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Many terrestrial pollen profiles from Poland (and a few pollen records from other parts of Central Europe) show the end of the
last interglacial (Eemian, MIS 5e) to have been characterized by climatic and environmental instability. This is expressed by
a strong, rapid cooling in the middle part of the pine phase ending this interglacial (E7 regional pollen assemblage zone), and
then a re-warming at the very end of this phase, immediately before the transition to the glacial conditions of the last glaci-
ation (Vistulian, Weichselian, MIS 5d). We have characterized the regional distribution of these climatic fluctuations in Po-
land on the basis of isopollen maps prepared for the Eemian Interglacial based on palynological data from 31 Polish pollen
profiles. These maps show unequivocally that the intra-interglacial cooling at the end of the Eemian Interglacial was a
transregional phenomenon, which was reflected very clearly by a temporary openness of vegetation across the whole of Po-
land. It was associated with a distinct decrease in pine forest areas and an increase in birch forests and open communities of
cold steppe type with a domination of Artemisia. The pronounced climate and environment instability during the last phase of
the Eemian Interglacial may be consistent with it being a natural phenomenon, characteristic of transitional stages. Taking
into consideration the currently observed global warming, coinciding with a natural cooling trend, the study of such transi-
tional stages is important for understanding the underlying processes of climate change.
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INTRODUCTION

The question of environmental stability during the Eemian
Interglacial has long been discussed (Velichko et al., 1982,
2005; Fronval and Jansen, 1996; Litt et al., 1996; Kukla et al.,
1997, 2002; Seidenkrantz and Knudsen, 1997; Saarnisto et al.,
1999; Guiter et al., 2003; Klotz et al., 2003, 2004; Kihl and Litt,
2003; Seppa et al., 2008, and others). The discussions wid-
ened when a record of strong temperature fluctuations during
the Eemian Interglacial was discovered in ice cores in Green-
land (Anklin et al., 1993; Dansgaard et al., 1993; Grootes et al.,
1993; GRIP, 1993). The results of the North Greenland Ice
Core Project (2004) revealed, as one of the most important fac-
tors, abrupt climate warming about 115,000 years ago towards
the end of the last interglacial, before glacial conditions were
fully developed. The presence of strong fluctuations in climate
in the final phase of the Eemian Interglacial was supported by
pollen data from some European sites. These data come
mostly from the long maar sequences in Southern Europe (e.g.,
Tzedakis etal., 1994). In Central and Eastern Europe such data
are scarce (Mdller, 1974; Beaulieu and Reille, 1989, 19923, b;
Mamakowa, 1989; Guiot et al., 1993; Field et al., 1994;
Thouveny et al., 1994; Cheddadi et al., 1998; Granoszewski,
2003; Borisova et al., 2007; Kupryjanowicz, 2008; Boettger et
al., 2009). In the Eemian sequence from Grdbern in Germany,
the stable isotope data indicated a pronounced warming phase
towards the very end of the interglacial, just before the transition
to the glacial epoch (Boettger et al., 2009). A similar climatic os-
cillation is recorded in a few other profiles from Germany (e.g.,
Neumark-Nord — Eissmann, 2002, and Klinge — Striegler, 1986;
Velichko et al., 2005; Novenko et al., 2008a) and some profiles
from Russia (e.g., Ples — Borisova et al., 2007). Boettger et al.
(2009) compiled profiles from Central and Eastern Europe, in-
cluding the pollen record of climate instability at the end of the
Eemian Interglacial. In this list, however, data from Polish pro-
files are missing. Our review of Polish palynological data on the
Eemian Interglacial demonstrated that at least a dozen such
sites existed in Poland (Fig. 1). In pollen record from these sites
the abrupt cooling was recognized by us in the middle part of
the E7 Pinus zone, which was the final phase of the last inter-
glacial. This eventis recorded there as a temporary decrease in
pine frequency and a spreading of birch, and then also of open
vegetation (Fig. 2). At the majority of these sites this cooling
was not distinguished by the authors of the reports. Despite
that, the palynological record is, in our opinion, unambiguous
and fully justifies this distinction.

Our aim was to look into distribution of the pollen records of
the Late Eemian climatic fluctuations in Poland. The best tech-
nique for such a regional synthesis of palynological data is the
isopollen method. Isopolles are synchronous lines limiting ar-
eas with identical percentage shares of pollen from a specific
plant taxon, linking points (sites), where the same share of pol-
len was recorded at a given time. The isopollen method was in-
troduced by Szafer (1935) in his work on the postglacial history
of vegetation in Poland. Later, this synthetic method for the pre-
sentation of pollen data was successfully used and developed
in different countries (Sauremo, 1940; Firbas, 1949; Bertsch,
1953; Donner, 1963; Moe, 1970; Birks et al., 1975; Birks and
Saarnisto, 1975; Davis and Webb, 1975; Davis, 1976; Bernabo
and Webb, 1977; Huntley and Birks, 1983; Ralska-Jasiewi-
czowa, 1983; Webb et al., 1987). Recently, the role of the
isopollen method has become even more significant with the
development of databases, dedicated software and numerical

methods (e.g., Ralska-Jasiewiczowa et al., 2004; Obidowicz et
al., 2013; Wacnik et al., 2015).

