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MALGORZATA LATALOWA

POSTGLACIAL VEGETATIONAL CHANGES IN THE EASTERN BALTIC
COASTAL ZONE OF POLAND

Postglacjalne przemiany szaty roslinnej wschodniej czesci polskiego pobrzeza
Baltyku

ABSTRACT. The postglacial vegetational history of the environs of Lake Zarnowiec has
been reconstructed on the basis of the pollen analysis of three profiles from this area. 8 regional
pollen assemblage zones are described; they were synchronized with the aid of 21 “C dates.
The profiles cover the period from about 11 000 years BP to the present day. The results
from the Late Holocene have been correlated with archaeological data; this has enabled the
phases of settlement in this arca to be identified. Macrofossil analysis has allowed the local
plant history of the sedimentation basins studied to be reconstructed; the information from
localities situated in the Lake Zarnowiec channel have thrown new light on the history of
this lake.
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INTRODUCTION

Palaeobotanical studies of the eastern Baltic coastal zone of Poland, as of
the whole of Pomerania, started long before the Second YWorld War. Nevertheless,
compared to other regions of Poland, the plant history of this area is little
known. Above all, there is a shortage of data obtained using modern methods
which enable better understanding of changes in the vegetation and of the part
played by man in its transformation over the last few thousand years.

Of the pre-war studies supplying data on the history of forests, one may
mention the papers by Dobrzynski (1937); Paszewski (1928, 1934) and
Thomaschewski (1929, 1930). In these studies, only a small number of
sporomorphs were counted and pollen of herbs and certain shrubs were not
identified. The post-war works of Oltuszewski (1948), and Oltuszewski
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& Borbowko (1954) are of a similar value. A considerable amount of information
is contained in the papers by Szafranski (1961), dealing with the Staniszewska
Upland, and by Zachowicz (1976), describing localities from Lake Druzno
and the Vistula Lagoon. These latter two areas, however, present geobotanical
problems different from those of the Lake Zarnowiec area.

As regards the regional plant history, the locality in the Stowinski National
Park described by Tobolski (in preparation) is expected to show many similari-
ties to the material discussed in this study. The work published so far by To-
bolski (1975 a, b, ¢, 1979) deals mainly with the very specific problem of the
origin of the fossil soils occurring on the Xieba spit, and provides interesting
information on the plant history of this area.

There is hardly any information on the Late Glacial in the study area.
Few data are available in the works done on neighbouring areas (Tobolski
1975 b; Zachowicz 1976); particularly valuable are the finds of Dryas flora
described by Nathorst (1892, 1894).

In the light of data provided by the literature quoted above, this area fully
deserves detailed palaeobotanical investigation. An additional point in favour
of this area is the fact that recession of the ice-sheet in this part of the Baltic
coastal zone was delayed. In consequence, the plant history of this area may
be different from that of neighbouring regions.

The aim of this work was to study the postglacial changes in the vegetation
of the eastern Baltic coastal zone of Poland. A further aim was to attempt the
reconstruction of local vegetational changes, and of the history of the sedimen-
tation basins from which the material for this study is derived.

The localities discussed in this dissertation have been included as type
localities to the International Geological Correlation Programme IGCP subpro-
ject No. 1568 B: “Paleohydrological changes in the temperate zone in the last
15 000 years — lake and mire environments” (Berglund & Digerfeldt 1975;
Berglund 1979).
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DESCRIPTION OF THE STUDY AREA
Physiography

According to the physical-geographical classification of Poland (Kondracki
1978), the study area belongs to the Zarnowiec Upland mesoregion and is part
of the Koszalin coastal zone. The region is hypsometrically well-defined — in
places the height exceeds 100 m a. s. 1. To the south and west it borders on the
Reda-Yeba ice-marginal valley, while the Plutnica valley forms its eastern
boundary. To the north, it reaches as far as the extensive Przymorskie Blota
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Fig. 1. A geomorphological outline of the recession stages of the last ice-sheet in the eastern
part of Western Pomerania (after Liedtke 1975). 1 — flat or undulating landscape; 2 — hum-
mocky moraine landscape; 3 — outwash plain; 4 — inland dunes, blown sand areas, high shore
dunes; 5 — bogs; 6 — main subglacial channecls. Stages and phasesin the recession of the ice-
sheet: A — Pomeranian stage; B — Szczecin phase (Kashubo-Warmian); C — Koszalin phase;
D — Gardno phase (Copenhagen); E — Bornholmn phase. The arrow indicates Lake Zarnowice
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marshes which are part of the Slowiriski coastal belt. Lake Zarnowiec lies in-
the east of the region. According to other classifications, this area is part of
the Kashubian coastal zone (Augustowski 1969, 1974) or the Kashubian
Upland (Bartkowski 1968).

The landscape of this area was shaped by the action of the Vistulian ice-sheet
and its melt waters. The Zarnowiec Upland is one of those arcas which remained
longest under the direct influence of the glaciation. Even during the Gardno
phase (Roszko 1968), a large part of this area was within the range of the
ice-sheet’s activity. It should be added that this phase can be identified with the
Copenhagen phase (Liedtke 1975) running through the island of Riigen,
Zeeland (south-west of Copenhagen) and south-eastern Scania (Fig. 1). In
comparison with the rest of Poland, the recession of the ice-sheet was long
delayed, and this undoubtedly left its mark on the plant history of the area.

An important aspect of the relief of this area is the occurrence of hills
which arose as a result of the dissection of Pleistocene plateaux by deep ice-
marginal valleys. Worthy of attention is differentiated topography of edge
zones of the ice-marginal valleys and channels, especially in the Lake Zarnowiec
channel. The hills are fairly flat-topped, as they were formed from flat or
slightly undulating ground moraine. Other glacial forms are less well-represented
in this area. Only the outwash plain of the Piafnica river occupies a fairly
large area in the south-eastern part of the Zarnowiec Upland (Augustowski
1969,1974). '

Geology and soils

The Zarnowiec Upland is covered with Quaternary formations. Their distri-
bution depends on the configuration of older geological formations. The ground
moraine hills are mostly till and loamy sands, while the Piafnica outwash
plain is of outwashed sands and gravels. The Lake Zarnowiec channel, which
cuts across the Upland, and the ice-marginal valleys bordering it are filled
with Holocene formations: peats and river deposits (Augustowski 1969, 1974).

The soil cover of this area is closely associated with the deposits of the
Upland, river valley bottoms and lake channels; it is also associated with the
relief of the area (Fig. 2). Brown soils (more rarely, pseudopodsols) formed
from clayys and sands occur on the hills. These soils retain considerable quantities
of moisture and contain quite a lot of humus substance. In the neighbourhood
of Lake Zarnowiec they do not contain any calcium carbonate; they are leached
and acidic. Greater mosaic of soils occur around the edges of hills, on poorer sandy
formations. Hydrogenic peat and bog soils are to be found in the ice-marginal
valleys and channels. The Piagnica outwash plain is a large area of poor sandy
soils made up of unconsolidated sands (Augustowski 1969; Witek et al. 1974).
Their mosaic-like distribution is the result of varying thickness of outwash
plain sands which are covered in a number of places by patches of till.
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Fig. 2. Distribution of the most important soil types (after Polish Soil Map; Scale 1: 300 000).
1 — podsols formed from unconsolidated sands; 2 — podsols formed from slightly clayey
-8ands; 3 — podsols formed from clayey sands; 4 — light and medium soils formed from
“boulder clays, and sands overlying clay and loam; 5 — peaty soils formed from low-moor peats

Climate

The climate of the Zarnowiec Upland is directly influenced by the proximity
of the Baltic Sea (Fig. 3). The humidity of the air is relatively high, summers
are cool and winters mild. All this delays the growing season by about two
weeks in comparison with central Poland. Strong winds are frequent in the
coastal zone. Taking the year as a whole, the prevailing winds in this area are
from the north and north-west. However, in spring and summer, which are the
most important seasons for pollen studies because the production of sporomorphs
is greatest at this time, southerly and south-westerly winds prevail (Kwiecien
& Taranowska 1974).

Present-day vegetation

According to the geobotanical classification by Szafer (1972 a), this area
is part of the Baltic Division, Subdivision of the Belt of Maritime Plains and Po-
meranian Uplands, Region of the Baltic Coast. However, the working classification
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compiled for the distribution of type localities for the programme IGCP 158
B designates this area as the Baltic Coastal zone within the region of Western
Pomerania (Ralska-Jasiewiczowa 1982).

a 0 10 20 30 40 50km| |y 0 10 20 30 40 50km
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Fig. 3. Selected climatic data: a — January isotherms; b — July isotherms; ¢ — annual iso-
therms; d — annual rainfall (after Kwiecied & Taranowska 1974)

The maritime climate of the zone has affected the nature of the vegetation,
2 characteristic feature of the latter being the occurrence of the Atlantic element
(8. 1) in the flora (Czeczott 1926; Czubinski 1950; Szafer 1972 b).

The vegetation of this area comprises mainly forest and peat-bogs (Fig. 4).
Its present-day state is largely a result of human activities. The forest cover
has been seriously reduced and major negative changes have taken place in its
structure and species content. The peat-bogs in the ice-marginal valleys and
lake channels have been drained and are being farmed.

Low moor communitics are of prime importance in the peat-bog vegetation.
Small patches of raised bogs, the remnants of a once much larger area, are
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Fig. 4. A. Sketch map showing the vegetation of the study area and the position of the localities.

a — morphological cross-section NW-SE; b — deforested areas (pasture and arable land);

¢ — forests; d — peat-bogs; e — coastal sand dunes; f— positions of localities: 1 — profile

7ar/76, 2 — profile J. Zar/78, 3 — profile P. Darz/78. B. Morphological cross-section along
line a
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found mainly in the eastern part of the Blota Przymorskie marshes. It is still
possible to find dwindling patches of Atlantic-type heath moors with Erica
tetralioz (Czubinski 1950; Herbichowa 1979); this type of community reaches.
the easternmost limits of its range here.

Beech is by far the most common tree in the forests. Luzulo-Fagetum, an
acid beech forests is the dominant community on the flat hills of ground moraine
and on sand-clay formations. Patches of more fertile beech forests (Melico-
Fagetum) are much rarer and cover the edges of uplands showing diversified
relief. Beech is often present together with oak in mixed acidophilous woodland
(Fago-Quercetum). These communities occur on the upland, generally on a sandy
substrate, on the undulating ground moraine. Oak-hornbeam forests (Stellario-
Carpinetum) occupy only a small area, though these remnants suggest that
their occurrence in the past was much more extensive. The present distribution
of oak-hornbeam forests is mainly along river terraces and at the foot of slopes.
Small patches of Fraxino- Ulmetum, though much damaged, have survived in
the river valleys and the Lake Zarnowiec channel. Alder swamps are also rare
(Dgbrowski 1978). Of the pine communities, Vaccinio myrtilli- Pinetum s. 1.
occurs over a fairly large area in the south-eastern part of the Piagnica outwash
plain. Empetro nigri- Pinetum is found on sandy spit formations in the coastal zone,
whereas Leucobryo-Pinetum oceurs north-west of Lake Zarnowiec; old specimens
of oak trees still exist in this latter community (Wojterski 1964). Pino-Quer-
cetwm is present mostly in the transition zone between the outwash plain and
the upland on the sandier soils of the ground moraine (Dagbrowski 1978).

The study area lies beyond the natural range of spruce (Szafer 1972 b;
Srodorn 1967), although it is quite numerous where it has been introduced
during afforestation.

METHODS

Collection of material

Material from the peat-bogs was collected during 1975—78 using a Russian
‘Instorf’ corer 10 ¢cm in diameter. Two profiles were taken simultaneously from
each locality. One was to be used for palynological investigations and 1C-dating,
the other for maecrofossil and chemical analyses of sediments. Bottom sediments
from northern part of Lake Zarnowiec were sampled using a Boros sampler; how-
ever, because of technical difficulties, it was impossible to preserve the continuity
of the material. The topmost section of the sediments (37-125 cm) was collected
using a 5 cm diameter plastic tube as they were insufficiently consolidated
to be collected with heavier equipment.

The distribution of the profiles and their symbols are given in the caption
to Fig. 4.
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Laboratory methods and presentation of results
Pollen analysis

Samples for pollen analysis were taken from the cores at 5 em intervals
with a 1 cm?® sampler. After heating in 10%, KOH on a water bath for 1 hour,
the samples were prepared by acetolysis. Material containing silica was left
in cold hydrofluoric acid 24-48 hours, after which it was rinsed with 109, HCL
and then acetolysed. Calcium carbonate was removed with 109, HOL.

Tablets containing Lycopodium spores were used to calculate the absolute
number of sporomorphs per cm?3.of sediment (Stockmarr 1971, 1973). In most
cases, two tablets were used for each sample. The following two principles
were observed during the pollen count:

1) the count covered the whole cover-slip area, and in most cases, at least
two preparations were used;

2) 1000 tree-pollen grains was the accepted minimum number of sporomorphs
counted. Where the number of pollen grains was very low, and also in Late
Glacial spectra, 1000 pollen grains of AP +NAP were counted.

The results of pollen analysis are presented in percentage diagrams (Figs.
12 a, 13, 16, 18), concentration diagrams (Figs. 14, 17, 19) and influx diagrams
(Figs. 15, 20).

The basis for calculating the percentage diagrams is the sum AP +NAP =
= 1009, in part A, and the sum AP = 1009, in part B which was constructed
in order to eliminate the pollen of local herbs. The sum AP includes the pollen
of shrubs, whereas the sum NAP excludes the pollen of aquatic and telmatic
plants, and spores.

Influx diagrams were compiled only for radiocarbon-dated portion of peat
deposits. As dates for the top and bottom of the profiles are unavailable, the
. sedimentation rate was not calculated, and thus, neither was the pollen influx
for this part of the material.

Macrofossil analysis and description of sediments

Samples intended for macrofossil analysis were as a rule 5 em sections of
cores, except in cases where the stratification of deposits called for sections
of differentlengths. The method of preparation depended on the type of sediment
and the degree of its decomposition. Samples of peat were left in water contain-
ing HNO, for 24-48 hours. Some samples required gentle heating to achieve
full desintegration of sediment.

A small number of samples from the Zar/76 profile was boiled with added
KOH. Calcium carbonate was removed with 109, HCL. All samples were rinsed
on a double sieve of mesh sizes 0-43 and 0-2 mm.

The number of identified macrofossils is shown in Figs. 12 b, 21, 22 and 23.
Because of the differing volumes of samples, the number of macrofossils is

1 The tables of pollen values are in the library of the University of Gdansk. Figs.
12-23 under the cover.
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given in the diagrams as the number per 100 cm? of deposit (per 200 cm?
in the case of the Zar/75 profile). The estimated number of identified mosses,
wood fragments and other tissues is given on a 5-point scale: +: up to 109,
1:11-259,, 2: 26-50%, 3: 51-75%,, 4: 76-1009,. When determining the quanti-
ties of tissues, the material left on the sieve was used, and the results were then
checked against data obtained using the microscope-percentage method (Maciak
& Liwski 1970). A few tissues which occurred in small quantities could not
be identified.
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Fig. 5.Symbols used in stratygraphic colummns. 1 — Carex peat; 2 — Phragmites peat; 3 —

lignous peat; 4 — Ericaceae pcat; 5 — moss peat; 6 — Sphagnum peat; 7 — detritus gyttja;

9 — caleareous gyttja; 10—silt and clay; 11 — sand; 12 — gravel; 13 — Cladium peat; 14 —
charcoal

The sediments have been deseribed using a simplified version of Troels-
Smith’s system (1955). The accuracy of the macroscopic characterization was
eorrected using microscopic methods. Fig. 5 gives the sediment symbols.

Chemical analyses of sediments

The following chemical and physical analyses of the sediments were
carried out. Samples were dried at 105°C (dry weight) and then ignited at 550°C.
"The raw ash so obtained was macerated with HCLj; as a result, the silica content
of the sample could be calculated (Maciak & Liwski 1970). Calcium carbonate
was determined by Scheibler’s methods, pH potentiometrically in distilled
water. Because of the varying time and conditions of samples storage, the wet
density of the sediments was not taken into consideration; the percentage
of components is given with respect to the sediment dry weight. The results
of these analyses are included in the macrofossil diagrams (Figs. 21, 22, 23).
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DESCRIPTION OF LOCALITIES AND SEDIMENTS

The localities were chosen in such a way that the pollen material would
be representative of the history of both the local and regional vegetation (Fig. 4).
So, the localities themselves differ with respect to the size of the sedimentation
basins and the topography of the terrain. The relief determines to what extent
the peat-bog or lake is protected from the possibility of long-distance pollen
dispersal.

