
Wydawnictwa AGH

 2023, vol. 49 (3): 261–280

ISSN 2299-8004 | e-ISSN 2353-0790 | https://doi.org/10.7494/geol.2023.49.3.261

Malacological indicators of  
anthropogenic and natural environmental changes of 
the Podhale Basin  
during the last 2000 years.  
Studies in the Rogoźnik Stream valley  
(the Carpathian Mountains, Southern Poland)

Witold Paweł Alexandrowicz1, Sylwia Skoczylas-Śniaz2, Paulina Laskowska3

1 AGH University of Krakow, Faculty of Geology, Geophysics and Environmental Protection,  
Department of General Geology and Geotourism, Krakow, Poland, e-mail: wpalex@agh.edu.pl,  
ORCID: 0000-0002-5403-6696
2 Polish Academy of Sciences, W. Szafer Institute of Botany, Krakow, Poland, e-mail: s.skoczylas@botany.pl,  
ORCID: 0009-0001-0437-3926
3 AGH University of Krakow, Faculty of Geology, Geophysics and Environmental Protection, Krakow, Poland,  
e-mail: laskoska@student.agh.edu.pl

© 2023 Author(s). This is an open access publication, which can be used, distributed and re-produced in any medium 
according to the Creative Commons CC-BY 4.0 License requiring that the original work has been properly cited.

Received: 29 May 2023; accepted: 8 August 2023; first published online: 6 September 2023 	

Abstract: The lithological and malacological studies covered sediments forming the low terrace of the Rogoźnik 
Stream in the northwest part of the Podhale Basin. This terrace is characterised by a uniform structure within 
a significant part of the valley. Three layers of gravel and four layers of sandy and silty muds were found there. 
A rich and diversified malacofauna was discovered in fine-grained sediments. Its analysis allowed us to charac-
terise environmental conditions during sediment deposition. The age of the individual components of the sed-
imentary sequence was determined by radiocarbon dating. A distinct change was found in the upper intervals 
of the sequence, corresponding to the warm phase of the Medieval Climate Optimum. This period is associated 
with the robust development of agriculture, and processes related to human activities became the main factor 
shaping the environment, influencing the course of geological processes, and changing the taxonomical and eco-
logical structure of the fauna and flora assemblages found in this area. 
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INTRODUCTION

Anthropopressure is understood as all types of 
human activities influencing natural process-
es. The role of humans as an important environ-
mental factor in Central Europe has been marked 
since the origins of agricultural societies and cov-
ers the last several thousand years. Previously, 

mainly hunter-gatherer groups arrived here, and 
their influence on the course of natural processes 
was very limited. The introduction of agriculture 
resulted in significant changes, manifested in par-
ticular as a reduction of forest areas and changes 
in hydrological conditions. Settlement in south-
ern Poland underwent various levels of intensity. 
First, the upland areas were taken, distinguished 
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by the favourable shape of the terrain and the 
presence of fertile soils. Settlement in the moun-
tain areas occurred much later as a  result of the 
more difficult terrain conditions, less favourable 
climate, and low-quality of soils. Demographics 
are another very important factor decisive for the 
anthropopressure intensity. The more numerous 
the human population settles in a given area, the 
stronger its environmental impact is.

The Podhale Basin is a depression, the bottom 
of which lies several hundred meters lower than 
the surrounding mountain ranges (the Tatra Mts. 
in the south and the Beskidy Mts. in the north) 
surrounding it. This area is characterised by a di-
verse morphology. The southern part is character-
ised by more variable relief. Hills of a height of up 
to 1000 m a.s.l., with steep slopes (the Gubałówka 
Highlands), are found here. This range is cut by 
numerous streams flowing in narrow, steep val-
leys. The northern part (the Orawa-Nowy Targ 
Basin) is a  flat plain divided by flat-bottomed, 
wide valleys of a small slope. 

The history of environmental changes in the 
Podhale area during the Holocene is well known, 
especially due to numerous palynological (Obido-
wicz 1990, Rybníček & Rybníčková 2002, Krąpiec 
et  al. 2016) and malacological (e.g. Alexandro-
wicz 1997, 2019a, 2022, 2023, Alexandrowicz 
et al. 2014) analyses. Following this data, the dis-
cussed area was covered by dense forest for nearly 
all that time. The settlements started to develop 
only in the Middle Ages (since the 12th century) 
(Czepiel 1999, Alexandrowicz 2013, 2020, Kłapy-
ta 2021). At that time, human activities became 
an important factor impacting the environment. 
The most visible manifestation of human activi-
ties was the rapid progress of deforestation, lead-
ing to the replacement of forests with arable fields 
and pastures, changes in the intensity of geologi-
cal processes and redevelopment of taxonomical 
composition and the structure of fauna and flora 
assemblages (Rączkowska et al. 2012, Alexandro-
wicz 2019a, 2023, Święchowicz et al. 2022). 

Molluscs are a group of organisms sensitive to 
fast and rapid changes in the environment. An-
thropopressure, and deforestation in particular, 
result in the replacement of the taxonomically di-
verse forest malacocenoses by assemblages poor 
in species with a  predominating share of taxa 

characteristic for open areas. The disappearance of 
forests and the appearance of open habitats (ara-
ble fields and pastures) significantly influence ero-
sion and sediment deposition processes, especial-
ly those accumulated in river valleys (e.g. Starkel 
1987, 2005, Kukulak 2003, Gębica 2013, Kijowska-
Strugała et al. 2018, Łajczak 2021). A decrease in 
retention on valley slopes and runoff processes 
leads to the deposition of sediments of significant 
thickness, at the same time representing short pe-
riods of time (e.g. Gębica 2013a, 2013b, Łajczak 
et  al. 2014, Alexandrowicz 2019b, Łajczak 2021). 
These formations, sometimes called agricultur-
al alluvial soils, are frequently found in river and 
stream valleys in Polish Carpathians (e.g. Starkel 
2005, Święchowicz 2010, Alexandrowicz 2013a, 
Łajczak et al. 2014). 

This article presents the possibilities of the ap-
plication of malacological analyses to reconstruct 
phases of anthropopressure and changes in the 
intensity of fluvial processes generated, on the 
one hand, by human activities, and on the oth-
er, by short-term climate fluctuations over the last 
2000 years. 

