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Eemian organogenic de pos its, ana lysed at the Struga and Parysów sites (Garwolin Plain, cen tral Po land), re veal the veg e ta -
tion his tory. Palynological anal y sis sup ported by plant macrofossil anal y sis re vealed a pol len suc ces sion en com pass ing
seven re gional pol len as sem blages zones, E1-E7 RPAZ, within which in di ca tor taxa for var i ous cli mate char ac ter is tics
(mainly tem per a ture and hu mid ity, in clud ing Tilia tomentosa and Hedera he lix) were re corded. Ad di tion ally, the Struga
G-120 pro file en com passes a Late Saalian sec tion of de pos its in which stadial and interstadial os cil la tions are in ferred. The
data cor rob o rated ear lier find ings that the warm est and wet test part of the Eemian inter gla cial was dur ing the ha zel phase
(E4 RPAZ) and the be gin ning of the horn beam phase (E5 RPAZ). The youn ger part of the horn beam phase bears the re cord
of a de crease in hu mid ity and grad ual drop in air tem per a ture. Dur ing the telocratic pe riod en com pass ing the spruce-fir (E6
RPAZ) and pine (E7 RPAZ) phases, in creased hu mid ity and ris ing wa ter lev els in the lakes stud ied are again ev i dent. The re -
con structed plant suc ces sion and cli ma tic con di tions are dis cussed against a broader back ground of other Eemian pro files
from Po land and neigh bour ing coun tries. They largely con firm that, at that time, the Garwolin Plain showed char ac ter is tics
typ i cal of a tran si tional cli mate from oce anic in West ern Eu rope to con ti nen tal be yond the east ern bor ders of Po land.

Key words: pol len suc ces sion, plant macrofossils, Eemian inter gla cial, cli mate changes, central Po land.

INTRODUCTION

The strati graphic po si tion of the Eemian inter gla cial and its
cor re la tion with Ma rine Iso tope Stage 5e (MIS 5e) is widely re -
cog nised and un ques tioned (Lisiecki and Raymo, 2005; Co hen
and Gibbard, 2019). How ever, the veg e ta tion and cli mate of this 
warm pe riod, with re lated en vi ron men tal trans for ma tions, have
con tin ued to be in ves ti gated (e.g., Shackle ton et al., 2002;
Velichko et al., 2005; Brauer et al., 2007; Brewer et al., 2008;
Govin et al., 2015). The use ful ness of de tailed re search on the

Eemian, as the last inter gla cial with out hu man in flu ence in trac -
ing nat u ral cli mate vari abil ity, has been em pha sized (Kukla et
al., 2002; Bova et al., 2021).

The Eemian Lakeland ex tends across the Eu ro pean Low -
land from sites in estern Eu rope on the At lan tic coast to sites
deep into Rus sia. In west ern Eu rope, re search has been con -
ducted at the French sites of Les Echets near Lyon (de
Beaulieu and Reille, 1989), La Grande Pile in the Vosges (de
Beaulieu and Reille, 1992a), and in the Cen tral Mas sif (de
Beaulieu and Reille, 1992b), at sites from north-west Greece
(Ioannina: Tzedakis et al., 2003), Neth er lands  (Am ster dam
Ter mi nal: van Leeuwen et al., 2000; and Amersfoort: Zagwijn,
1989), at Ger man sites in clud ing Neubrandenburg-Hinterste
Mühle (Börner et al., 2018) and Beckentine (Hrynowiecka et al., 
2021). In east ern Eu rope, Belarusian sites have been de -
scribed by Sanchenko and Rylova (2001) whose re view was
pub lished by Granoszewski et al. (2012) and by Shalaboda
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(2001). The cur rent list of 184 Eemian sites stud ied by pol len
an a lyt i cal meth ods in Po land has been in cluded in the isopollen
mono graph by Kupryjanowicz et al. (2018).

This study re con structs the veg e ta tion suc ces sion,
palaeotemperature and hu mid ity based on pol len and plant
macrofossil anal y sis at two Eemian palaeolake sites, Struga
and Parysów on the Garwolin Plain. An Eemian age was pre vi -
ously de ter mined; how ever, as C14 car bon ra dio iso tope dat ing
can not be ap plied to Eemian de pos its, Kupryjanowicz and
Granoszewski (2018) high lighted the dif fi culty of de ter min ing
pre cisely the age and du ra tion of the Eemian inter gla cial in
Cen tral and North ern Eu rope. Based on data from dif fer ent
sites, the du ra tion var ies from 12,000 years (131,000–119,000
years BP; Lambeck et al., 2006), to 15,500 years (~127,300–
111,800 years BP; Tzedakis et al., 2002), 16,000 years (Guiot
et al., 1993) and 17,700 years (~127,200–109,500 years BP;
Brauer et al., 2007), to 23,000 years (129,000–107,000 years
BP; Kukla et al., 1997). All these es ti mates were based on dif -
fer ent cri te ria than those used in Po land. Kupryjanowicz and
Granoszewski (2018) dated the up per limit of the inter gla cial to
~109,500 years BP within zone MIS 5d (anal o gous to Brauer et
al., 2007); they em pha sized that it is dif fi cult to spec ify a sin gle
date due to the asyn chron ous de vel op ment of the Eemian flora
in dif fer ent Eu ro pean re gions.  Dif fer ent de posit types re cord
the Eemian inter gla cial and a range of pol len spec tra il lus trate
the var i ous char ac ters of the biogenic rep re sen ta tion. This sit u -
a tion led to our cur rent high-res o lu tion in ves ti ga tion, to en able
de tailed trac ing of tem per a ture and hu mid ity dur ing in the pe -
riod of de po si tion of these de pos its.

STUDY SITE

The Struga site is lo cated in the val ley of the Struga stream,
at an al ti tude of ~138.5 m a.s.l. (Fig. 1). The lake at Struga was
formed in a post-gla cial trough formed dur ing the Late Saalian

gla ci ation. As the ice sheet shrank, the subglacial chan nels
were filled with dead ice, whose melt ing gave rise to the lake.
This lake ex isted through out the Eemian inter gla cial and was
grad u ally filled with lake sed i ments. On both sides of the Struga
val ley there are kame ter races built of fine-grained sandy de -
pos its, and river ter races from the Vistula gla ci ation pe riod are
de vel oped. Above are kame ter races built of silty and
fine-grained sands, which are im me di ately ad ja cent to the up -
land made up of gla cial till of the Late Saalian gla ci ation
(Fig. 2A).

The Parysów site is sit u ated ~1 km south of the vil lage of
Parysów at an al ti tude of ~158 m a.s.l. (Fig. 1). The Eemian
palaeolake is sited in gla cial till of the Late Saalian gla ci ation,
and formed by the melt ing out of dead ice blocks. Basal silts are
over lain by lake-de rived sed i ments of gyttja and peat. Above
these are deluvial sands of the Vistula gla ci ation, and above
that, Ho lo cene al lu vial sands (Fig. 2B).

MATERIAL AND METHODS

MATERIAL

Two pro files with organogenic de pos its were sam pled at the 
Struga site. The Struga St-19 pro file was taken with a
POWERPROBE core drilled to a depth of 12.00 m (Ta ble 1).
Eemian lake de pos its were re cog nised at a depth of
2.10–9.00 m (Fig. 2C). The Struga G-120 pro file was taken with
a GEOPROBE core drill, and drill ing was car ried out to a depth
of 8.50 m (Ta ble 2). Eemian lake de pos its were re cog nised be -
tween 1.38–6.51 m (Fig. 2C).

The Parysów Pa-19 pro file was taken with a URB corer and
drilled to a depth of 15.70 m (Ta ble 3). Eemian lake de pos its
were re cog nised at a depth of 10.30–13.15 m (Fig. 2C).
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Fig. 1. Lo ca tion of the Struga and Parysów sites on the Garwolin Plain (re gional di vi sion ac cord ing to Solon et al., 2018)
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Fig. 2A – geo log i cal cross-sec tion of Struga St-19 and G-120; B – geo log i cal cross-sec tion of Parysów Pa-19; C –
lithostratigraphic pro file of the Struga St-19 and G-120 cores and of the Parysów Pa-19 core

Depth [m] Li thol ogy

0.00–1.50 fine- to me dium-grained sands with plant re mains

1.50–2.10 sands with grav els

2.10–2.55 well-de com posed peats

2.55–2.60 poorly de com posed peats with an ad mix ture of
sands

2.60–2.83 gyttjas with an ad mix ture of fine sands

2.83–4.14 car bon ate gyttjas

4.14–4.34 gyttjas with an ad mix ture of fine sands, car bon -
ate-free

4.34–7.20 car bon ate gyttjas, spo radic oc cur rence of mol lusc 
shell frag ments

7.20–9.60 car bon ate gyttjas

9.60–10.80 car bon ate gyttjas with sands

10.80–12.00 silts

T a  b l e  1

Lithological de scrip tion of the St-19 core

Depth [m] Li thol ogy

0.00–1.19 fine- to me dium-grained sands with plant re mains

1.19–1.35 fine sands

1.35–1.80 gyttjas with an ad mix ture of me dium sands

1.80–2.45 well de com posed peats

2.45–3.70 gyttjas, clayey, car bon ate

3.70–4.90 gyttjas, lo cally silty, car bon ate

4.90–5.75 car bon ate gyttjas

5.75–8.50 clayey gyttjas

T a  b l e  2

Lithological de scrip tion of the G-120 core

Depth [m] Li thol ogy

0–2.90 sands

2,90–4.14 gyttjas with ad mix ture of fine sands

4.14–7.85 poorly de com posed sedge-moss peats

7.85–8.73 ol ive gyttjas

8.73–10.89 sedge-moss peat poorly de com posed

10.89–11.95 ol ive gyttjas

11.95–12.30 no sed i ment palynology

12.30–13.20 ol ive gyttjas. grav els at bot tom

13.20–14.20 gray silts

14.20–15.70 tills gray

T a  b l e  3

Lithological de scrip tion of the Pa-19 core



METHODS

POLLEN ANALYSIS

The sam ples were treated ac cord ing to stan dard
palynological pro ce dures used in the anal y sis of lac us trine de -
pos its, i.e. with HCl, KOH, HF and Erdtman’s acetolysis
(Berglund and Ralska-Jasiewiczowa, 1986). Pol len spec tra
were counted un der a light mi cro scope at a mag ni fi ca tion of
400–600x on at least two slides with 18 ×18 mm coverslips. The 
mean ter res trial pol len count (Ar bo real Pol len (AP) + Non-Ar bo -
real Pol len (NAP) = 100%) was 700–800 per sam ple. The re -
sults are shown as per cent age pol len di a grams plot ted in the
TiliaIT (Grimm, 2016) and POLPAL soft ware (Nalepka and
Walanus, 2003) and ta bles of char ac ter is tics of lo cal pol len as -
sem blage zones. The sam ples in which fos sil al gae Pediastrum
and Botryococcus were pres ent were counted un der a mi cro -
scope at the same time as pol len and spores to better de ter -
mine changes in the palaeolake. Each palynological di a gram is
di vided into Lo cal Pol len As sem blage Zones (LPAZs), which
are as signed to Re gional Pol len As sem blage Zones (RPAZs),
ac cord ing to Mamakowa (1989) and the de tailed palynostrati -
graphic subzones of the Re gional Pol len As sem blage
Subzones (RPAsZ) pro posed by Kupryjanowicz and Grano -
szewski (2018).

PLANT MACROFOSSIL ANALYSIS

The de pos its were first flooded by dis tilled wa ter with the ad -
di tion of 10% KOH and then washed through on a 0.2 mm
sieve. The gen er a tive re mains, mainly seeds and fruits, were
picked out and then placed in a glyc er ine-thymol mix ture. Then
they were rec og nized us ing a ste reo scopic mi cro scope at a
mag ni fi ca tion of 10-100x, and counted. The re mains were iden -
ti fied with the help of Kats et al. (1965), Grosse-Brauckamnn
(1972, 1974), Berggren (1981), Cappers et al. (2006),
Velichkevich and Zastawniak (2006, 2008), Mauquoy and van
Geel (2007), the col lec tion of mac ro scopic plant re mains at the
Fac ulty of Bi ol ogy, Uni ver sity of Bialystok, and the col lec tion of
mac ro scopic plant re mains at the Na tional Col lec tion of Mod ern 
Biodiversity and Fos sil Or gan isms of the W. Szafer In sti tute of
Bot any of the Pol ish Acad emy of Sci ences (KRAM her bar ium)
in Kraków.

RESULTS

The veg e ta tion de vel op ment at the Struga site was re con -
structed from the re sults of the St-19 pro file (Fig. 3). For the in -
ter pre ta tion of the late gla cial pe riod of the Saalian gla ci ation,
the Struga G-120 di a gram (Fig. 4) was used, in which the thick -
est late gla cial sec tion is rep re sented. For both pro files, an
anal y sis of the plant macrofossils shown in the di a grams was
also per formed(Figs. 5 and 6).

The veg e ta tion de vel op ment at the Parysów site was re con -
structed from the re sults of the Pa-19 (Fig. 7) pol len pro files and 
one plant macrofossil di a gram of Pa-19 (Fig. 8). De tailed re -
sults of the palynological and plant macrofossils anal y sis are
pre sented in Ta bles I–IV in Ap pen dix 1.

HISTORY OF TERRESTRIAL VEGETATION DEVELOPMENT 
AT THE STRUGA AND PARYSÓW SITES

LATE SAALIAN/ EEMIAN TRANSITION

A long in ter val of the Late Saalian is re corded in the de pos -
its of the Struga G-120 core. The li thol ogy in di cates that
biogenic sed i men ta tion in the palaeolake had al ready started at 

the time. In the Late Saalian part of the Struga G-120 pro file
(Fig. 4), three lo cal pol len as sem blages zones (LPAZ) were dis -
tin guished, pre sum ably doc u ment ing mi nor lo cal veg e ta tion
changes from open com mu ni ties dom i nated by pine and birch
patches (G-120 1 LPAZ), through interstadial-type pine bo real
for est com mu ni ties with a high pro por tion of birch and patches
of her ba ceous plants (G-120 2 LPAZ), then again re turn ing to
stadial-type com mu ni ties with a higher pro por tion of Ar te mi sia,
Poaceae, Cyperaceae and a lower pro por tion of bo real trees
(G-120 3 LPAZ). The high pro por tion of NAP, above 22%, in di -
cates the open char ac ter of the land scape, where patches of
pine-birch com mu ni ties were pres ent. It can be in ferred that the
sig nif i cant pro por tion of Pinus sylvestris t. was re lated to the
long-dis tance trans port of pine pol len in the late-gla cial land -
scape. Salix and Juniperus communis were pres ent in the open
land scape. High her ba ceous pol len per cent ages per sist at the
Struga site.

On drier hab i tats, which were oc cu pied by com mu ni ties with 
Poaceae, Ar te mi sia, Amaranthaceae and Anthemis t., J. com -
mu nis con tin ued to oc cur. How ever, wil low was pre sum ably
com mon in moist hab i tats oc cu pied mainly by Cyperaceae, with 
var i ous plants of hu mid hab i tats.

In the Late Saalian, in the im me di ate neigh bour hood of the
Struga lake, there were sparse rushes, of Phragmites aus tra lis
and Sparganium t.. Among the aquatic veg e ta tion, Nuphar and
other rep re sen ta tives of the Nymphaeaceae were pres ent (Fig. 4).

PROTOCRATIC PERIOD OF THE EEMIAN INTERGLACIAL (E1-E2 RPAZS)

In the St-19 2 LPAZ (cor re spond ing to the E1a RPAsZ), the
sig nif i cant pro por tion of P. sylvestris t. pol len sug gests that
some pine trees grew in situ as shown by the pine stomata re -
corded in the palynological slides (Fig. 3). At the Parysów site
the di a gram be gins with the Pa-19 1 LPAZ (E1a RPAsZ; Fig. 7), 
which doc u ments a much lower pro por tion of P. sylvestris t.
than at the Struga site.

In the St-19 3 LPAZ (E1b RPAsZ), a sig nif i cant in crease in
the pro por tion of birch pol len (max i mum val ues of Betula pol len) 
may in di cate that, in ad di tion to the bearded birch – pres ent in
the com po si tion of pi o neer birch-pine for ests – mossy birch may 
also have formed birch swamp com mu ni ties with B. pubescens
in wet land hab i tats. This is cor rob o rated by plant macrofossil
data, which sug gest the oc cur rence of dif fer ent birch spe cies.
By con trast, the fol low ing Pa-19 2 LPAZ (E1b RPAsZ) is well
ex pressed, with high birch pol len per cent ages. Com mu ni ties
with B. alba, P. sylvestris t. and Picea abies oc curred near the
banks of the lake at Parysów, as in di cated by the pres ence of
their re mains (Fig. 8).

Sev eral dif fer ences are ob serv able in the de vel op ment of
aquatic and reedswamp veg e ta tion be tween the two lakes in -
ves ti gated. In the Struga lake, a reedswamp de vel oped, in
which sedges ap peared next to Sparganium t. with Carex
rostrata and Typha latifolia, P. aus tra lis t. among oth ers. Rep re -
sen ta tives of the Nymphaeaceae, in clud ing Nuphar, con tin ued
to oc cur among the aquatic veg e ta tion and N. ma rina.

The Parysów lake was over grown by rushes of T. latifolia, P. 
aus tra lis and Sparganium t. (Fig. 8). Re mains of Thelypteris
palustris, Carex pseudocyperus and other Carex spe cies are
also pres ent. Aquatic plant re mains of Nymphaeaceae, Stra -
tiotes sp., Potamogeton natans and statoblasts of Cristatella
mucedo are abun dant.

In the St-19 4 and Pa-19 3 LPAZs (E2 RPAZ) fea tures typ i -
cal of the de vel op ing inter gla cial suc ces sion, such as Quercus
and Ulmus, ap pear in the palynological di a gram (Figs. 3 and 5).
The pres ence of Ulmus pol len sug gests that floodplain for ests
with elm and prob a bly oak and oc ca sion ally ash were be gin ning 
to take shape in the river val leys. The land scape con tin ued to
be dom i nated by birch and pine for ests, but it is likely that oak
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was also en croach ing. Pol len of tree wil low (S. pentandra t.)
came from moist com mu ni ties, per haps as so ci ated with the
floodplain of the river val ley. Hops (Humulus lupulus) were pres -
ent in ri par ian wood lands.