The Lake Zarnowiec channel

The Lake Zarnowiec channel is a deep incision into the surface of the moraine
upland. It is some 13 km long, and 3-5 km broad at its widest point. The northern
part of the channel is occupied by Lake Zarnowiec, and the southern part by
low moors. The moraine hills surrounding the channel reach a height of 100 m
above sea level and are to a large extent wooded. Their slopes have been dissected
by erosion gullies at whose outlets alluvial fans of considerable proportions
bhave been formed. The microclimate of the valley is undoubtedly affected by
the fact that it is open to the sea and to the extensive peat-bog system of the
Nizina Karwienska lowland.

Lake Zarnowiec is a channel lake of glacial origin (Kondracki 1978);
it is an inflow-outflow lake (Fig. 4). The depth of the lake (Fig. 6) and the typo
and thickness of the bottom sediments show great differentiation. There is a
considerable thickness of calcareous gyttja (of varying calcium carbonate
content) which reaches about 20 m in the central part of the lake (Wieckowski
et al. 1973). Under the gyttja there is a thick layer of sand and gravel. In the
more shallow northern part of the lake, and also in its western part there is
peat interbedding. No organic sediments occur in the southcrn and south-
eastern parts. In these places the lake bottom is covered with sand only (Deo-
kumentacja wiercen geologicznych — Geological drilling records 1973, 1979),
because organic deposits are removed by the action of the river Piagnica which
flows through the lake, and by strong wave action.

The vegetation of Lake Zarnowiec indicates that it is a mesotrophic lake
with a strongly eutrophic littoral zone (Ozimek & Pieczyriska MS). The
littoral of the northern part of the lake is wide and shows great species diversity.
There oceur here both macrophytes with floating leaves (Nymphaea alba,
Polygonum amphibium) and submerged macrophytes (Potamogeton perfoliatus,
P. pectinatus, P. gramineus, P. rutilus, accompanied by specimens of the genera
Chara and Nitella). Myriophyllum spicatum and HElodes canadensis are also
common. In the greater depths, beyond the zone occupied by the above-mentioned
plants, filamentous algae are mostly found, among them, numerous examples
of the genus Spirogyra. Reed associations are best developed in the northern
part of the lake. The dominating species here include Phragmites communis,
and Schoenoplectus lacustris; less common are Typha angustifolia, Acorus cal-
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amus, Eleocharis palustris, Iris psefu,doa,coms, Glyceria aquatica and Carex
hudsoni (Ozimek & Pieczynska MS).

Material for palaeobotanical investigation was taken from thelake (locality 2)
about 400 m from the western shore and almost 1-5 km from the northern
shore (Figs. 4, 6). The depth of water at this point is 2 m.

\

600 m

\

Fig. 6. Bathymetric sketch of Lake Zarnowiec. The dot indicates the spot from which profile
J. Zar/78 was taken

Locality 2, profile J. Zar/78
Layer No. Depth (ecm)

1 36-45  brown sand with molluse shells Ga & Gs 2,5, Dg 1,5,
Gg +, DI & Dh +, Ld+-, [part. test. mol. 3], nig 2,
elas 0, strf 0, sice 2.
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Layer No.
2

10

11

12

13

14

15

16

Depth (em)
45-52

52-57

b7-67

67-103
103-107
107-118
118-125

146-196

208-233
233-258
290-298
298-332
332-346
360-410

420-700

brown detritus gyttja with molluse shells, Ld 4,
Ga & Gs +, D] &Dh +, [part. test. mol. & test. mol. 4],
nig 2, elas 0, strf 0, sice 2, lim. sup. 0.

dark brown detritus gyttja, Ld 4, Ga& Gs +, DI & Dh
+, Dg +, [part. test. mol. +], nig 3, elas 0, staf 1,
siee 2, lim. sup. 0.

dark grey calcareous gyttja, Le 3, Ld 1, As+,
[part. test. mol. & test. mol. +], nig 2, elas 0, strf 1,
sice 2, lim. sup. O.

light grey calcareous gyttja, Le 4, Ld +, As+,
[part. test. mol. & test. mol. 4], nig 1, elas 0, strf 1
sice 2, lim. sup. 0.

dark grey calcareous gyttja, Le 3, Ld 1, As 4,
[part. test. mol. & test. mol. 4], nig 2, elas 0, staf 1,
sice 2, lim. sup. 0.

ligth grey calcareous gyttja, Le 4, Ld -+, As+,
[part. test. mol.+], nig 1, elas 0, strf 1, sice 2,
lim. sup. 0.

dark brown ecalcareous detritus gyttja, Le 2, Ld 2,
[part. test. mol. & test. mol. +], nig 2, elas 0, strf 1,
sice 2, lim. sup. 0.

dark brown Cladiuwm-Phragmites peat, Th3 (Cladii) 2,
Th? (Phra) 2, Dh -, elas 2, strf 0, sicc 2, humo 3 (Hj).
dark brown Cladium peat, Th? (Cladii) 3, Th? (Phra) 1,
Dh +, nig 3, elas 2, strf 0, sicc 2, lim. sup. 0, humo 3
(H).

ligth grey calcareous gyttja, Le 3, DI & Dh 1, Ld +,
Dg +, [test. mol. +], nig 1, elas 0, strf 1, sice 2,
lim. sup. 3.

light grey calcareous gyttja with mosses, Le 2,
Th! 2, Ld +, Dg -+, [test. mol. +], nig 1, elas 0,
strf 1, sice 2.

’

light grey caleareous gyttja with mosses, Le 3,
Tb? 1, [test. mol. +], Ld +, DI & Dh +, Dg +, nig 1,
elas 0, strf 1, sice 2, lim. sup. 0.

grey calcareous gyttja with clay, Le 3, As & Ag 1,
Ga & Gs -+, Ld +, Dg +, DI & Dh +, [test. mol 4],
nig 1, elas 0, strf 1, sice 2, lim. sup. 0.

grey clayey calcareous gyttja, Le 2, As & Ag 2,
Ga & Gs -+, Ld +, Dg +, DI & Dh +, nig 2, elas 0,
strf 1, sice 2.

grey coarse-grained sand, Ga & Gs 4, Gg +.
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The surface of the peat-bog in the southern part of the Lake Zarnowiee
channel has been almost completely destroyed by the construction work in
progress there. Before 1976, this area was one of meadows and pastures, criss-
crossed by drainage ditches and with rectangular patches of Salixz cinerea and
8. aurita scrub in between. The floristic content of this scrub suggested that
it represented wvarious stages of a secondary succession arising after shallow
peat-cutting. Evidence for this may be the existing variety of species from
swamp, scrub and meadow communities. Among the meadow vegetation,
prevalent were communities which are part of the Cirsio- Polygonetum association,
in which Cirsium oleraceum and Polygonum bistorta were dominant. Swamp and
low moor species were present in the numerous drainage ditches and pits left
after peat-cutting, and in their immediate neighbourhood.

Material for palaeobotanical investigation was taken from a locality some
2 km from the southern shore of the lake (locality 1, Fig. 4), and gave the fol-
lowing two profiles:

Locality 1, profile Zar/75
Layer No. Depth (cm)

1 450-455 dark brown silt with plant detritus, As & Ag 2,
Dg 1, D1 & Dh 1, Ga & Gs+, Le +, [part. test.
mol. +1.

2 455-485 dark brown sandy silt with plant detritus, As & Ag 2,
Ga & Gs 1, Dg 1, D1 & Dh +, Le +.

3 485-500 grey clayey sand with plant detritus, Ga & Gs 3,

Dg 1, D1 & Dh +, Le +.

Locality 1, profile Zar/76
Layer No. Depth (em)

1 0-20 brown dried-up Carex peat, Th2 4, nig 3, elas 1,
strf 0, sicc 1, humo 2 (Hj).
2 20-65 dark brown fibrous felted Carex-Phragmites peat,

Th? 2, Th? (Phra) 2, Dh +, nig 3, elas 2, strf 0, sice 2,
Iim. sup. 0, humo 2 (Hj).

3 65-135 dark brown fibrous Cladium peat, Th? (Cladii) 3,
Th? (Phra) 1, Dh +, nig 3, elas 2, strf 0, sice 2, humo
2 (H;).

4 135-295 dark brown Phragmites-Cladium peat, Th® (Phra) 2,

Th3 (Cladii) 2, Dh +, nig 3, clas 2, strf 0, sice 2,
lim. sup. 0, humo 3 (Hy).

b 295-355 dark brown fibrous Cladium peat, Th?® (Cladii) 3,
Th?® (Phra) 1, Dh +, nig 3, elas 2, strf 0, sice 2, lim.
sup. 0, humo 3 (Hj).
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Layer No. Depth (cm)
6 355-395 dark brown slightly fibrous Carexr-moss peat with
wood fragments, Th® 2, Tb® 1, DI 1, nig 3, elas 2,
strf 0, sice 2, lim. sup. 0, humo 3 (Hj).

7 395-400 light beige sand, Ga & Gs 2, Gg 1, Dg 1, Ag +, Ld +,
nig 1, elas 0, strf 0, sice 3, lim. sup. 3.

8 400-448 light yellow sand, Ga & Gs 4, Gg +, Dg +, D1 & Dh +,
nig 1, elas 0, strf 0, sicc 3, lim. sup. 0.

9 448-450 dark brown calcareous gyttja, Le 2, Ld 2, Ag -+,

Ga & Gs +, nig 3, elas 0, strf 0, sice 3, lim. sup. 2.

Locality 1, profile Zar/76 (additional samples)

Layer No. Depth (em)
1 400-428 ligth beige sand, Ga & Gs 3, Gg 1, Ag +, D1 & Dh +,
Dg +, Ld +, nig 1, elas 0, strf-0, sicc 3, (425-428 cm:
greater detritus content, sand with Fe stains).
2 428-431 dark brown detritus gyttja, Ld 1, Dg 1, D1 & Dh 1,
Ga & Gs 1, Ag 4, Le +, nig 3, elas 0, strf 0, sice 2,
lim. sup. 3.

3 431-449 brown silt, Le 1, Ld 1, Dg 1, As 1, DI & Dh +, nig 2,
elas 0, strf 0, sice 2, lim. sup. 1.
4 449-450 dark grey clayey sand, Ga & Gs 2, Ag 1, Dg 1, As +,

Le +, Ld +, nig 3, elas 0, strf 0, sice 3, lim. sup. 1.

Darzlubie Forest

Locality 3 lies on the upland (Fig. 5). Material for palaeobotanical investi-
gation was taken from a small peat-bog in the Lake Dobre channel, about 1 km
south-west of that lake. The channel is some 100 m wide at this point; its slopes
are fairly steep and are covered with forest, mostly pine. The characteristics
of this sedimentation basin are highly suitable for a study of the local plant
history. Wet meadow communities of the order Molinietalia are now found on
the surface of the peat-bog. These meadows arose as a result of the transformation
of a low moor which had some features of a transition bog. This is indicated by
the fact that species typical of low moors (e. g. Carex fusca, C. flava) and of
transition bogs (e. g. Comarum palustre, Hydrocotyle vulgaris, Viola palustris,
Eriophorum angustifolium, Sphagnum palustre, Sph. apiculatum and Aulacomium
palustre) occur side by side. Occasionally, one may come across raised bog
species such as Drosera rotundifolia. Reed species including Phragmites communis,
Carex rostrate and Qlyceria plicata are dominant in the drainage ditches which
criss-cross the bog. \



195

Locality 3, profile P. Darz/78

Layer No.

1

5

10

11

12

13

Depth (em)

0-25

25-170

170-225

225-292

292-308

308-320

320-335

335-360

360-374

374-382

382-391

391-397

397-400

dark brown felted Carexr peat with some sand,
Th! 3, Ga & Gs 1, DI & Dh +, [anth.+], nig 3,
elas 1, strf 0, sicc 1, humo 1 (Hj).

brown felted Carex peat, Th! 3, Th! (Phra) 1, Th! +,
Dl & Dh +, [anth. +], nig 2, elas 1, strf 0, sice 2,
lim. sup. 0, humo 1 (H,).

brown Carex-Phragmites peat, much compressed,
Th! 2, Th! (Phra) 2, D1 & Dh +, Ga & Gs +, nig 3,
elas 1, strf 0, sice 2, lim. sup. 0, humo 1 (H,).
dark brown Carex peat, much compressed, Th! 4,
Th! (Phra) +, Tb! 4+, D1 & Dh +, nig 3, elas 1, strf 0,
sice 2, lim. sup. 0, humo 1 (Hj,).

light brown fibrous Sphagnum peat, Tb! (Sphag) 3,
TI* (Ericac) 1, Th! +, D1 & Dh +, nig 2, elas 2, strf 0,
gice 2, lim. sup. 1, humo 1 (H,).

dark brown Ericaceae-Carex peat, TI' (Ericac)2,
Th! 1, Th! 1, D1 & Dh +, nig 3, elas 2, strf 0, sice 2,
lim. sup. 0, humo 1 (H,).

dark brown fibrous Phragmites peat, Th? 2, Th?
(Cladii) 1, Th? (Dryopt)l, Tb2 4, D1 & Dh +, nig 3,
elas 2, strf 0, sice 2, lim. sup. 0, humo 2 (Hj).
dark brown moss peat, Tb'3, Th! 1, D1 & Dh +, nig 3,
elas 2, strf 1, sice 2, lim. sup. 0, humo 1 (H,).
dark brown fibrous Carex peat, Th? 3, Th? 1, DI &
Dh -+, nig 3, elas 1, strf 0, sice 2, lim. sup. 1, humo 2
(Hg). Betula wood at 365 cm.

dark brown, lamellar, detritus gyttja, Ld 3, D1 &
Dh 1, Dg +, nig 3, elas 2, strf 3, sice 2, humo 3 (H,).
light grey calcareous gyttja, Le 4, Ld +, Dg+,
D1 & Dh +, nig 1, elas 0, strf 1, sicc 2, lim. sup. 1.
yellow fine- and medium-grained sand, Ga & Gs 4,
Ld +, nig 1, elas 0, strf 0, sice 2, lim. sup. 1.
Coarse-grained sand, Ga & Gs 3, Gg 1, Ld +, nig 1,
elas 0, strf 0, sicc 2, lim. sup. O.

RADIOCARBON DATING

Dating was carried out in the “C laboratory of the Silesian Polytechnic in
Gliwice. Sample ages were calculated assuming the half-life of the “C isotope to
be t,= 5568 years. No correction was made for past changes in its concentration.

3 — Acta Palaeobotanica XXII/2
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Sample No. Sample code  Depth (em) Laboratory Age
number (years BP)
1 Zar[76 45-50 Gd-685 2400 4-60
2 Zar[76 107-112 Gd-598 3230 +70
3 Ziar[76 142-152 Gd-1030 4035 460
4 Zar[76 . 191-200 Gd-595 5460 +-60
5 Zar|76 245-250 Gd-686 6635 100
6 Zar[16 288-298 Gd-596 8090 170
7 Zar|76 343-352 Gd-1029 9065 4-70
8 Zar[76 387-397 Gd-1031 10 1304120
9 P. Darz/78 23-33 Gd-1032 1125 4-55
10 P. Darz/78 87-98 Gd-599 2310 4-65
11 P. Darz/78 113-123 Gd-1033 2770 +60
12 P. Darz/78 183-193 Gd-1058 4035 -£65
13 P. Darz[78 201-205 Gd-1124 50067 +7b
14 P. Darz/78. 220-225 Gd-1125 6775 +115
15 P. Darz/78 253-263 Gd-625 78954110
16 P. Darz/78 = 303-313 Gd-1113 8780 485
17 P. Darz/78 303-313 Gd-626 8885 495
18 P. Darz/78 327-332 Gd-1126 9165 +110
19 P. Darz/78 332-337 Gd-1154 8995 4-85
20 P. Darz/78 350-358 Gd-1059 9080 +-85
21 P. Darz/78 375-381 Gd-1060 9840 +115

When calculating the sedimentation rate, the mean age of samples 16 and
17 (8830 +65 BP) was used. Sample 18 was not taken into consideration.

