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MAZOVIAN INTERGLACIAL AT KONIECZKI NEAR KLOBUCK
(SILESIAN-CRACOVIAN UPLAND)
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ABSTRACT. The aim of this work is to present an account of the development of the vegetation in the Wozniki-
Wielun Upland in the Mazovian Interglacial, and during the initial period of the subsequent glaciation, on the
basis of the results of palaeobotanical studies (pollen and macrofossil analyses). Eleven local pollen assemblage
zones (L PAZ), of which ten represent the Mazovian Interglacial, and six local macrofossil assemblage zones (L
MAZ) have been distinguished. The flora list contains 251 taxa varying in rank, 106 of them identified to species
level. A very high proportion of Taxus pollen, with a maximum exceeding 60%, is the characteristic feature of the
pollen succession. Among the macrofossils, special attention should be given to Aracites interglacialis, an extinct
species characteristic of the Mazovian floras, known from several sites in Poland. The succession from Konieczki
is compared with those from three sites in the Wozniki-Wielui Upland and with several other successions of the
Mazovian Interglacial in Poland. The differences, caused mainly by the varying pollen proportions of Taxus,
Fraxinus and Pinus, are connected with local conditions.
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INTRODUCTION

The paucity of well-documented sites of
Pleistocene organogenic sediments in the Sile-
sian-Cracovian Upland was the motivation for
prospecting that region for appropriate de-
posits for palynological study. Serious difficul-
ties in finding sufficiently thick layers of orga-
nogenic sediments in the southern part of the
Upland led to consideration of its northern
part, the Wozniki-Wielun Upland. The idea of
a palaeobotanical study of the sediments from
the Konieczki site was suggested by Dr J. Le-
wandowski, who has been mapping in that re-
gion for some years.

Field investigation at Konieczki began in
the autumn of 1992 and continued as a result
of financial support from various sources. At
first means were provided from the statutory
research fund of the Department of Earth
Sciences, Silesian University and later from
the fund for the Department’s own studies. A
grant from the W. Szafer Foundation of Polish
Botany in Krakéw was also a substantial help.
Geological studies and the final preparation of
the results were supported by a grant-in-aid
for Research Project KBN No 6 P04D 037 08.

Pollen diagrams for the KuzZnia Borecka,

Gosciecin and Kucéw sites were constructed
on the basis of data from the Polish Palyno-
logical Database — Pleistocene at the W. Szafer
Institute of Botany, PAScs, in Krakdw.

GEOLOGICAL STRUCTURE, WITH
SPECIAL ATTENTION TO
QUATERNARY SEDIMENTS

The Konieczki site lies in the middle part of
the Wozniki-Wielunn Upland, which forms the
northern part of the Silesian-Cracovian Up-
land. The Wozniki-Wieluin Upland lies in the
northern part of the Silesian-Cracovian mono-
cline, also known as the Krakéw-Wielun mono-
cline. It is composed of Mesozoic rocks, usually
outcropping at the surface. The Wielun graben
is accepted as the north-western boundary of
the monocline.

The greater part of the Wozniki-Wielun Up-
land area is covered by Quaternary deposits,
which form a layer varying in thickness. There
is a general tendency for increased thickness
towards the north, where the number of out-
crops of the Jurassic substratum distinctly
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diminishes. The Quaternary deposits are thic-
kest in the fossil river valleys, as exemplified
by the Pankéwka and Biata Oksza fossil val-
leys with deposits 75, and over 50 m thick, re-
spectively (Bednarek et al. 1992, Haisig & Wi-
lanowski 1988, 1990). Generally, however, the
cover of the Pleistocene deposits ranges in
depth from 10 to 20 m.

The deposits of the South Polish Glaciations
do not outcrop at the surface, being known
only from boreholes. They reach a substantial
thickness only in fossil river valleys. In the
southern and middle parts of the Upland the
South Polish deposits are represented by one
glacial zone (Haisig & Wilanowski 1983, Bed-
narek et al. 1992). In the northern part -
north of Dzialoszyn — and also in the region of
Brzeznica Nowa, the glacial complex is dis-
tinctly bipartite; it is divided by a series of
river sediments (Skompski 1971a, b). The
boulder-clay does not form compact patches
and is seldom more than a few metres thick; it
often lies directly above the older substratum.

The Mazovian Interglacial is represented by
river silts, sands and gravels and by orga-
nogenic deposits. Intensive river erosion cre-
ated deep valleys, which were often cut down
to the sub-Quaternary substratum.

Several sites of organogenic deposits refer-
able to the Mazovian Interglacial occur in the
Wozniki-Wielun Upland and its close vicinity
(Fig. 1). At Malice they are sandy gyttjas,
about 1.4 m thick, covered by deposits of the
Odra Glaciation. The determination of the age
of the deposits was based on the results of pol-
len analysis (Haisig et al. 1983). Peat from the
site at Herby, 1-2 m thick, is also referred to
the Mazovian Interglacial (Haisig et al. 1983).
The thickest profiles of organic formations
occur at Radziechowice and Kolonia Dubidze.
These are gyttjas, 5.4 and 3.2 m thick, respec-
tively, covered only by silts and sands (Boréw-
ko-Dtuzakowa 1980, 1981). At nearby Borki,
peaty silts, 0.8 m in thickness, are covered by
boulder-clay referred by Skompski to the
Middle Polish Glaciation; the results of expert
examination neither confirm nor disprove that
the organic deposits are of Mazovian age (Bo-
réwko-Dluzakowa 1981). A palynological study
of the deposits from KuzZnia Borecka carried
out by Kuszell (1986, 1998) provided evidence
for their assignment to the same interglacial.

The ice sheet of the Odra Glaciation covered
the whole area of the Upland. The glacial de-
posits consist of sands, silts and glacilacus-
trine clays from both the ice sheet transgres-
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sion and regression periods, glacifluvial sands
and gravels, and boulder-clays.

The Pilica Interstadial (Interglacial?) caused
erosion in river valleys. Evidence for this ero-
sion is provided by the dissection of the
boulder-clay in the larger river valleys. In the
Upland area as a whole no deposits have been
found which could unequivocally be assigned
to the Pilica Interstadial (Interglacial?).

The Warta Glaciation embraced only the
northern region of the Upland. The border of
its maximum range extends along the line con-
necting Niwiska Goérne, Wedrzynéw, Treba-
czew, Dzialoszyn, Weze, Gietkowizna, Parzy-
miechy, Jaworzno, Cieciuléw, Sternalice and
Koscieliska (Baraniecka & Sarnacka 1971,
Haisig 1974).

The erosional processes taking place at the
beginning of the Eemian Interglacial de-
stroyed a considerable part of the deposits of
the Middle Polish Glaciations. A new network
of river valleys arose (Liswarta, Dzialoszyn
gorge of the Warta) on the base of the margi-
nal valleys from the Warta Glaciation period.

No organogenic deposits referable to the Ee-
mian Interglacial on the basis of palynological
studies have hitherto been found in the Wozni-
ki-Wielun Upland. The results of a pollen ana-
lysis of the peat from a site at Wielki Boér, car-
ried out by Jastrzebska-Mametka (Bardziniski
et al. 1986), showed a mixed pollen spectrum,
suggesting a redeposition. Deposits from Wiel-
ki Bor have been referred both to the Mazo-
vian Interglacial (Klimek 1966, Haisig & Wila-
nowski 1980) and to the Lublin Interglacial
(Lewandowski 1988), as well as to the Eemian
Interglacial (Bardzinski et al. 1986).

The Vistula Glaciation was conspicuous
mainly by an accumulation of sands and gra-
vels in the river valleys, creating extensive ter-
races raised above the flood-plains (Bednarek
et al. 1992).

In the Holocene the period of river erosion
was followed by the accumulation of river
sands, gravels and silts, which formed the con-
temporary flood-plain terraces. Peat some-
times occurs on the river terraces and in de-
pressions without outflow, but its thickness
does not usually exceed 2 m. One of the palae-
obotanically documented Holocene sites is Wa-
socz Gorny (Orlicz 1967).
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GEOLOGICAL SITUATION OF THE
ORGANOGENIC SEDIMENTS

During exploratory boring for Bathonian
ore-bearing clays carried out by the Institute
of Geology in the 1950s, some organogenic de-
posits, 10 m in thickness, were drilled at Ko-
nieczki and described as peats. In 1992 an-
other borehole was drilled about 300 m NE of
the previous one, through financial support
from the Silesian University.

At Konieczki the organogenic deposits lie
very close to the surface and are covered only
by sandy deposits (Tab. 1). The lack of a
boulder-clay cover meant that their strati-
graphic position was obscure. The fact that
they were derived from the Mazovian Intergla-
cial remained unknown until the results of the
pollen analysis had been obtained; it was
these which provided the basis for the present
study.

The organogenic sediments overlie the for-
mations of the South-Polish Glaciations (Fig.
2). They are mainly varigrained sands, prob-
ably of glacifluvial origin. In the western part,
silts, exceeding 10 m in thickness, lie above
the sands. Unfortunately, the brief description
of the older drillings does not make a strict
genetic interpretation possible, but it may be
supposed that these silts also represent lacus-
trine sediments. Clay and underlying fine-
grained sands fill up a deep fossil subglacial
trough eroded in the Bathonian ore-bearing
clays. As a result the maximum thickness of
clay here exceeds 30 m. This clay probably rep-
resents the maximum stadial of the South-Pol-
ish Glaciation (Bednarek et al. 1992). Sands
and gravels which occur round the fossil lake
and partly cover the organic series represent
glacifluvial sediments of the Odra Glaciation.
Boulder-clay of that age in the lake zone was
washed away and only small patches survived
in the neighbourhood. The fossil lake series is
covered also by sands and silts of fluvio-peri-
glacial origin from the Vistula Glaciation and,
locally, by sandy and peaty aggradations of
Holocene age.

METHODS OF STUDY ™

This work is based on palaeobotanical studies con-
ducted by the methods of pollen and plant macrofossil
analysis, which were supplemented by geological
studies.
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Table 1. Lithological profile of deposits from the 1992 borehole

Depth [m] Sediment description (symbols of Troels-Smith 1955)
0.0-0.35 Sandy soil
0.35-1.52 Fine and medium-grained sand, variously light yellow, light brown or orange-yellow
1.52-2.19 Sandy silt, grey, with occasional granitoid fragments and flints up to 3 cm in diameter
nig. 2, sice. 3, elas. 0, strf. 0, lim. sup. 0,
Ag 2, Ga 2, Ld? +, Gs +, Gg (min+maj) +
2.19-6.12 Organic silt, dark grey, at the bottom dark brown
nig. 3, sicc. 3, elas. 0, strf. 0, lim. sup. 2,
Ag 2, Ga 1, Ld® 1, As +; at the bottom Ld® 2, Ag1,Gal
6.12-6.73 Badly decayed peat, silty, black, brittle
nig. 4, sicc. 3, elas. 1, strf. 0, lim. sup. 0,
Th® 3, Ag 1, Ga +
6.73-7.17 Sandy peat, dark brown with a large number of undecayed fragments of plants, brittle
nig. 3+, sice. 3, elas. 1, strf. 0, lim. sup. 1,
Th! 3, Ga 1, Ag +, Gs +, Tl +
7.17-7.46 Organic silt, peaty, dark brown
nig. 3+, sicc. 3, elas. 0, strf. 0, im. sup. 1,
Ag 2, Th? 2, Ga +
7.46-8.11 Badly decayed peat, dark brown, brittle
nig. 3+, sicc. 3, elas. 1, strf. 0, lim.sup. 0,
Th?® 3, Ag 1, Ga +, As +
8.11-9.82 Gyttja, dark brown
nig.3+, sice.3, elas.1, strf. 0, lim.sup.0,
Ld® 3, Ag 1, As +
9.82-10.07 Organic silt, dark brown
nig. 3, sice. 3, elas. 0, strf. 0, lim. sup. 1,
Ag 3, Ld® 1, As +, Ga + /
10.07-10.87 Gyttja, dark brown
nig. 3+, sice. 3, elas. 1, strf. 0, lim. sup. 0,
Ld® 3, Ag 1, As +
10.87-12.19 Organic silt, dark brown
nig. 3, sice. 3, elas.0, strf. 0, lim. sup. 1,
Ag 2, Ld® 2, As +; at the bottom Ag 3, Ld® 1, As +
12.19-12.59 Gyttja, dark brown, silty
nig. 3+, sice. 3, elas.1, strf. 0, lim. sup. 1,
Ld® 2, Ag 2, As +
12.59-13.52 Organic silt, dark brown
nig. 3, sice. 3, elas. 0, strf. 0, lim. sup. 0,
Ag 3, Ld% 1, As +
13.52-14.08 Gyttja, dark brown
nig. 3, sice.3, elas. 1, strf. 0, lim. sup. 2,
Ld® 3, Ag 1, As +
14.08-16.01 Organic silt, dark brown, in the lower part grey-brown with a hint of green and indistinct horizontal la-
minae, 1-2 mm thick
nig. 3, sice. 3, elas. 0, strf. 1, lim. sup. 4,
Ag 3, Ld% 1, As +
16.01-16.05 Varigrained sand, grey
16.05-17.50 Boulder-clay, dark grey with small limestone lumps, flints and granitoid fragments. The bottom part of

the clay layer was not drilled through.

Samples for study were taken from the core, 0.11 m
in diameter and 14.5 m in length, created by rotary
flush drilling (URB 2.5).

The subject of sediment analysis were gyttjas, peats
and organic silts. The study consisted of determining
their grain size distribution (My$linska 1992) and or-
ganic matter content (Oleksynowa et al. 1976). The re-
sults of both these analyses are presented in a pollen
diagram (Fig. 3).

Samples designed for pollen analysis were mac-
erated with 10% KOH, 10% HCI, 40% HF and sub-
jected to Erdtman’s acetolysis. Material thus prepared
was mounted in glycerine.

The pollen spectrum of each sample was counted on
at least two slides. Most of the pollen spectra were
counted to include at least 1000 AP grains, except for
17 samples, in which, because of low frequencies, the
AP total was smaller, but always above 500. The



spores of Musci excl. Sphagnum were counted until
the quantity of AP pollen reached 100 grains and then
the number of spores was calculated in relation to the
AP total.

Sediment samples for plant macrofossil analysis, 50
em? in volume, were boiled with an addition of 10%
KOH and next rinsed using sieves with 0.5 and 0.2
mm meshes.

The results obtained are presented in the form of a
pollen diagram and a diagram of plant macrofossils.
The POLPAL programme created by Dr Adam Wala-
nus was used to prepare and draw both diagrams.

The pollen total of trees, shrubs and terrestrial her-
baceous plants (XP) was applied as the basis for per-
centage calculations. The proportion of pollen of aqu-
atic and reedswamp plants, spores of Pteridophyta
and Bryophyta, and redeposited sporomorphs was
computed in relation to the basic sum (ZP) plus the
contribution of the given taxon.

The taxa were divided into groups of trees and shrubs,
herbs and dwarf-shrubs, Pteridophyta, Bryophyta,
and aquatic and reedswamp plants. The herbaceous
plants were additionally arranged in groups according
to their soil moisture requirements (Zarzycki 1984).
Within each group the taxa are arranged approximate-
ly in the order of their appearance.

The diagram of plant macrofossils is constructed in
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the form of a histogram showing the absolute numbers
of specimens in a given sample. The identified taxa
are grouped as follows: trees and shrubs, aquatic
plants, reedswamp plants and those of wet habitats,
and finally plants of moist/dry habitats. Within each
group the taxa are arranged in stratigraphic order.

FLORA LIST

The flora list compiled on the basis of the
results of pollen and plant macrofossil ana-
lyses contains 251 taxa of varied rank, of
which 106 have been identified to species
level.

The names of vascular plants in most cases
have been taken from Mirek et al. (1995) and
Ehrendorfer (1973). For extinct plants the
names used are those given to the taxon by the
author.

The flora list shows the occurrence or ab-
sence of a given taxon in each particular local
pollen assemblage zone (Tab. 2).
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Table 2. Flora list

- pollen

— spores

- macrospores, macrosporangia, microsporangia

— 00Spores

— Pediastrum, Dinoflagellata occurrence

fruits, seeds, fruit scales etc.

~ hairs, needles, sclerotia etc.

— wood

— spills over to a neighbouring zone

— occurs exclusively in a disturbed layer of the given zone

— maximum values or most frequent occurrence

occurs only in one sample within the given zone (1-3 specimens)
Ta.xa within the first disturbed layer, at a depth of 14.28-14.11 m, have been omitted from the list, because this layer occurs
outside the stratigraphic division.
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CHLOROPHYTA
Hydrodictyaceae
Pediastrum Meyen + + + + + + + + + + +
CHAROPHYTA
Characeae
Chara fragilis Desvaux - - - - - - - - - Oe O
Nitellaceae
Nitella opaca Ag. - - - — - - - - Oe - O
MYCOTA
Hyphomycetes
Cenococcum graniformae (Sow.) - - - - - - - - N Ne N
Ferd. & Winge
BRYOPHYTA
Musci (excl. Sphagnum Ehrh.) S S S S S S S S S S Sé
Sphagnaceae
Sphagnum Ehrh. S S S S S S S S S S S
PTERIDOPHYTA
Filicales monolete S S S S S S S S S S S
Aspidiaceae
cf. Polystichum Roth — — — - - - - — — S -
Equisetaceae
Equisetum L. - S Se S S - - - S - S
Huperziaceae
Huperzia selago (L.) Bernh. ex Schrank| - - Se S S Se - - Se - S
& Mart.
Hypolepidaceae
Pteridium aquilinum (L.) Kuhn — — Se S S S S S S S S
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1 2 3 4 5 6 7 8 9 10 11
Isoétaceae
Isoétes cf. lacustris L. - - - S S - - - - - -
Lycopodiaceae
Diphasiastrum complanatum (L.) Holub| - Se - - Se - Se - - - -
type
Lycopodium annotinum L. S S Se S S Se Se - S Se S
Lycopodium clavatum L. - - - - Se S - - S Se S
Ophioglossaceae
Botrychium Sw. - S - - Se - S - S - S
Osmundaceae
Osmunda cinnamomea L. - - - - S& S S S S S S
Osmunda regalis L. /0. claytoniana L. - - - S S S Se - S Se S
Polypodiaceae s. str.
Polypodium vulgare L. - - - Se Se - S Se S - S
Thelypteridaceae
Thelypteris palustris Schott S S Se S S S S S S S S
Salviniaceae
Salvinia natans (L.) All. - - - - M M M M M M M
Selaginellaceae
Selaginella helvetica (1..) Spring - - - - - - - - - ~ M
Selaginella selaginoides (L.) P. Beauv. ex| — - - - - - - - - Me SM
Schrank & Mart.
GYMNOSPERMAE
Cupressaceae
Juniperus L. P P P P P P Pe Pe P P P&
Ephedraceae
Ephedra distachya L. type - - - — - - - - - - P
Ephedra fragilis Desf. type - Pe - - - - - - - - P
Ephedra cf. strobilacea Bunge — — - — - - - - - - Pe
Pinaceae
Abies Mill. — - - P P P P P P& P P
Abies alba Mill. - - - - - - - N - - -
Larix Mill. ~ P P P PNe | PNe — - P P P&
Picea abies (L.) H. Karst. Pe P P PNe | P& P P P P P P
Picea Dietr. - - - -~ — - - - We - -
Picea Dietr. vel Larix Mill. - We - - - - - - - ~ -
Pinus cf. cembra L. - - P Pe - - - - - -
Pinus cembra L. - - - - - - - - - - Ne
Pinus sylvestris L. - - - - - - - - N— | We | NFe
Pinus cf. sylvestris L. - - — - - - - - N- - Ne
Pinus sylvestris L. type p P P P P P P P P P& P&
Pinus L. - — — - - - - - - - \
cf. Pinus L. - - - - - - - Fe - - -
Taxaceae
Taxus L. - - - P P& P P P P P P
ANGIOSPERMAE
Aceraceae
Acer L. — P Pe P P P P P P - Pe
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Table 2. Continued

