Folia Malacol. 34(3): 228-242

LIA
MAL%QQM%Q&!QQ
(g

The Association of Polish Malacologists
Faculty of Biology, Adam Mickiewicz University
Bogucki Wydawnictwo Naukowe

Poznan, September 2026

https://doi.org/10.12657/folmal.034.021

RIVER AND SLOPE MOLLUSCAN THANATOCOENOSES
IN THE MNIKOWSKA VALLEY NEAR KRAKOW
(SOUTHERN POLAND): DIVERSITY, DEPOSITION,
AND TRANSPORT

WITOLD ALEXANDROWICZ'*, SYLWIA SKOCZYLAS-SNIAZ?

! Faculty of Geology, Geophysics and Environment Protection, AGH University of Krakow, Mickiewicza 30,
30-059 Krakow, Poland (e-mail: wpalex@agh.edu.pl); ® https://orcid.org/0000-0002-5403-6696
2W. Szafer Institute of Botany, Polish Academy of Sciences, Krakow, Poland;
https://orcid.org/0009-0001-0437-3926
* corresponding author

ABSTRACT: Accumulations of empty mollusc shells (thanatocoenoses) found in the Mnikowska Valley near
Krakéw were analysed. The study was based on samples collected from thanatocoenoses accumulating in
the Sanka stream bed (river thanatocoenoses — 10 samples) and at the foot of slopes formed by limestone
rocks (slope thanatocoenoses — 11 samples). The abundant material identified 66 mollusc species,
represented by over 7,000 shells. Substantial differences were observed in the taxonomic composition
and ecological structure of the mollusc assemblages between the two types of thanatocoenoses. Shade-
loving, forest species and petrophilous taxa dominated the slope thanatocoenoses, while species from
shady, high-moisture habitats are the most important components of the river thanatocoenoses. The
existence of such significant differences indicates very limited potential for mixing between these two
types of thanatocoenoses. Given the narrow width of the valley (ranging from 60 to 120 metres), the scale
of lateral transport is small, limited to distances of a few to a dozen metres. This observation is particularly
significant for paleoenvironmental reconstructions based on subfossil mollusc assemblages in Quaternary
sediments.
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INTRODUCTION

Shell thanatocoenoses are often the subject of
malacological studies. They are accumulations of
empty snail and bivalve shells that form in various
types of sedimentary environments. They therefore
constitute a transitional link between the living com-
munities inhabiting a given environment or area (bio-
coenoses) and the subfossil faunas (taphocoenoses)
occurring within sediments before fossilisation (e.g.,
WASMUND 1926, BOUCOT 1953, ALEXANDROWICZ
1999, ALEXANDROWICZ & ALEXANDROWICZ 2011).
During the thanatocoenoses stage, significant chang-
es in the species composition and structure of the
original faunal communities (biocoenoses) occur.
These are mainly manifested as the selective removal
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of shells through chemical dissolution and/or me-
chanical destruction. This leads to the impoverish-
ment of the original malacocoenose (e.g., PIP 1988,
KIDWELL & FLESSA 1996, ALEXANDROWICZ 1999,
ALEXANDROWICZ & ALEXANDROWICZ 2011, KIDWELL
2013). At this stage, transport processes that dis-
place shell material also play a very important role.
Depending on their intensity, several types of thana-
tocoenoses can be distinguished: necrocoenoses
(autochthonous thanatocoenoses) — no traces of dis-
placement, shells are accumulated at the place of their
birth and death; allocoenoses (parautochthonous
thanatocoenoses) — displacement occurred over a very
short distance, usually with little admixture of shell
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material from other types of environments; mixocoe-
noses (allochthonous thanatocoenoses) — shells are
displaced and mixed with material representing other
environments; and pseudocoenoses — an admixture of
subfossil material from eroded older sediments is ob-
served (e.g., CUMMINS 1994, ALEXANDROWICZ 1999,
ILG et al. 2009, ALEXANDROWICZ & ALEXANDROWICZ
2011, JURICKOVA et al. 2013). Thanatocoenoses form
in various types of sedimentary environments. Shell
accumulations occurring on seashores have been the
most frequently studied subject. In terrestrial en-
vironments, thanatocoenoses have been described
as common in flood sediments accumulated on the
bottoms of river valleys during periods of high water
levels (e.g., FOECKLER 1991, ALEXANDROWICZ 1997,
1999, 2000a, 2000b, 2002, 2021, PISUT & CEJKA 2002,
CEJKA et al. 2008, ILG et al. 2009, 2012, JURICKOVA
et al. 2013, CILIAK et al. 2015, PODROUZKOVA et al.
2021, 2025). Slightly less attention has been paid to
the slope thanatocoenoses commonly found in lime-
stone outcrop zones (e.g., ALEXANDROWICZ 1994,
CERNOHORSKY et al. 2010, KIDWELL 2013).

