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Malacological anal y sis was used to re con struct Ho lo cene en vi ron men tal changes from pro files of cal car e ous tufa and flu vial
de pos its ex posed in the Kobylanka Stream Val ley, sev eral ki lo me tres west of Kraków in south ern Po land. The abun dant and
di ver si fied mol lusc fauna was char ac ter ized by clear vari abil ity within the ver ti cal suc ces sion where five types of mol lus can
as sem blages were dis tin guished. The pat tern of sed i men tary and mol lus can fa cies al lowed char ac ter iza tion of two main in -
ter vals of en vi ron men tal change dur ing Ho lo cene. In the lower in ter val, un til the end of the Mid dle Ho lo cene, hu man ac tiv ity
was not de tected and en vi ron men tal pro cesses were con trolled by nat u ral fac tors. In the up per in ter val, cor re spond ing to the
Late Ho lo cene, hu man im pact can be seen, in the form of rapid de for es ta tion and ag ri cul tural de vel op ment. Anthropogenic
im pact has been par tic u larly ev i dent dur ing the last mil len nium. The mol lusc as sem blages stud ied al lowed ac cu rate re con -
struc tion of nat u ral and anthropogenic fac tors af fect ing the nat u ral en vi ron ment.
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INTRODUCTION

Molluscs are sen si tive in di ca tors of en vi ron men tal con di -
tions, en abling re con struc tion of changes of hab i tats and eco -
sys tems whether un der the in flu ence of nat u ral fac tors, es pe -
cially cli mate, or those re sult ing from hu man ac tiv ity. Snail and
bi valve shells may com monly be found in Qua ter nary de pos its.
The abil ity for a shell to be pre served in the subfossil state is de -
ter mined by many fac tors, most im por tantly the pres ence of cal -
cium car bon ate in the sed i ment. Be cause of low sus cep ti bil ity to 
redeposition, molluscs are nor mally used for re con struc tion of
lo cal en vi ron ments and microhabitats.

Malacological re search in the Kraków re gion, es pe cially in
the south ern part of the Kraków–Czêstochowa Up land, has a
long his tory. Many lo cal i ties of mol lusc-bear ing Qua ter nary de -
pos its such as cal car e ous tufa (e.g., Alexandrowicz, 1983,
1997, 2004; Gradziñski et al., 2017) and flu vial de pos its (e.g.,
Alexandrowicz, 1991; Alexandrowicz et al., 1997) have been
de scribed from this area. The re sults ob tained al lowed re con -
struc tion of en vi ron men tal changes due to nat u ral pro cesses
and eval u a tion of the hu man fac tor in shap ing the en vi ron ment.

Anthropogenic pres sure re lated to in creas ing hu man pop u la -
tion had a sig nif i cant im pact at the Kraków–Czêstochowa Up -
land, though its in ten sity was un even. It is mostly ob served in
ar eas with gen tle ter rain ad van ta geous to the hu man econ omy.
The main in di ca tors of hu man im pact were rapid de for es ta tion
and hy dro log i cal changes. Over a short time these phe nom ena
re sulted in sig nif i cant de te ri o ra tion of fau nal and flo ral as sem -
blages and had a ma jor im pact on geo log i cal pro cesses, mainly 
on slopes and in rivers.

The suc ces sions dis cussed in this pa per dem on strate en vi -
ron men tal changes at the south ern edge of the Kraków–
Czêstochowa Up land dur ing the Ho lo cene. Malacological anal -
y sis al lows char ac ter iza tion of nat u ral and anthropogenic in flu -
ences on the en vi ron ment, and en ables palaeogeographic re -
con struc tion, in clud ing res to ra tion of fea tures of lo cal hab i tats
and their cor re la tion across larger geo graphic re gions. The lat -
ter as pect is im por tant, as it shows how lo cal fac tors may sig nif i -
cantly mod ify re gional cli ma tic and en vi ron men tal trends.

REGIONAL SETTING

The study area is lo cated in the south ern part of the
Kraków–Czêstochowa Up land, ~10 km west of Kraków near
the vil lage of Kobylany (Fig. 1). The up land is built of Me so zoic
rocks: Mid dle Tri as sic and Up per Ju ras sic lime stones, while
Up per Pa leo zoic lime stones play a mi nor role. The Me so zoic
suc ces sion was sub jected to slight tec toni cally-caused in ter -
rup tion at the Cre ta ceous/Paleogene tran si tion, with de vel op -
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ment of a monocline that gently sloped to wards the north-east
(Rutkowski, 1989). Dur ing the Early Mio cene, Outer Carpathian 
flysch nappes over lay the south ern edge of the monocline. As a 
re sult, nu mer ous faults were ini ti ated, form ing a sys tem of tec -
tonic horsts and grabens. To the west of Kraków there is an
E–W ori ented graben ~30 km long and 4 km wide (the
Krzeszowice Graben). Its base is lo cated at 220–310 m a.s.l.
and it is ~100 m lower than the Ojców Pla teau that lim its it to the
north. Qua ter nary de pos its also play an im por tant role. The
plain or gently hilly area of the Ojców Pla teau is cov ered by
loess for ma tions while al lu vial de pos its fill the bot tom of the
Krzeszowice Graben. Out crops of cal car e ous tufa are found in
stream val leys (Walczak, 1956; Lewandowski, 2015).

The slope be tween the Krzeszowice Graben and the Ojców
Pla teau is di vided by sev eral deep val leys that are com monly
rocky gorges. The Ho lo cene suc ces sions ana lysed are lo cated
in the val ley of the Kobylanka Stream. In its up per sec tion this is
a steep and deep val ley with rocky slopes, while at its out let into
the Krzeszowice Graben there is an ex ten sive al lu vial fan
where the stream cuts deeply into its own al lu vium, to a depth of 
5 m. The pro files ana lysed rep re sent this part of the val ley
(Fig. 1).

Ar chae o log i cal re search in di cates that groups of peo ple ar -
rived into the area of the Kraków–Czêstochowa Up land dur ing
the Lower Paleolithic. How ever, the Paleolithic set tle ments did
not lead to anthropogenic trans for ma tion of the en vi ron ment
(e.g., Madeyska, 1982; Szymanek et al., 2016). Anthropogenic
changes may be re lated to the ar rival of Neo lithic ag ri cul tural
com mu ni ties (e.g., Kruk et al., 1996; Kruk and Milisauskas,
1999; Moskal-del Hoyo et al., 2017, 2018; Gradziñski et al.,
2017). Set tle ment and the re sult ing anthropopressure were in -
tense in ar eas of gen tle ter rain, namely on the Ojców Pla teau
and at the bot tom of the Krzeszowice Graben. The ne ces sity to

ac quire fields forced in tense de for es ta tion, re sult ing in de -
creased di ver sity of an i mal and plant spe cies. The other con se -
quence of de for es ta tion was in creased ero sion and al lu vi ation
of min eral sed i ments in river val leys, mostly be ing a re sult of soil 
deg ra da tion (e.g., Broda, 1985; Rutkowski and Starkel, 1989;
Alexandrowicz et al., 1997). By con trast, fewer traces of hu man
ac tiv i ties are seen on the slope, as this was un fa vour able ter rain 
for cul ti va tion, and so nat u ral fau nal and flo ral as sem blages can 
be found in this set ting un til the pres ent.