The de lin ea tion of the bound ary be tween the Pa-19 3 and
Pa-19 4 LPAZ (E2 and E3 RPAZ) in the Pa-19 pro file raises
some in ter pre ta tion prob lems. Due to the lack of de pos its of the
be gin ning of the oak phase of the Pa-19 3 LPAZ (E3a RPAZ),
the typ i cal grad ual in crease in the pol len per cent age curve of
Quercus with a si mul ta neous de crease in Betula and P.
sylvestris t. was not ob served. In stead, there is a sharp change
in the pol len spec tra, which is marked by a high birch pol len per -
cent age curve, whose curve is sharply trun cated, with very high
oak pol len val ues al ready pres ent in the next sam ple. The ab -

sence of this tran si tion sec tion be tween E2 and E3 of the RPAZ
makes the com par i son with the St-19 di a gram, in which it is well 
ex pressed, dif fi cult. A hi a tus is cer tainly the rea son for this sit u -
a tion.

At the Struga and Parysów lakes, the rushes that oc curred
around the lake were com posed of Sparganium t., T. latifolia, P. 
aus tra lis and rep re sen ta tives of sedges. Among the aquatic re -
mains, there were Ceratophyllum demersum and rep re sen ta -
tives of the Nymphaeaceae (trichosclereids). In the pol len di a -
gram Pa-19 (Fig. 4) Nymphaeaceae trichosclereids and
Nuphar pol len are in di cated. Among the re mains are Nuphar,
as well as Stratiotes aloides (Fig. 8). The pres ence of the lat ter
spe cies sug gests the ex is tence of a shal low lake.
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Fig. 5. Lo cal macrofossil as sem blage zones (LMAZs) of the Struga St-19 core
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MESOCRATIC PERIOD OF THE EEMIAN INTERGLACIAL (E3-E5 RPAZS)

The sharp in crease in the pro por tion of Quercus pol len in
the St-19 5 and Pa-19 4 LPAZs (E3a RPAsZ) with a si mul ta -
neous de crease in the per cent age of Betula and P. sylvestris t.
pol len in di cates a re treat of the pi o neer for est com mu ni ties
dom i nated by pine and birch in fa vour of the spread ing of oak
(Figs. 3 and 5). Quercus and Ulmus reach their max i mum val -
ues at St-19 6 and Pa-19 5 LPAZs (E3b RPAsZ), which, to -
gether with the sig nif i cant pro por tion of Fraxinus ex cel sior, sug -
gests that the ri par ian com mu ni ties were con verted, pre sum -
ably, into ash-elm for ests with a high pro por tion of oak de vel -
oped.

The high est val ues of these tree spe cies sug gest that the ri -
par ian for est reached the max i mum of its Eemian ex pan sion at
this time. To wards the end of this subzone, the per cent age of
Corylus (prob a bly C. avellana) in creases sig nif i cantly and con -
tin ues into the next zone. Ha zel prob a bly en croached on drier
hab i tats lo cated at the back of river val leys where birch had pre -
vi ously dom i nated.

At Struga there were re mains in clud ing Scheuchzeria
palustris, C. elata, C. gracilis, C. vesicaria, Eriophorum angu -
stifolium, Scirpus lacustris. Aquatic re mains of N. ma rina, N.
flexilis, Potamogeton, C. demersum, Lemna, Characeae and
Nitellopsis were de ter mined (Fig. 5). At the Parysów site
Nymphaeaceae and Characeae were also pres ent (Fig. 8).

In the St-19 7 and Pa-19 6 LPAZ (E4a RPAsZ) a dy namic
spread of ha zel is ob serv able, with oak pol len val ues re main ing
high while ha zel, ini tially pre sumed to oc cur at the edges of oak
for ests, also ap peared more fre quently in their un der growth and 
in for est clear ings (Figs. 3 and 5). Ha zel reaches its max i mum
in the St-19 8 and Pa-19 7 LPAZ (E4b RPAsZ), with fre quen cies 
of ~70%. Af ter the Corylus max i mum, the pro por tion of
Carpinus grad u ally in creases in the pol len di a gram. Fruits of the 
com mon horn beam (Carpinus betulus) de ter mined dur ing plant 
macrofossil anal y sis at the Parysów site, tes tify to its pres ence
in situ (Fig. 8). In the St-19 9 LPAZ and Pa-19 8 LPAZ (E4c
RPAsZ), lime, of at least three spe cies, be gins to play an im por -
tant role. Pol len of Tilia cordata, T. tomentosa and T. platy -
phyllos was re corded. Fruits of these lime spe cies were also de -
ter mined in the plant macrofossil re cord. In the St-19 10 LPAZ
and Pa-19 9 LPAZ (E4d RPAsZ), a high pro por tion of lime pol -
len to gether with an al ready sig nif i cant pro por tion of horn beam
and oak were noted. In ri par ian and oak-horn beam com mu ni -
ties, Acer and Taxus baccata were also pres ent, be sides
Quercus, F. ex cel sior and Ulmus. With an in crease in the per -
cent age of Corylus in the pol len di a gram, an in creased pro por -
tion of Alnus glutinosa ap pears (a cone frag ment was noted in
the plant macrofossil anal y sis). The pres ence of T. baccata pol -
len, to gether with high pro por tions of Alnus glutinosa and the
pres ence of Hedera he lix, Viscum al bum, Buxus sempervirens
and Ilex aquifolium, are clearly fea tures of an oce anic cli mate.
The in creas ing pol len val ues of Alnus glutinosa tes tify to the en -
croach ment of al der into hu mid ar eas, where it may have
formed al der for ests in poor hab i tats and in un drained de pres -
sions, as well as al der-ash for ests in river val leys. The min i mal
pro por tion and low di ver sity of her ba ceous plants in di cate that
open com mu ni ties were very lim ited.

At the Struga site, plant macrofossils in di cate that the
rushes zone in cluded Scirpus cespitosus, sedges with
C. vesicaria and C. gracilis, P. aus tra lis, Sparganium t. and
T. latifolia. Stratiotes aloides and Eleocharis palustris ap peared. 
N. ma rina and N. flexilis dom i nated among the aquatic veg e ta -
tion. Potamogeton, C. demersum, Characeae and Nitellopsis
and nu mer ous nymphaeids were also abun dant in the lake
(Figs. 5 and 6). Alisma plantago-aquatica ap peared (Fig. 5).

Var i ous spe cies of green al gae of the gen era Pediastrum,
Botryococcus and Tetraedron are also pres ent in the pol len di a -
gram (Fig. 3). Trichosclereids of Nymphaeaceae, Ceratophyl -
lum hairs and pol len of Sparganium t., P. aus tra lis t. and
T. latifolia come from the reed veg e ta tion belt in the Parysów
palaeolake (Fig. 7). In ad di tion, the plant macrofossil di a gram
con firms the pres ence of aquatic plants, in clud ing Stratiotes
sp., N. ma rina and Iris pseudoacorus in the coastal zone
(Fig. 8).

In the St-19 11-14 and Pa-19 10-11 LPAZs (E5 RPAZ), pol -
len per cent ages of Carpinus betulus in crease sig nif i cantly,
while the pro por tion of Corylus de creases. The ha zel scrub
hab i tats were prob a bly cov ered by an ex pan sion of horn beam
for ests, while ha zel was still abun dant as an ad mix ture at the
edges of the fer tile for ests (a sig nif i cant amount of ha zel nuts
was de ter mined). In the ini tial part of the St-19 11 L and Pa-19
10 LPAZs (E5a RPAsZ), an in crease in the per cent age of
C. betulus is ev i dent, rep re sent ing the be gin ning of the for ma -
tion of horn beam-oak - for ests dom i nated by horn beam with a
small ad mix ture of other trees, in clud ing lime (with pres ence of
plant macrofossils). The pres ence of this spe cies at the
Parysów site is con firmed by horn beam fruit ing bod ies (Fig. 8).
Though there were large changes in the horn beam-dom i nated
for ests, the al der for ests seemed re main sta ble. Alnus pol len
per cent age val ues re mained sta ble, sug gest ing that they
formed sep a rate com mu ni ties prob a bly of the al der type. By
con trast, the de creas ing pro por tion of F. ex cel sior pol len in the
youn ger part of the zone may in di cate a less im por tant role of
al der-ash ri par ian for ests in the land scape.

In the St-19 12 LPAZ (E5b RPAsZ), the per cent age val ues
of Corylus con tinue to de crease, while those of C. betulus in -
crease (Fig. 3). This shows that horn beam was quickly tak ing
over ar eas pre vi ously oc cu pied by ha zel scrub. A con tin u ous
per cent age curve of P. abies ap pears. Ini tially, spruce may
have ap peared as an ad mix ture in moist for ests, e.g. in al der
for ests it may have en tered the stand as a re sult of nat u ral suc -
ces sion (Fig. 3). In the Pa-19 11 LPAZ (E5b RPAsZ), C. betulus 
reaches its max i mum through out the pro file, while ha zel and
lime de crease their con tri bu tion (Fig. 7). Sin gle pol len grains of
P. abies and Abies alba ap pear (Fig. 7). Their pol len may pos si -
bly come from spruce and fir en croach ing on al der and other
types of moist for est.

In the St-19 13 LPAZ (E5c RPAsZ) C. betulus reaches its
max i mum. The abun dant horn beam may have formed in de -
pend ent, monospecific stands dur ing the Eemian inter gla cial.
The pol len per cent ages of Corylus and Quercus grad u ally de -
cline, and the per cent age of Tilia re mains very low. Alnus pol len 
per cent ages re main sta ble, sug gest ing that al der trees con tin -
ued to oc cur on pre vi ously oc cu pied hab i tats.

In the St-19 14 LPAZ (E5d RPAsZ), con tin u ing high per -
cent ages of C. betulus in the pol len di a grams doc u ment the im -
por tant role of horn beam-dom i nated com mu ni ties. With the de -
crease in the pro por tion of lime and elm in the pol len di a gram,
not only an in crease in the pro por tion of spruce is ob served, but
also the ap pear ance of fir and pine pol len and the in creas ing
pres ence of birch pol len. Pos si bly, the pol len co mes from
spruce and fir en croach ing on al der and other types of moist
for est. Ri par ian com mu ni ties did not un dergo such a rad i cal
meta mor pho sis as did the dry-ground for ests. In the mid dle part 
of the Eemian inter gla cial, taxa such as H. he lix, V. al bum,
I. aquifolium and B. sempervirens, whose pres ence is closely
linked to the pre vail ing warm and hu mid cli mate, still play an im -
por tant role.

The bound ary be tween the Pa-19 10-11 and Pa-19 12-14
LPAZs (E5 and E6 RPAZs)  is dif fi cult to in ter pret due to the ab -
sence of tran si tional subzones char ac ter is tic of the Eemian
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inter gla cial, as so ci ated with the grad ual en croach ment of
spruce, E5c-E5d and E6a RPAsZ in the pol len di a gram (Fig. 7). 
The ab sence of sed i ments re cord ing  these subzones may in di -
cate rapid changes in the lake. Pre sum ably, the lake be came
shal low and organogenic sed i ments were not de pos ited for
some time. Re-es tab lish ment of the lake took place in the late
Eemian, which in cludes the re gional E6 and E7 RPAZs.

Among the veg e ta tion of the Struga lake, re mains of Iris
pseudoacorus, sedges of C. vesicaria and pol len of P. aus tra lis
t., Sparganium t. and T. latifolia were re corded. Re mains of N.
ma rina and N. flexilis, Potamogeton and pol len of Nuphar and
other nymphaeids are still abun dant. The tis sue of a
microsporangium of Sal vin ia natans, an aquatic fern grow ing
on the sur face of eutrophic lakes, was noted, in ad di tion to pol -
len of Menyanthes tri foli ata, which may grow on the mar gins of
over grown tidal flats, and pol len of Stratiotes aloides, which
may also in di cate shallowing of the lake, as well as var i ous spe -
cies of green al gae of the gen era Pediastrum, Botryococcus
and Tetraedron.

Re mains of C. sp. trigonous and C. riparia were re corded in
the Parysów lake (Fig. 8). Tax o nom i cally di verse aquatic plants
were also re corded: pol len of Stratiotes sp, Nymphaea alba,
Nymphaeaceae trichosclereids, C. demersum hairs, Najas
(N. ma rina, N. mi nor, N. flexilis) macrofossils and Potamogeton
(P. natans, P. rutilus, P. sukaczevii, P. gramineus, P. per foliatus,
P. friesii) and other Potamogeton sp. macrofossils (Figs. 5 and
8). In ad di tion, a very rich spec trum of macrofossils in cludes the
pres ence of Trapa natans, Brasenia sp. and Characeae oo -
spores. Statoblasts of Cristatella mucedo were also re corded.
The rushes in cluded T. latifolia and Sparganium t.

TELOCRATIC PERIOD OF THE EEMIAN INTERGLACIAL (E6–E7 RPAZS)

From the be gin ning of the telocratic pe riod of the Struga site 
St-19 15-16 LPAZ (E6 RPAZ), the pol len per cent ages of pine
trees in crease. In the St-19 15 LPAZ (E6ab RPAsZ) con tin u ing
high pol len per cent age val ues of C. betulus and A. glutinosa
are re corded, as well as the pres ence of Corylus, Tilia, Quercus 
and Ulmus. Re mains of C. betulus and A. glutinosa were re -
corded in the up per part. These are the last re corded plant
macrofossils at the site. This in di cates that the horn beam for est
ref uges were shrink ing, with fir, oak and spruce be ing the main
com po nents, in ad di tion to horn beam.

The ab sence of the re gional subzone E6a RPAsZ in the pol -
len di a gram in the Pa-19 pro file is equiv a lent to the ab sence of
a re cord of the pe riod of spruce en croach ment into horn -
beam-dom i nated com mu ni ties. What is pre served, how ever, is
a re cord of the Pa-19 12 LPAZ subzone cor re spond ing to E6b
RPAsZ. Here, the per cent age of pol len of C. betulus de creases
sharply, while the per cent age of pine trees in creases. The
St-19 16 LPAZ (E6cd RPAsZ) is dom i nated by P. sylvestris t.
pol len and max i mum val ues through out the pro file are reached
by Abies alba, fol lowed by P. abies, with a de crease in the per -
cent age of C. betulus pol len. The max i mum val ues of spruce in -
di cate its wide spread in for ests. Spruce also en croached on al -
der hab i tats trans form ing them into al der-spruce com mu ni ties
and then into swamp spruce for ests. Ar eas of ash and al der ri -
par ian for ests may have de clined. This is in di cated by the very
low pol len per cent ages of F. ex cel sior. These were prob a bly re -
placed by al der-spruce com mu ni ties. A sig nif i cant role was
grad u ally taken over by pine, cre at ing pine-spruce and pine for -
ests, which be came the dom i nant com mu ni ties at the end of the 
inter gla cial.

In the Pa-19 13 LPAZ (E6c RPAsZ) the max i mum is
reached by P. abies. This may in di cate that spruce en croached
on al der hab i tats and con verted them into swampy spruce and

spruce-al der for ests. Ar eas of ash and al der ri par ian for ests
may also have de clined. This is in di cated by the very low pol len
per cent ages of F. ex cel sior. It is likely that these were re placed
by al der-spruce com mu ni ties. In the Pa-19 14 LPAZ (E6d
RPAsZ), pol len of trees such as P. sylvestris t., P. abies and
Abies alba strongly dom i nated, sug gest ing a wide spread oc cur -
rence of co nif er ous for ests. De pend ing on the mois ture con tent
of the hab i tat, these were pine-spruce or spruce-pine for ests
with fir ad mix ture, lo cally also with wil low ad mix ture. Sin gle pol -
len grains of beech and larch may sug gest the pres ence of
these trees in the com mu ni ties at that time. The spruce zone is
re corded in peat de pos its. Plant macrofossils in this zone in -
clude nu mer ous re mains of trees such as B. alba, A. alba, P.
sylvestris t., C. betulus, T. platyphyllos, A. glutinosa and P.
abies, hence pres ent in situ from the start.

The veg e ta tion of the Struga lake mar gins was P. aus tra lis
t., Sparganium t. and T. latifolia. Sphag num and Musci also ap -
pear. Nymphaeids with Nuphar and C. demersum are pres ent
among the aquatic veg e ta tion, and the pro por tion of
Pediastrum and Tetraedron in creases sig nif i cantly. In the
palynological di a gram of the Parysów lake P. aus tra lis t. and
T. latifolia also were noted. Among the plants grow ing on the
banks of the lake, Andromeda polifolia and Vaccinium
uliginosum, Calluna vulgaris, Ledum palustre, C. riparia, C.sp.
biconvex, C. sp. trigonous and C. elata, Scheuchzeria palustris, 
Menyanthes tri foli ata, Comarum palustre, Cicuta virosa and
P. aus tra lis t. and T. latifolia were pres ent in large num bers.
Among the aquatic veg e ta tion, Musci, Filicales monolete and
sin gle re mains of Schoenoplecus lacustris and Trapa natans
were re corded.

In the Struga St-19 and G-120 pro files, the E7 RPAZ zone
com prises a thin sed i men tary in ter val. In the G-120 21 LPAZ
pro file (E7 RPAZ), max i mum per cent ages are reached by pol -
len of P. sylvestris t. (up to 80%).

The Pa-19 15 LPAZ (E7 RPAZ) at the Parysów site is rep re -
sented only by two sam ples (5 cm of peat). Max i mum val ues
are reached by P. sylvestris t., with con tin u ing high per cent ages 
of P. abies pol len and the pres ence of A. glutinosa. This may in -
di cate a strong ex pan sion of spruce and, pre sum ably, spruce
also with al der in the form of patches of moist spruce-al der com -
mu ni ties. Only sin gle pol len grains of thermophilous trees were
re corded. Ter res trial veg e ta tion macrofossils are rep re sented
by pine tree re mains and Chamedaphne calcyculata. Musci,
C. riparia, C. sp. biconvex, C. diandra and P. aus tra lis are also
pres ent. In the Struga lake, con tin ued pres ence of Nuphar pol -
len, and sig nif i cant pro por tions of Nymphaeaceae tricho -
sclereids, doc u ment the sur vival of a wa ter body with higher wa -
ter lev els than in the pre vi ous E6 RPAZ. Aquatic plant macro -
fossils were not re corded at Parysów.

