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Abstract: 24 species and 110 506 specimens of mollusks were collected and identified from 250 samples of the loess pro-
file at Madaras, South Hungary. According to changes in the mollusk fauna, six malacological–paleoecological
zones can be identified in this profile. The Quaternary malacological data from the Madaras loess section
suggest that the Middle and Late Pleniglacial development of the mollusk fauna, and local climatic and envi-
ronmental conditions in this area differed from other loess regions in Europe.
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1. Introduction

The investigation was carried out on a 10 m vertical loess

profile exposed in a brickyard at Madaras, on the north-

ern edge of Bácska Loess area, South Hungary. The ge-

ographic name of this region is the Telecska Hills, and

it is a nature reserve area [1] approximately 500 m north

of the Hungarian–Serbian border in the Bácska region

(Figure 1). Bácska is the southwesternmost region of

the Great Hungarian Plain, an extensive area occupying

100 000 km2 of the Carpathian Basin. Sand movement in

the Bácska area began at a relatively high altitude during

the drier climatic periods of Late Pleistocene [2, 3], and

∗E-mail: hupuczi@gmail.com

wind-blown sand had shaped a diverse landscape by the

early phase of the last glacial period. All sandy areas

were covered by 10–11 m thick loessy horizons during the

Middle and Late Pleniglacial phases [3–5].

The aim of this paper is to develop a more reliable pa-

leoecological and paleoclimatological framework for the

loess-paleosol sequences in the Bácska area using the

remains of Quaternary gastropods.

2. Methods

The 10 m section of loess analyzed in the Madaras brick-

yard wall was sampled at every 4 cm intervals for Qua-

ternary malacological analyses, following sediment clean-

ing. Mollusk shells for malacological studies were derived
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Figure 1. Map showing the location of the study site within Hun-
gary. 1 = The brickyard at Madaras.

from sediment samples of 1 dm3 in all the profiles in order

to gain comparable results regarding the composition of

the fauna, and species and specimen numbers. Sampling

was carried out according to the methods advocated by

Krolopp [6]. Sediment samples were screen-washed using

a mesh of 0.5 mm, and the retrieved shells were taxonomi-

cally identified using the works of Cameron & Redfern [7],

Kerney et al. [8], Liharev & Rammel’meier [9], Ložek [10]

and Soós [11, 12].

Once the specimens were taxonomically identified, the

abundance and dominance values of individual species

were put into tables for every profile. Charts were

then prepared to depict, using numbers and percentages

of specimens, the distribution of individual species with

depth for the whole profile. The dominance values of in-

dividual species were also plotted according to depth for

those profiles with considerable mollusk material. After-

wards, the individual species were clustered into paleoe-

cological and biogeographical groups based on the works

of Krolopp & Sümegi [13–15], Sümegi [16], and Sümegi

& Krolopp [5, 17], taking into account their ecological

requirements, including such parameters as temperature,

humidity, and vegetation cover. This approach can be con-

sidered innovative in Quaternary mollusk research inter-

nationally [16]. Ecological studies on recent and fossil

mollusk faunas [18–20, 34], plus biogeographic distribution

maps and data [8–11, 21–23], have been used for sorting.

Fluctuations in the abundance and dominance values of

individual paleoecological and biogeographical groups ac-

cording to depth are depicted for each profile using charts

and tables prepared with the help of the Psimpoll software

package [24].

Climatic reconstructions were conducted on the Madaras

fossils using the malacothermometer method [16, 25, 26,

35], based on the recent biogeographic patterns of 11

dominant gastropod species from a composite malaco-

fauna [16, 26, 35]. For the selected gastropod species,

optimal climatic conditions were determined, along with

the minimum and maximum temperature tolerances (i.e.

the gastropods’ activity range), based on meteorological

station data [16, 25, 26, 35].

The stratigraphic position of different sedimentological

layers in the Madaras brickyard’s loess wall were iden-

tified using the methods of Marković et al. [27, 28], but

based on a local stratigraphic system. Previous chronos-

tratigraphic investigations of the Bácska Loess area indi-

cated that the loess and paleosol horizons formed during

the final phases of the last glacial period [3, 29]. Based

on this data and the work of Marković-Kukla [30], lo-

cal stratigraphical units were assigned following Chinese

loess stratigraphic nomenclature schemes [31], with the

unit prefix “K” referring to the standard section at the

nearby Katymár brickyard site [29].