The main objective of our investigation is to contribute to a
better understanding of climatic variability during the terminal
phase of the last interglacial by studying pollen profiles from Po-
land. It allows us to infer that the recognition of the climate
changes in the declining part of the Eemian Interglacial enables
the prediction of analogous natural changes that should have
occurred in the late Holocene, and their separation from
anthropogenic changes.

MATERIAL AND METHODS

PALYNOSTRATIGRAPHY OF THE LATE EEMIAN IN POLAND

Due to the lack of determination of the absolute age of the
Eemian lacustrine and mire deposits, the horizons for which we
drew isopollen maps are not time horizons, but they are
biostratigraphical horizons, i.e. pollen horizons. The period un-
der consideration includes the E7 Pinus regional pollen zone
determined for Poland by Mamakowa (1989). It is the last
(youngest, uppermost) pollen assemblage zone of the Eemian
Interglacial. In this zone we distinguished five regional
subzones (Fig. 2 and Table 1) based on features proposed by
Kupryjanowicz (2008), who was the first to draw attention to the
cold interglacial climatic oscillations in these Eemian pollen re-
cords. Isopollen maps for selected pollen taxa of trees (Pinus
sylvestris t., Betula and Picea abies t.), shrubs (Juniperus
communis), dwarf shrubs (Calluna) and the sum of herbaceous
plants was prepared for each of these subzones. These plants
were the main components of vegetation in the part analysed of
the Eemian Interglacial. To demonstrate the difference in the
pattern of isopolles (and thus in the regional diversity of vegeta-
tion) between a cold event within the pine zone and the first
stadial of the Early Vistulian (Weichselian), we also created an
isopollen map for the regional pollen zone representing this
stadial (EV1).

SITES

Based both on Mamakowa'’s studies (1989, 2003) and on
further original work from 2003-2014 we created the pollen da-
tabase, which includes data from 184 sites where a complete
pollen record for at least one zone of the Eemian Interglacial
was registered (Kupryjanowicz et al., in print). The pollen record
of the pine zone (E7 R PAZ) was recognized for as many as 112
of these sites. However, sections of profiles containing this re-
cord were studied very variously. Most of them are of low reso-
lution, and therefore they do not contain a record of a cold event
within the pine zone. This event was recognized at 31 sites
(Fig. 3). Its location is shown both in Figure 1 and on isopollen
maps presented in this paper (Fig. 4).

CONSTRUCTION OF ISOPOLLEN MAPS

The data required for isopollen maps of the Eemian Inter-
glacial are stored in the POLPAL system (Walanus and
Nalepka, 1999; Nalepka and Walanus, 2003; see also web
page POLPAL). Most of the pollen tables that make up the
Eemian database contain the raw data, i.e. pollen counts. Sev-
eral tables contain percentages, because they were available
only in this form. More than a dozen tables contain raw data,
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Fig. 1. Location of sites studied (sites with numbers in black squares; the numbers of sites according to the Eemian isopollen
data base) on the background of other Polish localities of the Eemian Interglacial from isopollen data base
(sites with numbers in grey)

