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Abstract: Talus accumulations at Farkagovo {Central Slovakia) and Brzotin (Slovak Karst) represent a facies equivalent of loess at
higher altitudes. Their malacofauna consists of a peculiar mixture of cold- and warm-climate elements, including such thermophiles as
Helicodonta obveluta, Isognomosioma isognomostomos, Petasing unidentata etc., generally considered as characteristic interglacial
fossils. Both sites are situated in protected areas at the foot of steep limestone slopes. However, the above mentioned thermophilous spe-
cies attain in the adjacent Carpathian ranges the mountain to subalpine forest zones where they live under near-glacial conditions. Their
fossil occurrence together with glacial index elements such as Vallonia tenuilabris or Pupilla loessica indicates that at the southern foot
of Carpathian mountains a woodland zone existed even during the Last Glacial. It resembied the local mountain 1o subalpine forest belts
and obviously included refugia of a number of climatically demanding species. Its upper limit occurred probably at the altitude + 600 m.
Since the regional altitudinal difference between the snow and upper forest lines is £ 1000 m, the glacial nival zone might be situated
above 1600 m, which is in agreement with the altitudinal position of the West Carpathian glaciation. The glacial forest zone in the Car-
pathian foothills was thus situaled between the loess steppe and alpine grassland belts, providing suitable conditions for the survival of a
number of thermophiles. This reconstruction should be confirmed by further records and must not be applied more westerly, particolarly

in the Bohemian Highlands.

Nuslova 2295/55, 158 00 Praha 13, Ceskd republika

It has recently become clear that there is a conflict be-
tween current interpretations of glacial environments
based on periglacial phenomena and some paleobo-
tanical observations and the evidence given by a number
of fossil faunal records from Central and southeastern
Europe (MusiL 2002, Lozexk — HorAcexk 2004). It has
been commonly assumed that the pleniglacial landscape
of Central Europe had a subpolar character. Tundra-like
grasslands on continuous permafrost were reconstructed
even south of the 507 of northern latitude, which is par-
ticularly true of western Europe (e.g. FRENZEL 1967).
However, this palecenvironmental scenario, although
plausible, appears to be weekly supported in the light
of a number of paleontological records and paleoecolo-
gical reconstructions, as stressed, for instance, by MusiL
(2002), who relied mainly upon the nutritional require-
ments of pleniglacial mammalian communities. His
supposition is supported by findings of glacial verte-
brates from high Alps as well as by certain pollen analy-
ses from the West Carpathians which document the ex-
istence of woodland even at higher elevations
(JANKOVSEA 2004, JANKOVSKA, CHROMY — NIZNIANSKA
2002). In this connection older pollen analyses from
loess (FrRENZEL 1964) or the study of AMeroz (1947) fo-

cused on paleoenvironmental conditions during the
loess formation should also be mentioned. The latter is
supported by the paleoclimatic reconstruction of SzOOR
et al. {1991). As to the interpretation of periglacial phe-
nomena, the sceptical approach of PENck (1938) also
deserves more attention than it has received. In this con-
nection it is also worth mentioning that the species rich-
ness of glacial malacocoenoses increase from western
Europe towards the east (Rousseau 2001 ), which can be
also traced in loess assemblages from inner Bohemia,
through Moravia to the Danube lowland in south
Slovakia (Lozex 1964). The aim of this paper is to de-
scribe some new malacological records which may
throw more light on the above problems.

Zoning of glacial malacocoenoses

Before analyzing the new malacological records it is
necessary to recapitulate briefly what is known of the
zonal differentiation of glacial malacofaunas that may
be considered in the interpretation of the findings pre-
sented in this paper.

The great majority of glacial malacofaunas come from
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|. Location of investigated sites in Slovakia: 1 - Farkasovo, 2 — Brzotin (bank of the Slani River).

loess. Despite the fact that the loesses formed in differ-
ent glacials and regions, the loess assemblages are rather
homogeneous and consist of a peculiar mixture of
steppe, subpolar and catholic elements (Lozex 1991). In
particular regions they are associated with various local
species, for instance with Neosryriaca coryvnodes and
Orcula dolium at the foot of the Alps, O. dofium and
Vestia turgida in Carpathian region or Clausilia parvula
in western parts of Central Europe. In the marginal zone
at the foot of mountain ranges the admixture of
euryoecic species increases, for instance of Punctum
pygmaeum, Euconulus fulvus, Vitrea crystallina, Clau-
silia dubia and Perpolita hammonis in the Carpathian
Vih Valley. The above mentioned increase in species
richness towards the east results, for instance, from a
comparison of loess malacocoenoses of Central Bohe-
mia with those of the Carpathian Basin.

The composition of loess malacofauna has no pres-
ent-day analogue in Europe, but characterizes the loess
steppe as a peculiar giant biome of glacial periods. Of
particular importance is the striking difference of loess
assemblages from those of the high north.

By contrast, malacological records from areas out of
the loess zone are rather sparse, which is particularly
true of the Czechlands. In Slovakia, the situation is
more favourable thanks to a number of fossil records
from karstlands situated in a wide range of altitudes
(200-1600 m). The composition of molluscan assem-
blages differs from the loess fauna in the presence of a
number of species, including several more demanding
woodland elements, as documented by the records from
the caves Velka Jasovska jaskyia (LoZek et al. 1957},
Velkd RuZinska jaskyiia (Lozek 1999) or MaZarna in the
Velka Fatra Mis. (Lozex 1980) as well as from the allu-
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vial fan at Pivkova dolinka in the Low Tatra Mts. (Lozex
1986). Besides the rupestral snail Chondrina clienta it is
also a case of some woodland elements such as Faustina
faustina and Cochlodina cerata — that 1s even from ele-
vations (800—1000 m) corresponding to the present-day
montane zone, hence 500-700 m above the upper limit
(£ 300 m) of the loess belt. These data thus suggest that
in the West Carpathians further zones occurred which
were sitnated above the loess steppe belt and inhabited
by a number of woodland elements.

