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An iso lated lime stone hill (Cisowa Ska³a), lo cated in the Podhale Ba sin in south ern Po land, has yielded mol lusc shells and
small ver te brate bones in de pos its fill ing small karst forms such as rock shel ters, characteristic mol lus can as sem blages can
be iden ti fied, the suc ces sion of which re flects changes in the en vi ron ment and also microhabitat vari a tions de pend ing on lo -
cal fac tors, such as slope ex po sure and type of veg e ta tion. These lo cal fac tors mark edly af fect re gional en vi ron men tal
trends de ter mined pri mar ily by cli mate change and, dur ing the last sev eral hun dred years, also by hu man ac tiv ity. Such
malacological anal y sis en ables ef fec tive palaeo geo graphi cal re con struc tions, both on the scale of geo graph ical re gions and
for microhabitats.
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INTRODUCTION

Small karst forms (e.g., rock shel ters, niches, fis sures) are
com monly found in ar eas of car bon ate rocks. They con tain sed -
i men tary de pos its and or ganic re mains such as ver te brate
bones and mol lusc shells, which pro vide valu able in for ma tion
on the geo log i cal his tory of these karst ar eas. These de pos its
are usu ally thin, typ i cally rep re sent short in ter vals of time and
strongly re flect lo cal en vi ron men tal con di tions. This lo cal in flu -
ence may hin der the anal y sis of re gional en vi ron men tal trends.
How ever, it pro vides unique ma te rial that en ables the re con -
struc tion of microhabitats and their spa tial dis tri bu tion across a
rel a tively small area. This as pect is fun da men tal to un der stand -
ing vari a tions in en vi ron men tal con di tions which de cide the
course of bi o log i cal and geo log i cal pro cesses. Ob serv ing pres -
ent-day nat u ral hab i tats, it is clear that they com prise a di verse
mo saic of microhabitats. Any re gional re con struc tions which
ne ces si tate an av er ag ing of data in ev i ta bly lead to im pos ing
uni for mity of con di tions within re con struc tions of large ar eas,
hence eras ing their in ter nal di ver sity. Thus, in or der to de ci pher
the geo log i cal his tory of geo graph ical re gions, it is im por tant to

dis tin guish the re gional en vi ron men tal trends that de cide their
de vel op ment, from the lo cal fac tors that (some times greatly)
mod ify these trends. The na ture of hab i tats in the karst ar eas,
re sult ing from spe cific pat terns of re lief and mi cro cli mate, de ter -
mines the strong di ver sity in the com po si tion and struc ture of
the fau nal and flo ral com mu ni ties in hab it ing them. This re la tion -
ship has been em pha sized in many stud ies (e.g., Ložek, 
1972a; Kemencei et al., 2014; Raschmanová et al., 2018;
Bátori et al., 2019). Iso lated lime stone tors char ac ter ized by a
wide va ri ety of hab i tat types, such as Cisowa Ska³a, are ex cel -
lent ob jects of such study.

Ar eas built of car bon ate rocks are usu ally home to di verse
mol lusc as sem blages. Snails find fa vour able liv ing con di tions
there, and the pres ence of cal cium car bon ate in the soils fos -
ters the pres er va tion of their shells in a subfossil state. At the
same time, molluscs are a group highly suit able for re con struct -
ing lo cal hab i tats. This mainly stems from the shell’s low re sis -
tance to chem i cal and me chan i cal de struc tion, which lim its
shell trans port af ter the or gan ism’s death. The mol lus can as -
sem blages found in sed i men tary de pos its can there fore be
treated as autochthonous or paraautochthonous malaco -
cenoses that in their eco log i cal struc ture are closely re lated to
the con di tions pre vail ing dur ing de po si tion. Stud ies of
malacocenoses in de pos its of small karst forms have been un -
der taken in sev eral Eu ro pean coun tries, in par tic u lar in the
Czech Re pub lic and Slovakia (e.g., Ložek, 1972a, b, 1980,
1981, 1989, 2012), Rus sia (e.g., Yakovlev et al., 2013;
Danukalova et al., 2014, 2020), Hun gary (e.g., Kemencei et al.,
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2014; Sümegi and Náfrádi, 2015) and Po land (e.g.,
Stworzewicz, 1973; Nadachowski et al., 1989; Alexandrowicz
et al., 1992; Dagan-Gintner et al., 1992; Cyrek et al., 2000;
Alexandrowicz and Stworzewicz, 2003; Alexandrowicz, 1992,
2000a, b, 2001; Alexandrowicz and Rudzka, 2006; Szymanek
et al., 2016; Krajcarz et al., 2020; Wilczyñski et al., 2020).

This pa per is de voted to the re con struc tion of spa tial di ver -
sity and changes over time in microhabitats within the area of
an iso lated lime stone tor, and is based on subfossil mol lusc re -
mains pre served within sed i men tary infills of small karst forms
de pos ited dur ing the Late Gla cial and Ho lo cene.

STUDY AREA

The stud ies were con ducted at Cisowa Ska³a, lo cated in the 
east ern part of the Podhale Ba sin in the Carpathians (GPS:
49°26’23" N and 20°07’36" E; Fig. 1). The Podhale Ba sin is a
tec tonic de pres sion de lim ited by the Tatras mas sif to the south
and the Flysch (Outer) Carpathians to the north. It is
a synclinorium, gently folded dur ing the Early Mio cene, filled
with Paleogene flysch de pos its. The Podhale Ba sin is crossed
by a Me so zoic lime stone zone – part of the Pieniny Klippen
Belt. This lime stone forms nu mer ous rocky hills, clearly dis tin -
guished in the gen er ally mo not o nous and flat land scape of the
Podhale (Klimaszewski and Starkel,1972; Fig. 1). Cisowa
Ska³a it self forms an iso lated rocky hill with a rel a tive height of
~60 m. It is built of Mid dle Ju ras sic lime stones, which form small 
rocky walls with a height of less than 10 m (Fig. 2). Nu mer ous

mi nor karst forms are de vel oped among the rocky walls, mainly
niches and rock shel ters, open frac tures, pits and cav i ties.
Some of these are filled with rub ble and sand ma te rial con tain -
ing nu mer ous well-pre served mol lusc shells, and at times also
ver te brate bones. Cisowa Ska³a is char ac ter ised by a sig nif i -
cant di ver sity of hab i tats. Its north ern slopes are over grown by a 
for est largely com posed of Pinus. The west ern and east ern
slopes are unforested and are cov ered with grasses and
shrubs. The south ern slope is char ac ter ised by the pres ence of
xerophilous plants. Cisowa Ska³a is lo cated in an ag ri cul tural
area and is sur rounded by unforested land, turned to ag ri cul -
tural fields and pas ture (Figs. 2 and 3).