35 — Horoszki Duze (Granoszewski, 2003), 37 — Babiec Piaseczny (Krupinski, 1995; Kotarbinski and Krupinski, 1995), 42 — Dgbrowki
(Krupinski, 2005), 54 — Studzieniec (Krupinski, 2005), 59 — Warszawa-Wawrzyszew (Krupinski and Morawski, 1993); 67 — Choroszczewo
(Kupryjanowicz, 2008), 70 — Dzierniakowo (Kupryjanowicz, 2008), 75 — Hieronimowo (Kupryjanowicz, 2008); 80 — Machnacz
(Kupryjanowicz, 1991, 1994), 83 — Michatowo (Kupryjanowicz and Drzymulska, 2002), 93 — Solniki (Kupryjanowicz, 2008), 102 — Mikorzyn
Starszy (Stankowski et al., 1999), 113 — Grudzielec (Malkiewicz, 2002), 124 — Wisniew Il (Pidek and Terpitowski, 1993, 1995a, b), 142 —
Rzecino (Winter et al., 2008), 148 — Szwajcaria 1 (Borowko-Dtuzakowa and Halicki, 1957), 154 — Konopki Le$ne (Borowko-Dtuzakowa and
Halicki, 1957), 172 — Otapy | (Bitner, 1956), 173 — Otapy Il (Bitner, 1956), 180 — Imbramowice (Mamakowa, 1989), 207 — Dziadowa Ktoda
(Kuszell, 1998), 229 — Krzepczow 4 (Klatkowa, 1972), 239 — Skaratki (Chmielewski, 1961), 246 — Zgierz-Rudunki | (Jastrzebska-Mametka,
1985), 247 — Zgierz-Rudunki Il (Jastrzebska-Mametka, 1985), 262 — Kletnia Stara (Janczyk-Kopikowa, 1986, 1987; Zarski, 1989), 272 —
Warszawa-Wola (Boréwko-Dtuzakowa, 1960), 284 — Ruszkéwek (Janczyk-Kopikowa, 1997), 300 — Szwajcaria (Ber et al., 1998; Krupinski,
1998); 307 — Zielun ZN.1.00 (Krupinski, 2005); 308 — Mikorzyn 1 (Stankowski et al., 1999, 2003; Stankowski and Nita, 2004)
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Fig. 2. Simplified pollen diagram from the Solniki profile illustrating changes
of vegetation during the E7 Pinus regional pollen zone of the Eemian interglacial
(according to Kupryjanowicz, 2008 — modified)

R PAZ — regional pollen assemblage zones, R PASZ — regional pollen assemblage subzones
(for characteristics see Table 1), grey rectangle indicates subzones representing the
intra-Eemian cooling

Table 1

Regional palynostratigraphy of the youngest, pine phase of the Eemian interglacial (E7 R PAZ) and the oldest part of the Earl
Vistulian (EV1 R PAZ) in Poland and pollen horizons representative of these units; regional pollen assemblage zones (R PAZY
according to Mamakowa (1989)

RPAZ RPASZ Description of regional pollen zones or D%S(;'?zpéir(m)rdsoefdp?o”ren
Symbol and name Symbol and name subzones drawing of maps

High NAP values very great variety of taxa of
herbaceous plants; maximum of Artemisia,
which is the most distinctive pollen taxon of

the zone; increasing pollen values of NAP maximum

Juniperus, Betula nana t. and Salix; presence

of single pollen grains of thermophilous trees

(redeposition).

Poaceae—-Artemi-
EV1 sia—Betula nana

; Culmination of Pinus sylvestris t.; decline of ;
E7e Pinus—Betula NAP and Be}t/ula albat Peak of Pinus

Culmination of NAP values; still high propor-
E7d NAP tion of Betula alba t.; relatively low frequency Peak of NAP
of Pinus sylvestris t.

Culmination of Betula alba t. pollen; rise in

NAP values; depression of Pinus sylvestris t.;
Evc Betula final disappearance of thermophilous trees Peak of Betula
E7 Pinus and shrubs.
Maximum of Pinus sylvestris t. pollen; de-
E7b Pinus crease of Picea abies t. and thermophilous Pinus maximum

trees and shrubs.

S?/stematic rise in Pinus srlvestris t. pollen;

relatively high, but gradually decreasing pro-

E7a Pinus—Picea portion of Picea abies t., regular occurrence | Middle pollen spectrum

of Carpinus betulus and Alnus pollen, but
with low values.

Grey shading indicates subzones representing the intra-Eemian cooling



Instability of the environment at the end of the Eemian Interglacial as illustrated by isopollen maps of Poland

229

83 — Michatowo

=
— N
g 2
a N > — =
x 3 @ £ 0 = e)
o = 8 S o 5 8 %g
2 % 7] S e 2558 % 3
cs5 £ 8 7 - e 2 A 2 o 2
$9 2 8 S o X T o E X c N &
ON ® @ _ > 2 1T 22 £ T g 06 u O
co N E X N &5 N2 T § NNN O
o 5 © e & o N <

QD < 6 £ 2 9 0 £ g 5 © 8 T o 2
(_“Emmo._Nmo_ch)LE-CN
s =2 =W EENX WD INSOO
SE v o T
Do @ 9 @ o N © % D WS YT N O

c 20 b ® ® © F T W O N T MO L © K

c KXo ~ - N v« « N

>5

5@ EV1

>
E7e

i

)

EE7d

(@2}

—_

)

< E7c

c

@

€ E7b

(]

w._ |
E7a

2
© [0

© ° 8§

S o] S S B

i~ YT 250 - T X o
T - 2T ®©® S o - © © ©
c _ 9 3 # 2 @ =z 2 g & 2
=% SR®L? NI gz g
- = . N ° o o
TR EEEEEREEEREEER.
S 85w 29 =58 2 ¢ 2 &35 =
288w Y8 g 292578 NGT R
oo§00:§:<x_c>N§momw
[ e R e R T R B [
N O N N < 00 O N O ™M ~ ¥ 0O M~ N~ O
N MM MM S 00 O N © 0 O N T O Mm o
- « o N O N N «~ « M «~ « « ™