Moluscan faunas from Farkasovo and Brzotin

Location. — Both sites are situated in the Slovak part of the
West Carpathians, Farka%ovo in Central Slovakia, Brzotin
in southeastern Slovakia (Fig. 1). Selected records from
these sites were briefly commented in the study on
paleoecology of Quaternary mollusca (Lozek 2000).

Methods. — Serial sampling from closely subdivided
sections and quantitative analyses have allowed deltailed
faunal successions to be reconstructed for both sites.
Molluscs were extracted from the sediments by a combi-
nation of washing and sieving. After drying, each sam-
ple was disaggregated in water, The residual sediment
was then wet-sieved, air-dried and the molluscs were
picked using delicate pincers. The number of shells and
fragments extracted was counted over using the stan-
dard method (LoZex 1964) that gives the approximate
number of individuals present for each species. The re-
sults are presented in tables 1 and 2 where molluscs have
been assigned to ecologic and biostratigraphic groups,
which provides a general indication of former environ-
mental changes.



FARKASOVO
Site description

The site in question is situated in the valley of the Hron
River at the southern foot of the Nizké Tatry (Low
Tatra) Mis. west of the Nemecka village. The talus accu-
mulation is exposed in a small pit at the foot of the
FarkaSovo Hill (581 m) that is built up by Triassic lime-
stone. The deposit overlies a terrace level ca. 8 m above
the Hron River that corresponds to the level covered far-
ther downstream by accumulations of eolian loams (dust
loams) that represent the lime-deficient facies of loess at
higher moister altitudes. Fig. 2 shows the exact location
of the section, basic geographical data are presented in
the following table:

Latitude: 48° 38 507

Longitude: 19° 24° 60~

Altitude: 420 m

Mean annual rainfall: 816 mm

Mean annual temperature: 7.5 °C

Mean temperature of July: 18.1 °C

Mean temperature of January: —-4.2 °C

Mean temperature of vegetation period: 14.3 °C

Stratigraphy

The talus accumulation is composed of a mixture of
larger mostly angular blocks and finer rubble of local
bedrock mixed in a loamy matrix. The column of the ex-
cavation (Fig. 3) appears rather monotonous except for
layers 4 and particularly 5 whose matrix is apparently
loess-like. The uppermost layers 1-3 represent a soil
with decalcified fine earth, with more or less
corrosionally rounded scree, which is particularly true
of the layer 3 that corresponds to a By-horizon of a
luvisol or even of an initial stage of terra fusca.

Mollusca

The main body of molluscan fauna (Table 1} is largely
composed of elements that occur in loess or loess-like
sediments in the foothill area of the West Carpathians
such as Vitrea crystallina, Pupilla sterri, P. triplicata,
Vallonia costata, Clausilia dubia, Orcula dolium. Of
particular importance are Pupilla loessica and Vallonia
tenuilabris which are index species of pleniglacial
loesses and were recorded only in layers 4 and 5 charac-
terized by the loess-like matrix. This is also true of
Pupilla muscorum and partly also of the culminating
Succinella oblonga. Of particular concern is also the
presence of Faustina cingulella in layers 46 since itis a
case of a subalpine element which descended to the foot-
hill zone during the glacial phases (Lozex 1990), These
snail communities reflect a parkland to semi-open
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2. Farkafovo, showing the sampling location.

woodland similar to scots pine — larch stands in dolomite
areas of the mountain to upper mountain belts of the
West Carpathians. During the formation of layers 5 and
4 a narrow zone of loess steppe patches along the Hron
River became established.

However, the whole sequence of snail assemblages in-
cludes several species such as Faustina fausting,
Oxvchilus depressus, Aegopinella minor, Cochlodina
cerata, and even Helicodonta obvolura which are less
tolerant to severe climatic conditions and never occur in
loess. Of prime importance in this context are the high
amounts of F. faustina even in the loess-like horizons 4
and 5. It is thus reasonable suppose that, even during the
Weichselian pleniglacial, in the protected valleys of
central West Carpathians favorite refugia of a number of
demanding woodland snails persisted.

Brzotin - left bank of the Slana River
Site description

Downstream of Brzotin (S of Rozfiava, Slovak Karst)
the Slana River exposed by side cutting thick talus accu-
mulations at the foot of precipitous valley walls with
magnificently exposed limestone cliffs called Brzo-
tinske skaly (678.8 m). The exposure was cleaned and
the sedimentary sequence closely subdivided and sam-
pled. It should be stressed that the site as well as the
whole region of the Slovak Karst lie out of the loess
zone, but not far from the Great Hungarian Plain, being
protected from the north and northwest by higher moun-
tain ranges of the West Carpathians. The exact location

735



Farkasovo

i ¥ I :- o]
+- 2 RN [ &
bl BT B T L R §g
3= o VA A
T.r 'r'*'”c;}‘l LAY o PP
- -'ﬂﬂ. ﬁ.:.r I' 1}.. ‘. Y
e T e =
S0 SRS € A
= SRIDF S Ude
- w0 Y e s 4
el ey W e TN
- i — -|- Fh -|I='_:|
R =
— - S oo oy
gl o i L
-l - -
=22 ITHOSE IR

76

3. Farkadovo Hill, profile
through the depositional se-
quence.

1 = dark brownish grey,
humic loam, crumb struc-
ture, corroded clasts, 2 -
greyish  brown clayey
loam, polyhedral peds,
rounded limestone clasts,
3 —brown clayey loam, po-
Iyhedral jointing, sparse
rounded clasts.