MATERIAL AND METHODS

The malacological anal y sis was per formed in ac cor dance
with the meth ods de scribed by Ložek (1964) and
Alexandrowicz and Alexandrowicz (2011). Dur ing the field
study, in which the pro files an a lyzed were localated, de scribed
and sam pled, sev eral dozen small karst forms were iden ti fied.
In most of them, de pos its were not found or their thick ness was
very small (up to 5 cm). In ten profiiles, thicker se quences (from
10 to 90 cm) were found. These pro files (Cs-I–Cs-X) were sub -
jected to de tailed malacological study. The sam ples weighed
~2–3 kg and rep re sented all lay ers iden ti fi able within a pro file.
Lab o ra tory pro cess ing in cluded wash ing on a 0.5 mm mesh
sieve, fol lowed by pick ing of shell ma te rial and ver te brate
bones. The malacological anal y sis en com passed 43 sam ples
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Fig. 1. Lo ca tion of the Cisowa Ska³a hill (map base: www. polska.e-mapa.net)
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of which 35 con tained iden ti fi able subfossil molluscs. Iden ti fi ca -
tions were made based on guides (Wiktor, 2004; Wel -
ter-Schultes, 2012; Horsák et al., 2013) and our own com par a -
tive col lec tion. In the next stage, per cent age com po si tions of in -
di vid ual spe cies in the sam ples were cal cu lated. Taxa were
clas si fied into eco log i cal groups: FF – shadow-lov ing, for est

spe cies, FB – shadow-lov ing spe cies liv ing in light for ests and
bushy zones, FH – shadow-lov ing spe cies of hu mid hab i tats, OX

– xerophilous and petrophilous spe cies, OO – open-coun try
spe cies, MD – mesophilous spe cies of dry hab i tats, MI –
mesophilous spe cies of mod er ately wet hab i tats, MH –
mesophilous spe cies of wet hab i tats, H – hygrophilous spe cies
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Fig. 2. Re cent en vi ron ment of the sur round ings of Cisowa Ska³a

A – hypsometric map (map base: www.polska.e-mapa.net); B – satelite photo (photo base: www. polska.e-mapa.net); C –
View of south ern slopes; D – view of east ern slopes (pho tos by R. Wójtowicz, avail able from: www. fotografie.nowytarg.pl)

Fig. 3. Plant cover and lo ca tion of pro files (Cs-I–Cs-X)
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ac cord ing to the scheme de vel oped by Ložek (1964);
Alexandrowicz and Alexandrowicz (2011) and mod i fied by
Juøièková et al. (2014b). These data were used to con struct
malacological spec tra, which served as the ba sis for re con -
struct ing the palaeoenvironment. Anal y sis of a sim i lar ity
dendrogram (ap ply ing UPGMA method and Morisita’s for mula;
Morisita, 1959) en abled iden ti fi ca tion of the char ac ter is tic types
of fauna. Cal cu la tions were done us ing the PAST sta tis ti cal
soft ware (Ham mer et al., 2001). Ver te brate re mains were iden -
ti fied by A.N. Motuzko (Fac ulty of Ge og ra phy, Belorussian
State Uni ver sity). The strati graphic po si tions of the de pos its
were de ter mined ei ther based on the char ac ter is tics of the mol -
lus can as sem blages by com par i son with those in pro files else -
where, in par tic u lar those of ad ja cent ar eas, or based on ra dio -
car bon dat ing, cal i brated us ing the OxCal soft ware (Bronk
Ramsey, 2017). The ra dio met ric anal y ses (seven con ven tional
dates) were con ducted in the Ab so lute Dat ing Meth ods Cen tre,
In sti tute of Phys ics, Silesian Uni ver sity of Tech nol ogy in Gliwice 
(lab o ra tory ref er ence num ber: Gd, five sam ples) and in the Ra -
dio car bon Lab o ra tory in Ska³a (lab o ra tory ref er ence num ber:
MKL, two sam ples). Well-pre served shells of Arianta
arbustorum, Isognomostoma isognomostomos and Euom -
phalia strigella were se lected for dat ing. The shells were
cleaned to re move de pos its (both on the sur face and in side).
The pres ence of shells in sim i lar set tings and their di rect re la -
tion ship to the time of de po si tion in di cate that the dates ob -
tained can be used to de ter mine the age of the de pos its (Goslar 
and Pazdur, 1985).

RESULTS

Fifty-seven spe cies of ter res trial snail, rep re sented by al -
most 14,000 spec i mens, were de ter mined in the ma te rial ana -
lysed. The num ber of spe cies in in di vid ual sam ples ranged
from 6 to 46, while the num ber of spec i mens ranged from 101 to 
1,310 (Ta ble 1). A dozen bones and teeth of small ver te brates
(mainly ro dents) be long ing to 7 taxa were also iden ti fied.

MALACOFAUNA

Spe cies be long ing to 9 eco log i cal groups were pres ent in
the ma te rial ana lysed.

Eco log i cal group FF in cludes shadow-lov ing spe cies pre fer -
ring dense for ests of low or mod er ate soil mois ture con tent.
This is the main com po nent of the fauna (up to 70%) in pro files
I–VII. It oc curs more rarely in the other pro files (Figs. 4 and 5).
Spe cies with var ied eco log i cal re quire ments con cern ing both
the dom i nant plant type and tem per a ture are found here. On
the one hand, there are taxa char ac ter is tic of co nif er ous for ests
grow ing in a mod er ately cold cli mate with con ti nen tal in flu ence
(Dis cus ruderatus). On the other hand, there are snails of de cid -
u ous for est com mu ni ties and in di cat ing a rel a tively warm cli -
mate with oce anic or south ern Eu ro pean in flu ences (Ruthenica
filograna, Dis cus perspectivus). There are many moun tain spe -
cies, par tic u larly Carpathian and Carpathian-Al pine ones
(Vitrea diaphana, Eucobresia nivalis; Ta ble 1).