DISCUSSION

THE LATE SAALIAN SECTION OF THE G-120 PROFILE AND THE LOWER
BOUNDARY OF THE EEMIAN INTERGLACIAL

Com par i son of the palynological re sults from the G-120 pro -
file at the Struga site (Fig. 3) with those from the Wola Staro -
grodzka G-122 pro file from the Garwolin Plain (Kupryjanowicz
et al., 2021) al lows iden ti fi ca tion of the lower bound ary of the
inter gla cial at a de crease in the val ues of NAP, J. communis
and Salix and an in crease in P. sylvestris t. pol len to gether with
a rel a tively high share of Betula. This bound ary was sim i larly in -
ter preted by Mamakowa (1989). In the pol len spec trum of the
Struga G-120 pro file, the con sid er able share of her ba ceous
plants, dom i nated by Ar te mi sia (up to 8%) and Cyperaceae (up
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to 9.5%) and sub stan tial share of Poaceae (11%) point to the
open char ac ter of the land scape with shrubs with J. communis
and Salix. The small share of pol len of P. sylvestris t. sug gests
that the north ern bound ary of the for est ran south of the
Garwolin Plain. The per cent val ues of pol len of these taxa are
usu ally within the ranges marked on Eemian isopollen maps for
the Late Saalian. This is ex em pli fied by the pol len di a gram of
Warszawa Wawrzyszew XV (Krupiñski and Morawski, 1993)
with val ues of Ar te mi sia (6%), sim i lar to those shown in the di a -
gram for Struga G-120. In cen tral Po land, the val ues are
~7–10% (Ko³aczek et al., 2018b), al though the high est shares
of Ar te mi sia, reach ing 20%, were re corded in the Rzecino pro -
file in north-west ern Po land (Win ter et al., 2008).

In the Struga G-120 di a gram, the share of Poaceae
(7–10%) does not de vi ate from val ues re corded over most of
Po land (Fi³oc et al., 2018). Ex cep tions are sites from the
north-cen tral sec tor of the low land belt, where up to 20% of
Poaceae pol len was re corded in di a grams of the Late Saalian
gla cial. This is ex em pli fied by the di a gram from the Studzieniec
site (Krupiñski, 2005; Miros³aw-Grabowska and Niska, 2007a). At
the same site, shares of pol len of J. communis reach 7% and
are among the high est (Krupiñski, 2005; Kupryjanowicz et al.,
2018c), whereas in the pol len di a gram of Struga G-120 they
reach 2%, sim i larly to many other di a grams cov er ing the end of
the Late Saalian (Kupryjanowicz et al., 2018c).

High July tem per a tures are also cor rob o rated by the pres -
ence of T. latifolia in some pro files from the Garwolin Plain. At
the Struga St-19 site, its pres ence may sug gest that dur ing
mean air tem per a ture in July in the re gion was ~+14°C
(Väliranta et al., 2015). Sim i lar in fer ences may also be drawn
from the pres ence of T. latifolia and Nymphaea in Wola
Starogrodzka G-122 (Kupryjanowicz et al., 2021).

In the vi cin ity of the Wola Starogrodzka G-122 and Struga
G-120 pro files, other palynological di a grams from the Garwolin
Plain doc u ment a much weaker, or even miss ing, late gla cial
sec tion. Due to this, both the pa per by Kupryjanowicz et al.
(2021), and data from the Struga G-120 pro file con trib ute valu -
able new palynological and palynostratigraphic data re gard ing
the Late Saalian, al low ing dis cus sion re gard ing the opin ion of
Turner (2002) that no cli ma tic os cil la tions an a log i cal to the
youn ger Dryas should be ex pected at the be gin ning of the
Eemian.

In the con text of the re sults at Wola Starogrodzka G-122,
the G-120 pol len di a gram from Struga pre sum ably re cords only
part of an older (un-named) stadial, fol lowed by the Zeifen
interstadial and Kattegat stadial. The re cord of these
stadial-interstadial-stadial fluc tu a tions is con tained in zones
Struga G-120 1-3 LPAZ. In the Green land GRIP ice core, the
MIS-6/MIS-5e tran si tion also showed three fluc tu a tions vis i ble
in d18O data (e.g., Dansgaard et al., 1993; Landais et al., 1993).
Kupryjanowicz et al. (2021) pro vide ex am ples of stadial-
interstadial fluc tu a tions de tected in palynological di a grams, e.g. 
Les Echets (de Beaulieu and Reille, 1989), and in the north of
Eu rope at the Suur Prangli site in the Gulf of Fin land (Liivrand,
1974; Raukas, 1978) and at the Dan ish site Anholt II, where a
phe nom e non sim i lar to the Zeifen-like interstadial was de -
scribed (lo cally called the Flakket Interstadial). In the same pa -
per, the sub se quent cool pe riod was called the Kattegat Stadial
(Seidenkrantz, 1993).

When re con struct ing the prob a ble course of veg e ta tion
changes dur ing the Late Saalian on the Garwolin Plain,
Kupryjanowicz et al. (2021) sug gested that the first, un named
pe riod of the stadial in volved the oc cur rence of a mo saic of tun -
dra and cold steppe doc u ment ing rel a tively low tem per a tures in
both sum mer and win ter months. In the interstadial cor re lated

with the Zeifen, the lake catch ment was sta bi lised by dense
veg e ta tion (pine-birch for est with spruce). In the fol low ing
stadial, cor re lated with the Kattegat, for est as sem blages
slightly de creased in area. Kupryjanowicz et al. (2021) sug -
gested an other prob a ble cause for a de crease in tree pol len
val ues in the stadial: re duced pro duc tion of pol len in cold pe ri -
ods. This causes lower shares of a given tree in the pol len spec -
trum. Both causes, namely a re duc tion of the for est area and a
de crease in tree pol len pro duc tion, may have op er ated.

In com par i son to other sites of the Eemian inter gla cial in Po -
land, the pol len di a gram from the Struga G-120 site does not
doc u ment a large per cent share of pol len of Hippophaë
rhamnoides and J. communis, as at the nearby Warszawa-
Wawrzyszew XV site (Krupiñski and Morawski, 1993) or of
shrubs (e.g., Betula nana); al though largely de pend ent on the
lo cal con di tions,  these un doubt edly rep re sented the cold pe -
riod to gether with with veg e ta tion typ i cal of steppe tun dra.

An other is sue is the share of Picea obovata in veg e ta tion at
the MIS6/MIS5e tran si tion. Its pres ence was re corded in the
plant macrofossil di a gram from the Szwajcaria (Borówko-
D³u¿akowa and Halicki, 1957) and Ludomirowo (Bitner, 1957)
sites, and in pro files from the North ern Podlasie (Kupryjano -
wicz, 2008).

It rep re sents the so-called lower spruce zone (Mamakowa,
1989). East ern Eu rope is prob a bly the west ern bound ary of oc -
cur rence of the spe cies, with high abun dances re corded in for -
est as sem blages of the Si be rian taiga (Tollefsrud et al., 2015).
There fore, re con struc tion of the ranges of taiga spe cies must
in volve the iden ti fi ca tion of macrofossils of P. obovata. This is
still an open is sue be cause de spite the de ter mi na tion of the oc -
cur rence of spruce pol len in palynological di a grams at var i ous
sites (in clud ing at the Warszawa-Wawrzyszew site), it was not
pos si ble to iden tify whether it is of P. obovata. This and many
other sites lack plant macrofossil anal y ses. It there fore can not
be di rectly de ter mined whether this taxon oc curred in the plant
as sem blages of cen tral Po land dur ing the late gla cial of the
Saalian, or whether its pres ence was lim ited to north-east Po -
land.

In this con text, sites from the Garwolin Plain are sim i lar to
sites from cen tral Po land such as Warszawa-Wawrzyszew XV
(Krupiñski and Morawski, 1993) and Parchliny (Wachecka-
Kotkowska et al., 2018). Changes ev i dent in the for mer pro file
were cor re lated by Kupryjanowicz et al. (2021) with the Zeifen
stadial-interstadial al ter na tion (Jung et al., 1972; Beug, 1973)
and Kattegat (Seidenkrantz, 1993).

In the case of the Parchliny pro file at the end of the Saalian
gla cial, a con sid er able share of NAP oc curs (pri mar ily Ar te mi sia
and Poaceae) to gether with J. communis and a sub stan tial
share of P. sylvestris t. The palynological anal y sis at Parchliny
prob a bly did not en com pass the stadial-interstadial sec tion.

In the south-west ern part of Po land, the Imbramowice pro -
file (Mamakowa,1989) also shows the MIS 6/MIS 5e bound ary.
As sem blages of this in ter val mainly in clude non-for est shrubs
with J. communis, Salix herbacea, and Betula nana. Her ba -
ceous veg e ta tion form ing open as sem blages pri mar ily in cludes 
Cyperaceae, Poaceae, Ar te mi sia, and Amaranthaceae
(=Chenopodiaceae) (Mamakowa, 1976). The plant macrofossil 
anal y sis did not con firm the oc cur rence of Picea obovata. Later
stud ies on the sites with with Late Saalian gla cial, e.g. Parchliny 
(Wachecka-Kotkowska et al., 2018) and Dziewule (Biñka and
Nitychoruk, 2001), also doc u ment a dif fer ent char ac ter of veg e -
ta tion at the be gin ning of the Eemian inter gla cial. They do not,
how ever, in clude dis cus sion re gard ing the po ten tial oc cur rence 
of P. obovata.
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EEMIAN VEGETATION AND CLIMATE CHANGES

In the E1 RPAZ, the ex pan sion of bo real birch-pine for ests
at the be gin ning of the inter gla cial sug gests an in crease in air
tem per a ture. Pol len and frag ments of birch macrofossils point
to the oc cur rence of at least three spe cies: the tree birches B.
sect. Albae, B. pubescens, and the dwarf birch B. nana. Re sults 
of palaeobotanical re search are in line with the syn thetic im age
known from isopollen maps, doc u ment ing the max i mum range
of Betula in the E1b subzone (Balwierz et al., 2018). The broad
ex pan sion of tree birches in the protocratic sta dium of the
Eemian inter gla cial was re lated to low eco log i cal re quire ments
of the taxon. The oc cur rence of B. alba was re lated to min eral
and moist soil, and B. pubescens pri mar ily pre fers a meso -
trophic and hu mid, pe ri od i cally flooded en vi ron ment (Zarzycki
et al., 2002). There was still a con sid er able share of open as -
sem blages with Cyperaceae, Poaceae, and Ar te mi sia. The oc -
cur rence of the birch spe cies noted sug gests that both in sum -
mer and win ter, mean tem per a tures were higher than at the end 
of the late Saalian, and in July prob a bly ex ceeded +12–13°C
(Granoszewski, 2003), and the pres ence of T. latifolia sug gests
that the mean tem per a ture in July may have os cil lated around
+14–15°C (Väliranta et al., 2015).

Changes ob served in the palynological di a grams in the E2
RPAZ at the sites ana lysed re flect en croach ment of new spe -
cies to the as sem blages. Next to still-abun dant P. sylvestris t.
and Betula, taxa such as Ulmus, F. ex cel sior and Quercus ap -
peared. Granoszewski (2003) ob serves that along with elm,
pedunculate oak (Q. robur) may have ap peared at the be gin -
ning of the inter gla cial, as a tree better adapted to wet hab i tats
than the ses sile oak (Q. sessilis) and find ing suit able hab i tat
con di tions on river val ley ter races. Their in tro duc tion oc curred
through ex pan sion in river val leys, where ri par ian for ests
started form ing. Due to its broad tol er ance to en vi ron men tal
con di tions (e.g., tem per a ture, hu mid ity, con tent of soil min eral
el e ments, light ac ces si bil ity; vide Zarzycki et al., 2002), Ulmus
ap pears strongly in palynological di a grams from the Eemian
inter gla cial al ready at the end of the E2 RPAZ. This is con sis -
tent with isopollen maps, where Eemian ex pan sion of elm starts 
from the east, and then from the north- and south-east
(Granoszewski et al., 2018).

The ex pan sion of Ulmus sug gests that mean tem per a ture
in July was at least +16°C (Granoszewski, 2003). The oc cur -
rence in the E2 RPAZ at Struga of the thermophilic fern Sal vin ia 
natans sug gests mild win ter tem per a tures, not much be low 0°C 
(Œwiêta-Musznicka et al., 2011).

The be gin ning of the mesocratic pe riod saw strong ex pan -
sion of oak, which en croached onto hab i tats pre vi ously oc cu -
pied by pine and birch, and ex panded far ther along river val leys
to gether with elm, cre at ing an elm-ash ri par ian for est with a
high share of oak (Q. robur). In this zone, ri par ian for ests of
Ficario-Ulmetum campestris type show their max i mum ex pan -
sion. This is re lated to the eco log i cal tol er ance of oak which, de -
spite con sid er ably higher ther mal re quire ments than pine or
birch, copes well with both low tem per a tures in win ter and
snowmelt in spring (Kupryjanowicz et al., 2018d). Among the
pro files ana lysed, the high est share of oak (65.5%) was re -
corded at Parysów, in the Pa-19 5 LPAZ cor re spond ing with
E3b RPAZ. The anal y sis of isopollen maps shows sim i lar val -
ues of oak pol len over much of Po land. In palynological di a -
grams, marked ex pan sion of oak is re corded at the be gin ning of 
the E3a subzone, and in the fol low ing E3b subzone it reaches
its max i mum val ues, lo cally ex ceed ing 70% (Kupryjanowicz et
al., 2018d).

Like oak, ash also reached its max i mum val ues of up to 5%
in the E3b subzone in pro file St-19, as also seen on isopollen
maps. Com mon ash en croached onto the ter ri tory of Po land
from the south, and its strong ex pan sion oc curred in the E3b
subzone from the south-east (Ko³aczek et al., 2018a).

The pres ence of V. al bum in the E3 RPAZ sug gests mild
win ters, and I. aquifolium ad di tion ally points to mean tem per a -
tures in Jan u ary of ~~0°C and in July of +16°C (Iversen, 1944).
This ad di tion ally shows a cli mate with more oce anic prop er ties.
At the end of the E3 RPAZ, pol len di a grams from the ana lysed
sites be gin to show a higher share of ha zel. On isopollen maps
(Kupryjanowicz et al., 2018b), the share in the E3b subzone
reached up to 15% in the cen tral and south ern parts of Po land,
e.g. in Ustków (Ko³aczek et al., 2012).

In pol len spec tra, the pres ence of Ligustrum vulgare cor rob -
o rates a warm and mild cli mate (Œrodoñ, 1989). More over, the
aquatic taxa Nuphar and N. ma rina point to an even higher
mean tem per a ture in July, reach ing up to +17°C (Mamakowa,
1997, af ter Granoszewski, 2003).

Pol len spec tra for the Struga and Parysów pro files re sem -
ble those of the re main ing sites on the Garwolin Plain. In pro -
files from Koz³ów (Pidek et al., 2021; Suchora et al., 2022),
¯abieniec (Pidek et al., 2022), and Jagodne (Bober et al.,
2021), the E3 RPAZ is char ac ter ised by max i mum shares of
Quercus and F. ex cel sior, as well as en croach ment of taxa of
con sec u tive suc ces sion stages re lated to the de vel op ment of
cli max for ests in val leys and drier hab i tats.

The E4 RPAZ is re lated to broad ex pan sion of Corylus.
Kupryjanowicz et al. (2018a) noted that isopollen maps doc u -
ment the ap pear ance of ha zel al ready in the Late Saalian and at 
the be gin ning of the inter gla cial. This is re lated to the oc cur -
rence of its ref uges in the north-west ern part of Eu rope, but its
proper in tro duc tion in the Eemian inter gla cial oc curred from the
south. A high share of Corylus in palynological di a grams sug -
gests that ha zel grew not only in the for est un der brush, but de -
vel oped ex pan sive ha zel thick ets. This is also cor rob o rated by
the eco log i cal re quire ments of Corylus avellana that show the
pref er ence of ha zel for growth in full sun, and not un der a can -
opy of other trees (Kupryjanowicz et al., 2018b). This im age of
Corylus on the Garwolin Plain ac cords with the re cord on
isopollen maps, sug gest ing max i mum shares of ha zel of ~70%
in sub-zone E4b RPAsZ (Kupryjanowicz et al., 2018b). Max i -
mum ex pan sion of Corylus de ter mines the be gin ning of the cli -
ma tic op ti mum of the inter gla cial.

Next to the ex pan sion of ha zel, an im por tant taxon from the
point of view of cli ma tic re con struc tions is Tilia. Both in pol len
and plant macrofossil data, at the Struga and Parysów sites,
more than one spe cies of lime tree was re corded. The oc cur -
rence of T. cordata, T. tomentosa, and T. platyphyllos was ob -
served, sug gest ing that the mean tem per a ture in Jan u ary was
in the range 0–5°C, and mean tem per a ture in July ex ceeded
+21°C (Mamakowa, 1989; Granoszewski, 2003).

Nuts of T. platyphyllos and T. tomentosa re corded at the
Hieronimowo site (Kupryjanowicz et al., 2018f) help de ter mine
the palaeotemperature. T. tomentosa cur rently oc curs on the
Bal kan Pen in sula (Kupryjanowicz et al., 2018b), which sug -
gests that in the E4 RPAZ, the mean July tem per a ture did not
fall be low +21°C, which is~2.3°C higher than the cur rent mean
tem per a ture in the re gion of ~+18.7°C (IMGW, 2022). Lime cul -
mi nates af ter the max i mum of ha zel. Its max i mum share in
palynological di a grams (12–20%) for the Struga and Parysów
sites oc curs in subzone E4c. This is in line with the pat tern of
ex pan sion of lime ac cord ing to the Eemian isopollen maps,
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show ing that its ex pan sion into Po land oc curred from the west,
and its cul mi na tion (25%) oc curs in subzone E4c RPAsZ
(Kupryjanowicz, et al., 2018). At of other sites, e.g. Koz³ów
(Suchora et al., 2022), ¯abieniec (Pidek et al., 2022) and
Jagodne (Bober et al., 2021) on the Garwolin Plain, lime
reaches its max i mum val ues in the older part of zone E4 RPAZ.

Sites on the Garwolin Plain cor re spond with vari ant “B1”,
where lime is in tro duced to for est as sem blages early and cul mi -
nates late, af ter the ha zel max i mum (Mamakowa, 1989). The
sit u a tion is re peated at other sites on the Garwolin Plain. Vari -
ant B1 is doc u mented by palynological di a grams from Koz³ów
(Pidek et al., 2021; Suchora et al., 2022), ¯abieniec (Pidek et
al., 2022), Jagodne (Bober et al., 2021; Pidek et al., 2022) and
Wola Starogrodzka (Kupryjanowicz et al., 2021).

In the pro files ana lysed, Alnus reaches its max i mum val ues
of 19.5–25.5% in the E4c subzone. This pat tern ac cords with
isopollen maps sug gest ing en croach ment of A. glutinosa into Po -
land from the north-west in the E4 RPAZ, and reach ing its max i -
mum val ues in subzone E4c (15–25%; Pidek et al., 2018a).