SITE DESCRIPTION

The area covered by the studies is located in the 
northwest part of the Podhale Basin (Fig. 1). The 
geological substrate is formed by Paleogene flysch 
sediments (so-called Podhale flysch) and Meso-
zoic limestones forming a  narrow, strongly tec-
tonically distorted zone included in the Pieniny 
Klippen Belt. The sediments mentioned above are 
covered by sandy formations of the Neogene and 
the Quaternary sediments. In terms of morphol-
ogy, it is a  flat area of a  poorly diversified relief. 
The Rogoźnik Stream is the largest water course. 
It is about 20 km long and has a slight drop (about 
50 m along its entire length). Its valley is wide and 
flat-bottomed. Currently, nearly the entire basin 
of that stream is completely deforested and cov-
ered by arable fields and pastures. A distinct ter-
race slope stretches along the stream channel, 
showing a  profile of fluvial sediments represent-
ed by gravels and silts forming continuous and 
well-distinguished layers. The malacological stud-
ies were conducted in the lower part of the Ro-
goźnik Stream valley, at a ca. 7 km section (Fig. 2). 
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Fig. 1. General location of the Rogoźnik Stream valley (map base: www. polska.e-mapa.net)

Fig. 2. Location of profiles of fluvial deposits in the Rogoźnik Stream valley (map base: www. polska.e-mapa.net)

MATERIALS AND METHOD

The malacological analyses covered the material 
obtained from sediments forming a low terrace of 

the Rogoźnik Stream. Seven profiles were analysed 
in total (Rg-I – Rg-VII; Fig. 2). All samples were col-
lected directly from natural exposures. They were 
sectional and covered intervals 10–15 cm thick, 
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associated with the lithology of the sediments and 
their mass was approx. 2–3 kg. The well-preserved 
shell material was found in samples collected only 
from fine-grained sediments. Samples represent-
ing gravels did not contain shells or only included 
their scarce and poorly preserved fragments, mak-
ing their identification impossible. For this reason, 
they were not used in the presented analyses. A to-
tal of 86 samples were taken (55 of which had shell 
material present). The laboratory processes includ-
ed slurrying on a 0.5 mm sieve and selecting the 
shells (whole specimens, juvenile forms, and shell 
fragments possible to identify). Then, the taxa were 
identified using the keys (Wiktor 2004, Welter- 
Schultes 2012, Horsák et al. 2013) and the compar-
ative collection. Individual species were classified 
into ecological groups (according to the scheme de-
veloped by Ložek (1964) with subsequent modifi-
cations by Alexandrowicz & Alexandrowicz (2011) 
and Juřičková et al. (2014a)). The analysed fauna 
included taxa belonging to the following ecologi-
cal groups: forest species (FF), shadow-loving spe-
cies of rare forests and shrub zones (FB), shadow- 
loving moist forest species (FH), xerophilous and 
underground species (OX), open-country species 
(OO), mesophilous species of dry environments 
(MD), mesophilous species of medium humid en-
vironments (MI), mesophilous species of humid 
environments (MH), hygrophilous taxa (H) and 
aquatic species (W). Using calculations of percent-
age shares of particular ecological groups and indi-
vidual taxa in each sample, malacological diagrams 
were developed, forming a basis for paleoenviron-
mental analyses. The conducted statistical analy-
ses  – an analysis of a dendrogram of similarities 
(the unweighted pair group method with arithme-
tic mean (UPGMA) and the Morisita index (Moris-
ita 1959) were used) and the principal component 
analysis (PCA), enabled the determination of fau-
na assemblages and the specification of their most 
important components. Statistical analysis was car-
ried out using the statistical program PAST (Ham-
mer at al. 2001). The stratigraphic position of the 
sediments was determined by five radiocarbon dat-
ing. The isotope analyses were based on organic re-
mains (plant detritus and charcoal) found in the 
sediments. The results of age determination were 
calibrated using the OxCal software (Bronk Ram-
sey 2017) and an IntCal20 calibration data (Reimer 
et al. 2020). Age determinations were made at the 

Absolute Dating Methods Center, Institute of Phys-
ics, Silesian University of Technology in Gliwice 
(laboratory reference number: Gd). 

RESULTS
Low terrace of the Rogoźnik Stream  – 
lithology of sediments
The analysed terrace stretches along the entire 
stream valley, and its height above the level of the 
contemporary bed rises from ca. 0.5 m in its upper 
course to 2.5 m at its ostium. Its structure is uni-
form nearly this entire stretch. Three layers of grav-
el can be distinguished here, of thickness varying 
from several to 30 cm. All mentioned layers contain 
fine or/and medium grained gravels, formed main-
ly of well-rounded, discoidal sandstone pebbles. 
No sedimentary structures were noted in the grav-
el series, apart from locally visible, poorly marked 
imbrication. The matrix is formed by sands and 
silts and is relatively abundant. Finely broken mol-
lusc shells are rarely found in the discussed gravels. 
The second type of sediments consists of dark grey 
lime muds with a significant admixture of fine and 
medium grained sands and single small sandstone 
pebbles. Locally, accumulations of small plant de-
tritus and sometimes larger pieces of plants (twigs) 
can be found. The discussed sediments contain nu-
merous and well-preserved mollusc shells. In the 
described terrace, these muds form two layers of 
a varying thickness, from several to several dozen 
centimetres. In all analysed profiles, a characteris-
tic insert off dark grey muds, several centimetres 
thick and containing quite numerous fragments 
of charcoal, is found above the sandy muds dis-
cussed above. No mollusc shells were found in it. 
Yellow and light brown silty muds form the roof of 
the discussed terrace and are arranged in two lay-
ers separated by a layer of gravel several cm thick. 
These sediments contain mollusc shells and local 
accumulation of plant detritus. In the upper part, 
one (in the upstream part of the valley) or two (in 
the downstream part) layers clearly enriched with 
small sandstone pebbles appear. The thickness of 
the discussed mud layers ranges from about a dozen 
to a maximum of 75 cm, while the top of the terrace 
is made of a thin layer of recent soil. The lithology 
of the individual analysed profiles is shown in Fig-
ures 3 and 4.