Eco log i cal group FB in cludes shadow-lov ing taxa that pre fer 
more open bio types than group FF, in par tic u lar thin, well-lit for -
ests and ar eas cov ered with shrubs. It is an im por tant com po -
nent of the fauna in pro files I-VII, and their share may ex ceed
50% (Figs. 4 and 5). Among spe cies be long ing to this group,
two are of par tic u lar im por tance for palaeoenvironmental con -
sid er ations: Ver tigo ronnebyensis and Semilimax kotulae. Both
these forms are typ i cal of a cold cli mate. The first has been
found in the Podhale Ba sin at sev eral lo ca tions of Late Gla cial

and Early Ho lo cene age. At pres ent it does not oc cur in this
area. The sec ond form is a fre quent el e ment of subfossil mol -
lusc as sem blages, and at pres ent is a rel ict spe cies in the
Podhale area (e.g., Alexandrowicz, 1997, 2013a; Wiktor, 2004;
Alexandrowicz et al., 2014; Table 1).

Eco log i cal group FH in cludes shadow-lov ing spe cies that re -
quire rel a tively hu mid hab i tats. It does not have a strong rep re -
sen ta tion in the fauna ana lysed, and the most nu mer ous spe -
cies is Vitrea crystallina (Figs. 4, 5 and Ta ble 1).

Eco log i cal group OX in cludes a rel a tively nar row group of
taxa in hab it ing open hab i tats. It con sti tutes an im por tant com -
po nent of malacocenoses iden ti fied in pro file IX (Fig. 5), and its
mem bers (Pupilla sterii, Chondrina clienta and Pyramidula
pusilla) are nu mer ous. All these spe cies are char ac ter is tic of
very dry, open xerothermic hab i tats and strongly lit bare lime -
stone tors (Ta ble 1).

Eco log i cal group OO in cludes open-coun try spe cies in hab it -
ing grass lands of vary ing hu mid ity. It is the dom i nant com po -
nent of malacocenoses iden ti fied in pro files VIII and X (Fig. 5),
where its par tic i pa tion can reach 80%. Its most nu mer ous rep -
re sen ta tives are Vallonia pulchella and Vallonia costata – snails 
typ i cal of open en vi ron ments, usu ally grassy, with di verse hu -
mid ity and tem per a ture re quire ments. This group also in cludes
Columella columella. It is a cold-liv ing taxon that in hab its mod -
ern north ern Eu rope and iso lated high-moun tain lo ca tions,
where it lives above the tim ber line (Pokryszko, 1990). On the
other hand, it is a com mon com po nent of malacocenoses of the 
Late Gla cial and Early Ho lo cene, iden ti fied at nu mer ous sites in
Eu rope (e.g., Limondin-Lozouet and Rous seau, 1991; Preece
and Day, 1994; Rous seau et al., 1994; Ma nia, 1995; Preece,
1998; Meyrick, 2001, 2002; Meyrick and Preece, 2001; Gedda,
2001, 2006; Limondin-Lozouet, 2011). Within the Podhale Ba -
sin, its lat est oc cur rences are re lated to de pos its dated to the
Late Gla cial and Early Ho lo cene (e.g., Alexandrowicz, 1997,
2013a; Alexandrowicz et al., 2014). At pres ent it does not oc cur
in Po land ex cept for the Tatra Moun tains (Pokryszko, 1990;
Alexandrowicz, 2001; Wiktor, 2004; Table 1).

Eco log i cal groups MD, MI and MH in clude taxa of high eco -
log i cal tol er ance, in hab it ing dry (group MD), me dium hu mid
(group MI) and hu mid (group MH) hab i tats. They are a sup ple -
men tary com po nent of malacocenoses, and their share does
not ex ceed 30% (Figs. 4 and 5). One taxon rep re sented in
greater num bers is Arianta arbustorum, pre fer ring shaded hab i -
tats of fairly high hu mid ity (Ta ble 1).

Eco log i cal group H spe cies typ i cal of hu mid hab i tats is rep -
re sented by only one spe cies: Ver tigo geyeri. It is a cold-lov ing,
tun dra form, char ac ter is tic of the Late Gla cial and iden ti fied in
nu mer ous pro files around Eu rope from this strati graphic po si -
tion (e.g., Ložek 1964; Alexandrowicz, 1997, 2004; Limon -
din-Lozouet and Rous seau, 1991; Limondin-Lozouet, 1992,
2011; Krolopp and Sümegi, 1993; Preece and Day, 1994;
Rous seau et al., 1994; Ma nia, 1995; Preece, 1998; Meyrick,
2001, 2002; Meyrick and Preece, 2001; Gedda, 2001, 2006). It
is also fre quently found in Late Gla cial and Early Ho lo cene de -
pos its in the Podhale Ba sin (Alexandrowicz, 1997, 2004,
2013a, 2015; Alexandrowicz et al., 2014), and at pres ent lives
at iso lated lo ca tions in this area (Schenková et al., 2012;
Schenková and Horsák, 2013). Shells of Ver tigo geyeri were
found in pro files Cs-I – Cs-III (Fig. 4 and Ta ble 1).

