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ABSTRACT

It has been established on the basis of a pollen analysis that the upper part of the profile at
Imbramowice (with a total thickness of 22 m) to a depth of 11-5 m includes the deposits of the
Late Glacial of the Middle Polish Glaciation (Saalian), the whole Eemian Interglacial and
a part of the Early Vistulian.

The diagram has been divided into pollen zones in accordance with the stratigraphic scheme
given by Jessen and Milthers (1928) for the Late Glacial and Eemian and that by Andersen
(1957) and Zagwijn (1961) for the Early Vistulian. The diagram includes the zones b — W1.
The characteristics of the pollen zones distinguished differ in some details from those found for
Denmark and for the Netherlands by the above-mentioned authors.

INTRODUCTION

The studies on the fossil flora from Imbramowice havea history. Giirich
discovered this locality in a brick-field, being worked at that time, in 1904
and Lingelsheim identified the first plant remains (Giirich 1905). The -
macroscopic flora from the profile discovered by Giirich was published
by Hartmann (1907). Contributions to and alterations in this description
of the flora were subsequently made by Kriusel (1920), Madalski (1961)
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and Srodon (1960). In 1925 the stratum of flora-bearing silts and clays
was recognized to have been exhausted (Mithlen 1925, after Szczepan-
kiewicz 1962; Srcdon 1957, 1960).

Both Giurich and Hartmann, and later Klimaszewski (1952) referred
the deposits from Imbramowice to the Holsteinian Interglacial. Srodon (1960)
was the first to suggest on the basis of the pollen speetrum from the sediment
collected from the fruits and seeds preserved in Hartmann’s collection in
Wroclaw that these deposits are derived from the Eemian Interglacial. A high
values of Corylus and Q.M made the basis for the statement that “there is no
room for this sort of spectrum in the pollen diagram from the older, i. ¢. Masovian
Interglacial”.

Thanks to Prof. Szczepankiewicz’s endeavours an cxploratory borehole
was made at the place appointed by him at Imbramowice in 1960 and it provided
a 22-metre Pleistocene profile with a thick layer of lacustrine sediments (Text-
fig. 1). The material used for the present palaeobotanic study comes from this
profile.

The undertaking of this study is of essential importanece, beeause the vegeta-
tion of the Eemian in the territory of Southern Poland is almost quite unknown.
The southernmost loeality palynologically examined and acknowledged as
Eemian is at Polanica Zdroj in the Klodzko Basin (Walczak and Szezypek
1966; Szczypek 1974). However, the results of the pollen analysis of the
profile from Polanica Zdréj do not provide any sufficiently reliable evidence
for the Bemian age of this locality to be regarded indisputable, unfortunately.

Two other localities, lying farther to the north, i. e. Goczatkdéw, situated
about 40 km south-west of Wroclaw (Borowko-Dluzakowa 1973) and
Zakrucze mnecar Malogoszez in the western part of the Holy Cross Mts.
(Lindner, Ziembinska-Tworzydlo 1974), have only been studied for the
purposes of stratigraphy.

The present investigation at Imbramowice has shown that both the
microscopic and the macroscopic flora is here very rich and it will probably
make it possible to reconstruct the succession of plant communities in the
fossil lake and its close neighbourhood. The investigation is under way and its
completion is designed towards the end of 1977. The authoress of this report is
carrying out a pollen analysis and that of macroscopic plant remains with the
exception of the Characeae, mosses, Potamogeton stones, and wood, which are
being studied by appropriate specialists. An analysis of diatoms is being con-
ducted parallel to the pollen analysis (Kaczmarska 1976).

RESULTS OF POLLEN ANALYSIS

The pollen analysis has been given up at a depth of 11-15 m, where the
proportion of redevosited material (mainly Tertiary) cxeceeds 509, of the sum
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AP -+ NAP, which is the basic sum for percentage calculations. The pollen
grains of Ulmus, Quercus, Corylus, Alnus, Carpinus, Picea and Abies, occurring
in several bottom samples, have been included in the basic sum, although they
are also, in all probability, rebedded.

The diagram hag been divided into pollen zones according to the Jessen
and Milthers zonation (1928) for the Late Glacial and Eemian Interglacial
and that of Andersen (1957) and Zagwijn (1961) for the Early Vistulian.
According to these schemes the diagram includes the zones b — W1. These
schemes, established for Denmark and the Netherlands are not quite adequate
for the territory of Poland and, in consequence, the characteristics of particular
pollen zones obtained now differ in detail from those given by the above-
mentioned authors.