https://journals.agh.edu.pl/geol
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Fig. 3. Lithology of fluvial sediments and mollusc fauna in the Rogoźnik Stream valley (profiles Rg-I – Rg-IV): Pr  – lithological 
profiles, Sp  – samples, Mf  – malacofauna. Ecological groups of molluscs (after: Ložek 1964, Alexandrowicz & Alexandrowicz 
2011, Juřičková et al. 2014a); FF  – forest species, FB  – shadow-loving species of rare forests and shrub zones, FH  – shadow-loving, 
moist forest species, OX  – xerophilous and underground species, OO  – open-country species, MD  – mesophilous species of dry 
environments, MI  – mesophilous species of medium humid habitats, MH  – mesophilous species of humid habitats, H  – hygro
philous species, W – aquatic species, 14C  – radiocarbon dating
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Fig. 4. Lithology of fluvial sediments and mollusc fauna in the Rogoźnik Stream valley (profiles Rg-V  – Rg-VII). For explana-
tions see Figure 3

https://journals.agh.edu.pl/geol
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Malacofauna

The entire identified shell material contained 52 
species of land snails and one species of a water 
snail, represented by over 12,000 specimens. Ad-
ditionally, vestigial plates of slugs were found (Ta-
ble 1). The identified malacofauna includes taxa 
of various ecological preferences. Species typical 
for forests (group FF) are represented by 18 taxa. 
Among them, Aegopinella pura, Discus ruderatus 
and Platyla polita were the most numerous. The 
forest species are found solely in sandy muds in 
the lower part of the profiles. The discussed group 
is the most important fauna component here, rep-
resenting up to 40% of the assemblage (Figs. 3, 4; 
Table 1). Shadow-lowing species, living in bright 
forests and bushes (group FB), are represented by 
five taxa. They are scarce and found only in lower 
intervals, representing an auxiliary component of 
the assemblage (Figs. 3, 4, Table 1). Shadow-loving 
species, typical for wet biotopes (group FH), repre-
sent an important component of malacocenoses 
found in the upper layer of sandy muds. Vitrea 
crystallina and Monachoides vicinus are particu-
larly numerous (Figs. 3, 4, Table 1). Open-coun-
try snails (groups OX and OO) are found mainly in 
silty muds in the upper part of the profiles. Their 
share in malacocenoses frequently exceeds 90%. 
Vallonia pulchella and Vallonia costata, species 

living in open grassy biotopes of variable humid-
ity, are very numerous. The presence of Cecilioi-
des acicula should also be noted. It is a  species 
living underground, particularly characteristic 
for arable fields (e.g. Alexandrowicz et  al. 1997, 
2019a, Alexandrowicz 2004, Wiktor 2004, Wel-
ter-Schultes 2012, Čiliak et  al. 2015). Cecilioides 
acicula shells were found in the top layer of silty 
muds forming top parts of the described profiles 
(Figs. 3, 4, Table 1). Mesophilous species (groups 
MD, MI and MH) live in environments of varying 
humidity and shading. Taxa preferring dryer and 
more open habitats (group MD) are represented 
only by Cochlicopa lubricella, quite numerous in 
the roof parts of profiles. The remaining groups 
(MI and MH) prefer more humid and more shady 
biotopes. They represent an important component 
of malacocenoses identified in lower sections of 
the profiles. Carychium tridentatum, Arianta ar-
bustorum and Perforatella bidentata are numer-
ous. The listed taxa form a characteristic compo-
nent of malacofauna living on humid and shady 
terraces near water courses (Figs. 3, 4, Table 1). 
Higrophilous species (group H) are a less import-
ant component of the discussed fauna. Aquatic 
snails (group W) are only represented by Galba 
truncatula. Both higrophilous and aquatic species 
are mainly found in bottom parts of the profiles 
(Figs. 3, 4, Table 1). 

Table 1
List of species recognized in profiles of fluvial deposits in the Rogoźnik Stream valley. For explanations see Figures 3 and 6

E Taxon
Assemblages of molluscs

SL-Fo SL-Hg OC-Md OC-Ag

FF

Platyla polita (Hartm.) 228 204 1
Acanthinula aculeata (Müll.) 21
Vertigo pusilla Müll. 80 57
Ena montana (Drap.) 166 58
Discus ruderatus (Hartm.) 245 50
Cochlodina laminata (Mont.) 20 4
Cochlodina orthostoma (Menke) 8
Macrogastra plicatula (Drap.) 10
Clausilia cruciata (Stud.) 25 4
Vitrea diaphana (Stud.) 81 17
Vitrea transsylvanica (Cless.) 69 4
Mediterranea depressa (Sterki) 14 1
Aegopinella pura (Ald.) 350 255 8
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E Taxon
Assemblages of molluscs

SL-Fo SL-Hg OC-Md OC-Ag

FF

Semilimax semilimax (Fér.) 25 2
Eucobresia nivalis (Dum. & Mort.) 13 3
Petasina unidentata (Drap.) 95 26
Faustina faustina (Rossm.) 95 20
Isognomostoma isognomostomos (Schröt.) 147 93

FB

Vertigo alpestris Ald. 5
Alinda biplicata (Mont.) 26
Aegopinella minor (Stab.) 101 19
Fruticicola fruticum (Müll.) 100 24
Monachoides incarnatus (Müll.) 86 27

FH

Columella edentula (Drap.) 59 55
Macrogastra tumida (Rossm.) 3 5
Vestia turgida (Rossm.) 42 34
Vestia gulo (Bielz) 6 6
Vitrea crystallina (Müll.) 452 398 38 9
Monachoides vicinus (Rossm.) 135 84
Urticicola umbrosus (Pfeif.) 57

OX Cecilioides acicula (Müll.) 504

OO

Vallonia costata (Müll.) 20 2 321 750
Vallonia pulchella (Müll.) 14 407 892
Pupilla muscorum (L.) 151 262
Vertigo pygmaea (Drap.) 120 206

MD Cochlicopa lubricella (Rossm.) 137 244

MI

Cochlicopa lubrica (Müll.) 127 57 79 107
Clausilia dubia Drap. 25 1
Punctum pygmaeum (Drap.) 63 24 21 10
Euconulus fulvus (Müll.) 49 16 16 14
Nesovitrea hammonis (Ström) 105 87 30 7
Vitrina pellucida (Müll.) 5 4 1