Layers 1-3 are lime-defi-
cient, malacologically ste-
rile, representing a soil of
terra  fusca-like luvisol
type. The underlying sedi-
mentary seguence consists
of calcareous loams with
variable amount of lime-
stone scree; therefore, only
the color of matrix and
character of scree are given
in the following descrip-
tion; 4 - yvellowish brown,
medium-sized scree, partly
rounded, clayey infiltra-
tions; 5 — greyish ochreous,
loess-like, rather rich in
2-5 ¢m (10 cm) clasts; 6 -
pale greyish brown, angu-
lar rubble (3-5 ¢m), with
coarser stones (10-25 cm});
7 — angular rubble (36 cm,
10 cm) poor in greyish
brown matrix; 8 — greyish
brown, 2-5 cm rubble, ho-
rizon with coarser stones
(10-15 em), coarse boul-
der at the surface: 9 -
brownish grey, 5-10 cm
clasts (to 20 cm}; 10 - rus-
ty brown, lower in clasts
(to 25 cm); 11 - pale brown-
ish grey with diffuse
brown streaks, angular
5 ¢m scree, scattered clasts
10 15 cm.

of the site is shown on the map (Fig. 4), basic geographic
data are given in the following table:

Latitude: 48° 36" 457

Longitude: 20° 29" 31~

Altitude: 250 m

Mean annual rainfall: 663 mm

Mean annual temperature: 8.0 °C

Mean temperature of July: 18,5 °C

Mean temperature of January: — 3.8 °C

Mean temperature of vegetation period: 14.8 °C

Stratigraphy

The whole depositional sequence consists of small- to
medium-sized angular to subangular limestone frag-
ments and coarser blocks in several horizons. The ma-
trix is a brown calcareous loam with characteristic red-
dish unt (Fig. 5). As a whole the talus accumulation
appears rather monotonous except for blocky horizons
and layers 7 and 12 that are a little loess-like. The se-
quence is capped by a rendzina soil (1, 2).

Mollusca

In comparison with molluscan records from Farka%ovo,
the malacofauna from Brzotin is much richer in species
(Table 2) that belong to various ecological groups incl.
the main group A which comprises woodland elements.
By contrast, characteristic loess species such as Pupilla
ssp., Succinella oblonga and Vallonia tenuilabris occur
only in small amounts, being absent from several layers.
Despite this, in accordance with FarkaZovo, they can be
traced throughout the section. However, Clausilia
dubia, Orcula dolium and Vitrea crytallina that occur in
peri-Carpathian loesses, particularly in the Vih river
valley, are well represented throughout the whole suc-
cession, which is true also of Faustina faustina. Further
open-ground (group 5) and catholic elements (group
7 Me) are scattered in small quantitiess throughout the
deposit.

However, the most unexpected feature of this fauna
is the presence of a number of climatically demanding
species, which are generally believed to be characteris-
tic fossils of warm periods (Interglacials, Holocene).
This is particularly true of Helicodonta obvoluta, Iso-
gnomostoma isognomostomos, and Laciniaria plicata
that occur almost in all layers, the latter sometimes in
rather high amounts. Scattered records of Daudebardia
rufa, Monachoides incarnatus, Petasina unidentata,
Ruthenica filograna, Vitrea diaphana, Discus ro-
tundatus, Fruticicola fruticum and Carychium triden-
tatum provide a similar evidence.

The malacological evidence presented here suggests
that the talus deposits in question were deposited during
a period of peculiar climatic conditions which allowed
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4. Brzotin. bank of the Slana River, showing the sampling locati-
on (+).

the coexistence of tolerant ¢lements adapted to severe
glacial condition with much more demanding woodland
species such as H. obveluta or I isognomostomos.
These snails prefer mesic scree forests in hilly to moun-
tainous areas of middle and southeastern Central Eu-
rope, but their range progressively declines towards the
east and northeast. H. obvoluta is mostly confined to
warm regions, whereas it is lacking in northern moun-
tain ranges of the West Carpathians. Suitable habitals
occur also at present in lower parts of the slopes of
Brzotinske skaly. However, the question arises, whether
such habitats could exist here even during the Last Gla-
cial and where the associated open-ground elements
were living.

Discussion

The composition of fossil molluscan communities in
both sites reflects climatic conditions that were much
more severe than the present ones. This is documented
by the occurrence of such elements as Vallonia
tenuilabris, Discus ruderatus or Vertigo alpestris as
well as by the absence of a number of woodland species
which are widespread in the area in question at present,

Brzotin

5. Brzotin - profile through the
depositional sequence. The
whole succession consists of li-
mestone scree with loamy calca-
reous matrix so that only the col-
our of matrix and character of
scree are described: 1 - dark
brownish grey, humic, crumb
structure, very poor in rubble;
2 — dark greyish brown, humic,
crumbly, coarser clasts; 3 — gre-
yish brown, coarser stones, rich
in fine rubble; 4 — greyish brown
with reddish tint. coarser stones,
very rich in fine rubble: 5 — pale
greyish brown, high in clasts of
various size, boulder; 6 - pale
reddish brown, rich in pseudo-
mycelia and CaC0); coatings,
diffuse reddish spots, fine rubble
{5 cm), sparse coarser stones, 7 -
pale brown, partly reddish, com-
pacted, numerous diffuse pseu-
domycelia and CaCO; coatings.
partly loess-like, 5=10 cm rub-
ble, boulders al the base; 8 — pale
reddish brown, rubble 5-10 c¢m,
finer fragments sparser, CaC(,
efflorescences less marked: 9 —
reddish brown, without CaCO,
efflorescences, coarser clasls;
10 - reddish brown, rather
non-coherent, very rich in fine
rubble, sparse coarser clasts;
|1 = pale brown, loess-like, rich
in coarser stomes; 117 — as 11,
rich in fine rubble; 12 — greyish
ochreous, Jow in rubble, coarse
subangular stones; 13 — reddish
brown, very high in fine rubble,
scatlered coarse siones; 14 -
markedly reddish brown, medi-
um-sized rubble (4-5 cm), scat-
tered coarser stones; 15 — grey-
ish brown with reddish tint, very
high in finest rubble (1 cm) coars-
er stones ( 10=20 cm); 16 — mark-
edly reddish brown, rich in me-
dium-sized fragments (5-10cm),
subangular, fine rubble (1-2 cmj,
surface of some stones cormosio-
nally sculptured.
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Table 1. Farka%ovo, molluscan succession