1 2 3 4 5 6 7 8 9 10 11
Alismataceae
Alisma plantago-aquatica L. - - - — - - — — - — Fe
Sagittaria L. - — - ~ - _ - - - _ P
Sagittaria sagittifolia L. - - - - - - - - - Fe F
Apiaceae (Umbelliferae)
Bupleurum L. - - - - - - - Pe Pe - P
Cicuta virosa L. - - - - - ~ - - _ - Fe
Pimpinella L. - - - - - - - - - - P
Apiaceae undiff. P P P P P P P P P P Pa
Aquifoliaceae
Ilex aquifolium L. type - - - Pe Pe Pe - Pe Pe - —
Araliaceae
Hedera helix L. - - Pe P P Pe P P P _ -
? Araceae ]
Aracites interglacialis Wieliczk. — - - - - - - - F Fe F
Asteraceae
Anthemis L. type - Pe - P P Pe Pe - P P P#&
Artemisia L. P P P P P P P P P P Pe
Aster L. type - - — P - -~ — - P _ P&
Carduus L. - - - — - — - - _ _ P
Cirsium Mill. Pe - Pe - - — _ _ _ _ P
___ Senecio L. type - - - - - - - - - _ Pe
Solidago L. type - - P P P P P - Pe Pe P&
Asteraceae undiff. - — - — Pe — _ _ _ _ P
Balsaminaceae
Impatiens L. — - — — Pe — — — — _ _
Betulaceae
Alnus Mill. - - — - We - - - W _ W
Alnus glutinosa (L.) Gaertn. type P P P P& P P P P P P P
Alnus Mill./Betula L. - - - - - - - - We - We
Betula sect. Albae Fe - Fe - F F Fe - F Fe F
Betula cf. humilis Schrank - - - - - - - - - Fe F
Betula nana L. - — - - Fe - — - F _ PF&
Betula cf. nana L. ~ - - - - - - - - F F
Betula cf. pendula Roth F F Fe F Fe F F - F - F
Betula pubescens Ehrh. Fe Fe — Fe — Fe - _ F _ Fe
Betula cf. pubescens Ehrh. F Fe Fe Fe - - - - F Fe F
Betula L. — - - - - - - - - w
Betula L. undiff. P& P P P P P P p PFe P PF
__Boraginaceae -
Symphytum L. — - - - - Pe Pe — - _ _
Brassicaceae (Cruciferae) = — - - P - Pe — P P P&
Rorippa palustris (L.) Besser - - - - - - - - - Fe F
Butomaceae ) o
Butomus umbellatus L. - — - - — - P Pe P - (Pe)
Buxaceae )
Buxus L. — — — - P P P P P& P P
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1 2 3 4 5 6 7 8 9 10 1
Callitrichaceae
Callitriche autumnalis L. em. Wahlenb.| - - - - - - - - Fe F F&
Campanulaceae
Campanula L. — — — Pe - - _ _ _ Pe P
____ Cannabaceae B
Humulus lupulus L. P P P P& P P P P P Pe P
Caprifoliaceae
Sambucus nigra L. - - - - P — - - - - P
Sambucus racemosa L. — - Pe Pe Pe — Pe Pe - — P
Viburnum L. - - Pe P P P P P P - P
Caryophyllaceae L
Cerastium L. - - — - - - - - — —~ F
Cerastium L. type Pe Pe - - - Pe - Pe P Pe P&
Dianthus L. type - - — - - - - - - | - P
Gypsophila fastigiata L. type - — - - - - - - — - Pe
Melandrium Rohl. type - - - - - - - - - — Pe
Scleranthus annuus L. - - — _ - — _ _ _ _ Pe
Scleranthus perennis L. - - - - - — - - — — Pe
Silene L. type - | - _ — - - _ _ _ _ P
Spergula arvensis L. type — — - - — — - Pe Pe - -
Stellaria holostea L. - — - — Pe - _ _ _ _
Stellaria nemorum L. - 1 - — — - - _ ~ _ _ F
Stellaria palustris Retz. - -~ — - - - - - - — F
_ Caryophyllaceae undiff. - — — — Pe - — _ P — P&
Celastraceae
Euonymus L. — - - - - - —~ — P — _
Ceratophyllaceae
Ceratophyllum L. - - - - N Ne N N N N | N
Ceratophyllum demersum L. - - - — — - - - Fe - Fe
Chenopodiaceae P Pe - P P P P - P P P&
Cistaceae
Helianthemum canum (L.) Baumg. / H.| - - - - - - - — — _ P
alpestre (Jacq.) Dunal
Helianthemum nummularium (L.) Mill.| - - - - - - - - - - P
type
Cichoriaceae - Pe - - - — - Pe Pe Pe P&
Cornaceae
Cornus sanguinea L. - - Pe Pe Pe - Pe - - - -
Corylaceae
Carpinus L. P Pe Pe P P P P& P P P P
Corylus L. - P P P P P P P& P P P
_ Cyperaceae
Carex canescens L. - - - - - - - - - - Fe
Carex cf. cespitosa L. - - - - - - - _ Fe - F
Carex elata All. - - - - - - _ — F _ F
Carex cf. elata All. - - - - - - - _ — F F
Carex gracilis Curtis - - - - _ - — _ F F ¥
Carex cf. gracilis Curtis - - - - - - - - - - F
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Table 2. Continued

1 2 3 4 5 6 7 8 9 10 11

Carex cf. panicea L. - - - - - - - - — - F

Carex pseudocyperus L. - - — - - -~ - - Fo F F

Carex rostrata Stokes Fe - - - - - - ~ F F F&

Carex cf. rostrata Stokes - — - - - - - - - - F

Carex cf. vesicaria L. - - - - - - - - - - Fe

Carex sect. Acutae - - - - - - - - - Fe &

Carex L. undiff. - - - - - - - - Te Fe F&

Dulichium spathaceum Pers. - - - - - - - - - - F

Eleocharis palustris (L.) Roem. - - - - - - - - - - F

& Schult.

Eleocharis cf. palustris (L.) Roem. - - - - - - - - - - Fe

& Schult.

Eleocharis palustris (L.) Roem. - - - - - - - - Fe Fe F&

& Schult./ E. mamillata (H. Lindb.)

H. Lindb. ex Dorfl.

Eleocharis praemaximoviczii Dorof. - - - - - - - - F F Fé&

Schoenoplectus lacustris (L.) Palla - - — - - - — — - _ F

Scirpus atroviroides Dorof. - Fe - - Fe - - - F F F&

Cyperaceae P P P P P P P P P P P&
Dipsacaceae

Knautia L. - - - - - - - - — — P
Elaeagnaceae

Hippophaé rhamnoides L. Pe — — - - — — _ _ _ P
Ericaceae

Andromeda polifolia L. - - - - - - - - Fe - -

Arctostaphylos L. - - - - - - - - - —~ Pe

Calluna vulgaris (L.) Hull - P Pe P P P P P P P P&

Chamaedaphne calyculata (L.) Moench. - — — - - - - - Fe - -

Vaccinium L. type - P Pe P P — - - ~ — _

Ericaceae undiff. - - Pe Pe P — P Pe P Pe P& Fe
Euphorbiaceae

cf. Euphorbia - - - - Pe - - - - _ _

Mercurialis cf. perennis L. - - - - - - - - Pe - _
Fabaceae - - -~ - - P - - (Pe) - P
Fagaceae

Fagus L. - - - - - - Pe - P& P P

Quercus L. P P P P P P P P& P P PWe
Gentianaceae

Gentiana cf. nivalis L. - - - - - - - - - _ P
Haloragaceae

Myriophyllum spicatum L. - P P P P - — Pe P PFe P& e

Myriophyllum verticillatum L. — - - - Pe - - - (Pe) Pe P

Myriophyllum cf. verticillatum L - - - -~ - - - - - — Fe
Hippuridaceae

Hippuris vulgaris L. - - - - - - - - - - Fe
Hydrocharitaceae

Stratiotes aloides L. - - - - - - - - Pe - Pe
Juglandaceae

Pterocarya Kunth. - - - - - - - _ P& P P
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2 3 4 5 7 8 9 10 11
Lamiaceae (Labiatae)
Lycopus L. - - - - Pe - - - Pe
Lycopus europaeus L. - ~ - - - - - - Fe
Mentha L. - - - - - ~ - - Fe
Mentha L. type - - - - - - P - P
Stachys sylvatica L. type — ~ - Pe P Pe P - Pe
Lentibulariaceae
Utricularia L. - - - - - - - - P
Loranthaceae
Viscum L. - - - Pe P P P - (Pe)
Lythraceae
Lythrum L. ~ - - Pe - - P - P
_ Menyanthaceae
__ Menyanthes trifoliata L. - - - Pe - - PFe | PFe | P&F
_Najadaceae
Najas flexilis (Willd.) Rostk. - - - Fe - - F F Fé&
& W.L.E.Schmidt
Najas minor All. - — - - - - Fe - -
Nymphaeaceae
Nuphar Sm. - - - - Fe— - - -
Nuphar lutea (L.) Sibth. & Sm. - - Pe P P P P - P
Nymphaea L. - - - - Fe— - - - -
_ Nymphaea alba L. - - - Pe - - P - P
Nymphaea candida C. Presl - - - P P — P - P
Onagraceae
cf. Chamaenerion Scop. - - - - - - (Pe) - P
cf. Epilobium L. - — — - - Pe - - Pe
Oleaceae
Fraxinus L. P P P& P P P P P P
Ligustrum L. - - - P Pe P P - -
Plantaginaceae
Plantago major L. — Pe Pe - Pe - P - P&
Plantago maritima L. s.1. Pe - P Pe - - P Pe P
Plantago maritima L. s.str. - — - Pe - Pe - - Pe
Plantago media L. - - - - - - - - P
Plumbaginaceae
Armeria maritima (Mill.) Willd. A-type - - - P - - - - P
Armeria maritima (Mill.) Willd. B-type — - - — - - — — P
Poaceae (Gramineae)
Phragmites Adans. P Pe P P Pe P P P P&
Poaceae - - - - - - - - F
Poaceae undiff. 14 P P P P P P P P&
Polemoniaceae
Polemonium L. - - - - - - - - P
Polygonaceae
Polygonum amphibium L. - - - Pe - - - - -
Polygonum aviculare 1. type - — P Pe - — - — P
Polygonum bistorta L./P. viviparum L. - - — - — - (Pe) Pe P
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1 2 3 4 5 6 7 8 9 10 11
Polygonum persicaria L. type - - — - - - - - (Pe) - 14
Rumex acetosa L. type - P Pe - Pe - - - P Pe P&
Rumex acetosella L. — - - - - - - - - - F
Rumex acetosella L. type Pe Pe - P P P - P P - P&
Rumex crispus L. type - - - - - - - - — _ Pe
Rumex maritimus L. — - - - - - - - - - F
Rumex sect. Acetosae Pe Pe - - - - Pe P P Pe P&
Potamogetonaceae
Potamogeton compressus L. - - - - - - - - - - F
Potamogeton dorofeevii Wieliczk. - - - - - - - - - — Feo
Potamogeton friesii Rupr. - - - - - — - — - | Fe | -
Potamogeton cf. gramineus L. - - - Fe - - - - — F
Potamogeton cf. goretskyi Dorof. - - - - - - - - _ - Fo
Potamogeton natans L. - - - - | - Fe - — F& _ —
Potamogeton cf. natans L. - - - - - - - - - - | Fe
Potamogeton obtusifolius Mert. - - - - - - - - Fe - F
& W.D.J.Koch o
Potamogeton cf. obtusifolius Mert. - - - - - - - - - - Fe
& W.D.J. Koch
Potamogeton panormitanus Biv. - - — - - - — - - Fe F
Potamogeton panormitanoides Dorof. - — - - - - Fe - - _ F
Potamogeton cf. panormitanoides - - — - - - - - - - F
Dorof.
Potamogeton perfoliatus L. - - Fe — - - _ _ _ - F
Potamogeton cf. perfoliatus L. - - - — - - Fe - - - _
Potamogeton praelongus Wulfen - - — - - - - - - - F
Potamogeton cf. praelongus Wulfen — - — — - - Fe - - _ _
Potamogeton pusillus L. - - — - - — - - — _ F
Potamogeton cf. pusillus L. - - - - - - - - - — F
Potamogeton cf. sarjanensis Wieliczk. - - - - - - - ~ ~ - Fe
Potamogeton sect. Coleogeton - - - - - - — — P ~ R
Potamogeton sect. Eupotamogeton - - P Pe - Pe Pe Pe P& P P
Potamogeton L. undiff. — — — — - Te Fe - ~ _ F
Primulaceae
Hottonia palustris L. - - - Pe — — - - _ — _
Lysimachia nemorum L. - - - - - - - - P — P
Lysimachia nummularia L. - - - - - - - - Pe - —
Lysimachia thyrsiflora L. - - - - — - - Pe P - P
Lysimachia vulgaris L. type - - - - - - Pe - Pe - Pe
Ranunculaceae
Aconitum L. L o - - - — - - - - - - Pe
Anemone L. type - - - - - - - - P _ P
Batrachium S.F. Gray - - - - - - = - | = F F&
Caltha L. type - Pe - - P - - - P Pe P&
Ranunculus acris L. type - P - P P Pe - - P Pe P&
Ranunculus flammula L. type Pe P P P - - - P P P P&
Ranunculus sceleratus L. - - - - - - - - F F &
Ranunculus L. undiff. - - - Fe - _ - - - -
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1 2 3 4 5 6 7 8 9 10 11
Thalictrum L. Pe P Pe P Pe - - P P P&
Trollius L. - - - - - - - - - - Pe
Rhamnaceae
Frangula alnus Mill. - P P P P P P P P P Pe
Rosaceae
~ Comarum palustre L. - - - - - - - - PFe Fe PF
Filipendula Mill. - P Pe P - Pe P P P Pe P&
Geum L. - - - - - - - - - - P
Potentille L. - - - - Pe - - - P Pe P
Potentilla cf. supina L. - - - - - - - - - - F
Potentilla L. type - - - - - - - - (Pe) P P
Potentilla L. undiff. - - - - — - — — — F -
Rosa L. -l -l -] ~-|P | -] ~-|=-1-1]-]FP
Rubus L. - - - - - - - - PF - Fe
Sanguisorba officinalis L. (2n=28) - - - - - — - - _ Pe P
Sanguisorba officinalis L. (2n=56) - - - - - - - - - - P
Sorbus L. - - - - p P - = Pe - | Pe
__ Rosaceae undiff. Pe Pe - p p Pe Pe P p P | bs
Rubiaceae Pe P Pe Pe P P Pe Pe P P P&
Salicaceae
Populus tremula L. type - P Pe P P P P - P Pe P&
~ Salix L. — - - - - - - - - - W
Salix glauca (auct.) type P P P P P 4 P P P P P&
Salix pentandra L. type Pe — P Pe P P | P | P p P P&
Saxifragaceae
Saxifraga cernua L. type - - - - - - _ _ — _ P
Saxifraga hirculus L. type - - - - - - - - Pe - Pe.
Scrophulariaceae
__Rhinanthus L. type - - - - P - - - - - P
___Scrophularia L. type _ i - - - | - - = | Pe | - | Pe
Veronica L. - - - - - - - - (Pe) = — P
Sparganiaceae o -
Sparganium L. type P Pe P P P P P P P P P&
Tiliaceae
Tilia cordata Mill. type - P P P& P P P P P Pe | P
Tilia platyphyllos Scop. type - - - P - - - - - _ _
Trapaceae
Trapa L. - - - - Pe - Pe Pe |PN Fe| - -
Typhaceae
_ Typha latifolia L. - P - P P | Pe Pe P P P P&
ypha L. - F — - Fe - - - F F F
Ulmaceae
Celtis L. - - - - - - - P - -
Ulmus L. — P P P& P P P P P P P
Urticaceae e
Urtica dioica L. - Pe Fe - - - Pe P - - FP
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1 2 4 5 6 7 8 9 10 11

Valerianaceae

Valeriana L. - - - - - - - - Pe P
Violaceae

Viola arvensis Murray type - - - - - - - Pe - —

Viola palustris L. type - - - - - - - - - P
Vitaceae

Vitis L. - - - P ~ P P& P - -
Zannichelliaceae

Zannichellia palustris L. - - - - - - - — - F
Rebedded - - - - - - — - - P

Carya Nutt. - - - - - - - - - P

Liquidambar L. - - - - - - - - — Pe

Nyssa L. - - - - - - - — — P

Sciadopitys S. et Z. - - - - - - - - - P

Taxodiaceae/Cupressaceae - - — - - - - — — P

Dinoflagellata - - - - - - — - _ +

REMARKS ON SOME Pteridophyta

DETERMINATIONS

The flora of Konieczki comprises taxa deter-
mined on the basis of identifications of pollen
grains, spores, seeds, fruits and the vegetative
parts of plants.

The determinations of pollen grains were
based on numerous publications, containing
detailed descriptions and keys. However, in
many cases, notably those of the more difficult
and rare taxa, the comparative slide collection
of the W. Szafer Institute of Botany, PAScs, in
Krakéw was the basis of determinations. The
determinations of plant macrofossils were, on
the whole, performed in the above-mentioned
Institute of Botany. In this case the comparative
collection of fruits and seeds of the Institute was
used to a still greater extent. The full documen-
tation of the results of the pollen analysis is
stored in the Department of Earth Sciences,
Silesian University, at Sosnowiec. The deter-
mined plant macrofossils will be transferred to
the Palaeobotanical Museum of the W. Szafer
Institute of Botany, PAScs, in Krakéw.

POLLEN ANALYSIS

The terminology used in the descriptions of
sporomorphs is that adopted by Punt et al.
(1994).

Isoétes cf. lacustris L. (Pl. 1 fig. 21) — 141
microspores, monolete, most frequently 40x25
um in size; laesura long, about 35 um
(Erdtman et al. 1961).

Osmunda cinnamomea L. (Pl. 1 fig. 23) —
117 spores, trilete, large, almost circular in
equatorial outline. Baculate elements separ-
ated (Andersen 1961).

Osmunda regalis L./O. claytoniana L. (Pl. 1
fig. 22) — 34 spores, trilete, large, preserved in
fragments. Sculpture elements on surface
fused together into a reticulate pattern (An-
dersen 1961).

Salvinia natans (L.) All. — numerous frag-
ments of microsporangia. Whole microsporan-
gia only sporadically present. Spumous struc-
ture of microsporangia and microspores pre-
served in it clearly visible. The microsporangia
were identified as those of Salvinia natans on
the basis of the presence of macrosporangia
and macrospores of this species.

Gymnospermae

Ephedra cf. strobilacea Bunge (P1. 1 fig. 8) -
one very long and narrow grain, polyplicate,
with 11 straight unbranched meridional
grooves (Welten 1957).

Taxus L. (PL. 1 figs 1-4) — very many pollen
grains, all well preserved, with typical splits



and a system of exine folds (Beug 1961); gem-
mae varying in size, densely arranged.

Angiospermae

Betula nana L. (Pl. 1 fig. 9) — numerous pol-
len grains, up to 21um in diameter, more or
less circular in outline, with very flat vestibu-
lum (Erdtman et al. 1961, Praglowski 1962).

Buxus L. — 465 pollen grains, periporate,
with very fine reticulate pattern.

Celtis L. (P1. 1 figs 5-6) — four pollen grains
with three pores surrounded by fairly narrow
annulus. Pores somewhat sunken. Grains of
more or less circular equatorial outline, 30-33
um in diameter. Columellae on surface dis-
tinct, irregularly scattered (Faegri et al. 1989).

Pterocarya Kunth. (Pl. 1 fig. 7) — stephano-
porate pollen grains, 201 in number, with 5-7
pores; microsculpture characteristically regu-
larly dotted ( Faegri & Iversen 1978).

Vitis L. — 64 pollen grains, mostly 20—
23x16-19 pum in size, tricolporate, irregularly
per-reticulate. Furrows narrow, pores charac-
teristic, small and covered (Faegri et al. 1989).

Aconitum L. (Pl. 1 fig. 16) — one pollen
grain, 37x24 um in size. Granules much more
clearly visible in the furrows than are the col-
umellae on the grain surface (Faegri et al.
1989).

Gentiana cf. nivalis L. — two tricolporate
pollen grains; columellae distinct, reticulum or
striae visible according to focusing (Faegri et
al. 1989).

Hottonia palustris L. (PL. 1 fig. 15) — one tri-
colporate pollen grain (18x15 um), distinctly
per-reticulate. Lumina subequal, not decreas-
ing towards the furrows (Moore et al. 1991).

Impatiens L. — a pollen grain with four
straight furrows, suprareticulate; columellae
indiscernible. Poles slightly but distinctly flat-
tened (McAndrews et al. 1973, Faegri et al.
1989).

Lysimachia L.

Pollen grains determined according to
Jgrgensen’s unpublished key. All grains tricol-
porate; distinctly per-reticulate.

Lysimachia nemorum L. — six pollen grains.
Columellae scarcely visible. Lumina subequal,
only occasionally decreasing towards the fur-
row.

Lysimachia nummularia L. (Pl. 1 fig. 12) —
one pollen grain. Muri considerably thinner
than in Lysimachia vulgaris type, made up of
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1-2 rows of relatively large and prominent col-
umellae. Lumina decreasing slightly towards
the furrow, differing greatly in size.

Lysimachia thyrsiflora L. (Pl. 1 figs 13—-14)
— ten pollen grains. Columellae in muri hardly
visible. Lumina distinctly decreasing towards
the furrow.

Lysimachia vulgaris L. type (Pl. 1 figs 10—
11) — three pollen grains. Reticulum with thick
muri, clearly visible; columellae fine, arranged
in 2-3 rows. Lumina very distinctly decreasing
towards the furrow.

Nymphaea alba L. (Pl. 1 fig. 20) — thirteen
pollen grains with very large, single and
generally clearly visible pores, their opercula
for the most part preserved. Grain surface
covered with sculpture elements varying in
shape and length — bacula, clavae, verrucae
and even spines. Some elements even exceed 4
um in length (Erdtman et al. 1961, Punt &
Clarke 1981).

Nymphaea candida C. Presl. (Pl. 1 fig. 19) —
sixteen pollen grains. Pores and opercula as in
the preceding species. Grain surface covered
with elements considerably more uniform in
size and shape. Most of them very short and
rather broad, bacula not present (Erdtman et
al. 1961, Punt & Clarke 1981).

Plantago maritima L. s.1. — 21 pollen grains
with distinct, broad annuli (Andersen 1961).

P. maritima L. s. str. — four pollen grains,
without annuli.

Scleranthus annuus L. — one pollen grain
with 18 pores surrounded by broad annuli.
Columellae between pores very large and all of
similar size, irregularly scattered (Erdtman et
al. 1961).

Scleranthus perennis L. — one pollen grain
with 12 pores with narrow annuli, surrounded
by a belt of fine columellae. Columellae large,
forming 2-3 distinct rows between pores on
the grain surface (Andersen 1961, Erdtman et
al. 1961).

Scrophularia L. type — two pollen grains,
tricolporate, with obscurely visible pore, per-
reticulate. Columellae easily visible, lumina
slightly contracting towards the furrow (Moore
et al. 1991).

Silene L. type (=Silene/Arenaria sensu An-
dersen 1961 ) — six pollen grains with 18-28
pores surrounded by narrow but well-defined
annuli. Columellae homogeneous, but showing
tendency to join in pairs.

Spergula arvensis L. type — two tricolpate
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pollen grains. Columellae on grain surface
very distinct and fairly regularly distributed,
absent in furrows. Perforations in tectum ob-
scure (Faegri et al. 1989).