MH

Carychium tridentatum (Risso) 483 401 33 5
Succinella oblonga (Drap.) 141 120 39 47
Vertigo substriata (Jeffr.) 36 8
Vertigo angustior Jeffr. 69 23
Nesovitrea petronella (Pfeif.) 67 45 1
Trochulus villosulus (Rossm.) 25 32 2
Perforatella bidentata (Gmel.) 304 315 24
Arianta arbustorum (L.) 239 261 28

H
Carychium minimum Müll. 158 159 7
Zonitoides nitidus (Müll.) 11 24

W Galba truncatula (Müll.) 16 5
Plates of slugs 45 22 8 30
Total species 49 44 21 14
Total individuals 4664 3091 1467 3057

Table 1 cont.
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DISCUSSION

The sediment sequence of  
the low terrace of the Rogoźnik Stream

The analysed terrace stretches along the stream 
bed. It is well uncovered on nearly its entire length. 
Therefore, it is possible to observe its lithological 
variability. The horizons of sandy or silty muds are 
separated by series of gravels. Although the thick-
ness of individual distinguished layers changes, 
their sequence in the vertical layout of the profiles 
is constant (Fig. 5). The oldest part are gravels vis-
ible in all profiles (excluding the Rg-VI profile). 
Their bottom part is not visible anywhere. Conse-
quently, it is impossible to determine whether that 
layer is deposited on older alluvial sediments or 
directly on the rocky basement (G1; Fig. 5). San-
dy muds located above them (M1 layer; Fig. 5) are 
of a  varying thickness of maximum 30  cm (the 
Rg-I  profile). In the middle part of the analysed 
section of the valley, this layer is poorly visible, 
and its thickness drops to 5–7 cm (Fig. 5). The sec-
ond gravel insert (G2; Fig. 5) is the best formed 
in the upstream part of the valley, and its thick-
ness reaches up to 25 cm (Rg-II profile). Moving 
downstream, the discussed layer becomes thinner 
(10–12 cm). The layer of sandy muds located above 

it (M2; Fig. 5) maintains a  constant thickness 
(20–25 cm) at nearly the entire analysed section, 
and only in the Rg-I profile, it is poorly visible (up 
to 5 cm). Its characteristic feature are the numer-
ous accumulations of fine plant detritus. Another 
element of the sediment sequence is a characteris-
tic layer of dark muds containing numerous plant 
residues and charcoal fragments (Dm; Fig.  5). 
Contrary to the previously described M1 and M2 
layers, no mollusc shells are found here. The dis-
cussed level is well visible in all profiles and has 
a constant thickness of about 5 cm. The top part 
of the terrace is formed by light silty muds, pos-
sibly being agricultural deposits (Am1 and Am2; 
Fig. 5). They contain numerous mollusc shells and 
plant detritus. The thickness of these sediments 
clearly increases downstream in the valley from 
ca. 25–30 cm to over 1 m. Am1 and Am2 layers 
are separated by an insert of the gravel, of thick-
ness ranging from 5 cm in the upstream part of 
the valley to over 20 cm in its downstream part 
(G3; Fig. 5). In the upper part of the silty muds (the 
Am2 layer), there are visible horizons enriched 
with small pebbles (G3a and G3b). One such layer 
is found in the Rg-III and Rg-IV profiles, and two 
are visible in the Rg-V and Rg-VII profiles. The 
sediment sequence of the terrace is topped with 
a layer of recent soil (RS; Fig. 5). 

Fig. 5. Longitudinal section of the low terrace of the Rogoźnik Stream valley (see also Figs. 2, 3 and 4): Spr  – synthetic lithological 
profile, M1, M2  – sandy-mud horizons (described in text), G1–G3  – gravel horizons (described in text), G3a, G3b  – gravel inserts 
(described in text), Am1, Am2  – silty-mud horizons (agricultural mud) (described in text), Dm  – dark mud horizon (described 
in text), RS  – recent soil, Rg-I – Rg-VII  – profiles of fluvial deposits
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Mollusc assemblages

Numerous mollusc shells were found in mud-
dy sediments representing M1, M2, Am1 and 
Am2 layers. Based on the dendrogram of sim-
ilarities analysis, four types of fauna could be 

defined, differing from each other in their tax-
onomical composition and ecological structure  
(Fig. 6). 

The conducted analysis of the principal com-
ponents identified the most important compo-
nents of each assemblage (Fig. 7). 

Fig. 6. Cluster analysis (dendrogram of similarites) of malacofauna of fluvial deposits from the Rogoźnik Stream valley; OC-Md, 
OC-Ag, SL-Fo, SL-Hg  – molluscan assemblages (described in text)

Fig. 7. Principal component analysis (PCA) of malacofauna of fluvial deposits from the Rogoźnik Stream valley; OC-Md,  
OC-Ag, SL-Fo, SL-Hg  – molluscan assemblages (described in text), FF, FB, FH, OX, OO, MD, MI, MH, H, W – ecological group of 
molluscs (for explanation see Figure 3)

https://journals.agh.edu.pl/geol
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The SL-Fo assemblage (Fig. 6) was found in 
samples collected from sandy muds layers in the 
bottom part of the sediments sequence of the Ro-
goźnik Stream terrace (M1; Fig. 5). The discussed 
fauna is characterised by a  significant taxonom-
ic diversity, with snails typical for shady habitats, 
especially forests with the relatively humid sub-
strate, Discus ruderatus, Aegopinella pura, and 
Platyla polita, being its main component. The 
share of shadow-loving taxa is very high (usually, 
they represent ca. 60% of the assemblage) (Fig. 8). 
Another important component of the discussed 
fauna are mesophilous species (Arianta arbusto-
rum, Perforatella bidentata, and Carychium tri-
dentatum), particularly characteristic for humid 
habitats. Their share in the assemblage amounts to 
ca. 30% (Fig. 8). The role of the remaining ecolog-
ical groups is of low significance, especially in the 
case of taxa preferring open environments, with 
their share in the assemblage not exceeding sever-
al per cent at the most (Fig. 8). An analysis of the 
principal components indicates that for the dis-
cussed fauna, a  large presence of shadow-loving 
taxa is characteristic, especially of forest species 
included in the FF ecological group (Fig. 7). The 
discussed malacocenose contains mainly species 
of a relatively extensive thermal tolerance. It does 
not include cold-tolerant taxa (e.g., Semilimax 
kotulae) or thermophilic species (e.g., Discus per-
spectivus). In ecological terms, the discussed as-
semblage is characteristic of coniferous or mixed 
forests growing on a  relatively humid substrate, 
probably at the bottom of the valley.