ACCUMULATION RATE OF PEAT DEPOSITS

The accumulation rate is a characteristic property of a deposit, and depends
on a humber of primary factors such as the type of plant community involved
in its formation, climate, humidity cte. In fossil deposits, the original thickness
alters as a result of secondary factors which cause the subsidence of the surface.
Most important in this process are: time, the overall thickness of deposits,
their substrate, hydrology and the degree of decomposition of the peat itself.
The action of each factor varies, depending on the type of sediment (Ilnicki
1972).

The accumulation rate is the basis upon which pollen influx diagrams arc
constructed and macrcfossil diagrams interpreted. Its value has been caleulated
for successive scetions of the profiles by dividing their lengths by the number
of years during which they were deposited (Birks & Mathews 1978; Fredskild
1973; Hicks 1976). Fig 7 shows the sedimentation rate curves for profiles Zar/76
and P. Darz/78.
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Fig, 7. Graph showing the accumulation rate of peat-bog sediments: A — peat-bog near Lake Zarnowiec (profile Zar/76); B — peat-bog in
Darzlubie Forest (profile P. Darz/78).The accumulation rate is given in mm/year
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It is characteristic of profile Zar/76 that the rate of sedimentation is rela-
tively even. This fact corresponds to the results of macrofossil analysis (Fig. 21)
which show that reed-swamp communities of Phragmitetea, indicating the
high water table, have existed throughout practically the whole period of the
bog’s development.

The accumulation rate of sediments demonstrated by profile P. Darz/78
took a different course. The various profile sections are markedly differentiated:
this is a consequence of the type of plant community existing at a given time,
and the hydrological conditions under which accumulation took place. It has
been calculated that the accumulation rate was fastest when mosses prevailed
in the communities (1-3-2-9 mm/year), and slowest when the communities
comprised mainly aquatic species such as Potamogeton, Sparganium, Characeae
(0-115 mm/year).
~ In the topmost set¢tions of both profiles, the accumulation rate was found
to be reduced. This is indicated by the substantially incereased concentrations
of sporomorphs per em?® of material (Figs. 14 and 19). This is probably the effect
of drainage work carried out earlier (see Ilnicki 1972).

PLANT HISTORY OF THE LAKE ZARNOWIEC AREA

Notes on the occurrence of some interesting species

Musei

Meesea longiseta Hedw. Remains of this moss are quite numerous in one
sample (300-308 cm) from the Darzlubie Forest profile. In this deposit it is
accompanied by Sphagnum apiculatum, S. palusire and Oxycoccus quadripetalus
remains. The present range of Meesea longisefa coincides with the distribution
of peat-bogs in the Holarctic (Jasnowski 1957). It is a very rare species in
Poland. Small quantities occur occasionally in Quaternary peats (Jasnowski
loc. cit.). Wasylikowa (1964) has reported it in the Oldest Dryas sediments
from the locality at Witéw.

Pteridophyta

Selaginellaceae

Selaginella selaginoides L. Macro- and microspores of this species occur
abundantly in samples of Younger Dryas sediments from profiles Zar/75 and
Zar|76, and sporadically in the sediments of Lake Zarnowiec (J. Zar/78). This
is a calciphilous plant, not tolerating shade found in damp habitats in tundra
vegetation. At present, it has arctic-alpine distribution (Hultén 19530). In
Late Glacial sediments from Poland, it occurs mainly as single spores. A high
percentage of §. selaginoides from the Younger Dryas has been reported from
the Cracow area (Mamakowa 1970).

Angiospermae

Betulaceae

Betula sect. nanae. Betula t. nana pollen grains were identified morphologi-
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cally (Tarasmaé 1951). Because of the considerable destruction of material
and the various methods of maceration used before acetolysis (depending on
the type of sediment), statistical methods have not been used here. Betula nana
pollen was not counted in diagram Zar/76: its presence in this material was
merely confirmed. Among the macrofossils some B. nana leaf fragments were
found, also some scales and dozens of nutlets which have a very wide base and
very narrow wings. They were most numerous in profile Zar/75. Small Betula
nutlets with a fairly narrow base, in shape approaching that of B. humilis
fruits, were classified as Betula sect. nanae (profile Zar[76, 355-365 cm). All
Betula nutlets and scales were drawn and measured. However, the biometrical
method (Bialobrzeska & Truchanowiczéwna 1960) could not be fully
applied because the remains were damaged. Betula nana is a boreal-montane
species (Hultén 1950) and a typical component of the so-called “Dryas flora”
(Iversen 1954, 1973) and has been observed in many Glacial and Late Glacial
localities in Europe. ‘

Caprifoliaceae

Lonicera periclymenum L. The diagrams show that single pollen grains of
L. periclymenum occur a few times in Subboreal and Subatlantic sediments.
It is a subatlantic species (Czubinski 1950), like Hedera heliz indicating the
increasingly maritime nature of the climate (Iversen 1960). At present, its
range extends no farther east than the Vistula Spit (Hantz 1979).

Cyperaceae

Carex aquatilis Wahlenb. Single nutlets identified as Carex t. aquatilis or C.
cf. aquatilis have been found in a number of samples from the Younger Dryas
in profiles Zar/75 and Zar/76. The accuracy of identification was checked against
both present-day and fossil reference material. However, as the utriculi, vital
for identification in this case, were missing (Wasylikowa 1964), it was not
possible to exclude Carexr rigida Goed. (C. bigelowii Torr.).

At present, Carex aquatilis s. 1. occurs in the boreal zone (Hultén 1964).
During the Pleniglacial and Late Glacial it was common in plant communities
of damp habitats and shallow water as is indicated by numerous localities in
Europe where C. aquatilis was found in the Vistulian Glaciation floras (Wa-
sylikowa 1964 and literature quoted there).

Cladium mariscus L. Numerous pollen grains and large quantities of fruits
and tissues of this pseudoatlantic species (Czubinski 1950) were found in
profiles from all the localities. The first Cladium pollen appeared in the bottom
sediments of Lake Zarnowice already in the Preboreal period. However,
Cladium reed-swamps only began to develop at the start of the Boreal period.
Most of the identified Cladium remains are from this period. Cladium pollen
oceurs in a great variety of shapes. Apart from the characteristic pollen grains
having a narrow finger-like projection at one end, there were many grains less
extended and even ovate. In this case, the diagnostic feature was the very
‘delicate structure of the grains, and also the number and shape of the lacunae
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(Faegri & Iversen 1973). Reference preparations of present-day spccimens,
and the paper of Kac, Kac and Skobeeva (1977) were used in the identifi-
eation of tissues from vegetative parts.

Investigations carried out so far on subfossil communities in north- eastern
Poland indicate that in the past Cladium communities were very widely distri-
buted (Herbichowa 1975; Jasnowskil962; Latalowa unpubl.; Tobolski —
oral information; Zelazna 1979). The present scarcity of Cladium mariscus
communities is due to the drainage of the bogs and probably also to the deterio-
rating climate.

Ericaceae

Avrctostaphylos alpina L. One seed was found in the 475-485 ¢m sample from
profile Zar/75, in Younger Dryas sediments. Arctostaphylos alpina is a helio-
phyte of circumpolar distribution and arctic-alpine range (Hultén 1964). Iver-
sen (1954, 1973) mentions this species as a component of Late Glacial flora,
especially characteristic of the® Younger Dryas.

Myricaceae

Myrica gale L. Pollen grains occur most often in the diagram from the peat-
bog near Lake Zarnowiee, but only sporadically in the other diagrams. The
first grains appeared as late as the Subboreal period. The shape of the curve
suggests that pollen was not transported from a long distance, possibly from
the system of peat-bogs to the north of Lake Zarnowiec, where it is still common
today. Because of the difficulties involved in correctly identifying the pollen
of this species, especially in material as highly corroded as profile Zar|75, it
is possible that some of the pollen grains have been identified incorrectly.
Some of them were very well preserved and had all the essential diagnostic
features (Jentys-Szaferowa 1929). Myrica gale is classified as a pseudo-
atlantic species (Czubinski 1950).

Polygonaceae

Rumex acetosa type and R. acetosella type. Pollen grains from both these
types have been identified (see. e. g. Ralska-Jasiewiczowa 1981). The
aceuracy of identification depended on the state of preservation of the material,
so for this reason some of the pollen grains were classified only as the
acetosalacetoselle type. A common curve was drawn in the diagrams.

Rosaceae :

Dryas octopetala L. This species is represented only by a small leaf fragment
found in sample 475-485 em from the Younger Dryas in profile Zar/75. This
fragment was identified by its characteristic shape, curling of the leaf edge and
its venation. This heliophilous and caleiphilous species, a typical component
of Dryas floras, oceurred on richly calcareous Late Glacial soils (Iversen 1954,
1973). Remains of Dryas octopetala have been reported from a number of localities
in Poland.

Umbelliferae

Hydrocotyle vulgaris L. Numerous fruits and pollen grains were found in
sediments from the peat-bogs in Darzlubic Forest and near Lake Zarnowiec.
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They oceur in both profiles in the second half of the Subboreal period, and
again in the upper sections of the diagrams from the Subatlantic period.
Hydrocotyle vulgaris is a subatlantic plant common in Pomerania (Czubinski
1950).

Zouning of pollen diagrams

The biostratigraphic zonation system applied to the diagrams in the thesis
is based on the sporomorph content of the various profile sections. This zonation
consists of pollen assemblage zones (Birks & Berglund 1979; West 1970)
which are named after the species dominating or characteristic of a given section
«f the diagram. In the diagrams only the zone numbers are given. This
zonation attempts to distinguish ecasily recognizable units; excessive frag-
mentation of the diagrams is thus avoided.

Inorder to facilitate comparison with other pollen diagrams from Poland the
cimatic-vegetational periods of the Blytt-Sernander system are also used.
They are treated here as chronocstratigraphie units (Faegri & Iversen 1975)
with time Dboundaries defined aceording to the approximate conventional
rasdiocarbon dates taken from the paper by Srodon (1972). The only change
that has been made to thisz zonation system is the insertion of a transition
period DR-3/PB.

Deseription of pollen asscmblage zones

The pollen assemblage zones (PAZ) show great similarities in all the diagrams
and they ean probably be applied regionally. The deseription of the assemblage
zones contains features eommon to all the diagrams. The differences in percentage
pellen values and in the pollen influx from the various taxa are the consequence
«f the different habitat conditions and the different morphometry of the basins
m various localities. These percentage differcnees are set out in Table 1.

Pinus-Juniperus-herbs pollen assemblage zone (1)

Diagrams Zar/75, Zav/76, J. Zar/78.

In diagrams Zar/75 snd Zar/76, characteristic arc the high pollen values
of NAP (means 53-39%, 57-5%), Juniperus (means 3-49%, 4-49) and other
heliophytes like Artemisia (max. 4:59,), Selaginella selaginoides (max. 4-89,),
Betula nana, Chenopodiaceae and Empetrum. Helianthemum, Saxifrage t. wi-
valis, 8. t. oppositifolia, Ephedra cf. distachya and E. t. fragilis appear with
low frequencies. These specics are less well represented in diagram Zar/76.

In the diagram of bottom sediments J. Zar/78 (locality 2), the Pinus-Juni-
perus-herbs assemblage zene is characterized by higher pollen valucs of Betula
and Pinus and lower NAP (31-49,) than is the case in the diagrams discussed



Mean and maximum pollen percentage values of selected generain distinguished pollen assemblage zones. Basis of calculations: a—for 1 and 2

PAZ AP NAP = 100%, b—for 3-8 PAZ AP = 100Y%

Table 1

Pollen Assemblage Zones (PAZ)

Locality 1 — Zar/15

Zar[76
mean?, max.%,

Locality 2 — J. Zar/78

mean?%, max.%

Locality 3 — P.Darz/78

mean%, max.%,

Depth: 500-450 e¢m Zar/75

G0%

Pinus 293 37-0
Betula 11-6 16-5
Juniperus 34 54
NAP 533 58-2
1. Pinus-Juniperus-herbs Artemisia 24 +5
Depth: 445—430 cm Zar/76 Depth: 409—322 cm
Pinus 239 28-5 Pinus 37-6 54-4
Betula 11-2 12-6 Betula 18-8 389
Juniperus 4-4 6-1 Juniperus 87 13-9
NAP 57-5 60-0 NAP 31-4 436
Artemisia 34 45 Artemisio 2-0 4.0
2. Juniperus-Pinus-Betula Depth: 402-392 cm Depth: 322-312 em Depth: 389-377 cm
Pinus 31-8 41-8 Pinus 26-6 293 Pinus 22-8 29-3
Betula 15-6 18:5 Betula 32-0 33-5 Betula 23-1 30-4
Juniperus 61 6-6 Juniperus 20-5 24-1 Juniperus 14-2 20-1
NAP 49-4 54-4 NAP 17-1 191 NAP 37-6 47-2
Depth: 392-380 cm Depth: 312-293 cm
3a. Pinus- Pinus 72-6 75-8 Pinus 50-7 57-7
-Betula- Betula 24-5 27-0 Betula 36-1 385
3. Pinus- -Filipendula NAP 186 19-6 NAP 16:5

-Betula

213




Depth: 380-367 cm

Depth: 377-357 em

3b. Betula- Pinus 56-3 58-7 Pinus 62-3 67-9
Betula 42-8 455 Betula 356 40-4
-Empetrum NAP 20-7 270 NAP 19-4 24-8
Empetrum 7-9 15-7
Depth: 367-353 em Depth: 255-236 cm
3c. Pinus Pinus 65-8 70-5 Pinus 67-7 78:5
Betula 32-8 42-3 Betula 287 391
NAP 22-2 29-8 NAP 16-1 27-8
Depth: 353-307 cm Depth: 236-178 cm Depth: 357-275 cm
Pinus 80-7 87-6 Pinus 72-8 853 Pinus 61-7 784
Betula 12-3 21-7 Betula 18-2 32:5 Betula 26-7 420
4a. Corylus Corylus 5-2 81 Corylus 5-8 10-7 Corylus 86 272
‘ Ulmus 11 1-7 Ulmus 1-3 2-0 Ulmus 1-0 4-5
4. Oorylus-Pinus
Depth: 307-272 cm Depth: 236-157 cm Depth: 275-252 em
4b. Corylus- Pinus 810 89-3 Pinus 82:9 85-0 Pinus 53-8 55-5
Betula 53 77 Betula 6-7 81 Betula 16-3 19-4
-Alnus Corylus 8:2 11-0 Corylus 51 6-4 Corylus 24-2 27-9
Alnus 2-7 45 Alnus 24 34 Alnus 1-3 41
Depth: 272-200 cm Depth: 252-198 cm
Pinus 76-6 86-7 Pinus 55-7 70-3
Tilia 2-8 6:8 Tilia 2-5 36
5. Tilia-Ulmus-Pinus Ulmus 2-6 44 Ulmus 3-6 53
Quercus 1-9 7-8 Quercus 4-9 158
Alnus 5-8 8-7 Alnus 89 14-2
Corylus 4.7 7-1 Corylus 119 14-9

€03



Pollen Assemblage Zones (PAZ)

Locality 1 — Zar/75

Locality 2 — J. Zar/78

Locality 3 — P.Darz/78

Zar/76
mean%, max.% mean%, max.% meany, max.%
Depth: 200-72 cm Depth: 123-45 em Depth: 198-123 em
Pinus 48-3 66-7 Pinus 125 23-2 Pinus 14-9 31-8
Tilia 36 84 Tilia 2-8 4:5 Tilia 3-0 3-8
6. Quercus-Corylus. Ulmus 2-8 6-8 Ulmus 37 7-6 Ulmus 1-6 41
Quercus 83 14.2 Quercus 159 23:5 Quercus 31-9 43-3
Alnus 16-1 372 Alnus 319 488 Alnus 15-6 29-8
Corylus 10-1 145 Corylus 17-2 22-6 Corylus 20-6 29-0
Depth: 72-0 em Depth: 123-32 em
Pinus 53-2 34 Pinus 32-4 55-3
Tilia 03 0-7 Tilia 0-6 2-4
Ulmus 0-5 1-3 Ulmus 0-4 1-0
7. Quercus-Carpinus Quercus 7-3 131 Quercus 13-9 21-3
Corylus 52 10-7 Corylus 54 14-2
Carpinus 2-6 4-5 Carpinus 11-1 25-2
Fagus 0-2 0-7 Fagus 0-7 15
Depth: 32-0 em
Pinus 44-8 57-3
Quercus 11-8 17-8
8. Pinus-Fagus-Junip erus Carpinus 7-8 21-4
Fagqus 31 54
Juniperus 1-7 2-3

703
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above. Heliophytes reach maximum frequencies (Betula nana 3-:3%,, Artemisia
4-0%,, Juniperus 13-9%,, Chenopodiaceae 1-3%,). Empetrum nigrum s. 1., Helian-
themum, Selaginella selaginoides, Saxifraga t. oppositifolia and 8. t. nivalis
oceur less frequently.