Stachys sylvatica L. type (Pl. 1 figs 17-18) —
ten suprareticulate pollen grains with three
straight well-defined furrows. Lumina differ-
ing little in size (Moore et al. 1991). All grains
are of similar size, averaging 36x21 um.

Viola arvensis Murray type — one stephano-
colporate pollen grain, with four broad fur-
rows. Surface fairly distinctly rugulate-verru-
cate, sculpture more clearly visible towards
the poles. The grain, in equatorial view, pres-
ents an oval outline, slightly flattened at the
poles (Moore et al. 1991).

ANALYSIS OF PLANT MACROFOSSILS

Pteridophyta

Salvinia natans (L) All. — all 123 macrospo-
rangia and 383 macrospores typical and in a
good state of preservation. Macrosporangia
with black walls of clearly visible polygonal
cells. Cream or white macrospores with mostly
smooth walls and three characteristic valves
in the top part.

Angiospermae

Betula nana L. — wingless nutlets identified
on the basis of their shape (Biatobrzeska &
Truchanowiczéwna 1960).

Aracites interglacialis Wieliczk. — nine well-
preserved seeds, conforming well to the de-
scription of this species (Mamakowa & Velich-
kevich 1993a, b), were found in sediments
from the Konieczki site. The seeds are variable
in shape, obovate, elliptic to almost circular,
tapering towards the base and have a small
depression at the top. The differences in shape
and size (1.7-2.2x1.3—-1.5 mm) lie within the
limits of variation quoted in the above-men-
tioned paper.

Aracites interglacialis 1s an extinct species,
described for the first time by Velichkevich
(1977b) and known so far from 11 sites of the
Likhvinian (Alexandrian, Mazovian = Hol-
stein) Interglacial from Belarus, Russia and the
Ukraine. In Poland it has hitherto been ident-
ified from five sites: Olszewice, Stanowice,
Nowiny Zukowskie, Makéw Mazowiecki and
Katowice (Mamakowa & Velichkevich 1993b).

At Konieczki, as at the sites above, the seeds
of Aracites interglacialis occur in deposits
formed in the younger part of the interglacial.

Nutlets of eight Carex species were identi-
fied from the Konieczki sediments, those of
Carex gracilis and C. rostrata occurring in the
largest numbers. Identifications were based on
the characters given by Nilsson & Hjelmqvist
(1967) and Berggren (1969).

Dulichium spathaceum Pers. — four fruits in
a good state of preservation, elongate, 2.4—
3.5%0.7-0.8 mm in size, bristles well pre-
served.

Eleocharis praemaximoviczii Dorof. — 171
fruits, trigonous, obovate, rounded and flat-
tened at top, ending in a process. Fruits small,
generally 0.8-1.0x0.5-0.7 mm, excluding pro-
cess (Dorofeev 1986b).

E. praemaximoviczii is an extinct species.
In shape and size its fruits most resemble
those of E. ovata which grows in Poland today
(Zukowski 1965). However, the fruits of E.
ovata are somewhat smaller and are biconvex,
not trigonous (Dorofeev 1986b).

Scirpus atroviroides Dorof. — 427 fruits
were identified by Prof. F.Yu. Velichkevich.
Fruits ellipsoidal or obovoid, very small. Species
extinct, having occurred in the Pliocene and
the first half of the Pleistocene. The contem-
porary species — S. sylvaticus has fruits very
similar in form.

All the Potamogeton endocarps were deter-
mined by Prof. F.Yu. Velichkevich, who distin-
guished 17 species. Not all of them occur in
Poland now, and some are extinct.

Potamogeton dorofeevii Wieliczk. — one en-
docarp. Species extinct, first distinguished by
Velichkevich (1977a) in the deposits of the
Likhvinian Interglacial in the Vitebsk region.
It occurs in numerous interglacial and inter-
stadial floras (Velichkevich 1982, 1990).

Potamogeton goretskyi Dorof. — one endo-
carp. Species extinct, first described by Doro-
feev from the deposits of the Mazovian Inter-
glacial at Zhidovshchizna (Dorofeev 1986a).

Potamogeton panormitanoides Dorof. -
eleven endocarps of P. panormitanoides and
eight defined as P. cf. panormitanoides. It
is an extinct species, first described by Doro-
feev from the deposits of the Likhvinian Inter-
glacial at the Neznanovskye Viselki site. In
form the endocarps of this species are very
similar to those of P. panormitanus (Dorofeev
1986a).



Potamogeton cf. sarjanensis Wieliczk. — one
endocarp. This is an extinct species, distin-
guished by Velichkevich (1979) from the de-
posits of the Likhvinian Interglacial in the Vi-
tebsk region. It is thought to be characteristic
of the Older Pleistocene (Velichkevich 1982).
Nowadays, the Far Eastern species, P maac-
kianus, P. oxyphyllus and P. malainus of China
and Japan have endocarps very similar in
form (Velichkevich 1982, Dorofeev 1986a).

DESCRIPTION OF LOCAL POLLEN
ASSEMBLAGE ZONES

The pollen diagram has been divided into
local pollen assemblage zones — L PAZ. Within
some of the zones subzones of pollen assemb-
lages have been distinguished (Fig. 3).

Each zone is designated with the letter K
(=Konieczki), a serial number, starting from
the bottom upwards, and its name. The names
of the zones and subzones are based on the
most abundant or characteristic taxa. The
boundaries of the zones and subzones were
fixed to be in places where the pollen values of
taxa of quantitative or indicative significance
rose or fell.

K-1 Betula L PAZ (depth: 16.01-15.89 m; fre-
quency: AP 132-204 grains/cm?, NAP: 10-16
grains/cm?).

This zone is represented by only two sam-
ples. The proportion of tree and shrub pollen is
high (max. 92.8%). Very high pollen values of
Betula undiff. (max. 68.6%) and a very low
proportion of Pinus sylvestris type (21.8—
28.5%) are characteristic features. The pollen
values of Juniperus do not exceed 0.5%. Hippo-
phaé rhamnoides was recorded from the bot-
tom sample. The variety in taxa of herbaceous
plants is meagre. The most abundant is
Poaceae undiff. pollen (max. 5.2%), Cyper-
aceae pollen being less frequent.

The zone has no lower boundary, the upper
one lies at the fall of the pollen value of Betula
undiff. and the rise of Pinus sylvestris type.

K-2 Pinus-Betula L. PAZ (depth: 15.89-15.46
m; frequency: AP 176-201 grains/cm? NAP
11-17 grains/cm?).

The proportion of tree and shrub pollen is
high (92.3-95.8%). The zone is characterized
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by a drop in the pollen values of Betula undiff.
from 53.5 to 34.0% and a rise in the values of
Pinus sylvestris type to 41.7%. In the upper
part of the zone the proportion of Alnus gluti-
nosa type rises to 9.5%, Picea abies to 7.6%
and pollen of Fraxinus turns up at above 1%.
There occur single pollen grains of Populus tre-
mula type. Herbaceous plants are represented
chiefly by Poaceae undiff. (up to 4.0%) and
Cyperaceae (to 2.7%); in the younger part of
the zone pollen grains of Humulus lupulus are
numerous.

The upper boundary of the zone is marked
by a drop in the value of Pinus sylvestris type
and a rise in the pollen values of Alnus gluti-
nosa type and Betula undiff.

The zone has been divided into two sub-
zones: K-2a Betula and K-2b Picea-Alnus.

Characteristic of subzone K-2a Betula are
the still high though decreasing pollen values
of Betula undiff. The proportions of Alnus g(u-
tinosa type and Picea abies are below 1%.

Subzone K-2b Picea-Alnus is characterized
by the increasing pollen values of Alnus gluti-
nosa type and Picea abies, while the values of
Betula undiff. decline.

K-3 Betula-Alnus-Picea L PAZ (depth: 15.46-
15.12 m; frequency: AP 171-344 grains/cm?
NAP 6-13 grains/cm?).

The tree and shrub pollen proportion is
94.7-96.3%. The pollen values of Betula undiff.
are again high (max. 47.8%) and accompanied
by lower values of Pinus sylvestris type (14.4—
24.0%). The values of Alnus glutinosa type
grow to 23.1% and the proportion of Fraxinus
(5.0%) is higher than in the preceding zone.
The pollen of thermophilous broad-leaved
trees rises above 1% for the first time: Quercus
(to 1.8%), Tilia cordata type (to 1.8%), Ulmus
(to 1.2%). The sporadic occurrence of the pollen
of Hedera helix, Cornus sanguinea, Sambucus
racemosa, Frangula alnus and Viburnum is re-
corded. Humulus lupulus pollen gives a con-
tinuous per mil curve.

The upper boundary of the zone is where
the values of Betula undiff. drop and those of
Alnus glutinosa type rise.

K-4 Alnus-Picea-Fraxinus L PAZ
15.12-14.28 m; frequency: AP
grains/cm?, NAP 5-15 grains/cm?).

(depth:
196-436

The percentage of AP is 96.1-98.1%. Alnus
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glutinosa type has its highest values through-
out the profile (max. 42.5%), and so have Frax-
inus (max. 9.6%) and Ulmus (max. 2.0%). The
pollen values of Picea abies (max. 16.5%),
Quercus (max. 5.1%), Tilia cordata type (max.
2.7%) and Corylus (max. 5.0%) are higher than
in the previous zone. Pollen grains of Ilex aqui-
folium type, Hedera helix, Cornus sanguinea,
Sambucus racemosa and Viburnum are noted.
Humulus lupulus has a continuous per mil
curve and spores of Osmunda regalis/O. clay-
toniana turn up for the first time.

The zone has no upper boundary.

Remark! The top of the zone is in direct con-
tact with the bottom of a disturbed layer
(depth: 14.28-14.11 m; for description see p.
108). It may well be that the zone is incom-
plete here.

The zone has been divided into two sub-
zones: K-4a Fraxinus-Tilia and K-4b Betula-
Pinus.

Subzone K-4a Fraxinus-Tilia is distin-
guished by an almost continuous fall in the
pollen value of Betula undiff. and a relatively
high proportion of Tilia cordata type. The
values of Alnus glutinosa type and Fraxinus
are very high.

Subzone K-4b Betula-Pinus is characterized
by an abrupt increase in Betula undiff. (max.
35.0%), accompanied by a slight rise in Pinus
sylvestris type (max. 16.4%) and Picea abies
(max. 16.5%). The pollen values of Alnus gluti-
nosa type (22.8-30.2%) and Quercus (1.7—
3.7%) are considerably lower than those found
in the preceding subzone. In the top sample
the proportion of Taxus exceeds 1%. There are
microspores of Isoétes cf. lacustris (max. 1.4%).

K-5 Taxus-Alnus-Picea L PAZ (depth: 14.11—
12.13 m; frequency: AP very variable, 240-

805 grains/cm?, NAP 4-9 grains/cm?).

The proportion of tree and shrub pollen is
97.0-99.6%. The very high pollen value of
Taxus (max. 62.1%) and the relatively high
values of Alnus glutinosa type (14.4-25.7%)
and Picea abies (5.5-19.6%) are characteristic
of this zone. The proportion of Pinus sylvestris
type pollen is very low (5.1-16.2%). Pollen of
Ligustrum, Ilex aquifolium type, Hedera helix,
Cornus sanguinea, Buxus, Vitis, Viscum, Vi-
burnum and Sorbus is present. Pollen of Hu-
mulus lupulus occurs almost constantly, that
of Stellaria holostea, Stachys sylvatica type

and Impatiens appears sporadically. There are
spores of Osmunda cinnamomea and O. re-
galis/O. claytoniana.

The zone has no lower boundary, because it
is in contact with the top of the disturbed
layer; the upper boundary is placed at the de-
crease of the Taxus pollen values and the rise
of the proportions of Pinus sylvestris type and
Betula undiff.

The zone has been divided into two sub-
zones: K-ba Taxus and K-5b Carpinus-Quer-
cus. Subzone K-5a Taxus is notable for the hig-
hest pollen values of yew throughout the
profile. They occur in the lower part of this
subzone. In its top part the proportion of Car-
pinus exceeds 1%.

Subzone K-5b Carpinus-Quercus is charac-
terized by a drop in the proportion of Tuxus
pollen to 10.6% at the top. The pollen values of
Quercus and Carpinus increase (max. 10.2%
and 7.8% respectively); pollen of Abies appears
in the top part (max. 3.6%) and the proportion
of Picea abies decreases. Pollen of Trapa and
microsporangia of Salvinia natans are present.

K-6 Carpinus-Pinus-Betula L PAZ (depth:
12.13-11.53 m; frequency: AP 216-359
grains/cm?, NAP 4-12 grains/cm?).

The tree and shrub pollen constitutes 96.6—
98.0%. The pollen values of Pinus sylvestris
type (max. 29.5%) and Betula undiff. (max.
34.8%), higher than in the preceding zone, and
a rise in the proportion of Carpinus and Abies
are characteristic features of this zone. The
percentage of Taxus is very low (1.1-6.8%).

The upper boundary of the zone is marked
by a fall in the pollen value of Pinus sylvestris
type and a rise in Abies and Taxus.

The zone has been divided into two sub-
zones: K-6a Betula and K-6b Abies-Picea.

Subzone K-6a Betula is distinguished by a
remarkable rise in the values of Betula undiff.
and the relatively high values of Pinus sylves-
tris type. At the same time the proportions of
Alnus glutinosa type, Taxus, Carpinus, Quer-
cus and Corylus pollen all show a decrease.

Subzone K-6b Abies-Picea is characterized
by a return to low values of Betula undiff., while
the relatively high values of Pinus sylvestris
type still persist. The proportion of Picea abies
falls to 2.7% and those of Abies and Carpinus
rise (to 11.2 and 18.3%, respectively) as does
Taxus in the younger part of the subzone.
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glutinosa type has its highest values through-
out the profile (max. 42.5%), and so have Frax-
inus (max. 9.6%) and Ulmus (max. 2.0%). The
pollen values of Picea abies (max. 16.5%),
Quercus (max. 5.1%), Tilia cordata type (max.
2.7%) and Corylus (max. 5.0%) are higher than
in the previous zone. Pollen grains of Ilex aqui-
folium type, Hedera helix, Cornus sanguinea,
Sambucus racemosa and Viburnum are noted.
Humulus lupulus has a continuous per mil
curve and spores of Osmunda regalis/O. clay-
toniana turn up for the first time.

The zone has no upper boundary.

Remark! The top of the zone is in direct con-
tact with the bottom of a disturbed layer
(depth: 14.28-14.11 m; for description see p.
108). It may well be that the zone is incom-
plete here.

The zone has been divided into two sub-
zones: K-4a Fraxinus-Tilia and K-4b Betula-
Pinus.

Subzone K-4a Fraxinus-Tilia is distin-
guished by an almost continuous fall in the
pollen value of Betula undiff. and a relatively
high proportion of Tilia cordata type. The
values of Alnus glutinosa type and Fraxinus
are very high.

Subzone K-4b Betula-Pinus is characterized
by an abrupt increase in Betula undiff. (max.
35.0%), accompanied by a slight rise in Pinus
sylvestris type (max. 16.4%) and Picea abies
(max. 16.5%). The pollen values of Alnus gluti-
nosa type (22.8-30.2%) and Quercus (1.7—
3.7%) are considerably lower than those found
in the preceding subzone. In the top sample
the proportion of Taxus exceeds 1%. There are
microspores of Isoétes cf. lacustris (max. 1.4%).

K-5 Taxus-Alnus-Picea L PAZ (depth: 14.11—
12.13 m; frequency: AP very variable, 240-
805 grains/cm?, NAP 4-9 grains/cm?).

The proportion of tree and shrub pollen is
97.0-99.6%. The very high pollen value of
Taxus (max. 62.1%) and the relatively high
values of Alnus glutinosa type (14.4-25.7%)
and Picea abies (5.5-19.6%) are characteristic
of this zone. The proportion of Pinus sylvestris
type pollen is very low (5.1-16.2%). Pollen of
Ligustrum, Ilex aquifolium type, Hedera helix,
Cornus sanguinea, Buxus, Vitis, Viscum, Vi-
burnum and Sorbus is present. Pollen of Hu-
mulus lupulus occurs almost constantly, that
of Stellaria holostea, Stachys sylvatica type

and Impatiens appears sporadically. There are
spores of Osmunda cinnamomea and O. re-
galis/O. claytoniana.

The zone has no lower boundary, because it
is in contact with the top of the disturbed
layer; the upper boundary is placed at the de-
crease of the Taxus pollen values and the rise
of the proportions of Pinus sylvestris type and
Betula undiff.

The zone has been divided into two sub-
zones: K-ba Taxus and K-5b Carpinus-Quer-
cus. Subzone K-5a Taxus is notable for the hig-
hest pollen values of yew throughout the
profile. They occur in the lower part of this
subzone. In its top part the proportion of Car-
pinus exceeds 1%.

Subzone K-5b Carpinus-Quercus is charac-
terized by a drop in the proportion of Tuxus
pollen to 10.6% at the top. The pollen values of
Quercus and Carpinus increase (max. 10.2%
and 7.8% respectively); pollen of Abies appears
in the top part (max. 3.6%) and the proportion
of Picea abies decreases. Pollen of Trapa and
microsporangia of Salvinia natans are present.

K-6 Carpinus-Pinus-Betula L PAZ (depth:
12.13-11.53 m; frequency: AP 216-359
grains/cm?, NAP 4-12 grains/cm?).

The tree and shrub pollen constitutes 96.6—
98.0%. The pollen values of Pinus sylvesiris
type (max. 29.5%) and Betula undiff. (max.
34.8%), higher than in the preceding zone, and
a rise in the proportion of Carpinus and Abies
are characteristic features of this zone. The
percentage of Taxus is very low (1.1-6.8%).

The upper boundary of the zone is marked
by a fall in the pollen value of Pinus sylvestris
type and a rise in Abies and Taxus.

The zone has been divided into two sub-
zones: K-6a Betula and K-6b Abies-Picea.

Subzone K-6a Betula is distinguished by a
remarkable rise in the values of Betula undiff.
and the relatively high values of Pinus sylves-
tris type. At the same time the proportions of
Alnus glutinosa type, Taxus, Carpinus, Quer-
cus and Corylus pollen all show a decrease.

Subzone K-6b Abies-Picea is characterized
by a return to low values of Betula undiff., while
the relatively high values of Pinus sylvestris
type still persist. The proportion of Picea abies
falls to 2.7% and those of Abies and Carpinus
rise (to 11.2 and 18.3%, respectively) as does
Taxus in the younger part of the subzone.



K-7 Carpinus-Abies-Alnus L. PAZ (depth: 11.53
-10.90 m; frequency: AP 134-394 grains/cm?,
NAP 3-6 grains/cm?).

The proportion of tree and shrub pollen is
96.9-98.5%. Pollen of Alnus glutinosa type
prevails; its values increase to 36.3% in the
younger part of the zone as do those of Carpi-
nus (to 19.1%) and Abies (to 19.2%). An abrupt
change in the value of Corylus, from 3.9 to
16.7% takes place in the upper part of the
zone. The proportion of Picea abies remains
below 3.0%. Pollen of Hedera helix, Cornus
sanguinea, Buxus, Vitis and Viscum is still
present. The pollen of herbs, although repre-
sented by small numbers of grains, is relative-
ly diversified. Noteworthy is the presence of
Stachys sylvatica type, Lysimachia vulgaris
type, Symphytum and Lycopus.

The upper boundary of the zone is placed at
the fall in the pollen value of Carpinus and the
resurgence in the proportion of Taxus.

K-8 Abies-Taxus-Corylus L. PAZ (depth: 10.90
~-10.12 m; frequencg: AP 81-259 grains/cm?,
NAP 3—4 grains/cm?).

The proportion of tree and shrub pollen is
still very high and amounts to 96.2-98.9%.
Alnus glutinosa type, Abies, Taxus and Corylus
are dominant. Vitis and Viburnum have al-
most continuous per mil curves and the value
of Buxus approaches 1%. Pollen of Spergula
arvensis type, Stachys sylvatica type, Bupleu-
rum, Lysimachia thyrsiflora, Butomus umbel-
latus and Trapa occurs sporadically. The
microsporangia of Salvinia natans are not nu-
merous but are constantly present.

The upper boundary of the zone is marked
by a decrease in the pollen value of Taxus.

The zone has been divided into three sub-
zones: K-8a Taxus-Abies, K-8b Corylus-Quer-
cus and K-8¢ Taxus-Carpinus.

Subzone K-8a Taxus-Abies is distinguished
by high values of Taxus (to 18.2%), Abies (to
20.3%) and Alnus glutinosa type (to 40.5%).
The values of Carpinus are very low (1.9-4.2%)

Subzone K-8b Corylus-Quercus shows a rise
in the proportion of Corylus to 22.0%, which is
its highest value in the whole profile. The pro-
portion of Quercus also rises, to 18.0%, and
these changes are accompanied by a drop in
the proportion of Taxus (21.0-8.9%) and Abies
(11.7-6.4%).
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Subzone K-8¢ Taxus-Carpinus is again
characterized by high pollen values of Taxus
(max. 16.3%) and Abies (max. 19.9%). Carpi-
nus pollen also occurs in somewhat higher
values (max. 7.5%), while the proportion of
Buxus reaches 1.3%.

K-9 Abies-Carpinus-Alnus L PAZ (depth: 10.12
-7.75 m; frequency: AP 75-355 grains/cm?,
NAP 2-9 grains/cm?).

Remark! At depths of 10.08-9.79 m and
9.34-9.16 m there are sediments which on the
basis of the results of a pollen analysis are
considered to be disturbed. The zone descrip-
tion given below does not take into account the
results of the pollen analysis of the samples
obtained from these disturbed layers (for de-
scription see p. 108).