Studies of thanatocoenoses provide extensive data
on the species diversity of the malacofauna inhabit-
ing a given area and are often used in faunal analyses.
In calcium carbonate-rich zones, the decomposition
and chemical dissolution of shells are slow, which
is why such accumulations are characterised by high
abundance and species diversity, often greater and
more easily identifiable than contemporary biocoe-
noses (e.g., CUMMINS 1994, CERNOHORSKY et al.
2010, ALEXANDROWICZ & ALEXANDROWICZ 2011).
As a result, such accumulations are often used as a
basis for characterising the taxonomic diversity of

STUDY AREA

The study area covers the gorge section of the
Sanka stream near the village of Mnikdéw, approx-
imately 9 km west of Krakéw (southern Poland)
(Fig. 1A, B). The bedrock is composed of Upper
Jurassic (Oxfordian) carbonate sediments, developed
as massive white, sponge limestones. The subject of
detailed study was a section of the Sanka stream valley
dissecting the southeastern edge of a horst-like ele-
vation (Garb Tetrzynski) (Fig. 1A). Fluvial erosion in
this zone led to the formation of a narrow, ravine-like
valley (Mnikowska Valley), approximately 1.5 km
long (GPS: 50°03'58"N, 19°42'30"E - 50°04'11'"N,
19°42'0"E) (Fig. 2). This is a typical example of a re-
gressive river gorge, 80-100 m deep. The slopes are
rocky and, in many places, form vertical rock walls
up to several dozen metres high, heavily karstified in
places (STADNIK & GOLONKA 2013). The gorge floor
is flat and filled with fine-grained river sediments. Its
width in the analysed section varies from 60 m in

mollusc faunas inhabiting a given area (e.g., CEJKA
et al. 2008, ILG et al. 2009, 2012, JURICKOVA et al.
2013, CILIAK et al. 2015, ALEXANDROWICZ 2019,
2021, PODROUZKOVA et al. 2021, 2025). On the oth-
er hand, the ability to observe the intensity, scope,
and distance of transport and to estimate the pro-
cesses of mixing and destruction of shell material is
of great importance for inferring paleoenvironmen-
tal reconstructions based on subfossil assemblages
(taphocoenoses) (LOZEK 1964, BRIGGS et al. 1990,
KEEN 1990, ZUSCHIN et al. 2000, SCHREVE et al.
2007, ALEXANDROWICZ & ALEXANDROWICZ 2011,
ALEXANDROWICZ & SKOCZYLAS 2017, WHITE et al.
2013, 2017, ALEXANDROWICZ 2020). The study pre-
sented examines the characteristics of accumulations
of empty mollusc shells in the Mnikowska Valley.
The analyses included shell deposits on the valley
floor and in the immediate vicinity of the stream,
and slope thanatocoenoses at the foot of the lime-
stone rocks that form the valley slopes. The study
aimed to determine the possibilities and limitations
of creating mixed fluvial and slope thanatocoenoses
(mixocoenoses), the extent of shell material trans-
port processes, and the use of the data for paleoen-
vironmental reconstructions in Quaternary sed-
iments. It should be emphasised that the research
results presented in the literature on river thanato-
coenoses, the relationships between river and slope
thanatocoenoses, and the processes of longitudinal
and transverse transport of shell material are mainly
concerned with larger valleys. The analyses conduct-
ed in the Mnikowska Valley are the first attempt to
determine the range of shell transport in a narrow,
ravine-like valley of a small stream.

the narrowest places up to 120 m in the widest sec-
tions (Fig. 3). A rich fauna of subfossil molluscs and
vertebrates representing almost the entire Holocene
has also been described here (ALEXANDROWICZ
et al. 1992). The surroundings and slopes of the
Mnikowska Valley are covered by natural or minimal-
ly modified mixed and deciduous forest. The valley
floor is mainly occupied by anthropogenically mod-
ified grasslands and moisture-loving forest commu-
nities typical of riparian forests with Alnus, Fraxinus
and Ulmus. Riparian forest communities are mainly
found in the immediate vicinity of the Sanka stream
bed. On the rock surfaces, communities of rocky and
xerothermic grasslands have developed. In places,
there are also shrub communities and meadows re-
sulting from local anthropogenic transformation of
the valley slopes, particularly in areas without steep
rock faces (MICHALEWSKA & TOWPASZ 2004).


https://maps.app.goo.gl/eTVcqLdA4Fp12DUM9
https://maps.app.goo.gl/XygKnctxQVUe4YVS6
https://maps.app.goo.gl/XygKnctxQVUe4YVS6
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Fig. 2. Detailed plan of the Mnikowska Valley, location of samples and cross-sections
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The narrow width of the analysed section of the
valley and the proximity of very different habitat
types make the Mnikowska Valley particularly suita-