The SL-Hg assemblage (Fig. 6) is found in 
sandy muds distinguished as the M2 layer (Fig. 5). 
It is characterised by the domination of taxa pre-
ferring shady habitats. When compared to the 
fauna described above (the SL-Fo) assemblage is, 
however, characterised by a  different taxonomi-
cal composition and the ecological structure. The 
most important component of this malacocenose 
are mesophilous species typical for humid habitats 
(Arianta arbustorum, Perforatella bidentata, and 
Carychium tridentatum) representing the MH eco-
logical group. The mesophilous snails preferring 
dryer habitats (Cochlicopa lubrica, Euconulus ful-
vus) are less numerous. In total, the taxa of a sig-
nificant ecological tolerance represent ca. 50% of 
the assemblage (Fig. 8). 

The shadow-loving species are another im-
portant component of the discussed fauna. In 
this group, forms living in humid habitats (Vit-
rea crystallina, Monachoides vicinus, and Discus 
ruderatus) are the most numerous. The summa-
ry share of the shadow-loving component reaches 
up to 35–40% (Fig. 8). The hygrophilous species 
appear rarely and are insignificant. Their share 
in the assemblage does not exceed 5% (Fig. 8). 
Open-country snails are even rarer. Only a  few 
specimens were found here. An analysis of the 
principal components indicates that mesophilous 
snails of humid environments (ecological group 
MH) are an indicator for the discussed assemblage 
(Fig. 7). The SL-Hg assemblage represents the en-
vironment of the humid valley bottom covered 
by dense bushes. The numerous presence of Per-
foralella bidentata indicates a significant spread-
ing of alder forests. 

The OC-Md assemblage (Fig. 6) was deter-
mined in the lower layer of silty muds (agricul-
tural muds; Am1; Fig. 5). When compared to 

Fig. 8. Diversity of molluscan assemblages in fluvial deposits 
from the Rogoźnik Stream valley; Spr  – synthetic lithological 
profile, M1, M2, G1–G3, G3a, G3b, Am1, Am2, Dm, RS  – lith-
ological sequence of low terrace of the Rogoźnik Stream valley 
(for explanation see Figure 5), MSI  – malacological spectrum 
of individuals
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previously described assemblages, it is character-
ised by a completely different taxonomical compo-
sition and an ecological structure. Open-country 
species, living in dry or slightly humid biotopes 
represent the most important component of this 
fauna, with the most important and most nu-
merous taxa being Vallonia pulchella and Val-
lonia costata, accompanied by Pupilla muscorum 
and Vertigo pygmaea. The share of that ecological 
group in the assemblage is very high and exceeds 
70% (Fig. 8). The mesophilous species are main-
ly represented by the xerophylous taxon Cochlico-
pa lubricella. Forms living on a more humid sub-
strate, Punctum pygmaeum and Cochlicopa lubrica 
are much rarer. Taxa representing humid habitats 
are very scarce. The mesophilous snails represent 
up to 20% of the discussed fauna. Shadow-loving 
and hygrophilous species are represented only by 
single specimens and their importance in the as-
semblage is marginal (Fig. 8). An analysis of the 
principal components indicates that open-coun-
try species (OO ecological group), especially typi-
cal for grassy biotopes, are an indicator of this fau-
na (Fig. 7). The assemblage in question is typical of 
open meadow biotopes of various humidity, both 
natural and anthropogenic. 

The OC-Ag assemblage (Fig. 6) was identified 
in samples from the top layer of the silty muds 
(Am2; Fig. 5). It is a fauna poor in terms of its tax-
onomic properties. Taxa typical for open habitats, 
included in the OO and OX groups, play the most 
important role here. The first of the mentioned 
taxa is the dominant group (representing even up 
to 70% of the assemblage), with its typical repre-
sentatives being Vallonia pulchella and Vallonia 
costata. The second group (OX) is represented sole-
ly by Cecilioides acicula. This underground snail 
is characteristic of agricultural areas, especially 
arable fields, and its presence can be considered 
an indicator of human agricultural activities (e.g. 
Alexandrowicz et al. 1997, 2019a, Alexandrowicz 
2004, Wiktor 2004, Welter-Schultes 2012, Čiliak 
et  al. 2015). In the discussed fauna, the share of 
Cecilioides acicula reaches up to 20%. In total, 
the taxa of open environments represent over 
90% of the assemblage. The remaining ecologi-
cal groups are of marginal importance, and their 
share does not exceed 10% (Fig. 8). An indicator 

characterising the OC-Ag assemblage is the pres-
ence of the OX group (Fig. 7). The discussed as-
semblage has typical features of malacocenoses of 
open biotopes, especially the zone of arable fields.

Natural and anthropogenic changes  
in the environment
The sequences of alluvial sediments formed as 
a  series of gravel alternating with mud layers 
were frequently described for many valleys, es-
pecially in mountain areas. The gravel series are 
usually interpreted as channel sediments accu-
mulated during periods of intense fluvial activity 
of rivers and streams, and in consequence, cor-
related with cold and humid climate fluctuations. 
The fine-grained deposits (muds) represent en-
vironments of low energy (overbank sediments) 
accumulated during periods of decreased fluvial 
activity (e.g. Starkel et al. 2006, 2013, Hoffmann 
et al. 2008, Gębica 2011, 2013a, 2013b, Wirth et al. 
2013, Benito et al. 2015, Gębica et al. 2016, Perşoiu 
& Perşoiu 2019, Rădoane et al. 2019). In the low 
terrace of the Rogoźnik Stream, three gravel se-
ries (G1–G3) and four mud layers (M1, M2, Am1 
and Am2) can be distinguished. Additionally, in 
the roof layer of muds (Am2), one or two inter-
calations enriched with pebbles (G3a and G3b) 
are visible (Fig. 9). This sequence enables recon-
struction of changes in the environment, and es-
pecially, distinguishing the period of increased 
fluvial activity of the stream. The presence of rich 
and diversified mollusc assemblages in the mud 
levels offers an opportunity to recreate the char-
acter of environmental habitats during the  sed-
iment deposition and to assess the impact of 
human activities. Studies of this type were con-
ducted in several stream valleys in the Polish part 
of the Carpathian Mountains (e.g. Alexandro-
wicz & Wyżga 1992, Alexandrowicz & Łanczont 
1995, Alexandrowicz 2019b, Alexandrowicz et al. 
2019), including the Podhale Basin (Alexandro-
wicz 2019a, 2020, 2023). The fragments of plants 
and charcoal found in the sediments allowed the 
sediment age to be determined by radiocarbon 
dating. Thus, it was possible to characterise the 
changes in the environment and relate them to 
periods of climate fluctuations and phases of set-
tlement in the Podhale Basin.