Ecologic and List of species L_s;',rer i
T:E‘['f;ﬂ?: miw| 9|8 |7|6/|5]a4 |
F | Aegopis of. verticillus (LAMARCK) - - - - - 1| - |
| ! Causa holosericea (STUDER) 1? 1? - - = — —
! Daudebardia rufa (DRAPARNAUD) - - - - - - (1) -
! {G) | Discus ruderatus (FERUSSAC) - i - - - - - -
i 1
: ! Ena cf. obscura {MﬂLLE.R__]“ _ - - - — — - - ]
(1) | Fausting fausting (ROSSMASSLER) — ~ - - - 1 - -
] W ! Faustina faustina/rossmdssleri 10 I 13 12 8 — 7 6 3
(1) | Faustina agg. ] ~ - - -] -]l n
! Helicodnnta obvolura (MULLER) - —~ - — — 2 - -
| b Isognomostoma isogromostomos (SCHROTER) — - | - — — - - I
| A | ! Monachoides incarnatus (MULLER) — — — - — 1 - | 1 1|
(G) | Oxychilus depressus (STERKI) 4 2 1 17 — 3 - —
: Vitrea diaphana (STUDER) - - — - - - - 1
{+) | Arianta arbustorum (LINNE) - - — | — | - -
WM}
) .| Discus romndaus (MOLLERY | - | S ) I S i L
' Aegopinella minor/nitens B 1 - - - - — — -
X (") | Frunicicola fruticum (MUOLLER) R —~ — — —~ - — I
3 W(S) | (G) | Cochlodina cerata (ROSSMASSLER) ! - - - - - — —
| (1) | Cochlodina cerataflaminata - ] - - — — - 1
_____________ U |HelixpomatigliNe |- - = |a = o]
WiH) | (+) | Virrea crysialling (MULLER) 26 20 1 22 1 7 4 |12 9 14
3 (+) | Vestia turgida (ROSSMASSLER) T e L e
(+) | Chondrula tridens (MULLER) - - 1 - | -] -1 = - |
ol s M | Cecilivides acicula (MULLER) I e N N
| . Pupilla sterrii (VOITH) 2 5 50 | 49 | 7 16 | 39 | 104
!. {+) | Pupilla triplicara (STUDER) - 5 33 | 48 — 16 6 32
B | ++ | Pupilla cf. ipessica LOZEK - — — — — i — — 8 I
o + Pupilla muscorum (LINNE) - - - - - | - | - 15
5 | (+) | Vallonia costara (MULLER) 13 | 11 | 28 32 3 16 13 39
||| *+ | Valloniatenuilabris(A.BRAUN) | = | = | - | - | - - 17|59
OR G | Faustina cingulella (ROSSMASSLER) - — - | - — | 10 4 - 41
f (!} | Euomphalia strigella (DRAPARNAUD) - - - - | = - — — 1
(+) | Cochlicopa lubrica (MULLER) - - - - - - _ 2
(+) | Euconulus fulvus (MULLER) - - 2 - - - - | -
SO e S 1 = |
Me (+)} | Perpolita cf. hammonis (STROM) - - - - - - - 1 |
(+} | Punctum pygmaeum (DRAPARNAUD) - - 2 - - - - -
C |7 + Trichia cf. hispida (LINNE} - - - - - - 1?7 3
L) Vireacontracta (WESTERLUND) | = | - | - | - | - - | - 1]
| (+) | Clausilia dubia DRAPARNAUD 40 | 21 [ 104 | 88 | 10 76 | 74 | 217
| RIW) | (+) | Orcuda dofivm (DRAPARNAUD) 205 | 151 | 166 | 30 - 56 | 114 | 124
| | G ! Vertigo alpestris ALDER - |1 47 | - | 4 | 2 | -
8 + | Succinella oblonga (DRAPARNAUD) I - 10 — 7 Bl | 264
D |10 Q Bythinella austriaca agg. - — —~ —~ —~ — - ]
Number of species 11| 12 13 11 4 18 15 | 27
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for instance Plarvla polita, Sphyradium doliolum,
Acanthinula aculeata, Ena montana, E. obscura, Discus
perspectivus, Oxychilus orientalis, O. glaber, Cochlo-
dina laminara, C. orthostoma, Macrogastra ssp, Alinda
biplicata, Bulgarica cana, Cepaea vindobonensis elc.
Predictions about how terrestrial molluscs will respond
to glacial cooling, may only be based on modern ecolog-
ical studies.

For this reason, we must seek environments which
may be suitable for the coexistence of cold-climate
speciecs with the above thermophilous elements at pres-
ent. Such conditions occur in extreme boundary habi-
tats of the above-mentioned thermophilous species in
the wider surroundings of the sites in question, for in-
stance in the top part of the karst plateau Muranska
planina where a number of these species live at the al-
titudes of 1200-1300 m, which corresponds to the
montane and supramontane zones (Lozex 1949). Simi-
lar conditions occur also at the southern slope of the
Nizke Tatry Mts., for instance in the surroundings of
Mo#tenica. Altitudinal belts with the highest modern oc-
currences of demanding woodland species recorded in
glacial talus deposits near Brzotin (at elevation 250 m)
are summarized bellow:

Mountain belt (ca 800-1200/1300 m), mixed beech-
spruce-fir-sycamore-elm forest: Helicodonta obvoluta
(1200 m), Monachoides incarnatus (1200 m), Laciniaria
plicata (exceptionally to 1300 m);, Virrea contracta,
Aegopinella minor and Dandebardia rufa (1000 m).

Upper mountain belt (ca 1200-1400/1550 m), pre-
dominantly spruce, larch in rocky habitats: Discus
rotundatus (relict occurrence on the Klenovsky Vepor
Mt. ).

Subalpine belt (1400/1550-1800 m), alpine meadows
with Pinus muge and Salix silesiaca stands: Faustina
faustina (1800 m), Isognomostoma isognomostomos
(1600 m), Petasina unidentata (1800 m), Ruthenica

—
Explanation to Tables 1 and 2

Ecological characteristics

Main ecologic groups: A — woodland in general, B - open country
in general, C - woodland/open couniry, D — wetlands and aquatic
habitats.