MATERIAL AND METHODS

The analyses were based on material collected
directly in the field. It included samples of slope
thanatocoenoses collected at the foot of rock faces
from a 1 x 1 m square, along with the surface soil
layer to a depth of approximately 5 cm. Limestone
blocks were discarded during sampling. The second
source of material was flood deposits accumulated
on the Sanka floodplain, immediately adjacent to
the riverbed. These formed after short-term floods.
Their relatively small size meant that all the material
was collected. Samples from both types of thanato-
coenoses had similar volumes (4-5 litres) and were
collected at the same time (late spring). Live spec-
imens found during the study were included in the
total number of identified individuals. Only slugs
were ignored because they could not be identified
within the thanatocoenoses. This method of obtain-
ing materials enabled ecological and taxonomic com-
parisons of molluscan assemblages identified in river
and slope thanatocoenoses. In total, 21 samples were
used for analysis — 11 from slope thanatocoenoses
and 10 from river thanatocoenoses. The locations
of the sampling sites are presented in Figure 2. In
total, the identified fauna comprised 66 species and
over 7,300 specimens. Many samples also contained
single plates of slugs; small rodent bones were more
common in slope thanatocoenoses, and plant re-
mains were more common in river thanatocoenoses.

The material collected during the fieldwork was
washed on a 0.5 mm sieve. After drying, all identi-
fiable shells and their fragments were selected us-
ing a binocular microscope. Vertebrate bones were
separated and submitted for further study. The
shell material was identified using keys (WIKTOR
2004, WELTER-SCHULTES 2012, HORSAK et al. 2013)
and a comparative collection. The number of speci-
mens of each species was determined in each sam-
ple. Each identified species was assigned to the ap-
propriate ecological group according to the scheme

RESULTS

MALACOFAUNA IN RIVER
THANATOCOENOSES

Mollusc assemblages in the river thanatocoe-
noses were analysed at 10 sites distributed along
the Mnikowska valley. Individual sites were regu-
larly spaced 100-150 m apart (Fig. 2). Rich and di-

ble for research on various thanatocoenoses and their
interrelations.

proposed by LOZEK (1964) with subsequent modifi-
cations (ALEXANDROWICZ & ALEXANDROWICZ 2011).
Percentage shares of individual groups were calculat-
ed, which formed the basis for constructing malaco-
logical diagrams. The differentiation of ecological fea-
tures between slope and river thanatocoenoses was
illustrated in a typological triangle (ALEXANDROWICZ
& ALEXANDROWICZ 2011). To characterise the quan-
titative structure of the fauna, the indices of constancy
(C) and dominance (D), as well as the synthetic index
Q (the geometric mean of constancy and dominance),
were used (ALEXANDROWICZ & ALEXANDROWICZ
2011). These indices allowed for the identification
of the species most characteristic of both analysed
thanatocoenose types.

Taxonomic analysis was performed using statis-
tical methods: cluster and correspondence analyses.
The dendrogram was constructed using the hier-
archical grouping method of arithmetic averages
(UPGMA) and the Morisita algorithm (MORISITA
1959). The numerical data used in the calculations
were converted to percentages. This allowed for the
limitation of the significance of species represented
by single specimens. The UPGMA method allows for
the subsequent connection of pairs of samples based
on their greatest similarity. It is often used in broadly
understood natural studies, including malacological
studies (URBANSKA et al. 2012). The Morisita algo-
rithm is used to analyse numerical data (raw or trans-
formed). It allows for assessing similarity between
groups, ranging from 0 (no similarity) to 1 (complete
similarity). It does not show dependence on species
diversity in samples but assigns greater importance
to dominant taxa (CHAO et al. 2006, GOLAY et al.
2014). These methods allowed for the demonstration
of variation in the composition of mollusc assem-
blages within and between different thanatocoenose
types. Statistical calculations were performed using
the PAST statistical program (HAMMER et al. 2001).

verse shell material was obtained (46 species; over
3,500 specimens). Seven taxa and 583 specimens
represented shade-loving forest snails (F,. ecologi-
cal group). The most abundant were three species
typically found in deciduous or mixed forests: Vertigo
pusilla, Aegopinella pura, and Vitrea diaphana. The re-
maining four taxa were found only as single spec-
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Fig. 4. Percentage ecological malacological spectra of river (Mno) and slope (Mns) thanatocoenoses

imens in a few samples. Shade-loving species typi-
cal of open forests and shrubby thickets (ecological
group F,) were represented by 6 taxa and 197 speci-
mens. Three of them, Alinda biplicata, Gonyodiscus ro-
tundatus, and Perforatella incarnata, were present in all
samples but usually did not reach high abundance.
The remaining taxa were found only as single shells.
Shade-loving species typical of high-humidity hab-
itats (ecological group F,) constituted a significant
component of the discussed fauna. Although only
four taxa were included here (876 specimens), two of
them, Perforatella vicina and Vitrea crystallina, reached
very high abundances and were among the most im-
portant components of the fauna. Snails typical of the
exposed limestone walls (ecological group O,) ap-
peared very rarely. Only damaged shells of Chondrina
arcadica were found (7 specimens). Taxa from open
environments were slightly more common (ecologi-
cal group O; 5 taxa, 144 specimens), but except for
Vallonia pulchella and Vallonia costata, these were only
single shells. Dry-loving mesophilous snails (ecologi-
cal group M) comprised only one species (Cochlicopa
lubricella), found as single specimens (4 shells in to-
tal). Mesophilous snails of medium-humidity envi-
ronments (ecological group M) were common and
abundant (7 taxa, 642 specimens). Euryecological
species Cochlicopa lubrica, Vitrea contracta, and Perpolita
hammonis, found in almost all samples, were particu-
larly important components. The remaining species
appeared less frequently. Mesophilous snails pre-
ferring habitats with increased humidity (ecologi-
cal group M,) were represented by 4 taxa and 723
specimens. Two of them, Carychium tridentatum and
Perforatella bidentata, reached large numbers, con-
stituting an important component of the discussed