https://journals.agh.edu.pl/geol
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The oldest part of the discussed terrace is 
formed by gravels (G1) visible in the bottom lay-
er of all profiles (excluding the Rg-VI profile). No 
mollusc shells were found in it, and the age of this 
layer can be determined only indirectly. Probably, 
it can be correlated with a phase of an intensified 
fluvial activity of rivers corresponding to the Iron 
Age Cold Epoch (Mayewski et al. 2004, Plunkett 

& Swindles 2008, Mauri et al. 2015) (Fig. 9). The 
discussed period is associated with the intensifi-
cation of fluvial activity of rivers both in Podha-
le Basin (Alexandrowicz 2019a, 2020, 2023) and 
in other areas of the Carpathians (Starkel et  al. 
2006, 2013; Gębica & Krąpiec 2009, Gębica 2011, 
2013a, 2013b, Gębica et  al. 2016, Rădoane et  al. 
2019). There is also phase of intensification of 

Fig. 9. Chronology of sequence of fluvial deposits in Rogoźnik Stream valley against the background of climate changes, mala-
cological and lithological data and the development of settlement; AD  – time scale (in BC/AD calendar years), CN  – centuries, 
CI  – climatic events (after: Mayewski et al. 2004, Plunkett & Swindles 2008, Mauri et al. 2015); IACE  – Iron Age Cold Epoch, 
RWP  – Roman Warm Period, DACP  – Dark Ages Cold Period, MCO  – Medieval Climatic Optimum, LIA  – Little Ice Age, 
CL  – climate, SM  – solar minima (after: Mayewski et al. 2004, Kudsk et al. 2022); O – Oort, W – Wolf, S  – Spörer, M  – Maun-
der, D  – Dalton, Spr  – synthetic lithological profile (for explanations of lithological units see Figure 5), 14C  – radiocarbon dating, 
MF  – malacofauna, FP  – fluvial phases, RG  – Rogoźnik Stream valley, PB  – Podhale Basin (after: Alexandrowicz 2013a, 2019a, 
2020, 2023), AP  – anthropopressure
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mass movements (e.g. Alexandrowicz 1996, 2013b, 
Starkel 1997, Margielewski 1998, 2006, 2018, Dap-
ples et  al. 2002, Soldati et  al. 2004 Pánek et  al. 
2013), and period of development of Alpine gla-
ciers correlated with the Löbben and Göschenen 
I phases (Joerin et al. 2006, Ivy-Ochs et al. 2009, 
Nussbaumer et al. 2011). 

The sandy muds located above it (M1) con-
tain numerous and rich malacofauna, with the 
forest species predominating (the SL-Fo assem-
blage). The radiocarbon dating of plant fragments 
from the described layer gave a result of 1950 y BP 
±40 y BP (39–12 cal BC and 2–204 cal AD) (C-3; 
Figs. 3, 9, Table 2). The provided date indicates that 
silts were deposited during a warm climate phase 
noted in Europe between 250 BC and ca. 300 AD 
(the Roman Warm Period) (Mayewski et al. 2004, 
Plunkett & Swindles 2008, Mauri et al. 2015). At 
that time, the Podhale region was covered with 
dense mixed forests, providing favourable condi-
tions for the development of taxonomically diver-
sified snail assemblages. Similar faunas of analo-
gous age were also described at other sites in the 
Podhale region (Alexandrowicz 1997, 2019a, 2020, 
2023, Alexandrowicz et  al. 2014), as well as in 
many profiles identified in other parts of the Car-
pathian Mountains (Alexandrowicz 1997, 2004, 
2019b, Alexandrowicz et al. 2014, 2016, Juřičková 
et  al. 2014b, 2020, Horáčková et  al. 2015, Frod-
lová & Horsák 2021). Also, the results of palyno-
logical analyses of Podhale peatbogs confirm the 
presence of extensive forest complexes at that time 
(phases: Picea-Carpinus-Abies and Fagus-Abies; 
Obidowicz 1990, Rybniček & Rybničková 2002, 

Krąpiec et al. 2016). On the other hand, no signs of 
human activities are visible in that period. Prob-
ably, the human groups living in the Podhale re-
gion at that time were very small and scattered, 
and the environmental impact of their activities 
was practically unnoticeable (Fig. 9). 

The gravels located above the M1 layer (G2) 
imply a  significant change in conditions of the 
sediment deposition. They do not contain mollusc 
remains or plant fragments, and thus their age can 
be determined only indirectly. Possibly, the G2 lay-
er represents the period of increased fluvial activi-
ty and can be correlated with the colder climate in 
the early Middle Ages  – the Dark Ages Cold Pe-
riod (Mayewski et  al. 2004, Helama et  al. 2017). 
That phase is associated with the deposition of 
gravels described for other valleys in the Podhale 
Basin (Alexandrowicz 2013a, 2019a, 2020, 2023), 
and numerous sites of river sediments in the en-
tire Carpathians (Starkel et al. 2006, 2013, Gębica 
& Krąpiec 2009, Gębica 2011, 2013a, 2013b, Gębi-
ca et al. 2016, Rădoane et al. 2019). In this period, 
the increase in the mass movements (e.g. Alexan-
drowicz 1996, 2013b, Starkel 1997, Margielew-
ski 1998, 2006, 2018, Dapples et  al. 2002, Solda-
ti et al. 2004, Pánek et al. 2013) and development 
of Alpine glaciers (Göschenen II phase; Joerin 
et al. 2006, Ivy-Ochs et al. 2009, Nussbaumer et al. 
2011) are observed (Fig. 9).

