
Geo log i cal Quar terly, 2014, 58 (2): 269–280
 DOI: http://dx.doi.org/10.7306/gq.1150

Mol lus can as sem blages in Late Ho lo cene tufa cones in the Pieniny Moun tains
(south ern Po land)

Witold Pawe³ ALEXANDROWICZ1, *

1 AGH Uni ver sity of Sci ence and Tech nol ogy, Fac ulty of Ge ol ogy, Geo phys ics and En vi ron ment Pro tec tion, Al. A.
Mickiewicza 30, 30-059 Kraków, Po land

Alexandrowicz, W.P., 2014. Mol lus can as sem blages in Late Ho lo cene tufa cones in the Pieniny Moun tains (south ern Po -
land). Geo log i cal Quar terly, 58 (2): 269–280; doi: 10.7306/gq.1150

Lime stone rock walls of var i ous in cli na tion form a fa vour able sub strate for the de po si tion of cal car e ous tufas that form
cone-shaped struc tures lo cated at the foot of slopes or fill niches within them. Such car bon ate de pos its usu ally con tain rich and
di ver si fied mol lus can as sem blages, whose com po si tion and struc ture closely cor re spond to the am bi ent en vi ron men tal con di -
tions in the im me di ate vi cin ity. The study of the Pieniny Moun tains area re vealed ten sites with such de pos its. The iden ti fied
malacofauna was sub jected to de tailed anal y sis. It en abled iden ti fi ca tion of three types of faunistic as sem blages (Bythinella
austriaca as sem blage, Pyramidula pusilla as sem blage, and a shade-lov ing spe cies as sem blage), which are re lated to the con -
di tions pre vail ing dur ing the de po si tion. Tufa cones found in the Pieniny Moun tains rep re sent the his toric pe riod (Late Ho lo -
cene). The de pos its pro vide a re cord of two cli ma tic phases: warmer and colder. The for mer (Me di eval Warm Pe riod) in volved
the in ten si fied de po si tion of car bon ate ma te rial and the rapid growth of tufa cones. The lat ter – the Lit tle Ice Age – en tailed the
slow deg ra da tion of cones and slower sed i men ta tion of tufas, while the in ten si fied phys i cal weath er ing led to the in crease in the 
clast ma te rial pro por tion (sharp-edged lime stone frag ments). Tufas ac cu mu lated in the zone un af fected by high anthropogenic
pres sure and thus rep re sent a re cord of nat u ral en vi ron men tal changes dur ing the his toric pe riod.
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INTRODUCTION

Cal car e ous tufas are formed as a re sult of cal cium car bon -
ate pre cip i ta tion from wa ter. Their for ma tion and ac cu mu la tion
pro cesses are fa cil i tated by al ter ations of car bon di ox ide con -
tent in cal cium car bon ate-rich wa ters. Part of CO2 dis solved in
wa ter binds to wa ter par ti cles and, in the form of HCO3

-  an ion, it
re acts with Ca++ cat ions, pro duc ing wa ter-sol u ble acidic cal -
cium car bon ate (Ca(HCO3)2). This com pound is sta ble up to its
nat u ral sol u bil ity limit, when CO2 is in ex cess. The de ple tion of
CO2 up sets the bal ance, thereby caus ing de com po si tion of
Ca(HCO3)2. The prod uct of this re ac tion is hardly wa ter-sol u ble
cal cium car bon ate (CaCO3) which pre cip i tates form ing cal car e -
ous tufas. The de crease in car bon di ox ide con cen tra tion in wa -
ter can be caused by many fac tors, in clud ing physicochemical
pro cesses, such as wa ter tur bu lence and tem per a ture
changes, as well as bi o log i cal ones, i.e., CO2 up take and its use 
by var i ous groups of or gan isms for their life pro cesses, mainly
pho to syn the sis. The most es sen tial role is played by
bryophytes and al gae. The na ture of these pro cesses and the
mech a nisms of cal car e ous tufa sed i men ta tion have been the

sub ject of stud ies by nu mer ous au thors and de scribed in many
pub li ca tions (e.g., Ložek, 1959, 1961, 1963, 1964; Chafetz and
Folk, 1984; Pedley, 1990, 2009; Pen te cost, 1991, 1995; Goudie 
et al., 1993; Pen te cost and Viles, 1994; Alexandrowicz, 2004).
Cal car e ous tufas are formed in dif fer ent types of sed i men tary
en vi ron ments. A widely oc cur ring type is cal cium car bon ate
pre cip i ta tion in the im me di ate vi cin ity of springs, which usu ally
in volves encrustations and coat ings on rock clasts or plants,
and brec cias com posed of rock frag ments ce mented by cal -
cium car bon ate. Fine-grained and silty cal car e ous tufas, some -
times interlayered by peat mud and peat, are a for ma tion char -
ac ter is tic of small wa ter bod ies and boggy de pres sions oc cur -
ring in flat val ley bot toms or on floodplains. Cal car e ous tufas are 
also of ten de vel oped in the lower parts of slopes, where they
form flat cone struc tures com posed of coarse-grained vari ants
with nu mer ous blocks of com pact tufas. The fa vour able con di -
tions for the ac cu mu la tion of these de pos its are also found in
stream val leys fea tur ing only slight drops of al ti tude. Gran u lar
tufas dom i nate there, of ten form ing ter race benches. A highly
typ i cal lo ca tion of cal car e ous tufa is to fill small and shal low
lakes emerg ing be hind rock bar ri ers across river val leys, as well 
as col lu vial for ma tions or dams. Clas si fi ca tions of cal car e ous
tufa have been pre sented by many au thors in nu mer ous stud ies 
(e.g., Pedley, 1990, 2009; Pen te cost, 1991, 1995; Goudie et al., 
1993; Pen te cost and Viles, 1994).