The upper boundary, which can be defined only on the basis of diagram
J. Zar |78 is placed where the Juniperus curve rises. This zone may be identified
with the Younger Dryas.

Juniperus-Pinus-Betula pollen assemblage zone (2)

Diagrams Zar/76, J. Zar/78. P. Darz[78.

This zone contains a Juniperuws pollen maximum which in these profiles
reaches 669, 24-19, and 20-1% AP +NAP respectively. These maxima are
accompanied by fairly high percentage values of NAP, Salix and Artemisia
pollen. The upper boundary is placed where the Juniperus pollen value falls
along with that of NAP, and where the Betula and Pinus pollen curves rise
abruptly. This boundary has been dated in diagram Zar/76 at 10 130 --120 BP
and in diagram P. Darz/78 at 9840 4115 BP.

Pinus-Betula pollen assemblage zone (3)

Diagrams Zar/76, J. Zar/78, P. Darz/78.

This zone is represented by high pollen values of Pinus and Betula, and
fairly high values of heliophytes such as Populus, Saliz, Betula nana and Arte-
misia. The upper boundary is placed at the point where Corylus pollen exceeds
19%,. This boundary is synchronous in diagrams Zar/76 and P. Darz/78 and
falls at around 9100 BP.

Three subzones can be distinguished in the diagram from the Lake Zarnowiec
peat-bog. Traces of these subzones are also present in diagram J. Zar/78.

Pinus-Betula-Filipendula pollen assemblage subzone (3a)

The Pinus pollen curve rises, the Betula curve also rises though to a much
lesser extent; NATP falls. Among the herbs, Filipendula is of great importance.
The upper boundary is placed where the percentage of Pinus pollen decreases
and that of Betula increases.

Betula-Empetrum pollen agsemblage subzone (3b)

. The frequency of Betula pollen is high; that of Pinus is lower compared
with subzone 3a. Herb pollen increases somewhat, and Empetrum reaches its
maximum frequency of 15:79,. The upper boundary is where the Pinus pollen
value increases and the Betula pollen value falls.

Pinus pollen agsemblage subzone (3c)

The Pinus pollen value shows a tendency to rise, Betula, to fall. An exception
to this is the sample from 360 em in which the Pinus pollen value again falls.
A high frequency of Ericaceae is characteristic of this subzone.
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Corylus-Pinus pollen assemblage zonc (4)

Diagrams Zar/76, P. Darz/78, partially J. Zar/78.

The Corylus pollen value increases to reach its first postglacial maximum.
This is accompanied by a high frequency of Pinus pollen (mean 80-9%,, 57-79%,
AP), increasing Ulmus and the presence of Quercus. Low herb pollen values
appear in all diagrams. In the upper part of the zone the percentage of Alnus
pollen increases, thus the zone can be subdivided into Corylus (4a) and Corylus-
Alnus (4b) assemblage subzones. The upper boundary is at the decrcase of
Corylus pollen values.

Dating: Zar/76: c¢. 9100-8340 BP; P. Darz/78: c. 9100-7740 BP.

Tilia- Ulmus-Pinus pollen assemblage zone (5)

Diagrams Zar/76, P. Darz/78.

Pollen values of Tilia, Quercus and Fraxinus increase while those of Pinwus
decrease. The upper boundary is at the point where Quercus and Corylus pollen
values rise sharply.

Dating: Zar/76: c¢. 8340-5580 BP; P. Darz/78: 7740-4700 BP.

Quercus-Corylus pollen assemblage zone (6)

Diagrams Zar/76, J. Zar/78, P. Darz/78.

This zone is distinguished in all diagrams by maximum percentage pollen
values of Quercus (max. 14-29,, 23-59,, 43-39%, AP) and a second Corylus maxi-
mum. Pinus values (mean 48-39%,, 12-59%, 14-99% AP) are low, but Ulmus,
Tilia and Fraxinus pollen values remain high. The upper boundary is placed
where Quercus and Corylus pollen values fall and Carpinus values rise.

Dating: Zar/76: c. 5580-2740 BP; P. Darz/78: c. 4700-2840 BP.

Quercus-Carpinus pollen assemblage zone (7)

Diagrams Zar/76, P. Darz/78.

In this zone, Carpinus reaches high pollen values (Zar/76: mean 2-69%, AP;
P. Darz/78: mean 11-19,, max. 25-29%, AP). Characteristic of this zone are also
the fairly high frequencies of Quercus (Zar/76: mean 7-:39, AP; P. Darz/78:
mean 13-99, AP). The frequency of Corylus is low, while that of Ulmus, Tilia
and Fraxinus dwindles to practically zero. However, Betula and Pinus pollen
values show a distinet increase. The upper boundary, delimited only in diagram
P. Darz/78 as parts of the material were missing from the remaining profiles,
is where Carpinus decreases rapidly and Fagus pollen values rise.

Dating: Zar/76: ¢. 2740 BP.—?; P. Darz/78: c. 2840-1200 BP.

Pinus-Fagus-Juniperus pollen assemblage zone (8)

Diagram P. Darz/78.
This zone can be distinguished only in diagram P. Darz/78. Fagus reaches
its maximum frequency (mean 3-19, AP, max. 5-4% AP), Pinus shows a rapid
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inerease (visible in part B of the diagram) and Juniperus appears (mean 1:79}).
There is a simultaneous reduction in pollen from edaphically more demanding
broad-leaved trees such as hornbeam. Pollen from culture indicators reaches
culminating values.

Dating: P. Darz/[78: 1200 BP—?

Changes in the vegetation of the Lake Zarnowiec area as an interpretation of
the pollen assemblage zones

Pinus-Juniperus-herbs. pollen assemblage zone (1)

This zone is characterized by considerable differences in pollen frequencies
of the same taxa occurring in both diagrams from the peat-bog near Lake
Zarnowice (locality 1). A noteworthy feature of diagram Zar[75 is the occurrence
of large quantities of rebedded sporomorphs (up to 469, of the total AP +NAP.)
Such great contamination could affect the true picture, as it is possible that
some of the pollen washed in from older sediments was not eliminated. To a
certain extent this elimination was possible because of the different colouration
and appearance of the redeposited material. In the analogous section of profile
Zar[16 rebedded sporomorphs appear only occasionally. Herb communities
were dominant in the Lake Zarnowice area; shrubs and dwarf shrubs such as
Juniperus, Salix and Betula nana were also present,

In the pollen diagrams high pollen values are reached by heliophilous
herbs such as Artemisia, Chenopodiaceae, Selaginella selaginoides. Other character-
istic Dryas flora species (Iversen 1954, 1973) occur but sporadically: Arcto-
staphylos alpina, Dryas octopetala (macrofossils), Helianthemum sp., Saxifraga
t. nivalis, 8. t. oppositifolia; also Sanguisorba minor, 8. officinalis, Botrychium,
Carex t. aquatilis, Potamogeton filiformis, Ephedra cf. distachya and E. t. fragilis,
which are wusually found in Late Glacial sediments. The presence of these
species is an indication of the importance of tundra communities in the Lake
Zarnowiec channel. However, in drier habitats, perhaps on the slopes and tops
of the hills, steppe-like communities flourished. In the diagrams, pine has
rather higher pollen values than birch, though its low percentage values indicate
the lesgser importance of Pinus in plant communities. Fragments of Pinus bark
found in the bottom part of profile Zar/76 are proof of its presence in situ.
Morphology of a large part of the Betula pollen and macrofossil remains of Betula
sect. albae are the evidence that the birch trees occurred in this area. Such
remains arc, however, far less frequent than those of Betula nana.

Typha latifolia pollen grains found in two samples from profile J. Zar/78
are worth noting. The pollen and fruit of 7. latifolia, an indicator plant for the
warmer periods of the Late Glacial (Iversen 1954), was found in Younger
Dryas sediments from Lake Mikolajskie by Ralska-Jasiewiczowa (1966).
This author explains the presence of this species (after Wasylikowa 1964)
as the delayed reaction of aquatic plants towards a deteriorating climate. The
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high frequency of Urtica and Filipendula pollen in the Younger Dryas sedimepts
of Lake Zarnowiec may be the result of the raising of the water level in the lake
due to melting of the dead ice. The occurrence of both these plants was not
restricted by thermal factors during the Younger Dryas; as the water level
rose, new habitats for Filipendula ulmaria came into existence around the
shores of the lake. The large quantities of Urtica pollen, as also the presence
of Epilobium (often of the Chamaenerion angustifolium type-Casparie & v. Zeist
1960, after Ralska-Jasiewiczowa 1968) are thought to be the result of
accelerated decay processes. '

The lower NAP value in this part of diagram J. Zar/78 as compared with
analogous zones of profiles Zar/75 and Zar/76 are the consequence of the chara-
cteristic difference arising between the spectra of lake and bog sediments;
evidence for this may be found in studies of present-day pollen sedimentation
(Aario 1940; Aletsee 1957 after Prentice 1978; Vuorela 1973). This dif-
ference is further emphasized by the large area of the lake (cf. Davis 1967;
Pennington 1973). The vegetation of this zone distinguished in all the diagrams,
can be interpreted as park-tundra such as hes been described in other areas
of northern Europe from the Younger Dryas (e. g. Berglund 1966; Iverscn
1954, 1973; Ralska-Jasiewiczowa 1966; Wasylikowa 1964; Tobolski
1972).

Because of the presence of tundra species, the diagrams from the Lake
Zarnowice arca may be related to those of north and nerth-west Europe (Berg-
lund 1966; Iversen 1954, 1973; Robertsson 1969; van der Hammen 1952).
The high values of Juniperus pollen acccmpanied by Empetrum (macroscopic
remains in Zar/75) suggest a climate rather more maritime than that of central
(Wasylikowa 1964) and north-eastern Poland (Ralska-Jasiewiczowa 1966).

Juniperus-Pinus-Betula pollen dssemblage zone (2)

As the climate became warmer, the range of Pinus and Betulo extended.
The maximum pollen frequency of Juniperus indicates that juniper thickets
were widespread. This is typical of areas immediately adjacent to the polar
limit of the forest (van der Hammen 1952). The thickness of layer which
belongs to this zone in the J. Zar/78 profile, greater than in the other diagrams,
and the gradual decrease of Juniperus are certuinly linked to the high sedi-
mentation rate. The picture presented by the diagrams of this zone is character-
istic for the Younger Dryas/Preboreal transition in north-western Europe
where the effect of the maritime climate was marked (Berglund 1966; Di-
gerfeldt 1972, 1977; Robertsson 1969) —according to Iversen (1954) this
zone is often trecated separately in vegetational history. The interpretation of
this short phase in the postglacial forest successions and the role of Juniperus
as indicator have been discussed extensively (i. a. Berglund 1966; van der
Hammen 1952; Iversen 1954, 1973; Digerfeldt 1972; Vasari 1966;
Robertsson 1969).
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Pinus-Betula pollen assemblage zone (3)

This zone is not well represented in the P. Darz/78 and J. Zar/78 diagrams.
In the diagrams of the bottom sediments of Lake Zarnowice, the centre section
of this zone (3b) is missing, while in the Darzlubie Forest profile it is much
contracted as a result of the low sedimentation rate (Fig. 7B). A feature common
to all the diagrams is the increasing dominance of Pinus, indicating the spread
of pine forests, and also the large quantities of pollen from heliophytes. Among
these, pollen from plants characteristic of the Late Glacial such as Ephedra
cf. distachya, Saxifragat. nivalis, 8. t. stellaris, Botrychium etc. was occasionally
found. This shows that habitats suitable for heliophytes managed to survive.

The diagram from the peat-bog near Lake Zarnowiec (Zar/76) provides
more detailed information. Three pollen subzones were distinguished in this
diagram:

Pinus-Betula-Filipendula pollen asgemblage subzone (3a)

The increase of Pinus and Betulas pollen values and the distinet decrease
of NAP indicate that the climate, which had begun to improve in the Juni-
perus-Pinus-Betula PAZ, was continuing to get warmer. The relatively
high amounts of Filipendula pollen (mean 3-79%,, max. 4:09,) are also evidence
of a climatic improvement. It was most probably at this time that Pinus-Betula
forests began to spread over the study area.

Betula-Empetrum pollen assemblage subzone (3b)

Pinus decreases by around 209%, while Betula increases by about the same
amount. Simultaneously, Empetrum nigrum s. 1. appears with a high frequency
(max. 1579,). This picture is typical for cool periods over areas affected by
a maritime climate and occurs especially frequently in diagrams from the
Younger Dryas in north-west Europe. It is linked on the one hand with the
changes to a cooler climate, and on the other with the edaphic conditions
obtaining towards the end of the Late Glacial, that is to say, with the start
of soil leaching (Berglund 1966).

Behre (1967) has described analogous situation in diagrams from north-
west Germany and suggests a climatic interpretation (deterioration) for these
phenomena. Apart from the decrease of Pinus and the spread of Betula and
Empetrum pollen, the disappearance of Filipendula pollen from the lower
boundary of the subzone also indicates a deterioration of the climate in the
Lake Zarnowiec area in the period represented by the Betula-Empetrum PASZ.
Such an interpretation is supported by the discovery of a similar situation in the
diagram from Orle, a locality some 15 km south of Lake Zarnowiec (Latalowa —
unpubl.). In this diagram, the middle part of the Preboreal period shows
a marked decrease in Pinus pollen of 309, and an increase of Betula pollen
of 359, These changes are accompanied by small quantities of Juniperus,
Empetrum (0-3%,) and Artemisia pollen; the decrease in Filipendula is quite
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distinet here. It thus seems that the forest communities at that time were
becoming more open, Belula being dominant. Empetrum heath spread into
suitable areas, especially those with a prevailing maritime climate.

Pinus pollen assemblage subzone (3¢)

The increase of Pinus pollen and the gradual decrease of Betula pollen
show that the climate again became warmer during this subzone. The regular
appearance of Ulmus pollen is evidence for the initial spread of this tree. The
nature of the heaths also changed, Ericaceae (Calluna) replacing Empetrum.

These three subzones and zone 2 are approximately equivalent to the Pre-
boreal period and probably correspond to the climatic oscillations which took
place at this period in north-west Europe (Behre 1967, 1978). According to
the nomenclature proposed by Behre (1978), zone 2 and subzone 3a reflecting
a climatic improvement are equivalent to the Friesland Oscillation, subzone 3b
to the Youngest Dryas and 3¢ to the late Preboreal period. This is illustrated
by the chronological table below:

K. E. Behre (1978)  Lake Zarnowiec area

Friesland oscillation  Junipers-Pinus-Betula PAZ (2)>10130 BP
10 200-10 000 BP Pinus-Betula-Filipendula PASZ (3a)
¢.10 130-¢.9800 BP

Youngest Dryas Betula- Empetrum PASZ (3b)
10 000-9600 BP ¢.9800-9560 BP

Late Preboreal Pinus PASZ (3¢)
9600-9000 BP ¢.9560-9100 BP

Corylus-Pinus assemblage zone (4)

The most significant feature of this zone is the spread and first postglacial
maximum of Corylus. The spread of Corylus as one of the succession stages
in Holocene forest history is linked mainly to the fact that, as regards light
requirements, it is a species competing with Betula and Pinus (Iversen 1960,
1973). A first Corylus pollen maximum during the Boreal period is wide spread
phenomenon, although the percentage values depend on habitat conditions
(Berglund 1966; Ralska-Jasiewiczowa 1966). In the Lake Zarnowiec
channel profiles, these values are very low (Zar/76: max. 119, AP, J. Zar/78:
max. 10-79% AP) and are typical of poor soils and cool habitats. Low Corylus
values may be probably explained by the fact that the soils of the moraine
upland surrounding the lake were intensively outwashed as a result of the
steepness of the channel slopes; moreover, the microclimate of the channel, open
to the north, was in all probability worse than that of the upland. Thus Corylus
probably occupied only small areas, perhaps habitats at the foot of hills and
in depressions in the channel slopes which were enriched with calcium carbonate
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leached from the upper parts of the slopes. Ulmus communities developed in
similar, though more humid spots [The shores of the lake were a perfect habitat
for Alnus, which began to spread during subzone 4Db.