MATERIAL AND METHODS

Anal y sis of the mol lusc as sem blages was per formed on 39
sam ples col lected from three pro files (Kb-I–Kb-III; Fig. 1). In di vid -
ual 2–2.5 kg sam ples were taken di rectly from the ex po sures
span ning in ter vals of ~20 cm, de pend ing on the lithological char -
ac ter is tics of the sed i ments. The sam ples rep re sented all the
lithofacies dis tin guished in the sec tions ex cept for the hard tufas.
Mol lusc re mains were re trieved from the sam ples taken, as com -
plete shells and rec og niz able frag ments. Iden ti fi ca tions were
made based on keys (Wiktor, 2004; Wel ter-Schultes, 2012;
Horsák et al., 2013) and a ref er ence col lec tion. The shell ma te rial 
was sub jected to stan dard malacological anal y sis (Ložek, 1964;
Alexandrowicz and Alexandrowicz, 2011). In di vid ual taxa were
in cluded into eco log i cal groups ac cord ing to the scheme de -
scribed by Ložek (1964), Alexandrowicz and Alexandrowicz
(2011) and Juøièková et al. (2014a; see Ta ble 1). The per cent age 
shares of in di vid ual eco log i cal groups were the ba sis for con -
struc tion of a malacological di a gram. The use of prin ci pal com -
po nent anal y sis (PCA) al lowed dis tinc tion of fac tors cru cial for
fauna di ver sity. A sim i lar ity dendrogram anal y sis cal cu lated ac -
cord ing to the al go rithm de signed by Morisita (1959) al lowed def -
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Fig. 1. Lo ca tion of study area (map base: www. polska.e-mapa.net)
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T a  b l e  1

Malacofauna in Ho lo cene pro files  from the Kobylanka stream val ley

E – eco log i cal groups of molluscs (af ter Ložek, 1964; Alexandrowicz and Alexandrowicz, 2011; Juøièková et
al., 2014a): 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 un der ground 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, WT – spe cies of tem po rary wa ter 
bod ies, WS – spe cies of per ma nent wa ter bod ies, WR – reophile spe cies; mol lusc as sem blages (CL, SL, WT,
OC, AA; de scribed in text)



i ni tion of mol lusc as sem blages. Sta tis ti cal cal cu la tions were
made us ing PAST soft ware (Ham mer et al., 2001). The data
thus col lected were the ba sis for re con struct ing en vi ron men tal
changes, both those re sult ing from nat u ral fac tors and those di -
rectly re lated to hu man ac tiv ity. The pa per uses the for mal di vi -
sion of the Ho lo cene adopted by the IUGS in 2018 (Walker et al.,
2019). The strati graphic po si tion of in di vid ual as sem blages was
de ter mined on the ba sis of age de ter mi na tion for 8 sam ples of
plant re mains and char coal us ing the ra dio car bon method. The
ra dio met ric anal y ses were made in the lab o ra tory in Gliwice
(code Gd), the ages ob tained be ing cal i brated us ing OxCal V 3.9
soft ware (Bronk Ramsey, 2003). The palaeoenvironmental re -
con struc tions were com pared with the re sults of malacological
stud ies car ried out at other Ho lo cene sites in the south ern part of
Kraków–Czêstochowa Up land (e.g., Alexandrowicz, 1983, 1997, 
2004; Alexandrowicz et al., 1997).

RESULTS

LITHOLOGY

The anal y sis en com passed three ex po sures lo cated within
the al lu vial fan of the Kobylanka Stream. Pro files Kb-I and Kb-II
are lo cated in the prox i mal fan and ex pose a sed i men tary se -
quence ~4 m thick. Pro file Kb-III is lo cated in the dis tal fan and
its thick ness is 2 m (Figs. 1 and 2). Within the pro files four
lithological units (A–D) may be dis tin guished.

Unit A, the old est part of the se quence, is char ac ter ized by
dark silty loams and a 25 cm thick layer of black peat. These de -
pos its are ex posed at the base of the Kb-I and Kb-II pro files
(Fig. 2).

Unit B com prises cal car e ous de pos its de vel oped as hard,
po rous white trav er tine and white or yel low ish gran u lar tufa, and 
white cal car e ous silt. These car bon ate de pos its are thick est in
pro file Kb-I (slightly >2 m). Closer to the val ley bot tom, the thick -
ness of the cal car e ous tufa de creases to ~1.8 m in the Kb-II
pro file and <0.5 m in the Kb-III pro file (Fig. 2).

The next unit (C) con sists of two types of de posit. The first is 
a 0.3 m thick layer of dark silt with frag ments of char coal. The
sec ond type is silt with fine-grained sand, usu ally up to 0.8 m
thick. Sim i lar to many flu vial de pos its in the vi cin ity of Kraków,
unit C is an ex am ple of the “older ag ri cul tural al lu vial soil”
(Rutkowski and Starkel, 1989; Alexandrowicz et al., 1997;
Fig. 2).

The up per sec tions in all pro files (unit D) com prise a min eral 
flu vial de posit typ i cal of the vi cin ity of Kraków and known as the
youn ger ag ri cul tural al lu vial soil (Rutkowski and Starkel, 1989;
Alexandrowicz et al., 1997). It in cludes gravel and sand over lain 
by silt with plant re mains (Fig. 2), with a high con tent of cal cium
car bon ate. Thus, they pro vide con ve nient con di tions to pro tect
subfossil molluscs as sem blages.

MALACOFAUNA

The malacological anal y sis was based on 39 sam ples. The
num ber of spe cies in in di vid ual sam ples ranged from 12 to 40,
while the num ber of spec i mens ranged from 103 to 780. The
ma te rial in to tal con sisted of over 10,000 spec i mens be long ing
to 45 spe cies of ter res trial snail, 8 spe cies of aquatic snail and 5
spe cies of bi valve (Ta ble 1).

Shade-lov ing spe cies (groups FF, FB, FH) are a dom i nant el -
e ment in lower parts of the pro files (units A and B; Figs. 2, 3 and
Ta ble 1). In unit A and the lower part of unit B mois ture-tol er ant
taxa of wide ther mal tol er ance are pres ent: Dis cus ruderatus
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Fig. 2. Li thol ogy of Ho lo cene de pos its in the Kobylanka Stream Val ley

Kb-I – Kb-III pro files ana lysed
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Fig. 3. Li thol ogy and malacological di a grams of the Kobylanka Val ley pro files

Pr – pro file, Sp – sam ples, Mf – malacofauna; FF, FB, FH, OX, OO, MD, MI, MH, H, WT, WS, WR – eco log i cal groups of
molluscs – for ex pla na tions see Ta ble 1; Li – lithological units (A–D; de scribed in text); for lithological ex pla na tions see

Fig ure 2



and Vitrea crystallina. In the higher part of unit B for est spe cies
are much more nu mer ous and con sti tute  ~50% of the as sem -
blage. Spe cies di ver sity also in creases, with the oc cur rence of
var i ous taxa with stricter eco log i cal re quire ments: Aegopinella
pura, Ruthenica filograna and Dis cus rotundatus. Within units C 
and D for est spe cies play a mar ginal role (Fig. 3 and Ta ble 1). In 
the higher part of the se quence (units C and D) open-coun try
spe cies (groups OX, OO) are dom i nant, par tic u larly taxa liv ing in
mod er ately dry, grassy hab i tats: Vallonia pulchella and Vallonia 
costata (Ta ble 1). In the up per most part (unit D) there are two
soil-dwell ing spe cies: Cecilioides acicu la and Meditterranea
inopinata (Fig. 3 and Ta ble 1). In the lower part of the se quence
the pres ence of Columella columella is sig nif i cant. Mesophilous 
spe cies (groups MD, MI, MH) oc cur through out the se quence,
but they are more com mon in its lower part (Fig. 3 and Ta ble 1),
no ta bly Ver tigo substriata. Hygrophilous spe cies (group H) are
rel a tively rare, though of great im por tance in in ter pre ta tion, es -
pe cially Ver tigo genesii and V. geyeri. The molluscs iden ti fied in 
the pro files in clude aquatic spe cies, no ta bly those liv ing in tem -
po rary wa ter bod ies (group WT; Galba truncatula and Anisus
leucostoma). Less com mon are taxa typ i cal of per ma nent small 
and shal low, veg e tated wa ter bod ies (group WS),  no ta bly
Gyraulus laevis. Two spe cies of bi valves char ac ter is tic of flow -
ing wa ter (group WR) are the fi nal el e ment of the as sem blage
(Fig. 3 and Ta ble 1).