Ecologic groups: 1 — closed forest, 2 — predominantly woodland,
locally semi-open to open habitats: W(M) — mesic, W(§) - xeric,
W(H) — damp: 3 — moist woodland, alder carrs, riverine forests;
4 — warm-dry grassland or rocks: S — in general, XL - limestone
rocks, S{W) — partly shaded habitats: 5 — open country in general
(moist grassland to steppe); woodland/open country: 6 — predo-
minantly dry, 7 — mesic or various: Me ~ in general, MR — mesic
rocks, R(W) - scree woodland; 8 — predominantly damp, 9 — wet-
lands, banks, 10 — aguatic habitats.

Biostratigraphic characteristics

+ — characteristic loess species, ++— index loess species, (+) - lo-
cal or accidental loess species, G — species surviving the glacial
out of the loess zone, (G) — dito, as relics, ! — warm-climate species,
I — interglacial index species, (!) — eurythermal warm-climate
species, M — modem (= Postglacial) immigrants.

1?7 — determination approximate only, (2) — allochthonous (re-
worked) shells.

filograna (1600 m), Cochlodina cerata (1600'm), Vitrea
diaphana (ca 1600 m), Fruticicola fruticum (1400 m),
Monachoides vicinus (1800 m), Carychium tridentatum
(1400 m).

Alpine belt (alpine grasslands, more than 1800 m):
Aegapinella pura (1900-2000 m).

The above evidence demonstrates that the surveyed
species are able to survive even at the altitudes
10001500 m (some of them to 1800 m), where the
mean annual temperature attains only 4-2 °C and the
rainfall 900-1250 mm. However, these data are very ap-
proximate, being in rocky limestone mountains largely
modified by local meso- and microclimatic conditions.
Nevertheless, the resulting information provides a use-
ful baseline for recognizing what is “normal” for rates of
climate change and accompanying faunal dynamics.

Temperature conditions of the highest occurrences of
the surveyed thermophilous snails indicate that the
mean temperatures at both sites could be at the glacial
times 4.5-5.0 °C lower than at present. It is likely that
they were somewhat lower, perhaps at about 6-7 °C,
with respect to the longer and colder continental winter
characterizing the glacial. This might correspond to an
average close above 0 °C, whereas the temperature of
vegetation period would remain sufficiently high to en-
able the survival of more demanding elements.

In view of local relief conditions we may assume that
the upper forest line at both sites was situated al ca
600 m, so that the steep sides of the Sland Valley as well
of the Farka%ovo Hill were covered by mountain to sub-
alpine woodland with open rocky patches. Thus, the gla-
cial fall in tree limit came to 900 m.

In this context it is worth mentioning that this assump-
tion is consistent with the altitudinal position of the
West-Carpathian mountain glaciation. In the Alps the
altitudinal difference between the snow line and upper
forest limit ranges from 700 m to 1000 m. The latter
value may be true also of the more continental
Carpathian area so that in the light of our reconstruction
the glacial snow line in the West Carpathians occurred
approximately in 1600 m, which is in good agreement
with the fact that only mountain ranges exceeding this
altitude, particularly the High and Low Tatras bear
traces of an important glaciation.

The analyses of snail assemblages from FarkaSovo
and Brzotin and several further lines of evidence indi-
cate that between the zone of alpine grasslands at
600-1600 m and the loess steppe belt at the foot of
Carpathian foothills a zone of mountain to subalpine
woodland persisted during the Last Glacial which prob-
ably included patches of warmer protected habitats at
places with suitable relief and substratum conditions. In
general, it seems that it corresponds to the forest
steppe/tundra belt at the periphery of the Pannonian Ba-
sin reconstructed for the last pleniglacial by Frenzer
(1967, p. 213). This zone provided refugia for a number
of molluscan species that are generally considered inter-
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Table 2. Brzotin, bank of the Sland River — molluscan succession