The spe cific form of oc cur rence of cal car e ous tufas is a tufa
cone ac cu mu lat ing be neath ver ti cal or over hang ing rock walls
(types A and B; Fig. 1), as well as ad ja cent to in clined rock
slopes, where they fill niches and hol lows (type C; Fig. 1). In wa -
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ter out flow sites and places where it drib bles down the rock,
bryophytes and al gae grow in abun dance. In hydrobiological
ter mi nol ogy, such hab i tats are known as hygropetric zones
(Mikulski, 1974). They are marked by con sid er able tem per a ture 
fluc tu a tions, good ex po sure to light, and rapid wa ter evap o ra -
tion. These fac tors fa cil i tate cal cium car bon ate pre cip i ta tion.
When pre cip i tat ing, CaCO3 forms encrustations on rocks,
which grow in thick ness in the course of time and fall un der their 
own weight, ac cu mu lat ing at the foot of walls or in side hol lows
in the form of tufa cones. They al ways con tain scree frag ments
crum bling away as a re sult of weath er ing. Such cones are dom -
i nated by un con sol i dated, usu ally fine-grained and silty tufa
vari ants. They are some times re ferred to as subhygropetric
tufas (Ložek, 1962, 1964, 1973; Alexandrowicz, 1988, 2004).

Cal car e ous tufas of such fea tures and or i gin of ten con tain
nu mer ous and well-pre served mol lus can shells which rep re -
sent malacocoenoses liv ing on rock walls di rectly above the ac -
cu mu lat ing car bon ate de pos its. Pro files of such tufas with
abun dant mol lus can shells have been de scribed in the Czech
Re pub lic and Slovakia (Ložek, 1959, 1961, 1962, 1963, 1964),
as well as in the Pol ish part of the Pieniny (Alexandrowicz et al.,
1985; Alexandrowicz, 1988) and Tatra Moun tains
(Alexandrowicz, 1988, 2001, 2004; Gradziñski et al., 2001;
Smieja and Smieja-Król, 2007). Due to their low re sis tance to
erod ing fac tors, these sites rep re sent al most ex clu sively the
Late Ho lo cene and his toric pe riod (Alexandrowicz, 1997, 2004,
2009, 2010).

The cur rent malacofauna of the Pieniny Moun tains has
been the sub ject of nu mer ous stud ies, and can be con sid ered
to have been thor oughly ex plored. De tailed de scrip tions of spe -
cies and their as sem blages, to gether with eco log i cal cov er age,
can be found in ex ten sive pub li ca tions (e.g., Urbañski, 1939;
Riedel, 1982, 1988; Alexandrowicz, 1997), as well as more
wide-rang ing pub lished ma te rial con cern ing the oc cur rence of
in di vid ual spe cies in Po land (Riedel, 1982, 1988).

Malacological re search of Qua ter nary de pos its in the
Pieniny Moun tains has been un der taken since the sec ond half
of the 20th cen tury. A few tens of sites of subfossil malacofauna 
have been de scribed to date in this area, which mainly rep re -
sent the Late Gla cial and Ho lo cene. The re sults of these anal y -
ses, in clud ing or i gin and age, have been pre sented in nu mer -
ous pa pers con cern ing dif fer ent sites (e.g., Alexandrowicz,
1990, 1993), as well as more ex ten sive pub li ca tions per tain ing
to the subfossil malacofauna of en tire groups of pro files, typ i -
cally formed of de pos its of sim i lar or i gin (e.g., Alexandrowicz,
1997, 2004, 2013a). Against this back ground, the malacofauna
of tufa cones is a sub ject that has not been thor oughly ex plored

yet. The fauna of these sites is men tioned in sev eral gen eral
stud ies only (Alexandrowicz et al., 1985; Alexandrowicz, 1988,
2004; Alexandrowicz and Alexandrowicz, 1995), hence the
need to de scribe the sites in more de tail, es pe cially as they rep -
re sent a unique and ex cep tional type of de pos its con tain ing
char ac ter is tic mol lus can as sem blages with a spe cific com po si -
tion, struc ture and se quence. The main aim of this pa per is
there fore to de scribe subfossil mol lus can as sem blages oc cur -
ring in tufa cones, as a ba sis for strati graphic in ter pre ta tions and 
palaeo geo graphi cal re con struc tions. The re sults of such anal y -
sis con cern ing very young de pos its may, and should be used in
the stud ies of older for ma tions and, as such, can be con sid ered
uniformitarian. A sep a rate is sue raised in this pa per is the use of 
malacological anal y sis in the re con struc tion of short-term cli ma -
tic changes. Such stud ies were con ducted sev eral times, both
in the Pieniny Moun tains (Alexandrowicz, 1990, 1993, 2010,
2013a) and neigh bour ing ar eas, al though they con cerned
mostly flu vial de pos its (e.g., Alexandrowicz, 1997, 2009, 2010,
2013b). Con sid er ing the spec i fic ity of tufa sed i men ta tion in the
cones, these de pos its are suit able for such anal y ses.

GEOLOGICAL SETTING

The Pieniny Moun tains are part of the Pieniny Klippen Belt
which ex tends in an arc reach ing 600 km in length and rang ing
from sev eral hun dred metres to 20 km in width from near Vi -
enna in Aus tria to the Carpathian Maramureº Moun tains in Ro -
ma nia. It does not form a solid moun tain mas sif, but rather a se -
ries of iso lated rocks that have emerged by de nu da tion pro -
cesses from be neath Paleogene, Neo gene and Qua ter nary de -
pos its. In Po land and Slovakia, it oc curs as a small and low,
com pact moun tain range. The Pieniny Moun tains have a highly
com plex geo log i cal struc ture, with the most prom i nent role of
Me so zoic lime stone. A char ac ter is tic fea ture of the Pieniny re -
lief is the Dunajec River Gorge, reach ing 300 m depth in some
places. Nu mer ous side val leys en ter the Dunajec River val ley,
many of which have the form of ver ti cal-sided can yons. Such
ar eas cre ate fa vour able con di tions for the ac cu mu la tion of
subhygropetric cal car e ous tufas. These de pos its were found in
ten lo ca tions dur ing the field study. They have been grouped
into four sites: Zawiasy (Zw) – three pro files, Sobczañski Gorge
(Ws) – three pro files, Gorczyñski Gorge (Wg) – two pro files,
and Limbargowy Stream (Li) – two pro files (Fig. 2).

