENTS

Introduction . T T T T T, 348

Malterials and l'IleL}.lUdb woouER @m0 W W ®  ow o ® ow s o8 ® B B & & 348

Results . P . . ... 344
Dhstribution and ce nln gic d| e qnncmonts T T T 344
Taxonomy . s & oW o® % o8& m @ B % OB % 8 5 349
Variation amang pnpulatmns e e e 340
Shell development . e 352
The development of the g Lt‘Il]lcll sy sit m W % W omE o8 % % % = % 354
Habitat selection in aestivation L e e 454

Diiscussion v T o 355

Acknow Icclncnwnu s @ @ M OB B W O® & M 8 9© o8 9§ 9= o 357

References S X e m wm owm m m wm w2 pmre=sm e w= m m 357

347

D024 —4 08205012347+ 11 $12.0070 19495 The Linnean Society of London



348 M. MYLONAS ET AL,
INTRODUCTION

The problem of the peripheral
connecled to selective environmenta
Goodlriend, 1983}, soil (Gould, 196U:
1979).

In the Mediterranean area keeled forms of the helicid species are more
frequent than those with a rounded shell periphery (Rensch, 1937; Goodfriend,
1986). This has been attributed to the driness of Mediterrancan habitats
(Goodfriend, 1986}, to the karstic | ne surface (Alonso ef al, 1985) and
to other unknown, factors (Goodfrie 1086, Gould (1969, 1971 suggested
that the keeled forms of Poecilo represent a case of paedomorphy,
Though this is possible in the case of ranean helicids (Goodfriend.
1986), the lack ol historic and ont >s prohibits the evaluation
of this possibility.

the terrestrial snails has been
such as climate [{Rensch, 1937;
and predators (Cook & Pettitt,

In 1989 the authors became aware of the existence of two distinet forms
of the species Trochoidea siphnica (Kobelt . Gzsiropoda:Helicellinae) which is
endemic to the Cycladic island of Siphnos Al ature slages possess a

[ some populations this feature
ions. the periphery
was observed
keeled ones

depressed shell with an angular periph
is retained in the adults, but in the maj
always becomes rounded. Moreover. di
in the two forms: rounded forms aestivate
do so under stones.

In order lo investigale the reasons for i enon we  studied
ontogenetic change in relation to ecological requirements and habitat selection
in populations belonging to the two types.

The taxonomy of the species has been unclear. In 1585 Kobelt described
the species Helix (Jacosta) siphnica from the I of 108 in the Cyclades,
collected by Admiral Spratt. Its depressed 12-12.5 mm in diameter
and 6.5-7 mm high, the five whorls and sh =] were mentioned as the
species’ main characters.

Fuchs & I\cl.ll[(:‘] (1936) considered it as a subspec [ Helicella (Trochotdea)
syrensis (P}, figuring its genital system for the first e (Fig. 2Bj, though
this was hd%ed on only one individual. Mvlonas 1982 classified syrensis in
the genus Cernuella and kepl siphnica in the genus Trochoidea without giving
further details.

In the first part of this work we try to elucidate this taxonomic problem.

The species is known only from Siphnos which is in the centre of the
Aegean Archipelago, with an area of 73 km~. It s rocky and mountainous,
with two main peaks: Profitis Thas (678 m) and Agios Svmeon (480 m).

MATERIALS AND METHODS

The samples that we studied were collected by M. M. in 1976 and 1975
and by all the authors in 1989. A dense network of 23 sampling station
enabled us to determine the exact distribution of the species. A number
ecological variables, such as the type of vegetaion and the predomina-
plants, the refuges, the pH and the Ca concentration of the soil wer
recorded from each sampling station.
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© the species Helix (facosta) siphnica are kepl in the DBritish
| History; both these and the genital system were examined
cestigate the taxonomic status of the observed forms.
ntative populations of the species’ disjunct distribution were
examined the genital system and four shell characters: shell
~H . shell diameter (SD), number of whorls (W) and rounded
when present.
hen focused our atlention on two populations which represent both
=~ ol shell development {Agios Nicolas and Agios Symeon). Irom these
lations we collected individuals at all stages of devel opment and also
rded their position in relation to rocks, refuges and plant species. We
udied the dev elopment of the shell and the gcmml system (fully developed,
mtermediate, just present) in order to determine the shell size at which
reproductive maturity occurs, since it is not indicated by shell characters.
For statistical analysis of the results we used ANOV A, the Tukey test and
regression analysis as described by Zar (1984).