DISCUSSION

MOLLUSCS ASSEMBLAGES

The mol lusc as sem blages iden ti fied in the pro files ana lysed 
are highly vari able. This vari abil ity is both in spe cies di ver sity
and in the eco log i cal struc ture of the as sem blages pres ent in
dif fer ent in ter vals of the se quence. Tax o nomic anal y sis, based
on a dendrogram of sim i lar i ties, al lows dis tinc tion of two clearly
sep a rate groups. The first group in cludes sam ples ob tained

from the lower parts of the pro files, be long ing to lithological
units A and B (sam ples 1–11, 18–25 and 33). The re main ing
sam ples (sam ples 12–17, 26–32, 34–39) fall within the sec ond
group and cor re spond with the lithological units A and B
(Figs. 2–4). In more de tailed anal y sis, five molluscs as sem -
blages were rec og nized, dif fer ing in tax o nom i cal com po si tion
and hab i tat and tem per a ture pref er ences (Fig. 4), the age of in -
di vid ual molluscs as sem blages be ing de ter mined by ra dio car -
bon dat ing of plant re mains and char coal frag ments, that gen er -
ally give re li able and rel a tively low-er ror re sults (Fig. 3 and Ta -
ble 2).

The as sem blage with cold-lov ing spe cies (CL). This rel a -
tively poor fauna (33 spe cies; Ta ble 1) is pres ent in the low est
sec tions of the Kb-I and Kb-II pro files within lithological unit A
(Figs. 2–4). The most im por tant en vi ron men tal fac tor for this as -
sem blage is the pres ence of wet land hab i tats (Fig. 5), with char -
ac ter is tic taxa that pre fer a cold cli mate: Ver tigo genesii,
V. geyeri and Columella columella. These are com mon in as -
sem blages re lated to the Late Gla cial and Early Ho lo cene, as
seen in many pro files across Eu rope (e.g., Alexandrowicz,
1983, 1997, 2004, 2013a, 2015, 2019a, b; Limondin-Lozouet,
1992; Krolopp and Sümegi, 1993; Meyrick, 2001, 2002; Meyrick 
and Preece, 2001; Gedda, 2001, 2006; Alexandrowicz et al.,
2014, 2016; Juøièková et al., 2014b; Horáèková et al., 2015).

They are rare in youn ger de pos its and now a days in Cen tral Eu -
rope are known only from a few rel ict sites (Schenková and
Horsák, 2013) or in high moun tains (Pokryszko, 1990; Fig. 3
and Ta ble 1). The pres ence of the mois ture- and shade-lov ing
forms Dis cus ruderatus and Ver tigo substriata is also im por tant, 
both be ing mois ture-tol er ant spe cies com mon in as sem blages
re lated to the Early Ho lo cene (e.g., Alexandrowicz, 1983, 1997,
2004, 2013a; Gedda, 2001, 2006; Meyrick, 2001, 2002;
Meyrick and Precce, 2001; Alexandrowicz et al., 2014, 2016;
Juøièková et al., 2014b; Horáèková et al., 2015). There were
also many Gyraulus laevis, a cold-tol er ant taxon typ i cal of small
over grown wa ter bod ies (Alexandrowicz, 1999, 2013b). The CL
as sem blage is char ac ter ized by wet land hab i tats with patches
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Fig. 4. Clus ter anal y sis of mol lusc as sem blages from the Ho lo cene de pos its of the Kobylanka Val ley

1–36 – sam ples, CL, SL, WT, OC, AA – mol lusc as sem blages de scribed in text

https://gq.pgi.gov.pl/article/view/26082


of co nif er ous for est, grow ing in a cold, ap par ently con ti nen tally
in flu enced, cli mate. This fauna rep re sents the Early Ho lo cene
(for dates of C-1 and C-4 see Fig. 3 and Ta ble 2). Sim i lar
molluscs com mu ni ties of this age have been de scribed from
many sites in Eu rope (e.g., Alexandrowicz, 1983, 1997, 2004,
2013a, 2015, 2019a; Limondin-Lozouet, 1992; Meyrick, 2001,
2002; Meyrick and Preece, 2001; Gedda, 2001, 2006;
Alexandrowicz et al., 2014, 2016; Juøièková et al., 2014b;
Horáèková et al., 2015).

The as sem blage with aquatic spe cies (WT). This as sem -
blage is par tic u larly well de vel oped within the cal car e ous tufas
(unit B; Figs. 2–4). The most im por tant en vi ron men tal fac tor for
this as sem blage is the pres ence of small tem po rary or per ma -
nent wa ter bod ies (Fig. 5). This fauna con sists of 43 taxa (Ta -
ble 1). Its char ac ter is tic fea ture is the pres ence of aquatic spe -
cies liv ing both in tem po rary wa ter bod ies (Galba truncatula and
Anisus leucostoma) and in small and shal low per ma nent wa ter
bod ies with rich plant veg e ta tion. Gran u lar cal car e ous tura
and/or cal car e ous silt are as so ci ated with this type of en vi ron -
ment (e.g., Pedley, 1990, 2009). Land snails pre fer ring wet hab -
i tats (Perforatella bidentata and Carychium min i mum) were also 
noted. This fauna in hab ited small tem po rary wa ter bod ies de -
vel op ing on the wa ter logged bot tom of the val ley over grown by
bushes with com mon al der and wil low. Sim i lar as sem blages
have been de scribed from other sites with Ho lo cene cal car e ous 
tufa (e.g., Keen, 1990; Alexandrowicz, 2004, 2012; Dobrowol -
ski et al., 2016, 2019).

The as sem blage with shade-lov ing spe cies (SL). This
abun dant and di verse fauna (50 spe cies; Ta ble 1) is pres ent in
all pro files within the cal car e ous tufas (unit B; Figs. 2–4). The
main fac tor for this fauna is the pres ence of for est (Fig. 5). The
as sem blage con tains nu mer ous shells of for est spe cies with
strict eco log i cal re quire ments, es pe cially in terms of tem per a -
ture: Discuis rotundatus, Aegopinella pura and Ruthenica
filograna, ac com pa nied by shade-tol er ant snails pre fer ring
moist hab i tats (Monachoides vicinus and Vitrea crystallina) and
mesophilous taxa. The im por tance of other eco log i cal groups is 
lesser. This as sem blage is char ac ter ized by shaded and moist
hab i tats lo cated at the bot tom of the val ley, as so ci ated with
mixed or de cid u ous dense for ests. Sig nif i cant spe cies di ver sity, 
many thermophilic for est taxa, the lack of spe cies with low ther -
mal re quire ments and few open en vi ron ment snails is typ i cal of
as sem blages re lated to the Mid dle Ho lo cene. Sim i lar mol lusc
as sem blages have been iden ti fied at many sites in en tire Cen -

tral and West ern Eu rope (e.g., Alexandrowicz, 1997, 2004,
2015, 2019a, b; Meyrick, 2002; Žak et al., 2002; Alexandrowicz
and Rybska, 2013; Alexandrowicz et al., 2014, 2016; Juøièková
et al., 2014b; Horáèková et al., 2015).