Figure 2. Lithological profile of the Madaras brickyard outcrop.
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3. Study profile

The Madaras brickyard is located at 46° 02’ 14.39” N

and 19° 17’ 15.01” E, at 131.8 m ASL. Based on sedi-

mentological parameters, eight sedimentary layers were

distinguished within the 10 m profile exposed (Figure 2).

Between the depths of 10.0 and 9.9 m, there are moder-

ately sorted, yellowish-brown (10 YR 6/4), coarse sandy

silts (eolian loess with high sand content) with a signif-

icant carbonate content, which contain minor carbonate

concretions of 1–1.5 cm and a mass of crotovinas. This

sandy loess layer is porous, loosely cemented and, in

some parts, finely laminated, often developing thin beds

of fine sand. The startigraphic position of this layer is

K L1LL3, with this loess layer developed during the Mid-

dle Pleniglacial.

There is a significant decrease in carbonate content, and

the amount and size (0.1–0.5 cm) of carbonate concre-

tions between 9.9 and 8.7 m, with a concomitant rise

in the clay and fine-silt fractions when compared to the

bedrock. This intensively brunified paleosol (K L1 SS2)

is made up of pale brown (10 YR 6/3), clayey silt, with

a few small burnt charcoal fragments of Scots pine (Pi-

nus sylvestris). The stratigraphic position of this paleosol

suggests that it formed during the second phase of the

Middle Pleniglacial.

A light pale brown (10 YR 7/3), weakly brunified layer is

developed on top of this paleosol, between 8.7 and 8.0 m.

A typical interfingering zone is observable at the bound-

ary of the paleosol and overlying loess layers. There was

likely an alternatation of weathering and dust accumu-

lation during this period, creating a gradual transition

between the two units with the progressive cessation of

pedogenesis.

Between the depths of 8.0 and 5.5 m, there are moder-

ately sorted, yellowish-brown (10 YR 6/4), coarse sandy

silts (eolian loess), developed in the terminal phase of the

Middle Pleniglacial (K L1 LL2). No cryogenic sedimen-

tary features have been observed in this loess layer at

Madaras.

From 5.5 to 4.5 m and on top of this eolian loess layer is

a light pale brown (10 YR 7/2) weakly brunified layer with

slim fossil carbonate-filled roots, and small carbonated

noodles (K L1 SS1).

Between the depths of 4.5 and 1.5 m exists moderately

sorted, yellowish-brown (10 YR 6/4), coarse sandy silts

(eolian loess). This loess layer probably developed in the

terminal phase of the Late Pleniglacial (K L1 LL1). No

cryogenic sedimentary indicators have been found in this

Madaras loess layer.

On top of this Late Pleniglacial eolian loess is a layer of

pale brown (10 YR 7/3), weakly brunified sediment (1.5–

0.25 m), and pale brown (10 YR 6/3) clayey, fine silt (the

recent soil horizon, from 0.25 m to the surface; K S0 layer).

Many spherical, relatively soft carbonate nodules and hu-

mus infiltrations in old root channels can be found in this

layer near the contact with the modern soil surface (S0).

4. Results

24 species and 110 506 specimens were collected

and identified from 250 samples of loess profile at

Madaras. According to changes in the mollusk fauna, six

malacological–paleoecological zones can be identified in

the loess profile (Figures 3, 4).

Between 10.0 and 9.9 m, freshwater gastropods and ter-

mophilous and mesophilous terrestrial gastropods can be

found. The malacofauna composition suggests that tem-

perate grasslands with short periodic pools formed dur-

ing this phase. The July paleotemperature would have

reached 18–20°C.

Soon after, freshwater species disappear from the pro-

file and the xerothermophilous Granaria frumentum (10%)

and Pupilla triplicata (70%) reached their maximum dom-

inance between 9.9 and 8.5 m. The collective presence of

Pupilla triplicata, Chondrula tridens, Granaria frumentum,

and Pupilla muscorum in this zone, as well as the gen-

eral composition of the fauna, refers to the emergence of

a steppe under mild, dry conditions of vegetation seasons

with mean July paleotemperatures of 18–20°C.