Fig. 3. Regional pollen assemblage subzones of the pine (E7) zone of the Eemian Interglacial and the first
pollen zone (EV1) of the Early Vistulian (Weichselian) represented in particular studied profiles (the numbers
of sites according to the Eemian isopollen data base; for locations of sites see Fig. 1)

Grey shading indicates subzones representing the intra-Eemian cooling

which were created by digitizing diagrams available in the litera-
ture or in other archives. These tables contain the data only for
selected pollen spectra.

The pollen horizons for which isopollen maps were con-
structed are identified with only individual pollen spectra, se-
lected within particular pollen zones or subzones (Table 1).
Hence, these Eemian pollen horizons are not equivalents to the
pollen assemblage zones (PAZ), or pollen assemblage
subzones (PASZ) as defined by Birks (1986).

The nomenclature of pollen taxa was standardized for the
tables submitted to the database. The calculation of percent-
ages is based on the pollen sum of trees, shrubs, dwarf shrubs
and terrestrial herbs. The set of isoline values for trees and
shrubs consists of 19 percentage ranges (0.01, 0.1, 0.5, 1, 2, 3,
5,7,10, 15, 20, 25, 30, 35, 40, 50, 60, 70 and 80%), and for her-
baceous taxa 14 ranges (0.01,0.1,0.2,0.5,0.7,1, 2, 3, 5, 7, 10,
20, 30 and 40%).

Palynological data were used to construct isopollen maps of
the Eemian Interglacial for 18 different rank taxa of trees and
shrubs, for 6 taxa of dwarf shrubs and herbs, and for the sum of
non-arborescent plants (NAP, herbs). This paper presents
maps for several selected taxa which best illustrate changes in
vegetation associated with the late Eemian climatic oscillations.
A complete series of maps for the entire Eemian Interglacial,
and a detailed description of the method used, can be found in a
monograph by Kupryjanowicz et al. (in print).

RESULTS

E7A SUBZONE

The pine zone (E7 R PAZ) represents the latest stage of the
Eemian succession of vegetation. Progressive humidity and
cooling of the climate, characteristic of the telocratic stage of the

interglacial cycle, resulted in a change of habitat conditions and
imposed a transformation of plant communities from the very
beginning of this zone. Pine was the main forest-forming tree at
that time across Poland. This is reflected in the isopollen maps
by very high pine pollen values, which in most areas reach
60-70%, and only in the south-west are slightly lower, 50-60%
(Fig. 4). Pine forest was perhaps like the modern
Leucobryo-Pinetum (Granoszewski, 2003). This is a tall pine
forest within the range of oceanic climate in central and eastern
Central Europe (Matuszkiewicz, 2006), in which birch and
spruce locally constitute an admixture. An isopollen map shows
that the share of birch was greater in central, southern and
eastern Poland (generally 5-7%, locally to 10%), while in the
west and north its importance at this time was relatively smaller
(3-5%). The pollen values of Picea, ranging from 10-15% in
the whole of Poland, and in the north-east even to15-20% sug-
gest that it was fairly abundant, and that it played a significant
role in the communities of the whole area under consideration.
Spruce may have occurred mainly in the already degrading wet
alderwoods, and in riverine forests. Also its role in the expand-
ing pine forests may have been prominent, especially in bog
pinewoods. In the lowest areas perhaps even spruce-pine bo-
real forests occurred, especially in northeastern Poland.

Due to the spread of pine forests, in which there is little
shade, the significance of open communities increased further.
This is illustrated on isopollen maps by a high proportion of
herbs (to 7-10% in southwestern and northeastern Poland).
The greatest diversity of herbaceous plant taxa was associated
with moist and boggy habitats, which dominated at that time in
the landscape of many regions of Poland (e.g., Mamakowa,
1989; Granoszewski, 2003; Krupinski, 2005; Kupryjanowicz,
2008). The increasing role of these habitats is shown by an in-
crease in the pollen of Poaceae and Cyperaceae. The grasses
were possibly associated mainly with the boggy form of pine for-
est at that time (e.g., Granoszewski, 2003). Drier light forest
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Fig. 4. Isopollen maps of selected pollen taxa illustrating the main vegetation changes
beginning of the last glaciations

Blue frame indicates subzones representing the intra-Eemian cooling;
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Juniperus communis Herbs Cafluna

Gallunz
e}

during the final phase of the Eemian Interglacial (E7 Pinus R PAZ) and at the very
(EV1 Poaceae-Artemisia—Betula nana R PAZ) in Poland

for better quality of this figure see Appendix 1 in the online version, at doi: 10.7306/gq.1271
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habitats were perhaps occupied mainly by patches of heath, as
is indicated by the increase in the pollen values of Calluna
vulgaris, especially in northwestern, eastern and eastern cen-
tral Poland.