fauna. The remaining taxa were found only as sin-
gle shells. Hygrophilous snails (ecological group
H; 4 species, 277 specimens) were relatively scarce,
except for the common Zonitoides nitidus. The fauna
discussed was supplemented by aquatic molluscs (7
species, 177 specimens), primarily Galba truncatula
and Euglesa personata. The ecological characteristics
of the malacofauna occurring in the river thanatocoe-
noses are presented in Figure 4.

MALACOFAUNA IN SLOPE
THANATOCOENOSES

The malacofauna of the slope thanatocoenoses
was analysed at 11 sites distributed along the valley
slopes at the foot of the rock walls. Four of these
represent the southern slope of the gorge, while
the remaining seven were located on the northern
slope (Fig. 2). The shell material included 45 spe-
cies of land snails and 3,732 specimens. Shade-loving
forest species (ecological group F,) constituted the
most important component of the assemblage (18
species and 1,329 specimens). Noteworthy was the
high frequency of taxa typical of deciduous forests:
Vertigo pusilla and Vitrea diaphana, which were present
in all samples and reached high abundances. Snails
living on shaded limestone rocks were also abundant,
especially in the northern-exposed sites: Cochlodina
orthostoma, Faustina faustina, and Mediterranea depressa.
Species of open forests and shrubs (ecological group
F,; 7 taxa, 266 specimens) played a slightly less im-
portant role, with Alinda biplicata and Gonyodiscus ro-
tundatus being the most important representatives
of this group. Although shade-loving taxa preferring
moist habitats (ecological group F,)) (Perforatella vici-
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na and Vitrea crystallina) were found at almost all an-
alysed sites, their numbers were low (128 specimens
in total). Taxa inhabiting exposed limestone rocks
(ecological group O,) were a very important com-
ponent of the assemblage. This group includes two
species (Pyramidula pusilla and Chondrina arcadica),
represented by 405 specimens. They occur in almost
all samples and reach high numbers mainly in south-
ern-facing sites. Snails typical of open grassland bio-
topes were also common and abundant (4 species
and 803 specimens; ecological group O,), particular-
ly Vallonia pulchella and Vallonia costata. Mesophilous
taxa typical of habitats with medium humidity
(ecological group M) occurred less frequently (9
species, 329 specimens) and constituted a com-
plementary component of the fauna. In this group,

DISCUSSION

DIVERSITY WITHIN THE RIVER AND SLOPE
THANATOCOENOSES

Analysis of the constancy and dominance struc-
ture of the malacofauna identified in river and slope
thanatocoenoses in the Mnikowska Valley allows us
to identify species groups that play the most impor-
tant roles in the communities.

RIVER THANATOCOENOSES

The highest constancy and dominance classes
(C = 5; D = 4) are achieved by three taxa: Vitrea crys-
tallina, Cochlicopa lubrica, and Carychium tridentatum.
The next three species (Vertigo pusilla, Aegopinella pura,
and Perforatella bidentata) achieve classes C = 5 and
D = 3 (Fig. 5). These snails are the most important
components of this malacofauna. Vitrea crystallina
and Carychium tridentatum are taxa that prefer shad-
ed or semi-open habitats with significant humidi-
ty. Perforatella bidentata is a shade-loving and mois-
ture-loving snail commonly found on the floodplains
of rivers and streams, particularly in alder thickets.
Vertigo pusilla and Aegopinella pura are common forest
species typically associated with mixed or deciduous
forests, and Cochlicopa lubrica is a snail with very high
ecological tolerance, often occurring in large num-
bers in biotopes with varying degrees of shade and
humidity (WIKTOR 2004, WELTER-SCHULTES 2012,
HORSAK et al. 2013). It is noteworthy that there is a
large group of taxa that occur in almost all samples
and achieve the highest constancy classes (C = 5 and
C = 4). It includes up to 22 taxa (almost 50% of all
identified species). This indicates a high degree of
stability in the taxonomic composition of the mal-
acofauna inhabiting the valley floor. On the other
hand, only 13 taxa (approximately 25% of the fau-