Ecologic and | List of species N Layer o
biostratigraphic 6 | 15 | 14 | 13 | 12 | 1b o 11a | 10
characteristics
! | Aegopinella pura (ALDER) - - — ~ - - _ _
(" | Cockloding ceratalaminata _ — _ _ _ _ _ _
| ! | Daudebardia rufa (DRAPARNAUD) - - = — - - - _
| (G) | Discus ruderatus (FERUSSAC) ] - - - - | 1 - -
1! | Drobacia banatica (ROSSMASSLER) - - - - - _ _ -
| (!) | Faustina faustina (ROSSMASSLER) 16 | 216 | 14 | 2 w19 | 12
: [ | Helicodonta obvoluta (MUOLLER) 3 1 ] - = 2 I 17
V| Isognomostoma isngnomostomos (SCHROTER) 7 6 1 - - 5 4 | 2
! | Monachoides incarnatus {MULLER) - | - 1 - ] 1 — i
(G} | Oxychilus depressus (STERKI) — | - - - - | 17 - -
! | Perasina unidentata (DRAPARNAUD) ] — — - - | - - -
! | ef. Pseudalinda stabilis (L. PFEIFFER) — - - - | - _ — 1|
A ! Rurhenica filograna (ROSSMASSLER) - - - - - | - _ _
! Vitrea diaphana (STUDER) — - - | - - 3 - -
(+) | Arianta arbustorum (LINNE) | - _ _ _ - - _
| w ' | Discus rotundatus (MOLLER) - 2 - - - - I 1
(M) ]
V| Limax sp. — - - - - | - - |
S G__| Semilimax kolae (WESTERLUND) - 1 | - | = | = I = -
2 | ! | Aegopinefla minor (STABILE) — - - . - — _ -
‘ WeS) (G) | Cochlodina cerata (ROSSMASSLER) ] 9 —~ ~ | - 3 |7 - |
(1) | Fruticicola fruticum (MUOLLER) 1 1 - - - - | I
y___________'___.ﬁ%ﬁ*l‘.i’!fﬂﬁ‘!’t.'—.'ﬂ!“ﬁ-------___- SRR B N ez Loz L= 1
| W(H) | (+) | Vitrea erystalling (MOLLER) 6 | 23 2 | [ 3 7 3|
! 3 G | Monachoider vicinus (ROSSMASSLER) i ] ~ il — - | - !
(+) ! of. Vestia turgida {(ROSSMASSLER) | - - — — - - _
(+)  Chondrula tridens (MULLER) R = - - | = - _ _
+ | Pupilla sterri (VOITH) 2 17 - - - | 3 _ _
) {(+} | Pupilla cl. triplicata (STUDER) - 47 — — — - - - |
(G} | Chondrina clienta (WESTERLUND) - - — - - 2 - —
B + | Pupilla cf. muscorum (LINNE) - 1 - ) - - — - -
++ | Pupilla cf. densegyrara LOZEK — - i - - - -
5 O (1) | Truncarellina cylindrica (FERRUSSAC) il U B e ~ |
(+) | Vallonia eostata (MULLER) - 6 _ - - 3';-_ - _
++ | Vallonia tenuilabris (A. BRAUN) 2 2 - - - - — 2
H ' | Milax sp. . 1 1 - - - . - -
| (+) | Ewconulus fulvus {MULLER) 3 1 2 I - - - - -
Me (+) | Punctum pygmaeum (DRAPARNAUD) - d'__ | — - - _ _ _
|+ | Trichia cf_hispida (LINNE) - 1 1 - = - — -
7 beoeoo ]t | Vireacontracta (WESTERLUND) | 8 | = | - | = | - | .- | - | -
- (+) | Clausilia dubia DRAPARNAUD 43 54 6 ] - 17 6 2
C | R(W) P | Laciniaria plicaia (DRAPARNAUDR) 9 9 2 - ] 14 7 6
{+) | Orcula doliven (DRAPARNAUD) 27 sS4 5 1 1 7 3 3
| G | Vertigo alpestris ALDER 1 2 2 ~ — 3 2 2
' | Carvchium tridentatum (RISS0) - - - - — - 1 1
3 ("} | Columella cf, edentula (DRAPARNAUD) ] _ - - _ _ _ _
+ | Succinella oblonga (DRAPARNAUD) - - - - _ _ i -
(G) | Vertigo substriata (JEFFREYS) | - - - - - - _
D| 9 | (+) | Succinea cf. putris (LINNE) 2 - - - | - 1 - -
Number of species 24 21 | 1 4 5 | 20 14 15
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) Layer
9 8 7 6 | 5 4 3 2
 E— - - — — — - —
N N N e I |
| _ | _ _ _ 4 -
— — — — — — ] —
13 12 12 13 12 12 10 3
1? | 2 1 | 2 l —
| 2 2 I I 3 j 2
_ - | = _ _ ] _ _
- - - 17 - 17 - -
- - - — - - - 1
— ] — I — — _ — —
- - L= - |2 | -
_ - - = — 1 '-1 -
- s | NI
_ -~ - - _ 19 _ ~
T — | - - — - —
| ____ N Ll I - - - .
- A R . . _ i _
1?7 - — _]_ - - _ _
- 2 | 1 | 3 2 -
_ - - - _ _ _ B
- _ 1| - - 2 - _
I l = - - - - - -
- _ | - BT - — _
l - | 4 | - 3 2 - -
— _ _ | - | - _ -
il B SR DU B S I .. -
4 24 | 3 2 9 19 | 8 3
2 | 2 1 P22 3 |2 2 [ 1
| 2 | 3 4 - 2 4 - 1
5 1 5 1 l 3 - -
- — — — ~ | ] — —
_ _ — _ - 2 1 -
o | 10 | 13| 12 | 12 | 2|16 | 9

glacial or Holocene. Our paleocenvironmental scenario
thus supports the old hypothesis of the Ancient Matra
Refugium in the northeastern part of the Pannonian Ba-
sin (KrippEL 1971). However, this paleoenvironmental
reconstruction, although plausible, appears to be inade-
quately supported so far and must be confirmed by fur-
ther fossil records.

Conclusions

The molluscan assemblages from talus accumulations at
FarkaSovo and Brzotin (bank of the Slana River) pro-
vide important information on glacial paleoenviron-
ments in the West Carpathians that may be summarized
as follows:

— In areas corresponding to the present-day hill-country
belt mixed pleniglacial malacofaunas were recorded
which consisted both of glacial open-country ele-
ments and of some woodland species that are consid-
ered characteristic of warm periods (interglacials, Ho-
locene).

— Their survival in glacial contexts is explained with re-
spect to their occurrences under severe conditions of
the mountain to subalpine belts, at elevations
&00-1600 m, in the adjacent West Carpathian moun-
tain ranges (Muranska planina, Low Tatra).

— Molluscan assemblages from FarkaSovo and Brzo-
tin, inclusive of several records from other sites, indi-
cate that during the Last Glacial corresponding con-
ditions occurred much lower in the hill-country belt
at altitudes 250-600 m, which corresponds to an
800-1000 m fall in vegetation altitudinal belts.

— On the assumption that the altitudinal difference be-
tween the snow line and upper forest limit in the area
in question may be 1000 m, the supposed reconstruc-
tion of altitudinal vegetation belts is in good agree-
ment with the Last Glaciation of the West Carpathians
which developed only in mountain ranges exceeding
1600 m (particularly the High and Low Tatras). How-
ever, this hypothesis cannot be applied to regions situ-
ated more westerly, for instance to the Bohemian
Highlands.

— In view of the above, it is very likely that in the south-
ern foothills of the West Carpathians glacial refuges
of a number of climatically demanding woodland spe-
cies existed.

Translated by the author
Recommended for print by J. Hlavdc

=
In 11b two fragments resembling Soosia diedonia
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Prostiedi posledniho glacialu v Zapadnich Karpatech ve svétle fosilni malakofauny

(Resumé anglického texiu)
Voren LoZEK

PredloZeno 23. listopadu 2005

V poslednich letech se stile vice projevuje rozpor mezi vypovédi fosilnich faun obratloved i mékky$t véetng fady
dalSich poznatkii a dosud pfevladajicimi pfedstavami o glacidlnim prostfedi vychazejicimi pfedevdim z interpretace
stop raznych periglacialnich jevii. Pfedstavy o subpoldrnim rizu nasi krajiny lze sotva sladit s naroky fady druhd,
kieré se b€Zné vyskytuji i v sedimentech z pleniglacidlni fize a jejichZ pfeZiti ukazuje na Zivotni podminky podstatn&
odlisné od stavu na vysokém severu nebo v oblastech hlubokého permafrostu. Tyto rozpory rozebral u nis nejnovéji
Musiw (2002), fada kritickych tvah se viak objevuje poriiznu i v dfivéjiich publikacich vychdzejicich i z abiotickych
dokladi, jako je tieba studie o spraSich, kterou jiZ pfed piil stoletim uvefejnil AMBrOZ (1947). Nicméné& blizsi pohled
na tuto problematiku mohou poskytnout jen dalii paleontologické doklady.