The bottom section of the diagram,zone b,represents the forestless period of the
Late Glacial of the Middle Polish Glaciation with fairly large frequencies of the ju-
niper, shrubby willow and dwarf birch. The presence of scarce trees of Pinus cembra,
P. sylvestris and Betula in the close neighbourhood cannot be excluded. The
Gramineae, Cyperaceae, Artemisia and Chenopodiaceae predominate in the herb
pollen and towards the end of this zone Ranunculus t. acer does. The list of
species characteristic of the open herb communities which differ in ecological
aspect is fairly rich in this zone. It contains Helianthemum t. canum, H. t. num-
mularium, Gypsophila t. fastigiata, Polygonum aviculare, Rumex acetoselle
and R. acetosa, Sanguisorba officinalis (2n = 28), Gentiana t. pneumonathe,
Saxifraga t. nivalis, Saxifraga t. oppositifolia, Selaginella, ete.

The boundary between the Late Glacial and the Eemian Interglacial (zone c¢)
is marked by a fall in the frequency of the herb pollen, Betula nana, Saliz
t. glauca and Pinus t. cembra, and at the same time a distinet rise in the frequency
of Pinus t. sylvestris, which in the b/c transition zone is preceded by the short
dominance of Betula t. alba. Juniperus played an important role in the initial
period of the interglacial. Its behaviour in the diagram from Imbramowice
resembles that at the boundary between the Late Glacial of the Last Glaciation
and the Holocene.

The zone ¢ is bipartite. In its younger part Populus culminates, there being
a simultaneous decrease in the role of Juniperus. Herb pollen values arc still
rather high in that period (within limits of 20—309, of the total sum), but
their diversity diminishes gradually.

A fall of herb pollen to about 109, and that of Juniperus, Saliz, and Populus
to below 1%, with a simultaneous sharp rise of Pinus sylvestris and a fairly
rapid of Ulmus, Quercus and Fraxinus mark the boundary between the pollen
zones ¢ and d. The zone d therefore represents the further spread of pine
forests and the simultaneous expansion of the thermophilous components of
deciduous forests, most probably mainly elm-ash carrs. The fairly abundant
occurrence of Humulus pollen, starting from the younger part of zone d, is
connected with these last communities.

In the next zone e Quercus undoubtedly played a dominant role and reached
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41-4°%,in its younger part. The vegetation of the zone ¢ is transitional in charac-
ter. Different associations of deciduous and mixed forests were being formod
at that time. Deciduous forests with a high frequency of Fraxinus and an
increasing amount of Sambucus, especially S. nigra, must have played a fairly
important role in damp habitats. The continuous curve of Hedera and the first
grains of Ligustrum pollen in the younger part of this zone point to the oceaniza-
tion of the climate.

The expansion of Corylus marks the boundary of the zone f. It is very rapid
and most likely indicates that at that time its pollen was chiefly derived from
hazel-dominated woods. During its culmination the hazel exceeds 709, of the
total sum. After the exclusion of Corylus from the tree pollen sum its percentage
is 244-49%,.

The pollen zone £, that is, the whole period in which the hazel predominates
in the pollen spectra is clearly tripartite at Imbramowice. The first period of
the rapid rise of the hazel (subzone f,), is followed by its slight decline caused by
the increasing role of Alnus and, somewhat later, Tazus and Tilia (sub-zone f,).
The third sub-zone (f;) is characterized by the culmination of Tilia and the
first culmination of Alnus with a simultaneous decrease in frequencies of Taxus.