The fre quent oc cur rence at all the sites ana lysed of H. he lix, 
I. aquifolium and T. baccata in di cates oce anic cli ma tic con di -
tions. The max i mum ex pan sion of these  taxa is also seen on
isopollen maps (Kupryjanowicz et al., 2018a).

The E5 RPAZ is re lated to the C. betulus max i mum in for est
as sem blages. The palynological data from the Struga site sug -
gest that its cul mi na tion oc curred in the E5c subzone. In the
case of Parysów, horn beam cul mi nates in sub-zone E5b
RPAZ. Hence, there is no rep re sen ta tion of the up per part of the 
horn beam zone and the lower part of the spruce-fir zone (E6
RPAZ). For these sites, the C. betulus cul mi na tion reached
57–60%.

The pres ence among macrofossils of T. tomentosa and
T. platyphyllos fruits sug gests that min i mum tem per a ture of the
warm est month at the be gin ning of the horn beam phase were
still the same as in the pre vi ous ha zel phase. The cli mate was
very warm and hu mid, strongly oce anic, as sug gested by sev -
eral in di ca tor taxa (H. he lix, T. baccata, B. sempervirens,
Ligustrum vulgare and I. aquifolium). An in crease in to tal an nual 
pre cip i ta tion is in di cated by the grow ing share of pol len of
P. abies and the con stant pres ence of Abies alba pol len in the
youn ger part of the E5 RPAZ. Pol len di a grams from all sites
also sug gest a high share of ha zel.

Ac cord ing to the isopollen maps, the ex pan sion of
C. betulus in Po land is co her ent with that of horn beam and ha -
zel in the Eemian pol len di a grams from the Garwolin Plain.
Horn beam en croached from many di rec tions, and its proper mi -
gra tion be gan from the south-west in the E4b subzone. In sub -
se quent subzones, horn beam en croached from both the east
and west, and reached the max i mum val ues (up to 70%) in the
E5c subzone (Pidek et al., 2018b), whereas the high est val ues
were re corded in di a grams from the east and north-east Po -
land, e.g. Horoszki Du¿e (Granoszewski, 2003), Starowlany
(Kupryjanowicz, 2008) and Hieronimowo (Kupryjanowicz et al.,
2018f).

The per cent age shares of horn beam at the Struga and
Parysów sites are sim i lar to those de ter mined at other sites on
the Garwolin Plain. At Koz³ów in pro files K2-19 and K-0, the
share is 67.5% and 50%, re spec tively; at ¯abieniec ¯a-19 and
¯a-0, its share is ap prox i mately 40%, and in the Jagodne pro -
files Ja-19 and Ja-0 it is >50% (Hrynowiecka et al., 2020; Bober
et al., 2021; Pidek et al., 2021, 2022; Suchora et al., 2022).

Re sults from the sites ana lysed cor re spond with pre vi ous
opin ion that the end of the ha zel phase and be gin ning of the
horn beam phase were the warm est and most hu mid pe ri ods of
the Eemian inter gla cial.

In the E6 RPAZ, the con se quent in crease in the per cent age 
share of spruce and fir in palynological di a grams, with a si mul -
ta neous de crease in the per cent age share of the thus-far dom i -
nant de cid u ous trees, points to a much cooler pe riod. Strong
ex pan sion of co nif er ous trees in the E6a subzone, where Abies
alba cul mi nates first, fol lowed by P. abies in subzone E6b
RPAZS, ac cords with isopollen maps (Kupryjanowicz and
Granoszewski, 2018b). Proper in tro duc tion of fir into tree as -
sem blages be gan in the E5d subzone. It en croached from the
south-west through the Sudetes and the Moravian Gate, and
con sti tuted one of the pri mary for est-form ing trees in this part of
Po land, un like in the north-east ern part, where its share is low.
This taxon in Po land in the Eemian inter gla cial ex tended con -
sid er ably far ther north than cur rently (Obidowicz et al., 2004).
The max i mum share of fir was re corded in the Parysów
palynological di a gram Pa-19, reach ing 17.5%, sim i lar to those
at sites in cen tral Po land, e.g. Kaliska (Janczyk-Kopikowa,
1965; Miros³aw-Grabowska and Niska, 2007b), ¯abieniec
Po³udniowy (Majecka, 2014) and Babin (¯arski et al., 2018).

P. abies reached 70% in the Parysów Pa-19 di a gram. Such
a high share of spruce at Parysów sug gests a strong dom i -
nance of marshy spruce for ests and spruce-pine for ests, pre -
sum ably with an ad mix ture of fir. Sim i lar val ues were re corded
at sites such as Kontrowers on the ¯elechów Pla teau
(Kupryjanowicz et al., 2003) and Babin on the Radom Plain
(¯arski et al., 2018). Spruce, un like fir, en croached into Po land
from the north-east. Its con sid er able ex pan sion be gan in the
E5d subzone, and the max i mum val ues (30–35%) are re corded 
in the E6c subzone (Kupryjanowicz et al., 2018f).

Pol len spec tra sug gest, at least at the be gin ning of the
telocratic pe riod, an in crease in hu mid ity, but no de crease in
tem per a ture, be cause of the per sis tence of spe cies such as H.
he lix and I. aquifolium. Mean Jan u ary tem per a ture, based on
the oc cur rence of Abies alba, was prob a bly ap prox i mately –5°C 
(Mamakowa 1997, af ter Granoszewski, 2003). The pres ence of 
V. al bum and the re main ing in di ca tor taxa sug gest that even at
the end of the E6 RPAZ, mean tem per a ture in July did not fall
be low +17°C (com pare Iversen, 1944). The am pli tude of tem -
per a tures in creased be tween the warm est and cold est month,
point ing to a continentalisation of the cli mate.

In all the pro files ana lysed, zone E7 RPAZ was re corded, al -
though palynostratigraphic sub-zones could not be des ig nated.
Palynological di a grams from Struga and Parysów doc u ment
max i mum shares of P. sylvestris t., point ing to the trans for ma -
tion of de cid u ous for ests into var i ous types of co nif er ous for ests 
dom i nated by pine with an ad mix ture of spruce and fir, while in
hu mid ar eas as sem blages with spruce and al der oc curred. An
ex cep tion is the St-19 Struga pro file, where the de pos its are
dis turbed above sam ple 2.55 m. Within E7 RPAZ
Kupryjanowicz (2008), a cooler cli ma tic os cil la tion was iden ti -
fied dur ing which the sug gested mean tem per a tures of July and 
Jan u ary were +12°C and –20°C, re spec tively.

RECORD OF EEMIAN INTERGLACIAL IN THE PROFILES STUDIED
COMPARED WITH SOME EUROPEAN SITES

The Struga and Parysów (Garwolin Plain) pro files ana lysed
were plot ted against di vi sions of the Eemian inter gla cial at dif -
fer ent sites on the Eu ro pean Low lands.

PROTOCRATIC PERIOD OF EEMIAN INTERGLACIAL (E1-E2 RPAZS)

The wide spread dis tri bu tion of pi o neer birch and birch-pine
for ests at the be gin ning of the inter gla cial is re corded in all pol -
len di a grams from west ern to east ern Eu rope. Tree birch pol len
in the study sites is ~70–80%, sim i lar to Neubranden -
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burg-Hinterste Mühle in north east ern Ger many (Börner et al.,
2018) as in Belarus (Granoszewski et al., 2012), as shown by
the re gional pol len as sem blage zones.

In the Belarusian sites, the pres ence of Picea (P. obovata)
and Quercus is no ta ble. The pro por tion of spruce pol len
reaches 30%. Mean while, this spe cies in the Struga and
Parysów di a grams in the late gla cial and early inter gla cial is
mar ginal; these dif fer ences are due to the re gional pres ence of
Si be rian spruce in Belarus and the sig nif i cant share of Quercus, 
whose ex pan sion in the Eemian inter gla cial was from the east,
as il lus trated by isopollen maps (Kupryjanowicz et al., 2018d).

In the zone cor re lated with the E2 RPAZ in Belarus, where
pine stands have their nat u ral hab i tats, its high pro por tions, up
to 95%, gen er ally last lon ger. By con trast, at west ern Eu ro pean
sites, the pro por tion of P. sylvestris t. in the E2 RPAZ zone is
45–55%. In Ger man pro files, e.g. Beckentine (Hrynowiecka et

al., 2021) and Neubrandenburg-Hinterste Mühle (Börner et al.,
2018), and in pro files from Belarus (Granoszewski et al., 2012),
the Eemian suc ces sion in the E2 RPAZ zone is sim i lar and in di -
cates a warm ing cli mate and the en croach ment of elm. Turner’s 
(2002) scheme lacks a sep a rate dis tinc tion of the zone with a
high pro por tion of Ulmus (Ta ble 4), anal o gous to the E2 RPAZ,
and the in ter val with a higher elm pro por tion is in cluded in the
zone with the Quercus max i mum. Ulmus is also im por tant in in -
di cat ing the in creas ing tem per a ture of the warm est month,
which was not be low +16°C.

The in crease in tem per a ture and an nual pre cip i ta tion on the 
Garwolin Plain area pro ceeded steadily. This agrees with the
pat tern of cli mate change of the Eemian inter gla cial out lined  in
West ern Eu rope (Zagwijn, 1996; Aalbersberg and Litt, 1998),
in di cat ing a tem per a ture of the cold est month of ~–2°C for the
phase cor re lated with the E2 RPAZ and +16°C as the tem per a -
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T a  b l e  4

Po si tion of the lo cal pol len as sem blage zones from the Struga and Parysów (Garwolin Plain) sites com pared with Eemian
 inter gla cial sub di vi sion at var i ous sites on the Eu ro pean Low lands and their main for est-form ing tree com mu ni ties

1 – Grand Pile (de Beaulieu and Reille, 1992a), 2 – north ern Ger many (Turner, 2002), 3 – Bispingen (Lauterbach et al., 2012), 4 – Garwolin
Plain, 5 – Mamakowa (1989), 6 – Belarus (Savchenko and Rylova, 2001)
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ture of the warm est month. Rapid dis ap pear ance of the ice
sheet at the on set of the Eemian has been pos tu lated (Zagwijn,
1983), prob a bly re lated to a ma rine trans gres sion in the Bal tic
Sea ba sin (Makowska, 2009) and more widely. Govin et al.
(2015), when an a lyz ing cli mate con di tions of the be gin ning of
the Eemian, in ferred strong bo real sum mer in so la tion and an in -
crease in global mean sea level, up to 5–10 m above pres -
ent-day.

MESOCRATIC PERIOD OF EEMIAN INTERGLACIAL (E3-E5 RPAZS)

The E3 RPAZ zone is marked by the ab so lute dom i nance of 
oak and the ex pan sion of ash and elm. The pro por tion of
Quercus, over 65% in the Parysów Pa-19 pro file (Fig. 7), is sig -
nif i cantly higher than those re corded in north ern Ger many,
France and the Belarusian sites. In con trast, the pro por tion of
elm and ash var ies from site to site. Per haps the dif fer ing pol len
per cent ages of these ri par ian trees was re lated to the lo cal
spread of these com mu ni ties in river val leys.

At the tran si tion be tween E2 and E3 of the RPAZs, there is a 
sharp in crease in the tem per a ture of the cool est month (to
~+1.5°C), ac com pa nied by a slightly smaller in crease in the
tem per a ture of the warm est month and an in crease in an nual
pre cip i ta tion. These phe nom ena are ob served in data for Po -
land, in syn thetic stud ies for West ern Eu rope (Zagwijn, 1996;
Aalbersberg and Litt, 1998), and in Brewer et al. (2008), based
on cli mate re con struc tions from 17 sites across the Eu ro pean
con ti nent. Sig nif i cant changes in the mean tem per a ture of the
cold est month caused sub se quent change in sea son al ity with a
weak en ing of the sea sonal con trast.

In the ha zel phase of the E4 RPAZ, dis tin guished by a high
pro por tion of Corylus pol len (up to 70%), yew also plays an im -
por tant role. The long-term pres ence of T. baccata in for est
com mu ni ties in di cates the fa vour able mois ture con di tions pre -
vail ing dur ing the op ti mum of the Eemian inter gla cial (Król,
1975), and is also an im por tant el e ment of palynological di a -
grams in West ern Eu rope. This is ex pressed in the names of
pol len zones e.g.: Corylus-Taxus-Tilia in north ern Ger many
(Turner, 2002) and Corylus-Quercus-Taxus in the Grande Pile
di a gram in France (de Beaulieu and Reille, 1992a). Its pres -
ence at the sites stud ied (Ta ble 4), reach ing up to 3.2% in the
Struga St-19 pro file (Fig. 3), sug gests the in flu ence of a hu mid
oce anic cli mate, which sit u ates the Garwolin Plain re gion in the
tran si tion zone be tween a cli mate with con ti nen tal char ac ter is -
tics to wards the east, hav ing lower win ter pe riod tem per a tures
(Kupryjanowicz, 2008) and oce anic con di tions to wards the
west. Dur ing the E4 RPAZ the hu mid cli mate helped form the
high est wa ter level of the palaeolakes. This is con sis tent with
ear lier find ings from cen tral Po land in clud ing Studzieniec
(Miros³aw-Grabowska and Niska, 2007a) and oth ers an a lyzed
by Ro man et al., (2021). Si mul ta neously with Corylus, Tilia ap -
pears (in the range 10–25%). The lower value of this range cor -
re sponds to the per cent ages of lime pol len in pro files from
West ern Eu rope (e.g., 14% in Neubrandenburg-Hinterste
Mühle, 10% in Bispingen and 7.2% in Beckentine). Mean while,
in Belarusian sites, lin den reaches 55.8% (Granoszewski et al.,
2012), ac cord ing with Eemian lime mi gra tion from the
north-east (Kupryjanowicz et al., 2018e).

In the E5 RPAZ, the horn beam max i mum in the di a grams
from the sites stud ied is about 65% (Fig. 5). The share of horn -
beam in the Beckentine pro file was 45% (Hrynowiecka et al.,
2021) and at the Belarusian site Svetlogorsk (Hurseviè et al.,
1995 af ter: Granoszewski et al., 2012) over 80%. Grano -
szewski et al., (2012) states that horn beam main tains high val -

ues in palynological di a grams from Belarus much lon ger than in 
Po land. This has to do, prob a bly, with horn beam refugia likely
be ing lo cated in this part of Eu rope, as isopollen maps also sug -
gest. In ad di tion, fir and yew are ab sent from the Belarusian di a -
grams. A com par i son of the abun dance of trees such as Taxus, 
Tilia and Carpinus, which were im por tant for est com po nents of
the Eemian op ti mum, shows a sig nif i cant de crease in the mois -
ture gra di ent to wards the east in the low lands of north ern Eu -
rope, fa vour ing the spread of com mu ni ties with lin den and horn -
beam to wards the east, while the higher pro por tions of yew and
fir were re stricted to west ern ar eas. This is re flected in the
names of the zones, e.g. at Grand Pile (de Beaulieu and Reille,
1992a), in the zone cor re spond ing to E5 RPAZ, a subzone was
sep a rated with both yew Corylus-Quercus-Taxus and fir
Abies-Carpinus (Ta ble 4). How ever, there was also an in ferred
re duc tion in an nual pre cip i ta tion. Cheddadi et al. (1998) sug -
gested that at the be gin ning of the horn beam phase, both the
tem per a ture of the win ter pe riod (win ter months) and the pre -
cip i ta tion de creased sig nif i cantly, the lat ter by ~200–300 mm
per year.

TELOCRATIC PERIOD OF EEMIAN INTERGLACIAL (E6-E7 RPAZS)

In the E6 RPAZ, for est com mu ni ties with Abies alba were
widely dis trib uted dur ing the telocratic pe riod of the Eemian
inter gla cial. Fir pol len reaches 17.5% on the Garwolin Plain
(Parysów Pa-19; Fig. 7). Sim i larly to Taxus, Abies is ab sent
from Belarusian sites, whereas in north-east ern Ger many it is
an im por tant com po nent at a level de scribed as Pinus-
Picea-Abies (Turner, 2002; Kühl and Litt, 2003). The wet ness
of the cli mate is in di cated in the E6 RPAZ also, by the sig nif i -
cant pro por tion of spruce, with per cent ages of 70% at the
Parysów site (Parysów Pa-19; Fig. 7). Again, this in di cates the
strong W-E mois ture gra di ent in the Eu ro pean low lands. The
Garwolin Plain falls in the mid dle part of this gra di ent.

Con clu sions from palaeo eco logi cal stud ies on the Garwolin
Plain con cur with cli mate re con struc tions for the spruce-fir
phase of the Eemian in Po land and west ern Eu rope. At that
time, a de crease in the tem per a ture of the cold est and warm est
month and a de crease in an nual pre cip i ta tion were re corded
(Granoszewski, 2003; Kupryjanowicz, 2008; Ko³aczek et al.,
2016; Pidek et al., 2021). Our data are in line with ear lier sug -
ges tions that there  was greater de crease of win ter than sum -
mer tem per a tures, lead ing to sea son al ity in crease and the in -
ferred re turn to a more con ti nen tal cli mate (Cheddadi et al.,
1998; Rioul et al., 2001; Klotz et al., 2003; Sánchez-Goñi et al.,
2005). How ever, Brewer et al. (2008) note that these changes
seemed to have been re stricted to north ern Eu rope, with only
slight change in the south.

In the E7 RPAZ, Granoszewski et al. (2012) in di cate that in
Belarus, as in Po land, very high pol len shares of P. sylvestris t.
up to 99% are re corded, and the share of P. abies is >22%, with
a lower share of Abies up to 1.4%. They note the oc cur rence of
a lo cal pol len zone at some Belarusian sites with a sig nif i cant
pro por tion of birch, >80%, be fore the pine suc ces sion.

CONCLUSIONS

The re cord of veg e ta tion in palynological and plant
macrofossil di a grams from the Struga and Parysów sites is typ i -
cal of the Eemian inter gla cial and fully com pa ra ble with other
Eemian sites from Po land, as well as from east ern and west ern
Eu rope.
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The Struga re cord shows the veg e ta tion de vel op ment from
the Late Saalian, through the ini tial zones of the Eemian inter -
gla cial (E1 and E2 RPAZs), fol lowed by the cli mate op ti mum
(E3, E4, and E5 RPAZs), to the telocratic phase of the inter gla -
cial (E6 and E7 RPAZs).