The proportion of tree and shrub pollen is
95.7-98.2%. Dominant is the pollen of Abies
(to 26.3%), Alnus glutinosa type (to 27.0%),
and also Carpinus (to 14.8%) and Quercus (to
12.2%). The values of Taxus decrease towards
the top of the zone (7.8-1.5%). Pollen of Pteroc-
arya and Celtis appears and Fagus also occurs.
Despite the low NAP values the diversity of
herbaceous taxa is remarkable.

The upper boundary of the zone is marked
by a fall in the proportions of Quercus, Carpi-
nus, Alnus glutinosa type and also of Abies
and Picea abies pollen and a rise in the values
of Pinus sylvestris type.

The zone has been divided into two sub-
zones: K-9a Buxus-Vitis and K-9b Picea-Pteroc-
arya.

Subzone K-9a Buxus-Vitis shows a relative-
ly high proportion of Buxus pollen (max. 1.9%).
Single grains of Vitis are noted from its older
part.

Subzone K-9b Picea-Pterocarya is character-
ized by a rise in the pollen value of Picea abies
(10.4%) and the highest values of Pterocarya
(2.5%) and Fagus (0.7%) throughout the profile.

K-10 Pinus L PAZ (depth: 7.75-7.40 m; fre-
quency: AP 154-257 grains/cm?, NAP 9-58
grains/cm?).

The proportion of tree and shrub pollen de-
creases from 94.7% in the bottom sample of
the zone to 72.0% in the top sample. The in-
creasing pollen values of Pinus sylvestris type
(39.3-49.0%) are a characteristic feature of the
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zone. A small rise is also visible in the propor-
tion of Betula undiff. The values of Alnus glu-
tinosa type (8.4-3.4%), Quercus (5.9-0.4%),
Carpinus (4.9-0.6%), Abies (13.8-1.3%) and
Picea abies (8.3-1.3%) decrease. A fairly rapid
rise in the NAP values, caused mainly by
Cyperaceae and Poaceae undiff., is observed in
the younger part of the zone.

The upper boundary of the zone is placed at
the fall of the pollen values of Pinus sylvestris
type and the rise of NAP.

K-11 NAP-Pinus-Betula L PAZ (depth: 7.40—
1.52 m; frequency: AP 53-177 grains/cm?,
NAP 33-68 grains/cm?).

The proportion of tree and shrub pollen
varies within the limits of 53.0-86.2%.

Remark! The comparatively high values of
AP (71.2-86.2%), resulting from the higher
proportion of pollen of Alnus glutinosa type,
Carpinus, Quercus, Picea abies and Abies, re-
corded at a depth of 7.10-6.57 m, are due to
the disturbances of sediments (for description
see p. 109). In the description of the zone these
values have not been taken into account.

The maximum proportion of AP outside the
disturbed layer is 71.8%. Pollen of Pinus syl-
vestris type (26.4-45.4%) and Betula undiff. (to
28.3%) prevails. The proportion of Picea abies
and Abies pollen is not high (max. 2.8 and
1.6% respectively). The curves of Betula nana
(to 2.1%), Larix (to 1.9%), Juniperus (to 2.2%)
and Salix glauca type (to 1.6%) are continu-
ous. Pollen grains of Hippophaé rhamnoides
are relatively frequent, while Ephedra fragilis
type, E. distachya type and E. cf. strobilacea
occur sporadically.

The zone has no upper boundary and has
been divided into four subzones.

Subzone K-1la Cyperaceae-Poaceae exhi-
bits high NAP values, mainly of Cyperaceae
(max. 16.0%) and Poaceae undiff. (max.
14.2%). The proportion of Betula undiff. in-
creases slightly (to 18.2%).

Subzone K-11b Betula is characterized by
relatively high values of Betula undiff. (max.
28.3%).

Subzone K-1lc Cyperaceae-Betula nana-
Juniperus is characterized by the continuous
occurrence of Betula nana pollen, which has
appeared for the first time in its older part
and the highest values of Juniperus
throughout the profile.

Subzone K-11d Poaceae-Artemisia is distin-
guished by a small rise in the proportion of
Poaceae undiff., Artemisia and Betula nana
pollen.

DISTURBED LAYERS

In the pollen diagram from Konieczki there
are sections in which the course of the pollen
curves changes unexpectedly and abruptly.
Such sharp deflections and abrupt changes in
the values of AP, NAP or pollen of particular
trees are not, generally, a result of climatic os-
cillations, but usually indicate some disturb-
ances in the deposits.

The causes of these disturbances which
have affected the pollen curves in the Koniecz-
ki diagram vary.

The first disturbed layer, 0.17 m thick, oc-
curs above zone K-4 Alnus-Picea-Fraxinus, at
a depth from 14.28-14.11 m. A high proportion
of Abies and Carpinus pollen, whose values
undergo sudden changes (Abies 2.3-16.6%,
Carpinus 3.7-17.9%), is characteristic of it. At
the same time there occur pollen grains of
Vitis, Buxus and Trapa and microsporangia of
Salvinia natans.

This layer extends below the beginning of
the continuous curves of Carpinus and Abies
and below the maximum values of Taxus pol-
len. In such a segment of the diagram pollen of
Abies and Carpinus is not observed in other
sites of the Mazovian Interglacial in Poland.

With the presence of Buxus and Vitis pollen
and the absence of Pterocarya pollen, the sedi-
ments of this layer seem to have come from
subzone K-9a Buxus-Vitis of zone K-9 Abies-
Carpinus-Alnus; presumably, they broke off in
the drilling process and slipped from the un-
cased walls of the borehole.

The second disturbed layer, 0.29 m thick,
occurs inside zone K-9 Abies-Carpinus-Alnus,
at a depth from 10.08-9.79 m. An analysis of
the grain size distribution shows only small
changes in fraction, but the organic matter
content decreases distinctly.

There are very high pollen values of Pinus
sylvestris type (max. 55.8%), Betula undiff.
(max. 17.9%) and NAP (max. 32.5%), particu-
larly Cyperaceae and Poaceae undiff., and a
great variety of herbaceous taxa, alongside low
pollen values of all thermophilous broad-
leaved trees, Abies and Taxus. Also a nutlet of



Betula nana was found in the deposits of this
layer. Such drastic fluctuations in the pollen
values of trees with greater thermic require-
ments and the appearance of taxa repre-
senting cold periods, notably in this part of the
interglacial succession, cannot be the result of
natural processes. The percentage pollen
values of particular taxa indicate that in the
drilling process some sediments from zone K-
11 NAP-Pinus-Betula broke off and slipped
down the wall of the borehole.

The third disturbed layer, 0.18 m thick, lies
at a depth from 9.34-9.16 m. Here occurs a
rapid rise in the values of NAP (max. 10.8%),
Pinus sylvestris type (max. 18.8%) and Betula
undiff. (max. 8.9%). In all probability these
pollen curve changes were also caused by the
pulling down of deposits from zone K-11 at the
time of drilling.

Of the foregoing layers, only the second is
wholly composed of sediment derived from
higher parts of the profile. In the remaining
two layers, especially the third one, the sedi-
ment coming from above is mixed with that oc-
curring in situ.

The fourth disturbed layer, 0.53 m thick, is
present at a depth from 7.10 to 6.57 m within
zone K-11. The genesis of these disturbances
is, however, entirely different from the three
layers discussed above. The pollen spectra of
the fourth disturbed layer are characterized by
arise in the AP value (max. 86.2%) in compari-
son with the values occurring below and above
this layer. The rise in AP is caused by the
higher proportion of pollen of Betula undiff.,
Alnus glutinosa type, Abies, Picea abies, Car-
pinus and Quercus.

The higher pollen values of trees with
greater thermic requirements may suggest a
warm climatic swing. However, an analysis of
the grain size distribution of the sediment
makes it more likely that the changes ob-
served are accounted for by redeposition. An
increase in the proportion of the psammitic
fraction in the deposit, reaching even 25% of
the mineral composition, indicates a higher de-
gree of erosion. The higher pollen values of
thermophilous trees are undoubtedly the re-
sult of the outwashing of older sediments
within the same body of water. The presence of
Pterocarya and Fagus pollen suggests that the
sediments were washed out of subzone K-9b
Picea-Pterocarya. This cannot be responsible
for the increase in the pollen values of Betula
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undiff., which probably arose from the coloniz-
ing of new habitats created as a result of the
erosional processes.

Disturbances in pollen successions caused
by redeposition within the same water bodies
have been repeatedly described in the litera-
ture.

Mamakowa (1989) explains the rise in the
pollen values of Alnus undiff., Carpinus and
Picea abies in the period of cooling, shown in
the diagram from Imbramowice, by just such
erosional processes. She thinks that the so-
called second climatic optimum in the Eemian
Interglacial is also connected with such pro-
cesses, e.g. at the Szwajcaria and Konopki
Lesne sites (Boréwko-Diuzakowa & Halicki
1957) or Stawno (Totpa 1961).

Repeated abrupt changes in the pollen
values of trees are recorded in the diagram
from Poznan 1 (Winter 1991). In this case, too,
the causes of the disturbances in the pollen
succession are seen to be lithological changes
occurring in the deposits in the process of se-
dimentation.

DESCRIPTION OF LOCAL
MACROFOSSIL ASSEMBLAGE ZONES

The diagram of plant macrofossils has been
divided into six local zones, designated with
the letters KM (=Konieczki, macrofossils). The
zones are numbered consecutively from the
bottom to the top of the profile (Fig. 4).

KM-1 L MAZ (depth 16.01-8.70 m)

In this zone there are very few macrofossils,
chiefly nutlets and fruit scales of Betula pube-
scens, B. cf. pubescens, B. cf. pendula and one
nutlet of B. nana (outside the disturbed zone).

The upper boundary of the zone is placed
below the sample in which the occurrence of
Potamogeton natans endocarps begins.

KM-2 L. MAZ (depth 8.70-7.73 m)

There are very numerous Potamogeton na-
tans endocarps as well as macrosporangia and
macrospores of Salvinia natans. Some frag-
mentary thorns and nuts of Trapa are noted.
The fruits of Eleocharis praemaximoviczii,
Typha, Carex gracilis, C. elata, C. rostrata, C.
pseudocyperus and C. cf. cespitosa occur in the
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younger part of the zone. Also the seeds of
Aracites interglacialis appear for the first
time. The presence of one nutlet of Betula
nana was recorded as well.

The upper boundary of the zone is immedi-
ately above the level where the occurrence of
Potamogeton natans endocarps ceased.

KM-3 L. MAZ (depth 7.73-6.64 m)

The zone is represented by the relatively
heterogeneous remains of aquatic plants. The
fruits of Najas flexilis are the most abundant,
but the endocarps of Potamogeton panormita-
nus, P. pusillus, P. praelongus, P. compressus
and others turn up also. The ocospores of Chara
fragilis appear for the first time. Comparative-
ly abundant remains of reedswamp plants are
noted. These are, just as in the preceding zone,
Carex gracilis, C. rostrata, C. cf. elata and C.
cf. cespitosa. The fruits of Scirpus atroviroides,
Ranunculus sceleratus, Typha, Eleocharis
praemaximoviczii and, in the younger part of
the zone, also E. palustris/E. mamillata occur
in large numbers.

There are few remains of Betula nana, the
nutlets of B. cf. humilis appear for the first
time and single macrospores of Selaginella se-
laginoides are present.

The upper boundary of the zone is marked
by a fall in the number of Najas flexilis fruits.

KM-4 L. MAZ (depth 6.64-3.14 m)

Fragments of needles of Pinus cembra are
noted. The fruits and fruit scales of Betula
nana are relatively abundant. Macrospores of
Selaginella selaginoides occur in somewhat
larger numbers than in the previous zone.

The fruits of Callitriche autumnalis are
numerous, although they occur discontinuous-
ly. In the younger part of the zone the oospores
of Nitella opaca are fairly abundant. Fruits of
Carex gracilis, C. rostrata, Eleocharis prae-
maximoviczii and E. palustris/E. mamillata
continue to be recorded. Some fruits of Duli-
chium spathaceum are present.

The upper boundary of the zone is placed
below a sharp rise in the number of oospores of
Nitella opaca.

KM-5 L MAZ (depth 3.14-2.67 m)

The variety of remains is small. The fruits
of Callitriche autumnalis are present in
masses, very numerous also are the oospores
of Nitella opaca.

The upper boundary is fixed on the basis of
the complete disappearance of the Callitriche
autumnalis fruits.

KM-6 L. MAZ (depth 2.67-1.52 m)

Macrofossils are very scarce. In the older
part of the zone there are some — not numer-
ous — oospores of Nitella opaca.

The zone is not bounded above.

CORRELATION

Eleven local pollen assemblage zones have
been distinguished in the pollen succession
from the Konieczki site. Zones K-1 — K-10 rep-
resent four pollen periods of the Mazovian In-
terglacial (Szafer 1953, dJanczyk-Kopikowa
1987, 1991).

The lower boundary of the interglacial has
not been established, because in the Konieczki
profile the deposits corresponding to the older
part of pollen period M I are missing. The
upper boundary of the Mazovian Interglacial
coincides with the upper boundary of zone K-
10 Pinus (Tab. 3).

Zone K-11 NAP-Pinus-Betula represents the
first cooling connected with the succeeding
glaciation. This boundary was placed where
the NAP values rise to above 30%, which indi-
cates the thinning of the hitherto dense forest
and the beginning of the development of open
communities. The occurrence of Betula nana
nutlets from the beginning of zone K-11 pro-
vides evidence of the development of tundra
communities and the great variety of herba-
ceous taxa points to a remarkable diversity
among the open communities. At the intergla-
cial/glacial boundary there occurs a sediment
change from peat to silt, accompanied by a
very distinct fall in the organic matter content.
The fresh increase in the organic matter con-
tent, observed in the older part of zone K-11, is
for the most part probably the result of the de-
velopment of peat-bog, but in part it may also
be associated with the redeposition of alloch-
thonous organic remains, which accompanied
the increasing proportion of sand.
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Table 3. Division of the pollen succession from Konieczki into palynostratigraphic units and their correlation with the

local macrofossil assemblage zones

Pollen Local macrofossil
Stage | period Local pollen assemblage zones L. PAZ assemblage zones
L MAZ
d Poaceae-Atemisia KM 6
KM 5
2
= K-11 NAP-Pinus-Betula ¢ Cyperaceae-Betula nana KM 4
-Juniperus
%
=
b Betula
KM 3
a Cyperaceae-Poaceae
M IV | K-10 Pinus
b Picea-Pterocarya
KM 2
K-9 Abies-Carpinus-Alnus
a Buxus-Vitis
g M III ¢ Taxus-Carpinus
< K-8 Abies-Taxus-Corylus b Corylus-Quercus
— .
@] a Taxus-Abies
Eé K-7 Carpinus-Abies-Alnus
B
Z K-6 Carpinus-Pinus-Betula b Abies-Picea
. a Betula KM 1
a b Carpinus-Quercus
% K-5 Taxus-Alnus-Picea
E MII a Taxus
K-4 Alnus-Picea-Fraxinus b Betula-Pinus
a Fraxinus-Tilia
K-3 Betula-Alnus-Picea
MI [R3% Pinus-Betula b Picea-Alnus
a Betula
K-1 Betula

HISTORY OF THE VEGETATION

DEVELOPMENT OF TERRESTRIAL VEGETATION

The changes in the vegetation of the Ko-
nieczki region have been reconstructed on the
basis of the local pollen assemblage zones, the
results of the plant macrofossil analysis being
taken into consideration as well.

Mazovian Interglacial
Pollen Period M 1
K-1 Betula L. PAZ. The history of the vegeta-

tion as recorded in the organogenic deposits
from Konieczki started in the period when

forest had already invaded this region and oc-
cupied the habitats earlier covered presumably
by open communities. The high AP values,
reaching 92.8%, indicate that these forest com-
munities were dense. As regards the diversity
of tree and shrub species, their composition
was still very species poor. The prevailing pro-
portion of Betula undiff. pollen (max. 68.6%)
provides evidence of the leading role of birch in
these communities and of its domination in
many diverse habitats. The rather low pollen
proportion of Pinus sylvestris type (21.8—
28.5%) points to its small role in the forest
communities of that time. It may be supposed,
therefore, that in the proximity of the lake,
there was mainly birch forest, varying in type,
with only a small admixture of pine.
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The identification of macrofossils as those of
downy and silver birch (Betula pubescens, B.
cf. pubescens, B. cf. pendula) shows that both
these species grew in the lake region. Silver
birch occupied dry sandy habitats and, togeth-
er with the pine (Pinus sylvestris type) accom-
panying it, may have formed fairly open forest.
Juniperus occurred in the meagre brushwood
of this forest and various moss species grew
for the most part in the herb layer (spores of
Musci excl. Sphagnum). Herbs probably did
not play a major role. Grasses (Poaceae un-
diff.), but probably only oligotrophic species,
are likely to have formed a fairly high propor-
tion of the vascular plants. Rumex acetosella
(R. acetosella type) occurred sporadically.

Forest with a predominant proportion of Be-
tula pubescens, and an admixture of Pinus syl-
vestris type, probably grew in moist habitats,
especially in the neighbourhood of the lake, in
the Pankéwka valley and in the valleys of
neighbouring streams. Mosses and grasses oc-
curred in high proportions in the herb layer of
such communities, but Lycopodium annotinum
and Thelypteris palustris may have been pres-
ent also.

The low proportion of NAP shows the mini-
mal role played by herbaceous communities in
the surroundings of Konieczki. The forest
probably hugged the lake pretty closely, as is
suggested by the presence of birch macrofos-
sils. Only in the littoral zone itself were the

moss-sedge communities still residually
preserved, as is indicated by the relatively
high values of Musci spores, the low values of
Cyperaceae and the presence of Thelypteris
palustris. The pollen of Cirsium perhaps
comes from just such communities.

Although the dense forest did not leave
much room for communities of open habitats,
the presence of Hippophaé rhamnoides indi-
cates that there still existed circumstances
somewhere in proximity to the lake which per-
mitted the continued growth of this light-de-
manding plant. It had persisted in isolated
stands from an earlier period not represented
in the deposits from Konieczki. Part of the Poa-
ceae undiff. pollen and sporadic pollen grains
of Artemisia and Chenopodiaceae can probably
be referred to such communities as well.

K-2 Pinus-Betula L PAZ. The great increase in
the pollen values of Pinus sylvestris type with
the simultaneous drop in the values of Betula

undiff., observed at the beginning of the zone,
point to an abrupt rise in the significance of
pine in the forest communities and its taking
possession of the habitats previously occupied
by birch. The decreasing proportion of Poaceae
undiff. pollen indicates the encroachment of
pine also on to the habitats occupied by grassy
communities up to then.

In subzone K-2a Betula the proportion of
birch in the forest communities was, however,
still very great, as is indicated by the high pol-
len values of Betula undiff. (about 53%).
Forest with a considerable proportion of
downy birch still persisted but accompanied by
a proportion of pine much higher than in the
previous zone. The presence of downy birch in
the close vicinity of the lake is confirmed by a
fruit scale of Betula pubescens. The spores of
Lycopodium annotinum and Musci (excl. Sphag-
num) may be referred to the forest herb layer
of these communities. Aspen (Populus tremula
type) occurred sporadically and there was also
spruce in the youngest part of subzone K-2a.
Frangula alnus and Juniperus may have
grown in the shrub layer, while Calluna vul-
garis and various species of Vaccinium (Vacci-
nium type) occurred in the herb layer; Rumex
acetosella (R. acetosella type), Diphasiastrum
complanatum (D. complanatum type) and Bot-
rychium were also present.

At the bottom of subzone K-2b Picea-Alnus,
the pollen values of spruce rise above 4%, sug-
gesting that this tree grew in the surroundings

“of the lake. A piece of wood identified as

Picea/Larix may be additional evidence of its
presence. It cannot be ruled out, however, that
this piece of wood belongs to Larix, although
this last species has low values of pollen here
(0.5%). In the beginning, spruce formed a
small admixture in the pine forest, chiefly in
fresh and moist habitats, but also in develo-
ping alder-woods.

The continuous fall in the proportion of Be-
tula undiff. pollen in subzone K-2b is indica-
tive of a further reduction in the role of birch
in the forest communities. The simultaneous
increase in the pollen values of Alnus glutino-
sa type in this subzone suggests that in places
alder entered the moist places previously occu-
pied by downy birch. The remarkable continu-
ous rise in the proportion of Alnus glutinosa
type pollen may also indicate the spread of
swampy habitats. It may be supposed that
forest communities with a dominant propor-



tion of alder were developing intensively, not
just in the zone surrounding the lake, but also
on the sides of the fairly extensive Pankéwka
valley. Certainly, they were communities
which, in respect of their physiognomy and
composition, resembled present-day wet alder-
woods. Alnus glutinosa was the dominant tree
and Fraxinus occurred as part of an admix-
ture, completed by Betula pubescens and Picea
abies. Frangula alnus occurred in the under-
storey, and the herb layer was made up,
among other taxa, of Scirpus atroviroides, The-
lypteris palustris and other ferns, Humulus lu-
pulus and Cyperaceae.

Communities similar to todays riverine
forest may have developed on the margins of
wet alder-wood communities in the neighbour-
hood of the lake and in the stream valleys. All
through subzone K-2b they existed as stands
of alder and alder-ash communities with the
addition of elm and perhaps also spruce and
maple. However, the extent of these com-
munities could not have been very great. Their
herb layer may have included Urtica dioica,
Filipendula ulmaria (Filipendula pollen), Cal-
tha palusiris (Caltha type) and also Humulus
lupulus encountered in many types of damp
forest. Mosses formed the ground cover and
Frangula alnus grew in the brushwood.