A pre lim i nary malacological anal y sis was con ducted in the
Zawiasy (Alexandrowicz, 2004) and Sobczañski Gorge
(Alexandrowicz et al.,1985; Alexandrowicz, 1988, 2004) sites.
The ma te rial stud ied at that time in cluded only sin gle sam ples
and should be con sid ered pri mar ily as ex plor atory re search.
Stud ies con ducted af ter the pub li ca tion of these pre lim i nary re -
sults have made it pos si ble to col lect fur ther malacological sam -
ples and ob tain ma te rial for ra dio car bon dat ing, lead ing in turn
to the much more de tailed re sults and con clu sions pre sented
be low. The sites in the Gorczyñski Gorge and Limbargowy
Stream are new pro files that have never been de scribed be fore.

Zawiasy site (Zw) is lo cated on the left bank of the Dunajec
River, approx. 700 m south-west of the cen tre of Kroœcienko
(GPS: 49°25’36"N; 20°26’25"E; Fig. 2). In small niches in the
rock slope with 45–50° in cli na tion, three tufa cones (Zw-I–Zw-III)
were found, rep re sented by fine-grained, silty cal car e ous tufas
con tain ing an ad mix ture of sharp-edged lime stone clasts. The
thick ness of ex posed tufas in Zw-I and Zw-III pro files is 0.5 m,
and in Zw-II pro file – 0.8  m. A sam ple for ra dio car bon dat ing was
ob tained from the bot tom part of sec tion Zw-I (sam ple C-1:
320 ± 40 14C BP (MKL-1353); 1496–1646 cal AD; Fig. 3).
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Fig. 1. Types of subhygropetric tufas cones in Pieniny Mts.



Tufa cone pro files have also been found in the Sobczañski
Gorge (Ws) at the foot of ver ti cal rock walls in the cen tral part of
the ra vine (GPS: 49°24’41"N; 20°24’24"E). This ra vine bor ders
the high est mas sif of the Pieniny Moun tains, the Trzy Korony
Moun tain (982 m a.s.l.). The larg est pro file (Ws-I) is approx. 1 m 
high, and the other two are 0.75 m (Ws-II) and 0.40 m (Ws-III)
high. The age of two sam ples col lected from pro file Ws-I was
es tab lished by ra dio car bon dat ing. The first sam ple was taken
from the low er most part of the sec tion (sam ple C-3: 620 ± 80
14C BP (MKL-1352); 1253–1431 cal AD). The sec ond sam ple
was taken from the top in ter val of the pro file (sam ple C-2:
60 ± 30 14C BP (MKL-1350); 1697–1916 cal AD; Fig. 3).

The next two tufa cone pro files have been found in the rocky
part of the Gorczyñski Gorge (Wg) lo cated north of Sromowce
Ni¿ne (GPS: 49°24’32"N; 20°23’19"E; Fig. 2). Two small cones of

white and yel low ish silty cal car e ous tufas were formed ad ja cent to
the ver ti cal walls of the west ern flank of the ra vine, reach ing
0.50 m (Wg-I) and 0.40 m (Wg-II) in height. The age of the mid dle
part of sec tion Wg-I was de ter mined by ra dio car bon dat ing to be
140 ± 70 14C  BP (MKL-1351); 1650–1937 cal AD (Fig. 4).

The last site is sit u ated in the rocky sec tion of the Limbar -
gowy Stream val ley (Li) within the mas sif of Rabsztyn, north of
Sromowce Wy¿ne (GPS: 49°24’59.3”N; 20°21’51.5”E; Fig. 2).
Yel low ish cal car e ous tufas with nu mer ous lime stone frag ments
fill a niche carved out of a rock slope in clined at 30° (Li-I) and at
the foot of a ver ti cal and partly over hang ing rock wall in the nar -
row est part of the val ley (Li-II). The cones are 0.9 m (Li-I) and
0.4 m (Li-II) high.

All pro files show a dis tinctly larger pro por tion of sharp-
 edged lime stone clasts in the up per most sec tions.
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Fig. 2. Lo ca tion of pro files of subhygropetric tufas cones in Pieniny Mts.

Li – Limbargowy Stream, Wg – Gorczyñski Gorge, Ws – Sobczañski Gorge, Zw – Zawiasy
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Fig. 3. Li thol ogy and malacofauna of pro files in Sobczañski Gorge (Ws) and Zawiasy (Zw)

Fig. 4. Li thol ogy and malacofauna of pro files in Gorczyñski Gorge (Wg) and Limbargowy Stream (Li)

Ex pla na tions as in Fig ure 3
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E Taxon
Zw Ws Wg Li