The high share of the yew pollen, which in the sub-zone f, reaches 11-89, of
the total sum (26:29% of the AP sum with Corylus excluded), is a characteristic
feature of the diagram from Imbramowice. It is the first Eemian locality in

Text-tig. 1. Simplified pollen diagram. Calculation based on the AP + NAP sum excl. aquatics,
Pteridophyta, Sphagnum and rebedded pollen and spores. Scale gives percentage for black sil-
houettes; white silhouettes are exaggerated x 10 scale. Simplified desecription of the sediment:
16 — gravel with sand, 15 — different kinds of silt with intercalated bands of sand and clay,
14 — sandy silt, 13 — clayey gyttja with abundant plant detritus, 12 — coarse detritus gyttja
with changing admixture of sand (4lnus wood frequent), 11 — sandy silt with, scattered gravel
2—4 mm in diameter, 10 — sand with small admixture of plant detritus, 9 — sand (lost
during boring), 8 — peaty gyttja with traces of silt and fine-grained sand, 7 — calcareous-
detritus gyttja with very frequent shells of molluscs, 6 — calcareous gyttja with changing
content of sand and silt; shells of molluses frequent, 5 — calcareous gyttja with traces of silt;
shells of molluscs less frequent than in the upper layers, 4 — silty clayey calcareous gyttja,
3 — clayey silt with slight content of CaCO;, 2 — brown clay, 1 — chalky clay with, alternating
content of sand.
Rye. 1. Uproszezony diagram pylkowy. Obliczenie oparte na sumie AP + NAP z wylaczeniem
roélin wodnych, Pteridophyta, Sphagnum oraz pylku i spor z wtérnego zloza. Skala procentowa
odnosi sie do czarnych sylwetek; biale sylwetki sa 10-krotnie przewigkszone. Uproszczony
opis osadu: 16 — zwir z piaskiem, 15 — rézne rodzaje mulku z wtraconymi warstewkami
piasku i iln, 14 — mulek piaszezysty, 13 — gytia ilasta z obfitym detrytusem roslinnym, 12 —
grubodetrytusowa gytia ze zmieniajaca si¢ domieszka piasku (liczne drewna Alnus), 11 — it
piaszesysty z rzadko wystepujacymi zwirkami o drednicy 2—4 mm, 10 — piasek z malg domiesz-
ka detrytusu roslinnego, 9 —— piasek (stracony w czasie wiercenia), 8 — gytia torfiasta ze
$ladamimulkuidrobnego piasku, 7 — gytia wapiennodetrytusowa z bardzo licznymi muszelkami
Slimakéw, 6 -— gytia wapienna ze zmieniajaca sie zawarto$cia piasku i mulku oraz mata do-
mieszka detrytusu roélinnego; muszelki §limakéw liczne, 5 — gytia wapienna ze §ladami mutku;
muszelki §limakéw mniej liczne niz w warstwach wyzszych, 4 — gytia wapienna ilastomulkowa,
3 —mulek ilasty ze §ladami CaCO,, 2 —il brunatny, 1 —il marglisty ze zmienng zawartoscia piasku
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Poland with such a high proportion of Taxus and with a maximum occuring
in the climatic optimum. The values found so far in the profiles from Stawno
(Tolpa 1961), Joézeféw (Sobolewska 1966), Gléwezyn (Niklewski 1968),
Grudzigdz-Mniszek (Drozdowski, Tobolski 1972), Naklo (NoryS§kiewicz
typescript) or Blonie (Janczyk-Kopikowa 1974) are considerably lower and,
for the most part, lie in the zone g. The highest values are reported from Slawno,
where the maximum of T'axus falls in the upper part of the zone g and reaches 59,
of tree pollen sum with Corylus included. Since the profile from Slawno begins
only in the zone g, it may well be that the share of the yew was higher in the
earlier period. .

The values of Taxus similar to those from Imbramowice are given from
several localities in the north-west of West Germany (Behre 1962, 1970; Menke
1967; Menke, Ross 1967; Averdiek 1967a, b), from Wallensen in the region
of the Mittelgebirge (Griiger E. 1968) and also from the area situated farther
to the south, that is, from Xittlitz, Niederlausitz near Liibbenau in East
Germany (Erd 1973) and Ganovce at the foot of the Tatra Mts in Czechoslovakia
(Jung et al. 1972). Beug (1973; Jung et al. 1. ¢.) gives considerably higher
values from the localities at Zeifen and Eurach situated in the forefield of the
Alps. In these profiles Taxus reaches about 809, of the AP sum with Corylus
excluded.