The warm est phase was the end of the ha zel phase (E4
RPAZ) and the be gin ning of the horn beam phase (E5 RPAZ)
with mean tem per a ture in July of at least +21°C, and mean tem -
per a ture in Jan u ary >0°C. The re con struc tion of these val ues is
pri mar ily based on the pres ence of T. tomentosa and Viscum
al bum, and Hedera he lix and Ilex aquifolium, re spec tively. This
agrees with tem per a tures in ferred for the Eemian inter gla cial in
cen tral Po land. The oce anic char ac ter of the cli mate pos tu lated 
by other au thors is cor rob o rated.

The best ex pressed cli mate changes are in the youn ger/up -
per/top part of the horn beam phase (E5 RPAZ), par tic u larly well 
doc u mented in pol len di a grams from Struga. These ac com pa -
nied an in crease in cli mate continentality caused by de creases
in mean win ter tem per a ture and in pre cip i ta tion. A de crease in
lake level (Struga) was also re corded, while in the Parysów
palaeolake, pauses in sed i men ta tion oc curred. These Eemian
sites there fore join a long list of palaeolakes with dis tur bances

re corded from the end of the horn beam phase, pre sum ably
caused by lo cal geo log i cal/geomorphological fac tors and
supraregional cli ma tic fac tors.

The Struga G-120 pol len di a gram con trib utes new data re -
gard ing the stadial-interstadial cli mate os cil la tion pre ced ing the
protocratic pe riod of the Eemian. The os cil la tion shows fea tures 
sim i lar to those re cently de scribed by Kupryjanowicz et al.
(2021) cor re lated with the Zeifen interstadial and Kattegat
stadial.

Palynological data from the Garwolin Plain may be  com -
pared with pro files an a lyzed at high res o lu tion from east ern and
west ern Eu rope,  with many in di ca tor plants cor rob o rat ing the
in ter me di ate char ac ter of the cli mate be tween the oce anic west
of Po land and the con ti nen tal con di tions in the north-east and
be yond the east ern bor der.
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APPENDIX 1 

 

Table I. Description of the Local Pollen Assemblage Zones (LPAZs) of the St-19 core 

 

L PAZ 
number 

L PAZ 
name 

Numbers 
samples 

[m] 
Zone Characteristics 

St-19 1 
Pinus-
NAP 

9.00–8.95 

Low frequency of sporomorphs. Share of pollen of Pinus sylvestris t. about 57.5% and 
Betula undiff. ~33%. Pollen of other trees appears sporadically. Salix undiff., Salix 
pentandra and Juniperus communis together ~1.5%, Calluna vulgaris pollen grains occur 
singly. In this zone, there is a maximum NAP for the whole profile - 17.3%, including 
mainly: Artemisia (3%), Poaceae undiff. (8%), Cyperaceae undiff. (3%) and 
Amaranthaceae (2%). The presence of Filipendula pollen grains is noteworthy. Among the 
pollen of rush plants, Sparganium t. and Typha latifolia appear (~0.5% each). Aquatic 
plants are represented by Nuphar pollen, Nymphaeaceae trichosclerides and 
Ceratophyllum trichosclerides. The proportion of Musci spores ~7%. Pediastrum and 
Botryococcus cenobia are present. The upper limit of the zone was set at a decrease in the 
proportion of NAP and an increase in Pinus sylvestris t.. 

St-19 2 
Pinus-
Betula 

8.90–8.55 

The sporomorph frequency increases and remains high up to the ceiling of the profile. At 
the beginning of the zone Pinus sylvestris t. reaches a maximum in the whole profile - 
72%, then the proportion of Betula undiff. increases to ~42%. Single pollen grains of Picea 
abies, Quercus and Ulmus are often found. Pollen of other woody taxa appears 
sporadically (Tilia cordata, Alnus). The proportion of Salix undiff. and Juniperus communis 
is continuous respectively: 0.8% and 1.7%, single pollen grains of Betula nana t. were 
recorded. Still high shares of NAP ~8% mainly: Artemisia (3.3%), Poaceae undiff. (3.5%), 
Cyperaceae undiff. (3.5%), Amaranthaceae (1.3%) and also Anthemis t. and Gypsophila 
fastigiata. There is a continuous curve of Filipendula contribution with low values. Among 
the pollen of rush plants, Sparganium t. and Typha latifolia appear. Aquatic plants are 
represented by Nuphar pollen, Nymphaeaceae trichosclerides, and Ceratophyllum 
trichosclerides. The proportion of Musci spores ~9% and a continuous percentage curve of 
Filicales monolete appears. Pediastrum and Botryococcus are present. Tetraedron is 
occasionally recorded. The upper limit of the zone was set by a sharp increase in the 
proportion of Betula undiff. and a concomitant decrease in Pinus sylvestris t.  

St-19 3 
Betula-
Pinus 

8.50–8.30 

The pollen value of Pinus sylvestris t. decreases and ranges from 24% to ~32%, while the 
proportion of Betula undiff. increases. and reaches a maximum in the whole profile of 71%. 
Quercus and Ulmus reach 4.5% and 1.5% respectively. Single pollen grains of Fraxinus 
excelsior, Taxus baccata, Corylus and Picea abies were recorded. The present continuous 
curve of Salix undiff. and single pollen grains of Salix pentandra t., Juniperus communis 
reaches a maximum throughout the profile of 2%. The proportion of NAP drops to ~11.1% 
including Artemisia (1.2%), Poaceae undiff. (5.5%), Cyperaceae undiff. (4.5%) and 
Amaranthaceae (1.5%). Apiaceae, Anthemis t., and Urtica occur as single pollen grains. 
Among the pollen of rush plants, Sparganium t. appears, aquatic plants are represented by 
Nuphar pollen, Nymphaeaceae trichosclerides and Ceratophyllum trichosclerides. There is 
an increase in the proportion of Filicales monolete spores to 4.6% and a decrease in the 
proportion of Musci to 3%. A continuous percentage curve of Pediastrum is present. The 
upper limit of the zone was placed on an increase in Pinus sylvestris t. and Ulmus and 
Quercus, as well as a decrease in the percentage of Betula undiff. and a significant 
decrease in the percentages of Artemisia.  

St-19 4 
Pinus-
Betula-
Ulmus 

8.25–7.85 

An increase in the pollen percentage of Pinus sylvestris t. to ~45% at the same time as a 
decrease in Betula undiff. to ~37%. Quercus and Ulmus pollen curves reach 3.3% and 
3.5% respectively. Fraxinus excelsior values form a continuous low percentage curve. 
Alnus, Taxus baccata and Picea abies appear sporadically. The maximum in the whole 
profile is reached by Salix undiff. 1.4 per cent, pollen of Salix pentandra t. is still present, 
while the proportions of Juniperus communis decrease. Humulus lupulus and Hippophaë 
rhamnoides occur as single pollen grains. The share of NAP drops to 7% in which the main 
shares are, Poaceae undiff., Elymus t., Cyperaceae undiff., Artemisia, Amaranthaceae and 
Apiaceae. Single pollen grains of Anthemis t., Gypsophilia fastigiata, Cichoriaceae, 
Potentilla, Filipendula and Rumex acetosa t. are noted. Among the pollen of rush plants, 
Phragmites australis t., Sparganium t. and Typha latifolia appear. Aquatic plants are 
represented by sporadic Potamogeton pollen, Nuphar pollen and increasing proportions of 
Nymphaeaceae trichosclereids, and Ceratophyllum trichomes. Spores of Pteridium 
aquilinum appear singly. There is an increase in the proportion of spores of Filicales 
monolete ~5%, a decrease in the proportion of Musci to 1% and a slight decrease in the 
proportion of Pediastrum. In the younger part of the zone, the number of Botryococcus and 
Tetraedron increases. The upper boundary of the zone was set by a sharp increase in the 
proportion of Quercus, Ulmus and Fraxinus excelsior with a simultaneous decrease in 
NAP, Pinus sylvestris t. and Betula undiff.  

St-19 5 
Quercus-
Ulmus-
Pinus 

7.80–7.50 

The pollen share of Quercus rises sharply to 50%, while the values of Ulmus (3.5%) and 
Fraxinus excelsior (6.3%) also increase. At the same time, the percentage share of Betula 
undiff. decreases to ~12% and Pinus sylvestris t. to ~20%. The beginning of a continuous 
low percentage curve of Corylus and Alnus and single pollen grains of Picea abies, 
Carpinus betulus, Taxus baccata, Hedera helix and Ilex aquifolium are recorded. Pollen 
grains of Humulus lupulus, Juniperus communis and Salix undiff. and Salix pentandra t. 
NAP value drops to ~4.5% including mainly Artemisia, Poaceae undiff. and Cyperaceae 
undiff., a continuous percentage curve of Amaranthaceae persists. The remaining 



herbaceous plants Apiaceae, Anthemis t., Ligustrum vulgare, Gypsophilia fastigiata, 
Potentilla t., Filipendula and Rumex acetosa t. appear as single pollen grains. Among the 
pollen of rush plants are Phragmites australis t., Sparganium t. and Typha latifolia. Aquatic 
plants are represented by Nuphar and Potamogeton pollen, Nymphaeaceae 
trichosclerides and a significant proportion of Ceratophyllum trichomes. At the end of the 
zone, Pteridium aquilinum values increase significantly. Spores of Filicales monolete 
(2.7%), Musci (2.8%) and Pediastrum cenobia are present. A high proportion of Tetraedron 
and Botryococcus was also recorded. The upper limit of the zone was placed on the 
growth of Quercus, Ulmus and Fraxinus excelsior at the beginning of the growth curve of 
Corylus and with the simultaneous decrease of Pinus sylvestris t., Betula undiff. and NAP. 

St-19 6 
Quercus- 

Ulmus 
 

7.45–7.20 

The percentage of Quercus increases to 63% of the maximum throughout the profile and 
Ulmus also reaches its maximum throughout the profile to 6.5%. The proportion of 
Fraxinus excelsior decreases slightly to ~5%. The percentage of Corylus increases to 
12.5% and a continuous low percentage curve of Alnus is also present. Populus, Carpinus 
betulus, Picea abies, Taxus baccata, Acer, Hedera helix, Viscum album and Humulus 
lupulus occur sporadically. The percentage of Pinus sylvestris t. to ~15.5% and Betula 
undiff. to ~1.6% decreases. A low proportion of NAP; mainly Artemisia, Poaceae undiff. 
And Cyperaceae undiff. Reach 0.4%, 2.3% and 3% respectively. Other herbaceous plants 
occur as single pollen grains: Amaranthaceae, Cladium mariscus, Aster t., Anthemis t., 
Ligustrum vulgare and Urtica. The rush plants are represented by pollen of Sparganium t. 
and Phragmites australis t. The aquatic plants are represented by pollen of Myriophyllum 
spicatum, Nymphaea alba and Ceratophyllum trichinis. The proportion of Nymphaeaceae 
trichospecies decreased from the previous zone, while Botryococcus and Tetraedron 
reached their maximum values throughout the profile at 26% and 37.5%, respectively. The 
proportion of Filicales monolete and Musci spores similar to the previous zone. Pediastrum 
cenobia are present. The upper limit of the zone was set by a sharp decrease in the 
percentages of Quercus and a simultaneous increase in Corylus. At the same time, the 
percentage of Poaceae undiff., Cyperaceae undiff. Drops. And the Amaranthaceae curve 
disappears completely.  

St-19 7 
Quercus-
Corylus-
Fraxinus 

7.15–7.00 

The proportion of Corylus increases sharply to 58% at the same time as the proportion of 
Quercus decreases to 23.5%. Fraxinus excelsior reaches its maximum in the entire profile 
– 6.5%. The shares of Pinus sylvestris t. and Betula undiff. Remain very low to a few 
percent. A continuous low percentage curve of Alnus and Taxus baccata. Single pollen 
grains of Populus, Picea abies, Hedera helix, Ilex aquifolium, Viburnum t. and Humulus 
lupulus. The percentages of Artemisia, Poaceae undiff. And Cyperaceae undiff. Do not 
exceed 1.5%. The rush plants are represented by pollen of Sparganium t., Phragmites 
australis t. and Typha latifolia. The aquatic plants are represented by pollen of Stratiotes 
aloides, Potamogeton and Nuphar, as well as trichoscleraceae Nymphaeaceae and 
Ceratophyllum trichosclerides. The proportion of Filicales monolete decreases to 0.5 %, 
and the presence of Musci and Pteridium aquilinum spores is noted. Pediastrum cenobia 
are present. Among algae, the proportion of Botryococcus and Tetraedron decreases. The 
upper limit of the zone was set by a sharp decline in Quercus and Fraxinus excelsior and a 
simultaneous increase in Corylus, Alnus and the appearance of a continuous curve of Tilia 
(including Tilia cordata, T. platyphyllos, T. tomentosa and Tilia undiff.) with its rapidly 
increasing proportions.  

St-19 8 Corylus 6.95–6.45 

Corylus pollen reaches a maximum in the profile - 71%. An increase in the value of Alnus 
(11%) occurs and very quickly the percentage of Tilia pollen increases to ~7% (including T. 
cordata, T. platyphyllos, T.tomentosa, and Tilia undiff.) and Carpinus betulus (2%). The 
percentage of Taxus baccata increases to 2.3%, while the percentage of Quercus 
decreases to 5%. Populus, Acer, Hedera helix, Viscum album, Ligustrum vulgare, Ilex 
aquifolium and Humulus lupulus pollen are sporadic. There is a low percentage of 
Artemisia (0.5%), Poaceae undiff. (1%) and Cyperaceae undiff. (3%). Other herbaceous 
plants appear sporadically as single pollen grains: Amaranthaceae, Apiaceae, 
Cichoriaceae undiff., Filipendula and Rumex acetosa t. The rush plants are represented by 
the pollen of Sparganium t. Aquatic plants are represented by Potamogeton pollen, 
Nymphaea candida, Nymphaeaceae trichosclerides and Ceratophyllum trichinellae. Single 
spores of Filicales monolete and Musci of ~3% each were recorded. There was a low 
proportion of Pediastrum (3.5%) and Botryococcus (5%) and still a significant proportion of 
Tetraedron (15.5%). The upper limit of the zone was set by an increase in the percentage 
of Tilia, Alnus and the appearance of a continuous curve of Carpinus betulus with its 
rapidly increasing shares and a simultaneous decrease in Corylus. 

St-19 9 
Taxus- 
Alnus- 
Tilia 

6.40–6.00 

At the beginning of the zone, Alnus ~22% and Taxus baccata ~3.2% reach maximum 
shares throughout the profile, while in the younger part of the zone Tilia 13% (including T. 
cordata, T. platyphyllos, T. tomentosa and Tilia undiff.) reaches maximum values. An 
increasing proportion of Carpinus betulus (11.5%) is also recorded. The proportion of 
Corylus pollen is stable at ~45%, while the percentage of Quercus decreases to 5.5%. 
Pollen grains of Picea abies, Acer, Hedera helix, Viscum album, Ligustrum vulgare, Ilex 
aquifolium, Buxus sempervirens appear frequently. A continuous curve of Humulus lupulus 
is still present. NAP value at the lowest zone throughout the profile, notable for single 
pollen grains of Anthemis t., Thalictrum, Filipendula, Rumex acetosa and Urtica. The rush 
plants are represented by pollen of Phragmites australis t., Sparganium t. and Typha 
latifolia. Among aquatic plants there is pollen of Potamogeton, Nymphaea alba a significant 
proportion of Nymphaeaceae trichosclereids and Ceratophyllum trichosclerides. The 
increase in the proportion of Musci to 10.5% is noteworthy. The spores of Filicales 
monolete and the cenobia Pediastrum, Botryococcus are present and in individual samples 
the proportion of Tetraedron increases to 31%. The upper limit of the zone was placed on 
a significant increase in the percentage of Carpinus betulus pollen.  

St-19 10 
Corylus- 
Carpinus 

5.95–5.55 
Carpinus betulus pollen percentage increases to 30%. The share of Tilia (including T. 
cordata, T. platyphyllos, T. tomentosa and Tilia undiff.) at a constant of ~4%, Alnus ~18% 



and Corylus ~40%. The proportion of Quercus does not exceed 6%. Taxus baccata, 
Ulmus, Fraxinus excelsior in the form of low percentage curves of 1.5%, 2.5% and 1.5% 
respectively. Picea abies pollen grains are frequently present. Acer, Hedera helix, Viscum 
album, Buxus sempervirens, Ilex aquifolium, Viburnum, Fragnula alnus and Humulus 
lupulus are present as individual pollen grains. The proportion of NAP analogous to the 
previous zone, the presence of pollen grains of Anthemis t., Stellaria holostea and 
Filipendula is noteworthy. Among the rush plants, pollen of Sparganium t., Typha latifolia 
and Menyanthes trifoliata is present. Aquatic plants are represented by Nymphaeaceae 
trichosclerides and Ceratophyllum trichosclerides. The spores of Filicales monolete (3%) 
and Musci (6%) and the cenobia Pediastrum, Botryococcus and Tetraedron are present. 
The upper limit of the zone was set by a rapid increase in Carpinus betulus and a further 
decrease in Quercus, Corylus and Tilia. 

St-19 11 
Carpinus-
Corylus-

Tilia 
5.50–4.90 

A further increase in the percentage of Carpinus betulus to 52.5%. Corylus, Alnus and Tilia 
(including Tilia cordata, Tilia platyphyllos, Tilia tomentosa and Tilia undiff.) hold steady at 
25%, 18% and 4% respectively. Shares of Quercus, Ulmus and Fraxinus excelsior similar 
to the previous zone. A continuous low percentage curve of Taxus baccata and also pollen 
of Picea abies, Acer, Hedera helix, Viscum album, Buxus sempervirens, Ligustrum 
vulgare, Ilex aquifolium and Viburnum are present. Pollen grains, Calluna vulgaris and 
Humulus lupulus are common. The low proportion of NAP (1%) is highlighted by Anthemis 
t., Thalictrum, Rumex acetosa t. and Urtica. The rush plants are represented by pollen of 
Phragmites australis t., Sparganium t., Typha latifolia and Menyanthes trifoliata and among 
the aquatic vegetation, pollen of Stratiotes aloides, Potamogeton, Nuphar, a significant 
proportion of Nymphaeaceae trichoscleraceae (23.5%) and Ceratophyllum trichosclerides 
are present. Spores of Filicales monolete occur infrequently, as do Musci. Pediastrum 
cenobia and Botryococcus and Tetraedron are present. The upper limit of the zone was 
placed at the further growth of Carpinus betulus and the further decline of Corylus.  