RESULTS
Distribution and ecological reqrufmm.mis

Trochoidea siphnica is found in four disjunct areas (Fig. 1}: the northern and
southern ends of the island, and the two mountainous mglons Interestingly,
the species’ disjunct distribution coincides with the calcarcous geological
formations found on the island.

The biotopes where 7. siphnica was lound were almost identical. The pH
of the soil varies between 7.4 and 7.8 and the Ca concentration between
2% and 20%. There are plenty of rocks and stones. The vegetation is dry
maquis and the predominant plant species are Jfumiperus phoenicea, Pistacia
lentiscus, Phlomis fruticosa and Sarcopoterium spinosum. A thick layer of litter is
formed, especially under P. lentiscus. T. siphnica was never found in cultivated
areas and in biolopes without calcium in the soil. The area of Profitis Ilias —
Agios Nicolas — Agios Andreas is comparatively drier and more stony than
the others, with Phlomis fruiicosa predominant.

Taxonomy

We studied the genital system of individuals from populations in Agios
Symeon, Agios Andreas, Aglos Nicolas and Cheronisos. Its form is stable
among all four populations, having the typical featurcs of the genus Trochoidea
(Fig. 2), i.e. two empty dart sacs on the upper part of the vagina.

Fuchs and Kzufel (1936) considered siphnica 1o be a subspecies of Helicella
(Trochoidea) syrensis | (Pfr.) J. Our examination of the genital system of individuals
fmm the tvpe locaht\ of syrensis {Syros Island) indicated that this species

l(mg_Js. despite some peculiarities, to the genus Cernuella (Vig. 2L, which is

wracterized by a dart sac complex on one side of the vagina.
“= absence of any description of the genital system of Cernuella(?) syrensis
consible for many wrong determinations. Often forms belonging to
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Figure 1. Siphnos island. Distribution of 70 siphnica and the examined populations. A, Agios
Symeon; B, Agios Andreas; C, Agios Nicolas; D, Profitis Ilias: E, Cheronisos and F, Agios
Geargias,

Trochoidea are classified as subspecies ol syrensis because they have similarly
depressed and keeled shells.

The examined tvpe specimens, characterized by their depressed shells and
sharp keels, coincide with the populations found on Profitis Ilias. The majority
of the popuhnom found on the island, having a characteristic rounded
periphery in the last developmental stages, are, until now, undescribed.

The dilferences found between the two forms could support a distinction
al a subspecific level. We do not intend here to give a superficial description
of these two forms, bul to investigale, il possible, the reasons for their
differentiation.

Variation among populations

The presence or absence of the rounded periphery in the last stages of
shell development is a feature that by itself divides the six studied populations
into two well-defined groups (Fig. 3. All adult individuals of the popuhtlons
of Agios Symeon, Agios Georgios and  Cheronisos first group) are
representative of the first three areas ol the species’ distribution, and have
shells with a rounded periphery, whilst in the populations ol Agios Nicolas,
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Figure 2. 'The genital system of Frochoidea siphnica (A-D) and Cernuella syrensis (El. A, the
most common [orm, B, the form described by Fuchs & Kiufel [19a6), © and D, left and
right view of mucus plands. Key: a, appendix; ds. darl sacs; e, epiphallus; [ Dagellum: [o,
free oviduct, mg, mucus glands, p, penis; pp, penial papilla; pr, penial retractor, s, spermatheca:
sd, spermaleca duct: v. vagina.