Clausilia dubia and Clausilia parvula were most abun-
dant. Mesophilous taxa of moist habitats (ecological
group M,) were represented by the very abundant
Carychium tridentatum (464 specimens in total) and
a few specimens of Succinella oblonga. Two shells in
a single sample of the moisture-loving taxon Vertigo
geyeri (ecological group H) were also found in the an-
alysed slope thanatocoenoses. Given their very poor
state of preservation and rarity, these shells are like-
ly to have been washed from older sediments. Early
Holocene sediments containing Vertigo geyeri were
described from cave fillings in the Mnikowska Valley
(ALEXANDROWICZ et al. 1992). No aquatic molluscs
were detected in the analysed samples. The ecolog-
ical characteristics of the malacofauna found in the
slope thanatocoenoses are presented in Figure 4.

na) appeared very rarely (C = 1), usually as single
specimens. These taxa are accessory components of
the assemblage and can be treated as more or less
random admixtures.

river thanatocoenoses (Mno)

C
D 1 2 3 4 5
5
4
zspet:ies = 46
3
2 1
B KN NN
slope thanatocoenoses (Mns)
C
1 2 3 4 5
D
5
4
zspet:ies = 45
3 2
2 1 4
N ENENK

Fig. 5. The structure of constancy and dominance of the
thanatocoenoses from the Mnikowska Valley
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Table 1. Structure of the mollusc community of river thanatocoenoses from the Mnikowska Valley: D — dominance, C -
constancy, Q — geometric mean of constancy and dominance

d (D<5%) Q D (D>5%) Q
Zonitoides nitidus 21.75 Vitrea crystallina 44.40
Perforatella vicina 20.61 Cochlicopa lubrica 35.38
Vitrea diaphana 19.72 Carychium tridentatum 34.94
Vallonia pulchella 17.23 Perforatella bidentata ~ 28.25
Vitrea contracta 16.27 Aegopinella pura 26.03
Gonyodiscus rotundatus 13.19 Vertigo pusilla 22.82
Euglesa personata 12.53
2 Alinda biplicata 12.29
Q | Perpolita hammonis 12.18
A | Carychium minimum 11.71
| Perforatella incarnata 11.49
O | Galba truncatula 10.29
Succinea putris 9.90
Laciniaria plicata 8.38
Vallonia costata 7.47
Plicuteria lubomirskit 6.43
Pupilla muscorum 4.65
Columella edentula 4.24
Faustina faustina 3.63
Anisus leucostoma 3.69
Euconulus fulvus 3.08
Urticicola umbrosus 2.76
Chondrina arcadica 2.76
Pisidium amnicum 2.26
Cochlicopa lubricella 1.82
Fruticicola fruticum 1.55
__| Vertigo pygmaea 1.55
X | Mediterranea depressa 1.48
S . .
0 Helix pomatia 1.26
© | Vertigo antivertigo 1.26
Z)’ Petasina unidentata 1.09
Isognomostoma isognomostomos ~ 1.09
Clausilia dubia 1.09
Pisidium subtruncatum 0.89
Vitrina pellucida 0.55
Vertigo angustior 0.55
Succinella oblonga 0.55
Aplexa hypnorum 0.55
Anisus contortus 0.55

All the six species mentioned above are classified
as common and abundant (C>50%, D>5%), with
Q index values ranging between 44.40 and 22.82
(Table 1). The next group comprises common but
sparse forms (C>50%, D<5%). This includes 19
taxa representing all ecological groups, with Q values
ranging from 3.63 to 21.65, forming a complementa-
ry assemblage (Table 1). The remaining 20 taxa are
rare and sparse species (C<50%, D<5%) with Q val-
ues ranging from 3.69 to 0.55 (Table 1), constituting
minor and accessory components of the fauna.

Points representing individual samples of the
river thanatocoenoses on the triangular diagram are
grouped in the fields corresponding to humid and
shaded environments (H and F-H) (Fig. 6). Their
clustering in proximity indicates uniform ecological
characteristics of the malacocenoses in each of the

analysed samples and, consequently, little differenti-
ation in the characteristics of natural habitats in the
Mnikowska Valley floor.

SLOPE THANATOCOENOSES

Five taxa achieved the highest constancy and
dominance classes (C = 5; D = 4 or D = 3). These
snails are the most important components of the dis-
cussed malacofauna. This group includes taxa typ-
ical of grassy, open habitats with varying humidity
(Vallonia pulchella and Vallonia costata), shade-loving
snails typical of deciduous and mixed forests (Vitrea
diaphana and Vertigo pusilla), and a mesophilous tax-
on preferring moist habitats (Carychium tridentatum)
(WIKTOR 2004, WELTER-SCHULTES 2012, HORSAK et
al. 2013). Six additional species occurred in all sam-
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Table 2. Structure of the mollusc community of slope thanatocoenoses from the Mnikowska Valley (for explanations see