Diagram P. Darz/78 demonstrates that, in the Darilubie Forest, conditions
for the spread of forest communities differed. The relatively low values of Pinus
pollen (mean 61-79%, AP), in contrast with the high values of Betula pollen (mean
26-79, AP; max. 429, AP), and also the presence of Populus and a high percen-
tage values of herbs indicate that in the first period of hazel expansion; lasting
for some 100 years, open pine forests with birch and aspen were dominant.
As Ulmus and Quercus pollen values increased, so did hazel, and the ligth-
demanding trees mentioned earlier lost their significance. The Corylus pollen
percentage, higher than in the diagrams from the Lake Zarnowiec channel,
18 on average 149, AP, and reaches a maximum of 27-99, in the second half
of the zone, which is within the limits for spectra from outwash plains (Ralska-
Jasiewiczowa 1966).

Tilia- Ulmus-Pinus pollen assemblage zone (5)

A characteristic feature of this zone is that broad-leaved species gradually
replaced pine in more fertile habitats. Lime was quite distinctly dominant
here and’ both Tilia platyphyllos and T. cordata pollen have been identified
in all diagrams, ‘During this zone, mixed woodland of lime and elm appeared
in damp, fertile habltats, lime-oak forests in poorer habitats (Iversen 1960,
1973; Berglund 1966; Ralska-Jasiewiczowa 1966) Alnus commumtles
continued to spread. The increasing importance of ash suggests that durmg
this time, alluvial forests with elm and ash could have appeared in river valleys
and at the foot of the upland surround_lng the lake.

In this zone, Hedera and Viscum pollen appear in single finds, while Picea
and Carpinus pollen are found regularly though with low fréquencies. The
continuous presence of Calluna pollen and Pteridium spores indicate the exi-
stence of habitats not occupied by deciduous woodland. Like Corylus, these
plants probably grew along the forest edges, and cguld also have occurred in
the undergrowth of more open pine forests and Pinus-Quercus communities.

| The first signs of human activity appear in this zone; the progressive
acidification of the soil is demonstrated by the presence of Rumex acetosella
pollen.

Quercus-Corylus pollen assemblage zone (6)

The picture presented by all the diagrams in this zone is one of abundant growth
of mixed deciduous forests. Quercus was absolutely dominant and had replaced
Pinus even on the poor, sandy soils of the outwash plains. The pollen values of
Pinus in the diagrams from the Darzlubie Forest and Lake Zarnowiec are 14-9 %,
AP and 12-59, AP respectively, and point-to the minimal significance of this
species. Pinus shows a much higher frequency in the Zar/76 diagram, and this
is probably linked to the selective decomposition of sporomorphs, mainly to
the disadvantage of Quercus. In this case the influx diagram (Fig. 15) seems
4 — Acta Palaeobotanica XXII/2
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to give a more correct picture. Besides the undoubtedly dominant acidophilous,
broad-leaved forests in this area, it is highly likely that mesophilous communi-
ties appeared; they could have occurred around the upland edges, now covered
with patches of Melico-Fagetum (Dabrowski1978), or on outcrops of till in the
Piagnica outwash plain. Proof of this is the presence of Mercurialis perennis in all
diagrams. This species is at present to be found i. a.in mesophilous beechwoods,
and also occurs in other types of deciduous forest on fertile soils, especially in
northern Europe (Danielsen 1970). Rich, mixed oakwoods containing also
lime, elm and ash probably occupied the habitats at the foot of the upland
slopes. Carpinus pollen appears with increasing regularity, although its signifi-
cance in the study area is as yet minimal. Single finds of Fagus pollen show
that thls species was not present in the immediate neighbourhood of the
locahtles

The aboundant development of alder communities is characteristic for the
first half of the Subboreal period (Firbas 1949, after Ralska-Jasiewiczowa
1966). The high percentage of Alnus pollen, especially from the Lake Zarnowice
profile could have resulted from a rise in the water level of the lake caused by
the Littorina transgression phase, the effeccts of which are visible in the study
area,

Mymica, gale pollen appears as a curve in the Zar/76 diagram but only as
single finds in the remaining profiles.

-Human interference in the plant communities is manifested primarily by

the decrease of Ulmus curve and the increase of Corylus pollen, and also by the
increasing pollen frequency of culture indicators such as (‘10&18

Quercus-Carpinus pollen assemblage zone (7)

[ Important vegetational transformations took place during this zone. The
decrease of Quercus and the almost complete disappearance of Ulmus, Tilia
and Fraxinus pollen suggest a reduction in the area covered by mesophilous
oakwoods and alluvial foests. 1The pollen values of all the trees and herbs
clearly demonstrate the 1ntens1’ry of human interference; among the herbs,
spe01es indicative of human activities are of particular importance. |

Deforestatlon is also indicated by increases in Pinus and Betula pollen
values, especially distinet in the Darzlubie Forest diagram. During the time
corresponding to the formation of this pollen zone, oak-hornbeam forests began
to appear. Judging by the present distribution of forest habitats (Dabrowski
1978, and oral information) and the soil and moisture conditions within the
localities studied, it is probable that in the viecinity of Lake Zarnowiec ocak-
hornbeam communities grew only in the damp hahitats at the foot of the npland;
as the diagram shows, these communities were of limited importance. Quite
different relationships obtained on the Piagnica outwash plain. High frequencies
of Carpinus pollen indicate the importance of hornbeam forests in this area.
It is also probable that, unlike the Zarnowiec area, the dominant communities
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were hornbeam forests growing in fresh, warmer habitats. At present, they
oceur on the Piasnica outwash plain in very small patches (Dgbrowski 1978),
similarly as on the outwash plains in the Kashubian Lake District (M. Herbich
& J. Herbich, 1982).

Pinus-Fagus-Juniperus pollen assemblage zone (8)

The features of this zone are characteristic of the most recent vegetational
history, associated with a man-made landscape. Climatic changes, natural
soil leaching (glacial-postglacial cycles, Iversen 1958), and also man’s activities
have impoverished the forest vegetation; species tolerating soil acidification
such as pine, beech and oak have become dominant. At the same time, the
spread of tillage has diminished the area of forests.

In the Darzlubie Forest diagram, the period of expansion of beech is distinctly
marked, although its maximum pollen values indicate that it was relatively
insignificant in the vicinity of the study area. This might be expected from the
edaphic conditions existing here: unconsolidated sandy soils are dominant and
support mainly pine and pine-oak forests.

At this time beech was dominant on the boulder clays of the moraine upland.
As the upper sections of both diagrams from the Lake Zarnowiec channel are
missing, only fragmentary data are available from the profile of the central
part of Lake Zarnowiec (Latalowa 1977). The highest pollen percentage of

ﬁ’agus in the speetra from this profiles was 4-6%, AP +NAP. The most recent
history of Fagus is provided by written data indicating the significant numbers
of this tree in forest communities during the Middle Ages (Dabrowski 1970,
and literature contained therein).

Local and regional featutes of the diagrams
from the Lake Zarnowiec area

A number of interesting problems dealing with the vegetational history of
this area and their regional and local application emerge from a comparison of
selected aspects of the palynological material set out here (Figs. 8 and 9). It
must be emphasized once again that the diagrams presented in this study are
of varying value for a number of reasons: the profile of the Lake Zarnowiec
bottom sediments cannot be radiocarbon-dated, and some sections of this
profile are missing; there was also considerable damage to and probably selective
decomposition of sporomorphs from the peat-bog near Lake Zarnowiec. The
variability of materials from the point of view of the size of the area represented
in the diagrams and the conditions under which pollen sedimentation took
place within the different localities are also of significance.

The following may be regarded as the most important regional features:

1. High frequencies of Juniperus pollen in all diagrams from the Lake Zar-
nowiec area in the Juniperus- Pinus-Betula PAZ. The Juniperus pollen curve
w
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in some other diagrams from Western Pomerania is similar (Latalowa unpubl.;
Drozdowski & Berglung 1974; Tobolski 1972).

2. It is probable that the cool climatic oscillation of the Preboreal (Youngest
Dryas according to Behre, 1978) described here may have taken place over the
whole region. Evidence for this may be the fact that similar eonclusions can
be drawn from sediments taken at Orle (Latalowa unpubl.).

3. It is generally accepted that the Quercetum mixtum maximum, connected
with the rapid rise in the Quercus pollen curve, and the second postglacial
Corylus maximum are synchronous in Pomerania, falling within the second
half of the Atlantic period (Czubirski 1950). This eriterion has hitherto
been used as a basis for zonation of pollen diagrams from this region. In the
licht of the results obtained by the author, particularly the radiocarbon
dates, this eriterion should be revised.

The maximum frequency of broad-leaved trees, among which is a high
percentage value of Quercus pollen, a low percentage value of Pinus pollen
and also a low Pinus pollen influx, suggest the absolute domination of deeci-
duous forests from c. 5600 (4700) BP to c. 2800 BP (Quercus- Corylus assemblage
zone). This corresponds to the first part of the Subboreal period in the Blytt-
Sernander system. Other diagrams from Western Pomerania also give low Pinus
pollen percentages indicating that pine was uncommon in forest communities
during that period (Tobolski 1975 a; Zachowicz 1972). This picture is
distinetly different from the one presented by the majority of diagrams from
other parts of lowland Poland where the pollen percentage of Pinus remained
high throughout the Holocene.

4. Another regional feature is the high pollen frequency of Carpinus, suggesting
that predominantly hornbeam forests were common from c¢. 2800 BP to 1200 BP
(Quercus-Carpinus PAZ). This is confirmed by material from adjacent areas
where Carpinus pollen values reach similar values: 31-59%, in the Bielawskie
Bloto marsh (Oltuszewski & Boréwko 1954), 35-59, on the Staniszewska
Upland (Szafranski 1961), 169, in the Czarne Bagno swamp (Oltuszewski
1948) and around 159, of AP +NAP in Lake Druzno (Zachowicz 1976). -

5. The late spread of Fagus over the study area during the carly Middle
Ages was undoubtedly of a regional nature.

The above-mentioned regional features to a greater or lesser extent underline
the significance of the moist, maritime climate which at different periods has
affected the vegetation. This is most readily apparent from the Late Glacial
parts of the diagrams and the start of the Holocene; and later in pollen zones
6 and 7, which reflect the absolute domination of deciduous forests. The greater
pollen frequency of Hedera than of Viscum, and the presence of Lonicera
periclymenum pollen also point to the influence of a maritime climate (Iversen
1944).

The local features of the diagrams are related mainly to the numerical pollen
representation of particular tree species and depend primarily on the habitat
conditions obtaining in the nearest vicinity of the localities studied.
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The most important local features are probably: the high pollen frequency
of Alnus in Lake Zarnowiec bottom sediments during the Subboreal period,
the reason for this undoubtedly being the rise of the water table during the
Littorina transgression; and, the overrepresentation of Pinus pollen in profile
Zar[75. The metachronous boundaries of the Tilia- Ulmus-Pinus PAZ in diagrams
Zar|76 and P. Darz/78 (Fig. 9) and the very low pollen frequency of Carpinus
in the Quercus-Carpinus PAZ in the diagram from the Lake Zarnowiec peat-bog
can be regarded as further local features. These differences may have been
caused by the worse edaphic and microclimate conditions in the Lake Zarnowiec
channel than on the upland. They may have restricted the occurrence of meso-
philous species of trees such as Ulmus, Tilia and Carpinus in the immediate
neighbourhood of the lake. Early human settlement in this area also negatively
affected the growth of these trees. For other possible explanation see p. 216.

An especially local feature of the Darzlubie Forest diagram is the high pollen
frequency and variety of herbs; this is derived from peat-bog vegetation and
also from species growing in and around the edge of the nearby forest.

The comparison in Fig. 8 illustrates the much-discussed differences between
the accumulation of pollen in large and small basins. The pollen influx in the
Darzlubie Forest peat-bog was on average three times as great as that in the
Lake Zarnowiec peat-bog, and this proportion remained practically constant
during the various zones. The pollen influx of Pinus is about twice as great
at the former locality as at the latter. This pollen was probably long-transported,
hence the over-representation in the diagram from the Lake Zarnowiec bog.
The greatest differences were observed in the pollen influx of Quercus in the
material from both these bogs. It is about ten times lower in profile Zar/76.
The extremely low pollen influx of Quercus is probably due to the selective
decomposition of sporomorphs. Throughout nearly the whole profile, the material
is badly preserved. Both types of pollen grain corrosion, as desecribed by Ha-
vinga (1967), were observed. However, the more frequent type of pollen
corrosion was the gradual thinning of the exine which Quercus pollen is parti-
.cularly sensitive to. This is surely linked with the large fluctuations in water
level in the reed-swamp communities which formed the peat deposits in this
locality throughout almost the whole of the Holocene. The frequent fires on the
bogs could also have been important; evidence for this is the regular occur-
rence of charred remains in the sediment.

There are no such disproportions in the diagrams asregards Ulmus and Tilia
pollen which are more resistant to corrosion, despite the fact that these trees
are as a rule less well-represented in the spectra than Quercus (Andersen 1970).
Confirmation of selective corrosion are the diagrams showing the percentage
and concentration of sporomorphs from the bottom sediments of Lake Zarno-
wiee, the diagrams of which should be similar to those from peat-bog (Zar[76),.
a8 they are both derived from the same basin. In the Quercus-Corylus PAZ
of this profile there is a high frequency of broad-leaved trees, including Quercus,
with a minimal frequency of Pinus.
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The total pollen influx value during various zones is related to the presence
of abundant pollen-producers like Betula, Corylus and especially Pinus. Hence
the highest pollen influx occurred during the Corylus-Pinus PAZ. .

Correlation of climatic-vegetational periods and pollen assemblage zones

The correlation of the pollen assemblage zones with the Blytt-Sernander’s
periods, and the relations between the diagrams from the three localities discus-
sed here are presented in Fig. 9. This shows that most of the vegetational
changes took place in synchronous stages. Most significant metachroneity is
connected with the boundaries of the Tilia- Ulmus-Pinus PAZ. As discussed in
the previous chapter, this fact may be linked to habitat differences in the
vicinity of the localities. However, a more likely reason is the fact that precise
dating of this part of the Darzlubie Forest profile was impossible. The sedimen-
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tation rate (Fig. 7) shows that the tme span between samples from the boundary
areas of PAZ 6 and 7 is around 400 years. Assuming that the boundaries between
these zones are relatively synchronous, an attempt was made to correlate the
boundaries of the Blytt-Sernander climatic-vegetational periods with the main
changes in the pollen diagrams from the Lake Zarnowiec area.

SA

First slight rise in Fagus curve

3B
————  Quercus and Corylus curves rise
AT )
—— Tilia starts to spread
BO .
———  Corylus starts to spread; Ulmus curve rises
PB . . .
i Pinus curve rises rapidly; Juniperus falls
DR-3/PB

----------------- Percentage pollen values of Pinus rise; Juniperus

DR-3  curve rises sharply

The estimation of the absolute age at which the various tree species spread
is helpful when dating fossil material palynologically. Thus the approximate
age at which the most important trees spread over the study area is given on the
basis of 40 dates from profiles Zar/76 and P. Darz/78. Spreading was assumed
to have started when pollen values of trees, whose pollen disperses well, reached
1% (Corylus, Quercus, Alnus), or when pollen curves rose steadily (Ulmus,
Tilia, Carpinus, Fagus); AP = 1009, constituted the basis for calculations:
Ulmus — ¢. 9300 BP, Corylus — 9100-9000 BP, Quercus — ¢.8200-8000 BP,
Alnus — c¢. 8300-8100 BP, Tilia — c. 8000-7700 BP, Carpinus — 4300-4000
BP, Fagus — 2100 BP.

Notes on the application of pollen concentration and influx methods to peat
deposits

Data on the concentration and influx of sporomorphs have been obtained
hitherto on the basis of the analysis of lake sediments. This method is rarely
used for deposits (Hicks 1974, 1975, 1976) because of special problems
involved in the interpretation of spectra obtained from peats (especially of low
moor deposits) (Berglund 1979; Faegri & Iversen 1975; Rybnidkova
& Rybnicek 1971).

Hicks (1974) emphasizes that sporomorph concentration in peat deposits
reflects primarily the properties of and changes in the sediment itself, and only
to a much lesser cxtent actual changes in the surrounding vegetation. The
results obtained during this study fully confirm this. The sporomorph concentra-
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tion diagram from the Darzlubie Forest (Figs. 19 and 19 a) illustrates this best.
In this diagram there are sections in which the sporomorph concentration rises
as a result of the low sedimentation rate (380-360 cm and 224-201 em), surface
subsidence after land reclamation (20-1 ¢m), and burning (95 cm). These values
are only partially corrected in the influx diagram.