VETEBRATE FAUNA

In fre quent bones and teeth of small ver te brates were found
in pro files I, III and V (Figs. 4 and 5). Pro files I and III con tained
the re mains of the cold-lov ing tun dra spe cies Dicrostonyx
gulielmi, Lemmus lemmus, Microtus gregalis/agrestis. Rich ver -
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T a  b l e  1

Com po si tion of malacofauna from de pos its fill ing small karst forms at Cisowa Ska³a

E – eco log i cal groups of molluscs (af ter Ložek, 1964; Alexandrowicz and Alexandrowicz, 2011; Juøièková et al., 2014b): FF –
shadow-lov ing, for est spe cies, FB – shadow-lov ing spe cies liv ing in light for ests and bushy zones, FH – shadow-lov ing spe cies of
hu mid hab i tats, OX – xserophilous and petrophilous spe cies, OO – open-coun try spe cies, MD – mesophilous spe cies of dry hab i -
tats, MI – mesophilous spe cies of mod er ately wet hab i tats, MH – mesophilous spe cies of wet hab i tats, H – hygrophilous spe cies



6 Sylwia Skoczylas-Œniaz and Witold Pawe³ Alexandrowicz / Geo log i cal Quar terly, 2022, 66: 5

Fig. 4. Malacological per cent age di a gram (pro files Cs-I–Cs-IV)

Ex pla na tions as in Ta ble 1
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Fig. 5. Malacological per cent age di a gram (pro files Cs-V–Cs-X)

For ex pla na tions see Figure 4 and Table 1



te brate com mu ni ties of a sim i lar com po si tion, most likely rep re -
sent ing the Late Gla cial, were found in a small rock shel ter at
the base of the north slope of Cisowa Ska³a (Nadachowski et
al., 2015). Other than the bone re mains of cold-lov ing ver te -
brates, Dicrostonyx gulielmi and Microtus gregalis as well as
bird bones (Lagopus sp.) were also found there. Bone re mains
of cold-lov ing spe cies, in hab it ing tun dra or steppe-tun dra en vi -
ron ments, have also been found in sev eral other rock shel ters
in the Podhale re gion (Alexandrowicz, 1997; Alexandrowicz
and Rudzka, 2006), as well as in cave de pos its at Ob³azowa
Ska³a (Valde-Nowak et al., 2003). A slightly dif fer ent ver te brate
as sem blage was iden ti fied in pro file V. A lack of tun dra spe cies
is no ta ble; in stead there are taxa with slightly higher ther mal re -
quire ments such as Mustella nivalis and Sorex sp.

MOLLUSCAN ASSEMBLAGES

The fauna was grouped ac cord ing to the pres ence of as -
sem blages char ac ter iz ing spe cific en vi ron men tal pa ram e ters
us ing a dendrogram of sim i lar i ties. On this ba sis, five types of
mol lus can as sem blage were dis tin guished, dif fer ing in spe cies
com po si tion and eco log i cal pref er ence (Fig. 6).

As sem blage A is char ac ter ized by a rel a tively poor spe cies
com po si tion. Its most im por tant char ac ter is tic is the pres ence
of spe cies typ i cal of a cold cli mate, as well as taxa with high
ther mal tol er ance. At the same time, forms with greater eco log i -
cal re quire ments were not found. The most im por tant com po -
nents of this fauna are taxa typ i cal of slightly shady en vi ron -
ments (Semilimax kotulae, Ver tigo ronnebyensis, Arianta
arbustorum), as well as spe cies char ac ter is tic of more open
biotopes, some times of in creased mois ture (Columella
columella, Ver tigo geyeri). This fauna in di cates a cold cli mate

and the pres ence of shady hab i tats, pos si bly shrubs and/or
sparse open for est. As sem blages of sim i lar com po si tion have
been fre quently de scribed from Cen tral and West ern Eu rope
(e.g., Limondin-Lozouet and Rous seau, 1991; Limondin-
Lozouet, 1992, 2011; Krolopp and Sümegi, 1993; Preece and
Day, 1994; Rous seau et al., 1994; Ma nia, 1995; Preece, 1998;
Meyrick, 2001, 2002; Meyrick and Preece, 2001; Gedda, 2001,
2006; Juøièková et al., 2014a; Horáèková et al., 2015). They are 
also known from sites stud ied within the Podhale Ba sin
(Alexandrowicz, 1997, 2004, 2013a; Alexandrowicz et al.,
2014). As re gards its age, the de scribed fauna re late to the Late 
Gla cial, and in par tic u lar, to its cold fi nal stage (Youn ger Dryas), 
it also ap pears in the Early Ho lo cene. Dat ing of Arianta
arbustorum shells (10350 ±140 BP; 12679–11704 and
11663–11652 cal BP; C-1) from sam ple Cs-1 (pro file Cs-I) is
con sis tent with this strati graphic in ter pre ta tion (Fig. 4 and Ta -
ble 2).

As sem blage B is char ac ter ized by a dif fer ent spe cies com -
po si tion and eco log i cal struc ture. Its char ac ter is tic fea ture is an
abun dant pres ence of shade-lov ing taxa, rep re sent ing up to
70% of all spe cies pres ent. Dis cus ruderatus plays a spe cial
role here. This taxon is an in di ca tor of a cold cli mate with con ti -
nen tal fea tures and the pres ence of com pact for est stands with
a sig nif i cant share of co ni fers. It is ac com pa nied by other spe -
cies liv ing in shady en vi ron ments, mainly forms that are rel a -
tively eco log i cally un de mand ing (Cochlodina laminata, Peta -
sina unidentata, Ver tigo substriata). Shells of cold-lov ing snails
(Semilimax kotulae, Ver tigo ronnebyensis) are also found, but
their share in the as sem blage is sig nif i cantly lower than in as -
sem blage A. This fauna in di cates a cold cli mate and com pact
co nif er ous for ests. Its com po si tion re fers to the so-called
Ruderatus-fauna – an as sem blage char ac ter is tic of the Early
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Fig. 6. Clus ter anal y sis of malacofauna from de pos its fill ing small karst forms at Cisowa Ska³a

MA (A–E) – mol lus can as sem blages de scribed in text, Sp – sam ples



Ho lo cene (Dehm, 1967). Sim i lar fau nas are found in de pos its of 
that pe riod in Eu rope (e.g., Preece and Day, 1994; Preece,
1998; Preece and Bridgland, 1999; Gedda, 2001, 2006; Žak et
al., 2002; Meyrick, 2002; Limondin-Lozouet and Preece, 2004;
Limondin-Lozouet, 2011; Juøièkova et al., 2014a; Horáèková et
al., 2015). At a sim i lar strati graphic level, they have also been
de scribed from sites in the Podhale Ba sin (Alexandrowicz,
1997, 2013a, 2015; Alexandrowicz, et al., 2014). The Early Ho -
lo cene age of the de scribed as sem blage is shown by re sults of
dat ing of Arianta arbustorum shells from sam ple Cs-9 (pro file
Cs-II): 9150 ±80 BP (10554–10542 and 10512–10190 cal BP;
C-2; Fig. 4 and Ta ble 2).