The next malacological horizon can be found between 8.5

and 6.0 m. In this section, Granaria frumentum disap-

pears, and the dominance of the thermophilous species

declines to be replaced by a number of cold-resistant and

cryophilous species, such as the Boreo–alpine Columella

columella [10], which prefers tundra-like environments,

and north Asian xeromontan Vallonia tenuilabris. Also in-

creasing in this section is the dominance of mesophilous

species. The fauna in this zone indicates the develop-

ment of a cold climatic phase and typical loess fauna in

the analyzed region. The faunal composition of this zone

is not homogenous, with some short dominance changes

of species with different ecological tolerances suggesting

dynamic climatic changes in the analyzed area during the

terminal phase of the Middle Pleniglacial and beginning

of the Late Pleniglacial. The malacothermometer data

shows the July paleotemperature changed between 19 and

12°C.

Between 6.0 and 4.4 m, all thermophilous species dis-

appear, the dominance of cold-resistant and cryophilous

species declines, with an increase in the number of shade-

loving forest species, such as Orcula dolium and Dis-

cus ruderatus. Punctum pygmaeum reached its maximum
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Figure 3. Malacofauna compositional changes, and malacothermometer results for the loess section of the Madaras brickyard.

dominance (40–70%) in this zone, and it, plus some other

shade-loving species, such as Clausilia dubia, Vitrina pel-

lucida, and Vitrea crystallina, suggest that the open for-

est environment developed and expanded in the analyzed

region. The appearance of Orcula dolium and Discus

ruderatus, and the maximum dominance of the aforemen-

tioned Punctum pygmaeum, Clausilia dubia, Vitrina pel-

lucida and Vitrea crystallina, suggests that a relatively

milder climate must have emerged in this horizon, charac-

terized by mean July paleotemperatures of about 15±1°C.

It is likely that the weathering process increased during

this period and a weathering layer formed on the loess

surface.

After 4.4 m, the fauna changes very dynamically. The
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Figure 4. Dominance relations of mollusk groups with different ecological preferences, based on malacothermometer results, for the Madaras
profile.

dominance of the mesophilous species declines, and cold-

resistant and cryophilous species such as Trichia hisp-

ida, Columella columella, Vallonia tenuilabris and Pupilla

sterri dominates in their place. The July paleotemperature

decreased and stabilized between 11 and 14°C. Cold and

humid growing seasons developed in this climatic phase,

with a mosaic of vegetation within tundra-like, steppe-

like, and scrub- and tree-covered environments formed in

the studied area.

The next malacological phase formed between 1.5 and

0.7 m. The thermophilous species reappear and the domi-

nance of cryophilous species declines. The cold-resistant
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and mesophilous species that favor steppe-like environ-

ments dominate. Based on the malacofaunal composition,

a transitional climatic and environmental phase devel-

oped during the last loess-forming period, with increased

weathering processes and a leaching layer forming on the

loess surface prior to Holocene soil-forming processes.

Above 0.7 m, the numbers of mollusk species decline and

a special fauna develops where the shells of extinct and

Late Holocene migratory species can be found together in

the recent soil layer. This taphocoenosis is characterized

by different ecological groups, and must have formed as

a result of the bioturbation related to soil formation. The

zone of modern soil on top of the loess sequence is not

complete, and may have been eroded as a result of either

natural or artificial processes.

5. Discussion

Changes in the Quaternary malacofauna, observed within

the brickyard loess wall at Madaras, suggest a num-

ber of dynamic climatic and local environmental changes

in the Bácska loess area during the Middle and Upper

Pleniglacial periods. In the lower loessy horizon (K L1

LL3) and paleosol layers (K L1 SS2), which developed on

top of the deepest loess deposits during the interstadi-

als, the proportions of xerophilous and xerothermophilous

mollusks (Pupilla triplicata, Chondrula tridens, Helicop-

sis striata) were the highest in this part of the coun-

try [16]. Thermophilous immigrant forms from the Balkans

(e.g. Granaria frumentum) also intruded into the central

parts of Great Hungarian Plain, corresponding to their

northernmost distribution boundary for this period. On

the other hand, due to its relatively low topography, this

region is geographically open towards the south, likely

enabling the rapid expansion of thermophilous elements

into the area from refugia located along the northern mar-

gin of the Balkans (e.g. around the Fruska Gora Hills)

during the interstadials and terminal phase of the Middle

Pleniglacial [16].