However, the concentration diagrams in this study contain important
information necessary for the correct interpretation of the precentage diagrams
particularly in sections showing rapid changes. Besides the pollen concentration
diagram is useful in selecting samples for #C-dating (Fig. 19). It helps to delimit
by means of dates sections of sediments which had accumulated at more or less
the same rate. Significant changes in the sedimentation rate are expressed
in the diagrams by changes in pollen concentration.

. An instance of the importance of the influx diagrams is also the previously
discussed case where the Zar/76 percentage diagram confirmed over-representa-
tion of pine pollen. This had been brought about chiefly by selective sporo-
morph decomposition (mainly oak pollen, Fig. 8).

The examples quoted above show that, though possibilities for using the
pollen concentration and influx diagrams from peat deposits are limited, they
do supply valuable information which aids the correct interpretation of the
past vegetation.

THE IMPACT OF PREHISTORIC MAN ON THE VEGETATION
The development of prehistoric settlement

Our knowledge of the settlement history of the Lake Zarnowiec arca is
patehy. The Lake Zarnowiec channel has been studied precisely, starting from
the Bronze Age (Szuldrzynski & Zurawski 1978), but the surrounding
upland has been far less well documented. Only a small part of the archaeolo-
gical data awvailable concerns Neolithic and Mesolithic cultures. The reason for
this is probably the lack of suitable studies (Fig. 10).

Because of its exceptionally favourable position, the Lake Zarnowiec channel
had probably been penetrated by Mesolithic peoples. Finds from this period
relating to the Maglemose culture come from both inland areas of Pomerania
and along the Baltic coast (Szwed 1977). These people were hunters and
gatherers. Certain archaeological information awvailable from the vicinity of
Lake Zarnowiec refers to the Late Neolithic settlement (Szuldrzyrski &
Zurawski 1978). During this period, the Funnel Beaker and Rzucewo cultures
were of the greatest importance here, the latter developing from the Corded
Ware culture (Godlowski & Kozlowski 1979). The Funnel Beaker people
showed here a preference for animal husbandry over crop-raising; hunting and
fishing were also very important. Settlements were established on ligth soils
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and East Pomeranian cultures); D — Late La Téne and Roman periods (Oksywie and Wielbark

cultures); E — Migration period; F — Early Middle Ages. (Map compiled by Szuldrzynski
‘ 1980)

near river valleys. People of the Rzucewo culture were highly specialized in
fishing and hunting at sea, seals and porpoises being abundant at this time;
agriculture was of secondary concern (Godlowski & Kozlowski 1979;
Szwed 1977).

Settlement intensity during the early Bronze Age was not great. The number
of archaeological finds increases along with the arrival of people of the Lusatian
culture, who in this area retained distinctive features and are thus referred
to as the Kashubian group of this culture (Godlowski & Kozlowski 1979;
Euka 1977). This group reached the high point of its development during
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periods IV and V of the Bronze Age. Settlement was then concentrated on
lighter soils where, apart from animal breeding, shifting cultivation predominated.
In this part of Pomerania the Lusatian culture reached its zenith in the early
Iron Age (Hallstatt C). Settlement continued throughout this period and the
consequent intensification of agriculture necessitated the utilization of the
more fertile soils of the moraine uplands.

Further colonisation in the direction of the Darzlubie Forest took place
during the Hallstatt D period, at which time the East Pomeranian culture
achieved its eulmination (Luka 1977). The expansion of settlement on to the
uplands was the result not only of a rapid increase in population but also of
the deteriorating climate at the turn of the Subboreal and Subatlantic periods
(Luka 1977).

The number of East Pomeranian settlements declined considerably during
the early and middle La Téne periods. This may be explained by the migration
of part of the population to Wielkopolska (Great Poland) and the loosening of
ties with Baltic tribes (Luka 1977).

Furthermore, there are no sings of more intensive colonization during the
period of domination by the Oksywie culture (late La Téne) or the Wielbark
culture (period of Roman influence).

Colonization of Pomerania became muech less intensive in the second half
of the 5th century AD and especially during the 6th century. The great popu-
lation migrations at this time were responsible for the decline here as in other
parts of Europe (Migration period).

The next intensive settlement phase started in the early Middle Ages (c. 9th
century). Four castles on the slopes surrounding the Lake Zarnowiec channel
are from this period (material obtained from the Institute for the Conservation of
Monuments, Gdansk). Since that time, this area has been continuously utilized
by man (Dgbrowski 1970).

Traces of settlement in the pollen diagrams

By comparing the percentage values of culture indicators with respect to
time (Berglund 1969), seven periods of more intense agriculture (settlement
phases) can be distinguished (Fig. 11). However, a graph like this contains only
quantitative information. It says nothing about qualitative changes such as
the highly significant relationship between the percentages of plants indicating
various types of land use. Therefore, when deciding where the boundaries
between settlement phases should run, use was made of the detailed information
in the percentage diagram (Figs. 13 and 18). The plants taken to be culture
indicators were identified with varying degrees of precision (i. e. species, geners,
families, types). They may be found in both natural and anthropogenic com-
munities, so the implications of their presence are not always unequivocal.
They include:
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— well-represented: Artemisia, Calluna, t.Cannabis/Humulus, Centaurea
cyanus, Cerealia, Chenopodiaceae, Juniperus, Melampyrum, Papilionaceae,
Plantago lanceolata, P. t. maior /media, Polygonum, Pleridium, Rumex t. acetosa/
acetosella;

— singly represented: Agrostemma, Centaurea jacea, Convolvulus arvensis,
Fagopyrum, Linum usitatissimum, Papaver, Scleranthus, Spergula cf. arvensis,
Stellaria media.

The author presented a tentative outline of the settlement phases in an
earlier article (Latalowa, in print). However, the lack of rddiocarbon dates at
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that stage of research seriously limited the possibility of the correlation of
settlement phases with archaeological periods.

The chronological table compiled by Kostrzewski (1966) was used to
relate these periods to the palynological results obtained here. This correlation
is of necesgity provisional as the periods embraced by the settlement phases
are based on radiocarbon dates and not calendar dates. The differences in culti-
vation intensity and the qualitative changes brought about by these activities
during the various phases are set out in Table 2.

Table 2

Mean percentage.pollen values of Plantago lanceolata, Cerealio (incl. Secale) and Secale for
settlement phases.-+denotes the presence of single pollen grains

Settlement
phases 1 2 3 4 5 6 7
Plantago lanceolata -+ — 06 05 06 09 —
%ar/76 Oerealia — 4+ 01 02 01 06 —
Secale — — _ 01 - 03 —
Plantago lanceolata —_ - + — 06 04 09
P. Darz/78 © QOerealia - - - — 01 02 15
Secale —_  — — — + 01 09

An interesting feature of both diagrams is the early appearance of Centaurea
cyanus in the Subboreal period (Fig. 11). The occurrence of this plant during
the Holocene is connected mainly with the advanced stage of rye cultivation
(Ralska-Jasiewiczowa 1968), although later studies have provided an
increasing amount of data about earlier finds (c¢f. Danielsen 1970). Centaurea
cyanus fruits have also been found in the Neolithic layer at Biskupin (Klicho-
“wska1972).

The much-discussed, almost synchronous decrease of Ulmus pollen at the
turn of the Atlantic and Subboreal periods (Iversen 1941, 1949, 1960, 1973;
Tauber 1965; Troels-Smith 1960) is difficult to observe in the diagrams here.
In the profile from the Lake Zarnowiec peat-bog, the first decline in percentags
values of Ulmus pollen oceurs in samples 205-201 cm together with the first
occurrence of Plantago lanceolata pollen. On the basis of the sedimentation rate
(Fig. 7 A), its age has been fixed at around 5500 BP: this coincides with the
first settlement phase. The next fall in the Ulmus and Tilia curves appears
in samples 185-180 cm (c. 5100 BP). The amount of Rumex t. acetosa/acetosella
pollen increases distinetly in the NAP diagram: in the next sample (175 cm)
the first pollen grain of Cerealia appears, accompanied by Populus pollen and
a rise in the percentage pollen values of birch (2nd settlement phase). The
first depression in the Ulmus curve in the Darzlubie Forest diagram is to be
found in the sample adjacent to the level dated at 5075 4-756 BP although the
depression itself cannot be precisely dated because of the properties of the
gediment., The decrease of elm at c¢. 4100 BP, synchronous in both diagrams is
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the third Neolithic settlement phase, which has all the features of “Land occu-
pation” as described by Iversen (1941, 1973).

The evidence for the activities of Neolithic man in this area is supported by
archaeological data according to which settlement at this time took place mainly
in the Lake Zarnowiec channel, the surrounding upland remaining practically
untouched. From the middle Neolithic (phase 2) onwards, grains of cereal
pollen appear in diagram Zar/76, suggesting the beginnings of tillage, although
animal husbandry was probably still of major importance.

The fourth settlement phase (II/III periods of the Bronze Age) was disting-
nishable only in diagram Zar/76. At this time pasture indicators (mostly Plantago
lanceolaia) prevailed over cereal pollen. Secale pollen appears for the first time
in small quantities. High pollen values of Rumex acetosa and R. acetosella are
evidence for the progressive acidification of the soil. Characteristic of this
phase are the deep depressions in the pollen curves of all deciduous trees.

The expansion of the Lusatian (Kashubian group) and East Pomeranian
cnltures (settlement phases 5 and 6 respectively) is reflected in both diagrams.
These cultures brought drastic changes in the forest communities, and contri-
buted to the spread of hornbeam which, up to this time, had not been of any
great importance. Direct evidence of forest burning is afforded by charred
layers in the peat-bog deposits from Darzlubie Forest. The spectrum of one
of this layer shows a large quantity. of Melampyrum (219%,) and Papilionaceae
(9%) pollen (Lotus, Lathyrus and Vicia types); this was accompanied by a distinct
though short-lived fall in the pollen values of acidophilus plants such as Rumez,
Ericaceae and Pteridium'%even though the presence of Pteridium is considered
to be indicative of burned areas — Iversen 1973; Huttunen & Tolonen 1976).
The disappearance of Pteridium spores should probably by linked to the fertili-
sation of the soil after fires.

Judging from the presence of cereal pollen and the rapid changes in the
tree pollen curves in the Darzlubie Forest diagram, settlement at this time
probably began to spread over the upland surrounding the lake. This is in
accordance with the results of archaeological investigations (Euka 1977).
The prevalence of Plantago lanceolata pollen in phase 5 and the rise percentage
values of Cerealia in phase 6 (Table 2) indicate the importance of ‘pastoral
farming to the Lusatians; with the arrival of the East Pomeranian culture
agriculture began to develop more intensively.

Further effects of agricultural development in this area are evident from the
Darzlubie Forest diagram. This intensive human activity (phases 5 and 6)
was followed by a distinet regress. “Cereal pollen curves disappear entirely,
those of other culture indicators fall. The considerable rigse in the pollen curves
of Carpinus and other trees with high habitat requiremeénts like Tilia and Ulmus
1§ evidence for the regeneration of woodland in areas abandoned by man. An
analogous situation occursin a diagram from the Masurian Lake District (Ralska-
Jasiewiczowa 1977). In the Darzlubie Forest profile this regress falls in the
period 375-570 AD (Fig. 11), which in diagrams from Northern Europe, is
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interpreted as one of economie recession in the Migration period (Andersen
1978; Berglund 1969; Iversen 1973).

The last, 7th phase of settlement in the topmost part of the profile belongs
undoubtedly to the early Middle Ages. Both its chronological position as well
a8 the features of this part of the diagram point to this: cereal pollen reaches
high values (Secale is very important), whereas in comparison with Cerealia,
Plantago lanceolata pollen decreases. Acidophilous plants also reach their maxi-
mum, with Rumex acelosella and plants from sandy habitats e. g. Secleranthus
perennis predominating. Worthy of mention among the weeds are the pollen
curves of Centaurea cyanus, single grains of Convolvulus arvensis, Agrostemma
githago and Polygonum t. persicaria. Apart from cereal pollen, the pollen of
other cultivated plants such as Linum wusitatissimum and Fagopyrum v/as
noted in this part of the diagram (the importance of Fagopyrum pollen is exhaus-
tively discussed by Mamakowa (1962). A final fall in the percentage pollen
values of deciduous trees, and a rise in the pollen curves of pine, beech and
heliophilous juniper (part B of the diagram) are the other significant features
of this part of the diagram. The abundance of sand in the sediment is an indi-
cation of the eolian processes intensified as a result of deforestation.

A comparison of the effect of human activities during the various phases of
settlement as ascertained on the basis of palynological material with archaeolo-
gical data (Luka1977;Szuldrzynski & Zurawski1978) gives good agreement.
The pollen diagrams also confirm the importance of the Lake Zarnowiec channel
a8 a settlement microregion up to and including the time of the East Pomeranian
culture (Luka 1977); this did not exclude the expansion of settlement on to the
Darzlubie Forest from the Hallstatt period onwards. However, human economnic
activities did not really get started in the Darzlubie Forest until the early
Middle Ages. It should be remembered, though, that the topmost parts of the
profile are missing in material from this locality. This statement is made on
the basis of the analysis of the upper parts of the diagram which shows that
the area adjacent to the peat-bog was to a large extent deforested whereas
at present it is overgrown with forest habitat (Fig. 5); also, according to informa-
tion obtained from forestry records (Operaty lesne 1970, 1971), a large part of
the currently existing woodland is on land once used for agriculture.

The impact of man on the forest vegetation with particular reference
to hornbeam and beech history

During the early stages of settlement in this area, the forest vegetation and
the soils, were not much affected by man’s activities. Therefore, with decreasing
human activities forest communities were able to regain their natural balance.
Nevertheless, after each successive settlement phase, there were fewer trees
of high edaphicrequirements. It was the development of the Lusatian, and later
the East Pomeranian cultures which, by intensive cultivation of land and
expansion on the more fertile upland soils, brought about profound and ir-
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reversible changes in the forest vegetation of this arca. By destroying the mixed
oak forests, man enabled hornbeam to extend its range; this can be seen quite
clearly in the Darzlubie Forest diagram. On the other hand, in the vicinity of
Lake Zarnowiec, hornbeam was of little importance; this is obvious from the
interrupted pollen curve and the low percentage values of Carpinus in profile
Zar[76. It may be explained by the restricted area of suitable habitats as a
consequence of both natural conditions and the early, intensive activities
of man (high percentage pollen values of acidophilous plants). The minimal
quantities of hornbeam pollen in the diagram from this locality are probably
derived from the surrounding upland. This is corroborrated by the fact that
hornbeam pollen occurred in layers in which the pollen values of culture indi-
cators are high and the curves of other trees depressed. This change is associated
with the decrease in pollen frequency of broad-leaved trees destroyed by man
during land occupation, and with the better conditions for long distance dispersal
of pollen after the removal of the woodland “filter” (see Ralska-Jasiewiczowa
1977, Tauber 1965). It is characteristic of layers in which the pollen values
of hornbeam increase (beech pollen also increases somewhat) that the pollen
curve for pine also rises distinctly, which could be a sign of deforestation.

Over a period of some 1500 years during which woodland approximating
to oak-hornbeam forests have developing in the Darzlubie Forest area, the
settlements phases are characterized by successive depressions in the hornbeam
curve. As has also been observed in diagrams from other areas of Poland (Ral-
ska-Jasiewiczowa 1964, 1966, 1968, 1977), this testifies to the felling and
field cultivation of fertile habitats of hornbeam forests.

The short period of partial regeneration of forest communities was probably
due to the decline in settlement during the Migration period, and precedes the
last of the settlement phases described here. The destruction of oak-hornbeam
forests and other deciduous woodlands at the time of the early Middle Ages,
facilitated the expansion of beech.

Much has been written about the asynchronous spread of hornbeam and
beech in Europe (Firbas1949; Kubitzki1961; Ralska-Jasiewiczowa 1977).
This phenomenon can be also observed on the territory of Poland. In the west
(Orwat 1958; Jasnowski 1962) beech established itself earlier or synechron-
ously with hornbeam; in the Gardno-Yeba lowland (Oltuszewski 1948) and
Lake Gardno (Zachowicz 1972) their establishment was almost synchro-
nous; but around Lake Zarnowiec, on the Bielawskie Bloto marshes (Oltu-
szewski & Boréwko 1954), the Staniszewska Upland (Szafranski 1961}
and by the Vistula Lagoon (Redmann 1938; Zachowicz 1976) beech appeared
only after the oak and hornbeam forests had been destroyed. Ralska-Jasie-
wiczowa (1968, 1977) and Tobolski (1975 a) have described the role of man
in the spread of beech in Poland.