The next element in the described sequence are 
sandy muds (M2) containing numerous mollusc 
shells. Hydrophilous taxa typical for shady habi-
tats (the SL-Hg assemblage) play a significant role 
in the malacocenoses. 

Table 2 
Results of radiocarbon dating

Date Profile Layer Age [y BP] Age [cal BC/AD] Material

C-1 Rg-I Dm 750 ± 30 1262–1310 cal AD (80.1%)
1362–1387 cal AD (15.3%) charcoal

C-2 Rg-III Am1 430 ± 30 1423–1500 cal AD (91.6%)
1600–1615 cal AD (3.8%)

plant
detritus

C-3 Rg-IV M1 1950 ± 40 39–12 cal BC (6.7%)
2–204 cal AD (88.7%)

wood
(branch)

C-4 Rg-VI Am2 140 ± 30 1672–1778 cal AD (37.2%)
1798–1944 cal AD (58.3%)

plant
detritus

C-5 Rg-VII Dm 670 ± 30 1277–1323 cal AD (53.1%)
1357–1392 cal AD (42.3%) charcoal
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Their presence indicates that the Rogoźnik 
Stream basin was thickly forested. Similar silty 
sequences are also found in other valleys in the 
Podhale region (Alexandrowicz 2013a, 2019a, 
2020, 2023). The described layer is probably asso-
ciated with a phase of progressing climate warm-
ing in the Middle Ages. The palynological profiles 
representing that period also indicate the domi-
nation of forest environments (Obidowicz 1990, 
Rybniček & Rybničková 2002, Krąpiec et al. 2016). 
The anthropopresure is very poorly marked in this 
period. However, the historical data indicates the 
progressing inflow of settlers to the Podhale re-
gion (Czepiel 1999, Alexandrowicz 2020, Kłapyta 
2021) (Fig. 9). 

Dark muds (Dm) are located above the M2 lay-
er. They contain numerous fragments of charcoal 
but are free of mollusc shells. The described layer 
is found in all profiles and always has a very small 
thickness (a  few centimetres). Two cases of dat-
ing within it gave similar results: 710 ± 30 (1262–
1310  cal AD and 1362–1387 cal AD) (C-1) and 
670 ± 30 (1277–1323 cal AD and 1357–1392 cal AD) 
(C-5); Figs. 3, 4, 9, Table 2). The dating results in-
dicate that the discussed layer was associated with 
the warm period of the Medieval Climate Opti-
mum (Grove & Switsur 1994, Bradley 2000, Briffa 
2000). In the Podhale region, this period is associ-
ated with a fast inflow of settlers. The demographic 
increase became the main cause of extensive de-
forestation, initially in flat areas of the northern 
Podhale (the Orawa-Nowy Targ Basin), favoura-
ble for agricultural activities. At that time, numer-
ous villages are built here (location of settlements: 
Nowy Targ  – 1346, Rogoźnik  – 1237, Ludźmierz  – 
1234). Due to human activities, forest assemblages 
were quickly replaced by open areas. Clear man-
ifestations of these changes are recorded in the 
palynological (Obidowicz 1990, Rybniček & Ryb-
ničková 2002, Krąpiec et al. 2016) and malacolog-
ical (Alexandrowicz 2013a, 2019a, 2020, 2023) se-
quences described for the Podhale region. It should 
also be noted here that the rapid increase in the 
number of human groups and associated intensi-
fied anthropopressure in the Middle Ages is not-
ed throughout almost the whole of the Carpathi-
an Mountains (Starkel et al. 2006, 2013, Gębica & 
Krąpiec 2009, Gębica 2011, 2013a, 2013b, Gębica 
et al. 2016, Alexandrowicz et al. 2019). 

The light silty muds above the Dm layer (Am1) 
and their malacological content clearly indicate 
significant changes in the nature of the habitats 
and the rapid intensification in the anthropo-
pressure. The rich and diversified assemblages 
with a  large share of sciophilous species (SL-Fo 
and SL-Hg assemblages), initially found in this 
area, are replaced by a poor fauna, in which the 
taxa of open environments, particularly, typical 
for grasslands (the OC-Md assemblage) play the 
most important role (Fig. 9). Its presence indicates 
that forests in the Rogoźnik Stream valley were 
scarce. The forests were probably replaced by pas-
tures. Similar changes in the habitat characteris-
tics are commonly observed both in the Podhale 
and in other regions of the Carpathian Mountains 
(Starkel et al. 2006, 2013, Gębica & Krąpiec 2009, 
Gębica 2011, 2013a, 2013b, Alexandrowicz 2013a, 
2019a, 2019b, 2020, 2023, Gębica et al. 2016, Ale-
xandrowicz et al. 2019, Perşoiu & Perşoiu 2019, Ră-
doane et al. 2019). The discussed phase can proba-
bly be associated with the end of the Middle Ages. 

The roof of the sediment sequence forming 
the low terrace of the Rogoźnik Stream includes 
a clearly distinguished layer of gravel (the G3 lay-
er) and a layer of silty muds (the Am2 layer) cover-
ing it. In this last part, levels can be noticed (either 
one or two, enriched with pebbles  – G3a and G3b) 
(Fig. 9). This entire sequence possibly corresponds 
to the cold phase of the Little Ice Age (e.g. Grove 
1988, Bradley 2000, Briffa 2000, Mayewski et al. 
2004, Matthews & Briffa 2005). The deteriorated 
climate conditions possibly led to depopulation 
and reduced anthropopressure intensity. How-
ever, this phenomenon was mainly visible in ar-
eas of more diversified relief and land conditions 
less favourable for agricultural activities. Traces 
of those changes are recorded in profiles of riv-
er sediments and in malacocenoses described for 
the southern, more mountainous part of the Pod-
hale (Alexandrowicz 2013a, 2019a, 2020, 2023). 
However, they are not visible in flat areas of the 
Orava-Nowy Targ Basin, where the anthropo-
pressure intensity was still strong. Gravel levels 
can be correlated with periods of colder climate 
fluctuations. At least three such fluctuations were 
noted during the Little Ice Age. They correspond 
to the periods of the decreased solar activity  – the 
Spörer, Maunder and Dalton minima (Mayewski 