During the terminal phase of the Middle Pleniglacial and

beginning of the Late Pleniglacial, the composistion of

the mollusk fauna changed drastically. In this phase (K

L1 LL2 loess zone), thermophilous species disappeared,

cold-resistant and cryophilous elements were uncommon,

and the mesophilous species, such as Vallonia costata and

Pupilla muscorum, dominated.

The layers corresponding to this cold maximum are over-

lain by loess sequences containing a highly unique mol-

lusk fauna. Here there is a peak in the dominance of the

mesophilous, Holarctic species Punctum pygmaeum (40–

70%), which prefers larger vegetation cover [32]. Never-

theless, woodland elements such as the Central European

Clausilia dubia, Vitrea crystallina andNesovitrea hammo-

nis, and Holarctic Vitrina pellucida [33], plus the Boreo-

alpine Discus ruderatus are also present in the fauna in

considerable numbers. Thanks to the cooler and more

humid conditions, an expansion of open forest vegetation

initiated concomitant pedogenesis in the southern part of

the Carpathian Basin during this time (K L1 SS1 horizon).

This short period of relatively mild and humid climate was

followed by another strong cooling, a period characterized

by the expansion of cold-loving (cryophilous) and cold-

resistant elements, primarily the Boreo-alpine Columella

columella, north Asian Vallonia tenuilabris, Eurosiberian

Succinea oblonga and European Trichia hispida, as well

as the complete decline of mesophilous elements from

the accessory fauna. This change marks the emergence

of another cold maximum within the last phase of Late

Pleniglacial (K L1 LL1).

After this cold peak, the cold-loving (cryophilous) el-

ements underwent a gradual retreat and finally com-

pletely disappeared from the Hungarian loess deposits. In

their place, some thermophilous species reappeared and

there was a peak in the dominance of cold-resistant, hy-

grophilous elements (Succinea oblonga and Trichia hisp-

ida). These latter taxa appear in large numbers in the

profiles, sometimes representing 90% of the total fauna.

This period, which could have developed in Late Glacial

phase, is characterized by somewhat milder and more hu-

mid conditions as well as the last appearance of the loess

fauna in the Carpathian Basin. Above this Late Glacial

loess is a black soil layer formed during the Holocene.

Therefore, the malacological data from the loess section of

Madaras shows that the Middle and Late Pleniglacial de-

velopment of the fauna and the local environments in this

area differed from the other loess regions of Hungary [16].
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löszök képződésének paleoökológiai rekonstrukciója.

Földtani Közlöny, 1995, 125, 125-148

[18] Ant H., Faunistische, ökologische und tiergeographis-

che Untersuchungen zur Verbreitung der Landsch-

necken in Nordwestdeutschland. Abhandlungen des

Landesmuseums für Naturkunde Münster, 1963, 25,

p. 125

[19] Boycott A. E., The habitats of land Mollusca in

Britain, J. Anim. Ecol., 1934, 22, 1-38

[20] Evans, J.G., Land Snails in Archeology. Seminar

Press, London, 1972,

[21] Bába K., Magyarország szárazföldi csigáinak állat-

földrajzi besorolásához felhasznált faj-area térképek,

Folia Musei Historico-naturalis Musei Matraensis,

1983, 8, 129-132

[22] Bába K., Magyarország szárazföldi csigáinak állat-

földrajzi besorolásához felhasznált faj-area térképek.

II, Folia Musei Historico-naturalis Musei Matraensis,

1986, 11, 49-69

[23] Klemm W., Die Verbeitung der rezenten Land-

Gehause-Schnecken in Österreich. Denkschriften der

Österreichischen Akademie der Wissenschaften Math.

Nat., 1974, 117, 1-513

[24] Benett K.D., PSIMPOLL – a quickBASIC program

that generates PostScript page description files of

pollen diagrams. INQUA Comission for the study of

the Holocene: working group on data handling meth-

ods, Newsletter, 1992, 8, 11-12

[25] Hertelendi E., Sümegi P., Szöőr Gy., Geochronologic
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