The current distribution of pine is also connected with human activities.
The culminations of the Pinus pollen curve immediately after each deforestation
are almost certainly due to the transport of pine pollen from distant areas,
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and are also evidence for the spread of pine on to degraded oak forests, and in
the upper sections of the diagram, on to habitats formerly occupied by hornbeam.

The quantities of pollen of acidophilous plants increase with each succeeding
settlement phase, thus demonstrating the progressive podsolisation of the soil.
In accordance with the general climatic trends of the final period of the inter-
glacial (Andersen 1961; Iversen 1958; Berglund 1969), this process was
helped on by man himself: grazing and primitive forms of land cultivation
accelerated the impoverishment of the rich soils of mesophilous deciduous
forests and enabled podsolising species such as pine, and to a certain extent
also beech, to spread.

DEVELOPMENT OF THE LOCAL VEGETATION

The interpretation of the history of sedimentation basins and their local
vegetation is based mainly on macrofossil analysis and is supplemented by
data from the pollen diagrams. Additionally, the prinecipal physico-chemical
properties of the sediments and diatom analysis of part of profile J. Zar/78
complete the information available. Macrofossil and diatom assemblage zones
are distinguished on the basis of identified macroscopic remains and diatoms.
As in the case of pollen assemblage zones, these zones are biostratigraphic
units having characteristic combinations of fossil remains. Because of their
polygenetic nature, they cannot be directly identified with given plant com-
munities.

Lake Zarnowiec channel
Lake Zarnowiec (Fig. 22)

Macrofossil assemblage zones:

Characeae MAZ — JZ 1 (410-310 cm). This zone is dominated by Characeae
oospores; together with these, a few remains of other aquatic plants are found,
e. g. leaves of Myriophyllum spicatum f. squamosum and fragments of the mosses
Scorpidium scorpioides and Calliergon giganteum.

Scorpidium scorpioides-Calliergon giganteum MAZ — JZ II (310-254 cm).

The following mosses entirely dominate the zone: Scorpidium scorpioides
(calciphilous) and Calliergon gigantewm (calecium-tolerant).

Schoenoplectus- Phragmites MAZ — JZ III (254-240 cm). Phragmites com-
munis tissues are dominant. Also found here are Schoenoplectus lacusiris and
8. tabernaemontani nutlets.

Cladium-Phragmites MAZ — JZ IV (240-145 cm). Cladium mariscus nutlets
and tissues, and Phragmites communis tissues prevail. Numerous Schoenoplectus
tabernaemontani nutlets and Menyanthes trifoliats seeds are also found in the
upper part of the zone.
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Characeae-Najas marina MAZ —JZ V (125-37 e¢m). Large numbers of
Characeae oospores are characteristic. In the lower and upper parts of the zone
they occur together with Najas marine fruits; in consequence of this, the zone
can be divided into subzones;

Najas marina MASZ — JZ V a (125-100 cm). Najas marina fruits are
dominant; there are relatively few Characeae oospores.

Characeae MASZ —JZ V b (100-55 ecm). Only Characeae oospores are present
in this section of the sediments.

Characeae- N ajas marina-Schoenoplectus lacustris MASZ —JZ V ¢ (55-37 em).
High numbers of Characeae and Najas marina remains. Schoenoplecius lacustris
nutlets and the fruits of Zannichellia cf. palustris and Ceratophyllum cf. demersum
are present in smaller quantities.

Diatom assemblage zones:

Campylodiscus clypeus-Anomoeneis sphoerophora v. sculpta DAZ — JZ 1
(123-120 cm). This zone is completely dominated by mesohalobous diatoms
like Campylodiscus clypeus, Anomoeneis sphoerophora v. sculpta, Amphora
commutata and A. halsatica.

Fragilaria-Achnanthes DAZ — JZ 2 (120-105 cm). Dominant in. this zone
are epiphytic and bottom fresh-water forms, among which the most numerous
are Fragilaria species (F. construens) and Achnanthes species (A. lanceolata).

Stephanodiscus astraea-Epithemia sorex DAZ — JZ 3 (105-70 cm). This
zone is dominated by plankton species, especially halophilous species (Epithemis
sorexw, Stephanodiscus astraea, Cyclotella comta, Gomphonema intriatum, Cymbella
affinis).

Fragilaria-Epithemia turgida v. granulate DAZ —JZ 4 (70-45 cm). The
percentage of epihytic forms such as Fragilaria construens, F. brevistrata and
Amphora ovalis increases in this zone; Epithemia turgida v. granulata is common
(up to 309;,).

The water basin in the northern part of the present-day Lake Zarnowiec
was probably formed during the Younger Dryas at the latest (Characeae MAZ —
JZ 1). The sediment of this period is clayey calcareous gyttja, in which the
calecium carbonate econtent distinetly increases towards the top of the profile.
The silica content is about 309%, of the dry weight. Among the macroscopic
remains identified, the numerous calciphilous mosses are noteworthy; frequently
oceurring in an aquatic environment, they include Scorpidium scorpioides,
Drepanocladus fluitans and Calliergon giganteum. Also were found vegetative
remains of Ceratophyllum sp., seeds of Potamogeton sp., and fruits of Hippuris,
as well as the scaly leaves of Myriophyllum spicatum f. squamosum (Aalto
& Uusinoka 1978) characteristic of TLate Glacial sediments. Substantial
quantities of Characeae oospores and Pediastrum boryanum colonies testify
to the high fertility of the water, this fertility being due to the considerable
amounts of caleium carbonate in the substrate. The miero- and megaspores
5 — Acta Palaeobotanica XXII/2
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of Selaginella selaginoides and Betula scct. nane nutlets are devived from the
damp habitats surrounding the lake.

In the DR-3/PB and Preboreal periods, this part of the lake began to dry
out. This is manifested in an increase first in the nunibers of calciphilous mosses
(Scorpidium scorpioides-Calliergon giganteum MAZ — JZ I1), and later in specics
currently found n reed-swamp communities (Seirpo-Phragmitetum) such s
Schoenoplectus lacustris, 8. tabernaemontani, Typha latifolia (pcllen) ond
Phragmites communis (Schoenoplectus- Phragmites MAZ — JZ III). The low
content of organic material in this sediment may be indicative of the initial and
open nature of this community.

At the start of the Boreal peried there was a rapid expansion of the reed-
swamp ccmmunity with dominant Cledium mariscus (Cladium- Phragmites
MAZ — JZ IV). It was, probably similar te the present-day Cladietum marisc
association (Jasnowslki 1962; Rybnicek 1973). The development of the
Cladium tecd-swamp, which included also Phragmites communis, continued
until the beginning of the Atlentic period. Changes then took place which
suggest that the water-levelrose (the appearance of large quantitics of Schoeno-
plectus tabernaemontani fruits, the increase in Characeae oospores), and possib:ly
that the fertility of the water declined (numerous Menyanthes trifoliata seeds).

Most of the sediments deposited during the Atlantie period are niissing
from this profile. It is thus impossible to reconstruct completely the history
of the lake, neither can an exhaustive interpretation of the Subboreal sediments
be made.

The diatom analysis of the Subboreal part of the profile, carvied out by
Dr. B. Adameczak, indicates the influence of sca-water (possibly the result
of ingression, Rosa 1963) in samples from depths of 123 and 120 em (Campiyjlo-
discus clypeus- Anomoeneis sphaerophora v. sculpta DAZ — JZ 1). Meschalcbius
‘diatoms (according to Kolbe’s system of halobes, 1927) are present in large
numbers, in fact 33-1-90-69, cf the total number of specimens (Fig. 24)1. The
absclutely dominant species here is Campylodiscus clypeus (71-879%,), while
Anomoeneis sphaerophora v. sculpta (229%,) is of great importance in the next
sample. Of the mesohalobous species, representatives of the genus Amphora
(4. commutata, A. halsatica) are frequently encountered. Typically marine-
cuhalobous diatoms are represented by single ferms of Actinocyclus ehrenbergit
and - Cocconets scutellum. The mass occurrence of Campylodiscus clypeus and
Anomoeneis sphaerophora v. sculpta is typical for a shallow coastal bay (“clypcus
Iagoon”), a characteristic transition zone between a deep Littorina bay or the
open sea, and an independent, isolated body of water (Alhonen 1971). The
small number of euhalobous diatoms characteristic of open-sca zones, especially
the lack of Coscinodiscus species, suggests that the salinity of this water was low.
The changes noted in further samples show that the water had become comple-
tely fresh and that this part of the lake had become shallower (Fragilario-
Achnanthes DAZ — JZ 2). Epiphytic and bottom diatoms are dominant:

1 Fig. 24 under the cover.
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Amphora ovalis, A. ovalis v. pediculus, Achnanthes clevei, A. lanceolata, A.
lanceolata v. elliptica A. lanceolata v. rostrata, and Fragilaria species. The consi-
derable numbers of Najas marina fruits in the sediments are also an indication
of the lake’s shallowness. In samples from depths 105-70 em (Stephanodiscus
astrea-Epithemia sorex DAZ — JZ 3) there is a distinet inecrease in plankton
species (Stephanodiscus astrea, Cyclotella comia and C. comta v. radiosa), which
together make up about 409, of the total. Halophilous diatoms, especially
Epithemia sorex (c. 309%,), are also important here. The water level in the lake
ose during this period. The lake again became shallower during phase 4 (70 c¢m)
vhen the number of plankton fell rapidly and epiphytic forms increased in
iwumber. Diatoms are rare in the topmost samples. Worthy of mention among
the macroscopic remains are the enormous numbers of Characeae oospores and
fruits of Najas marina, Zannichellia cf. palustris, Ceratophyllum cf. demersum,
Potamogeton sp., denoting the presence of the macrophytic association Par-
vopotamogetono-Zannichellietum, typical of shallow waters rich in calcium
carbonate (Podbielkowski & Tomaszewicz 1979). Fairly large quantities
of fine- and coarse-grained sand are found in the sediments, and pre-Quaternary
spormorphs appear in the pollen diagram. This would suggest contamination
with redeposited material. There is a clear hiatus in the topmost section of the
profile: the missing sediments may have been washed out by the river flowing
through the lake.
Peat-bog near Lake Zarnowiec (Fig. 21)

Macrofossil assemblage zones:

Selaginella- Betula nana MAZ — 7 1 (450-395 em — profile Zar[75; 500 -450
cm — profile Zar/76). Species typical of Late Glacial sediments are well represen-
ted in this zonc. They include boreal-mnontane species such as Selaginella sela-
ginoides, Betula nana, Arciostaphylos alpina, Dryas octopetala, and boreal species
such as Potamogeton filiformis and Empetrum nigrum.

Sphagnum apiculatum-Carex lasiocarpa MAZ — Z 11 (395-350 cm). Remains
of the following brown mwosses occur in this zone: Drepanocladus vernicosus,
D. aduncus, Homalotheciwm nitens; remains of the bog mosses Sphagnum api-
culatum, 8. teres, 8. fimbriatim, S. palustre; nutlets of Carer lasiocarpa and C.
diandra; Empetrum nigrum s. 1. stones, Betula sect. nanae nutlets and scales, part
of which show features of Betula humilis, also occur in the sediment.

Cladium-Phragmites MAZ — 7 III (350-55 e¢m). Characteristic of this zone
are the quantities of Cladiuwm nutlets and tissues, and Phragmites communis
tissues. Carex t. flavajoederi, Schoenoplectus tabernaemontani and Eleocharis
palustris ave present in much smaller amounts.

Carex rostrata-Eleocharis palustris MAZ — 7 IV (55-25 cm). Dominant
here are the fruits of Eleocharis palustris and nutlets of Carex rostrata; the fruits
of Hydrocotyle vulgaris, Juncus articulatus and Potentilla anserina occur spora-
dically.

Hydrocotyle vulgaris-Potentilla anserina MAZ —Z V (25-0 cm). Fruits of

5*



230

Hydrocotyle vulgaris, Juncus articulatus and Potentilla anserina are quite nume-
rous in this zone. Sedge radicelles and Gramineae tissues are the most common
tissues.

' The succession at this locality was started during the Younger Dryas by
typical Late Glacial pionier communities (Selaginella- Betula nana MAZ — Z 1).
These communities are similar to those oceurring in present-day tundra or
alpine vegetation (see Lye1975), although there are some fundamental differences
between these types of communities (Iversen 1973). The characteristic features
of these pioneer communities can be examined in the bottom sections of profile
Zar/76 and diagram Zar/75. Among the macrofossils many remains of plants
having varying water-table requirements occur simultaneously. The following
aquatic organisms have been identified: Potamogeton filiformis, Sparganium
minimum, Myriophyllum spicatum f. squamosum, Characeae, Batrachium sp.,
and the boreal-montane species of water snail Gyraulus acronicus (det. A. Dzie-
czkowski). Mire vegetation is numerously represented by remains of Menyanthes
trifoliata, Betula nana, Selaginella selaginoides and Empetrum nigrum s. 1. Be-
gides these, fragments of Arctostaphylos alpina and Dryas octopetala were found.
Bark and wood fragments of pine and fruits of Betula sect. albae show that
single tree specimens were growing on the incipient peat-beg. These plant spe-
cies, having different ecological requirements, demonstrate the wide variety of
habitats and the mosaic-like vegetation.

Another characteristic of these communities is the simultaneous occurrence

of calciphytes like Selaginella selaginoides, Scorpidum scorpioides and Dryas
octopetala with plants which are today found in acid habitats, such as Empe-
trum nigrum and Betula nana. This has often been observed in Late Glacial
sediments (e.g.Ralska-Jasiewiczowa 1980).
A transition bog (Sphagnum apiculatum-Carex lasiocarpa MAZ — 7 1I)
was formed during the Preboreal period. Brown mosses such as Drepanocladus
vernicosus, D. aduncus, Paludella squarrosa, Homalothecium nitens, peat mosses
such as Sphagnum apiculatum, S. teres, 8. fimbriatum, 8. palustre, sedges Carex
lasiocarpa, C. cf. diandra and Viola palusiris are present, so this section of the
sediment can be classified as being of the Bryalo-parvocaricioni genus (Tolpa
et al. 1967); nowadays, these species are found in communities of the class
Scheuchzerio-Caricetea fuscae and the orders Caricetalia fuscae and C. davalianae.
Willows and dwarf birches also grew on the peat-bog; among the Betula sect,
nanae fruits, nutlets resembling those of B. humilis were found apart from
typical B. nana nutlets. Empetrum nigrum stones arc present throughout this
section of the profile, so it is clear that crowberry must have been growing on
the peat-bog.

Reed-swamp communities (Cladium-Phragmites MAZ — 7 III) began to
spread at the start of the Boreal period, probably as a result of the rise in the
water table. Here, by far the commonest macrofossils are fruits and tissues of
Cladium mariscus and vegetative fragments of Phragmites communis. Along
with these, nutlets of Carex t. flavaoederi, Eleocharis palustris and Schoeno-
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plectus tabernaemontani occur. It is highly likely that this community resembled
the Cladietum marisci association occurring today (Jasnowski1962; Rybnidek
1973). It developed on the one and a half metre thick layer of transition bog
which was devoid of calcium carbonate. Cladium mariscus communities were
dominant practically to the end of the Subboreal period. Only at a depth of
120-100 cm a few species from the Scheuchzerio-Caricetea fuscae class appear:
Hydrocotyle vulgaris, Juncus articulatus, Ranunculus flammula and Eriophorum
sp. The presence of these plants suggests that the habitat conditions on the
bog had altered, possibly as a result of fires (numerous charred herb remains).

The plant succesion was later continued by communities from. the Scheuch-
zerio-Caricetea fuscae class. At first, when the water table was high, swamp
species dominated (Carex rostrata-Eleocharis palustris MAZ — 7 IV). These
included Carex rostrata and Eleocharis palustris, together with a few fruits
and tissues of other members of the Phragmitetea class: Cladium mariscus,
Phragmites communis, Schoenoplectus tabernaemontani. Remains of plants
typical of low-sedge, acid meadows (Hydrocotyle vulgaris, Juncus articulatus,
Potentilla anserina) occur in small quantities. Among the seeds and fruits
identified, there are a number of species probably connected with human
activities such as Chenopodium album, Rumexr acetosella, Polygonum nodosum
and P. persicaria. In the topmost part of the profile (Hydrocotyle vulgaris-Poten-
tille anserina MAZ — 7 V), swamp plants lose their significance, whereas plants
of the class Scheuchzerio-Caricetea fuscae gain in importance; this indicates
a further lowering of the water table. The increasing number of meadow species
is the effect of human influence on the peat-bog communities.