Table 1)
d (D<5%) Q D (D>5%) Q
Alinda biplicata 17.29 Vertigo pusilla 39.32
Faustina faustina 16.65 Carychium tridentatum 35.26
Mediterranea depressa 15.54 Vallonia pulchella 29.68
Vitrea crystallina 14.04 Vitrea diaphana 29.49
Gonyodiscus rotundatus 11.98 Vallonia costata 27.37
2 Cochlicopa lubrica 11.91 Pyramidula pusilla 20.23
Q| Clausillia parvula 11.08 Chondrina arcadica 19.48
A | Aegopinella pura 10.34
| Perforatella vicina 9.86
O | Clausilia dubia 9.70
Vitrea contracta 8.55
Platyla polita 7.35
Pupilla muscorum 6.81
Truncatellina cylindrica 6.27
Isognomostoma isognomostomos ~ 4.67
Morlina glabra 5.91 Cochlodina orthostoma 10.10
Euconulus fulvus 5.91
Punctum pygmaeum 5.72
Trochulus hispidus 5.64
Perforatella incarnata 5.04
Vertigo alpesrtis 3.41
Aegopinella minor 2.56
Laciniaria plicata 2.39
2 Succinella oblonga 2.09
Q | Daudebardia rufa 1.95
V | Perpolita hammonis 1.81
L | Vitrina pellucida 1.69
O | Clausilia cruciata 1.20
Discus ruderatus 1.08
Cochlodina laminata 0.99
Sphyradium doliolum 0.99
Acanthinula aculeata 0.74
Aegopinella nitens 0.67
Ena montana 0.30
Macrogastra plicatula 0.30
Vestia elata 0.30
H
ples but reached lower abundances (C = 5; D = 2) (F., M., H, W)
(Fig. 5). This group is dominated by shade-loving MR
taxa and species of open habitats. It should be noted
that high constancy classes (C = 4) and especially
dominance classes (D = 3) are demonstrated by the
petrophilous taxa Pyramidula pusilla, Chondrina arca-
dica, Clausilia parvula, and Clausilia dubia. As with the
river thanatocoenoses described above, a very large
group of species appears in almost all samples (C = 5
and C = 4; 17 taxa, almost 40% of the fauna). On
the other hand, more than half of the identified spe-
cies were rare and sparse (C = 1-3, D = 1) (Fig. 5).
These values indicate that the internal diversity of
slope thanatocoenoses is greater than that of river
thanatocoenoses. o) 3
Organising the assemblage by Q-index values al (0,, Oy, M,) (F.. Fo, M)

lowed us to distinguish the taxa that play the great-
est role in the malacofauna of slope thanatocoenoses.
Seven species are classified as common and abun-

Fig. 6. Triangular diagram of river (Mno) and slope (Mns)
thanatocoenoses from the Mnikowska Valley
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dant (C>50%, D>5%), with Q values ranging from
39.32 to 19.48 (Table 2). The second group compris-
es widespread but scarce species (C>50%, D<5%),
which constitute a complementary component of the
assemblage. This group includes 16 taxa, primarily
shade-loving species and snails from open environ-
ments, particularly rock snails, with Q values ranging
from 17.29 to 4.67 (Table 2). The remaining 21 taxa
are rare species (C<50%, D<5%), with Q values
ranging from 3.69 to 0.55. These are accidental and
accessory components of the assemblage (Table 2).
In the triangular diagram, points corresponding to
the slope thanatocoenoses are grouped into fields
F (shaded environments) and F-O (transitional be-
tween shaded and open environments) (Fig. 6). Their
distribution indicates the existence of two subgroups
of samples. Shade-loving species dominate the first,
while taxa from open environments dominate the
second.

INTERRELATIONSHIPS BETWEEN THE RIVER
AND SLOPE THANATOCOENOSES

The Mnikowska Valley is a narrow gorge bounded
by steep rock faces. This, along with its rich malaco-
fauna, provides exceptionally favourable conditions
for research on the transport of shell material and the
potential for mixing of same-aged thanatocoenoses
representing very different types of environments.

At first glance, the analysed thanatocoenoses
appear very similar. Both types contained a similar
number of species (46 in river thanatocoenoses and
45 in slope thanatocoenoses) and a similar num-
ber of specimens (3,570 and 3,732, respectively) at
similar sampling densities (10 and 11 samples, re-
spectively). Forty-six species were found in the riv-
er thanatocoenoses, of which as many as 20 (44%)
did not occur in slope thanatocoenoses. These are
primarily humid-loving and aquatic taxa, with a few
shade-loving species. A very similar proportion was
found in the slope thanatocoenoses, where 21 of
the 45 taxa (47%) were absent in the river deposits.
This group primarily includes shade-loving taxa and
species from open environments, particularly rocky
habitats. This simple comparison clearly indicates
fundamental differences in taxonomic composition.