I II III I II III I II I II

F Acicu la parcelineata (Cless.) S S S S

F Platyla polita (Hartm.) R R R R S R R S N S

F Ver tigo pusilla Müll. R S S R R S R

F Sphyradium doliolum (Brug.) S S R

F Argna bielzi (Rossm.) S R S S S R

F Acanthinula aculeata (Müll.) S R S S S R R

F Ena montana (Drap.) R R R S S S R

F Dis cus perspectivus (Mühlf.) R S N

F Dis cus rotundatus (Müll.) R S S R

F Dis cus ruderatus (Hart.) S S R S S S

F Eucobresia nivalis (Dum et Mort.) S S R C N N N R C R

F Semilimax semilimax (Fér.) S S S S S

F Semilimax kotulae (West.) S

F Vitrea diaphana (Stud.) R C R S S R N S C

F Vitrea transsylvanica (Cless.) R S R S S R

F Vitrea subrimata (Reinh.) R R S R N

F Vitrea crystallina (Müll.) N C C S R S C R C S

F Aegopinella mi nor (Stab.) S R R S S R

F Aegopinella nitidula (Drap.) R S S

F Aegopinella pura (Ald.) R C C S R R R N S

F Oxychilus orientalis (Cless.) S R

F Oxychilus depressus (Sterki) R R S S R R S S R

F Daudebardia rufa (Drap.) S S S

F Daudebardia brevipes (Drap.) S S S

F Cochlodina laminata (Mont.) S S S S S N

F Cochlodina orthostoma (Menke) R S S S S R N S

F Ruthenica filograna (Rossm.) R R R S N N S

F Macrogastra plicatula (Drap.) S S S R

F Macrogastra latestriata (Schm.) S S S S S R R

F Macrogastra tumida (Rossm.) S

F Clausilia cruciata (Stud.) R S S N R N S C R

F Alinda biplicata (Mont.) S S S S S

F Pseudalinda stabilis (L.Pfe.) N S S N R N S

F Vestia gulo (Bielz) S S

F Vestia turgida (Rossm.) S S S

F Fruticola fruticum (Müll.) R S S N S N

F Monachoides incarnatus (Müll.) N S R R C

F Monachoides vicinus (Rossm.) C S S S N S C S

F Perforatella bidentata (Gmel.) R S

F Urticicola umbrosa (C.Pfe.) N

F Faustina faustina(Rossm.) C S S N R R N R C R

F Petasina unidentata (Drap.) N N R R N R C S

F Isognomostoma isogn. (Schr.) C R R S S S N S R R

F Arianta arbustorum (L.) N R S R S S R S N S

O Pyramidula pusilla (Vallot) S A C C R C S C

O Truncatellina cylindrica (Fér.) S S C C C C C

O Pupilla sterri (Voith) C C N N N

O Pupilla muscorum (L.) S S R R R S S N

O Ver tigo pygmaea (Drap.) S S N

O Chondrina clienta (West.) R C C C R C S C

O Vallonia costata (Müll.) R S C R S S R

O Vallonia pulchella (Müll.) R S S S S S R

O Euomphalia strigela (Drap.) S S

T a  b l e  1
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MATERIAL AND METHOD

A to tal of 52 sam ples were col lected from the above-pre -
sented sites for malacological in ves ti ga tion (Ta ble 1). Each
weighed 1.5–2.0 kg and rep re sented a 10–20 cm in ter val, de -
pend ing on the lithological fea tures of sed i ments. The lab o ra -
tory pro cess ing of the ma te ri als in cluded mac er a tion and flush -
ing of rocks, fol lowed by the col lec tion of all com plete mol lus can 
shells and their iden ti fi able frag ments. The iden ti fi ca tion of shell 
ma te rial was done vis-á-vis clas si fi ca tion keys and com par a tive 
col lec tions. The num bers of spe cies and spec i mens were de -
ter mined for each sam ple. The pieces of shells were cal cu lated
into whole spec i mens ac cord ing to the for mula pro posed by
Ložek (1964) and Alexandrowicz (1987; 1–3f = 1s, 4–7f = 2s,
8-20f = 4s, 20–50f = 6s, 50–75f = 10s, 75-100f = 12s,
>100f = 14s: f – frag ments of shells, s – spec i mens). The num -
ber of spe cies per sam ple var ied from 12 to 54, whereas the
num ber of spec i mens ranged from 116 to 843, re spec tively.
The en tire ma te rial stud ied com prised 14,660 spec i mens of 72
taxa (69 ter res trial and 2 aquatic snail taxa). Ad di tion ally, the
cal car e ous plates of slugs were in cluded un der the col lec tive
name Limacidae (Ta ble 1). The mol lus can fauna rep re sents as
much as 79% of all ter res trial spe cies (ex clud ing slugs) pres -
ently oc cur ring in the Pieniny Mts. (Urbañski, 1939; Riedel,
1982, 1988). All spe cies iden ti fied in the pre sented pro files can
cur rently be found liv ing in the Pieniny Moun tains.

The malacological anal y sis was per formed us ing the meth -
ods de scribed by Ložek (1964), Alexandrowicz (1987) and
Alexandrowicz and Alexandrowicz (2011). The spe cies were
clas si fied into eco log i cal groups: F – shade-lov ing spe cies, O –
open-coun try spe cies (meadow spe cies), M – mesophilous
spe cies, H – hygrophilous spe cies, and W – wa ter spe cies. The
re sults of eco log i cal anal y ses per formed in nu mer ous Ho lo -
cene de posit sites show ex plic itly that eco log i cal pref er ences of
in di vid ual spe cies did not un dergo any sig nif i cant change
through out this pe riod. The per cent age shares of the eco log i cal 

groups, as well as of the se lected most typ i cal spe cies, en abled
us to con struct malacological di a grams. The lat ter pro vided a
ba sis for palaeoenvironmental in ter pre ta tions. The ra tios be -
tween eco log i cal groups were used as a ba sis to con struct a ter -
nary di a gram and there fore dis tin guish the ma jor types of
fauna. The tax o nomic anal y sis made it pos si ble to de ter mine
sim i lar i ties be tween par tic u lar sam ples and to mark the groups
of sam ples with mol lus can as sem blages of sim i lar com po si tion
and struc ture. A dendrogram was de vel oped with the use of the
method de scribed by Morisita (1959). Sta tis ti cal cal cu la tions
were com pleted us ing the PAST sta tis ti cal soft ware pack age
(Ham mer et al., 2001). The age of the de scribed de pos its was
de ter mined on the ba sis of malacological data and by per form -
ing four ra dio car bon dat ing. The ob jects of the anal y sis were the 
shells of large snails from the Helicidae fam ily. The ra dio car bon
anal y sis was car ried out at the Ra dio car bon Lab o ra tory in Ska³a 
(lab o ra tory ref er ence num ber: MKL). The re sults were cal i -
brated us ing OxCal soft ware (Bronk Ramsey, 2003).

RESULTS

The pro files con tain abun dant and di verse malacofauna rep -
re sent ing all eco log i cal groups, al though their sig nif i cance is var -
ied. Shade-lov ing spe cies (eco log i cal group F) oc cur in the great -
est num bers (a to tal of 44 taxa). This group in cludes both snails
in hab it ing for est hab i tats, mainly de cid u ous for ests (Platyla
polita, Aegopinella pura, Ruthenica filograna, Clausilia cruciata,
Isognomostoma isognomostomos), and forms typ i cal of shaded
rocks (Eucobresia nivalis, Oxychilus depressus, Cochlodina
orthostoma, Faustina faustina), as well as shrubland spe cies
(Vitrea crystallina, Arianta arbustorum), whereas shade-lov ing
taxa pre fer ring hab i tats with higher hu mid ity are rel a tively scarce
(Monachoides vicinus; Ta ble 1). A ma jor ity of the taxa iden ti fied
are com mon forms, spread in large ar eas of Po land. Rare spe -
cies of nar row geo graph ical ranges, Carpathian endemics
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M Carychium tridentatum (Risso) R N C S S N