The as sem blage with open-coun try spe cies (OC). This
fauna is pres ent in all pro files within lithological unit C
(Figs. 2–4). The most im por tant en vi ron men tal fac tor is the
pres ence of mod er ately dry open, grassy hab i tats (Fig. 5). It is
char ac ter ized by sig nif i cant spe cies di ver sity (45 spe cies; Ta -
ble 1). The two most im por tant taxa char ac ter is tic of grass lands 
are Vallonia pulchella and Vallonia costata that con sti tute >30% 
of the as sem blage. The as sem blage also in cludes
mesophilous snails, es pe cially those pre fer ring dry and mod er -
ately moist hab i tats. Shade-tol er ant snails con sti tute <5% of the 
as sem blage. This fauna is typ i cal of dry grassy hab i tats. The
de pos its con tain ing the OC as sem blage formed dur ing ear lier
part of the Late Ho lo cene (for ra dio car bon dates of C-5 and C-7
see Fig. 3 and Ta ble 2). Sim i lar as sem blages have been de -
scribed also in other Late Ho lo cene mol lusc-bear ing se -
quences in Eu rope (e.g., Alexandrowicz et al., 1997, 2014,
2016, 2019; Alexandrowicz, 2013c, 2020; Granai and
Limondin-Lozouet, 2018; Horsák et al., 2019; Davišek et al.,
2020).

The as sem blage with spe cies typ i cal of ag ri cul tural ar eas
(AA). This fauna is pres ent in the up per most sec tions of all
pro files, within lithological unit D (Figs. 2–4). It is char ac ter ized 
by rel a tively high spe cies di ver sity (40 taxa, Ta ble 1). The
most im por tant en vi ron men tal fac tor is ar a ble land (Fig. 5).
Open-coun try spe cies are the dom i nant com po nent of this
fauna (up to 75%). Snails typ i cal of open grassy biotopes are
nu mer ous (Vallonia pulchella and Vallonia costata), while the
most im por tant group com prises un der ground forms liv ing in
the soil (Cecilioides acicu la and Meditterranea inopinata).
Both these snails are com monly found in ag ri cul tural ar eas,
es pe cially on ar a ble land. Their oc cur rence with anthropo -
genically mod i fied ar eas has been doc u mented at many sites
(e.g., Rous seau et al., 1993; Alexandrowicz et al., 1997, 2019; 
Alexandrowicz, 2004; Groom, 2011; Èiliak et al., 2015).
Shade-lov ing taxa are ab sent and the pres ence of other eco -
log i cal groups is low. The as sem blage with spe cies typ i cal of
ag ri cul tural ar eas rep re sents the youn gest sed i ments, de pos -
ited dur ing the last mil len nium (ra dio car bon dat ing: C-3, C-6
and C-8; see Fig. 3 and Ta ble 2).
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Pro file Sam ple Age BP Lab code Age cal BP Age cal BC/AD Ma te rial

Kb-I C-1 9870 ±100 Gd-2941
11750-11731 (0.6%)

11725-11103 (94.8%)

9801–9782 (0.6%) BC

9776–9154 (94.8%) BC
peat

Kb-I C-2 3300 ±100 Gd-2584

3828–3786 (2.7%)

3780–3344 (92.5%)

3281–3278 (0.2%)

1879–1837 (2.7%) BC

1831–1395 (92.5%) BC

1332–1329 (0.2%) BC
char coal

Kb-I C-3 730 ±50 Gd-9266

758–753 (0.4%)

745–632 (83.4%)

599–560 (11.6%)

1193–1197 (0.4%) AD

1205–1319 (83.4%) AD

1352–1390 (11.6%) AD

plant re mains

Kb-II C-4 9300 ±80 Gd-7330 10688–10264 (95.4%) 8739–8315 (95.4%) BC peat

Kb-II C-5 3700 ±50 Gd-10888
4224–4205 (1.6%)

4158–3894 (93.8%)

2275–2256 (1.6%) BC

2209–1945 (93.8%) BC char coal

Kb-II C-6 370 ±50 Gd-2434 5405–313 (95.4%) 1445–1637 (95.4%) AD plant re mains

Kb-III C-7 2650 ±50 Gd-11201 2865–2718 (95.4%) 916–769 (95.4%) BC char coal

Kb-III C-8 820 ±60 Gd-9533
906–851 (11.1%)

832–667 (84.3%)

1044–1100 (11.1%) AD

1119–1283 (84.3%)AD
plant re mains

T a  b l e  2

Re sults of ra dio car bon dat ing
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NATURAL AND ANTHROPOGENIC
ENVIRONMENTAL CHANGES

Pro files from the Kobylanka Stream Val ley con tain a
malacological suc ces sion rep re sent ing the en tire Ho lo cene.
The com po si tion and struc ture of the mol luscs as sem blages re -
flect en vi ron men tal con di tions pres ent at the time and lo ca tion
of sed i men ta tion. Thus, they al low re con struc tion of palaeo -
environmental evo lu tion, and in di cate the main fac tors de ter -
min ing changes, and the time in ter vals dur ing which these
changes oc curred. Six such phases can be dis tin guished.

Phase I (Early Ho lo cene). This phase re lates to the ear li -
est-de pos ited unit A (for dates of C-1 and C-4, see Ta ble 2).
The malacofauna in cludes many shells of cold-tol er ant taxa
(as sem blage CL) that lived in moist, shaded hab i tats (Fig. 5).
Dur ing the Early Ho lo cene, for ests spread into Cen tral Eu rope
(e.g., Giesecke et al., 2017; Rob erts et al., 2018). This re gional
trend of en vi ron men tal change has been doc u mented at many
other sites, both in south ern Po land (e.g., Alexandrowicz, 1983, 
1997, 2004, 2013a, 2015, 2019a; Alexandrowicz et al., 2014,
2016) and across Cen tral and West ern Eu rope (e.g.,
Limondin-Lozouet, 1992; Krolopp and Sümegi, 1993; Meyrick,
2001, 2002; Meyrick and Preece, 2001; Gedda, 2001, 2006;
Žak et al., 2002; Horsák et al., 2019). The ev i dence in di cates a
grad u ally in crease of for est hab i tats, re flected by the grow ing
pres ence and in creas ing spe cies di ver sity of shade-lov ing taxa
(Fig. 5), in di cat ing pro gres sive warm ing of the cli mate. The data 
col lected in di cate that dur ing the Early Ho lo cene the Kobylanka 
Stream flowed through a rel a tively broad val ley. Its bot tom was
swampy with tem po rary wa ter bod ies, over grown by grass with
clumps of bushes, mostly al der and wil low. Co nif er ous for ests
cov ered the slopes of the val ley (Fig. 6). No hu man im pact on
nat u ral en vi ron men tal pro cesses dur ing this pe riod was iden ti -
fied. Dur ing the Early Ho lo cene some small hunter-gath erer
com mu ni ties were con tin u ously or pe ri od i cally liv ing in the vi cin -
ity of Kraków, mak ing lim ited use of en vi ron men tal re sources
from this area (Madeyska, 1982; Szymanek et al., 2016).