Co se tyCe glacidlni malakofauny, naprosta vétSina ndlezi pochdzi ze spradi, a je proto sloZkou velmi svébytné bioty
sprasové stepl, kterd neposkytovala vhodné podminky pro pfeZiti pfevainé mezofilnich druhii teplych obdobi. Sprajovi
step oviem piedstavovala jen jeden z vegetacnich stupiil, jehoZ homi hranice v priiméru probihala ve 300 m. Vy53i stupné
mély nepochybné vlh(i raz a podle riiznych naznaki mély v pfedhoii Alp a Karpat spiSe charakter parkové krajiny, ozna-
fené ve FRENZELOVE (1967) rekonstrukéni mapé pleniglacidlni vegetace Evropy jako lesostep nebo lesotundra. Zatimeo
v Ceskych zemich nejsou vhodné podminky pro fosilizaci mékky%a v tomto stupni, podafilo se ve slovenskych Karpatech
najit mista, kde se ulity mohly zachovat. Mezi nimi poskytly nejbohatsi ndlezy dpatni akumulace svahovin pod vrchem
Farkasovo v (doli Hronu u Nemecké a na levém bichu Slané pod Brzotinem na tipati strmych srazii Brzotinskych skal.

Oba profily byly podrobné& zpracoviny a vysledky kvantitativnich rozbori shmuji tabulky 1 a 2, zahrnujici i ekolo-
gicka a biostratigrafickd data. V obou pfipadech jde o nezvyklou smé&s druhd, které prilkazné preZily glacial na nafem
uzemi nebo glaciél pfimo charakterizuji (Vallonia tenuilabris), a n€kterych klimaticky pomé&rné& néro¢nych lesnich
prvki, dosud béZné povazovanych za vyzna&né fosilie teplych obdobi (Helicodonta obvoluta, Isognomostoma isog-
nomostomos, Petasina unidentata atd.). Ty se uplatiiuji zejména v Brzoting, coZ odpovidd poloze lokality v teplé
chranéné oblasti Slovenského krasu pfi jihovychodnim dpati Zapadnich Karpat, tedy v oblasti tzv. Pramatry, povaZo-
vané Fadou botanikil 1 zoologi za glacidlni refugium klimaticky naroéné&jich druhi stfedni Evropy.
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Jednim z dokladii moZnych preZiti téchto druhl béhem glacidlu v této oblasti je jejich dnefni vyskyt v montannich
aZ subalpinskych polohdch v blizkych vy$ich pohofich, pfedeviim na Murdiiské planin€ a na jiZnich rozsochach
Nizkych Tater, tedy v pasmu s primémymi roénimi teplotami mezi 4-2 °C a sraZkami 800-1250 mm. Teplotni roz-
dil oproti tdoli Slané obnasi tedy 6 ° C, vyikovy az 1000 m. Rozdil teploty byl zfejmé vEtdi vzhledem k vétsi konti-
nentalit® pleniglacialu. Nicméné& s ohledem na utvafeni reliéfu 1ze pfedpokladat, Ze horni hranice lesnich porosti
uvedeného typu leZela ve Slovenském krasu kolem 600 m. Vyjdeme-li z toho, Ze nivalni stupefi ve Vychodnich Al-
péch leZi zhruba 1000 m nad horni hranici lesa, dostaneme se v naSem piipadé k hodnoté 1600 m, coZ se pfekvapive
shoduje s vy&kovou polohou zalednéni Zapadnich Karpat, které vyznamné postihlo jen pohofi pfesahujici tuto vysku,
tedy pfedeviim oboje Tatry, se znaénym omezenim na jiZnich svazich Nizkych Tater.

Malakofauny z Farka%ova a pfedeviim z Brzotina nasvéd&uji, Ze ve vychodni poloving Zapadnich Karpat se i bé-
hem pleniglacidlu udr¥elo na jiznich chranénych dpatich pasmo lest srovnatelnych s dnednimi porosty montanniho
a’ subalpinského stupné v této oblasti. Zde pak mohla pfezit fada druhl s pomé&rmé vysokymi niroky na teplotu a vih-
kost. Uvedeny lesni stupeii zde odd&loval pismo spraSove stepi v panonskych pahorkatinich a niZinach od holi ve
vy§gich poloh4ch Karpat a pro mnoho druhit {(nejen m&kkyso!) pfedstavoval jedno z refugii, umoZiiujici preZiti ple-
niglacidlu v blizkosti jejich souasného aredlu.

Do jaké miry Ize tento zavér vztahovat i na Gzemi dale k zapadu, tedy pfedeviim na Ceské zemé, mohou objasnit jen
dal%i fosilni doklady. V kaZdém pripad& je viak zfejmé, Ze periglacidlni pasmo smérem k jihovychodu velmi rychle vy-
znivalo a Ze se i ve stiedni Evropé nachézely okrsky, kde mohly pfeZit pleniglacial i klimaticky zna¢né naro¢né druby.

Vysvétlivky k obrazkiim

|. Poloha zkoumanych lokalit ¥ raimci Slovenska (1 — FarkaSove,
2 — Brzaotin, bieh Slané).

2. Farkalovo, poloha lokality (+).

3. Farkafovo, profil vrstevniho sledu.

| = hnédavé imavoiedd humozni, hrubé drobtovitd hlina, korodo-
vané tlomky; 2 — Sedavé hn&d4 jilovitd hiina polyedrické odlud-
nosti, zaoblend vapencovi suf; 3 - hnéda jilovita hlina polyedric-
ké odluénosti. nizky podil zaoblenych dlomki.