M Cochlicopa lubnica (Müll.) S S R S S S R S

M Succinella oblonga Drap. S R

M Columella edentula (Drap.) S S R R

M Ver tigo alpestris Ald. R S N N N R N S

M Ver tigo substriata (Jeffr.) S R S N N S

M Punctum pygmaeum (Drap.) S S S R R R S S R S

M Vitrea contracta (West.) R S S

M Vitrina pellucida (Müll.) S S S S S R

M Perpolita hammonis (Ström) S S S S

M Perpilita pet ro nella (L.Pfe.) S S

M Limacidae S S S S S S R R

M Euconulus fulvus (Müll.) S S S R S S S S R S

M Clausilia dubia Drap. R S C N C N R N N

M Trichulus villosulus (Rossm.) S

H Carychium min i mum Müll. S S R S

H Succinea putris (L.) S

W Bythinella austriaca (Frfld.) V R S M

W Galba truncatula (Müll.) R S

E – eco log i cal groups of molluscs (af ter Ložek, 1964; Alexandrowicz, 1987; Alexandrowicz and Alexandrowicz, 2011): F –
shade-lov ing spe cies, H – hygrophilous spe cies, M – mesophilous spe cies, O – open-coun try spe cies (meadow spe cies), W –
wa ter spe cies; fre quency of spe cies: A – abun dant, C – com mon, N – few, R – rare, S – sin gle, V – very abun dant; lo cal i ties: Li
– Limbargowy Stream, Wg – Gorczyñski Gorge, Ws – Sobczañski Gorge, Zw – Zawiasy

Tab. 1 cont.



(Acicu la parcelineata, Pseudalinda stabilis, Vestia gulo, Vestia
turgida), have also been found. Shade-lov ing spe cies oc cur in
par tic u larly large num bers in the de pos its from pro files Zw-I,
Zw-III and Wg-I, where they rep re sent the dom i nant com po nent
of the as sem blage. Their pro por tion can reach up to 90% (Figs. 3 
and 4). These sites con tain mostly tufas ac cu mu lat ing in side
niches and hol lows formed in slant ing rock walls (type C; Fig. 1).
The sec ond eco log i cal group of con sid er able im por tance is rep -
re sented by open-coun try spe cies (eco log i cal group O, 9 taxa).
The dom i nant role in this group is played by petrophilous snails
liv ing on bare lime stone rocks (Pyramidula pusilla, Truncatellina
cylindrica, Chondrina clienta). Forms typ i cal of grass biotopes
are of much less sig nif i cance (Pupilla muscorum, Vallonia
pulchella, Vallonia costata). Open-coun try taxa (largely
petrophilous) con sti tute the dom i nant group in the de pos its ac cu -
mu lat ing at the foot of ver ti cal rock sides or in the cones formed
un der neath over hangs (types A and B; Fig. 1). The pro por tion of
shade-lov ing spe cies in some of the pro files can reach even
90%. Such malacocoenoses have been iden ti fied in sites Ws-I,
Ws-II, Ws-III, Wg-II and Li-II (Figs. 3 and 4). Mesophilous spe -
cies (eco log i cal group M, 15 taxa) oc cur in all sam ples (Ta ble 1).
How ever, they are al ways a sup ple men tary el e ment, and never
the dom i nant com po nent of the as sem blage (Figs. 3  and 4).
These forms may oc cur in biotopes of dif fer ent shad ing and hu -
mid ity lev els. None the less, these spe cies of ten pre fer a rocky
sub strate. They can be found in all types of the de pos its.
Hygrophilous snails (eco log i cal group H) oc cur very rarely and
con sti tute merely an ac ces sory com po nent of as sem blages (Ta -
ble 1), while most sam ples lack them com pletely (Figs. 3 and 4).
Wa ter spe cies (eco log i cal group W) are rep re sented by two taxa
only. How ever, one of them, Bythinella austriaca, con sti tutes an
es sen tial, lo cally even dom i nant com po nent of the malaco -
coenoses (Ta ble 1). This form is typ i cal of spring zones and oc -
curs in great abun dance in these biotopes. The spe cies is found
in very large num bers in near-spring cal car e ous tufas which are
cur rently in the pro cess of pre cip i ta tion, de scribed in the Pieniny
Moun tains and Podhale re gion (Alexandrowicz, 1997, 2004,
2010, 2013a), as well as the Flysch Carpathians (Alexandrowicz, 
2004, 2009). The high fre quency of Bythinella austriaca is typ i cal
of tufas that have ac cu mu lated in niches and hol lows formed in
slant ing rock walls in the di rect vi cin ity of springs (type C; Fig. 1)
and it was ob served in sites Zw-II and Li-I (Figs. 3 and 4).

The pre sented cal car e ous tufa pro files form ing cones ad ja -
cent to rock walls are marked by fairly sim i lar lithological fea -
tures. The vari abil ity of the com po si tion and struc ture of
malacocoenoses in ver ti cal pro files is also rel a tively low (Figs. 3 
and 4). Fur ther more, the tufas are a uni form group in terms of
the sed i men ta tion mech a nism. It was there fore pos si ble to de -
ter mine the con stancy and dom i nance of struc tures for the en -
tire ma te rial col lected, and con se quently to in di cate the most
im por tant and most nu mer ous spe cies.

DISCUSSION

The malacofauna of cal car e ous tufas ac cu mu lat ing be side
rock walls con tains spe cies liv ing ex clu sively in the di rect vi cin -
ity of the sed i ments. The di ver sity of hab i tats is thus strongly re -
flected in the com po si tion and struc ture of malacocoenoses.
The dif fer ences in the com po si tion and struc ture of
malacocoenoses noted in the in di vid ual sam ples can be suit -
ably il lus trated in a ter nary di a gram and in a dendrogram
(Figs. 5 and 6). The pro jec tion points are clearly clus tered in
three ar eas. Based on this, three main types of fauna from the
tufa cones can be dis tin guished. The in di vid ual as sem blages
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Fig. 5. Eco log i cal dif fer en ti a tion of mol lus can as sem blages
from tufas cones in Pieniny Mts.

Fig. 6. Clus ter anal y sis of malacofauna of pro files 
of subhygropetric tufas cones in Pieniny Mts.



rep re sent en vi ron men tal con di tions that pre vailed dur ing the
de po si tion.