As sem blage C is char ac ter ized by a great vari abil ity of spe -
cies. Shade-lov ing, mainly for est spe cies are a dom i nant group
here. Nu mer ous oc cur rences of for est taxa pre fer ring a warm
cli mate with pro nounced oce anic fea tures (Dis cus
perspectivus, Dis cus rotundatus, Ruthenica filograna) are
noted here. At the same time, cold-lov ing snails have dis ap -
peared (apart from Semilimax kotulae). The oc cur rence of taxa
char ac ter is tic of as sem blage B, typ i cal of co nif er ous for ests
(Dis cus ruderatus), also de creases sig nif i cantly. This 
malacocenosis char ac ter izes com pact for est ar eas with a large
pro por tion of de cid u ous trees. Its com po si tion and struc ture re -
fer to the Perspectivus-fauna (Dehm, 1987), de scribed forom
many sites in Mid dle and West ern Eu rope and char ac ter is tic of
the Mid dle Ho lo cene (e.g., Ložek, 1972b; Alexandrowicz, 1997, 
2004, 2015; Meyrick, 2002; Žak et al., 2002; Alexandrowicz and 
Rybska, 2013; Alexandrowicz et al., 2014, 2016; Limon -
din-Lozouet and Preece, 2014; Juøièková et al., 2014a, 2020;
Horáèková et al., 2015). This in ter pre ta tion of its age is con sis -
tent with the re sult of car bon dat ing of Arianta arbustorum shells 
(7450 ±70 BP; 8009–7722 cal BP; C-3) from sam ple Cs-19
(pro file Cs-V; Fig. 4 and Ta ble 2).

As sem blage D is eco log i cally di verse. Two groups of spe -
cies can be dis tin guished here. The first con sists of shade-lov -
ing taxa. A de crease in spe cies di ver sity and a lim ited share of
forms typ i cal of com pact mixed for ests (dom i nat ing in as sem -
blage C) is noted here. Taxa liv ing on shady rock de bris (Vitrea
subrimata, Meditterranea depressa, Isognomostoma isogno -
mistomos) gain in im por tance. The sec ond group in cludes
mesophilous taxa with sig nif i cant eco log i cal tol er ance
(Euconulus fulvus, Punctum pygmaeum). Spe cies liv ing on
shady rock walls (Ver tigo alpestris, Clausila dubia) and moun -
tain forms with rel a tively low eco log i cal re quire ments (Ena
montana) are nu mer ous in this fauna. The re sult of dat ing of
Isognomostoma isognomistomos shells (sam ple Cs-27; pro file
Cs-VI) was 470 ±30 BP (543–491 cal BP; C-5; Fig. 5 and Ta -

ble 2) and in di cates a Late Ho lo cene age. Sim i lar
malacocenoses of that age were found at sites de scribed from
the Carpathians (e.g., Alexandrowicz, 2004; Alexandrowicz et
al., 2014, 2016; Juøièková et al., 2020; Dabkowski, 2020;
Frodlová and Horsák, 2021).

As sem blage E is char ac ter ized by a low-di ver sity spe cies
com po si tion, with a pre dom i nant role of snails from open en vi -
ron ments, rep re sent ing up to 85% of the as sem blage. Spe cies
typ i cal of grass lands (Vallonia pulchella, Vallonia costata),
petrophilous taxa liv ing on un cov ered rock walls (Pyramidula
pusilla, Chondrina clienta) and xerophilous forms (Pupilla sterii,
Euomphalia strigella) oc cur here. A very low share of
mesophilous spe cies and an al most com plete lack of
shade-lov ing forms was noted. This as sem blage char ac ter izes
dry, com pletely open sites ex posed to strong sun light and un -
cov ered lime stone rock walls. This fauna rep re sents the Late
Ho lo cene, as in di cated by age dat ing (Euomphalia strigella
shells): C-4: 2450 ±60 BP (2710–2357 cal BP) (sam ple Cs-23,
pro file Cs-V), C-6: 1950 ±50 BP (1992–1741 cal BP) (sam ple
Cs-31, pro file Cs-VIII) and C-7: 320 ±30 BP (466–306 cal BP)
(sam ple Cs-35, pro file Cs-X; Fig. 5 and Ta ble 2). As sem blages
of a sim i lar com po si tion and age were found on lime stone rocks 
in the Cisowa Ska³a vi cin ity (Alexandrowicz, 1997; Alexan -
drowicz and Stworzewicz, 2003; Alexandrowicz and Rudzka,
2006). Sim i lar Late Ho lo cene fau nas are also known from other
lime stone re gions of the Carpathians (e.g., Ložek, 2000;
Alexandrowicz, 2001; Go³as-Siarzewska, 2012).

DISCUSSION

Changes in the nat u ral en vi ron ment of Podhale oc cur ring in 
the Late Gla cial and the Ho lo cene are well known, mainly due
to de scrip tion of nu mer ous malacological and palynological
pro files found in this re gion (e.g., Obidowicz, 1990;
Alexandrowicz, 1997, 2019; Rybníèek and Rybníèková, 2002;
Alexandrowicz and Rybska, 2013; Alexandrowicz et al., 2014).
The re sults of these stud ies in di cate a re gional trend of en vi ron -
men tal change and en able des ig na tion of phases as so ci ated
with spe cific as sem blages of fauna and flora. These re gional
en vi ron men tal trends have been, and still are mod i fied, to a
vari able ex tent by lo cal fac tors, fre quently in flu enc ing only small 
ar eas. In con se quence, this leads to for ma tion of mi cro-sites
char ac ter ized by spe cific and par tic u lar en vi ron men tal con di -
tions, re flected both in the or ganic world, and in the course of
geo log i cal pro cesses.
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Date Age BP Age cal BP Lab. code Ma te rial Pro file Sam ple

C-1 10350 ±140 BP
12679–11704 cal BP (95.2%)

11663–11652 cal BP (0.2%)
Gd-12178 Molluscs shells Cs-I Cs-1

C-2 9150 ±80 BP
10554–10542 cal BP (0.8%)