In view of the changes taking place in the plant composition,
the constant occurrence at that time of Hedera helix pollen, and
the presence of Viscum album and llex aquifolium pollen is a
problem that is hard to interpret (e.g., Mamakowa, 1989).
These pollen grains are most probably connected with
redeposition. However, Hedera and Viscum may have per-
sisted in ecologically favourable habitats.

E7B SUBZONE

Pine reached its maximal interglacial spread in this
subzone. In the whole of Poland, its pollen values increased
above 70%, and in the north-west and north-east even to 90%.
It formed thick, almost pure forests, probably developed as dif-
ferent communities. They occupied nearly all habitats. Apart
from pine, which was the main forest tree, birch trees also grew
there. Their role in northern and southwestern Poland was
slightly greater than in the previous subzone, as suggested by
an increased percentage share of Betula in these regions (gen-
erally to 7%, and locally even to 10%), as shown in the isopollen
map; only in the north-west it was still under 5%.

The expansion of pine and spread of birch were related to
the decline of spruce and of all other forest trees. However, the
relatively high values of Picea abies t. pollen (generally 3-5%;
2-3% only locally in northeastern and northwestern Poland) in-
dicate that spruce still played a substantial role in forest com-
munities, and probably accompanied pine, forming pine-spruce
forests. In sparse, well-lit coniferous forests the significance of
open communities consequently increased. This is indicated by
a further rise in the percentage amount of herbs, which for most
Polish territory reach up to 7%. Drier forest habitats were still
occupied by heath, as indicated by the increase in the pollen
frequency of Calluna vulgaris to 0.7% in the whole of Poland.

E7C AND E7D SUBZONES — INTRA-INTERGLACIAL COOLING

The E7c and E7d subzones of the pine zone represent a
cold climatic oscillation. The record of that oscillation is included
in many profiles studied from different regions of Poland. The
cooling record is the best developed in the profile from Solniki in
northern Podlasie (Kupryjanowicz, 2008). At this site, thanks to
the high resolution of the pollen analysis, the two-step course of
that oscillation was recognized for the first time (Fig. 2). The
isopollen maps showed that a similar pattern of this oscillation is
also recorded in several other profiles (Fig. 4). However, zones
representing this intra-Eemian cooling are usually contained
within a thin interval, and they may easily be omitted in studies
based on random samples. This explains their presence only at
some sites, which strongly hinders the reconstruction of the re-
gional differences in vegetation changes.

This probably brief cold period was marked by the decline of
pine and a strong increase in the proportion of birch. It is docu-
mented on the isopollen maps of the E7c subzone by a fall in
Pinus pollen values generally <70%, in the north-east <50%,
and in the south-west even <35%, as well as by a rise in Betula
pollen proportion to generally 20%, and in the north-east and
south-west to 50%. The area of the pine forests was substan-
tially reduced. They were temporary replaced by birch forests.
According to Granoszewski (2003), at that time birch may have
locally formed stands of the Betuletum pubescentis type, in
boggy former habitats of alder carr communities, acidified by

spruce. Pine and spruce also grew there. Despite the temporary
increase in the significance of birch, it seems that pine-spruce
forests were still present. However, the role of spruce dimin-
ished significantly across the whole of Poland, which is reflected
in decreased percentages of its pollen to 1-2%, indicated in
isopollen maps. Only in northeastern and central Poland the
role of spruce was slightly more important (3—5% and 2—3%, re-
spectively).

These changes were additionally accompanied by an in-
crease in the proportion of herbs (usually to 20%), including
mainly Cyperaceae, Poaceae, Artemisia and numerous others
(Mamakowa, 1989; Granoszewski, 2003; Krupinski, 2005;
Kupryjanowicz, 2008). As a result of climate worsening and the
degradation of soils, the forest probably retreated from the habi-
tats where edaphic and hydrological conditions were less fa-
vourable. These habitats were occupied by communities of her-
baceous plants, probably both on drier soils and on wetter ones.
In northwestern Poland heathlands dominated by Calluna
vulgaris (increase in pollen values to 3%) and other members of
the Ericaceae family (rise also to 3% — Winter et al., 2008) were
developed at that time. In central Poland Juniperus appeared in
greater amounts (0.5-1%).