The Bythinella austriaca as sem blage is marked by the pre -
dom i nant pro por tion of the nom i nal spe cies that can be very nu -
mer ous. This form is char ac ter is tic of sed i ments de pos ited in
the im me di ate vi cin ity of springs. This is the main com po nent of
the malacocoenoses of Late Ho lo cene cal car e ous tufas, and
has been re ported in nu mer ous sites of such de pos its in the
Podhale Ba sin, Pieniny Moun tains, and Flysch Carpathians
(Alexandrowicz, 1997, 2004, 2009, 2010, 2013a). The sup ple -
men tary com po nents are mesophilous and shade-lov ing spe -
cies, while forms typ i cal of open spaces are usu ally rare. This
malacocoenosis was iden ti fied in sam ples rep re sent ing pro files 
Zw-II and Li-I (Figs. 5 and 6; Ta ble 1). It is mostly as so ci ated
with tufas ac cu mu lat ing nearby springs and fill ing hol lows in
rock slopes in clined at a rel a tively small an gle (type C; Fig. 1).

The Pyramidula pusilla as sem blage con tains a ma jor pro -
por tion of forms liv ing in open space hab i tats. Par tic u larly sig nif -
i cant com po nents of this malacocoenosis are petrophilous and
xerophilous snails oc cur ring on lime stone rocks: Pyramidula
pusilla, Chondrina clienta. Lo cally, xerophilous forms typ i cal of
highly in su lated and dry lime stone out crops (Pupilla sterri,
Truncatellina cylindrica) also play a sig nif i cant role. Other eco -
log i cal groups are found in rel a tively small pro por tions, typ i cally
be low 20%. The Pyramidula pusilla as sem blage was iden ti fied
in the sam ples from out crops in the Sobczañski Gorge
(Ws-I–Ws-III), as well as in pro files Li-II and Wg-II (Figs. 5  and
6; Ta ble 1). This fauna is typ i cal of cal car e ous tufas that ac cu -
mu late at the foot of ver ti cal, bare rock walls un der over hangs
(types A and B; Fig. 1). It also of ten oc curs in ta lus cones form -
ing at the mouth of wide rock crev ices, and has been re ported 
both in the Kraków–Czêstochowa Up land (Alexandrowicz,
S.W., 2000; Alexandrowicz, W.P., 2000) and the Podhale re -
gion (Alexandrowicz, 1997; Alexandrowicz and Stworzewicz,
2003; Alexandrowicz and Rudzka, 2006). Nu mer ous sites with
these de pos its, some rep re sent ing the en tire Ho lo cene, have
been found in the Czech Re pub lic and Slovakia (Ložek, 1959,
1961, 1962, 1963, 1964).

The shade-lov ing spe cies as sem blage is the most di verse
malacocoenosis in terms of spe cies com po si tion. The dom i -
nant role is played by shade-lov ing snails, in clud ing for est forms 
(e.g., Platyla polita, Ruthenica filograna, Clausilia cruciata,
Isognomostoma isognomostomos), spe cies oc cur ring on
shaded lime stone rocks (e.g., Eucobresia nivalis, Argna bielzi),
and taxa typ i cal of shrubland ar eas (e.g., Arianta arbustorum,
Vitrea crystallina). The supplementation is com prised of
mesophilous snails, and the re main ing eco log i cal groups are of
lesser sig nif i cance. The pro por tion of shade-lov ing forms is
usu ally very high, reach ing up to 90%. An as sem blage with
such com po si tion was found in sam ples from pro files Zw-I,
Zw-III and Wg-I (Figs. 5 and 6; Ta ble 1), which rep re sented A-
and C-type tufas (Fig. 1) form ing in highly shaded lo ca tions.
Sim i lar malacocoenoses were de scribed in ta lus cone sites in
the Tatra Moun tains (Alexandrowicz, 1988, 2001; Gradziñski et 
al., 2001; Smieja and Smieja-Król, 2007), Podhale re gion
(Alexandrowicz, 1997; Alexandrowicz and Stworzewicz, 2003;
Alexandrowicz and Rudzka, 2006), Kraków–Czêstochowa Up -
land (Alexandrowicz, S.W., 1983, 2000; Alexandrowicz, W.P.,
2000), and nu mer ous Czech and Slovakian sites (Ložek, 1959,
1961, 1962, 1963, 1964).

Dendrogram anal y sis makes it pos si ble to dis tin guish iden -
ti cal as sem blages as those de scribed above (Fig. 6), and to in -
di cate the sam ples and pro files in which these as sem blages
oc cur. It should be stressed that sam ples col lected from each
pro file show a high de gree of re sem blance. It sug gests that
fairly mi nor en vi ron men tal changes took place dur ing the de po -

si tion of the tufas. This is prob a bly due to the short strati graphic
ranges of the pro files, which is sup ported by the dat ing re sults
and the char ac ter is tics of the malacocoenoses.

Subhygropetric tufas iden ti fied in the Pieniny Moun tains can 
be con sid ered as de pos its of largely uni form or i gin and age.
Their lo ca tion type and lithological sim i lar ity, as well as their
fauna, with a com po si tion re sem bling the as sem blages cur -
rently oc cur ring in the di rect vi cin ity, sup port this fact. Cli ma tic
con di tions pre vail ing in the de po si tion zones are very im por tant
for the for ma tion of these de pos its. All the sites are lo cated at an 
el e va tion of 550–620 m a.s.l. The av er age an nual tem per a ture
in this zone is 5.5–6°C, to tal pre cip i ta tion is 700–800 mm and
the num ber of snow-cover days is 100–120 (Kostrakiewicz,
1982). How ever, it should be noted that the pre sented pro files
are lo cated in deeply carved ra vines, which un doubt edly af fects
the cli mate con di tions. It cer tainly fa vours the de crease in av er -
age an nual tem per a tures and a lon ger snow-cover sea son,
thus short en ing the veg e ta tion pe riod. Ob ser va tions con tin ued
over the last sev eral years have shown a slow deg ra da tion of
the cones. Hence, a con clu sion can be drawn that de nu da tion
fac tors lead ing to the de struc tion of these forms out run the de -
po si tion of tufas. A sim i lar pro cess has also been ob served in
the Tatra Moun tains. A tufa cone de scribed by Alexandrowicz
(1988) in the Kraków Gorge was approx. 2 m high, and over a
de cade later (Alexandrowicz, 2004) only 1.5 m high. Stud ies
con ducted in the Slovakian Carpathians and the Czech Karst
(Ložek, 1959, 1961, 1962, 1963, 1964), as well as the Pol ish
Tatra Moun tains (Alexandrowicz, 1988, 2001; Gradziñski et al.,
2001; Smieja and Smieja-Król, 2007), have shown that in many
sites the cones are cov ered by lime stone rub ble, only oc ca sion -
ally ce mented with tufa ma te rial. It im plies a highly re stricted
cal cium car bon ate pre cip i ta tion or even the halted de po si tion of
the tufas. In the ana lysed pro files, it is man i fested by a rapid in -
crease in the num ber of rock clasts at the top of the sec tions.