Analysis of the dendrogram of similarities and
correspondences also clearly indicates differenc-
es between the analysed types of thanatocoenoses
(Fig. 7). Based on these, three types of fauna can be
distinguished. The first represents the river thana-
tocoenoses (Fig. 7A, B). The very high similarity be-
tween the samples, ranging between 0.85 and 0.95,
is noteworthy. This indicates very similar charac-
teristics of the mollusc assemblage, resulting from
similar taxonomic composition and species frequen-
cy. This indicates uniform environmental conditions

on the valley floor. Correspondence analysis reveals
a cluster of projection points corresponding to mois-
ture-loving and shade/partly shade faunas. The sec-
ond fauna type includes seven samples representing
slope thanatocoenoses (Mns-A) (Fig. 7). It exhibits
internal diversity but forms a well-defined cluster. In
the correspondence analysis diagram, the points cor-
responding to this fauna are located in an area asso-
ciated with relatively dry and shaded environments.
It occurs on the northern slopes of the valley and
features limestone rocks covered with dense decidu-
ous forest. The last type of fauna includes four sam-
ples representing slope thanatocoenoses (Mns-B)
(Fig. 7A, B). It is internally diverse but forms a sin-
gle cluster. In the diagram illustrating the results of
correspondence analysis, the points representing the
above-mentioned samples form a separate cluster as-
sociated with an assemblage with a high proportion
of open-country species. It was found on the south-
ern slopes of the valley and inhabits open, dry lime-
stone walls.

TRANSPORT OF SHELL MATERIAL WITHIN THE
VALLEY

The transport of shell material accumulated in
various types of thanatocoenoses is of significant im-
portance for paleoecological and paleoenvironmental
interpretations. The impact and role of transport are
difficult to assess in taphocoenoses (accumulations
of subfossil shells within deposited sediments). In
the case of thanatocoenoses, it is possible to observe
these processes almost directly, and consequently de-
termine the degree of change in the composition and
ecological structure of the assemblages. The possi-
bility of such an assessment, extrapolated to analy-
ses of subfossil mollusc assemblages, is fundamen-
tal to the accuracy of environmental reconstructions
in Quaternary sediments (BRIGGS et al. 1990, KEEN
1990, SCHREVE et al. 2007, ALEXANDROWICZ &
SKOCZYLAS 2017, WHITE et al. 2013, 2017, ALEXAN-
DROWICZ 2020).

TRANSPORT OF SHELL MATERIAL ACROSS A
VALLEY

For considerations of shell thanatocoenoses and
the interrelationships between shell material accu-
mulated in the immediate vicinity of the riverbed and
that accumulated on the valley slopes, the character-
istics of the floodplain and valley floor, particularly
their width and the nature of the vegetation covering
them, are fundamental. The presence of permanent
or periodic watercourses dissecting the valley slopes
is also significant. Flood sediments, along with mol-
lusc shells, are deposited within the floodplain and
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Fig. 7. Cluster and correspondence analysis of river (Mno) and slope (Mns) thanatocoenoses from the Mnikowska Valley
Mno, Mns-A, Mns-B. Molluscan assemblages described in text

may lead to the mixing of river and slope thanato-
coenoses (i.e., mixocoenoses). In large river valleys,
the width of the floodplain can significantly exceed
several hundred metres. In smaller stream valleys,
especially in upland and mountainous areas, the
width of the zone in question usually does not ex-
ceed 200 metres, and in source areas it is only a few
metres wide. In the Mnikowska Valley, the floodplain
extends along the riverbed throughout the analysed
section. Its width ranges from 60 to 120 m (Figs 2, 3).
The narrow valley width causes the accumulation
zones of the river and slope thanatocoenoses to be
located close to each other (20-50 m apart). They
are separated by a flat valley floor covered with
grass and a narrow strip of moisture-loving shrubs
stretching along the streambed. The valley slopes are
steep, rocky in many places, with exposed limestone
walls, and covered with mixed forests. The ability to
compare the taxonomic composition and ecological

structure of the river and slope thanatocoenoses al-
lows for an assessment of the scale of shell material
transport across the valley. The analysed thanatocoe-
noses differ in both taxonomic composition and eco-
logical structure. This is particularly evident in the
case of rock species that are common and abundant
in slope thanatocoenoses, found only as single, usu-
ally damaged shells in river sediments. This obser-
vation leads to the conclusion that mixing of these
two types of assemblages occurs on a very limited
scale, despite their proximity. The most important
factors limiting the transport of shell material are
the flat valley floor, the absence of permanent or pe-
riodic watercourses, and the presence of vegetation.
The first two of these factors prevent the gravitation-
al downslope movement of shells (either through
slumping or water transport). The only practically
available means of transport remains surface wash
associated with heavy rainfall or rapid melting of the
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snow cover. In this case, dense vegetation, primar-
ily grasses, becomes an effective barrier. Studies of
the taxonomic composition and ecological structure
of thanatocoenoses in large river valleys with wide,
flat floodplains indicate a very slight admixture of
shell material from the valley slopes. At the same
time, the spatial differentiation of thanatocoenoses
identified on the valley floor closely reflects local
habitat conditions. These observations indicate a
limited role for shell material transport within flood-
plains (ALEXANDROWICZ 2000a, CEJKA et al. 2008,
ILG et al. 2009, 2012, JURKIEWICZ-KARNKOWSKA
2009, 2019, MYSAK & HORSAK 2011, JURICKOVA et
al. 2013, HORACKOVA et al. 2015). Similar trans-
port constraints are also generated in the valleys of
smaller rivers and streams, provided the floodplain is
flat (ALEXANDROWICZ 1997, 2002, 2021, MYSAK &
HORSAK 2011, JURICKOVA et al. 2013, HORACKOVA et
al. 2015, PODROUZKOVA et al. 2021, 2025). In moun-
tainous areas, river valleys often have a V-shaped
configuration. Floodplains are usually very narrow or
absent. Consequently, there is no barrier hindering
or preventing the movement of shell material from
the slopes directly into the river channels. In the
thanatocoenoses described in such zones, the share
of shells originating from the slopes is usually large
and often dominant (ALEXANDROWICZ 2000b, 2002,
2021, PODROUZKOVA et al. 2021, 2025). In this re-
spect, the Mnikowska Valley exhibits significant sim-
ilarities to both lowland and upland rivers.