The E7d subzone represents the second stage of a cold cli-
matic oscillation within the pine phase. The pollen record sug-
gests a further cooling of the climate. It led to the reduction of
birch forests, which were formed in the previous subzone (de-
cline of Betula pollen values to 10%, and locally in the
north-west even to 7%), and to the spread of the open commu-
nities (increase in the proportion of herbs to 30%, in the
north-east to 40%, and in the south-west to 50%). Moist habi-
tats were mainly occupied by shrub tundra with shrub willow
(e.g., Kupryjanowicz, 2008). In drier habitats, open steppe
grass communities spread, with high proportions of Artemisia
and Chenopodiaceae (e.g., Granoszewski, 2003). A decrease
in forest cover may also be suggested by the increase of the
role of Juniperus, which had already appeared in the previous
subzone, and in this zone its pollen reached values of 1%
across almost all of Poland, except the south-west and
north-east. Juniperus spread across northwestern and north-
eastern Poland (its pollen values reach 2% in these regions).

It seems highly likely that the E7c and E7d subzones reflect
some sudden climate change towards both cooling and wet-
ness. The occurrence of a short-lived cold oscillation is also in-
dicated by evidence of surface runoff in the deposits at several
sites (e.g., Machnacz — Kupryjanowicz, 1994; Dzierniakowo —
Kupryjanowicz, 2008) in the form of sand and gravel lenses.

E7E SUBZONE

After the cold period, the climate became slightly warmer.
Pine returned to places occupied for a time by birch and open
vegetation — this is illustrated in the isopollen maps by a rise in
Pinus sylvestris t. pollen across Poland (usually to 80%, and in
the east and north-west to 90%) and by a fall in Betula (most
marked in northern and eastern parts of the country, <10%; in
other regions to 10-20%), herbs (generally to 10-20%, and in
the east and north-west to 7-10%) and Calluna (generally
<0.2%; only in the north-west pollen values remained similar to
those in the previous period, 1-2%). Pine forests spread anew,
but in a structure different to that of the E7a and E7b subzones.
They were sparser, with a clearly lower proportion of spruce,
without fir and thermophilous deciduous trees, which were re-
placed by birch. The area of open communities was significantly
smaller than in the previous subzone.
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Changes during the E7e subzone can be explained by a
temporary amelioration in the climate at the very end of the
Eemian Interglacial (Kupryjanowicz, 2008). However, the gen-
eral tendency of the vegetation succession during the E7d
subzone would point to continuous deterioration of the climate
starting directly after the short warming at the beginning of this
subzone. In the Horoszki profile this is supported by a decrease
in organic matter, a decreasing trend in the concentration of
sporomorphs, and by an accompanying increase in the propor-
tion of herbs (Granoszewski, 2003).

The low amounts of thermophilous tree pollen probably re-
flect long-distance transport. The pine forest was boreal in na-
ture, and in the youngest part of the E7e subzone even had fea-
tures of forest tundra, perhaps similar to the modern communi-
ties of this type (Norin, 1961), and was clearly in retreat.

EV1 ZONE

An intensification in climate change towards cooling finally
brought about the thinning and retreat of forest communities
from areas of Poland and the spread of open plant communi-
ties. This process is reflected on the isopollen maps as a very
marked increase in herbaceous plant pollen (above 40% in
whole Poland, except in its northwestern part where the share
of herbs was relatively low, 30-40%, but the proportion of
Calluna significantly increased, locally even to 20%), and the
rapid fall of pollen values of all trees (decline of Pinus
sylvestris t. pollen values to 25-30%, Betula to 15-20%, and
Picea abies t. <2% across almost the whole country), which
marks the boundary between the interglacial and glacial suc-
cession of vegetation, i.e. between the telocratic and cryocratic
stages of the glacial/interglacial cycle.

These changes are accompanied by a successive increase
in the proportion of coarser sand fractions in the deposits at nu-
merous sites, symptomatic of the re-intensification of erosional
processes (e.g., Mamakowa, 1989; Krupinski, 2005;
Kupryjanowicz, 2008). The rise in the pollen values of Alnus,
Corylus, Tilia, Quercus, and Ulmus indicates redeposition of
interglacial sediments in the layer in which the proportion of
coarser sand fractions of the sediments reaches a maximum.

This zone represents the first post-Eemian cold period of
stadial character. The vegetational landscape at that time was
tundra with clusters of willows and probably shrub birches. A
further increase in the herbaceous plant pollen value, up to
50%, provides evidence of the continuously progressing expan-
sion of various open communities. The distinct increase in the
pollen values of Arfemisia and Poaceae suggests the rising im-
portance of grass communities, perhaps steppe-like in nature.