St-19 12 
Carpinus- 
Corylus 

4.85–4.45 

A further increase in Carpinus betulus to 56% was recorded. Corylus, Alnus and Tilia (total: 
T. cordata, T. platyphyllos, T. tomentosa and Tilia undiff.) remain stable at 25%, 16% and 
4% respectively. Low percentages of Quercus, Ulmus, Fraxinus excelsior. Picea abies, 
Taxus baccata, Acer, Hedera helix, Viscum album and Buxus sempervirens occur 
frequently as does Humulus lupulus. A low proportion of NAP, similarly to the previous 
zone; attention is drawn to single pollen grains of Aster t. and Filipendula. The rush plants 
are represented by pollen of Phragmites australis t., Sparganium t. and Typha latifolia. 
Among the aquatic plant taxa, the frequent presence of Salvinia natans microsporangium 
tissue and Nymphaea alba pollen, a significant proportion of Nymphaeaceae 
trichosclereids (23%) and Ceratophyllum trichosclereides are noteworthy. In the older part 
of the zone, a significant proportion of Filicales monolete spores ~9% was recorded as was 
Musci. The proportion of Pediastrum and Botryococcus algal colonies is very low 
throughout the zone. The upper limit of the zone was placed on a further increase in 
Carpinus betulus and a further decrease in Quercus and Corylus. 

St-19 13 Carpinus 4.40–3.45 

Carpinus betulus reaches maximum values of 63.5% throughout the profile and Picea 
abies forms a continuous percentage curve of ~2%. The proportion of Corylus decreases 
to ~22% and Alnus to ~13%. Low percentages of Quercus, Ulmus and Fraxinus excelsior. 
Share of Taxus baccata as in the previous zone. Share of Tilia (total) ~5%. Acer, Hedera 
helix, Ligustrum vulgare and Viscum album pollen and single pollen grains, Buxus 
sempervirens and Ilex aquifolium are constantly present. NAP taxa appear infrequently, 
with Aster t., Anthemis t. and Filipendula drawing attention. As in the previous zone, the 
rush vegetation is represented by the occasional appearance of pollen grains of 
Sparganium t., Phragmites australis t. and Typha latifolia. Among the aquatic plant taxa, 
tissues of Salvinia natans microsporangium, Nuphar pollen, Nymphaea alba, a significant 
proportion of Nymphaeaceae trichosclereids and Ceratophyllum hairs are still present. 
Spores of Filicales monolete, Pteridium aquilinum, Botrychium, Sphagnum and Musci are 
present. Again, Pediastrum and Botryococcus cenobia are present after a break. The 
upper limit of the zone was set by a significant decrease in the percentage of Carpinus 
betulus, Tilia, Quercus and at the same time an increase in Picea abies. 

St-19 14 
Carpinus-

Picea 
3.40–3.10 

The proportion of Carpinus betulus pollen falls to ~40% at the same time as the proportion 
of Picea abies increases to 9.5%. The proportion of Corylus initially rises to 26% and then 
falls to 18% in the younger part of the zone, the proportion of Alnus between 15 and 19%. 
Pollen of the other trees Quercus, Ulmus, Fraxinus excelsior and Tilia below 1%. Pollen of 
Taxus baccata, Hedera helix, Viscum album and Ilex aquifolium is common. The 
proportion of NAP taxa remains low, with pollen grains of Poaceae undiff. occurring singly. 
The rush vegetation is represented by Sparganium t. and Phragmites australis t.. Aquatic 
vegetation is represented by Nymphaeaceae trichosclerides at a lower proportion than in 
the previous zone of ~4% and Ceratophyllum trichosclerides. Filicales monolete spores 
appear infrequently. A low proportion of Musci ~4%. Pediastrum cenobia and 
Botryococcus appear in small numbers. The upper limit of the zone was placed on the 
further growth of Picea abies and at the same time on the decline of Corylus, Tilia and 
Fraxinus excelsior.  

St-19 15 
Picea-
Abies 

3.05–2.85 

The percentage of Picea abies increases to 25% and Abies alba reaches a maximum 
throughout the profile of ~7.5% in the 290 cm sample. The proportion of Carpinus betulus 
drops sharply in the younger part of the zone to ~32%. Alnus share at a constant 
averaging 16%. Pollen of all thermophilous taxa and Corylus disappears. Among the NAP 
taxa, an increased proportion of Cyperaceae undiff. and Poaceae undiff. Among the pollen 
of rush plants, Phragmites australis t., Sparganium t. and Typha latifolia are represented. 
The aquatic vegetation is represented by the trichoscale Nymphaeaceae (18%) and a 
significant proportion of Musci (24%) and again high values of Pediastrum and Tetraedron. 
The upper limit of the zone was set by a further increase in Picea abies and Abies alba and 
at the same time a slight decrease in the percentage of Carpinus betulus, the pollen of the 
other trees remains at a similar zone, with the exception of Ulmus, which is rarely 



encountered. Musci spores and Nymphaeaceae trichosclerides are again more common.  

St-19 16 Picea 2.80–2.70 

The maximum share of Picea abies in the entire profile at 36%, at the same time the 
increase of Pinus sylvestris t. to 39% and Betula to 6.6%. Low percentages of Carpinus 
betulus and Alnus remains at 12% and 11.5% respectively. Among NAPs, the proportion of 
Cyperaceae undiff. increases slightly, and the presence of Calluna vulgaris draws 
attention. The composition of the rush plants is similar to the previous zone. Aquatic plants 
are represented by Nuphar pollen, a significant proportion of Nymphaeaceae 
trichosclereids (18%) and Ceratophyllum hairs. Spores of Filicales monolete (4%) and 
Pteridium aquilinum are present. The maximum proportion in the whole profile is reached 
by Musci ~47%. There is a significant proportion of Pediastrum (20%) and Tetraedron 
(25%), with Botryococcus cenobia also present. The upper limit of the zone was set on a 
further increase after a temporary decrease in Pinus sylvestris t. and Betula undiff. and on 
a decrease in Picea abies and disappearance of the percentage curve of Abies alba.  

St-19 17 Pinus 2.65–2.60 

Pinus sylvestris t. pollen values increase to 54%, Betula to 5% and Picea abies to 14%. 
The presence of Fagus sylvatica pollen grains is notable. Corylus, Alnus and Carpinus 
betulus have very low values and Ulmus, Quercus, Fraxinus excelsior, Tilia, and Abies 
alba are noted as single pollen grains. Sporadic occurrences of Juniperus communis, Salix 
undiff. and Calluna vulgaris. NAP taxa (2%) include Poaceae undiff., Cyperaceae undiff., 
Anthemis t. Gypsophilia fastigiata, Apiaceae and Filipendula. Aquatic vegetation is 
represented by Nuphar pollen and Nymphaeaceae trichosclerides. Spores of Filicales 
monolete, Equisetum and Pteridium aquifolium are present. There is a significant 
percentage of Musci spores ~30%. Pediastrum and Botryococcus cenobia are present. 
The upper limit was placed at the rapid decline of Pinus sylvestris t. and the renewed 
growth of Carpinus betulus, Alnus, Corylus, Quercus, Picea abies and Abies alba.  

St-19 18 
Disturbed 

zone 
2.55–2.10 

This zone is considered disturbed and has therefore not been subject to description. 

 

Table II. Description of the Local Pollen Assemblage Zones (LPAZs) of the G-120 core 

 

L PAZ 
number 

L PAZ 
name 

Sample 
numbers 

[m] 
Zone characteristics 

G-120 1 
NAP-
Pinus 

6.51–6.47 

Low frequency of sporomorphs. Significant proportion of Pinus sylvestris t. 65.5% and 
Betula 20%. Continuous curve of Juniperus communis present. Maximum proportion of 
NAP throughout the profile 22.8% mainly Artemisia, Poaceae undiff. and Cyperaceae 
respectively: 8%, 11% i 8%. Single pollen grains of Amaranthaceae and Filipendula 
are present. The rush vegetation is represented by single grains of Sparganium t. 
Aquatic vegetation is represented by Nuphar pollen, Nymphaeaceae trichosclerides 
and Ceratophyllum trichosclerides. A proportion of Musci spores up to 9.5% and 
Pediastrum and Botryococcus cenobia were recorded. The upper limit of the zone was 
set by an increase in Pinus sylvestris t. and a decrease in the percentage of NAP.  

G-120 2 Pinus 6.40–6.27 

Still low frequency of sporomorphs. The proportion of Pinus sylvestris t. increases to 
79%. The proportion of Betula does not exceed 19.5%. Continuous curves of 
Juniperus communis and Salix and single pollen grains of Quercus and Alnus and 
Calluna vulgaris are present. Share of NAP ~12%, mainly Artemisia (3%), Poaceae 
undiff. (3.5%) and Cyperaceae (5%) and Amaranthaceae (2%). In addition, single 
pollen grains of Gypsophila fastigiata, Thalictrum, Filipendula and Anthemis t. are 
present. The aquatic vegetation is represented by Nuphar pollen, Nymphaeaceae 
trichosclerides and Ceratophyllum hairs. The presence of Selaginella selaginoides is 
notable. A proportion of Musci up to 7.5% was also recorded with cenobia of  
Pediastrum and Botryococcus. The upper zone limit was placed at Betula growth and 
NAP growth.  

G-120 3 
Pinus-
Betula-
NAP 

6.20–5.70 

Increase in sporomorph frequency. An increase in the proportion of Betula to ~32.5%, 
and a simultaneous transient decrease in Pinus sylvestris t. to 48.5%. Single pollen 
grains of Quercus, Fraxinus excelsior, Alnus and Picea abies were recorded. 
Maximum proportions are reached by Juniperus communis 1.9% and Salix 2.1%. Of 
note is the presence of Hippophaë rhamnoides and Calluna vulgaris. Again, the share 
of NAPs increases to 19%, mainly Artemisia (7.5%), Poaceae undiff. (7%) and 
Cyperaceae (8%). Pollen of Cichoriaceae undiff., Gypsophila fastigiata, Thalictrum, 
Filipendula, Rumex acetosa t., and Anthemis t. is present. The rush vegetation is 
represented by Phragmites australis t. and Sparganium t.. The aquatic vegetation is 
represented by Nuphar pollen, Nymphaeaceae trichosclerides and Ceratophyllum 
hairs. A significant proportion of Musci up to 26.5% and spores of Sphagnum and 
Filicales monolete were recorded. Pediastrum and Botryococcus cenobia were 
recorded. Upper zone limit placed on a decrease in NAP and an increase in the 
proportion of Pinus sylvestris t. and the beginning of continuous curves of Quercus and 
Fraxinus excelsior.  

G-120 4 
Pinus-
NAP 

5.65–5.25 

Increase in sporomorph frequencies. Significant share of Pinus sylvestris t. 69% and a 
decrease in Betula to 17%. Continuous curves of Salix and Juniperus communis. 
Beginning of percentage curves of Quercus, Ulmus and Fraxinus excelsior. Corylus, 
Alnus, Picea abies and Acer pollen appear sporadically. Single pollen grains of 
Ephedra fragilis and Calluna vulgaris were also recorded. NAP decline averaged up to 
9%, mainly Artemisia, Poaceae undiff. and Cyperaceae and single pollen grains of 
Amaranthaceae, Apiaceae, Cichoriaceae undiff. Gypsophila fastigiata, Thalictrum, 
Filipendula and Rumex acetosa t. The rush vegetation is represented by Sparganium 



t.. Aquatic vegetation is represented by Nuphar pollen and other trichosclereids. The 
proportion of Musci decreases to 11% and single spores of Pteridium aquilinum and 
Filicales monolete are present. Pediastrum and Botryococcus cenobia were also 
recorded. The upper limit of the zone was set by a significant increase in the 
percentage of Betula and a decrease in Pinus sylvestris t.  

G-120 5 Betula 5.20–5.05 

Decrease in Pinus sylvestris t. 23.5%, simultaneous increase and culmination of 
Betula 69%. Continuous curve of Quercus and Ulmus and beginning of continuous 
curve of Fraxinus excelsior. Single pollen grains of Corylus appear. Salix and 
Juniperus communis still present and occasional Calluna vulgaris and Humulus 
lupulus. Low proportion of NAP mainly Artemisia, Poaceae undiff., Cyperaceae and 
Amaranthaceae and Apiaceae undiff., Cichoriaceae undiff., Thalictrum and Galium t. 
occur sporadically. The rush vegetation is represented by Sparganium t. and Typha 
latifolia. The aquatic vegetation is represented by Nymphaeaceae trichosclereides and 
Ceratophyllum trichosclerides. There is an increase in Filicales monolete to 5.4 % and 
Equisetum 1.2 % and Musci 5.5 %. Pediastrum and Botryococcus cenobia were 
recorded. The upper zone limit was placed at the decline of Betula and NAP and the 
increase of Pinus sylvestris t.  

G-120 6 
Pinus-
Ulmus 

5.00–4.95 

An increase in the proportion of Pinus sylvestris t. to ~59.5% and at the same time a 
decrease in Betula to 31.5%. Continuous low percentage curves of Quercus ~3%, 
Ulmus 2.5% and Fraxinus excelsior 0.5%. A decrease in Juniperus communis was 
recorded, while the proportion of Salix is at a constant. Single pollen grains of Corylus 
and Alnus were noted. The presence of Humulus lupulus is notable. Low NAP values 
mainly of Artemisia, Poaceae undiff. and Cyperaceae as well as Apiaceae and 
Anthemis t. The rush vegetation is represented by Phragmites australis t. and 
Sparganium t. pollen. Aquatic vegetation is represented by pollen of Myriophyllum 
spicatum, tissues of Salvinia natans microsporangium, Nymphaeaceae trichosclerides 
and Ceratophyllum trichosclerides. Spores of Filicales monolete 5.4% and Musci 2.3% 
are present. Botryococcus cenobia were recorded. The upper limit of the zone was 
placed on the decline of Betula and the growth of Pinus sylvestris t. and Quercus.  

G-120 7 
Pinus-

Quercus 
4.90–4.50 

A sharp increase in the percentage of Quercus to 40%, Ulmus to 3.5% and Fraxinus 
excelsior to 1.5%. Corylus, Alnus, Picea abies and Acer and Hedera helix were also 
recorded as single pollen grains. A constant share of Pinus sylvestris t. ~60% and a 
simultaneous decrease of Betula to 14%. Low proportion of Salix and Juniperus 
communis and presence of single pollen grains of Humulus lupulus and Calluna 
vulgaris. Low NAP percentages mainly of Artemisia, Poaceae undiff. and Cyperaceae 
as well as Apiaceae, Amaranthaceae and Anthemis t., Aster t., and Filipendula. The 
rush vegetation is represented by Phragmites australis t. and Sparganium t. Aquatic 
vegetation is represented by Nuphar pollen, Nymphaeaceae trichosclereides and 
Ceratophyllum trichosclus. Filicales monolete 6%, Musci 3% and single spores of 
Pteridium aquilinum are present. Pediastrum and Botryococcus cenobia were noted. 
The upper limit of the zone was set at a further increase in Quercus and a 
simultaneous decrease in Pinus sylvestris t..  

G-120 8 Quercus 4.45–4.10 

Quercus growth and climax ~60.5%. Ulmus and Fraxinus excelsior reach a maximum 
of 6.5% and 4% respectively. An increase in the proportion of Corylus to 26.5% and 
the beginning of a continuous curve of Alnus. Single pollen grains of Carpinus betulus, 
Taxus baccata, Acer, Tilia and Picea abies were recorded. The continuous curve of 
Hedera helix and single pollen grains of Buxus sempervirens and Humulus lupulus are 
notable. Decrease in Pinus sylvestris t. to ~14% and Betula to 1%. Low proportion of 
NAP, single pollen grains of Aster t., and Filipendula present. The rush vegetation is 
represented by Sparganium t., Phragmites australis t. and Typha latifolia. Aquatic 
vegetation is represented by Nuphar pollen, Nymphaeaceae trichosclerides, Salvinia 
natans microsporangium tissues and Ceratophyllum trichomes. A maximum proportion 
of Filicales monolete spores of ~6.5% was recorded, as well as Musci, Equisetum and 
Pteridium aquilinum. Pediastrum and Botryococcus cenobia are still present.The upper 
limit of the zone was placed at the decrease of Quercus and the further increase of 
Corylus.  

G-120 9 
Corylus-
Quercus 

4.06–4.00 

A further increase in Corylus to 61% and a simultaneous decrease in the percentage 
of Quercus 25.5%. Share of Ulmus ~1.7% and Fraxinus excelsior 1.9%, Alnus ~1.5%. 
Beginning of a continuous percentage curve of Carpinus betulus. Low proportion of 
Pinus sylvestris t. ~6%, Betula below 1%. Low proportion of NAP: less than 1%. 
Riparian vegetation represented by Sparganium t. and Phragmites australis t.. Aquatic 
vegetation is represented by Nymphaeaceae trichosclerides and Ceratophyllum 
trichosclerides. Single spores of Filicales monolete, Pteridium aquilinum and Musci 
and Pediastrum and Botryococcus cenobia were recorded. The upper limit of the zone 
was placed at further growth of Corylus and further decline of Pinus sylvestris t., Betula 
and decline of Quercus.  

G-120 10 Corylus 3.95–3.59 

Maximum share of Corylus ~74.5%. Gradual decline in Quercus to 3%, Ulmus and 
Fraxinus excelsior ~2% each. Alnus share increases to 22%, Tilia share to 14.5% a 
continuous low percentage curve of Carpinus betulus is also present. Pinus sylvestris 
t. and Betula reach minimal values throughout the profile. Notable is the presence of 
Taxus baccata, Acer, Hedera helix, Viscum album, Buxus sempervirens, Picea abies, 
Humulus lupulus and Calluna vulgaris. Artemisia, Poaceae undiff. and Cyperaceae of 
approximately 1% each. The remaining herbaceous plants, i.e. Apiaceae, Thalictrum, 
and Rumex acetosa were recorded as single pollen grains. The continuous percentage 
curve of Filipendula is noteworthy. The rush vegetation is represented by Sparganium 
t. and Typha latifolia. The aquatic vegetation is represented by Nymphaeaceae 
trichosclerides and Ceratophyllum trichosclerides. Single spores of Filicales monolete, 
Musci and Pteridium aquilinum were recorded. Pediastrum and Botryococcus cenobia 
are present. The upper limit of the zone was placed at the decline of Corylus and the 



growth of Tilia and Alnus .  