10512–10190 cal BP (94.6%)
Gd-5623 Molluscs shells Cs-II Cs-9

C-3 7050 ±70 BP 8009–7722 cal BP (95.4%) MKL-1393 Molluscs shells Cs-V Cs-19

C-4 2450 ±60 BP 2710–2357cal BP (95.4%) MKL-8344 Molluscs shells Cs-V Cs-23

C-5 470 ±30 BP 543–491 cal BP (95.4%) Gd-11531 Molluscs shells Cs-VI Cs-27

C-6 1950 ±50 BP 1992–1741 cal BP (95.4%) Gd-10456 Molluscs shells Cs-VIII Cs-31

C-7 320 ±30 BP 466–306 cal BP (95.4%) Gd-10454 Molluscs shells C-X Cs-35

T a  b l e  2

Re sults of ra dio car bon dat ing
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The pres ence of malacocenoses with a rel a tively low share
of taxa typ i cal of shady en vi ron ments and con tain ing nu mer ous
shells of cold-re sis tant spe cies is char ac ter is tic of the Late Gla -
cial (es pe cially of the Alleröd Phase and the colder Youn ger
Dryas Phase fol low ing it), as well as of the be gin ning of the Ho -
lo cene. The malacofauna in di cates a dom i na tion by open sites
con sti tut ing a tun dra mo saic (in wet ter ar eas) and steppe-tun -
dra (in dryer ar eas). Lo cally, shrubs or sparse open for ests
were found in small ar eas (Fig. 7). A re la tion ship be tween fau -
nas of such com po si tion with the above was shown in nu mer -
ous pro files de scribed in Eu rope (e.g., Ložek, 1964; Preece,
1998; Alexandrowicz, 2004; Limondin-Lozouet and Rous seau,
1991; Limondin-Lozouet, 1992; Krolopp and Sümegi, 1993;
Preece and Day, 1994; Ma nia, 1995; Meyrick, 2001, 2002;
Meyrick and Preece, 2001; Gedda, 2001, 2006). Malaco -
cenoses of sim i lar com po si tion and struc ture was also found in
many pro files de scribed from the Podhale re gion (e.g.,
Alexandrowicz, 1997, 2013a, 2015, 2019; Alexandrowicz et al.,
2014). Nu mer ous ra dio car bon dates of this age sup port the
strati graphic ar range ment re sult ing from malacological anal y -
ses. In the palynological pro files, the in ter val dis cussed is as so -
ci ated with a phase of dom i na tion by her ba ceous plants with a
low share of tree pol len, mainly of Betula and Pinus
(NAP-Betula-Pinus phase; Obidowicz, 1990; Rybníèek and
Rybníèková, 2002; Fig. 7). The ver te brate fau nas, char ac ter -

ized by many tun dra spe cies (Dicrostonyx gulielmi, Lemmus
lemmus, Microtus gregalis/agrestis) lead to sim i lar con clu sions
(Alexandrowicz, 1997; Valde-Nowak et al., 2003; Alexan -
drowicz and Rudzka, 2008; Nadachowski et al., 2015). At that
time, shady en vi ron ments pre dom i nated on Cisowa Ska³a.
Their pres ence is in di cated by the old est of the mol lus can as -
sem blages de scribed above (as sem blage A), the strati graphic
po si tion of which is in di cated by ra dio car bon dat ing (10350
±140 BP; 12679–11704 and 11663–11652 cal BP; C-1; Ta ble 2 
and Fig. 7). The pres ence of for est as sem blages on lime stone
hills at the end of the Late Gla cial and the be gin ning of the Ho lo -
cene is a phe nom e non fre quently ob served in cen tral Eu rope
(Juøièková et al., 2014a, 2018, 2019; Mitka et al., 2014; Horsák
et al., 2019). Those iso lated for est re gions sur rounded tree less
tun dra or steppe-tun dra for ma tions and sur vived here in pe ri -
ods of un fa vour able cli mate. This was pos si bly as so ci ated with
slightly better ther mal and mois ture con di tions. An im por tant
fac tor which sup ports the main te nance of for est com mu ni ties is
also soil cover. Lime stone bed rock sup ports more fer tile soils
(of rendzina type) than in the sur round ing ar eas built of flysch.
Such lo ca tions are of great sig nif i cance, as they rep re sent
refugia of for est as sem blages (both flora and fauna). When en -
vi ron men tal, es pe cially cli mate, con di tions im proved, for est ex -
pan sion took place rap idly from these ar eas, to gether with as -
sem blages of shadow-lov ing fauna. Prob a bly, the pres ence of
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Fig. 7. En vi ron men tal changes of Cisowa Ska³a dur ing the Late Gla cial and Ho lo cene

Ag – age (cal BP), St – stra tig ra phy (af ter Walker et al., 2019), Ev – en vi ron ment, Pl – lo cal pol len zones
(af ter Obidowicz, 1990)
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such refugia en abled very fast spread ing of for ests at the be gin -
ning of the Ho lo cene (Juøièková et al., 2014a, 2018, 2019; Mitka 
et al., 2014; Horsák et al., 2019). At the same time, the pres -
ence of the com pact plant cover on lime stone rocks fa cil i tated
chem i cal dis so lu tion of car bon ates and in creased the in ten sity
of the karst pro cesses. Thus, rel a tively nu mer ous, small karst
forms filled with Late Gla cial de pos its, con tain ing mol lusc shells
and bones of small ver te brates, are found on Cisowa Ska³a.
Sim i lar ob ser va tions have been made on other lime stone hills in 
the Podhale (Alexandrowicz and Rudzka, 2006) and in other ar -
eas of Cen tral Eu rope (e.g., Pazdur et al., 1995; Ridush, 2012;
Fig. 7).