The low pollen values of herbs (max. 7.7%)
show that the lake region was covered with
dense forest. The presence of a single pollen
grain of Ephedra fragilis type suggests, how-
ever, that the conditions prevailing in some
open pine and pine-birch communities could
possibly have enabled some of the more light-
loving plants to persist locally.

K-3 Betula-Alnus-Picea L. PAZ. The resurgence
in the pollen value of Betula undiff. provides
evidence of a new expansion of birch in the
forest communities. The small number of birch
macrofossils makes interpretation of these
changes difficult. It may, however, be inferred
from the rapid decrease in the pollen values of
Pinus sylvestris type, and the simultaneous
rise of Alnus glutinosa type and Fraxinus, that
the increase in birch occurred principally in
the drier forest communities at the expense of
pine. This 1s also indicated by the presence of
single nutlets of Betula cf. pendula. And so in
zone K-3 birch forest — again but only tempo-
rarily — dominated the forest landscape of the
Konieczki region.
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The rapid decrease in the pollen values of
Pinus sylvestris type suggests that pine con-
stituted merely an admixture in the forest sur-
rounding the lake. It was only towards the top
of the zone that its role in the forest com-
munities again increased to a small extent.
The simultaneous fall in the value of Alnus
glutinosa type implies that this was probably
associated with a small reduction in the devel-
opment of the alder communities, which may
have been caused by the temporary drying out
of some of the habitats.

The overall marked rise in the pollen value
of Alnus glutinosa type in zone K-3, however,
confirms the tendency, general at that time,
for forest with dominant alder to spread. Wet
alder-woods were probably similar in their
composition to those which had developed in
the lake region in the preceding zone. Vibur-
num may also have been present in their
understorey.

The constantly growing proportion of Fraxi-
nus pollen (max. 5.0%) indicates the increas-
ing significance of ash in the forest com-
munities of moist and swampy habitats. Pol-
len values of Fraxinus of that order are re-
garded as high, because this taxon is never
represented very abundantly in pollen spectra.
Particularly favourable conditions for the de-
velopment of communities with an admixture
of ash may have existed in the Pankéwka val-
ley. These communities were supposedly alder-
ash and alder-woods, in which, as in the pre-
vious zone, spruce may have occurred as well.
Small-leaved lime (Tilia cordata type) possibly
occurred in these forests, as did elm with its
rather low proportion of pollen in this zone.
However, it cannot be entirely ruled out that
there were also small patches of ash-elm
woods in the more fertile habitats. Their
stands probably included, in addition to Fraxi-
nus and Ulmus, Quercus, more rarely Alnus
glutinosa (A. glutinosa type), Acer, Populus (P.
tremula type) and Tilia cordata (T. cordata
type).

The pollen findings show that the understo-
rey of the riverine communities was becoming
more varied; Frangula alnus, Sambucus
racemosa and Cornus sanguinea were present
in it. Urtica dioica (1 fruit), Humulus lupulus,
Filipendula and perhaps also Cirsium grew in
the herb layer.

The pollen values of Picea abies (max. 7.0%)
and Pinus sylvestris type (14.4-24.0%) suggest
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that in zone K-3 stands of pine-spruce com-
munities containing downy birch, sporadic
aspen (Populus tremula type) and oak were
being formed in this region. The shrub layer
consisted presumably, among other taxa, of
Frangula alnus, Juniperus and, sporadically,
Corylus. Lycopodium annotinum, Pteridium
aquilinum, Calluna vulgaris and Vaccinium
(Vaccinium type) occurred in the herb layer.

Pollen Period M II

K-4 Alnus-Picea-Fraxinus L PAZ. The highest
pollen values of Alnus glutinosa type (42.5%),
Fraxinus (9.6%) and Ulmus (2.0%) in the
whole profile prove that alder, alder-ash and
elm-ash forests reached their maximum ex-
pansion here. Such a high proportion of pollen
of these trees indicates the abundance of wet
habitats in the period represented by zoneK-4.

The changes which took place in the forest
communities containing alder, both in wet
alder-wood and in riverine communities, con-
cerned chiefly the increase in the role of ash,
for this taxon is considered to be under-repre-
sented in pollen assemblages (Andersen 1970,
1973, Mamakowa 1989). And so its role in the
forest communities must have been consider-
ably greater than that suggested by the per-
centage values of its pollen. The maximum
values of Humulus lupulus pollen (1.2%) and
the presence of spores of Osmunda regalis/O.
claytoniana should be ascribed to communities
of this type.

Also the riverine forest, chiefly of alder and
ash, spread more widely. The higher pollen
values of Ulmus may indicate a development
of elm-ash communities, some small stands of
which had existed as early as the decline of
zone K-3. In addition to elm and ash, they
probably also included alder, oak, maple and
sporadic poplar. Cornus sanguinea and Fran-
gula alnus were still growing, among other
species, in the forest understorey.

In subzone K-4a Fraxinus-Tilia, the fre-
quency of birch in the forest communities was
steadily falling. Pine, which occurred as a
small admixture in the forest communities of
varied type in the Konieczki region, also
played a minor role.

The increasing proportion of Quercus and
Picea abies pollen in the younger part of sub-
zone K-4a perhaps means the onset of changes
in the coniferous forest leading to its transfor-

mation to mixed spruce-oak forest. In addition
to the dominant spruce, and constant admix-
ture of oak, there probably occurred some
birch, pine and, sporadically, aspen (Populus
tremula type) in this forest. Lycopodium anno-
tinum, Huperzia selago, Pteridium aquilinum,
numerous dwarf shrubs, such as Calluna vul-
garis and Vaccinium (Vaccinium type) grew in
the herb layer.

The highest pollen values of Tilia cordata
type (max. 2.7%), the relatively frequent pol-
len grains of Acer and sporadic grains of Tilia
platyphyllos type, indicate that stands of
multispecies forest with lime, maple and elm
may have come into existence on the fairly
steep slopes of the neighbouring hills. Pollen of
Campanula perhaps comes from the herb
layer of this type of community on the slopes.

A rapid growth in the pollen values of Betu-
la undiff. took place in subzone K-4b Betula-
Pinus. The fall in the pollen proportion of
Alnus glutinosa type and Fraxinus proves that
the development of birch forest proceeded
mainly at the expense of alder and alder-ash
communities. The small increase in the pollen
values of Picea abies shows that mixed conife-
rous forest with dominant spruce and an ad-
mixture of oak may have gained slightly in im-
portance.

An analysis of the vegetational changes in
the surroundings of the lake during the de-
cline of zone K-4 seems to indicate that a re-
surgence of birch forest followed a sudden re-
duction in the occurrence of wet habitats. This
possibly happened as a result of local changes
in the water table responsible for the drying
up of some areas. These habitats were soon in-
vaded by birch, which occupied both moist and
somewhat drier habitats (nutlets of Betula cf.
pubescens, B. cf. pendula).

However, it cannot be completely ruled out
that the expansion of birch was caused by a
short-lived climatic cooling.

K-5 Taxus-Alnus-Picea L PAZ. In zone K-5 the
forest communities of the Konieczki region
underwent a fundamental transformation as-
sociated with the vast expansion of yew. This
is indicated by the exceptionally high pollen
values of Taxus (to 62.1%). Owing to disturb-
ance of the deposits it is hard to fix unequivo-
cally the beginning of the encroachment of yew
upon the forest communities. However, its ex-
pansion was probably quite rapid and involved



a diversity of habitats. The abrupt develop-
ment of birch forest towards the end of the
previous zone seems to have made it easier for
yew to invade new habitats. Yew, which gener-
ally loses out in competition with other trees,
was able to overcome birch comparatively eas-
ily. The fall in the pollen values of Alnus gluti-
nosa type suggests that yew also occupied
some drier alder habitats. The expansion of
Taxus only very slightly restricted the extent
of spruce and spruce-oak communities.

The very high pollen values of Taxus, par-
ticularly in the lower part of the zone, point to
highly favourable microclimatic and soil condi-
tions for this species in the lake region at Ko-
nieczki. Such a great expansion of yew was
also possible owing to its wide ecological toler-
ance and ability to become acclimatized to
local environmental conditions, as has been
emphasized by Krél (1975). These attributes
enable yew to grow in various soils and light-
ing conditions at the present time. It is gener-
ally assumed that yew is a tree which tol-
erates very deep shade and so it finds good
conditions for development under the canopy
of other trees (Bugala 1975). According to
Traczyk (1953) strong light is not harmful to it
in good soil conditions.

An analysis of its present occurrence shows
that yew grows in very varied forest com-
munities. A number of yew ecotypes have even
been distinguished from their adaptation to
definite plant associations (Krél 1975). Yew is
very rarely come across in the present-day
forest of the Wozniki-Wielun Upland and its
immediate surroundings but, this notwith-
standing, it is a constituent of various forest
communities. Its presence in alder-woods is
exemplified by the “Cisy w Lebkach” reserve.
In the “Cisy nad Liswartg” reserve it grows in
mixed deciduous forest and in alder-ash riv-
erine forest (Czartoryski 1975, Krél 1975).

On the basis of its present-day distribution
it may be assumed that yew contributed to the
composition of various forest communities in
the Mazovian Interglacial as well. In the lake
region it accompanied alder in swamp habitats
occupied by wet alder-woods and may have
formed an admixture in riverine forest com-
munities too. Presumably, it also occurred in
mixed deciduous forest.

However, the exceptionally high pollen
values of Taxus at Konieczki mean that the
role of this tree could not have been restricted
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to that of an admixture in other forest com-
munities. It seems probable that in the lake
surroundings yew, at least in the initial period
of its domination, formed autonomous yew
woods, or woods with its distinct prevalence.
And so, at that time, it grew in full light, free
from the cover of the higher forest layer, prob-
ably in rather moist and fertile habitats. It is
pollen delivery from communities of this type
that is mainly responsible for its very high
values in subzone K-5a Taxus.

The feasibility of the formation of autono-
mous yew forest in the Mazovian Interglacial
is borne out by instances today of stands com-
posed exclusively or predominantly of this
species. In Poland an example of the autono-
mous occurrence of yew trees (about 200 in
number) is found in the Przybynéw region
(Czestochowa Province), where they have
grown up in a pasture left after the clearance
of a wood (Krél 1975, after Pfabe 1950). There
was also a yew wood on the Sussex-Hampshire
border in England; it came into existence after
the cutting down of a beech-wood with yew
undergrowth (Krél 1975 after Tansley 1911).
This wood in England was characterized by so
close a cover of trees, and such shade, that it
became impenetrable to other tree species.

Alder communities, which reached their
highest state of development in the previous
zone, were no longer of such great importance
in zone K-5, but their proportion was still high.
The appearance of Osmunda cinnamomea
spores, and the occurrence of O. regalis/O.
claytoniana and Thelypteris palustris, point to
their rich fern cover.

Ash-alder and alder communities, probably
with the presence of spruce, oak and, sporadi-
cally, elm, still occurred in riverine habitats.
The appearance of pollen of Vitis, Sambucus
nigra, Impatiens and Stachys sylvatica type is
probably associated with these types of forest
community.

During the course of the period correspond-
ing to subzone K-5a, mixed coniferous forest
with dominant spruce somewhat declined in
importance. Oak was still an essential consti-
tuent, while aspen (pollen of Populus tremula
type) and Sorbus may have occurred sporadi-
cally. Frangula alnus and Juniperus presum-
ably grew in the shrub layer and Huperzia se-
lago, Lycopodium annotinum, Equisetum and
various species of Vaccinium, among other
taxa, in the herb layer.
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The presence of a single nutlet of Betula
nana noted towards the top of subzone K-5a
implies that, in spite of the mild climate and
the domination of dense forest communities,
this plant survived, probably somewhere in
the immediate neighbourhood of the lake.
Some instances of the presence of dwarf birch
in the optimal periods of the interglacial as a
relict from the cool glacial period have been
mentioned by Totpa (1952) and Noryskiewicz
(1978). Nowadays such relict sites of Betula
nana occur in Poland in Pomerania (Linie near
Chelmno), the Izara Mts and the Duszniki re-
gion (Szafer et al. 1976).

In subzone K-5b Carpinus-Quercus, the dis-
tribution of yew was being continuously re-
stricted. The successive fall in the proportion
of its pollen, with the simultaneous rise in the
values of Carpinus, Quercus, Picea abies,
Pinus sylvestris type and also of Betula undiff.
and Corylus, points distinctly to a transforma-
tion of the various communities from which it
was being displaced. The habitats previously
occupied by yew fell gradually to oak, horn-
beam and spruce. The increasing pollen values
of Pinus sylvestris type show that pine, too,
began to turn up more abundantly in forest
communities, probably invading the poorer
habitats. Small stands of mixed pine-oak
woods with small-leaved lime (Tilia cordata
type) and Larix probably began to develop. In
spite of very low pollen values, the presence of
larch in the forest communities of that period
is, demonstrated by the presence of fragments
of its needles.

The rise in the proportion of Carpinus pol-
len (max. 7.8%) in subzone K-5b signals the
beginning of the development of oak-hornbeam
forest. The fairly high pollen values of Tilia
cordata type and the frequent, though single,
occurrence of Acer pollen grains in samples
suggests an admixture of small-leaved lime
and maple in these communities. This rich
mixed forest no doubt grew in moist and fertile
habitats on the postglacial plateau. Its compo-
sition and habitat requirements probably
brought it close to the oak-hornbeam forest
growing in the area at the present time. Its
undergrowth abounded in hazel, which, in ad-
dition to hornbeam, may have been ousting
yew rather strenuously. The diversified layer
of undergrowth was composed, in addition to
Corylus, of Hedera helix, Ligustrum, Vibur-
num, Sambucus nigra, S. racemosa, Ilex aqui-

folium and Buxus, whose pollen is fairly fre-
quent in this subzone. The presence of Ilex
aquifolium type and Buxus pollen (most prob-
ably B. sempervirens) is noteworthy because
these shrubs do not grow in the wild in Poland
today. The herb layer may have included Stel-
laria holostea and Impatiens, whose pollen
was noted only in this subzone.

The proportion of Abies pollen increases to-
wards the top of the zone, which suggests that
fir appeared in the surroundings of the lake.
Its role in the formation of communities was
still small, probably occurring only as a slight
admixture in deciduous forest. However, the
appearance of fir started a new stage in the
history of the forest.

Pollen period M III

K-6 Carpinus-Pinus-Betula 1. PAZ. The rapid
increase in the pollen values of Betula undiff.
and Pinus sylvestris type, and the parallel fall
in the pollen of all the trees playing a material
role in the preceding zone, seem to indicate
some very essential and unexpected changes
in the forest communities of the Konieczki re-
gion. Such sudden changes always give rise to
suspicions that the deposits have been in some
way disturbed. However, the results of an ana-
lysis of the pollen spectra from zone K-6 rule
out this possibility. The removal of sediment
from the upper part of the profile would have
had to have produced pollen spectra with a
high proportion of herbaceous pollen, which is
not observed here. Nor does it seem likely that
zone K-6 could have arisen as the result of the
washing and redeposition of older sediments
formed in the initial part of the interglacial.
This is effectively ruled out by the analysis of
the grain size distribution of the sediments
which shows no changes in its mineral compo-
sition.

Recognition that the above-mentioned
changes in the pollen spectra are reflections of
changes in the plant succession leads us to
conclude that, in the Konieczki region, birch-
pine forest spread during the period of climatic
optimum. The presence of both species of tree
birch in the direct vicinity of the lake is clearly
shown by the presence of nutlets of Betula cf.
pendula and a fruit scale of Betula pubescens.

After a short-lived dominance of birch, pine
and pine-spruce forest with a small admixture
of oak and larch became prevalent in the land-



scape of the lake area. Fragments of Larix
needles found in the deposit point to the
presence of larch.

The relative fall in the pollen value of Alnus
glutinosa type and the total disappearance of
Fraxinus indicate the reduced significance of
riverine communities. In swampy habitats the
wet alder-woods, with an admixture of ash,
downy birch and spruce, persisted, but with a
much smaller role than in zone K-5.

After the rather short period of absolute do-
minance of birch and pine, the thermophilous
deciduous trees again began to gain in import-
ance, as is proved by the rise in their pollen
values in subzone K-6b Abies-Picea.

The steep rise in the proportion of Carpinus
pollen and the increase in the Abies values in
subzone K-6b provide evidence of the spread of
hornbeam and fir in the Konieczki region. Fir,
to be sure, had already entered the multi-
species communities of oak-hornbeam forest
which grew in fertile habitats. In consequence,
towards the top of zone K-6, deciduous forest
with a remarkable proportion of fir, probably,
resembling present-day hornbeam-oak com-
munity was dominant in the landscape.
Stands of these communities may have been
characterized by considerable differentiation.
Hornbeam-fir forest was probably particularly
widespread, but oak-hornbeam communities
may have persisted as well. The ascending pol-
len values of Tilia cordata type suggest that
small-leaved lime was quite numerous in horn-
beam-oak communities. Spruce, pine and, in
moister places also alder, perhaps occurred in
them. The oak-hornbeam communities with an
appreciable admixture of small-leaved lime
created favourable conditions for holly (Ilex
aquifolium type). The pollen values of Taxus,
increasing again in the younger part of the
zone, indicate a greater proportion of yew in the
hornbeam-oak communities. The undergrowth
was made up of shrubs of Corylus, Frangula
alnus, Hedera helix, Ligustrum, Buxus and Vi-
burnum whose abundance continued.

Starting from the bottom of subzone K-6b
the spruce forest slowly began to retreat from
the Konieczki region, and pine, too, was on the
decrease. These changes were caused by the
expansion of hornbeam and fir and also the re-
turn of yew to the lake surroundings. The rise
in the proportion of Alnus glutinosa type pol-
len shows that alder communities were develo-
ping afresh.
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Having studied the changes in zone K-6, we
should ask why they came about. Lack of char-
coal dust in the deposits rather rules out the
supposition that they were caused by fire. It
could be suggested here that the expansion of
birch and pine was due to local hydrological
factors, but it seems more likely that the
profile from Konieczki provides further proof
of a cool oscillation in the climatic optimum of
this interglacial. Krupinski (1988) and Kru-
pinski & Lindner (1991) noted a similar rise in
the significance of pine after a period of maxi-
mum yew development in sites in north-east-
ern Poland, referring it to a slight climatic des-
iccation. That rise was greater than the one
observed at Konieczki, but the role of pine in
the forest communities of the Biata Podlaska
region was greater to begin with. Recently,
Birika (1995) recorded a similar phenomenon
from the Woskrzenice profile in Podlasie. In
other localities of the Mazovian Interglacial a
small increase in the pollen values of Pinus is
visible in diagrams from Ciechanki Krzesi-
mowskie (Brem 1953) and Syrniki on the
River Wieprz (Sobolewska 1956a).

K-7 Carpinus-Abies-Alnus L. PAZ. The high
pollen values of Abies and Carpinus (to 19.2
and 19.1%, respectively) demonstrate the
great importance of fir and hornbeam in the
forest communities. Fir-hornbeam and horn-
beam-fir forests, with a constant admixture of
oak, were dominant in the landscape
throughout zone K-7. The increasing propor-
tion of Taxus pollen in the older part of this
zone indicates another expansion of yew.

The rise in the pollen values of Tilia cordata
type points to considerable frequency of lime
in hornbeam forest. Pollen of Acer and Ulmus
as well as Buxus, Hedera helix and Viscum, is
also very likely to have been associated with
these forests.

The rise in the pollen values of Alnus gluti-
nosa type, which had already begun in the
preceding zone, shows that the proportion of
communities with dominant alder was again
very great at this time. The values of its pol-
len, similar to those which had occurred in
zone K-4, show that it was again taking over
new habitats. The distinct correlation between
the increase in the pollen value of Alnus gluti-
nosa type and the decrease of Taxus values in
the younger part of the zone indicates that
alder may have developed at the expense of
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the yew which had been growing in swampy
habitats.

The low proportion of Fraxinus pollen poss-
ibly points to a considerable reduction in the
extent of alder-ash riverine communities. That
such communities were present in the lake re-
gion, however, is shown by the large number of
taxa whose pollen may be referred to riverine
habitats. These are, above all, Lycopus, Urtica
dioica, Lysimachia vulgaris (L. vulgaris type)
and Stachys sylvatica (S. sylvatica type).

K-8 Abies-Taxus-Corylus L PAZ. The fall in the
pollen values of Carpinus to 1.9% points to a
radical reduction in the amount of hornbeam
contained in forest communities. The retreat
of Carpinus from the Konieczki area was sud-
den and probably attributable to the fairly in-
tense re-expansion of yew, which was replac-
ing hornbeam in fir-hornbeam forest. The in-
crease in the pollen values of Corylus, and the
increasingly frequent occurrence of Buxus pol-
len, indicate the greater abundance of these
taxa in the forest undergrowth. Viburnum,
Ligustrum, Hedera helix and, in the canopy,
Viscum, may have been present here as well.

The low pollen values of Pinus sylvestris
type (7.1-9.9%) demonstrate the small role of
pine in the Konieczki region forest at this
time. Its presence near the lake is, however,
confirmed by cone scales (cf. Pinus). Like pine,
spruce played a minor role, growing only as an
admixture in hornbeam and alder com-
munities.

A rapid but transitory rise in the pollen
values of Alnus glutinosa type (40.5%) is ob-
served in the bottom part of subzone K-8a
Taxus-Abies. The pollen values of Alnus gluti-
nosa type, consistently in the range 21.7-
31.0% in the remaining part of this subzone,
show that wet alder- woods and alder riverine
forests with a small admixture of ash and elm
were still significant. The almost continuous
per mil curve of Vitis represents the constant
presence of vine in their undergrowth.

