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station and data period 1 v A WA ' ' +10.5
BUDAPEST orig. 1780-1900  0.395 0516 0.398 0.613 W | 100
BUDAPEST orig. 1780-1998  0.178 0.447 0405 0466

VIENNA  orig. 1775-1998 0186 0393 0378 0422 CM T 93
PRAGUE  orig. 1775-1998 0221 0371 0367 0.394 12 - L 9.0
PRAGUEG orig. 1775-1998 0422 0403 0437 101 =
BUDAPEST corr. [780-1998 0338 0441 0528 0551 81 C
VIENNA  corr. 1775-1998 0333 0423 0.508 0.525 6T

PRAGUE  corr. 1775-1998  0.350 0.440 0.510 0.494 4l

PRAGUEG corr. 1775-1998 0.494 0534 0.554 N S ——
BUDAPEST corr. sq. 1780-1998 0376 0498 0592 0.619 1720 1760 1800 1840 1880 1920 1860 2000
VIENNA  corrsq. 1775-1998 0375 0467 0.566 0.584 years

PRAGUE  corr.sq. 1775-1998 041l 0490 0.569 0577 pjg 2. The course of spring temperatures in Budapest, weight-
PRAGUEG corr. sq. 1775-1998 0.539  0.601 0.617

Tab. 1. Correlation of lengths of grapevine sprouts with mean
air temperatures.

to multiply all values after 1900 by different factors. The mul-
tiplication by 3 results in the highest coefficients and it seems
therefore to be the most suitable. The correlations with the ori-
ginal data are marked “orig.”, with the corrected data “corr.”
in Table 1. This correction improves the correlation by about
0.1 in columns A and WA, The highest correlations appear
for Budapest, lower for Vienna and for Prague (but still sig-
nificant). Using the averages till the 24th April only the cor-
relation increases by about 0.05.

Using correlation coefficients one silently supposes that
the relation between correlated quantities is linear. But
the growth at the beginning is very slow and only later
the sprouts grow more rapidly. It is therefore better to corre-
late the temperature with e.g. the logarithm or square root of
the sprouts length. Using this transform differences between
long sprouts (20, 30, 40 cm) decrease. Correlation coefficients
between square roots of grapevine sprouts and temperatures
are given in Table 1 in rows marked by “sq.”. They increase
by about 0.05.

Conclusion

We represented graphically the course of the air temperature in
Budapest (weighted averages WA used in Table 1) together with
the length of grapevine sprouts in square-root scale (this combi-

ed average (March+ 2 xApril)/3.0 - upper curve, right-
hand scale, and lengths of grapevine sprouts in Koszeg
- lower curve, left-hand scale, both smoeothed using
running averages in the 21-yr interval.

nation exhibits the best correlation), both smoothed by running
averages in 21 year interval (Fig. 2). The picture shows a good
agreement between both curves. Both curves display similar peri-
ods with higher or lower values lasting several decades, with
the exception of the most recent decades (afler 1960). This point
confirms other observed and indirect data. The sprouts are rela-
tively long even in decades before 1780 (see Figs 1 and 2), where
no instrumental observation in the region in question is available.
We may claim that spring temperatures between 1740-1780 were
approximately on the same level as they were between 17801790,
and surely higher than those in the middle of the 19th century
Were.
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Evidence of Climatic Variations in Loess and Cave Palaeolithic
Sites of Southern Poland and Western Ukraine

Teresa MADEYSKA
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ABSTRACT. An outline of the Upper Pleistocene environmental changes reconstructed with the use of data gathered in Palaeolithic
cave and loess sites from Southern Poland and Western Ukraine is presented, Lithological compasition of cave sediments, mainly the
weathering degree of limestone rubble as well as fossil fauna composition show a succession in landscape diversity from deciduous
and coniferous forest to open vegetation and tundra. This succession is compared with loess sedimentation suecession, interrupted
several times by soil developnient under steppe or forest vegetation. Archaeological finds help with stratigraphical correlation.
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Precisely documented profiles of cave and toess archaeological
sites of Southern Poland and western Ukraine cover the time from

the decline of the penultimate glaciation (Warthanian), through
the Eemian to the end of Vistulian, which means 5-2 oxygen iso-
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tope stages. Traces of older cultural layers were found recently,
probably corresponding to the penultimate interglacial - stage 7
and the beginning of stage 6. Human occupation of Lower, Mid-
dle and Upper Palacolithic developed during periods of warm or
cool climatic conditions and disappeared from this region in ex-
tremely cold ones. The presence of similar archacological materi-
alin loess profiles and cave fillings helps with chronostratigraph-
ical correlation of both types of sites. The profiles of cave and
loess sites complement each other, because warmer periods are
represented by comparatively thick series of cave deposits, whilst
cold ones are better represented by series of loess. Intensive aeo-
lian sedimentation, development of cryogenic structures in loess-
s and the accumulation of cryoclastic material in caves as well as
the presence of rich tundra animals evidence cold, arctic environ-
ment. The presence of steppe animals and steppe-type fossil soils
show dry, continental conditions. On the contrary, development
of forest fossil soils on loesses, accumulation of chemically weath-
ered rubble with residual loam in caves and the presence of forest
animals are the evidence of humid, temperate environments
(Madeyska, 1881).