Vrstvy 1-3 jsou odvdpnéné, malakologicky sterilni; odpovidaji
plicdé na rozhrani luvizemé a terry fusky. PodloZni souvrstvi tvori
vapnité hliny s proménlivym poedilem vapencove suti (v popisu
proto uvidime jen barvu vyplng a charakter suti). 4 - Zlutohnéda,
jilovité zdteky, stfedni sut, nékteré dlomky zaoblené; 5 — Sedave
hnédoZlutd spralovitd, dosti etné Glomky 2-5 cm, méné do
10 em: 6 - Sedavé Zlutochnéda, pfevladd ostrohranni pfevalné
drobna suf (3-5 cm) s pfimé&si vé&tsich kush (10-25 cm); 7 - astro-
hranné pfeviiné drobné drf (3—6 cm, 10 cm) nedokonale vyplné-
na fedohn&dou hlinou; B — $edavé hnéd4, alomky 2-5 cm, poloha
10-15 cm, na povrchu balvan; 9 — hnédavé Sed4, sul 5-10cm, jed-
notlivé aZ 20 cm; 10— narezlda, méné ilomkil az 25 cm; 11 - svétle
hnédofeda, difvzni hnédavé Smouhy, ostrohrannd suf 5 cm, roz-
trouseng az 15 cm.

4. Brzotin, poloha lokality (+).

5. Brzotin, profil vrsievniho sledu.

Celé souvrstvi pozistavi z vapencovych suti s hlinitou vapnitou
vyplni — proto uvidime jen barvu vyplné a charakter suti: | — tma-
vé hnédofedd humdzni, drobtovita, témeéf bez skeletu; 2 - tmavé
¥edohniéda, drobtovitd, hrubii ilomky, malo drobnych; 3 — svétleji
Sedohnéda, vétsi kameny, Cetné drobné dlomky; 4 — narudle Seda-
vé hniédd, védi kameny, velmi Zetné drobné tlomky; 5 — nadedle
svétle hn&da, hojnd suf ruzné velikosti, balvan; 6 — narudle svétle
hnédd, provipnéni, fetnd pseumycelia a CaCO, povlaky, misty
Eervendjii a syplejdi, drobny¥ skelet (5 cm), jednotlivé vEii kusy:.
7 = svétle hnéd4a, misty narudla, ulehld, ¢etna difizni pseudomy-
celia a CaCO; poviaky, spraSovité partie, skelet 5-10 ¢m, naspo-
du balvany: 8 — svitle hnZdd slabé narudl4, skelet 5-10 cm, ménd
drobné dlomky, vipnité vvkvéty nevyrazné; 9 — narudle hnéda,

bez CaCO, vykvétd, hrubii skelet; 10 — narudle hnédd, pomérné
sypkd, velmi ¢etné drobné dlomky, Fidce veé13i kusy; 1] ~ svétle
hnédd sprafovitd, fetné vétéi kameny; 11° - dito, hojné drobné
dlomky; 12 — Sedookrova, mdlo drobnych dlomki, velké tupoh-
ranné kameny; 13 - rudohnéda, velmi hojny drobny skelet. ojedi-
nélé hrubdi kusy: 14 — vyrazné rudohnédd, stfedni skelet
(4-=5 cm), roztroudené v&Ei kameny; 15 - Sedavé hnéda s narud-
I¥m odstinem, pfeplnénd drobnou suti {+ 1 cm). vétSi kameny
(10-20 cm); 16 = vyrazné rudohnédd, Cemé stiedné velké kusy
(5-10 cm). hrany otupené, hojna drf (1-2 cm), povrch nékterych
kamen( jemné skulpturovany.

Vysvétlivky k tabulkam
Tabulka 1. Farkasovo — mékky#i fauna,

Tabulka 2. Brzotin (bfeh Slané) — mékkyi fauna.

Obecné vysvétlivky k tabulkam 1 a 2

Ekologické charakteristiky

Hlavni ekologické skupiny: A — les vieobecné, B — bezlesi, C -
les i bezlesi, D — mokiady, vodni stanoviste.

Ekologické skupiny: | — zapojeny les; 2 — pfevidiné les, misty
i polooteviend aZ bezlesd stanovisté: W(M) — svEzi, W(S) - su-
chd, W(H) - vlhkd; 3 — zamokiené lesy. luhy a ol3iny, 4 — xero-
termni bezlesi a skaly: § — vieobecné, XL - vipencové skaly,
S(W) - Edistedné zastinéni; 5 — bezlesi vSeobecné, vihkeé louky aZ
stepi: les i bezlesi: 6 — pfevaZng suché, 7 — svéZ nebo riizné: Me -
vieobecnd, MR — sv&Zi skalni stanovi§té, R(W) - skaly i lesni
sutd; 8 — prevazné vihké, 9 — mokfady, bfehy vod, 10 — vody.
Biostratigrafické charakienstiky

+ — vyznacné sprafové druhy, ++ — vaddi spraSové druhy, (+) -
mistni a nadhodné sprafové druhy, G — druhy pfelivajici glacial
mimo pasmo spradi. (G) — dito, jako relikty, ! - druhy teplych ob-
dobi, !! = viid&i druhy interglacidld, (1) — eurytermni druhy tep-
I¥ch obdobi, M — moderni (postglacidlni) imigranti.

37 — piibliiné urfeni, (2) - pfemisténé ulity.

Vysvétlivky k priloze

1. Odkryv na dipati vrchu FarkaSovo (foto V. Lo¥ek). 2. Udoli Sla-
né pod Brzotinem; 3ipka ozna¢uje polohu profilu (foto V. LoZek}.
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V. LOZEK: Last Glacial paleoenvironments of the West Carpathians in the light of fossil malacofauna Pl III

1. Exposure in talus sediments at the foot of Farkasovo Hill.
2. The Slana River Valley downstream of Brzotin: the arrow shows the investigated site at the foot of Brzotinske skaly.
FPhotos by V. LoZek
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