In the diagram from Imbramowice the yew curve begins in the middle part
of the zone f (sub-zone f,), in which its value also increases very rapidly to
a maximum. This occurs immediately after a small depression in the Corylus
curve but before the maximum frequencies of Tilia. In the profiles from the
localities in north Germany, from Wallensen in the Mittelgebirge, and from the
forefield of the Alps the spread of Taxus and its maximum come somewhat
later, in the younger part of the period with the dominance of the mixed oak
forests (end of zone £ sensu lato ace. to Jessen and Milthers, 1928, and IV b acc.
to Behre, 1962). The maximum values of the lime and yew usually nearly
coincided with each other in the profiles from the localities mentioned. In this
connection Behre (1970) explains the higher proportion of Taxus in the profile
from Helgoland by the lack of Tilia in that region. Beug’s (1972, p. 67) con-
siderations go in a similar direction, when he discusses the extremely high
share of Taxus in the profile from Zeifen.

Taxus behaves in the diagram from Xittlitz, Niederlausitz (Erd 1973)
situated 200 km north-west of Imbramowice in the same way as it does in this
last locality. To be sure it appeared at Kittlitz somewhat earlier, when the
values of Corylus were still at their maximum, but the peak of its curve re-
sembles that at Imbramowice in occurring before the period in which Tilia
spread.

The younger period of the interglacial begins at Imbramowice at a rapid
increase of the Carpinus values which occurred sporadically as early as the
beginning of the zone f and whose curve rose systematically from 1 to 59, in the
sub-zone f;. The culmination of Carpinus, characteristic of the zone g, is rela-
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tively short-living at Imbramowice. During the dominance of hornbeam
forests some of the trees that had been dominating up to then, i. e. Tilia, Taxus,
and Corylus, were loosing importance. Instead, the numbers of Picea, Pinus,
and herbs, chiefly Cyperaceae and Gramineae, increased, especially ia the
horizons with the highest frecquencies of Carpinus. These changes signal a de-
terioration in the climatic conditions and the consequent transformation of the
forest communities.

The Carpinus zone is rather rapidly interrupted at a level of 6-20 m. At
a depth of 6-5 m its proportion is already only 4-79%,. There are no pollen spéctra
from the 6-20 — 6-05-metre section of the profile, because it was impossible
to get out the heavily waterlogged sand of this layer. It probably resembled the
medium- and coarse-grained sand with single small pebbles found higher at
a depth of 6-:05—5-90 m. This permits the supposition that the pollen spectra
from the missing layer of sand would be like the spectrum from the level of
6-:05 m. Thus, it may well be that the boundary between the zones g and h could
be defined still more sharply.

The pollen zone h is characterized by the spread of coniferous forests, the
high amount of Alnus and the further increase of the number of herbs, whose
list is being enriched systematically. The zone h is clearly tripartite. The middle
section, h, (5-40 — 4-40m), compared with the sub-zones h; and h,, shows a number
of featuresindicative of the transitional improvement of the climatic conditions.
Now the values of Pinus and NAP, chiefly Gramineae and Artemisia, decreaseand
the list of herbs distinguished becomes temporarily impoverished. The frequencies
of Quercus, Tilia, Taxus and Corylus rise slightly and there is a considerable
increase of Carpinus and Alnus. This section is also marked by maximum frequ-
encies of Picea and Abies, which at Imbramowice are relatively low (Picea forming
8—109, with one peak of 17-39, and Abies averaging about 2-5%, with a maxi-
mum of 3:79). The decrease of the sand content in the deposit and the large
amount of wood detritus point to a subsidence in the processes of washing off of
mineral deposits into the lake. The situation of Imbramowice in a depression
between the rivers Strzegomka and Bystrzyca favoured a local over- repre- .
sentation of Alnus in this somewhat dryer period. :

The nearly continuous occurrence of Hedera pollen and the more sporadic
occurrence of Viscum, Ilex and Ligustrum in the sections h; and h, and in the
older part of hy prove that the moderately warm climate still persisted. The
signs of on-coming cooling cannot be observed but in the final part of the sub-
zone hg. v

The passage from the Eemian Interglacial to the Last Glaciation is marked
sharply in the diagram, which is striking if we bear in mind that we are concerned
with a locality situated in the south of Poland.