Shrub communities, the appearance of which s
emphasised by the occurrence of pollen of Juniperus, gained in
significance. Among the tree species, only pine and birch might
have occurred, forming small patches in open areas.

DISCUSSION

The record of an intra-Eemian cold oscillation in the final,
pine phase of the last interglacial (E7 R PAZ) is noted in 31 pro-
files from Poland. In all these profiles the sections belonging to
the Pinus zone are made up of homogeneous undisturbed lac-
ustrine deposits (e.g., Mamakowa, 1989; Kupryjanowicz, 1994,
2008; Kupryjanowicz and Drzymulska, 2002; Granoszewski,
2003; Krupinski, 2005). Therefore, the cold oscillation de-
scribed cannot result from sedimentary reworking. The record
of the cooling is the best developed in the profile from the

Solniki site in northeastern Poland. In the Solniki pollen profile,
thanks to the high resolution of pollen analysis, a two-step
course of this cooling is visible (Kupryjanowicz, 2008). The re-
sults of Cladocera, magnetic susceptibility and stable isotope
analyses from these same profiles support this course of cli-
mate change in the region (Kupryjanowicz et al., 2005;
Mirostaw-Grabowska et al., 2015). Similar additional analyses
were carried also at several other sites examined palynological-
ly, and everywhere they were consistent with a temporary drop
in temperature within the pine phase of the Eemian Interglacial
(e.g., Rzecino — Niska and Mirostaw-Grabowska, 2015;
Studzieniec — Mirostaw-Grabowska and Niska, 2007).

The retreat of pine during the E7c and E7d subzones is sig-
nalled on the isopollen maps by a significant fall in Pinus pollen
values at all sites studied. At the same time there is a rise in the
amount of Betula pollen, as can be clearly seen on the isopollen
maps of this taxon. Such a change may reflect a cooling of the
climate or an increase in its humidity. Similar oscillations, ex-
pressed in the palynological record by a decrease of percent-
age values of Pinus pollen and an increase in the Betula pollen
proportion, took place also in the early Holocene during the
Preboreal period when pine forest dominated, and are relatively
well documented (e.g., Allen et al., 2002; Feurdean et al., 2008;
Pelachs et al., 2011; Wanner et al., 2011).

Subzone E7b represents a period of the maximal intergla-
cial spread of pine forests. Spruce gradually lost its position in
forests. Thermophilous trees were almost completely absent.
All these facts suggest relatively cold climatic conditions with a
continental character. However, the mean July temperature
was not lower than +12°C (Granoszewski, 2003; Kupryja-
nowicz, 2008). The mean January temperature decreased be-
low —5°C. A multi-method approach by Brewer at al. (2008) also
showed a decrease in temperatures and an increase in dry con-
ditions after 120 ka BP. In subzone E7c, the established Pinus
forest was invaded by Betula. A cooling of the climate seems to
be the most probable reason for this change. The mean July
temperature probably decreased to about +12°C at that time
(Kupryjanowicz, 2008). In subzone E7d, the significant reduc-
tion in areas of boreal pine-birch forests, and the spread of her-
baceous communities dominated by Artemisia, took place.
These changes point to a relatively dry continental climate, with
the mean January temperature <—10°C, and the mean July
temperature only slightly higher than +10°C (Kupryjanowicz,
2008). In subzone E7e, the new expansion of pine forest and a
decline of birch and herbs undoubtedly reflect a slightly more
temperate climate. The mean July temperature once again had
to be >+12°C, and the mean January temperature >-5°C
(Granoszewski, 2003; Kupryjanowicz, 2008).

Beaulieu and Reille (1989) have already described a similar
cold oscillation in the late part of the Eemian Interglacial in Les
Echets, southern France. The authors correlate it with similar
oscillations recorded in some pollen profiles from Germany
(Odderade — Averdieck, 1967; Sulzberg-Baden — Welten,
1981; Gondiswill — Wegmidiller, 1986), France (La Grande Pile —
Woillard, 1978) and The Netherlands (Brgrup — Andersen,
1961). This oscillation is also distinctly visible in the reconstruc-
tion of mean January and July temperatures in Bispingen,
northern Germany (Kuhl and Litt, 2003).

The fact that the cold oscillation in the Eemian pine zone is
not recorded in numerous profiles from almost the whole of Eu-
rope may result from different reasons. In cases when the thick-
ness of sediments, in which the final part of the Eemian Inter-
glacial is recorded, is low, the oscillation may not be noticed
with the standard distance between analysed pollen samples
(every 5—10 cm). According to Beaulieu and Reille (1989), it is
also possible that this short and low-amplitude oscillation in-
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duced notable vegetation changes only near ecotones in the
northern central and eastern Europe.