Phase II (Mid dle Ho lo cene). This was a pe riod of warm and
hu mid cli mate in which cal car e ous tufas were de pos ited. The
mid dle sec tions of the Kb-I and Kb-II pro files and the lower part
of pro file Kb-III are built of var i ous types of cal car e ous tufa
(unit B). Two types of mol lusc as sem blage are pres ent in these
de pos its. The first one in cludes shade-lov ing spe cies and the
sec ond con tains aquatic molluscs (Fig. 5). Both these fau nal
types in di cate grad ual cli mate warm ing, as well as in creas ing
hu mid ity and con tin ued change in the dom i nant cli ma tic cir cu la -
tion from con ti nen tal to oce anic. These ob ser va tions are con -
sis tent with cli ma tic change mod els for the area of Cen tral Eu -
rope dur ing the Ho lo cene (Mayewski et al., 2004; Mauri et al.,
2015). The co-ex is tence of two dif fer ent mol lusc as sem blages
in di cates het er o ge neous con di tions at the val ley bot tom.
Around pro file Kb-I there were dense de cid u ous for ests while
near the Kb-II pro file there was a shal low, highly over grown,
prob a bly tem po rary wa ter body. Sev eral such for mer wa ter
bod ies have been iden ti fied in val leys on the south ern edge of
the Kraków–Czêstochowa Up land (Alexandrowicz, 1983, 1997, 
2004, 2012). These small lakes were of ten con fined by dams
built of hard trav er tine and filled with loose cal car e ous tufa.
They were prob a bly cre ated as a re sult of the val ley be ing
blocked by fallen trees, fol low ing mass wast ing or through the
ac tiv ity of bea vers (Alexandrowicz, 2004, 2012; Fig. 6). The
mol lus can di ver sity in di cates the ex is tence of var ied
microhabitats. Thus, the bot tom of the Kobylanka Stream Val -
ley was lo cally over grown with for ests or bushes, while lo cally
open hab i tats with small tem po rary wa ter bod ies ex isted
(Fig. 6). Such mid-Ho lo cene as sem blages with large num bers
of thermophilic taxa are known from many sites across Eu rope
(e.g., Alexandrowicz, 1997, 2004, 2015, 2019a, b; Meyrick,
2002; Žak et al., 2002; Alexandrowicz and Rybska, 2013;
Alexandrowicz et al., 2014, 2016; Juøièková et al., 2014b;
Horáèková et al., 2015). Dur ing this pe riod hu man set tle ment
oc curred mostly on the hill top plain of the Up land. Then, the first 
anthropogenic deforestations took place (e.g., Kruk et al., 1996; 
Kruk and Milisauskas, 1999; Moskal-del Hoyo et al., 2017,
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Fig. 5. Prin ci pal com po nent anal y sis (PCA) of malacofauna from the Kobylanka Stream Val ley

FF, FB, FH, OX, OO, MD, MI, MH, H, WT, WS, WR – eco log i cal groups of molluscs – for ex pla na tions see
Ta ble 1, 1-36 – sam ples, CL, SL, WT, OC, AA – mol lusc as sem blages de scribed in the text
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2018), though this re search has iden ti fied no hu man im pact on
geo log i cal pro cesses for the pe riod dis cussed.

Phase III (Mid dle Ho lo cene/Late Ho lo cene). This was a time 
of cli ma tic changes oc cur ring across Cen tral Eu rope (Mayewski 
et al., 2004; Mauri et al., 2015), with lim ited de po si tion of car -
bon ate sed i ments, as de scribed from nu mer ous sites in Eu rope 
(e.g., Goudie et al., 1993; Dobrowolski et al., 2012, 2016, 2019;
Väliranta et al., 2016; Dabkowski, 2020) as well as in the
Kobylanka Val ley. This is com monly re lated to a strati graphic
hi a tus up to sev eral hun dred years in du ra tion (Jäger and
Ložek, 1983; Alexandrowicz, 2004; Fig. 6).

Phase IV (Late Ho lo cene – older part). Flu vial de pos its re -
lated to this pe riod are pres ent in all pro files (unit C). The time of 
de po si tion is con strained by ra dio car bon dat ing of the Kb-I and
Kb-II pro files (C-2, C-5 and C-7; Ta ble 2). Cal car e ous tufa was
re placed by sandy and silty min eral sed i ments. At the base of
these de pos its there is a char ac ter is tic layer con tain ing sig nif i -
cant char coal de bris. This is the ‘older ag ri cul tural al lu vial soil’
(Rutkowski and Starkel, 1989; Alexandrowicz et al., 1997). The
ear lier plen ti ful and di verse as sem blages with many shade-lov -
ing snails were re placed by as sem blages dom i nated by
open-coun try spe cies (Fig. 5). The rapid de for es ta tion re corded 
in the pro files (Fig. 6) is un doubt edly a re sult of anthropogenic
de for es ta tion oc cur ring dur ing growth of Neo lithic ag ri cul tural
ar eas around Kraków (e.g., Kruk et al., 1996; Kruk and
Milisauskas, 1999; Moskal-del Hoyo et al., 2017, 2018;

Gradziñski et al., 2017). The char coal is ev i dence of for est
burn ing in the Kobylanka drain age ba sin. Clear ev i dence of
anthropogenic burn ing and de for es ta tion of large ar eas of the
Kraków–Czêstochowa Up land dur ing this pe riod have been
iden ti fied at many sites (Alexandrowicz, 1983, 1997, 2004;
Broda, 1985; Rutkowski and Starkel, 1989). As a re sult of these 
pro cesses, nat u ral for ests dis ap peared and were re placed by
open grassy biotopes used as pas tures (Fig. 6).

Phase V (Late Ho lo cene – youn ger part). This was a pe riod
of rapid, brief cli mate changes (Mayewski et al., 2004; Mauri et
al., 2015). It can be seen in all the pro files in the Kobylanka Val -
ley as a thick layer of gravel and sand. These de pos its may rep -
re sent a pe riod of in ten si fied flu vial ac tiv ity pre ced ing the Early
Me di eval phase of set tle ment, and so may cor re spond to cool
cli ma tic phases of the Iron Age or Dark Ages (Starkel, 1997;
Starkel et al., 2013; Fig. 6).

Phase VI (the last mil len nium). This was a pe riod of in tense
hu man set tle ment and ac tiv ity. In the Kobylanka Val ley pro files
it can be seen in the top in ter val (unit D). This has been en tirely
cre ated dur ing the last mil len nium (for ra dio car bon dates of
C-3, C-6 and C-8; Ta ble 2). The malacofauna re veals a dom i -
na tion of open and dry hab i tats (Fig. 5). In creas ing pop u la tion
den sity and the spread of ar a ble land and vil lages led to com -
plete de for es ta tion of the val ley (Fig. 6). Spe cies typ i cal of ar a -
ble land and re lated to ag ri cul tural de vel op ment were also pres -
ent. His tor i cal data show that the most rapid hu man set tle ment
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Fig. 6. Nat u ral and anthropogenic en vi ron men tal changes in the Kobylanka stream
val ley dur ing the Ho lo cene

ST – Stra tig ra phy (af ter Walker et al., 2019), 14-C – ra dio car bon dat ing (see Ta ble 2), FA –
phases of en vi ron men tal change (F-I–F-VI; de scribed in text), LI – lithological units (A–D; de -
scribed in text, see Fig. 2), MA – mol lusc as sem blages (CL, SL, WT, OC, AA; de scribed in text),
EN – en vi ron men tal changes, HI – hu man im pact: Fi – fire,  Df – de for es ta tion, Br – breed ing, Cu
– cul ti va tion, St – set tle ment



took place in this area since the 11th/12th cen tury, with in ten si -
fied anthropogenic pres sure since (Fig. 6). Min eral sed i ments
con tain ing plant re mains, com monly found in the top part of all
pro files, are known as the youn ger ag ri cul tural al lu vial soil
(Rutkowski and Starkel, 1989; Alexandrowicz et al., 1997).

CONCLUSIONS

The pro files ex posed in the Kobylanka Val ley al low re con -
struc tion of en vi ron men tal changes and eval u a tion of hu man
im pact on en vi ron men tal pro cesses dur ing the Ho lo cene. All
pro files an a lysed can be di vided into two parts. Their lower sec -
tions were formed dur ing the Early and Mid dle Ho lo cene, when
the val ley of the stream of Kobylanka was not sub ject to hu man
ac tiv ity. As a re sult, only nat u ral pro cesses con trolled en vi ron -
men tal changes, cli mate be ing the most im por tant fac tor. The
fau nal se quence in di cates pro gres sive warm ing ac com pa nied
by a grad ual change in dom i nant at mo spheric cir cu la tion from
con ti nen tal to oce anic. As a re sult, orig i nal cold-lov ing tun dra
plant as sem blages were re placed by for est, pri mar ily co nif er -
ous and then with grow ing num bers of warmer-cli mate trees.
This veg e ta tion change was ac com pa nied by a change in mol -
luscs as sem blages, as cold-tol er ant forms dis ap peared, while
spe cies with high en vi ron men tal re quire ments, es pe cially for est 
spe cies, started to oc cur. Within the up per parts of the pro files
the most im por tant fac tor de ter min ing en vi ron men tal evo lu tion
was hu man ac tiv ity. Its first and the most vis i ble sign was de for -
es ta tion tak ing place since the be gin ning of the Late Ho lo cene.
The older al lu vial soil formed in that pe riod con tains sig nif i cant
amounts of char coal as ev i dence of burn ing and clear ing of
large for est ar eas. The open grassy hab i tats so formed were

prob a bly used as pas tures and, to a smaller ex tent, as ar a ble
land. By con trast with nat u ral pro cesses, hu man ac tiv ity com -
monly leads to very fast and dras tic en vi ron men tal changes.
Pop u la tion growth dur ing the Early Mid dle Ages re sulted in in -
creased cropland ar eas, es pe cially ar a ble land, and the es tab -
lish ment of larger per ma nent set tle ments. The de po si tion of
min eral al lu vial sed i ments with plant re mains, a youn ger al lu vial 
soil, was con nected with this pe riod.