276

https://journals.agh.edu.pl/geol

Alexandrowicz W.P., Skoczylas-Śniaz S., Laskowska P.

et al. 2004, Kudsk et al. 2022). It is highly proba-
ble that gravel layers G3, G3a, and G3b observed 
in the studied valley correspond to those minima 
(Fig. 9). The presence of gravel sequences in the 
sediments corresponding to the Little Ice Age is 
commonly noted in the valleys of the Carpathian 
rivers (Starkel et al. 2006, 2013, Gębica & Krąpiec 
2009, Gębica 2011, 2013a, 2013b, Alexandrowicz 
2013a, 2019a, 2019b, 2020, 2023, Gębica et al. 2016, 
Alexandrowicz et al. 2019, Perşoiu & Perşoiu 2019, 
Rădoane et al. 2019). This period is also associat-
ed with an increase in mass movements (e.g. Ale-
xandrowicz 1996, 2013b, Starkel 1997, Margielew-
ski 1998, 2006, 2018, Dapples et al. 2002, Soldati 
et al. 2004, Pánek et al. 2013) and a phase of the 
advance of the Alpine glaciers (Joerin et al. 2006, 
Ivy-Ochs et al. 2009, Nussbaumer et al. 2011). The 
time frame for deposition of sediments forming 
the roof of the sediment sequence of the Rogoźnik 
Stream terrace is determined by two radiocarbon 
dates: 430 ± 30 (1423–1500 cal AD and 1600–1615 
cal AD; C-2) and 140 ± 30 (1672–1778 cal AD and 
1798–1944 cal AD; C-4) (Figs. 3, 4, 9, Table 2). In 
dust silts (Am2), a  numerous though poorly di-
versified malacofauna was found. Its character-
istic feature is the presence of Cecilioides acicula 
specific for the agricultural area. Here, it should 
be noted that the Am2 layer, characterised by 
a significant thickness, was formed in a relative-
ly short time. This implies a high rate of the sed-
iment deposition. Such sequences are frequent-
ly noted in the Carpathian river valleys (Starkel 
et al. 2006, 2013, Gębica & Krąpiec 2009, Gębica 
2011, 2013a, 2013b, Alexandrowicz 2013a, 2019a, 
2019b, 2020, 2023, Gębica et al. 2016, Alexandro-
wicz et al. 2019, Perşoiu & Perşoiu 2019, Rădoane 
et  al. 2019). Three factors are decisive here. The 
first one is the climate conditions. The period of 
the Little Ice Age was characterised by a  moist 
climate with large amounts of precipitation. The 
second one is the replacement of forests (of high 
retention) by agricultural areas (of low retention), 
which contributes to the intensification of the soil 
degradation processes by ablation (Święchow-
icz 2010, Święchowicz et al. 2022). The third one, 
finally, is the introduction of mass-scale root crop 
cultivation, especially the potato, in the whole the 
Carpathians in the 19th century. The ownership 

structure at that time frequently led to the pres-
ence of narrow fields arranged along the slope in-
cline. The coincidence of these three factors re-
sulted in the increase in the supply of small grain 
material from slopes to river valleys, and in conse-
quence, to deposition of thick silt sequences, fre-
quently containing numerous plant remains. This 
situation is also found in the Rogoźnik Stream 
valley (Fig. 9).

CONCLUSIONS

1.	 The sediment sequence forming the Rogoźnik 
Stream terrace represents a  period of the last 
2000 years. It is a record of changes in the envi-
ronment generated by natural, mainly climate 
fluctuations and anthropogenic, related to in-
tensified human settlement and agricultural 
activities and processes.

2.	 The layers of gravel are visible in the profiles 
correspond to periods of the increased fluvial 
activity of the stream and are correlated with 
colder climate phases: Dark Ages Cold Peri-
od (the G2 layer) and the Little Ice Age (the G3 
layer and the G3a and G3b levels). The gravels 
found in the bottom part of the sequence can 
possibly be correlated with the Iron Age Cold 
Epoch, colder climate older than 300 BC.

3.	 In the roof part of the sequence, of the age cor-
responding to the period of the Little Ice Age, 
three layers of gravel can be distinguished (the 
G3 layer and the G3a and G3b levels). They may 
correspond to periods of the intensified activ-
ity of the stream during colder climate fluctu-
ations associated with phases of the minimum 
Sun activity. In this respect, the G3 layer cor-
responds to the Spörer minimum, and the G3a 
and G3b levels represent and Maunder/Dalton 
minima, respectively.

4.	 In the sandy (M1 and M2) and silty (Am1 and 
Am2) mud layers, numerous mollusc shells are 
found. Shadow-loving species, preferring mod-
erately humid and humid habitats, predomi-
nate in the bottom part (the M1 and M2 layers). 
The ecological composition of the fauna indi-
cates that forests covered the stream basin to 
a large extent. In the roof part (Am1 and Am2 
layers), snails typical of open environments 
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prevail, indicating a  rapid disappearance of 
forests in the Rogoźnik Stream valley.

5.	 A  significant change of the habitat nature is 
marked in the layer of dark muds (the Dm lay-
er). Its formation was associated with a period 
of intense anthropogenic deforestation of the 
valley during the Middle Ages (probably in the 
13th and 14th centuries).

6.	 The role of humans as an important or even 
a  decisive factor leading to environmental 
changes has been noticeable since the period of 
the Medieval Climate Optimum. At that time, 
numerous groups of people arrived in the Pod-
hale region and intense agricultural use of this 
area began. An indicator of these changes is 
the numerous occurrence of Cecilioides acicu-
la in the top part of the sedimentary sequence 
(Am-2 layer).

7.	 The fast rate of the alluvial sediments increase 
has been visible since the 18th and 19th centu-
ries, and was probably associated with the in-
troduced large-scale cultivation of root crops, 
especially the potato.

8.	 The observed phases in the changes of the en-
vironment of the Rogoźnik Stream valley are 
very consistent with results of lithological and 
malacological studies conducted in valleys of 
other streams in the Podhale region, conclu-
sions drawn from analyses of pollen profiles of 
the Podhale peatbogs, and historical data on 
settlements in this area.

This study has been sponsored by AGH Univer-
sity of Krakow through the grant no 11.11.140.005.
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