The ex pan sion of for ests, mainly of con ti nen tal co nif er ous
type, to the Podhale re gion is cor re lated with the grad ual warm -
ing of the cli mate, start ing at the be gin ning of the Ho lo cene.
Then, the as sem blage with Dis cus ruderatus ap peared, which
is char ac ter is tic of that pe riod (Dehm, 1967). That fauna has
been noted at this strati graphic po si tion at nu mer ous sites at the 
Podhale re gion (Alexandrowicz, 1997, 2013a, 2015, 2019;
Alexandrowicz and Rybska, 2013; Alexandrowicz et al., 2014)
and many other sites in Eu rope (e.g., Ložek, 1964, 2000;
Alexandrowicz, 2004; Preece and Day, 1994; Preece, 1998;
Preece and Bridgland, 1999; Gedda, 2001; Žak et.al., 2002;
Meyrick, 2002; Limondin-Lozouet and Preece, 2004;
Limondin-Lozouet, 2011). Its strati graphic po si tion is well-doc u -
mented by many ra dio car bon dates. In the palynological pro -
files, a rapid in crease in the share of tree pol len is ob served, ini -
tially of co nif er ous trees (Pinus and Picea), and with the warm -
ing of the cli mate, also of de cid u ous trees (Corylus, Ulmus,
Betula; phase Picea-Ulmus-Pinus; Obidowicz, 1990; Fig. 7). In
the in ter val dis cussed, sites of a sim i lar type dom i nated on
Cisowa Ska³a. Prob a bly the en tire hill was cov ered by for est
with a large share of co nif er ous trees. De pos its of that age con -
tain the char ac ter is tic fauna with Dis cus ruderatus (as sem blage 
B). Its Early Ho lo cene age is doc u mented by ra dio car bon dates
of 9150 ±80 BP; 10554–10542 and 10512–10190 cal BP; C-2
(Fig. 7 and Ta ble 2).

Dur ing the Mid dle Ho lo cene, the Podhale re gion was cov -
ered by com pact de cid u ous and mixed for ests, with a large
share of spe cies with high ther mal re quire ments (Tilia,
Fraxinus, Quercus, Ulmus) (Ulmus-Tilia-Quercus-Fraxinus
phase; Obidowicz, 1990; Rybníèek and Rybníèková, 2002;
Fig. 7). This for est as sem blage is as so ci ated with the pres ence
of very rich and di verse mol lus can as sem blages, with nu mer -
ous shadow-lov ing spe cies of high eco log i cal re quire ments.
Those malacocenoses cor re spond to the so-called
Perspectivus-fauna (Dehm, 1987), con sid ered char ac ter is tic of
the Mid dle Ho lo cene (e.g., Ložek, 1964; Alexandrowicz, 1997,
2004, 2015, 2019; Ma nia, 1995; Meyrick, 2002; Žak et al., 2002; 
Alexandrowicz and Rybska, 2013; Limondin-Lozouet and
Preece, 2014; Juøièková et al., 2014a, 2020; Alexandrowicz et
al., 2014, 2016; Horáèková et al., 2015; Fig. 7). At that time
Cisowa Ska³a was cov ered by com pact for ests with a sig nif i cant 
share of de cid u ous trees. Malacocenoses of that pe riod are
char ac ter ized by a large share of for est spe cies, in clud ing also
forms of high ther mal re quire ments, with a si mul ta neous dis ap -
pear ance of cold-tol er ant spe cies (as sem blage C). Its re la tion
with the Mid dle Ho lo cene is doc u mented by the ra dio car bon
date of 7050 ±70 BP; 8009–7722 cal BP; C-3 (Fig. 7 and Ta -
ble 2). This malacocenosis is found on both the north and south
slopes of the hill, and this in di cates a low di ver sity of sites. No
sig nif i cant dif fer ences be tween the Cisowa Ska³a en vi ron ment
and its nearer and far ther sur round ings were ob served dur ing
the Early and the Mid dle Ho lo cene (Fig. 7).

The cli mate changes no tice able at the end of the Mid dle
and the be gin ning of the Late Ho lo cene, and in the older part of

the Late Ho lo cene, led to a de crease in the spe cies di ver sity of
for ests and a sig nif i cant re duc tion in the oc cur rence of
thermophilous spe cies (e.g., Alexandrowicz, 2004; Alexan -
drowicz et al., 2014, 2016; Juøièková et al., 2020; Dabkowski,
2020; Frodlová and Horsák, 2021). In con se quence, a no tice -
able de ple tion of mol lus can as sem blages oc curred, with a si -
mul ta neous change in the eco log i cal struc ture of the as sem -
blages. The Podhale re gion was cov ered by mixed for ests
(Picea-Carpinus-Abies and Fagus-Abies phases; Obidowicz,
1990; Rybníèek and Rybníèková, 2002; Fig. 7). Cli mate
changes sig nif i cantly in flu enced the dif fer en ti a tion of mi cro-
 sites on Cisowa Ska³a. The re gres sion of for ests ob served on
the Podhale re gion and a gen eral de te ri o ra tion of con di tions for
their de vel op ment were prob a bly the main cause un der ly ing the 
pro gres sive de for es ta tion of Cisowa Ska³a. The geo log i cal
struc ture of the sub strate and the ex po sure of its slopes clearly
played an im por tant role in this pro cess. A sig nif i cant ex po sure
to sun light and a re duc tion in mois ture as so ci ated with a grad -
ual dis ap pear ance of the for est led to the de vel op ment of dry,
grass, xerothermic and tree less sites, which spread over the
south ern slopes of the hill (Fig. 7). For est sites were pre served
on its north ern slopes, with much lower ex po sure to sun light
(Fig. 7). This sit u a tion was pre served and can be seen un til to -
day. These changes also re sulted in a sig nif i cant dif fer en ti a tion
of the fauna. On the ex posed south ern slopes live malaco -
cenoses that are rel a tively poor in spe cies and char ac ter ized by 
a dom i nance of spe cies typ i cal of grass lands and that in habit
ex posed lime stone walls (as sem blage E). The ra dio car bon dat -
ing re sults in di cate that this fauna ap peared here al ready in the
older part of the Late Ho lo cene (C-4: 2450 ±60 BP (2710–2357
cal BP), C-6: 1950 ±50 BP (1992–1741 cal BP) and re mained
here un til his tor i cal times, C-7: 320 ±30 BP (466–306 cal BP)
(Fig. 7 and Ta ble 2). The malacofauna that in hab its the south -
ern slopes of Cisowa Ska³a to day also has a sim i lar spe cies
com po si tion. A dis tinc tively dif fer ent as sem blage of snails was
found on the north ern slopes of the hill. It is dom i nated by
shade-lov ing and mesophilous spe cies, in di cat ing the pres -
ence of shady sites (as sem blage D). This fauna re mained in
that zone through out the en tire Late Ho lo cene (ra dio car bon
date: 470 ±30 BP (543–491 cal BP; C-5) and lives there also to -
day (Fig. 7 and Ta ble 2).