G-120 11 
Tilia-
Alnus 

3.55–3.45 

Alnus reaches its maximum of 25.5% as does Tilia 20%. The share of Corylus drops to 
39% and Quercus to 6.6%. Low proportions of Carpinus betulus up to 2.8%, Picea 
abies, Juniperus communis and Salix in the form of single pollen grains. Of note is the 
presence of Acer, Hedera helix and Buxus sempervirens. Humulus lupulus occurs as 
single pollen grains. Artemisia, Poaceae undiff. and Cyperaceae do not exceed 1%. 
The remaining herbaceous plants Apiaceae, Amaranthaceae, Rosaceae, Thalictrum, 
Filipendula and Rumex acetosa occur as single pollen grains. The rush vegetation is 
represented by Sparganium t.. The aquatic vegetation is represented by 
Nymphaeaceae trichosclerides and Ceratophyllum trichosclerides. Spores of Filicales 
monolete, Musci and Pteridium aquilinum were recorded. Botryococcus cenobia were 
recorded. The upper zone limit was placed at the decline of Corylus, Tilia and the 
growth of Carpinus betulus.  

G-120 12 
Corylus-
Carpinus 

3.40–3.35 

The proportion of Carpinus betulus pollen increases to 16%. The proportion of Corylus 
~36%, Alnus ~19.5% and Tilia ~12.5%. Quercus, Ulmus, Fraxinus excelsior 6.3%, 
2.2% and 1.4% respectively. Single grains of Picea abies, Viscum album and Buxus 
sempervirens were recorded. The proportion of NAP at a very low. The rush 
vegetation is represented by Sparganium t. and Phragmites australis t. Aquatic 
vegetation is represented by Nuphar. The upper zone limit was placed at further 
growth of Carpinus betulus.  

G-120 13 
Carpinus
-Corylus 

3.30–2.92 

Carpinus betulus increase initially to 9% and then to 36.5%. Corylus, Alnus and Tilia 
fall to 42%, 22.5% and 13.5% respectively. Low proportion of Quercus to 5%. Onset of 
continuous low proportion of Picea abies. Acer, Hedera helix and Viscum album as 
continuous low percentage curves and Buxus sempervirens, Calluna vulgaris, 
Humulus lupulus occur as single pollen grains. Among the NAP, pollen grains of 
Gypsophila fastigiata, Thalictrum, Filipendula and Rumex acetosa t. The rush 
vegetation is represented by Sparganium and Menyanthes trifoliata. In the younger 
part, the aquatic vegetation is represented by Nuphar pollen, Nymphaeaceae 
trichosclerides and Ceratophyllum trichosclerides. After the break, spores of Filicales 
monolete and Musci appear sporadically as do Pediastrum cenobia.The upper limit of 
the zone was set at a further increase in the percentage of Carpinus betulus and a 
decrease in Tilia and Corylus. 

G-120 14 
Carpinus

-Alnus 
2.87–2.36 

The proportion of Carpinus betulus pollen increases to 48.5%. Corylus, Alnus and Tilia 
persist at 37%, 11% and 11.5% respectively. Picea abies pollen share ~1%. Taxus 
baccata, Acer, Hedera helix, Viscum album, Buxus sempervirens and Ilex aquifolium 
occur as low percentage curves or as single pollen grains. Like Calluna vulgaris, 
Humulus lupulus appears as single grains. Filipendula, Rumex acetosa t., Galium t. 
and Ranunculus acris also occur among NAPs. The rush and aquatic vegetation is 
represented by pollen of Phragmites australis t., Sparganium t., Menyanthes trifoliata, 
Myriophyllum spicatum, Nymphaeaceae trichosclereids and Ceratophyllum hairs. 
There was a low proportion of Filicales monolete and Pteridium aquilinum spores, a 
significant proportion of Musci up to 7.5% and single Botryococcus cenobia. The upper 
zone limit was placed at the growth of Carpinus betulus and the decline of Tilia and 
Corylus.  

G-120 15 Carpinus 2.33–2.22 

Carpinus betulus reaches a maximum of 58%, the share of Picea abies increases to 
2%. Share of Corylus and Alnus fall to 15.5% and 13.5% respectively, low share of 
Tilia below 3%. Low proportion of Quercus, Ulmus and Fraxinus excelsior. Single 
pollen grains of Taxus baccata, Hedera helix and Viscum album present. Single grains 
of Humulus lupulus present. NAP in very low proportion. The rush vegetation is 
represented by Sparganium t., Phragmites australis t., Typha latifolia and Menyanthes 
trifoliata. Aquatic vegetation is represented by Nuphar pollen and Nymphaeaceae 
trichosclerides. The upper limit of the zone was placed at the fall of Carpinus betulus. 

G-120 16 
Carpinus

-Picea 
2.18–2.00 

Still high proportion of Carpinus betulus 57%. The share of Picea abies increases to 
3% and the beginning of the curve of Abies alba appears. Corylus ~20% and Alnus 
~15% remain constant. Low proportions of Quercus and Tilia, Fraxinus excelsior, 
Taxus baccata Hedera helix and Viscum album are still present. Humulus lupulus in 
the form of single pollen grains. Low proportion of NAP. The rush vegetation is 
represented by Sparganium t. and Typha latifolia. Aquatic vegetation is represented by 
Nuphar pollen, Nymphaeaceae trichosclerides and Ceratophyllum trichosclerides. 
Spores of Filicales monolete appear infrequently. The proportion of Musci increases to 
13.5%. The upper limit of the zone was set at an increase in Picea abies and a 
significant decrease in Corylus and Tilia. 

G-120 17 
Picea-

Carpinus 
1.96–1.72 

The proportion of Picea abies increases to 16% and Abies alba to ~8%. In the older 
part of the horizon, there is still a significant proportion of Carpinus betulus ~53.5% 
and Alnus 20%. There is a decrease in the proportion of Corylus and Tilia 6.7% and 
1% respectively and Quercus and Ulmus ~1% each. Single pollen grains of Taxus 
baccata Hedera helix, Calluna vulgaris and Humulus lupulus present. Still low 
proportion of Pinus sylvestris t. whereas the proportion of Betula increases to 7%, 
Juniperus communis and Salix as single pollen grains. The rush vegetation is 
represented by Sparganium t. and Typha latifolia. Aquatic vegetation is represented by 
Nuphar pollen, Nymphaeaceae trichosclereides, Salvinia natans microsporangium 
tissues, Ceratophyllum hairs and Stratiotes aloides pollen. Spores of Filicales 
monolete 2% and singly of Pteridium aquilinum were recorded. A significant proportion 
of Musci ~38%. Pediastrum and Botryococcus cenobia appear again after a break. 
The upper zone limit was placed at the growth of Picea abies, Abies alba and the 
decline of Carpinus betulus and Corylus.  

G-120 18 
Abies-
Picea 

1.68–1.61 
Abies alba reaches its maximum throughout the profile at ~9.2%, a further increase in 
the percentage of Picea abies to ~29.5%. There is an increase in the proportion of 
Pinus sylvestris t. to 11% and Betula to 7%. Alnus holds steady at ~20%, Carpinus 



betulus ~14.5%. Corylus <3%, Tilia and Quercus each ~2% and Ulmus below 1%. The 
proportion of Taxus baccata, Calluna vulgaris, Juniperus communis and Salix as single 
pollen grains. NAPs increase slightly. Poaceae undiff. and Cyperaceae oscillate ~1%. 
The remaining herbaceous plants, i.e. Aster t., Helianthemum nummularium, 
Apiaceae, Amaranthaceae and Galium t. occur as single pollen grains. The rush 
vegetation is represented by Sparganium t.. Aquatic vegetation is represented by 
Nuphar and the trichoscale Nymphaeaceae. Maximum proportion of Musci ~39%, 
Sphagnum spores are also present. Share of Filicales monolete ~1.5%. A significant 
proportion of Pediastrum ~10% and Botryococcus 2.8%. The upper limit of the zone 
was placed at the growth of Pinus sylvestris t..  

G-120 19 
Picea-
Pinus 

1.57–1.53 

An increase and culmination of Picea abies >33% at the same time as an increase of 
Pinus sylvestris t. to 42% and a decrease of Abies alba to ~2%. The share of Alnus 
remains constant at ~15%, as does Betula 7%. The share of Carpinus betulus 
decreases to 5%, Quercus <1%, as does Corylus. Continuous low percentage curves 
of Ulmus, Fraxinus excelsior and Tilia. Juniperus communis, Salix, Calluna vulgaris 
and Humulus lupulus as single pollen grains. There is an increasing proportion of 
NAPs, mainly Poaceae undiff. and Cyperaceae oscillate ~1.5%. Other herbaceous 
plants are represented by: Aster t., Helianthemum nummularium, Roasceae and 
Cirsium. The rush vegetation is represented by Sparganium t. and Phragmites 
australis t.. Aquatic vegetation is represented by Nuphar pollen, Nymphaeaceae 
trichosclereids are disappearing. Spores of Filicales monolete, Pteridium aquilinum 
and still a significant proportion of Musci ~39% were recorded. A significant proportion 
of Pediastrum up to 14% and Botryococcus ~2.6%. The upper zone limit was placed at 
the decline of Picea abies and Pinus sylvestris t. and the transient growth of Alnus and 
Carpinus betulus.  

G-120 20 
Alnus-

Carpinus 
1.48 

In one sample, the proportion of Pinus sylvestris t. temporarily decreases to 19%, 
Alnus increases to 24.5% and Carpinus betulus increases to 17.5%. Picea abies drops 
from 33% to 24%. Most of the percentage curves of the basic trees remain at fairly low 
zones. Salix also appears in small numbers. The proportion of Poaceae undiff. and 
Cyperaceae increases. Other herbaceous plants occur as single pollen grains: 
Amaranthaceae, Apiaceae and Cichorioideae. Aquatic vegetation is represented by 
Nuphar pollen. Spores of Filicales monolete and Equisetum are recorded. The 
proportion of Sphagnum increases to 1% and Musci decreases to 28%. The proportion 
of Pediastrum drops to 12.5% and Botryococcus ~2.6%. The upper limit of the zone 
was placed at the increase of Pinus sylvestris t. and the decrease of the percentage of 
other trees.  

G-120 21 Pinus 1.43–1.38 

Maximum proportion of Pinus sylvestris t. 80%, Betula ~5.5%. Picea abies ~10% and 
Abies alba 1.5%. Share of Carpinus betulus, Alnus and Corylus 3%, 6%, and 0.5% 
respectively. Tilia, Salix and Calluna vulgaris in the form of single pollen grains. Among 
the NAPs mainly Artemisia, Poaceae undiff. and Cyperaceae and singly Stellaria 
holostea and Ranunculus acris t. Sparganium t. is present among the pollen of the 
rush vegetation. The presence of spores of Filicales monolete and Musci was noted. A 
significant proportion of Pediastrum >15%, single Botryococcus cenobia were 
recorded.  

 

Table III. Description of the Local Pollen Assemblage Zones (LPAZs) of the Pa-19 core 

 

L PAZ 
number 

L PAZ 
name 

Sample 
numbers [m] 

Zone characteristics 

Pa-19 1 
NAP-
Pinus 

13.15–13.10 

High frequency of sporomorphs. Share of Pinus sylvestris t. pollen ~38.5% and 
Betula ~47.5%. Maximum proportion of Juniperus communis t. 2% and proportion 

of Salix t. ~1.3% in the whole profile. Single pollen grains of Picea abies and 
Hedera helix were recorded. The highest NAP values in the whole profile at 22%, 

mainly Poaceae undiff. (8.5%), Cyperaceae (7%), Artemisia (3.7%) and 
Amaranthaceae, Aster t., Helianthemum nummularium t., Gypsophila fastigiata, 
Saxifraga, Ranunculus acris t. and a continuous curve of Filipendula. The rush 

vegetation is represented by pollen of Phragmites australis t. and Sparganium t.. 
Aquatic vegetation is represented by Nuphar pollen, Nymphaeaceae 

trichosclereides and Ceratophyllum trichosclus. Musci spores about 4.2%. 
Pediastrum cenobia, Botryococcus and Tetraedron are present. The upper limit of 

the zone was placed at the fall of Pinus sylvestris t. and the rise of Betula.  

Pa-19 2 
Betula-
Pinus 

13.05–12.87 

Pinus sylvestris t. pollen values drop to ~20%, while Betula's share increases to 
68.5%. The beginning of continuous percentage curves of Quercus and Ulmus. 
The presence of single pollen grains of Fraxinus excelsior and Picea abies is 

noted. Salix reaches a maximum throughout the profile of 1.6%, the proportion of 
Juniperus communis drops to ~1%. Single pollen grains of Humulus lupulus are 

recorded. The proportion of NAP drops to 14%, including Artemisia (5%), 
Cyperaceae (4.3%) and Poaceae undiff. (5%) and Anthemis t., Gypsophila 

fastigiata, Apiaceae, Rosaceae, Amaranthaceae, Cichoriaceae, Helianthemum 
nummularium t., Brassicaceae, Cirsium t. and Filipendula. The rush vegetation is 

represented by Sparganium t. and Typha latifolia. Aquatic vegetation is 
represented by pollen of Menyanthes trifoliata, Potamogeton, Nuphar, 

Nymphaeaceae trichosclereids and Ceratophyllum trichosclerides. Spores of 
Filicales monolete (5%), Musci (1%) and Sphagnum and Equisetum were 



recorded. Pediastrum cenobia, Botryococcus and Tetraedron are present. The 
upper limit of the zone was set at a further increase in Betula, Ulmus and 

Quercus and a decrease in Pinus sylvestris t. and NAP.  

Pa-19 3 Betula 12.86–12.80 

Culmination of Betula throughout the profile at 71% and at the same time a 
decrease in Pinus sylvestris t. to 18%, Increase in the proportion of Quercus, 

Ulmus and Fraxinus excelsior. Juniperus communis and Salix each ~1%. Pollen 
grains of Picea abies, Hedera helix and Humulus lupulus singly present. Further 

decline in NAP to 8%, including Cyperaceae (4%), Poaceae undiff. (4%) and 
Artemisia (2%) and Anthemis t., Gypsophila fastigiata, Apiaceae, 

Amaranthaceae, Cichoriaceae and Filipendula. The rush vegetation is 
represented by Phragmites australis t., Sparganium t. and Typha latifolia. Aquatic 
vegetation is represented by Nuphar pollen and Nymphaeaceae trichosclerides. 
There was an increase in the proportion of Filicales monolete spores to 9%, a 

proportion of Musci 2% and the occasional presence of Equisetum. Pediastrum 
cenobia, Botryococcus and Tetraedron are still present. The upper limit of the 
zone was set at a rapid increase in Quercus, an increase in Ulmus, Fraxinus 
excelsior, Corylus and a further decrease in Pinus sylvestris t. and Betula.  

Pa-19 4 
Quercus-
Fraxinus-

Ulmus 
12.79–12.77 

A sharp increase in Quercus to 59.5%, Fraxinus excelsior to 4% and Ulmus to 
3.5%. Significant increase in Corylus to 19.5% and also the start of a curve in 
Taxus baccata and Hedera helix. Decrease in Pinus sylvestris t. to 11% and 

Betula to 2.2%. The proportion of NAP drops to 2.5%, with pollen of Artemisia, 
Cyperacea undiff. Poaceae undiff. and Anthemis t. recorded among them. The 
rush vegetation is represented by pollen of Sparganium t. and Typha latifolia. 

Aquatic vegetation is represented by Nymphaeaceae trichosclerides and 
Ceratophyllum trichosclerides. The spores of Filicales monolete and cenobia of 

Pediastrum, Botryococcus and Tetraedron are still present. The upper limit of the 
zone was placed at further growth of Quercus and slight growth of Pinus 

sylvestris t.  

Pa-19 5 Quercus 12.76–12.70 

Maximum values throughout the profile are reached by Quercus ~65.5%. A 
temporary increase in the percentage of Pinus sylvestris t. to 37% and Betula to 

8.5%. Ulmus percentage up to 4.6%, Fraxinus excelsior up to 3.5% and a 
temporary decrease in Corylus 10%. A continuous curve of Taxus baccata, 
Hedera helix and Salix. Tilia (species T. cordata), Picea abies and Humulus 

lupulus recorded as single pollen grains. The proportion of NAP is up to 4.5%, 
with pollen of Artemisia, Cyperaceae, Poaceae undiff. and Filipendula recorded 
among them. The rush vegetation is represented by Sparganium t. The aquatic 
vegetation is represented by Nymphaeaceae trichosclerides and Ceratophyllum 
trichosclerides. The spores of Filicales monolete, Pteridium aquilinum and Musci 
and the cenobia Pediastrum and Botryococcus and Tetraedron were recorded. 

The upper limit of the zone was set at a sharp increase in the proportion of 
Corylus and a decrease in Quercus, Pinus sylvestris t. and Betula.  

Pa-19 6 
Corylus-
Quercus 

12.65–12.60 

Significant increase in the percentage of Corylus to 68.5%, and the beginning of a 
continuous curve of Alnus (3%). Maximum percentage share of Ulmus 4.5% and 
Fraxinus excelsior 4.5% throughout the profile. At the same time, a decrease in 

the percentage of Quercus to 37%, Pinus sylvestris t. to 4.5% and Betula to 
0.5%. Hedera helix and Salix were recorded as single pollen grains. Low 

proportion of NAP mainly Poaceae undiff. and Cyperaceae. Riparian and aquatic 
vegetation is represented by Sparganium t. pollen and Nymphaeaceae 

trichosclereids. Spores of Filicales monolete and Musci and Pediastrum and 
Botryococcus cenobia were recorded. The upper limit of the zone was placed at 
the further growth of Corylus and the beginning of the curve of Carpinus betulus 

and Tilia and on the significant decline of Quercus.  

Pa-19 7 Corylus 12.55–12.30 

Maximum proportion of Corylus 70% throughout the profile. Increase in Alnus to 
14.5%, Carpinus betulus ~4% and Tilia ~12%. Decrease in share of Quercus to 
8%, share of Ulmus ~3.6% and Fraxinus excelsior ~2%. Low proportion of Pinus 

sylvestris t. and Betula. Pollen grains of Taxus baccata, Acer, Hedera helix, 
Viscum album, Buxus sempervirens and Humulus lupulus appear sporadically. 

Low NAP values mainly of Poaceae undiff. and Cyperaceae. Riparian plants are 
represented by Sparganium t. pollen and aquatic plants are represented by 

Nymphaeaceae trichosclerides and Ceratophyllum trichosclerides. Single spores 
of Filicales monolete, Equisetum and Pteridium aquilinum and Musci were 

recorded. Pediastrum cenobia, Botryococcus and Tetraedron present. The upper 
limit of the zone was placed at a sample from a depth of 12.30 cm. A 

sedimentation break followed, again counted from a sample of 11.95 cm.  