The anal y sis of age and dis tri bu tion of cal car e ous tufas in
Eu rope dem on strates that the warm pe riod dur ing a cli ma tic op -
ti mum (the At lan tic Phase) was par tic u larly fa vour able for cal -
car e ous tufa de po si tion. The great est num ber of sites rep re -
sent ing these de pos its cor re spond to this pe riod (e.g., Jäger
and Ložek, 1968; Alexandrowicz, 1983; Pazdur et al., 1988a, b;
Pen te cost, 1991, 1995; Alexandrowicz and Alexandrowicz,
1995; Füköh, 1995; Alexandrowicz, 1997, 2004, 2009, 2010;
Meyrick and Preece, 2001; Gedda, 2001, 2006; Žák et al.,
2002; Meyrick, 2002: Gradziñski et al., 2013).

The age of the pre sented sites can be de ter mined both di -
rectly, via the ra dio car bon dat ing of four sam ples, and in di rectly. 
The ma jor in di rect ev i dence in cludes: lo ca tion type, the com po -
si tion and struc ture of faunistic as sem blages with their ver ti cal
pro file vari abil ity, and the com par i son to other sites of sim i lar
de pos its with an es tab lished strati graphic po si tion. El e ments
such as: weak re sis tance of the cones to ero sion agents, and
the strong sim i lar ity of the mol lus can as sem blages of the tufas
to malacocoenoses cur rently in hab it ing the de po si tion zones,
in di cate that the dis cussed de pos its were formed in the his toric
pe riod (dur ing the last few cen tu ries).

Sev eral cli mate fluc tu a tions oc curred at that time. A ma jor
warm ing took place in the 13–14th cen tu ries, re ferred to as the
Me di eval Warm Pe riod (Grove and Switsur, 1994; Huges and
Diaz, 1994; Bradley, 2000; Briffa, 2000; Jones and Mann,
2004). This phase in volved fa vour able con di tions for the de po -
si tion of car bon ate sed i ments (Alexandrowicz, 2004, 2009,
2010, 2013a). A cool ing pe riod which fell be tween the 14–19th
cen tu ries (the Lit tle Ice Age; e.g., Bradley, 2000; Briffa, 2000;
Mayewski et al., 2004; Matthews and Briffa, 2005) fa cil i tated, in
turn, the in tense phys i cal weath er ing pro cesses, while re duc ing 
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the rate of car bon ate de po si tion in the Pol ish Carpathians
(Alexandrowicz, 2004, 2009, 2010, 2013a).

At all the sites, the pro cess of tufa sed i men ta tion is cur rently 
still un der way. It marks the up per most strati graphic bound aries
of the pro files. The bot tom bound aries are drawn on the ba sis of 
the ra dio car bon re sults (pro files Ws-I and Zw-I) or malacofauna 
as sem blages in the de pos its. This ev i dence serves also as a
ba sis for de riv ing a strati graphic cor re la tion be tween the pro -
files. The strati graphic ranges of the pro files are pre sented in
Fig ure 7. The old est de pos its are lo cated in the bot tom sec tions 
of pro files Ws-I and Zw-II. A ra dio car bon anal y sis per formed in
pro file Ws-I gave the re sult 620 ± 80 14C BP (MKL-1352);
1253–1431 cal AD (sam ple C-3), which shows that the sed i -
men ta tion of cal car e ous tufas be gan to wards the close of the
warm phase of the Me di eval Warm Pe riod (Fig. 7). This date
co in cides with a con sid er able pro por tion of shade-lov ing spe -
cies found in both pro files, which sug gests fa vour able con di -
tions for the de vel op ment of for ests in this pe riod.
Malacocoenoses with a sim i lar com po si tion and of sim i lar age
have been re ported in many sites in the Pieniny Moun tains
(Alexandrowicz, 1990, 2004, 2010, 2013a), Podhale re gion
(Alexandrowicz, 1997, 2004, 2010, 2013b; Alexandrowicz and
Rudzka, 2006), Tatra Moun tains (Alexandrowicz, 1988, 2001),
and Flysch Carpathians (Alexandrowicz, 2004, 2009). It is im -
por tant to say that the large pro por tion of for est com mu ni ties in
this pe riod is typ i cal only of ar eas un af fected by hu man im pact.
The dis cussed pro files of tufa cones are lo cated in ar eas hardly
ac ces si ble and un at trac tive for set tle ment, cul ti va tion and an i -
mal breed ing. There fore, hu man im pact on the en vi ron ment in
their di rect vi cin ity is neg li gi ble. The cool ing brought on by the
Lit tle Ice Age is dem on strated by the re duced pro por tion of the
shade-lov ing com po nent in malacocoenoses. Its place was
taken by more abun dant mesophilous, and some times also
hygrophilous forms. Petrophilous spe cies play a dom i nant role
in the pro files sit u ated at the foot of rock walls. The afore men -
tioned cool ing and the re sul tant al ter ation of malacocoenoses
are doc u mented by ra dio car bon dat ing per formed in pro files
Zw-I (320 ± 40 14C BP (MKL-1353); 1496–1646 cal AD; sam -
ple C-1) and Wg-I (140 ± 70 14C BP (MKL-1351); 1650–1937
cal AD; sam ple C-4). The sig nif i cant re duc tion in the pro por tion
of shade-lov ing spe cies in the de pos its rep re sent ing the Lit tle
Ice Age cold phase has been very clearly iden ti fied in sev eral
pro files of tufa ta lus cones in the Tatra Moun tains
(Alexandrowicz, 1988, 2001). The tufa cones in the Pieniny
area are lo cated at a much lower el e va tion (550–620 m a.s.l.).
There fore, the de te ri o ra tion in con di tions for for est growth dur -
ing cli mate fluc tu a tions to wards the cold is much less vis i ble,
and the struc ture of ver ti cal pro files is much more sta ble. Sim i -
lar reg u lar i ties have also been re ported in many cal car e ous tufa 
sites and flu vial de pos its in the Pieniny Mts., Podhale re gion
and Flysch Carpathians (Alexandrowicz, 1990, 1993, 1997,
2004, 2009, 2010, 2013b). Cool ing of the cli mate also caused
the tufa sed i men ta tion to slow down, while si mul ta neously in -
ten si fy ing phys i cal weath er ing pro cesses. An in di ca tion of
these pro cesses is an in crease in the pro por tion of scree ma te -
rial noted in the pro files. It is ev i dent mainly in the pro files of de -
pos its ac cu mu lat ing at the foot of rock walls. The de pos its as so -
ci ated with the Lit tle Ice Age pe riod are rep re sented in all pro -
files, form ing their lower and mid dle sec tions (pro files Zw-I, II,
Ws-II, III, Wg, I, II, and Li-I, II) and their mid dle sec tions (pro files
Zw-II and Ws-I; Fig. 7). The top most in ter vals of all pro files cor -
re spond to the warm ing phase fol low ing the Lit tle Ice Age (ra -
dio car bon date – top sec tion of pro file Ws-I: 60 ± 30 14C BP
(MKL-1350); 1697–1916 cal AD; C-2; Fig. 7). This warm ing is
re flected in the slowly in creas ing role played by shade-lov ing
spe cies in malacocoenoses. The dis ap pear ance of the forms