The pro files de scribed here in di cate other ef fects of hu man
ac tiv ity. Within the Kb-I and Kb-II pro files, 4 m thick, the lower
part, in clud ing lithological units A and B, does not con tain
clearly iden ti fi able strati graphic hi a tuses. Its to tal thick ness is
~2 m and it lasted from the Early Ho lo cene un til the end of the
Mid dle Ho lo cene. The up per in ter val com prises de pos its
formed dur ing in ten si fied hu man ac tiv ity. The thick ness of this
pro file sec tion is also ~2 m, and con tains at least two strati -
graphic hi a tuses. This in ter val was de pos ited over ~3,500
years. This ob ser va tion in di cates in creas ing in ten sity of geo log -
i cal pro cesses, es pe cially flu vial ac tiv ity, in ar eas sub jected to
hu man ac tiv ity, via anthropogenic de for es ta tion ini ti at ing ab la -
tion and slope move ments.

Such malacological re search may also help re con struct
microhabitats, both lo cally and re gion ally, for ex am ple to re con -
struct the kind of en vi ron men tal hab i tat di ver sity pres ent in the
bot tom of the Kobylanka Val ley dur ing the Mid dle Ho lo cene.

Ac knowl edg ments. This study was spon sored by AGH
Uni ver sity of Sci ence and Tech nol ogy through sub ven tion no
16.16.140.315. I also would like to thank Prof. G. Danukalova
and an anon y mous re viewer for their con struc tive com ments.

REFERENCES

Alexandrowicz, S.W., 1983. Malacofauna of the Ho lo cene cal car e -
ous sed i ments of the Cra cow Up land. Acta Geologica Polonica,
33: 117–158.

Alexandrowicz, S.W., 1991. Late Qua ter nary mol lus can
assemblages of the Bêdkowska Val ley (Cra cow Up land). Bul le -
tin of the Pol ish Acad emy of Sci ences, Earth Sci ences, 39:
101–110.

Alexandrowicz, S.W., 1997. Malacofauna of Ho lo cene Sed i ments
of the Pr¹dnik and Rudawa River Val leys (South ern Po land).
Folia Quaternaria, 68: 133–188.

Alexandrowicz, S.W., Alexandrowicz, W.P., 2011. Analiza
malakologiczna. Metody badañ i interpretacji (in Pol ish).
Rozprawy Wydzia³u Przyrodniczego PAU, 3: 5–302.

Alexandrowicz, S.W., Alexandrowicz, W.P., Kr¹piec, M.,
Szychowska-Kr¹piec, E., 1997. En vi ron men tal changes in
South ern Po land dur ing his tor i cal times (in Pol ish with Eng lish
sum mary). Geologia, Kwartalnik AGH, 23: 339–387.

Alexandrowicz, W.P., 1999. Evo lu tion of the malacological as sem -
blages in North Po land dur ing the Late Gla cial and Early Ho lo -
cene. Folia Quaternaria, 70: 39–69.

Alexandrowicz, W.P., 2004. Mol lus can assemblabes of Late Gla -
cial and Ho lo cene cal car e ous tufas in South ern Po land. Folia
Quaternaria, 75: 1–309.

Alexandrowicz, W.P., 2012. As sem blages of molluscs from
Sulis³awice (Ma³opolska Up land, south ern Po land) and their sig -
nif i cance for in ter pre ta tion of depositional con di tions of cal car e -
ous tufas in small wa ter bod ies. Annales Societatis Geologorum 
Poloniae, 82: 161–176.

Alexandrowicz, W.P., 2013a. Malacological se quence from pro file
of cal car e ous tufa in Groñ (Podhale Ba sin, south ern Po land) as
an in di ca tor of the Late Gla cial/Ho lo cene bound ary. Qua ter nary
In ter na tional, 293: 196–206.

Alexandrowicz, W.P., 2013b. Late Gla cial and Ho lo cene mol lus can 
as sem blages in de pos its fill ing palaeolakes in North ern Po land.
Studia Quaternaria, 30: 5–17.

Alexandrowicz, W.P., 2013c. Mol lus can com mu ni ties in Late Ho lo -
cene flu vial de pos its as an in di ca tor of hu man ac tiv ity: a study in
Podhale Ba sin in South ern Po land. Ekologia, Bratislava, 32:
111–125.

Alexandrowicz, W.P., 2015. The ap pli ca tion of malacological anal y -
sis in the study of slope de pos its: Late Pleis to cene and Ho lo -
cene of the Podhale Ba sin (Carpathians, Po land). Acta
Geologica Polonica, 65: 245–261.

Alexandrowicz, W.P., 2019a. Malacological ev i dence of the nat u ral
and anthropogenic changes of the en vi ron ment in the east ern
part of the Carpathian Fore land: the stud ies in the Glinne stream 
val ley near Rzeszów (south ern Po land). Carpathian Jour nal of
Earth and En vi ron men tal Sci ences, 14: 367–384.

Alexandrowicz, W.P., 2019b. Re cord of en vi ron men tal changes
and flu vial phases in the Late Ho lo cene within the area of
Podhale (the Carpathians, south ern Po land): stud ies in the
Falsztyñski val ley. Geo log i cal Quar terly, 63 (4): 629–642.

Alexandrowicz, W.P., 2020. De vel op ment of set tle ments in
Podhale Ba sin and Pieniny Mts. (west ern Carpathians, south ern 
Po land) in light of malacological re search. Carpathian Jour nal of 
Earth and En vi ron men tal Sci ences, 15: 247–259.

10 Witold Pawe³ Alexandrowicz / Geo log i cal Quar terly, 2021, 65: 9



Alexandrowicz, W.P., Rybska, E., 2013. En vi ron men tal changes of 
intermontane bains de rived from malacological anal y sis of pro -
file of cal car e ous tufa in Niedzica (Podhale Ba sin, South ern Po -
land). Carpathian Jour nal of Earth and En vi ron men tal Sci ences, 
8: 13–26.

Alexandrowicz, W.P., Szymanek, M., Rybska, E., 2014. Changes
to the en vi ron ment of intramontane bas ins in the light of
malacological re search of cal car e ous tufa: Podhale Ba sin
(Carpathians, South ern Po land). Qua ter nary In ter na tional, 353:
250–265.

Alexandrowicz, W.P., Szymanek, M., Rybska, E., 2016. Mol lus can 
as sem blages from Ho lo cene cal car e ous tufa and their sig nif i -
cance for palaeoenvironmental re con struc tions. A study in the
Pieniny Moun tains (Carpathians, south ern Po land). Carpathian
Jour nal of Earth and En vi ron men tal Sci ences, 11: 37–54.

Alexandrowicz, Z., Alexandrowicz, W.P., Buczek, K., 2019. Con -
ser va tion of the Natura 2000 Ar eas in the Con text of En vi ron -
men tal Changes in Past and Pres ent: a Case from the Pol ish
Carpathians Geoheritage. Geoheritage, 11: 517–529.