The rapid increase in the pollen values of
Corylus, which took place in subzone K-8b Co-
rylus-Quercus, is distinctly correlated with the
fall in the pollen values of Abies and Taxus.
This may suggest that the spread of hazel pro-
ceeded at the expense of both of these genera.
It is hard to establish unequivocally what
could have caused such drastic upheavals
within these communities. Such changes would

seem to have been brought about by the drying
out of some habitats. This conclusion is also
supported by the next change observed in the
subzone, i.e. an increase in the pollen value of
Quercus, indicating an intense expansion of
oak, probably also on to drier habitats. The di-
rect effect of this expansion was a great reduc-
tion in the occurrence of hazel. Stands of dry,
thermophilous open oak forest presumably
came into existence at that time. However,
they lasted for only a short time, as is indi-
cated by a fall in the pollen value of Quercus at
the beginning of the next subzone, K-8¢ Taxus-
Carpinus.

The simultaneous continuous increase in
the pollen values of Abies and Taxus in sub-
zone K-8c proves that, for both these genera,
the process of regaining their former import-
ance was in progress. The fir-yew com-
munities, probably with a constant admixture
of oak, once more flourished in the lake sur-
roundings. That was, however, the very last
period of the abundance of yew in the Koniecz-
ki region. The constant decrease in the pollen
values of Taxus in the younger part of this
subzone suggests that, from being a main con-
stituent of forest communities, yew became an
admixture only, supposedly mainly in the com-
munities of mixed forest with fir.

The slight rise in the pollen values of Carpi-
nus towards the top of this subzone shows a
recurring small increase in the frequency of
hornbeam in the forest of the lake area.

The frequent occurrence of pollen grains of
Buxus, Viburnum and Frangula alnus, spo-
radic presence of Hedera helix, Sambucus
racemosa and Ligustrum in subzones K-8b and
K-8¢ indicates that the undergrowth of the
hornbeam forest and open oak forest was just
as rich as in subzone K-8a.

K-9 Abies-Carpinus-Alnus L PAZ. Zone K-9 is
disturbed two times. The first disturbance is
caused by a deposit layer pulled down from the
upper part of the profile at the time of drilling.
It is visible directly above the changes signall-
ing a successive very essential reconstruction
of the forest communities, that is, above the
increase in the pollen values of Abies and Car-
pinus. These changes continue just above the
pulled-down deposit layer. A further disturb-
ance occurred at depths between 9.34 and 9.16
m. On this occasion the fallen deposit was un-
doubtedly a small lump of sediment, which



mingled with the deposits occurring naturally
at this depth and for this reason the disturb-
ance was not so drastic as that at the begin-
ning of the zone. Despite these two disturban-
ces the nature of zone K-9 is very distinct.

The highest pollen values of Abies in the
whole profile and the repeated high values of
Carpinus reflect the very high proportion of fir
and hornbeam in forest communities. The still
rather high pollen values of Quercus, Taxus
and Corylus noted throughout the zone indi-
cate that the proportion of these trees in the
Konieczki area forest was fairly great. These
findings enable us to assume that mixed
multispecies forest with a high proportion of
fir, and fir forest played very important roles
at that time. Hornbeam-oak communities with
a pretty large admixture of Abies also ex-
tended their range again. Small-leaved lime in
all probability occurred sporadically, because
only single pollen grains of Tilia cordata type
were observed in several samples.

Noteworthy is the still very rich composi-
tion of the forest undergrowth, in which Buxus
constituted a particularly high proportion, as
shown by the continuous curve of its pollen (up
to 1.9%). Frangula alnus and Viburnum were
frequent and Hedera helix, Ligustrum and
Vitis less abundant. Euonymus also appeared
in the younger part of the zone. Pollen of Lysi-
machia nemorum, Anemone type, Scrophula-
ria type and Mercurialis cf. perennis most
probably has its source in the herb layer.

In subzone K-9a Buxus-Vitis, the alder com-
munities were probably fairly stable and of a
similar nature to those represented in zone K-
8. Some small but characteristic changes took
place in them in the youngest part of the zone,
in subzone K-9b Picea-Pterocarya, for it is in
these communities that in all probability Pte-
rocarya (max. 2.5%) and Celtis, represented by
single pollen grains, appeared. The occurrence
of Pterocarya in this part of the Mazovian In-
terglacial is reported from many sites (Sta-
churska 1957, 1961, Sobolewska 1975, Boréw-
ko-Dtuzakowa & Stowanski 1991, Krupinski &
Nitychoruk 1991, Laskowska-Wysoczanska &
Oszast 1990 and others), whereas Celtis is re-
corded less frequently.

Another essential characteristic of subzone
K-9b is the occurrence of Fagus pollen, illus-
trated by its continuous per mil curve (max.
0.7%). Previously, only single grains were
noted, albeit on several occasions. It is perti-

119

nent ask whether beech really did occur spo-
radically in the forest communities of the Ma-
zovian Interglacial or whether its pollen was
deposited by the wind or redeposited. Srodor
(1985, 1990) claims that, in Pleistocene de-
posits, Fagus pollen was derived exclusively
from Tertiary redeposition. In the deposits of
subzone K-9b at Konieczki, except for those of
Pterocarya and Celtis, not even single pollen
grains have been noted which could be
referred to redeposition. Neither does an ana-
lysis of the deposits increase the probability
that some older sediments were redeposited,
for in subzone K-9b there is a rise in the or-
ganic matter content associated with the be-
ginning of the laying down of peat (Fig. 3). The
drifting of Fagus pollen cannot be totally ruled
out, but it is hardly possible given the
presence of very dense forest communities, the
evidence for which is provided by the propor-
tion of tree and shrub pollen, lying within
limits of 95.7-98.2%. It seems, therefore, that
the possibility of the arrival of beech in the
Wozniki-Wielunn Upland and its presence as
scattered trees in the forest surrounding the
lake must be accepted. In Niklewski’s (1968)
opinion, in spite of only a sporadic occurrence
of Fagus pollen in the Eemian deposits from
Gléwczyn, the possibility of the presence of
this tree in the Eemian Interglacial cannot be
entirely denied. Neither does Beug (1973) rule
out the possibility of its occurrence in the Ee-
mian Interglacial, in spite of the scarcely spo-
radic presence of grains of Fagus in the de-
posits at Zeifen.

The fall in the pollen values of Alnus gluti-
nosa type, observed in the top part of subzone
K-9a and persisting in subzone K-9b, implies
a decrease in the role of alder communities.
The simultaneous rise in the proportion of
Picea abies pollen and, in the younger part
of subzone K-9b, the rapid rise in Pinus sylves-
tris type, show that the habitats vacated by
alder-woods became occupied by pine and
spruce communities, accompanied by downy
birch (nutlets of Betula cf. pubescens). Frangu-
la alnus may have been growing in the under-
growth of this forest. The occurrence of single
fruits of Andromeda polifolia and Chamae-
daphne calyculata towards the top of the
subzone points to the development of peat-
bogs, perhaps raised ones, in the vicinity of the
lake.

The decrease in the pollen value of Quercus,
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found in the younger part of subzone K-9b
and, somewhat later, the fall in the pollen of
Carpinus, Taxus and Abies, indicating the re-
treat of hornbeam and fir-hornbeam com-
munities from the Konieczki region, are a sign
of the worsening of the climatic conditions.

In spite of the gradual transformations
which took place in the forest communities
owing to the worsening climate, the forest in
the Konieczki neighbourhood remained dense.

Pollen Period M IV

K-10 Pinus L PAZ. The fall in the pollen
values of trees and shrubs from 94.7 % in the
bottom part of zone K-10 to 72.0% at the top,
points to some very important and violent
changes which were occurring in the plant
communities of the Konieczki region. Very
dense forest which was still growing at the be-
ginning of the zone was undergoing a gradual
thinning, while the newly created habitats va-
cated were invaded by communities of herba-
ceous plants.

The fall in the pollen values of Quercus and
Carpinus to about 0.5% suggests that towards
the end of zone K-10 these trees no longer
grew in the area of the lake. The low pollen
proportion of Abies and Picea abies probably
indicates that fir and spruce were present, but
only in small numbers. The constant drop in
the pollen values of Alnus glutinosa type
proves that the significance of alder com-
munities was being consistently diminished.
Pterocarya was still growing in communities of
this type.

It was mainly pine that initially spread
in the habitats left by the retreating horn-
beam and fir-hornbeam communities, as is re-
flected by a rise in the pollen values of Pinus
sylvestris type, reaching a maximum of 49.0%.
An increase in the values of Betula undiff.
pollen and the relatively high values of Larix,
indicate a higher proportion of tree birches
than existed towards the top of the previous
zone and the frequent occurrence of larch in
the forest communities. It may be supposed
that pine occupied also some wet habitats
and formed marsh coniferous forest with some
proportion of downy birch (nutlet of Betula
cf. pubescens) and Sphagnum in the herb
layer.

A rise in the NAP value reflects the develop-
ment of herbaceous communities, which, under

worsening climatic conditions, were in a posi-
tion to occupy the new habitats resulting from
the thinning of what not long before had been
dense forest. The rather high proportion of
Poaceae undiff. pollen points to the consider-
able spread of grass communities with, pres-
umably, an abundance of Artemisia in dry
habitats. As is suggested by the fairly high
proportion of Cyperaceae pollen and Musci
spores, sedge-moss communities may have
been developing in the surroundings of the
lake and also in habitats previously occupied
by alder-woods. A great diversity of herbaceous
taxa in the top part of zone K-10 indicates the
formation of various open communities.

Early Glacial

K-11 NAP-Pinus-Betula L. PAZ. The interpre-
tation of the changes in vegetation occurring
in zone K-11 is confronted with difficulties con-
nected with the disturbance of sediments in
subzone K-11b Betula (see p. 109).

A general tendency throughout zone K-11
(except for the disturbed layer) is the constant
increase in importance of herbaceous com-
munities and shrub communities in open habi-
tats, as indicated by the rising percentages of
NAP, Betula nana, Juniperus, and the increas-
ing diversity of herbs, notably in subzones K-
11c and K-11d.

In subzone K-1la Cyperaceae-Poaceae, the
pollen proportions of trees and shrubs, ranging
from 65.2 to 69.4% indicate the fairly import-
ant role still played by forest communities in
the Konieczki neighbourhood, although they
no longer provided dense cover. The high pol-
len proportion of Pinus sylvestris type and the
rising values of Betula undiff. prove the domi-
nant significance of pine and pine-birch com-
munities. Patches of alder communities with
Osmunda cinnamomea and O. regalis or O.
claytoniana were still present. It may also well
be that Pterocarya and Buxus persisted in iso-
lated habitats.

The high proportion of NAP, reaching 35%,
and the great variety of herbaceous taxa point
to the spread of open communities of various
type, as in the declining part of zone K-10
Pinus. Betula nana occurred in damp habitats,
its presence in the vicinity of the lake being
confirmed by nutlets.

In subzone K-11b Betula, which comprises a
considerable part of the disturbed layer, the



pollen value of Betula undiff. increases to
28.3%. It seems likely, however, that this in-
crease was not induced by redeposition pro-
cesses but resulted from natural changes ac-
companying the growing importance of birch
in forest communities. On the other hand, it
may be supposed that the fairly high pollen
values of Alnus glutinosa type, not only in this
subzone but also later in subzones K-11c¢ and
K-11d, are to a great extent due to redeposi-
tion. This is also true of Buxus and Pterocarya
pollen.

In subzone K-11c Cyperaceae-Betula nana-
Juniperus, pine and pine-birch communities
were still of great importance. Fragments of
needles of Pinus cembra and the 1.6 per cent
proportion of Larix pollen show that these
trees may have occurred in the forest stands.
Despite very low pollen values of Quercus, a
piece of its wood found in the deposits of sub-
zone K-11lc indicates that oak may have con-
stituted a singular admixture in the pine
forest in fresh or moist habitats. The understo-
rey was still fairly heterogeneous with Fran-
gula alnus, Sambucus racemosa, S. nigra and
Juniperus growing in it. Stellaria nemorum,
Arctostaphylos, Calluna vulgaris, Pteridium
aquilinum, Lycopodium annotinum and Botry-
chium were present in the herb layer of the
forest.

The small but continuous rise in the NAP
value throughout subzone K-11c¢ provides evi-
dence of the progressive spread of open habi-
tats, occupied by herbaceous plants. Shrub
communities, whose photophilous nature is
emphasized by the occurrence of pollen of
Ephedra distachya type, E. fragilis type, E. cf.
strobilacea and Hippophaé rhamnoides, also
gained in significance. They may have been ac-
companied by Juniperus and Rosa as well. In
moist habitats Betula nana occurred more
abundantly than previously. Its presence in
the vicinity of the lake is confirmed by nutlets,
fruit scales and pollen. In shrub communities
with dwarf birch there grew also shrub wil-
lows (Salix glauca type). In spite of low pollen
values, their presence in the neighbourhood of
the lake is shown by the occurrence of Salix
wood, which most probably is that of a shrub
willow. These communities are also the source
of spores of Selaginella selaginoides.

In the lake littoral zone, in periodically ex-
posed habitats, some nitrophilous communi-
ties containing Rorippa palustris, Ranunculus
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sceleratus and Rumex maritimus may have
been growing. This is suggested by the
presence of their macrofossils. Species repre-
sented by pollen of Polygonum persicaria type
probably occurred as well. The presence of pol-
len of Polygonum aviculare type, Plantago
major, cf. Chamaenerion, Potentilla and Geum
may also point at the occurrence of nitrophi-
lous communities. These communities existed
presumably until the decline of subzone K-11c¢
with Ranunculus sceleratus being particularly
well represented.

Mint grew in wet habitats linked directly
with the littoral zone or in swamp com-
munities (fruits of Mentha), while Potentilla
supina occurred in moist sandy habitats as is
indicated by its single fruits.

The proportion of Poaceae undiff. pollen, os-
cillating within limits of 10.1-16.7% in sub-
zone K-11c¢ and the presence of pollen of Arte-
misia, Plantago media, Helianthemum num-
mularium type, H. canum or H. alpestre,
Rumex acetosella type, Pimpinella, Anemone
type and Chenopodiaceae may reflect the then
developing grassland communities, probably
mainly on sandy soils.

The sporadic presence of pollen of Armeria
maritima and Plantago maritima s.l. may in-
dicate the existence of halophilous com-
munities in the lake surroundings. Presum-
ably, however, they were not widespread.

A further increase in the herbaceous plant
pollen value up to 47%, visible in subzone K-
11d Poaceae-Artemisia, and the great diversity
of taxa, provide the strongest possible evidence
of the continuously progressing expansion of
various herb communities. A distinct increase
in the pollen values of Poaceae undiff. and Ar-
temisia suggests the growing importance of
grass communities, perhaps steppe-like in na-
ture. Pollen of Helianthemum nummularium
type, H. canum/H. alpestre and Gypsophila
fastigiata type is probably associated with
these communities. The occurrence of Knautia
pollen may be referred to damp mineral soils
and Polemonium to wet meadows.

Another feature of subzone K-11d, distin-
guishing it from K-11¢, is the more widespread
occurrence of Betula nana.

Although the forest communities were sub-
ject to continual constraint, it seems that in
subzone K-11d stands of pine woodland with a
small admixture of birch were still present in
the Konieczki region landscape.
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AQUATIC AND SWAMP VEGETATION

The changes which took place in the com-
munities of aquatic and swamp plants have
been reconstructed with reference to the divi-
sion into local plant macrofossil assemblage
zones in association with the results of pollen
analyses. The development of aquatic and
swamp vegetation is here presented separately
from that of the terrestrial vegetation, because
the distinguished pollen assemblage zones and
plant macrofossil assemblage zones, in
general, show little overlap.

Mazovian Interglacial

KM-1 L. MAZ (Pollen assemblage zones: K-1 to
the older part of K-9).

The very few plant macrofossils which were
found in the lower and middle parts of the
profile, which embrace the pollen assemblage
zones K-1 to the older part of K-9, are insuffi-
cient to form a basis for a more detailed recon-
struction of the changes and nature of the
vegetation of the lake and its littoral zone. The
interpretation of the interglacial local com-
munities from these parts of the profile is
therefore almost exclusively based on pollen-
spore findings.

The initially low organic matter content
(about 15%) in the deposits of pollen zones K-1
— K-3 indicates a rather poor growth of vegeta-
tion within the lake itself. This would seem to
be confirmed by the presence of single pollen
grains of aquatic taxa and their small variety.
Such a situation may have resulted from the
great depth of the lake in the initial stage of
its development.

Pollen of Potamogeton sect. Eupotamogeton
provides evidence of the presence of pond-
weeds in the waters of the lake. Myriophyllum
spicatum occurred in fairly shallow places and
Pediastrum was present in small numbers.
The singly appearing pollen grains of Typha
latifolia and Sparganium type show that these
plants grew, although not very abundantly, in
the littoral belt of the lake, where Scirpus
atroviroides (fruits) also occurred.

The occurrence of Potamogeton perfoliatus
in the deposits of zone K-3 and P. cf. grami-
neus in zone K-4 (single endocarps) may also
suggest low nutrient levels in the lake
(Zarzycki 1984). Despite a slight increase in
the organic matter content in the deposits in

pollen zones K-4 and K-5, the aquatic vegeta-
tion was probably still pretty poor.

The oligotrophic nature of the lake is fur-
ther indicated by the presence of Isoétes cf. la-
custris, which probably occurred in the littoral,
towards the end of zone K-4 and still at the be-
ginning of zone K-5, where the proportion of
its microspores was about 1.9%. They disap-
pear completely in the middle part of zone K-5.
It may therefore be supposed that a process of
transformation began in the water body at
that time, leading to a gradual increase in its
fertility.

The conditions prevailing in the lake prob-
ably did not undergo radical improvement be-
fore the younger part of zone K-5, as is inti-
mated by the appearance of the pollen of many
aquatic plants characterized by their high nu-
tritional requirements. These were Nymphaea
candida, N. alba, Myriophyllum verticillatum,
Polygonum amphibium and Ceratophyllum.
Pollen of Trapa and single microsporangia of
Salvinia natans also point to the eutrophic na-
ture of the water body.

The results of a pollen analysis for zones K-
6 — K-9 indicate that no significant changes af-
fected the aquatic vegetation throughout that
time. The variety of swamp plants increased
only slightly with Butomus umbellatus and Ly-
simachia thyrsiflora being the only significant
additions to the taxa present earlier.

KM-2 L MAZ (Younger part of zone K-9 Abies-
Carpinus-Alnus)

A change takes place in the lithological
profile in the middle part of zone KM-2. Gyttja
gradually passes into peat.

Presumably the decrease in depth produced
favourable conditions for the development of
communities of rooted plants in which Pota-
mogeton natans was probably dominant, judg-
ing by its numerous endocarps. Pollen of Nym-
phaea alba, Nuphar lutea, Myriophyllum spi-
catum, pollen and macrofossils of Trapa and
fruits of Ceratophyllum demersum suggest that
these plants also occurred in the communities.

The simultaneous appearance of a large
number of macrosporangia and macrospores of
Salvinia natans is evidence of its profuse de-
velopment in the lake waters.

The rise in the number and diversity of
macrofossils of reed and sedge swamp plants
in the youngest part of KM-2 proves that the
reedswamp zone developed more luxuriantly



than before. Typha, which had been growing in
the littoral area up to then, managed to ex-
pand to new sites as a result of the shallowing
of the lake. The appearance of fruits of Carex
elata, C. gracilis and C. rostrata indicates the
beginning of changes leading to the encroach-
ment into the lake of peat-forming com-
munities.

Aracites interglacialis was probably grow-
ing in communities associated with the lake
littoral (Lancucka-Srodoniowa 1966), as its
seeds have been found in this zone.

Mazovian Interglacial/Early Glacial

M-3 L MAZ (Pollen assemblage zones: K-10
and the oldest part of K-11)

The slow processes of the shallowing and
colonization of the lake that had started as
early as the middle part of zone KM-2 conti-
nued in zone KM-3. These processes found
their expression in the formation of peat.

The fairly numerous nutlets of Carex gra-
cilis, C. elata and C. rostrata point to the de-
velopment of sedge communities. The extant
macrofossils and pollen show that in these
communities abounded a huge number of ac-
companying species, among which may have
been Comarum palustre, Menyanthes trifolia-
ta, Lysimachia vulgaris (L. vulgaris type) and
Caltha palustris (Caltha type). The abundant
occurrence of fruits of Eleocharis praemaximo-
viczii is evidence that this extinct plant grew
in shore communities at that time. Perhaps,
like E. ovata, E. praemaximoviczii, too, oc-
curred in habitats inundated for a greater part
of the year or periodically exposed, and maybe
also in wet meadows. Alisma plantago-aquati-
ca, Sagittaria sagittifolia, Schoenoplectus la-
custris, Lysimachia thyrsiflora etc. may have
occurred in stands of these communities.

The water body, which not long before had
still been characterized by a high degree of fer-
tility, was gradually becoming poorer in nu-
trients. The appearance of numerous fruits of
Najas flexilis points to the vigorous develop-
ment of communities containing it. The
presence of remains of Zannichellia palustris,
Potamogeton perfoliatus, P. pusillus, P. prae-
longus, P. obtusifolius, Ceratophyllum demer-
sum, Callitriche autumnalis and pollen of My-
riophyllum spicatum and M. verticillatum in-
dicates that these plants may also have
formed part of such communities.
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Chara fragilis, whose oospores appeared in
this zone, could have occurred as an accompa-
nying species because of its broad ecological
tolerance (Dambska 1964), but presumably
formed small stands in communities of its
own. It would probably have been accompa-
nied by Stratiotes aloides, Potamogeton pusil-
lus, P. perfoliatus, Ceratophyllum demersum
and Myriophyllum spicatum.

Early Glacial

KM-4 L. MAZ (Subzone K-11c¢c Cyperaceae-Be-
tula nana-Juniperus, excluding the top part)

In the oldest part of KM-4 the moss-sedge
peat-bog continued to develop, followed by the
sedimentation of organic silts.