A correlation of intra-Eemian climatic oscillations contained
in the terrestrial records from European (including Polish) sites
with a cold event observed in Greenland ice cores or deep ma-
rine cores is very difficult. In the great majority of cases, the lack
of absolute age determinations of those changes is the first,
and undoubtedly the most important reason for the difficulties.
In profiles that were not subjected to pollen analysis and abso-
lute dating, there is no certainty that they contain a record of the
whole interglacial. In consequence of that, there is an inability to
define in which part of the interglacial the recorded change took
place.

At the end of the last interglacial, the pollen and geochemi-
cal data for a few sequences in Central and Eastern Europe
show a gradual cooling during the interglacial/glacial transition.
This can be correlated with the continuous temperature fall at
ca. 120 ka BP in the NGRIP ice core from central Greenland
(North Greenland Ice Core Project, 2004). Within this global cli-
matic transition are clear indications of instabilities of climate
and vegetation dynamics, possibly caused through brief cooling
and then warming towards the very end of the last interglacial in
Central European profiles. Moreover, Menke and Tynni (1984)
referred to environmental oscillations in profiles from northwest-
ern Germany. Strong climate fluctuations accompanied by in-
tensive loess deposition during the Late Eemian aridity pulse,
and an abrupt cooling event exactly at the time of the Last Gla-
cial inception at ca. 118 ka BP, were also noted by Sirocko et al.
(2005), and Seelos and Sirocko (2007) in northern and western
Germany. Possibly, these results correspond to the sea level
rise inferred worldwide in the final stage of the last interglacial
(Hearty et al., 2007). In Eastern Europe, slight warming oscilla-
tions occurred during the very end of the last interglacial in the
profile from Ples (Upper Volga region), and these also were
earlier noted in several other profiles in the north-west of the
Russian Plain and Lithuania (e.g., Grichuk, 1961; Kondratene,
1996; Novenko et al., 2008b).

The correlation of the climatic fluctuation detected between
the continental limnic sequences in Poland and also in the
whole of Central and Eastern Europe is well-established — it
definitely occurred during E7 R PAZ, i.e. before the beginning of
the first Early Last Glacial stadial (Herning). Probably, the cli-
mate before the interglacial/glacial transition was characterized
by internal instability, resulting in the sequence of climatic oscil-
lations observed, within the overall trend towards cooling. The
precise correlation between the profiles investigated and the
patterns observed in the NGRIP ice core remains under discus-
sion. There are some problems with the correlation of DO 25 in
NGRIP with terrestrial records. Johnsen et al. (2005) reported
that the warming event DO 25 lasted some 4 ka. Such a period
seems to be too long for correlation with the warming event at
the very end of the last interglacial in terrestrial records, al-
though the exact duration of the observed warming events in
lake profiles presented here remains unclear.

For the Eemian Interglacial, as for the Holocene, after signif-
icant warming during the transition from the glacial to intergla-
cial and reaching the climatic optimum, stable warm climatic
conditions set in with a gradual temperature decrease with time.
It appears that in Central Europe a short cooling and warming
phase at the very end of the last interglacial preceded the final
transition to glacial conditions. This is part of the observed in-
crease in climatic and environmental instability during this
global warm/cold transition, which appears to be at least a Euro-
pean phenomenon. The observed climatic and environmental
instability during the final part of the last interglacial could be se-
riously considered as a possible general natural characteristic
of global warm/cold transition periods. Therefore, detailed stud-
ies of these phenomena are important for evaluating and under-
standing the currently observed and very controversially dis-
cussed (e.g., Velichko et al., 2005; Keenlyside et al., 2008) cli-
matic trends, and for detecting anthropogenic input in climate
change.

SUMMARY AND CONCLUSIONS

In 31 pollen profiles from different regions of Poland, clearly
defined climatic fluctuations are recorded by pollen data at the
end of the Eemian Interglacial. They contain a strong cooling in
the middle part of the pine phase of the interglacial (subzones
E7c and E7d of the E7 Pinus regional pollen zone), and subse-
quent warming at the very end of this phase (E7e subzone).
The pan-regional character of the Late Eemian cold event is
clearly noticeable on isopollen maps as a significant reduction
in Pinus pollen throughout the whole Polish territory. The drop in
temperature was at first accompanied by an increased propor-
tion of Betula pollen (E7c subzone), and then also an increase
in the proportion of pollen of non-arboreal plants (E7d
subzone). The warming at the very end of the Eemian Intergla-
cial (E7e subzone) is illustrated on isopollen maps by the re-in-
crease of Pinus pollen in the whole territory of Poland and by a
decline of Betula and herbaceous pollen. This fluctuation of cli-
mate was not just a local or regional phenomenon, but seems to
have been an event on the scale of the whole of Western, Cen-
tral and Eastern Europe.
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