Broda, J., 1985. The de for es ta tion pro cess on Pol ish ter ri tory since
pre his toric times. (in Pol ish with Eng lish sum mary). Czasopismo 
Geograficzne, 56: 151–172.

Bronk Ramsey, C., 2003. OxCal Pro gram 3.9. Uni ver sity of Ox ford.
Ra dio car bon Ac cel er a tor Unit.

Èiliak, M., Èejka, T., Šteffek, J., 2015. Mol lus can di ver sity in
stream drift wood: re la tion to land use and river sec tion. Pol ish
Jour nal of Ecol ogy, 63: 124–134.

Dabkowski, J., 2020. The late-Ho lo cene tufa de cline in Eu rope:
Myth or re al ity? Qua ter nary Sci ence Re views, 230: 106–141.

Davišek, J., Hájek, M., Jamrichová, E., Libor, P., Veèeøa, M.,
Tichý, L., Willner, W., Horsák, M., 2020. Ho lo cene mat ters:
Land scape his tory ac counts for cur rent spe cies rich ness of vas -
cu lar plants in for ests and grass lands of east ern Cen tral Eu rope. 
Jour nal of Biogeography, 47: 721–735.

Dobrowolski, R., Pidek, I.A., Alexandrowicz, W.P., Ha³as, S.,
Pazdur, A., Piotrowska, N., Buczek, A., Ur ban, D., Melke, J.,
2012. In ter dis ci plin ary stud ies of spring mire de pos its from
Radzików (South Podlasie Low land, East Po land) and their sig -
nif i cance for palaeoenvironmental re con struc tions. Geochrono -
metria, 39: 10–29.

Dobrowolski, R., Ba³aga, K., Buczek, A., Alexandrowicz, W.P.,
Mazurek, M., Ha³as, S., Piotrowska, N., 2016. Multi-proxy ev i -
dence of Ho lo cene cli mate vari abil ity in Volhynia Up land (SE
Po land) re corded in spring-fed fen de pos its from the Komarów
site. The Ho lo cene, 26: 1406–1425.

Dobrowolski, R., Mazurek, M., Osadowski, Z., Alexandrowicz,
W.P., Pidek, I.A., Pazdur, A., Piotrowska, N., Drzymulska, D.,
Ur ban, D., 2019. Ho lo cene en vi ron men tal changes in north ern
Po land re corded in al ka line spring-fed fen de pos its – a
multi-proxy ap proach. Qua ter nary Sci ence Re views, 219:
236–262.

Gedda, B., 2001. En vi ron men tal and cli ma tic as pects of the Early
and Mid Ho lo cene cal car e ous tufa and land mol lusc fauna in
south ern Swe den. Lundqua The sis, 45: 1–50.

Gedda, B., 2006. Ter res trial mol lusc suc ces sion and stra tig ra phy of
a Ho lo cene cal car e ous tufa de posit from the Fyledalen val ley,
south ern Swe den. The Ho lo cene, 16: 137–147.

Giesecke, T., Brewer, S., Finsinger, W., Leydet, M., Bradshaw,
R.H.W., 2017. Pat terns and dy nam ics of Eu ro pean veg e ta tion
change over the last 15,000 years. Jour nal of Biogeography, 44:
1441–1456.

Goudie, A., Viles, H.A., Pen te cost, A., 1993. The late-Ho lo cene
tufa de cline in Eu rope. The Ho lo cene, 3: 181–186.

Gradziñski, M., Hercman, H., Rizzi, M., Stachowicz-Rybka, R.,
Stworzewicz, E., 2017. Sed i men ta tion of Ho lo cene tufa in flu -
enced by the Neo lithic man: an ex am ple from the S¹spowska
Val ley (south ern Po land). Qua ter nary In ter na tional, 437: 71–83.

Granai, S., Limondin-Lozouet, N., 2018. The Ho lo cene ex pan sion
of grass land in north ern Eu rope re con structed from mol lus can
as sem blages. Boreas, 47: 768–779.

Groom, P., Schlee, D., Hughes G., Crane, P., Lud low, N., Murphy,
K., 2011. Two early me di eval cem e ter ies in Pambrokeshire:

Brownslade Bor row and West An gle Bay. Archaeologia
Cambrensis, 160: 133–203.

Ham mer, Ø., Harper, D.A.T., Ryan, P.D., 2001. Past:
paleontological sta tis tics soft ware pack age for ed u ca tion and
data anal y sis. Palaeontologica Electronica, 4: 1–9.

Horáèková, J., Ložek, V., Juøièková, L., 2015. List of
malacologically treated Ho lo cene sites with brief re view of
palaeomalacological re search in Czech and Slo vak Re pub lics.
Qua ter nary In ter na tional, 357: 207–211.

Horsák, M., Juøièková, L, Picka, J., 2013. Molluscs of the Czech
and Slo vak Re pub lics. Kabourek, Zlín.

Horsák, M., Limondin-Lozouet, N., Juøièková, L., Granai, S.,
Horáèková, J., Legentil, C., Ložek, V., 2019. Ho lo cene suc -
ces sion pat terns of land snails across tem per ate Eu rope: East
to west vari a tion re lated to gla cial refugia, cli mate and hu man
im pact. Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec ol ogy,
524: 13–24.

Jäger, K.D., Ložek, V., 1983. Paleohydrological im pli ca tions on the
Ho lo cene de vel op ment of cli mate in Cen tral Eu rope based on
depositional se quences of cal car e ous fresh-wa ter de pos its.
Qua ter nary Stud ies in Po land, 4: 81–89.

Juøièkova, L., Horsák, M., Horáèková, J., Ložek, V., 2014a. Eco -
log i cal groups of snails – use and per spec tives. Eu ro pean
Malacological Con gress, Cam bridge, UK, poster. (www.
http://mollusca.sav.sk/malacology/Jurickova/2014-eco log i -
cal-groups-poster.pdf).

Juøièková, L., Horáèková, J., Ložek, V., 2014b. Di rect ev i dence of
Cen tral Eu ro pean for est refugia dur ing the Last Gla cial Pe riod
based on mol lusc fos sils. Qua ter nary Re search, 82: 222–228.

Keen, D.H., 1990. Sig nif i cance of the re cord pro vided by Pleis to -
cene flu vial de pos its and their in cluded mol lus can fau nas for
palaeoenvironmental re con struc tion and stra tig ra phy: case
stud ies from the Eng lish Mid lands. Palaeo ge ogra phy,
Palaeoclimatology, Palaeo ec ol ogy, 80: 25–34.

Krolopp, E., Sümegi, P., 1993. Ver tigo modesta (Say 1924), Ver -
tigo geyeri Lindholm 1925 and Ver tigo genesii (Gredler 1856)
spe cies in Pleis to cene for ma tions of Hun gary. Malacological
News let ter, 12: 9–14.

Kruk, J., Alexandrowicz, S.W., Milisauskas, S., Œnieszko, Z.,
1996. En vi ron men tal changes and set tle ment on the loess up -
lands. An ar chae o log i cal and palaeo geo graphi cal study on the
Neolitic in the Nidzica ba sin (in Pol ish with Eng lish sum mary).
Instytut Archeologii i Etnografii PAN, Kraków.

Kruk, J., Milisauskas, S., 1999. The rise and fall of Neo lithic so ci et -
ies. Instytut Archeologii i Etnologii PAN, Kraków.

Lewandowski, J., 2015. Kenozoik regionu Œl¹sko-Krakowskiego
(in Pol ish). Wydawnictwo Uniwersytetu Œl¹skiego, Katowice.

Limondin-Lozouet, N., 1992. Biogeographie Ho lo cene de
Vertiginidae (Mollusca – Gastropoda) Europeens: re la tions la
derniere deglaciation. Comptes Rendus de l’Académie des Sci -
ences Paris, 315: 1281–1287.