The composition of macrofossils shows that
the plant communities growing in the lake
were rather species poor. The abundant occur-
rence of fruits of Callitriche autumnalis pro-
vides evidence of the deterioration in trophic
conditions in the lake. The fall in the number
of fruits of Najas flexilis shows that the com-
munities containing it, widespread in the pre-
vious zone, had almost entirely lost their signi-
ficance. The stonewort meadows, consisting
chiefly of Chara fragilis, presumably survived
with their composition unchanged.

Fruits of Dulichium spathaceum, found in
the older part of the zone, show that this ther-
mophilous plant was still growing in the shore
area of the lake. It may be supposed that, des-
pite unfavourable conditions, it had managed
to persist from the climatic optimum period,
although there is no evidence of its occurring
in that section of the interglacial.

At first, only modest changes took place in
the reed and sedge swamp communities. It can
be inferred from the comparatively numerous
nutlets of Carex gracilis and C. rostrata pres-
ent, that communities in which these sedges
were the main constituents dominated. How-
ever, communities containing Carex pseudo-
cyperus and C. vesicaria (nutlet of C. cf. vesica-
ria) were present as well. By the shore some
low sedge swamp communities with Eleocharis
palustris or E. mamillata and E. praemaximo-
viczii, suggested by the presence of their
fruits, may have grown adjacent to the Carex
gracilis communities. The silty bottom fa-
voured the development of such low sedge
communities, in which Sagittaria sagittifolia,
Schoenoplectus lacustris, Lysimachia thyrsiflo-
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ra and Hippuris vulgaris may have been grow-
ing in addition to the foregoing species.

Typha was constantly present in the litto-
ral. The subcontinuous pollen curve of 7! lati-
folia shows that a considerable proportion of
the Typha fruits belong to this species. The
possibility of pollen grains of T. angustifolia
occurring among the grains identified as Spar-
ganium type is most unlikely. The great ma-
jority of pollen grains had thick muri com-
posed of two or even three rows of columellae,
which indicates that they represent Sparga-
nium.

The low organic matter content (not exceed-
ing 20%) in the deposits in the younger part of
the zone and the few macrofossils of aquatics
suggest the increasingly poor development of
vegetation in the water body.

The vanishing of oospores of Chara fragilis
and the appearance of rather large numbers of
oospores of Nitella opaca point to changes
leading to the further impoverishment of the
water body. The species composition of the
communities too was very poor. Myriophyllum
spicatum and Batrachium supposedly occurred
in addition to stoneworts.

KM-5 L MAZ (Decline of subzone K-11c Cyper-
aceae-Betula nana-Juniperus)

The low organic matter content (about 15%)
in the deposits demonstrates the deteriorating
climatic conditions responsible for changes in
the composition and further impoverishment
of plant communities in the lake.

Evidence of the decreasing fertility of the
lake is the mass appearance of fruits of Calli-
triche autumnalis, which perhaps occupied a
large part of its surface. The underwater com-
munities chiefly of Nitella opaca, floristically
very poor, still survived. Sagittaria sagittifolia
and Typha grew sporadically in the littoral.

KM-6 L MAZ (Subzone K-11d Poaeae-Artemisia)

The very low organic matter content (2.0—
5.0%) in the deposits reflects the very low de-
velopmental state of vegetation in the water
body. The almost complete lack of macrofossils
shows that aquatic plants were only sporadi-
cally present. The underwater stonewort com-
munities had almost completely disappeared.
The oospores of Nitella opaca turn up in very
small numbers but are confined to the older
part of the zone. Batrachium sporadically oc-
curs.

CLIMATE

Mazovian Interglacial

Sedimentation of the organic deposits
drilled at Konieczki started as early as the in-
terglacial period. Dense forest, which had al-
ready become a dominant feature of the land-
scape of the lake surroundings by that time,
shows that favourable climatic conditions,
probably with fairly high temperatures, pre-
vailed. At first, the forest was merely birch
woodland with only a small admixture of pine,
but its poor species composition was perhaps
due more to poorly developed soils than to an
unfavourable climate, for the occurrence of
pollen grains of Typha latifolia in the bottom
part of the profile indicates that the mean
temperature for the warmest month was above
14-15°C (Mamakowa 1989 after Iversen 1944)
and so 2—-3° higher than that implied by the
presence of Betula pubescens and B. pendula
(Mamakowa 1989). The early appearance of
alder and spruce in forest communities points
to good thermal conditions.

Towards the end of pollen period M I many
trees and shrubs with higher thermal require-
ments, such as Quercus, Fraxinus, Hedera
helix, Frangula alnus and Viburnum grew in
the forest communities. The appearance of
Hedera helix in the declining part of pollen
period M I suggests that the climate was be-
coming oceanic, and characterized by moder-
ately high summer temperatures with the
mean temperature of the coldest month not
falling below -1.5°C (Mamakowa 1989 after
Iversen 1944).

A further improvement in climatic condi-
tions in the older part of pollen zone M II is in-
dicated by the intense development of alder
communities with Fraxinus, and an increase
in the role of Quercus and Tilia cordata (T.
cordata type) in the forest communities. The
appearance of Ilex aquifolium type pollen dur-
ing the formation of zone K-4 Alnus-Picea-
Fraxinus, provides evidence of a mild climate
with oceanic characteristics and the mean
temperature of the coldest month not below -
0.5°C (Mamakowa 1989 after Iversen 1944).

Such a mild climate, oceanic in nature, is
also suggested by the exceptionally abundant
occurrence of Taxus (West 1962) in the forest
communities of the Konieczki area. The
presence of pollen of Ligustrum and Cornus



sanguinea may suggest the development of
highly thermophilous thickets with privet and
dogwood in the course of zone K-5 Taxus-
Alnus-Picea; nowadays these shrubs exhibit
an oceanic-submediterranean type of distribu-
tion (Matuszkiewicz 1981).

The presence of Buxus, most probably B.
sempervirens, which represents the present-
day submediterranean element (Godwin 1975
after Walter & Straka 1970), also indicates a
mild climate. Buxus pollen appeared early,
even in zone K-5 Taxus-Alnus-Picea, but
reached its highest values with a maximum of
1.9% in subzone K-9a Buxus-Vitis, during
which its occurrence in the forest communities
was certainly substantial in the Wozniki-
Wielun Upland.

A further corroboration of favourable cli-
matic conditions is the presence of Vitis (V. syl-
vestris), whose pollen turned up in subzone K-
5b Carpinus-Quercus and occurred compara-
tively abundantly, together with Buxus,
throughout zone K-8 Abies-Taxus-Corylus.
Today V. sylvestris grows mainly in southern
Europe and its isolated stands along the val-
leys of large rivers reach the lowland parts of
Austria, southern Germany and north-eastern
Switzerland (Ralska-Jasiewiczowa 1980, after
Hegi 1965).

On the basis of the presence of Vitis, God-
win (1975) writes, referring to Turner (1970),
that “even in the late period of the Hoxnian In-
terglacial (=Mazovian Interglacial) the climate
of summer was at least as warm as and prob-
ably warmer and more humid than the pres-
ent-day climate of north-eastern Europe”.

The presence of Salvinia natans and Trapa
in the pollen zones of the younger part of pol-
len period M II and in period M III provides
evidence of warm and well sunlit lake waters
in summer.

An analysis of the pollen diagram indicates,
however, that the climatic conditions were not
uniformly favourable throughout the intergla-
cial optimum, for there was a short but cool os-
cillation at the beginning of pollen period M
IIT (subzone 6a). This is suggested by the high
pollen values of Betula undiff. and Pinus syl-
vestris type with simultaneous low values of
Quercus, Carpinus, Corylus and Taxus.

The effect of the worsening climatic condi-
tions towards the end of period M III was seen
in a gradual increase in the significance of
pine in the forest communities and a drop in
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the proportion of thermophilous broad-leaved
trees and Taxus. A further cooling during the
course of zone K-10 Pinus produced a vigorous
expansion of pine and the complete withdra-
wal of Quercus and Carpinus, as well as a rise
in importance of open communities. This peri-
od is represented at the Konieczki site by a
very thin layer of deposits, which may be con-
nected with the nature of the sedimentation
processes or possibly with an incomplete sec-
tion of the lithological profile at this place.

The climate at the decline of the intergla-
cial, however, cannot have been too unfavour-
able, because Pterocarya, represented by pol-
len levels of up to 2.5%, appeared at that time.
In all probability, it was P. fraxinifolia, the
only species growing in Europe today, limited
to the Caucasus and the region of the Caspian
Sea (cf. Godwin 1975). The presence of P. frax-
inifolia indicates a warm and, at the same
time, humid climate (cf. Szafer 1954). And
such a climate may have prevailed to the end
of the Mazovian Interglacial.

Early Glacial

The high pollen values of herbaceous
plants, and the great diversity of their taxa,
provide evidence of the increased importance
of open communities in the lake region as a
consequence of the further cooling of the cli-
mate. The occurrence of macrofossils of Betula
nana from the very beginning of zone K-11
NAP-Pinus-Betula, and somewhat later also of
its pollen, point to moderately cold climatic
conditions prevailing at that time. The spo-
radically noted spores of Selaginella selagi-
notdes also indicate a cool climate.

The decrease noted in the organic matter
content of the deposits all through subzone K-
11c, is further evidence of climatic cooling. In
subzone K-11d the organic matter content
comes down to about 2%, which points both to
sparse vegetation within the lake itself and to
the small quantities of allochthonous organic
matter transported into it.

The low pollen values of trees suggest that
the forests survived only in the form of iso-
lated stands. The foregoing data lead to the
conclusion that the climate prevailing
throughout zone K-11, representing the first
cooling of the Early Glacial, was boreal-sub-
arctic and at the end of the zone perhaps even
subarctic.
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A COMPARISON OF THE POLLEN
SUCCESSION FROM KONIECZKI WITH
THE SUCCESSIONS FROM OTHER
SITES OF ORGANOGENIC DEPOSITS
OF THE MAZOVIAN INTERGLACIAL

During the last ten years the profiles from
the Krepiec (Janczyk-Kopikowa 1981, 1991)
and Biala Podlaska sites (Krupinski et al.
1986, Krupiniski 1988) have been regarded as
stratotype profiles of the Mazovian Intergla-
cial in Poland.

The pollen succession from Konieczki has
all the characteristics that, according to Szafer
(1953) and Janczyk-Kopikowa (1991), are typi-
cal of the Mazovian Interglacial succession.

The differences between the diagram from
Konieczki and those from the recognized stra-
totype sites are caused by the influence of local
conditions on the forest communities. They
are, above all, expressed by the different per-
centage pollen values of individual tree gen-
era. This is particularly true of the very high
proportion of Taxus at Konieczki (62.1%), be-
cause such high pollen values of yew have not
hitherto been noted from any interglacial in
Poland. Higher values of its pollen, reaching
80% (with the remaining 20% consisting of Co-
rylus), are given from the site of the Eemian
Interglacial at Zeifen (Jung et al. 1972). The
relatively high pollen values of Taxus persist
at Konieczki until the decline of period M I1I,
whereas at Krepiec they remain only to the
end of period M II.

The pollen values of spruce noted from Ko-
nieczki are much lower than those in the suc-
cession from Krepiec and the maximum fre-
quency of Carpinus does not fall between the
two maxima of Abies. The succession from Ko-
nieczki differs from that of the Krepiec site in
its much lower pollen values of Carpinus.

From among the sites of organic deposits so
far studied, situated in the Wozniki-Wielun
Upland and its close vicinity (Fig. 1) and
referred to the Mazovian Interglacial, the best-
developed succession is represented by the
profiles from Radziechowice and Kolonia Du-
bidze (Fig. 5). Boré6wko-Diuzakowa (1981) put
these two profiles together to form a synthetic
one and divided the pollen succession into five
floristic phases. They correspond to the four
polien periods distinguished by Szafer (1953)
and Janczyk-Kopikowa (1981).

The Konieczki site is situated about 30 km

south-west of Radziechowice and Kolonia Du-
bidze. In spite of this small distance some sub-
stantial differences can be seen in the pollen
diagrams. For the most part, they are caused
by the varying proportions of Taxus pollen: at
Radziechowice its maximum values are scarce-
ly 17.5%, whereas at Konieczki 62.1%. Yew re-
treated from the Radziechowice area before
the appearance of fir, and its habitats were
taken over by pine. In the Konieczki region
yew was an essential constituent of forest com-
munities nearly all through period M III. Its
maximum pollen values still came up to 21.0%
during that time. The very high frequency of
Taxus and its nearly constant presence till the
decline of period M III significantly influenced
the composition of the forest communities of
the Konieczki region. The situation was pres-
umably determined by microclimatic condi-
tions, particularly favourable in the surround-
ings of the lake. This region is somewhat
higher and receives more rainfall than the
Radziechowice region. In the village of Dob-
ryszyce, near Radziechowice, the annual rain-
fall averages 557 mm, at Wreczyce near Ko-
nieczki 665 mm (Dubaniewicz 1974).

Ash is another tree responsible for the dif-
ferences occurring in the pollen succession be-
tween the two sites. The high pollen value of
Fraxinus in the diagram from Konieczki shows
its great importance in the alder communities
and, moreover, the broad extent of moist and
fertile ash-alder communities. The sporadic oc-
currence of Fraxinus pollen in the Radziechow-
ice diagram points, in all probability, to the
very reduced proportion of this tree in the riv-
erine communities. It may be supposed there-
fore, that in the Radziechowice area, alder-
woods were dominant in wet habitats at that
time what is demonstrated by very high pro-
portion of Alnus pollen.

The abundant occurrence of yew commu-
nities, and later the hornbeam communities
were the main factors preventing the develop-
ment of pine communities in the Konieczki
area. If zone K-6 Carpinus-Pinus-Betula is dis-
counted the role of pine in the Konieczki
neighbourhood did not increase until the de-
cline of period M III, when the trees with
greater climatic requirements began to re-
treat. This was not the case in the Radziec-
howice region. The high proportion of Pinus
pollen noted there in the climatic optimum, es-
pecially in period M II, and the low pollen
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Fig. 5. Pollen diagram from Radziechowice and Kolonia Dubidze (Boré6wko-Dtuzakowa 1981; simplified, modified)

values of Carpinus (max. 8.5%) and Quercus
(about 8%) provide evidence of the much
higher contributions of pine forest and the
limited spread of the hornbeam communities.

The Kuznia Borecka site (Kuszell 1986,
1998) lies about 15 km SSW of Konieczki. It is
represented by two profiles, but only profile S-
541, covering pollen periods M I, M II and M
III, contains a section of the interglacial suc-
cession that is suitable for comparison with
that from Konieczki (Fig. 6a).

In comparison with the diagram from Ko-
nieczki, that from KuzZnia Borecka shows
higher values of Picea (max. 30%), Alnus (up
to 50%) and Pinus, especially in period M II,
while Taxus pollen occurs only sporadically.

The small distance of Kuznia Borecka from
Konieczki would suggest the occurrence of far
higher values of Taxus. And so the question
arises as to whether profile S-541 from KuzZnia
Borecka lacks the deposits whose formation
would have fallen in the period of the maxi-
mum development of yew. If such a situation
did not occur, then, based on the tiny per mil
values of Tuxus pollen, one must assume that
its role in the forest communities of the
Kuznia Borecka area was insignificant. Single
pollen grains of Fraxinus in the diagram from

Kuznia Borecka lead to a similar conclusion
concerning the role of ash in the forests of that
region.

Studies at the remaining sites in the Wozni-
ki-Wielurn Upland, that is, Herby and Malice,
have been somewhat superficial, unsupported
by pollen diagrams. The results of pollen ana-
lyses of four samples from the Borki profile, in
Boréwko-Dtuzakowa’s (1981) opinion, do not
exclude their Mazovian Interglacial origin;
nevertheless, they could belong to another
stratigraphical unit.

Summing up the findings from the Wozniki-
Wielun Upland, one should emphasize the fact
that so far no remains of water fern Azolla
filiculoides have been found in this terrain.

There are several other sites of the Mazo-
vian Interglacial not far from Konieczki but
outside the area of the WozZniki-Wielun Up-
land. The most important of them are Barko-
wice Mokre (Sobolewska 1952), Olszewice (So-
bolewska 1956b), Sewerynéw (Jurkiewiczowa
& Mamakowa 1960), Gosciecin (Srodon 1957),
Stanowice (Sobolewska 1977) and Kucéw
(Krzyszkowski 1989).

In studies from these sites carried out in
the 1950s Taxus pollen was not recorded, ex-
cept from Gosciecin. If yew is omitted, the pol-
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len succession from the Konieczki site will
very much resemble those from Olszewice and
Barkowice Mokre. The pollen values of indi-
vidual tree genera approach one another, with
only the proportion of Abies pollen somewhat
higher at Barkowice Mokre, where it reaches
36%. At Sewerynéw near Przedbérz the pro-
portion of fir pollen is higher still, with a maxi-
mum of 52%.

The Gosciecin site (Srodon 1957) lies about
100 km south-west of Konieczki. Its pollen suc-
cession embraces pollen periods M I, M II and,
incompletely M III (Fig. 6b). At Gosciecin the
proportion of Taxus pollen reaches 12% but its
presence comes to an end when the Abies
curve begins and thus earlier than in the suc-

cession from Konieczki. Otherwise these two
pollen successions very much resemble each
other.

At Stanowice, situated not far from Go-
$ciecin, the organic deposits represent two pol-
len periods: M III and M IV (Sobolewska
1977). Pollen of Taxus appears there only spo-
radically. The lack of the older part of the in-
terglacial does not allow direct comparison of
the successions from Stanowice and Konieczki
with respect to the behaviour of yew, but the
progress of the succession in pollen period M
III is alike at the two sites.

The pollen diagram from Konieczki, how-
ever, differs very distinctly from that from
Kucéw (Betchatéw region), studied by Janczyk-



Kopikowa (Krzyszkowski 1989). There the or-
ganic deposits represent pollen periods M I, M
I and a small fragment of M III (Fig. 6¢). This
notwithstanding, Taxus pollen has not been
found there, even sporadically. The Carpinus
curve is not continuous and the values of its
pollen are very low. However, this could be due
to the incompleteness of the profile, because
above sample No 4 the deposit changes from
peat into organic silts.

ACKNOWLEDGEMENTS

I wish to express my heartfelt thanks to Prof. Kazi-
miera Mamakowa for the valuable help given me in
the course of the preparation of my doctor’s thesis; for
verifying some determinations; lavishly providing in-
valuable advice and direction, as well as for scientific
supervision during my postgraduate work. I should
like also to extend my sincere thanks to Prof. Leon
Stuchlik for permitting me to do my postgraduate
work and for giving me access to the comparative col-
lection of the W. Szafer Institute of Botany, PAScs in
Krakéw. My thanks also go to Prof. F.Yu. Velichkevich
for identifying the endocarps of Potamogeton and ver-
ifying the identification of several other taxa, to Prof.
Kazimierz Karczmarz for identifying the oospores of
Charophyta, and to Ms Zofia Tomczynska for ident-
ifying pieces of wood and needles. T am very grateful to
Dr Jézef Lewandowski for discussion on Quaternary
geology. I thank Ms Danuta Moszynska-Moskwa, Ms
Zofia Tomczyriska and Ms Matgorzata Zurzycka for
help with laboratory work.

REFERENCES

ANDERSEN S.Th. 1961. Vegetation and its environ-
ment in Denmark in the Early Weichselian Gla-
cial (Last Glacial). Danm. Geol. Unders., 2, 75.

ANDERSEN S.Th. 1970. The relative pollen produc-
tivity and pollen representation of north Euro-
pean trees, and correction factors for tree pollen
spectra. Danm. Geol. Unders., 2, 96.

ANDERSEN S.Th. 1973. The differential pollen pro-
ductivity of trees and its significance for the in-
terpretation of a pollen diagram from a forested
region. In: Birks H.J.B. & West R.G. (eds.), Qu-
aternary Plant Ecology. Blackwell Sci. Publ., Ox-
ford — London — Edinburgh — Melbourne.

BARANIECKA M.D. & SARNACKA Z. 1971. Straty-
grafia czwartorzedu i paleogeografia dorzecza Wi-
dawki (summary: The stratigraphy of the Quater-
nary and palaeogeography of the drainage basin
of the Widawka). Biul. Inst. Geol. 254: 157-270.

BARDZINSKI W., LEWANDOWSKI J., WIECKOW-
SKI R. & ZIELINSKI T. 1986. Objasnienia do
Szezegélowej Mapy Geologicznej Polski 1:50 000,
ark. Czestochowa. Inst. Geol. Warszawa.

BEDNAREK J., HAISIG J.,, LEWANDOWSKI J. &
WILANOWSKI J. 1992. Objasnienia do Szcze-

129

gélowej Mapy Geologicznej Polski 1:50 000, ark.
Klobuck. Inst. Geol. Warszawa.

BERGGREN G. 1969. Atlas of seeds and small fruits
of Northwest European plant species. Swedish
Natural Science Research Council.

BEUG H.J. 1961. Leitfaden der Pollenbestimmung. G.
Fischer Verlag, Stuttgart.

BEUG H.J. 1973. Die Bedeutung der interglazialen
Ablagerungen von Zeifen und Eurach (Ober-
bayern, BRD) fiir die Vegetationsgeschichte der
Eem-Warmzeit am Nordrand der Alpen. In Gri-
chuk V.P. (ed.), Palynology of the Pleistocene and
Pliocene. Proc. IIIrd Intern. Palynol. Conf., Novo-
sibirsk 1971.

BIALOBRZESKA M. & TRUCHANOWICZOWNA J.
1960. Zmienno$¢ ksztaltu owocéw i tusek euro-
pejskich brzéz (Betula L.) oraz oznaczanie ich w
stanie kopalnym (summary: The variability of
shape of fruits and scales of the European birches
(Betula L.) and their determination in fossil ma-
terial). Monogr. Bot., 9: 1-95.