Since the 13th cen tury, hu man ac tiv i ties have played an in -
creas ingly im por tant role in shap ing the Podhale en vi ron ment.
These are man i fested as ex ten sive de for es ta tion, vis i ble mainly 
in the area of the flat north ern part of Podhale, and in the wide
val leys of larger rivers (Alexandrowicz, 2013c, 2020). In palyno -
logical pro files, a sig nif i cant in crease in the share of pol len of
her ba ceous plants, in clud ing crop plants, is ob served in that pe -
riod, ac com pa nied by a sig nif i cant de crease in the oc cur rence
of tree pol len (NAP phase; Obidowicz, 1990; Rybníèek and
Rybníèková, 2002). In the mol lus can as sem blages, the spe cies 
of open en vi ron ments start to play in creas ingly an im por tant
role (as sem blage E; Fig. 7). At that time, the sur round ings of
Cisowa Ska³a were de for ested and trans formed into crop fields
and pas tures. Cisowa Ska³a it self, as a place un fa vour able for
ag ri cul tural ac tiv i ties, was not sub jected to in tense hu man ac tiv -
ity. For this rea son, it has main tained its nat u ral char ac ter to this 
day (Figs. 2 and 7).

The dif fer en ti a tion of microsites de scribed is re flected not
only in dif fer ences be tween the fau nal and flo ral as sem blages,
but also no tice able in the pat tern of geo log i cal pro cesses. The
lime stones form ing Cisowa Ska³a un dergo karst pro cesses.
Ob ser va tions con ducted dur ing the search for malacological
sites found ev i dence of dif fer ent de vel op ment of karst forms on
the south ern and the north ern slopes. The re lief of the north ern
slopes is more di verse. Nu mer ous niches, cracks and shel ters
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can be found there. Fre quently, they are filled with clay and rub -
ble de pos its, usu ally of small thick ness. On the south ern
slopes, the man i fes ta tions of karst re lief are less clear. They
take the form of small niches and nar row cracks; how ever, they
are usu ally sed i ment-free. In some of them, and on some small
rock shelves, black ini tial rendzina soils of small thick ness can
be found. These dif fer ences are def i nitely as so ci ated with lo cal
en vi ron ment con di tions. The north ern slopes are cov ered by
the for est and char ac ter ized by lower tem per a tures and higher
mois ture. These con di tions sup port the de vel op ment and main -
te nance both the karst forms them selves, and of the sed i ments
fill ing them. On the south ern slope, a large ex po sure to sun light
and a sparse plant cover fa vour high tem per a tures and low
mois ture. In these con di tions, the karst re lief is much less well
de vel oped, and the main type of sed i ment is black rendzina
soils rep re sent ing a pe riod of the last sev eral hun dred years
(Alexandrowcz and Rudzka, 2006; Kemencei et al., 2014;
Raschmanova et al., 2018; Bátori et al., 2019).

CONCLUSION

Iso lated geo log i cal out crops lithologically di ver gent from the 
prop er ties of their di rect vi cin ity are a highly in ter est ing ob ject of
study. This re gards firstly the spe cific na ture of the geo log i cal
pro cesses oc cur ring there, which are a re sult of mul ti ple abiotic
and bi otic fac tors, changes in cli mate and fi nally in hu man ac tiv -
ity. Sec ondly, the spe cific geo log i cal struc ture has a great im -
pact on the na ture and char ac ter is tics of the fau nal and flo ral
as sem blages pres ent in such ar eas. Cisowa Ska³a is an ex cel -
lent ex am ple of such a site. A malacological study and
lithological ob ser va tions have led to sev eral con clu sions.

1. Cisowa Ska³a has a spe cific geo log i cal struc ture of lime -
stone bed rock that re sult here in spe cific nat u ral hab i -
tats, and in con se quence, also flo ral and fau nal as sem -
blages (both cur rently and in the past). Study of such
places al lows in ter pre ta tions of en vi ron men tal change,
and also for re con struc tions of their in ter nal di ver sity.

2. En vi ron men tal changes of the Podhale Ba sin dur ing the 
Late Gla cial and the Ho lo cene are clearly iden ti fied
thanks to the many palynological and malacological pro -

files de scribed herein. The malacological stud ies con -
ducted at Cisowa Ska³a in di cate a sig nif i cant in flu ence
of lo cal fac tors mod i fy ing the re gional trend of en vi ron -
men tal changes. Par tic u larly sig nif i cant dif fer ences are
vis i ble dur ing Late Gla cial and Late Ho lo cene.

3. Dur ing the Late Gla cial, the area of the Podhale Ba sin
was cov ered by tree less veg e ta tion (tun dra and/or
steppe-tun dra). Suit able tem per a ture, hu mid ity and soil
con di tions sup ported the main te nance of for est patches
on Cisowa Ska³a, and also of shade-lov ing mol lusc spe -
cies typ i cal of these.

4. In the Late Ho lo cene, a strong di ver sity of microhabitats
re lated to the mor phol ogy and geo log i cal struc ture of
Cisowa Ska³a can be ob served. On the dry south ern
slopes ex posed to strong sun light, grass biotopes in -
hab ited by open-coun try, petrophilous and xerothermic
spe cies. On the north ern slopes, for est as sem blages
were main tained, and the malacofauna is dom i nated by
shade-lov ing taxa.

5. Be cause of un fa vour able ter rain con di tions for hu man
ac tiv ity, Cisowa Ska³a has never been un der strong
anthropopressure and main tained its nat u ral char ac ter,
as op posed to the sur round ing area.

6. The re sults of these stud ies point to an im por tant en vi -
ron men tal role of iso lated ob jects with spe cific fea tures.
These can serve as ref uges and en able the sur vival of
spe cific fau nal and/or flo ral as sem blages, which in turn
en ables their quick ex pan sion into sur round ing ar eas if
the con di tions change.

7. The re con struc tion pro duced shows that malacological
anal y sis be longs to a small group of meth ods which al -
low for iden ti fi ca tion of the space di ver sity of
microhabitats and their char ac ter is tics.
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