typ i cal of shaded en vi ron ments noted in the up per most sec -
tions of pro files Zw-I and Ws-III may in di cate an ini tial phase of
anthropogenic de for es ta tion that oc curred, how ever, much
more faintly than in in ner moun tain bas ins (e.g., Podhale Ba sin;
Alexandrowicz, 1997, 2010, 2013b), in the Carpathian fore land
(Alexandrowicz and Alexandrowicz, 1995) and in the Mid-Pol ish 
Up lands (Alexandrowicz, 1983; Alexandrowicz et al., 1997).

CONCLUSIONS

Subhygropetric tufa sites found in the Pieniny Moun tains
con tain abun dant and di ver si fied malacofauna. The mol lus can
as sem blages dis tin guished dur ing the malacological anal y sis
clearly cor re spond to the main lo ca tion types of the stud ied de -
pos its. Malacocoenoses dom i nated by Bythinella austriaca are
typ i cal of tufas ac cu mu lated in the di rect vi cin ity of springs, usu -
ally on rocky slopes in clined at a rel a tively small an gle. They
typ i cally fill niches and hol lows. A con sid er able ad mix ture of
shade-lov ing spe cies is also usu ally ob served in this case. Tufa
cones ad ja cent to ver ti cal rock sides or un der over hangs con -
tain fau nas ei ther dom i nated by petrophilous spe cies or with a
large pro por tion of shade-lov ing forms. The for mer is typ i cal of
open space sites, while the lat ter is char ac ter is tic of ar eas over -
grown with dense shrubs or for est as so ci a tions.

The tufas rep re sent the his toric pe riod. The re sults of ra dio -
car bon anal y ses and the char ac ter is tics of mol lus can as sem -
blages show that the sed i men ta tion of tufas be gan to wards the
end of the warm phase of the Me di eval Warm Pe riod. The ma -
jor phase of de po si tion falls within a cooler pe riod cor re spond -
ing to the Lit tle Ice Age. This phase is doc u mented both by ra -
dio car bon dat ing re sults and the change ob served in the struc -
ture of malacocoenoses, marked by the de crease in shade-lov -
ing spe cies fre quency. The top por tions of the pro files cor re -
spond to a pe riod of grad ual cli mate warm ing that oc curred in
the 20th cen tury. Cal cium car bon ate is cur rently be ing pre cip i -
tated in all pro files. Al ter ations in the pro por tion of shade-lov ing
spe cies in malacocoenoses show a strong re la tion ship to cli ma -

Molluscan assemblages in Late Holocene tufa cones in the Pieniny Mountains (southern Poland) 277

Fig. 7. Stra tig ra phy and cor re la tion be tween pro files
 of subhygropetric tufas cones in Pieniny Mts.
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tic changes. In cool phases, the fre quency of shade-lov ing
forms drops, while it rises in warmer phases. This phe nom e non
has been re ported in nu mer ous pro files in the Pol ish
Carpathians (e.g., Alexandrowicz and Alexandrowicz, 1995;
Alexandrowicz, 1997, 2004, 2009, 2010, 2013b), and par tic u -
larly the Tatra Moun tains (Alexandrowicz, 1988, 2001).

The ex am ined tufa cones were formed dur ing a pe riod of in -
ten si fied set tle ment in the Pieniny re gion and neigh bour ing ar -
eas (e.g., Ko³odziejski et al., 1982; Obidowicz, 1990;
Alexandrowicz, 1997, 2013b), and the en su ing anthropogenic
pres sure. The tufa cones, how ever, are lo cated in ar eas un fa -
vour able for ex ploi ta tion by hu mans, and the pro files do not
bear any sign of hu man ac tiv ity. There fore, the pre sented sites

pro vide a re cord of nat u ral changes in the en vi ron ment, de ter -
mined mostly by the cli mate. The com par i son of the fauna
found in the tufa cones lo cated in the Pieniny and Tatra Moun -
tains shows that their mol lus can as sem blages and se quences
cor re spond to cli ma tic changes. These struc tures can there fore 
be suc cess fully used in palaeo geo graphi cal and strati graphic
re con struc tions. They will also con trib ute to ex tend ing the in ter -
pre ta tional ca pac i ties of the malacological method.
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