BINKA K. 1995. (unpubl.). Ewolugja interglacjalnych
zbiornikéw jeziornych w Wilczynie i Woskrzeni-
cach na Podlasiu w $wietle analizy paleobotanicz-
nej. Archives Uniw. Warsz.

BOROWKO-DEUZAKOWA Z. 1980. Charakterystyka
flory interglacjalu mazowieckiego w profilach
Radziechowic 1 Kolonii Dubidze. Przewodnik LII
Zjazdu PTG Belchatéw: 289-290.

BOROWKO-DLUZAKOWA Z. 1981. Interglacjal mazo-
wiecki na Wyzynie Wieluniskiej (summary: The
Mazovian Interglacial in the Wielun Upland).
Biul. Inst. Geol. 321: 260-275.

BOROWKO-DLUZAKOWA Z. & HALICKI B. 1957.
Interglacjaty Suwalszczyzny i terenéw sasiednich
(summary: Interglacial sections of the Suwatki
region and of the adjacent territory). Acta Geol.
Polon., 7: 361-401.

BOROWKO-DLUZAKOWA Z. & SLOWANSKI W.
1991. Wyniki analizy pylkowej osadéw interglac-
jalnych w Koczarkach koto Mragowa (summary:
Results of pollen analysis of interglacial deposits
at Koczarki near Mragowo). Kwart. Geol. 35(3):
323-336.

BREM M. 1953. Flora interglacjalna z Ciechanek
Krzesimowskich (summary: Interglacial flora

from Ciechanki Krzesimowskie by Leczna). Acta
Geol. Pol. 3: 475-480.

BUGAIA W. 1975. Systematyka i zmienno$é (sum-
mary: Systematics and variability). In: Cis pos-
polity Taxus baccata L. PAN Inst. Dendrologii
PWN Warszawa-Poznan: 18-38.

CZARTORYSKI A. 1975. Opieka nad cisem 1 jego och-
rona (summary: Protection and conservation of
Taxus baccata). In: Cis pospolity Taxus baccata L.
PAN Inst. Dendrologii PWN Warszawa-Poznan:
141-166.

DAMBSKA I. 1964. Charophyta — Ramienice. In: Star-
mach K. (ed.), Flora stodkowodna Polski, 13.
PWN, Warszawa.

DOROFEEV P.M. 1986a. Iskopayemye Potamogeton.
Nauka, Leningrad.



130

DOROFEEV PM. 1986b. O pliotsenovoy flore d. Dvo-
rets na Dnepre. Problemy Paleobotaniki: 44-71.

DUBANIEWICZ H. 1974. Klimat wojewd6dztwa 16dz-
kiego. Acta Geogr. Lodz. 34: 5-120.

EHRENDORFER F. 1973. Liste der Gefisspflanzen
Mitteleuropas. G. Fischer Verlag, Stuttgart.

ERDTMAN G., BERGLUND B. & PRAGLOWSKI J.
1961. An Introduction to a Scandinavian Pollen
Flora. Grana Palynol., 2(3): 3-92.

FAEGRI K. & IVERSEN J. 1978. Podrecznik analizy
pytkowej. WG, Warszawa.

FAEGRI K., KALAND P.E. & KRZYWINSKI K. 1989.
IV Edition. Textbook of Pollen Analysis — Faegri
K., Iversen J.

GODWIN H. 1975. The history of the British Flora. A
Factual Basis for Phytogeography. Cambridge
Univ. Press., London.

HAISIG J. 1974. Maksymalny zasieg ladolodu sta-
dialu warty na obszarze Wolczyn — Rudniki.
Spraw. z Pos. Nauk. Inst. Geol. Kwart. Geol.
18(4): 922.

HAISIG J. & WILANOWSKI S. 1980. Objasnienia do
Mapy Geologicznej Polski 1:200 000, ark. Czesto-
chowa. Inst. Geol. Warszawa

HAISIG J. & WILANOWSKI S. 1983. Szczegélowa
Mapa Geologiczna Polski 1:50 000, ark. Boronéw.
Inst. Geol. Warszawa.

HAISIG J. & WILANOWSKI S. 1988. Szczegétowa
Mapa Geologiczna Polski 1:50 000, ark. Krzepice.
Inst. Geol. Warszawa.

HAISIG J. & WILANOWSKI S. 1990. Objasnienia do
Szczegolowej Mapy Geologicznej Polski 1:50 000,
ark. Krzepice. Inst. Geol. Warszawa

HAISIG J., KOTLICKI S., WILANOWSKI S. &
ZUREK W. 1983. Objasnienia do Szczegétowej
Mapy Geologicznej Polski 1:50 000, ark. Boronéw.
Inst. Geol. Warszawa.

HEGI G. 1965. Illustrierte Flora von Mitteleurope. C.
Hauser Verlag, Miinchen, 5(1): 359-—426.

IVERSEN J. 1944. Viscum, Hedera and Ilex as climate
indicators. A contribution to the study of the Post-
Glacial temperature climate. Geol. Foren. Forh-
landl., 66(3): 463—-483.

JANCZYK-KOPIKOWA Z. 1981. Analiza pytkowa
plejstoceniskich osadéw z Kaznowa i Krepca (sum-
mary: Pollen analysis of the Pleistocene sedi-
ments at Kaznéw and Krepiec). Biul. Inst. Geol.
321(23): 249-258.

JANCZYK-KOPIKOWA Z. 1987. Uwagi na temat pali-
nostratygrafii czwartorzedu (summary: Remarks
on palynostratigraphy of the Quaternary). Kwart.
Geol. 31(1): 155-162.

JANCZYK-KOPIKOWA Z.1991. Problemy palinostra-
tygrafii glacjalnego plejstocenu Polski z uwzgled-
nieniem wynikéw analizy pyltkowej osad6éw inter-
glacjalnych z Besiekierza ($rodkowa Polska)
(summary: Problems of the palynostratigraphy of
the Pleistocene in Poland and the palynological
analysis of interglacial deposits from Besiekierz
(Central Poland)). Ann. U.M.C. Sklodowska Lu-
blin-Polonia, Sec. B, 46, supl. I: 1-26.

JUNG W, BEUG H.J. & DEHM R. 1972. Das
Riss/Wirm - Interglazial von Zeifen, Landkreis
Laufen a. d. Salzach. Bayer. Akad. Wiss., Math.-
Naturw. Kl., Abh., N.F,, 151: 1-131

JURKIEWICZOWA 1., MAMAKOWA K. 1960. Inter-
glacjal w Sewerynowie koto Przedborza (sum-
mary: The interglacial at Sewerynéw near Przed-
bérz). Biul. Inst. Geol. 150: 71-103.

KLIMEK K. 1966. Deglacjacja péinocnej czesci
Wyzyny Slasko-Krakowskiej w okresie zlodowace-

nia S§rodkowopolskiego. Pr. geogr. Inst. Geogr.
PAN, 53: 9-116.

KROL S. 1975. Zarys ekologii (summary: An ecological
outline). In: Cis pospolity Taxus baccata L. PAN
Inst. Dendr. PWN, Warszawa-Poznan: 78-103.

KRUPINSKI K.M. 1988. Sukcesja roslinnoéci inter-
glacjalu mazowieckiego w Bialej Podlaskie;j.
Przeg. Geol., 11: 647-655.

KRUPINSKI K.M. & LINDNER L. 1991. Flora inter-
glacjalna w Komarnie kolo Biatej Podlaskiej,
wschodnia Polska (summary: Interglacial flora at
Komarno near Biata Podlaska (eastern Poland)).
In: A. Kostrzewski (ed.). Geneza, litoligia i stra-
tygrafia utworéw czwartorzedowych. Geografia
50: 511-518.

KRUPINSKI K.M., LINDNER L. & TUROWSKI W.
1986. Sediments of the Mazovian Interglacial at
Biata Podlaska (Eastern Poland). Bull. Pol. Acad.
Sc., 34(4): 365-373.

KRUPINSKI K.M. & NITYCHORUK J. 1991. Geologic
setting and pollen analysis of interglacial organic
sediments at Mokrany Nowe in Podlasie, Eastern
Poland. Acta Palaeobot. 31(1,2): 227-243.

KRZYSZKOWSKI D. 1989. The deposits of Mazovian
(Holstetnian) Interglacial in the Kleszczow
Graben (Central Poland). Bull. Pol. Acad. Sc.,
37(1-2): 121-130.

KUSZELL T. 1986. (unpupl.). Badania palinologiczne
utworéw czwartorzedowych z rejonu Kuznicy Bo-
reckiej. Archives Inst. Geol., Sosnowiec.

KUSZELL T. 1998. Nowe stanowiska osadéw intergla-
cjalnych w potudniowo-zachodniej Polsce (sum-

mary: New interglacial sites in Southwestern Po-
land). Biul. PIG 385: 127-142.

LASKOWSKA-WYSOCZANSKA W. & OSZAST J. 1990.
Pozycja stratygraficzna plejstoceriskich osadéw or-
ganogenicznych Nowego Siota (Ptaskowyz Tarno-
grodzki, Kotlina Sandomierska) (summary: Stra-
tigraphic position of the Pleistocene organic-rich
sediments in Nowe Sioto (Tarnogréd Upland, San-
domierz basin)). Ann. Soc. Geol. Pol. 60: 169-193.

LEWANDOWSKI J. 1988. Stratigraphy of Quaternary
deposits of the Silesian Upland and surrounding
area, Southern Poland: tentative compilation. Qu-
aternary Studies in Poland 8: 73-78.

EANCUCKA-SRODONIOWA M. 1966. Tortonian flora
from the “Gdéw bay” in the South of Poland. Acta
Palaeobot. 7(1): 3-135.

MAMAKOWA K. 1989. Late Middle Polish Glaciation,
Eemian and Early Vistulian vegetation at Imbra-
mowice near Wroclaw and the pollen stratigraphy



of this part of the Pleistocene in Poland. Acta Pa-
laeobot., 29(1): 11-176.

MAMAKOWA K. & VELICHKEVICH F.Yu. 1993a.
Exotic plants in the floras of the Mazovian (Alex-
andrian) Interglacial of Poland and Belarus. Acta
Palaeobot., 33(2): 305-319.

MAMAKOWA K. & VELICHKEVICH F.Yu. 1993b.
Aracites interglacialis Wieliczk. — extinct plant
found in the floras of the Mazovian (Alexandrian,
Likhvinian) Interglacial in Poland, Belarus, Russia
and the Ukraine. Acta Palaeobot., 33(2): 321-341.

MATUSZKIEWICZ W. 1981. Przewodnik do oznacza-
nia zbiorowisk ro§linnych Polski. PWN, Warszawa.

MCANDREWS J.H., BERTI A.A. & NORRIS G. 1973.
Key to the Quaternary pollen and spores of the
Great Lakes Region. Life Sci. Misc. Publ., R. Ont.
Mus., Toronto.

MIREK Z., PIEKOS-MIREK H., ZAJAC A. & ZAJAC
M. 1995. Vascular plants of Poland. A checklist.

Polish Academy of Sciences. W. Szafer Institute of
Botany.

MOORE P.D., WEBB J.A. COLINSON M.E. 1991. Pol-
len analysis. Blackwell Scientific Publications.

MYSLINSKA E. 1992. Laboratoryjne badania grun-
téw. PWN, Warszawa.

NIKLEWSKI J. 1968. Interglacjal eemski w
Gléwcezynie kolo Wyszogrodu (summary: The Ee-
mian Interglacial at Gléwcezyn near Wyszogréd
(Central Poland)). Monogr. Bot. 27: 125-192.

NILSSON O. & HJELMQVIST H. 1967. Studies on
the nutlets structure of South Scandinavian
species of Carex. Botanical Notiser, 120: 460—485.

NORYSKIEWICZ B. 1978. Interglacjal eemski w
Nakle nad Notecig (summary: The Eemian Inter-
glacial at Naklo on the River Noteé (N Poland).
Acta Palaeobot. 19(1): 67-112.

OLEKSYNOWA K., TOKAJ J. & JAKUBIEC J. 1976.
Przewodnik do éwiczenr z gleboznawstwa i geolo-
gii. Krakéw.

ORLICZ A. 1967. Szczatki roslinne z okresu rzymskie-
go z wykopalisk archeologicznych w Wasoczu Gér-
nym koto Klobucka. Folia Quaternaria 27: 1-9.

PFABE E. 1950. O cisach w powiatach: czestochow-
skim, lublinieckim, radomszczanskim 1 zawier-
cianiskim. Sylwan 4.

PRAGLOWSKI J.R. 1962. Notes on the pollen mor-

phology of Swedish trees and shrubs. Grana Pa-
Iynol. 3(2): 45-65.

PUNT W. & CLARKE G.C.S. 1981. The Northwest Eu-
ropean Pollen Flora. III. Elsevier, Amsterdam.

PUNT W., BLACKMORE S., NILSSON S. & THO-
MAS A Le. 1994. Glossary of pollen and spore ter-
minology. LPP Foundation, Utrecht.

RALSKA-JASTEWICZOWA M. 1980. Late-Glacial and
Holocene vegetation of the Bieszczady Mts. (Pol-
ish Eastern Carpathians). PWN, Warszawa-Kra-
kéw.

SKOMPSKI S. 1971a. Objasnienia do Szczegélowej
Mapy Geologicznej Polski 1:50 000, ark. Brzezni-
ca Nowa. Inst. Geol. Warszawa.

SKOMPSKI S. 1971b. Szczegétowa Mapa Geologiczna

131

Polski 1:50 000, ark. Brzeznica Nowa. Inst. Geol.
Warszawa.

SOBOLEWSKA M. 1952. Interglacjat w Barkowicach
Mokrych pod Sulejowem (summary: Interglacial
at Barkowice Mokre near Sulejéw). Biul. PIG 66:
245-284.

SOBOLEWSKA M. 1956a. Roslinnoéé plejstocenska z
Syrnik nad Wieprzem (summary: Pleistocene
vegetation of Syrniki on the River Wieprz). Biul.
Inst. Geol. 100: 143-193.

SOBOLEWSKA M. 1956b. Wyniki analizy pytkowej
osadéw interglacjalnych z Olszewic (summary:
Pollen analysis of the interglacial deposits of
Olszewice). Biul. Inst. Geol., 100: 271-291.

SOBOLEWSKA M. 1975. Analiza palinologiczna osa-
déw interglacjalnych z Wegorzewa (summary: Pa-
Iynological analysis of the interglacial deposits of
Wegorzewo). Biul. Inst. Geol. 288: 137-161.

SOBOLEWSKA M. 1977. Roslinnoé¢ interglacjalna ze
Stanowic koto Rybnika na Gérnym Slasku (sum-
mary: Interglacial vegetation of Stanowice near
Rybnik (Upper Silesia)). Acta Palaecbot. 18(2): 3—16.

STACHURSKA A. 1957. Roélinnoéé interglacjalna z
Wilodawy nad Bugiem (summary: Interglacial
flora from Wiodawa on the Bug river (Lublin Up-
land)). Biul. Inst. Geol. 118: 61-89.

STACHURSKA A. 1961. Schylek interglacjatu mazo-
wieckiego w Susznie kolo Wlodawy nad Bugiem w
$wietle analizy botanicznej (summary: Decline of
the Mazovian Interglacial at Suszno near Wtoda-
wa on the Bug river in the light of botanic ana-
lysis). Biul. Inst. Geol. 169: 155-173.

SZAFER W. 1953. Stratygrafia plejstocenu w Polsce
na podstawie florystycznej (summary: Pleistocene
stratigraphy of Poland from the floristical point of
view). Rocz. PTG 22(1): 1-99.

SZAFER W. 1954. Plioceniska flora okolic Czorsztyna.
WG, Warszawa.

SZAFER W., KULCZYNSKI S. & PAWLOWSKI B.
1976. Rosliny Polskie. PWN, Warszawa.

SRODON A. 1957. Flora interglacjalna z Gosciecina
koto Kozla (summary: Interglacial flora from Go-

Scigcin near Kozle (Sudeten Foreland)). Biul. Inst.
Geol. 118: 7-60.

SRODON A. 1985. Fagus in the forest history of Po-
land. Acta Palaeobot. 25(1,2); 119-137.

SRODON A. 1990. Buk w historii laséw Polski (sum-
mary: Fagus in the forest history of Poland).
Nasze drzewa lesne 10. PWN, Poznan.

TANSLEY A.G. 1911. Type of British Vegetation. Cam-
bridge.

TOLPA S. 1952. Flora interglacjalna w Kaliszu (sum-
mary: Interglacial flora at Kalisz). Biul. Inst.
Geol., 68: 73-120.

TOLPA S. 1961. Flora interglacjalna ze Stawna koto
Radomia (summary: Interglacial flora from Staw-
no near Radom, Central Poland). Biul. Inst. Geol.
169: 15-56.

TRACZYK T. 1953. Obserwacje nad rozmieszczeniem
cisa (Taxus baccata L.) w Sudetach. Ann. U.M.C.
Sktodowska. Sec. C. 7(5).



132

TROELS-SMITH J. 1955. Characterization of uncon-
solidated sediments. Danm. Geol. Unders., IV,
3(10): 1-73.

TURNER C. 1970. The middle Pleistocene deposits at
Marks Tey, Essex. Phil. Trans., B 257.

WALTER H. & STRAKA H. 1970. Arealkunde — Flor-
istisch-historische Geobotanik. Einfiihrung in die
Phytologie 3(2). Eugen Ulmer, Stuttgart.

WELTEN M. 1957. Uber das glaziale und spitgla-
zialeVorkommen von Ephedra am nordwestlichen
Alpenrand. Ber. d. Schw. Bot. Ges., 67: 33-54.

WEST R.G. 1962. A note of Taxus pollen in the Hox-
nian Interglacial. The New Phytol. 61: 189-190.

WINTER H. 1991. Results of pollen analysis of the
Poznan 1 profile (Kock vicinity, Eastern Poland).
Kwart. Geol., 35(1): 133-140.

VELICHKEVICH F.Yu. 1977a. O srednepleystotseno-
voy flore Vierchove 2 w Vitebskoy oblasti. DAN
BSSR 21(6): 558-561.

VELICHKEVICH F.Yu. 1977b. O likhvinskoy flore
pos. Ruba na Zapadnoy Dvine. Doklady AN
SSSR, 233(6): 1158-1161.

VELICHKEVICH F.Yu. 1979. Istoria pleystotsenovoy
flory sredney polosy Vostochno-Yevropeyskoy rav-
niny. Sovietskaya paleokarpologia: 76-121.

VELICHKEVICH F.Yu. 1982. Pleystotsenovye flory
lednikovykh oblastey Vostochno-Yevropeyskoy
ravniny. Izd. Nauka i Tekhnika, Minsk.

VELICHKEVICH F.Yu. 1990. Pozdne pliotsenovaya
flora Dvortsa na Dnepre. Izd. Nauka i Tekhnika,
Minsk.

ZARZYCKI K. 1984. Ekologiczne liczby wskazZnikowe
ro§lin naczyniowych Polski (Indicator values of
vascular plants in Poland). Instytut Botaniki
PAN, Krakéw.

ZUKOWSKI W. 1965. Rodzaj Eleocharis R. Br. w Pol-
sce (summary: Genus Eleocharis R. Br. in Po-
land). Prace Kom. Biol. Pozn. Tow. Przyj. Nauk,
30(2): 1-113.

STRESZCZENIE

Celem pracy jest przedstawienie rozwoju roslinnosci
na Wyzynie Woznicko-Wielunskiej w ihterglacjale ma-
zowieckim i w poczatkowym okresie nastgpujacego po
nim zlodowacenia na podstawie wynikéw badan paleo-
botanicznych (analiza pytkowa i analiza szczatkéw
makroskopowych). Wyrézniono jedenascie lokalnych
pozioméw zespoléw pytkowych (L PAZ), z ktérych dzie-
sieé reprezentuje interglacjal mazowiecki oraz szesé
lokalnych pozioméw zespoléw szczatkéw makroskopo-
wych roslin (. MAZ). Lista florystyczna zawiera 251
taksonéw réznej rangi, w tym 106 oznaczonych do po-
ziomu gatunku. Charakterystyczna, cechg sukcesji pylt-
kowej jest bardzo wysoki udzial pytku Taxus, z maksi-
mum przekraczajacym 60%. Wérdd szczatkéw makro-
skopowych na szczegélng uwage zastuguje Aracites in-
terglacialis, gatunek wymarty, charakterystyczny dla
flor mazowieckich, znany z kilku stanowisk w Polsce.
Sukcesje z Konieczek poréwnano z sukcesjami z trzech
stanowisk z Wyzyny WozZnicko-Wieluniiskiej oraz z kil-
koma innymi sukcesjami interglacjalu mazowieckiego
z terenu Polski. Istniejace réznice, spowodowane gléw-
nie przez rézny udzial pylku Taxus, Fraxinus i Pinus
sg zwigzane z warunkami lokalnymi.
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Plate 1
14. Taxus, x 1000
5-6. Celtis, x 1000
7. Pterocarya, x 1000
8. Ephedra cf. strobilacea, x 1000
9. Betula nana, x 1000
10-11. Lysimachia vulgaris type, x 1000
12. Lysimachia nummularia, x 1000
13-14. Lysimachia thyrsiflora, x 1000
15. Hottonia palustris, x 1000
16. Aconitum, x 1000
17-18. Stachys sylvatica type, x 1000
19. Nymphaea candida, x 1000
20. Nymphaea alba, x 1000
21. Isoétes cf. lacustris, x 1000
22. Osmunda regalis/O. claytoniana (fragment), x 1000

23. Osmunda cinnamomea, x 1000
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