Ložek, V., 1964. Quartärmollusken der Tschechoslovakei.
Rozpravy Ustøedniho Ustavu Geologického, 31: 1–374.

Madeyska, T., 1982. The stra tig ra phy of Palaeo lithic sites of the
Cra cow Up land. Acta Geologica Polonica, 32: 227–242.

Mauri, A., Da vis, B.A.S., Kaplan, J.O., Col lins, P., 2015. The cli -
mate of Eu rope dur ing the Ho lo cene: a gridded pol len-based re -
con struc tion and its multi-proxy eval u a tion. Qua ter nary Sci ence
Re views, 112: 109–127.

Mayewski, P.A., Rohling, E.E., Stager, J.C., Karlen, W., Maasch,
K.A., Meeker, L.D., Meyerson, E.A., Gasse, F., van Kreveld,
S., Holmgren, K., Lee-Thorp, J., Rosqvist, G., Rack, F.,
Staubwasser, M., Schnei der, R.R., Steig, E.J., 2004. Ho lo -
cene cli mate vari abil ity. Qua ter nary Re search, 62: 243–255.

Meyrick, R.A., 2001. The de vel op ment of ter res trial mol lusc fau nas
in the ‘Rheinland re gion’ (west ern Ger many and Lux em bourg)
dur ing the Lateglacial and Ho lo cene. Qua ter nary Sci ence Re -
views, 20: 1667–1675.

Meyrick, R.A., 2002. Ho lo cene mol lus can fau nal his tory and en vi -
ron men tal change at Kloster Mühle, Rheinland-Pfalz, west ern
Ger many. Jour nal of Qua ter nary Sci ences, 18: 121–132.

Witold Pawe³ Alexandrowicz / Geo log i cal Quar terly, 2021, 65: 9 11



Meyrick, R.A., Preece, R.C., 2001. Mol lus can suc ces sions from
two Ho lo cene tufas near Northampton, Eng lish Mid lands. Jour -
nal of Biogeography, 28: 77–93.

Morisita, M., 1959. Mea sur ing of interspecific as so ci a tion and sim i -
lar ity be tween com mu ni ties. Mem o ries of the Fac ulty of Sci -
ences, Kyushu Uni ver sity, E, 3: 65–80.

Moskal-del Hoyo, M., Mueller-Bieniek, A., Alexandrowicz, W.P.,
Wilczynski, J., Wêdzicha, S., Kapcia, M., Przyby³a, M.M.,
2017. The con tin u ous per sis tence of open oak for ests in the
Miechów Up land (Po land) in the sec ond half of the Ho lo cene.
Qua ter nary In ter na tional, 458: 14–27.

Moskal-del Hoyo, M., Wacnik, A., Alexandrowicz, W.P.,
Stachowicz-Rybka, R., Wilczyñski, J., Pospu³a-Wêdzicha,
S., Szwarczewski, P., Korczyñska, M., Cappenberg, K.,
Nowak, M., 2018. Open coun try spe cies per sisted in loess re -
gions dur ing the At lan tic and early Subboreal phases: New
multidisciplinary data from south ern Po land. Re vue of
Palaeobothany and Palynology, 253: 49–6.

Pedley, H.M., 1990. Clas si fi ca tion and en vi ron men tal mod els of
cool fresh wa ter tufas. Sed i men tary Ge ol ogy, 68: 143–154.

Pedley, H.M., 2009. Tufas and travertines of the Med i ter ra nean re -
gion: a test ing ground for fresh wa ter car bon ate con cepts and
de vel op ments. Sedimentology, 56: 221–246.

Pokryszko, B., 1990. The Vertiginidae of Po land (Gastropoda:
Pulmonata: Pupillidae) – a sys tem atic mono graph. Annales
Zoologici, 43: 133–257.

Rous seau, D.-D., Limondin, N., Puissegur, J.-J., 1993. Ho lo cene
en vi ron men tal sig nals from mol lusk as sem blages in Bur gundy
(France). Qua ter nary Re search, 40: 237–253.

Rob erts, N., Fyfe, R.M., Wood bridge, J., Gaillard, M.-J., Da vis,
B.A.S., Kaplan, J.O., Marquer, L., Mazier, F., Niel sen, A.B.,
Sugita, S., Trondman, A.-K., Leydet, M., 2018. Eu rope’s lost
for ests: a pol len-based syn the sis for the last 11,000 years. Sci -
en tific Re ports, 8: 1–8.

Rutkowski, J., 1989. Geo log i cal struc ture of the Cra cow re gion,
South Po land (in Pol ish with Eng lish sum mary). Przegl¹d
Geologiczny, 37: 302–308.

Rutkowski, J., Starkel, L., 1989. In flu ence of the hu man econ omy
on geo log i cal pro cesses in the Cra cow re gion, South Po land (in

Pol ish with Eng lish sum mary). Przegl¹d Geologiczny, 37:
312–318.

Schenková, V., Horsák, M., 2013. Refugial pop u la tions of Ver tigo
lilljeborgi and V. genesii (Vertiginidae): new iso lated oc cur -
rences in Cen tral Eu rope, ecol ogy and dis tri bu tion. Amer i can
Malacological Bul le tin, 31: 323–329.

Starkel, L., 1997. The evo lu tion of flu vial sys tems in the Up per
Vistulian and Ho lo cene in the ter ri tory of Po land. Landform Anal -
y sis, 1: 7–18.

Starkel, L., Michczyñska, D.J., Kr¹piec, M., Margielewski, W.,
Nalepka, D., Pazdur, A., 2013. Prog ress in the Ho lo cene
chrono-climatostratigraphy of Pol ish ter ri tory. Geo chron ol ogy,
40: 1–21.

Szymanek, M., Krajcarz, M., Krajcarz, M.T., Alexandrowicz, W.P., 
2016. Ho lo cene palaeo eco logi cal changes re corded in mol -
lusc-bear ing cave sed i ments, the Cave above the S³upska Gate
(south ern Po land). Geologica Acta, 14: 261–282.

Väliranta, M., Salojärvi, N., Vuorsalo, A., Juutinen, S., Korhola,
A., Luoto, M., Tuittila, E.-S., 2016. Ho lo cene fen-bog tran si -
tions, cur rent sta tus in Fin land and fu ture per spec tives. The Ho -
lo cene, 27: 752–764.

Walczak, W., 1956. Qua ter nary de pos its and mor phol ogy of the
south ern part of the Cra cow Jura in the Bêdkówka and
Kobylanka ba sin (in Pol ish with Eng lish sum mary). Biuletyn
Instytutu Geologicznego, 100: 419–461.

Walker, M., Head, M. J., Lowe, J., Berkelhammer, M., Björck, S.,
Cheng, H., Cwynar, L. C., Fisher, D., Gkinis, V., Long, A.,
Newn ham, R., Ras mus sen, S.O., Weiss, H., 2019. Sub di vid -
ing the Ho lo cene Se ries/Ep och: for mal iza tion of stages/ages
and subseries/subepochs, and des ig na tion of GSSPs and aux il -
iary stratotypes. Jour nal of Qua ter nary Sci ence, 34: 173–186.

Wal ter-Schultes, F., 2012. Eu ro pean non-ma rine molluscs, a guide
for spe cies iden ti fi ca tion. Planet Poster Edi tions, Göttingen.

Wiktor, A., 2004. Œlimaki l¹dowe Polski (in Pol ish). Wydawnictwo
Man tis,  Olsztyn.

Žak, K., Ložek, V., Kadlec, J., Hladikova, J., Cilek, V., 2002. Cli -
mate-in ducted changes in Ho lo cene cal car e ous tufa for ma tions, 
Bo he mian Karst, Czech Re pub lic. Qua ter nary In ter na tional, 91:
137–152.

12 Witold Pawe³ Alexandrowicz / Geo log i cal Quar terly, 2021, 65: 9