Agios Andreas and Profitis Ilias, all in the fourth region (second group], the
angular periphery is always present.

Furthermore, the same grouping of the populations still holds when we
consider the three measured characters, SH, SD and W (Table 1). In the
first group, there are no significant differences among the three characters
(SH: ANOVA F4 =0.195, P> 0.05, SD: ANOVA F = 0297, P> 0.05
and W: ANOVA £, = 0259, P> 0.05).

In the second group, the Agios Nicolas population is similar to the
populations of Agios Andreas and Profitis llias as to W (ANOVA £, |, = 2.801,
P=0.05) and SD [ANOVA F, ., =0.077, P> 0.05), but the populations
differ as to SH [ANOVA FE ;= 9.806 P< 0.05). However, there is no
significant difference in SH between the populations of Agios Andreas and
Profitis Thas (Tukey test qy,4; = 0.56, P> 0.05].




Figure 3. Shell wypes of 7. siphnice (X 11 A, Agios Nicolas; |
o, e adults,
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3, Agios Svmeon. a, b juveniles,

Tansts L. Statistics of the three measured shell characters {mm) in the different populations

of 17 siphica. SH, shell height; SD, shell diameter; W, whorls
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Shell development

two sludied

populations indicate that there is a differential growth of SH versus SD and

also of SH and SD versus W.

Further study reveals a considerable change in the allometric relationship.
This is more clear in the case SH/SD in both populations, where two
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Figure 4. The change of the allometric relation of SH and SD. A, Agios Nicolas and B,
Agios Symeon.

significantly different lines replace the single regression (Fig. 4). These lines
and their intersection were found using the method described in Somerton
& MacIntosh (1983).
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Figore 5. Development of the genital system in respect to shell diameter. A, Agios Nicalas
and B, Agios Symeon. Not present (W), just formed (B], medium (0] and adult [E].

In both populations there is an isometric relationship of SH and SD in
the first stages of shell development. But as soon as the shell exceeds 4.3
mm in height and 9.7 mm in diameter in the Agios Symeon population and
38 mm and 9.3 mm in that from Agios Nicolas, a positive allometric
relationship alters the shell form. The allometry (slope 2.1] in the Agios
Symeon population leads to more rounded shells, while in that of Agios
Nicolas (slope 1.28) the change is not obvious.

The development of the genital system

Four clear stages can be distinguished in the development of the genital
system: (1} juveniles before the appearance of the genilal system, (2]
individuals with the genital system just formed, (3) individuals with well
formed but still immature genitalia, with slender oviduct, mucus glands and
penis, and (4] individuals with a fully developed adult genit’ii system.

In Figure 5, the percentage of these stages is presented in 1 mm width-
classes of the shell diameter. Iigure 6 expresses the same data, but stages 2
and 3 have been merged.

The two populations have a number of noticeable similarities, as well as
differences. The genital system in both populations starts its formation when
SD is about 9.0-9.9 mm. In the 10.0-10.9 mm and 11.0-11.9 mm classes
all specimens have an immature genital system. The first adults appear in
the 12.0-12.9 mm class. The most impressive difference in the development
of the genital system is the percentage of adults in the larger forms: in the
Agios Symeon population, all specimens wider than 14.0 mm are adults,
while in that of Agios Nicolas, only 60% are adults. In the latter population,
the second ‘just formed’ stage is still present in larger specimens than in the
former.

Habitat selection in aestivation

In general, three types ol habilal are used by the individuals of 7. siphnica
for aestivation: (i) micro-cavities on the exposed surface of rocks and stones,
12) the underside of stones and (3), the thick litter layer, especially under
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Figure 6. Development of the genital system in respect
and B, Agios Symeon. Not present (»—- —4), immature |

Pistacia lentiscus and funiperus phoenicea. In the population Agios Nicolas only
the first two types are used.