The distinet rise in the amount of pollen of herbs, Pinus t. sylvestris and,
to a smaller extent, Betula t. alba is a characteristic feature of the hy/W1 boun-
dary. Larixz, Juniperus, Saliz and Betula t. nana are represented by continuous
but low-percentage curves. Populus and Pinus cembra occur less regularly,
3 — Acta Palaeobotanica XVII/1
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The palynological data, partly supported by the results of the analysis of
macroscopic remains, permit the conclusion that at that time all the trees
which made great demands on climatic and soil conditions withdrew from the
area under study. Only Alnus persisted there, as evidenced by pieces of its
wood present at the very top of the zone W1. This area was included in the zone
of very open pine forests with a small admixture of spruce, birch and larch.
The high values of NAP, exceeding 509, right at the hy/W1 boundary, increases
constantly and reaches 59-49, at the top. The Cyperaceae, Gramineae and
Artemisia predominate quantitatively, but the list of the taxa distinguished
in this zone is exceptionally rich. They come from various types of communities.

Polish Academy of Sciences, Institute of Botany, Department of Palaeobotany, Lubicz 46, 31—512
Krakéw

Polska Akademia Nauk, Instytut Botaniki, Zaklad Paleobotaniki
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STRESZCZENIE

ROSLINNOSC INTERGLACJALU EEMSKIEGO W IMBRAMOWICACH
KOLO WROCLAWIA
DONIESIENIE WSTEPNE

Badania nad florg kopalng z Imbramowic maja juz swoja historie. Stano-
wisko to odkryl Giirieh (1905) a makroskopows flore z tego profilu opracowal
Hartmann (1907). Przyezynki i zmiany do opisu tej flory wprowadzili
Kriusel (1920), Madalski (1961) i Srodon (1960).

W 1960 r., staraniem prof. dr S. Szczepankiewicza, zostalo wykonane
w Imbramowicach, w miejseu przez niego wyznaczonym — wiercenie badaweze,
ktore dostarczylo 22-metrowy profil plejstocenski, z migzszym pokladem osadow
jeziornych (rye. 1). Z profilu tego pochodzi materiat do aktualnie prowadzonych
badan paleobotanicznych, ktérych ukonczenie jest przewidziane na konice
1977 roku. Analize palinologiczna i szezatkéw makroskopowych roslin wykonuje
autorka tego artykulu, z wyjatkiem Characeae, mehéw, pestek Potamogeton
i drewien, ktore sa opracowywane przez specjalistow. Rownolegle z analizg
pytkowg prowadzono analize okrzemek (Kaczmarska 1976).

Wyniki analizy pylkowej pozwolily vstalié, ze gérna czesé profilu do poziomu
11, 15 m, obejmuje osady pédznego glacjatu zlodowacenia S$rodkowopolskiego,
caly interglacjat eemski oraz poezatek wezesnego glacjalu ostatniego zlodowace-
nia. Diagram zostal podziclony na strefy pytkowe w péznym glzicjale i intergla-
cjale, zgodnie ze schematem stratygraficznym Jessena i Milthersa (1928),
natomiast granice pomiedzy interglacjalem eemskim a wezesnym glacjalem
Wyznaczono w oparciu o kryteria przyjete przez Andersena (1957)i Zagwijna
(1961). Diagram obejmuje wedlug tych schematow strefy b — W1. Cechy
charakterystyczne dla poszezegélnych stref pytkowyeh réznia sie w szezegotach
od przyjetych przez wymienionych autorow.

Spagowy odcinek diagramu reprezentuje okres bezlesny poznego glacjatu
zlodowacenia §rodkowopolskiego z dosé duzym udziatem jalowea, wierzb
krzewiastyeh i brzozy kartowatej. Rofliny zielne, wiréd ktoéryeh dominuja
Cypemceae, Gramineae, Artemisia 1 Ranunculus t. acer, reprezentowane sa
ponadto przez bogata liste gatunkéw charakterystyeznyeh dia réznych zbioro-
wisk terenéw otwartych.