Most of the cave sites in the Polish Jura Chain represent
the Vistulian, some of them the Eemian Interglacial and
the Warthanian. The oldest archacological asscmblages were found
in sediments corresponding to the Warthanian and to the Eemian.
In Early Vistulian sediments, the Levallois-Mousterian and Mi-
coquo-Prondnikian assemblages were present (Chmiclewski, 1975,
1988: Kozlowski and Kozlowski, 1977). The existence of decidu-
ous forest during the Eemian is documented by fauna composi-
tion, charcoal of trees and lithological character of the sediments.

This forest was transformed into coniferous forest with patches ol
steppe-tundra landscape during the Early Vistulian.

Upper Palacolithic cultural layers were found in deposits cor-
related with a cool, bipartite period named Interplenivistulian (ox-
ygen isotope stage 3) characteristic by the presence of a mosaic of
open biotopes with patches of mainly coniferous forest. Two peri-
ods of severe, cold and dry climate characteristic by the domi-
nance of tundra environment (4 and 2 stages), corresponding 1o
the Lower and Upper Plenivistulian, are aimost devoid of traces
of human presence in caves. These periods are related to the main
periods of the Vistulian loess sedimentation.

Loess Palaeolithic sites are rare in Poland (Chmiclewski et
al., 1977; Kozlowski, 1996), but rather frequent in western Ukraine
(Chernysh, 1973; Ivanova, 1977; Sytnik et al., 1998). All sites are
situated in loess profiles with pedocomplexes and cryogenic lev-
zls. Several stratigraphic horizons in the loess prefiles of Podolia
were distinguished by Boguckij (1986): recent soil, upper part of
the Upper Pleistocenc loess, Dubno fossil soil, lower part of Up-
per Pleistocene loess, Horokhov fossil pedocomplex, upper part
of the Middle Pleistocene loess, Korshov fossil pedocomplex.
Late Acheulian-type material was present in the upper part of the
Korshevo pedocomplex correlated with early period of the Warth-
anian glaciation. Most of the Mousterian material can be correlat-
cd with the developmient of the upper part of the Horokhov pedo-
complex - steppe soil originated during the Early Vistulian Inter-
stadials, The older Mousterian layers were found in the lower part
of this pcdocomplex - forest soil, and, therefore, can be dated to
the Eemian Interglacial. Stratigraphy is often complicated by
the presence of bipartite levels of cryogenic deformations with
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Fig. 1.
Chain, 3 - loess sites, 4 - cave sites.

Distribution of main cavé and loess Palacolithic sites in southern Poland and western Ukraine. 1 - loess covers, 2 - Polish Jura
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Comparison of stratigraphy of cave deposits with loess
stratigraphy and temperature changes.

A - A scheme of stratigraphy of cave deposits based
on data from about 20 caves situated in the Polish Jura.
1-4: proportions of mammalian fauna according to ec-
ological requirements in percent: 1 - forest animals,
2 - eurytopic animals, 3 - steppe animals, 4 - tundra
animals; 5 - angular limestone rubble, 6 - rounded and
chemically weathered limestone rubble. Archaeologi-
cal cultures (after Chmielewski, 1975): LM = Leval-
lois-Mousterian, MP = Micoquo-Prondnikian, J = Jerz-
manowician, G = Eastern Gravettian.

B - Relative temperature changes (from SPECMAP
curve) C - A scheme of loess stratigraphy of west-
ern Ukraine (after Bogucki, 1986): 7 - loess, 8 -
tundra soil, 9 - steppe soil, 10 - forest soil, 11 - solif-
luction, 12 - frost wedges, r - Rovne fossil soil ho-
rizon, d - Dubno fossil soil horizon, h - Horohov
pedocomplex, t - Ternopil horizon, k - Korshev
pedocomplex. Archacological cultures (after Syt-
nik et al., 1998): A = Late Acheulian, EM = Early
Mousterian, LM = Levallois-Mousterian, MM = Mou-
sterian with Micoquian elements, UP = Upper Pal-
acolithic, M = Mesolithic.

ice wedges and by solifluction. The Upper Palacolithic material
was found mainly in the Dubno fossil soil horizon. Environmen-
tal changes reconstructed from fossil soil typology are in good
agreement with the data from cave fillings in relation to the main
climatostratigraphic units. More detailed records are regionally
and locally differentiated.
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