In Figure 7, the percentage of aestivating individuals in the three tvpes of
habitat, is presented in 1 mm width classes of the SD. All juveniles narrower
than 9.0 mm, in both populations, aestivate in micro-cavities. Their depressed
shells, sharp keels and colour make them almost invisible. Individuals wider
than 9.0 mm start aestivating under stones. In Agios Symeon, forms wider
than 11.0 mm penetrate the litler, sometimes deeper than 25 cm. Almost all
specimens wider than 13.0 mm use this type of habitat for aestivation.

Conversely, in Agios Nicolas, the larger forms still use the underside of
stones.

DISCUSSION

Sharp breaks in allometry have mostly been observed in crustacean growth
and are usually associated with sexual maturity (Teissier, 1960). Cain (1981)
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supported the adaptive value of allometric changes, correlating the different
developmental forms with their environments. This is true in the case of T.
siphnica. Moreover, there is a striking coincidence of shell changes with the
development of the genital system.

In the first developmental stages, all individuals from the examined
populations have an angular periphery and aestivate in micro-cavities on the
surface of rocks. Their flat form, colouwr and angular periphery offer them,
in respect of the substrate, good camouflage and physical protection against
predators, chiefly birds, rodents (Rattus, Apodemus) and beetles (Carabidae).

With the appearance ol the genital system, which occurs when the SD
exceeds 9.0 mm, the SH accelerates its development, so that gradually the
shell becomes more rounded. At this stage the individuals change their
aestivating habits and rest in fissures of rocks, under stones, or in piles of
stones.

Sexual maturity in the Agios Symeon population is connected with the
12.0-12.9 mm class of the SD and the complete formation of the fifth whorl;
the shell periphery becomes completely rounded and individuals aestivate in
the litter. This change in habitat selection can be attributed to the connection
of thermoregulation with the formation ol the genital system.

Cowic (1985) mentioned that in Mediterranean habitats both adults
and juveniles are forced off the ground to avoid lethal temperatures. This
does not totally fit with the case of T. siphnica, as we found that on the
ground and the surface of the rocks, where juveniles aestivate, the tem-
perature during the warm summer days exceeds 50-55°C, while at the same
time in the litter it does not exceed 25-30°C. Cowic also found that
juveniles of Theba pisana, near the species’ northern limits in South
Wales, are less affected by high temperatures on the ground than the
adults. This is the same pattern of reaction as the one we observed in T.
siphnica.

Changes in shape, maturity and habital in keeled or rounded forms of T.
siphnica are associated with climatic or microclimatic conditions and avoidance
of enemies. In this it is similar to other Mediterranean helicids (Alonso e/
al, 1985; Goodfriend, 1986).

Keeled adults in the population of Agios Nicolas are probably connected
with the stony and dryer conditions of this biotope. The predominance of
Phlomis fruticosa, which creates a thin litter layer, does nol provide suitable
shelters for acstivation. This is probably linked to the observation that 40%
of the bigger individuals remain immature. In contrast, in Agios Symeon the
predominance of P. lentiscus and J. phoenicea, with their thick litter layers,
creates cooler resting sites for the adults.

Paleoclimatic evidence (Grove ¢f al, 1991) for the last 40 000 years supporis
the hypothesis of a cooler and wetter climate in the area, which was covered
with forests or wet maquis until the beginning of the historical period 5000
vears ago (Runemark, 1971). These environmental conditions would have
favoured rounded forms of T. siphnica.

The degradation of the forests to dry maquis or phrygana, which gradually
became the dominant type of vegetation in the Aegean, and the desertification
associated with human environmental impact (Runemark, 1971), forced the
selection of more thermophilous and xerophilous forms. Keeled populations
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of 1. siphnica probably arose as a result 5
this selection could be what Gould -f:l.‘JTT termes
,nedfm]mph\ by retardation”. The cost of ths - 3
is very high, as 40% of the larger ll]dl\_d“.':.‘
reach maturity later than the rounded forr

The cstabhshmo process of keeled populd
observed, based on habitat sclection, allometric d= -
due to climatic changes and desertification, coulc
to the dominance ol keeled helicids in the Medi-=
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