Granice pomiedzy péZnym glacjalem a interglacjalemny wyznacza spadek
udzialu pylku roslin zielnych, Betula t. nana, Saliz t. glawca i Pinus cembra.
Roéwnoczesnie wzrasta udzial Pinus t. sylvestris, ktory jest poprzedzony w strefic
przejsciowej bf/e dominowaniem Betula t. alba. W inicjalnym okresie intergla-
cjatu znaczng role odgrywal jeszeze Juniperus, w mlodszej czesei strefy e wzrasta
udzial Populus. Strefe d charakteryzuje dalsze rozprzestrzenianic sie lasow
sosnowych przy réwnoczesnej ekspansji réznych komvponentéow cieplolubnych
laséw lisciastych, najprawdopodobnicj gléwnic legéw wigzowo-jesionowych.
W nastepnym okresic dominujaca role odgrywat niewatpliwic Quercus, ktory
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osigga 41,4% w mlodszej czefci strefy e. Roslinnogé reprezentowana przez te
strefe pylkowa ma charakter przejéciowy. Formujg sie w tym czasie rozne
zbiorowiska laséw liSciastych i mieszanych. Ciggla krzywa Hedera i pojawienie
sie pierwszych ziarn pytku Ligustrum w mlodszej czedei strefy e wskazuje na
oceanizacje klimatu.

Gwaltowny wzrost udzialu Corylus wyznacza granice strefy f, ktora jest
w diagramie z Imbramowic wyraZnie tréjdzielna. Po pierwszym okresie gwal-
townej ekspansji leszezyny (f;) obserwuje si¢ nieznaczny jej spadek, spowodowa-
ny rosnacg rola Alnus i Taxus (f,). Trzeci odecinek wyznacza kulminacja Tilia
i pierwsza kulminacja Alnus z réwnoczesnym zmniejszeniem sie udzialu Taxus
(£3). Wysoki udzial cisa osiggajacy 11,89, sumy totalnej jest cechgy charaktery-
styezng diagramu z Imbramowie. Jest to pierwsze stanowisko eemskie w Polsce
posiadajace tak duze ilofei cisa, z maksimum przypadajacym na optimum
klimatyczne.

Zblizone jak w Imbramowicach wartosei Taxus podawane sa z kilku stano-
wisk z pélmocno-zachodniej czesci RFN (Behre 1962, 1970; Menke 1967;
Menke, Ross 1967; Averdick 1967 a, b), z obszaru Mittelgebirge z Wallensen
(Griger E. 1968), a takze z terenéw polozonych dalej na poludnie, tj. z Kittlitz/
Niederlausitz w NRD (Erd 1972) i z Ganowiee na Slowacji (Jung et al. 1972).
Znacznie wyzsze wartodci podaje Beug (1973; Jung et al. 1972) ze stanowisk
w Zeifen i Eurach na przedpolu Alp.

Mlodsza czed§é interglacjalu rozpoczyna sie w Imbramowicach wyraznym
wzrostem wartosei Carpinus. W czasic panowania laséw grabowych tracg sto-
pniowo na znaczeniu drzewa dotychezas panujace, wzrasta natomiast udziat
Picea i Pinus, Krotki okres wysokich wartoéci Carpinus jest gwaltownie przer-
wany w poziomie 6,20 m. Na glebokodei 6,00 m udzial jego wynosi juz tylko
4,7%. 7 odcinka 6,20 — 6,05 m brak spektréw pylkowych, poniewaz nie udato
sie wydoby¢ warstwy silnie uwodnionego piasku.

Strefe pytkowa h cechuje konsekwentne rozprzestrzenianie sie laséw szpil-
kowych, duzy udzial Alnus i wzrost ilodei rolin zielnych. Okres ten jest dodé
wyraznie tréjdzielny. Srodkowy odeinek h, posiada w stosunku do h, i h, szereg
cech, ktore wskazuja na przejdciowg poprawe warunkow klimatycznyeh.
Zmniejsza sie w tym czasie udzial Pinus i NAP, gléwnie Gramineae i Artemisia,
a wzrastaja nieznacznie ilodei Quercus, Tilia, Taxus i Corylus oraz bardzo
wyraznie udzial Carpinus i Alnus.

Przejseie pomiedzy interglacjalem a wezesnym glacjalem zaznacza sie
w diagramie bardzo ostro. Cechg charakterystyczna tej granicy jest wyrazny
wzrost ilo§eci pylku roflin zielnych i Pinus t. sylvestris oraz w mniejszym stopniu
Betula t. alba. Przez ciagle ale niskoprocentowe krzywe reprezentowany jest
Lariz, Saliz, Juni perus i Betula t. nana. Uzyskane wyniki pozwalaja wnioskowad,
ze z badanego obszaru wycofaly si¢ w tym czasie drzewa bardziej wymagajace
pod wzgledem klimatycznym i glebowym.