TRANSPORT OF SHELL MATERIAL ALONG A
VALLEY

The extent to which mollusc shells are transport-
ed along a valley is more difficult to estimate than
lateral transport. Empty shells are usually highly
buoyant (they are filled with air or gases produced
during the decomposition of a dead mollusc’s body).
The transportability of shells depends on many fac-
tors, two of which play a decisive role (CUMMINS
1994, ALEXANDROWICZ 1999, ALEXANDROWICZ &
ALEXANDROWICZ 2011). First, the shell’s morphol-
ogy (e.g., shape, size, wall thickness) determines
its mechanical resistance. This factor is largely re-
sponsible for the selective destruction of shells dur-
ing transport (PIp 1988, KIDWELL & FLESSA 1996,

CONCLUSIONS

1. The malacofauna identified in the fluvial and slope
thanatocoenoses in the Mnikowska Valley is rich
and diverse. It included 66 species of molluscs. In
addition to widespread taxa, several rare species
were found (e.g., Sphyradium doliolum, Vestia elata).

CHAVES-CAMPOS et al. 2012, KIDWELL 2013, RUMM
et al. 2018). Another important element is the na-
ture of the valley. Gentle slopes and great width
characterise lowland river valleys. As a result, even
during periods of flooding, fine-grained material is
transported, and the flow is calm, often nearly lam-
inar. As a result, mechanical destruction of shells
occurs on a small scale and they can be transported
over considerable distances. At the same time, the
rising and falling of flood waters occur relatively
slowly, which allows for the segregation of shell ma-
terial within the floodplain (ALEXANDROWICZ 2000a,
PISUT & CEJKA 2002, CEJKA et al. 2008, ILG et al.
2009, 2012, CERNOHORSKY et al. 2010, JURKIEWICZ-
KARNKOWSKA 2009, 2019, MYSAK & HORSAK 2011,
JURICKOVA et al. 2013, HORACKOVA et al. 2015,
CILIAK et al. 2015). Narrow valleys with steep gradi-
ents often characterise mountain and upland streams,
and during periods of flooding, they generate turbu-
lent, high-energy flows that transport coarse-grained
material. Consequently, numerous impacts rapid-
ly destroy shell material, significantly impeding its
transport over longer distances. Observations con-
ducted in this context indicate that the movement
of shells occurs over distances ranging from several
hundred metres (ALEXANDROWICZ 1997, 2021) to a
maximum of several kilometres (PODROUZKOVA et
al. 2021, 2025). Typically, the rapid subsidence of
the flood wave prevents the sorting of shell materi-
al within the floodplain. The character of the valley
banks and elements directly adjacent to the channel
is also crucial, particularly the characteristics of the
vegetation covering these areas (ALEXANDROWICZ
1997, 2000a, 2000b, 2002, 2021, CHAVES-CAMPOS
et al. 2012, MYSAK & HORSAK 2011). Within the
Mnikowska Valley study area, the Sanka River has a
relatively low gradient and primarily transports fine-
grained material. Its low, riverbed-adjacent terraces
are composed primarily of fine-grained sands. The
characteristics and nature of the vegetation covering
the valley floor remain almost constant throughout
the entire analysed section. This is the main reason
for the observed low variability in the taxonom-
ic composition and ecological structure of the river
thanatocoenoses. In this respect, the Mnikowska
Valley displays significant similarities to lowland
rivers.

2. In the river thanatocoenoses, shade- and mois-
ture-loving species played a dominant role.

3. In the slope thanatocoenoses, forest taxa, snails
typical of dry, open habitats, and petrophilous
forms were abundant.
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4. In slope thanatocoenoses, distinct differences in
mollusc assemblages occur depending on slope
exposure. Shade-loving forest taxa are more
abundant on northern slopes, while species typ-
ical of dry, open habitats and petrophilous snails
dominate on southern slopes.

5. River thanatocoenoses are characterised by a uni-
form composition and structure throughout the
analysed section, resulting from the low habitat
differentiation.

6. Significant differences in taxonomic composition
and ecological structure were observed between
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