Pa-19 8 
Corylus-

Tilia-Alnus 
11.95–11.70 

Tilia (T. cordata, T. platyphyllos and T. undiff.) culminate at 19% with Corylus still 
high at 45%. Increasing share of Carpinus betulus to 19%. Low share of Quercus 

below 5%. Ulmus and Fraxinus excelsior 3% and 2.5% respectively. Regular 
pollen of Taxus baccata (1.2%), Hedera helix, Picea abies, Acer, Buxus 

sempervirens, Viscum album and Humulus lupulus. Low proportion of NAP (2%) 
mainly Artemisia, Poaceae undiff., Cyperaceae, Aster t. and Anthemis t.. Aquatic 

plants are represented by Italian Ceratophyllum. Spores of Filicales monolete, 
Pteridium aquilinum and Musci are present. Pediastrum and Botryococcus 

cenobia are present. The upper limit of the zone was placed at further growth of 
Carpinus betulus.  

Pa-19 9 
Corylus-
Carpinus 

11.65–11.45 

Carpinus betulus pollen share gradually increases to 32%. Still significant share 
of Corylus ~49%, share of Alnus ~17.5% and Tilia 10%, (T. cordata, T. 

platyphyllos and T. undiff.). Quercus share ~5%, Ulmus and Fraxinus excelsior 
1.8% and 1% respectively. Picea abies, Hedera helix, Taxus baccata, Acer, 

Buxus sempervirens and Viscum album occur as single pollen grains. NAP in a 



low proportion (1.5%). The rush vegetation is represented by Sparganium t. 
pollen. Aquatic vegetation is represented by Nymphaeaceae trichosclerides and 
Ceratophyllum trichosclerides. A low proportion of Filicales monolete spores, as 
of Musci and Pediastrum and Botryococcus cenobia. The upper limit of the zone 

was placed at the further growth of Carpinus betulus, the decline of Corylus, 
Quercus, Fraxinus excelsior and Ulmus.  

Pa-19 10 
Carpinus-
Corylus 

11.40–11.10 

Significant increase in Carpinus betulus to ~60%. Share of Alnus ~16% and Tilia 
11%. Corylus decreases to ~14%. Quercus, Ulmus, Fraxinus excelsior 2%, 1.2%, 

0.5% respectively. The beginning of a continuous curve of Picea abies. Pollen 
grains of Buxus sempervirens, Taxus baccata, Acer, Hedera helix, Viscum album 
and Salix are regularly present. Low proportion of NAP (1%). The rush vegetation 

is represented by Sparganium t. and Typha latifolia. Aquatic vegetation is 
represented by Nymphaeaceae trichosclerides ca (2.5%) and Ceratophyllum 

trichosclerides (4%). The spores of Filicales monolete and Musci are present and 
the maximum proportion of Pediastrum ~40%, Botryococcus and Tetraedron 11% 
each is notable. The upper limit of the zone was placed at the growth of Carpinus 
betulus, Picea abies, the beginning of the curve of Abies alba and the decline of 

Tilia (total) and Corylus.  

Pa-19 11 Carpinus 11.05–10.90 

Maximum proportion throughout the profile of Carpinus betulus at 65%. Beginning 
of the percentage curve of Abies alba and increasing to 5.5%. Decreases in 
percentage of Corylus, Alnus and Tilia 19%, 18% and 9% respectively. Low 
percentages of Quercus and Ulmus. Fraxinus excelsior, Hedera helix, Taxus 

baccata, and Viscum album appear as single pollen grains. At the zone 
boundary, the disappearance of thermophilous shrubs is evident. The proportion 
of NAP is consistently at a low. However, a higher proportion of Poaceae undiff. 

was noted. The rush vegetation is represented by Phragmites australis t. and 
appears regularly from the previous zone Typha latifolia. Aquatic plants are 

represented by Nymphaeaceae trichosclerides and Ceratophyllum 
trichosclerides. The spores of Musci and Filicales monolete are still present in a 
small proportion, as are the cenobia Pediastrum and Botryococcus. The upper 

limit of the zone was placed at the growth of Abies alba and Picea abies and the 
rapid decline of Carpinus betulus.  

Pa-19 12 Abies 10.85–10.80 

Increase and maximum proportion of Abies alba ~17.5%, high proportion of Picea 
abies between 25-56%. Share of Carpinus betulus decreases to 10%, Alnus 
values temporarily increase to 23%, Corylus decreases to 4%, Tilia occurs as 

single pollen grains. Low proportions of Quercus below 2% and Ulmus and 
Fraxinus excelsior occur as single pollen grains. Taxus baccata and Hedera helix 

pollen appear sporadically. While still a low proportion of NAP, there was an 
increased frequency of pollen from Poaceae undiff. and Cyperaceae. Aquatic 

vegetation is represented by Nymphaeaceae trichosclerides and Ceratophyllum 
trichosclerides. Spores of Filicales monolete, Pteridium aquilinum and a 

significant proportion of Musci ~11% are present. The proportion of Musci highest 
in the whole profile 11%, Pediastrum and Botryococcus at low zones. Of note is 

the significant presence of Gaeumannomyces 16.5%. The upper limit of the zone 
was set at the growth of Picea abies, Pinus sylvestris t. and the decline of Abies 

alba.  

Pa-19 13 Picea 10.75–10.70 

Maximum proportion of Picea abies throughout the profile ~70%. Decrease in 
percentage of Abies alba to 8%, increase in Pinus sylvestris t. to 11%. Decrease 
in proportion of Carpinus betulus to 9% and Alnus to 6%. Betula, Quercus and 

Corylus in the form of low percentage curves. Taxus baccata, Acer, Hedera helix, 
Buxus sempervirens and Humulus lupulus appear as single pollen grains. NAP 

growth up to 10% in mainly Cyperaceae, appear as single pollen grains of 
Artemisia, Poaceae undiff., Cyperaceae and Apiaceae. The rush vegetation is 

represented by Comarum palustre and Phragmites australis t. Among the aquatic 
plants, the maximum proportion is reached by Nymphaeaceae trichosclereids and 
Ceratophyllum trichosclerides. Spores of Musci, Filicales monolete and Pteridium 

aquilinum are present. The upper zone limit was placed at the growth of Pinus 
sylvestris t., the transient decline of Picea abies and the permanent decline of 

Carpinus betulus and Alnus. 

Pa-19 14 
Pinus-
Picea 

10.65–10.35 

A gradual increase in the proportion of Pinus sylvestris t. to ~42% in the upper 
part of the zone, the proportion of Betula does not exceed 3%. The pollen 

percentage of Picea abies is ~50% and Abies alba ~10%. Noteworthy is the 
presence of Fagus sylvatica at 10.60 cm and Larix at 10.45 cm. Low percentage 
curves of Quercus, Corylus, Alnus and Carpinus betulus are present and Ulmus 
and Fraxinus excelsior and Vaccinium t. appear as single grains. Salix pollen is 

regularly present. Humulus lupulus pollen grains are also present. The proportion 
of NAP as before, mainly Artemisia, Poaceae undiff., Cyperaceae, regularly 

Apiaceae and Amaranthaceae and Filipendula. The rush vegetation is 
represented by Phragmites australis t. and Typha latifolia. In the older part, the 

presence of Coelastrum reticulatum is notable. The aquatic vegetation is 
represented by Nymphaeaceae trichosclereides and Ceratophyllum 

trichosclerides. Spores of Filicales monolete, Pteridium aquilinum and Musci are 
present, as well as a significant proportion of Pediastrum and Botryococcus 
(7.5% each) in the younger part of the zone. The upper limit of the zone was 
placed at a significant increase in Pinus sylvestris t. and a decrease in the 

percentage of Picea abies and a decrease in other trees and shrubs.  

Pa-19 15 Pinus 10.30 
Maximum proportion Pinus sylvestris t. 68%, Betula approximately 3%. Still 
significant proportion of Picea abies 37.5%. Percentage curves of Quercus, 

Corylus, Alnus and Carpinus betulus below 1%. The presence of Vaccinium t. is 



notable. NAP contribution up to 5% mainly Cyperaceae and Apiaceae. The 
aquatic vegetation is represented by the Nymphaeaceae trichosclereids. Spores 
of Lycopodium undiff are present. Filicales monolete, Equisetum, Sphagnum and 

Musci. Pediastrum and Botryococcus cenobia are occasionally present. 

 

Table IV. Description of the Local macrofossil assemblage zones (LMAZs) of the St-19 core 

 

MAZ 
number 

Sample 
numbers [m] 

Zone characteristics 

MAZ 1 9.00–7.52 
Terrestrial plant macrofossil are represented by Betula pubescens fruit scales, Betula sec. 
Albae, Betula nana and Betula sec. Nanae and Carex sp. nutlets. Aquatic plant macrohabitats 
are represented by individual seeds and seed fragments of Najas marina.  

MAZ 2 7.42–6.58 
Terrestrial plant macrofossils are represented by Carpinus sp. nuts. Aquatic plant macrofossils 
are represented by seed fragments of Najas marina, Najas sp. and Potamogeton sp. 

MAZ 3 6.48–4.85 

Terrestrial plant macrofossils are represented by the nuts of Carpinus sp. Aquatic plant 
macrofossils are represented by seeds of Najas marina, Najas flexilis, Alisma plantago-
aquatica, fruits of Ceratophyllum demersum and endocarps of Potamogeton sp. In addition, 
oogonia of Characeae are present. 

MAZ 4 4.67–3.43 
Terrestrial plant macrofossils are represented by Betula sec. Albae and Betula sec. Nanae, 
nut fragments of Tilia tomentosa and Corylus sp., Carex sp. nuts including Carex vesicaria are 
also recorded. Aquatic plant macrofossils are represented by seeds of Najas marina.  

MAZ 5 3.33–2.43 Lack of plant macrofossils.  

 

Table V. Description of the Local macrofossil assemblage zones (LMAZs) of the G-120 core 

 

L MAZ 
number 

Sample 
numbers [m] 

Zone characteristics 

MAZ 1 5.65–5.10 

Terrestrial plant macrofossil are represented by few nuts and catkin scales of Betula sec. 
Albae and Betula sec. Nanae, nuts of Carex rostrata, Eleocharis palustris, Baeothryon 
cespitosum and Schoenoplectus lacustris. The macro-nodules of aquatic plants include seeds 
of Najas sp. 

MAZ 2 5.09–4.77 
Macrofossil of terrestrial plants are represented by nuts and catkin scales of Betula sec. 
Albae and the nuts of Betula sec. Nanae and Carex sp. Aquatic plant macrofossils are 
represented by the fruis of Ceratophyllum demersum.  

MAZ 3 4.75–4.27 

Terrestrial plant macrofossil are represented by the fruit scales and nuts of Betula sec. Albae, 
as well as the nuts of Carex elata and Carex vesicaria, and the seeds of Scheuchzeria 
palustris. The macrofossil of aquatic plants are represented by seeds and seed fragments of 
Najas marina and Lemna sp., endocarps of Potamogeton sp. and fruits of Ceratophyllum 
demersum.  

MAZ 4 4.25–3.50 

Terrestrial plant macrofossil are represented by nuts and nut fragments of Betula sec. Albae, 
Alnus sp., Tilia tomentosa, Carpinus sp., Eleocharis palustris, Eriophorum latifolium, Carex 
vesicaria, Carex gracilis, Carex sp., Schoenoplectus lacustris and Baeothryon cespitosum 
and catkin scales of Betula pubescens. Aquatic plant macrofossils are represented by 
numerous seeds and seed fragments of Najas marina and Najas sp., oogonia of Chara sp. 
and Nitellopsis sp., fragment of Characeae oospore and endocarps of Potamogeton sp. are 
also marked, as well as fragments of fish scales.  

MAZ 5 3.48–2.70 

Terrestrial plant macrofossils are represented by nuts and nut fragments of Alnus sp., Tilia 
cordata, Tilia tomentosa, Tilia platyphyllos, Corylus sp. and Carpinus sp. and female catkins 
of Alnus. Apiaceae fruits and Iris pseudoacorus seeds are also present. Aquatic plant 
macrofossils are represented by seeds and seed fragments of Najas flexilis, Najas marina, 
Najas sp. endocarps of Potamogeton sp. Fish teeth and scale fragments, insect cover 
fragments and a mollusc fragment also are recorded.  

MAZ 6 2.68–1.90 

Terrestrial plant macrofossil are represented by nuts and nut fragments of Betula sec. Albae, 
Tilia tomentosa, Corylus sp. and Carpinus sp. and female catkins of Alnus sp.. Aquatic plant 
macrofossil are represented by seeds and seed fragments of Najas sp., Najas marina and 
endocarps of Potamogeton sp. Insect cover fragments and fragments of the head apparatus 
of Chironomidae were also recorded. 

MAZ 7 1.88–1.36 Lack of plant macrofossils 

 

Table VI. Description of the Local macrofossil assemblage zones (LMAZs) of the Pa-19 core 

 

L MAZ 
number 

Sample 
numbers [m] 

Zone characteristics 

MAZ 1 13.15–12.80 

Terrestrial plant macrofossil are represented by fruiting bodies and scales of Betula sect. 
Albae, bud scales of Pinaceae, megaspores of Thelypteris palustris, fruiting bodies of Carex 
pseudocyperus, Carex sp., tegmena of Typha sp. and seeds of Phragmites australis. Aquatic 
plant macrofossils are represented by Stratiotes sp. (spines), seeds of Nymphaea alba and 
endocarps of Potamogeton natans. Additionally, tree fragments, leaves, Cristatella mucedo 
statoblasts, fish and mite remains were recorded.  

MAZ 2 12.78–12.65 Macrofossil of terrestrial plants are represented by fruiting bodies of Betula sect. Albae, bud 



and seed scales of Pinaceae and fruiting bodies of Tilia platyphyllos. Musci and fruiting 
bodies of Carex sp. trigonous are also present. Aquatic plant macrofossils are represented by 
seeds of Najas marina and oospores of Characceae. In addition, leaf fragments and 
statoblasts of Cristatella mucedo were recorded. 

MAZ 3 12.55–12.30 

Terrestrial plant macrofossils are represented by bud and seed scales of Pinaceae, fruits of 
Tilia platyphyllos, Musci and tegmena of Typha sp. Aquatic plant macrofossils are 
represented by seeds of Nuphar and Najas marina. Additionally, leaf fragments and 
statoblasts of Cristatella mucedo were recorded. 

MAZ 4 11.95–11.35 

Terrestrial plant macrofossils are represented by bud scales and seed scales of Pinaceae, 
fruits of Tilia platyphyllos and fruit scales of Acer sp. and seeds of Iris pseudoacorus and 
tegmena of Typha sp. Aquatic plant macrofossil are represented by Stratiotes sp. (spines), 
seeds of Stratiotes sp. and Najas marina. Tree and leaf fragments and Cristatella mucedo 
statoblasts were also recorded. 

MAZ 5 11.30–11.20 
Terrestrial plant macrofossils are represented by bud and seed scales of Pinaceae and 
Musci. Aquatic plant macro-nodules are represented by Stratiotes sp. (spines), seeds of 
Najas marina, Najas minor and Najas flexilis and endocarps of Potamogeton rutilus.  

MAZ 6 11.10–10.90 

Terrestrial plant macrofossils are represented by fruiting bodies and fruit scales of Betula 
sect. Albae, bud and seed scales of Pinaceae, fruiting bodies of Alnus glutinosa, Tilia 
platyphyllos, Tilia cordata, Acer sp. and Carpinus betulus and Musci, and fruiting bodies of 
Carex riparia and Carex sp. trigonous and, tegmena of Typha sp. Aquatic plant macrofossils 
are represented by a very abundant occurrence of Stratiotes sp. (spines), seeds of Stratiotes 
sp., Nymphaea alba, Najas marina, Najas minor, Najas flexilis and endocarps of 
Potamogeton natans, Potamogeton rutilus, Potamogeton sp., Potamogeton sukaczevii, 
Potamogeton gramineus, Potamogeton perfoliatus and Potamogeton friesii. Numerous 
remains of Trapa natans in the form of nuts, spines and harpoons. Seeds of Brasenia sp. and 
oospores of Characeae are also present. Statoblasts of Cristatella mucedo have also been 
recorded. 

MAZ 7 10.85–10.65 

Terrestrial plant macrofossil are represented by fruiting bodies and scales of Betula sect. 
Albae, seed scales of Pinaceae, fruiting bodies of Alnus glutinosa, Tilia platyphyllos and 
Carpinus betulus, needles and seeds of Picea abies and seeds, seed scales, cone fragments 
and needles of Abies alba and leaf fragments of Ledum palustre. Musci, fruiting bodies of 
Carex sp., Carex riparia, Carex sp. biconvex, Carex sp. trigonous and Carex elata and 
hyatodes of Scheuchzeria palustris, fruiting bodies of Menyanthes trifoliata, seeds of 
Comarum palustre, fruiting bodies of Cicuta virosa and stems of Phragmites australis t. 
australis are abundant. Aquatic plant macrofossil are represented by single fruits of 
Schoenoplecus lacustris and spikes of Trapa natans.  

MAZ 8 10.60–10.40 

Macrofossil of terrestrial plants are represented by fruits of Betula sect. Albae, bud scales of 
Pinaceae, fruiting bodies of Alnus glutinosa, Tilia platyphyllos, needles of Picea abies, seeds, 
seed scales and needles of Abies alba, needles of Pinus sylvestris t., seeds and leaf 
fragments of fruiting bodies and leaf fragments of Ledum palustre. Musci, fruiting bodies of 
Carex sp., Carex riparia, Carex sp. trigonous, Carex vesicaria, Carex elata, Carex diandra 
and Carex aquatilis and also, hydatodes of Scheuchzeria palustris, fruiting bodies of 
Menyanthes trifoliata, seeds of Comarum palustre and fruiting bodies of Cicuta virosa are 
abundant. Aquatic plant macrophytes are absent. Tree fragments are present.  

MAZ 9 10.35–10.30 

Terrestrial plant macrofossil are represented by fruits and fruit scales of Betula sect. Albae, 
bud scales of Pinaceae, needles and seeds of Picea abies, needles of Abies alba, seeds of 
Pinus sylvestris t. and Chamedaphne calcyculata. Musci, fruiting bodies of Carex riparia, 
Carex sp. biconvex, Carex diandra and seeds of Phragmites australis t. are also present. 
Aquatic plant macrophytes are absent. Tree fragments are present. 

 

 