The succession of local peat-bog vegetation as described here, starting with
pioneer damp tundra communities, continuing with the moss-sedge communities
typieal of transition bogs, reed-swamp communities with Cladium, and ending
with acid, low-sedge meadows, is found in other localities near ice-marginal val-
leys in the eastern part of the Polish coastal zone (Herbichowa 1975; Lata-
lowa unpubl.).

History of the Lake Zarnowiec channel in the ligth of
palaecbotanical investigations

Papers dealing with the origin and history of the Lake Zarnowiec channel
are few. The earlier papers include those by Sonntag (1912) and Zaborski
(1933); later ones include work by Rosa (1963) and Roszkéwna (1964).

The palaeobotanical material presented in this dissertation is supplemented by
data contained in “Dokumentacja wiercen geologicznych” (Geological drilling
records, 1973, 1979), and provides new information about certain events in
the history of this area. Obviously, they do not exhaust the whole of this compli-
cated subject: this would require a large number od specialist analyses of many
profiles from the lake itself and the peat-bogs surrounding it.

The formation of a body of water over what is now the northern part of
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the lake took place during the Younger Dryas at the latest. Very likely it was
initiated by the melting of dead ice (Roszkd6wna 1964). This process wax
delayed in relation to other areas (see Kozarski 1963), probably because the
ice-sheet remained longer here than elsewhere, and as a result of the preserving
properties of the thick layer of outwash plain sands. At the same time, vege-
tation characteristic of shallow depressions began to take over the area south of
the lake, which today is covered by peat-bog. Macrofossil analysis shows that
land vegetution typical of river-valleys and lake shores had already taken over
this area by the beginning of the Preboreal period. The material from the
entire Holocene does not contain any aquatic sediments which could
prove the existence of the Ancylus basin or Littorina bay (fjord) mentioned by
Roszkéwna (1964).

The profile from the northern part of the lake is more difficult to interpret.
The shallowing of this part already began in the Preboreal period. There are _.
no lake sediments from the start of the Boreal period in this profile; they are
replaced by Cladium peat and Cladium-Phragmites peat which show that
reed-swamp communities had encroached on to this area. Similar peat deposits
are frequent over the whole northern part of the lake (Geological drilling records,
1973, 1979; Wieckowski et. al 1973). These reedswamp communities prevailed
at least until the early phases of the Atlantic period.

Samples from the early Subboreal period show that the effects of sea
water were limited (see Fig. 24). This can probably be linked to the last phase
of the Littorina transgression of the southern Baltic which, according to Rosa
(1963) took the form of a short-lived ingression of sea water. It must be empha-
sized that the material in this dissertation is representative only of the northern
part of the present Lake Zarnowiee, which during the Aflantic period was
covered by a peat-bog. The decper parts of the lake probably developed in
quite a different way. Geological sampling did not reveal any peat interbedding
of the sediments; the thickness of caleareous gyttja increases with depth of
water and exceeds 20 m at the deepest point (Geological drilling records, 1973,
1979; Wieckowski et al. 1973). A rapid sedimentation rate is confirmed by
pollen analysis of several samples of gyttja which allowed the dating of sediments
from a depth of 6 m below the lake bottom to the late Subboreal time (Lata-
towa 1977).

Very probably, the limited influx of sea water concerned only the northern
peat-covered zone of the basin where limnic sedimentation followed the rise
in the water table. There is no evidence for the influx of sea water into the whole
of the channel, nor for the formation of a fjord. A transgression of the sea would
have caused the rise of the water level in peat-bog at the south end of the lake
(locality 1), even if it had not penctrated the whole channel. It is well known
nowdays that sea water does in fact enter Lake Zarnowiec through the northern
part of the river Piasnica as a result of storm surges. There is the possibility
that, during the Subboreal period, sea water penetrated the northern part of
the Lake Zarnowiec in the similar way.
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Peat-bog in Darzlubie Forest (Fig. 23)

Macrefessil assemblage zones:

Characeae MAZ — PD 1 (398-385 cm). Characeae Gospores are dominant.
Single fruits of Sparganium minimum, Potamogeton filiformis, P. alpinus,
P. natans occur.

Carex lasiocarpa-C. pseudocyperus MAZ — PD II (385-335 em). Remaing
of swamp vegetation such as Carex rostrata and C. pseudocyperus occur in this
zone; also a large group of species typical of transition bogs: brown mosses (Dre-
panocladus aduncus, Calliergon stramineum, C. gigantewm), peatmosses (Spha-
gnum apiculatum, S. palustre), sedges (Cavex lasiocarpa, C. diandra), and Coma-
rum palustre. Fruits of aquatic plants like Potamogcton and Sparganium arc
also present.

Cladium mariscus MAZ — PD III (335-315 cm). Characteristic of this
zone are the nutlets and tissues of Cladium mariscus; 2lso present are cf. Diyo-
pleris tissues and nutlets of Carex pseudocyperus and C. lasiocarpa.

Oxycocous quadripetalus-Sphagnum apiculatum MAZ — PD IV (315-265 cm).
Remains of brown messes (Aulacomnium palustre, Meesea longiseta), peatniosscs
(Sphagnum apiculatum, S. palustre), Oxycoccus quadripetalus leaves and roots,
and Carex lasiocarpa nutlets appear in this zone.

Carex pseudocyperus-Potamogeton MAZ — PD V (265-120 cm). Numerous
remains of swamp plants oceur in this zone: Carex pesudocyperus, Lycopus
europaews, Mentha cf. aquatica, Eleocharis palustris, Carex t. elata. Also prescent
are the remains of aquatic plants like Potamogeton and Sparganium minimum;
they are accompanied by Urtica dioica fruits.

Carex elata-C. lasiocarpa MAZ — PD VI (120-30 cm). Carex t. elata nutlets
arc dominant; also present arc Phragmites tissues and a few remains of transition
bog plants such as Carex lasiocarpa, Comarum palustre, brown mosses and
peatmosses.

Ranunculus flammula- Menyanthes trifoliata MAZ — PD VII (30-0 cm).
This zone is dominated by species of the class Scheuchzerio-Caricetea fuscae
such as Ranunculus flammula, Menyanthes trifoliata, Hydrocotyle vulgaris and
Comarum palustre.

Especial care is required when interpreting the vegetational changes recorded
in this macrofossil diagram. Its complexity is mainly due to the variable sedi-
mentation rate which in some sccetions of the profile is up to 30 times as fast
as in others (Fig. 7B). An illustration of this would be the particularly high
concentration of seeds and fruits at depths from 170 to 200 em. Another important
problem is the small area and the mid-forest position of this peat-bog. Much
of the macrofossil material is thus allochthonous and includes the seeds, wood
- and bark of Pinus, also Betula nutlets and wood, which are probably derived
from the surrounding woodland. Also of allochthonous origin may be certain
fruits and seeds dispersed by animals: Empetrum nigrum, Fragaria vesca,
Moehringia trinervia and Luzula sp.
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The vegetational succession in this locality began at the turn ¢f the Younger
Dryas and Holocene. The first communities were those of a shallow body of
water (Characeae MAZ — PD I) dominated by Characeae. Also present were
boreal species of Potamogeton (Hultén 1964) such as Potamogeton filiformis,
P. alpinus, and Sparganium minimum. The high calcium carbonate content
(809, gives some indication of the fertility of the water.

Sedge-reed communities comprising Carex rosirata, C. pseudocyperus began
the process of filling of the basin (Carex rostrata-C. pseudocyperus MAZ —PD II).
Certain species of the class Scheuchzerio-Caricetea fuscae such as Comarum
palustre, Carex lasiocarpa, Sphagnum palusire, S. apiculatum, Drepanocladus
aduncus, Calliergon stramineum, C. giganteum also occurred. The relatively high
water table is indicated by the presence of Sparganium minimum and Potamo-
geton stones. Fruits of Urtica dioica were numerous and this fact testifies to
the eutrophic nature of the habitats.

The Cladium mariscus MAZ — PD IIT indicates the short-lived domination of
Cladium —swamp during the first half of the Boreal period. The following species
were also of some importance: Carex pseudocyperus, C.lasiocarpa, C. cf. diandra,
Lycopus europaeus and cf. Dryopteris (mainly vessels and sporangia were found).
After the fire which burned the surface vegetation of the peat-bog (charred
remains of herbs), the type of vegetation altered (Owxycoccus quadripetalus-
Sphagnum apiculatum MAZ — PD IV). Evidence for this is offered by the large
numbers of laeves and roots of Oxycoccus quadripetalus, and the remains of
brown mosses and peatmosses: Sphagnum apiculatum, 8. palustre, Aulacomnivwm
palustre, Meesea longiseta; Carex lasiocarpa also occurred. These plants show
that a transition bog was developing (Minero-Sphagnioni genus of peat, Tolpa
et al. 1967). These species indicate the existence of a community of the class
Scheuchzerio-Caricetea fuscae which may have been similar to the oligotrophic
variant Caricetum lasiocarpae (Jasnowski 1962). A rise in the water level
favoured the re-entry of sedge-recd swamp communities of the allience Magno-
caricion (Carex pseudocyperus-Potamogeton MAZ — PD V). Of the species
identified, Carex pseudocyperus, C. t. elata, C. rostrata, Phragmites communis,
Lycopus europaeus and Mentha cf. aquatica are of great importance. The nutlets
of Carex lasiocarpa and C. cf. diandra make up but a small number of the
macrofossils. A significant part of the macrofossil material contains the stones
of Potamogeton natans, P. compressus and P. gramineus, and the fruits of
Sparganium wminimum. These indicate a high level of stagnant water on the
peat-bog. Pollen grains of Lythrum salicaria and Utricularia sp. are found on the
pollen diagram. The great concentration of fruits and seeds in this part of the
profile is due to the low rate of sedimentation.

The presence of a large number of Urtica dioica fruits among remains of
swamp plants is interesting. This highly eutrophic species is today found in the
Circeo-Alnetum association and in communities of classes Alnetea glutinosae
and Salicetea purpureae; it tolerates periodic submerging. It is also found in
reed-swamp communities (Scirpo-Phragmitetum — land variant, Jasnowski
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1962). The fact that Urtica dioica is so common in the Darzlubie Forest profile
can probably be put down to the highly eutrophic environment of this small,
mid-forest peat-bog. The frequent fires which burned the surface of the bog
undoubtedly raised-the fertility of the habitats in it (charred tl/%wmm
are present throughout almost the -whale profile). —

From a depth of 170 cm upwards, a radical change in the macrofossil content
is observed (Carex elata-C. lasiocarpa MAZ — PD VI). There is a rapid decline
in the number of aquatic species (Sparganium wminimum, Potamogeton) and
swamp plants (Carex pseudocyperus, C. rostrata, Lycopus europaeus, Mentha
cof. aquatica and the accompanying Urtica dioica). The diagram is dominated by
Carex t. elata nutlets which on a number of levels are found together with
remains of typical transition bog species such as Sphagnum teres, 8. apiculatum,
Comarum palustre, Menyanthes trifoliata, Calla palusiris, Carex lasiocarpa,
C. cf. diandra and Eriophorum sp. The species content of this section of the profile
is similar to that of the Caricetum elatae association (Jasnowski 1962). In the
topmost part of the profile (Ranunculus flammula- Menyanthes trifoliata MAZ —
PD VII) the number of speeies from the class Scheuchzerio-Caricetea fuscae
increases (Comarum palustre, Menyanthes trifoliata, Hydrocotyle vulgaris, Ranun-
culus flammula). These species also play an important part in the present-day
vegetation of the peat-bog.

The complicated vegetational systems mentioned above, their variety as
regards simultaneously occurring components, and the frequent changes taking
place in the communities were largely the consequence of fluctuations in the
water level. These fluctuations were undoubtedly favoured by the small
area of the peat-bog, underlain as it is by permeable outwash plain sands.

SUMMARY

1. The material for this dissertation was taken from two localities in the
Lake Zarnowiec channel (localities 1 and 2) and from one locality in the Lake
Dobre channel (locality 3) — Fig. 5.

Pollen and macrofossil analyses were carried out and the basic physico-
chemical properties of the sediment were analysed.

2. A palaeobotanical study of the profiles from the Lake Zarnoweic area
enabled a reconstruction of the vegetational history from the Younger Dryas
to the present day.

3. The material was interpreted on the basis of the following biostratigraphic
units (pollen assemblage zones), which were distinguished on the pollen diagrams
1 — Pinus-Juniperus-herbs; 2 — Juniperus-Pinus-Betula; 3 — Pinus-Betula;
3 a — Pinus-Betula-Filipendula; 3 b — Betula-Empetrum; 3¢ — Pinus; 4 — Co-
rylus-Pinus; 4a — Corylus; 4b — Corylus-Alnus; 5 — Tilia-Ulmus-Pinus;
6 — Quercus-Corylus; T — Quercus-Carpinus; 8 — Pinus-Fagus-Juniperus.

4. 21 samples from the peat-bog profiles were radiocarbon-dated. The pollen
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zones could then be correlated with the Blytt-Sernander system (adapted to
Polish conditions), and the vegetation of different periods characterized.

a. During the Younger Dryas the vegetation of this area was of the park-
tundra type, though more open than in other parts of lowland Poland. The
diagrams are similar to those of uorth-western Europe: features in common
include the presence of elements of Dryas flora, high percentage pollen values
of Juniperus and large numbers of Empetrum seeds. The latter two features
are 5igns of a climate more maritime than in other regions of Poland so far studied.

b. The transition zone between the Younger Dryas and the Preboreal
period (DR-3/PB) is characterized by maximum Juniperus pollen values, which
indicate the approaching polar range limit of the forest and an improvement
in the climate.

c. In the Preboreal period, pollen subzones corresponding to the climatic
oscillations of this period can be distinguished. These oscillations have already
been described for north-west Europe (Behre 1967, 1978). Zone 2 — Pinus-
Betula-Juniperus (DR-3/PB) and subzone 3 a — Pinus-Betula-Filipendula pro-
bably correspond to the Friesland Oscillation, subzone 3 b — Betula- Empetrum,
to the Youngest Dryas, and subzone 3 ¢ — Pinus, to the late Preboreal.

d. Open pine woods were dominant during the Boreal period, and hazel
was abundant in their undergrowth. The first postglacial hazel pollen maxi-
mum i§ observed during the second half of this period. The Ulmus curve ascends
distinctly at the start of the Boreal, to be followed by Quercus. Alder expands
rapidly towards the end of this period.

e. Characteristic of the Atlantic period are mesophilous deciduous forests
in which Tilia cordata, T. platyphyllos, elm and oak are very important. Pine
woods and other forests with some pine still occupied a large area in ’rhe vici-

nity of Lake Zarnowiec.
' f. Oakwoods and hazel expanded rapidly at the start of the Subboreal
period. At the same time, species requiring a more fertile habitat (especially
elm) declined, and the pollen value of pine was reduced to less than 209, of the
total AP. In the second half of this period, the area of oakwoods decreased
ag a result of human activities, and hornbeam hegan to spread.

g. At the start of the Subatlantic period, the area of woodland of the oak-
hornbeam type expanded in Darzlubie Forest; high percentage pollen values
of oak and hornbeam are evidence for this. In the Lake Zarnowiec channel
such communities were not very widespread. Then, from the Middle Ages
onwards, the oak-hornbeam forests were rapidly destroyed, whereas beech
and pine spread.

5. The diagrams were compared with one another and with other data from
Western Pomerania, so that local and regional features could be elicited. The
most important regional features include:

a. High Juniperus pollen values at the turn of the Younger Dryas and Holo-
cene.
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b. Climatic oscillations during the Preboreal period.

¢. Low pollen values of pine during the Subboreal when broad-leaved
forests were absolutely dominant.

d. High percentage pollen values of hornbeam during the second half of
the Subboreal and at the start of the Subatlantic pericd.

e. The late spread of beech.

The local features of the diagrams are mostly the result of habitat differences
in the neighbourhood of the localities surveyed.

6. On the basis of the pollen diagrams seven settlement phases were disting-
uished and characterized. The results were correlated with archaeological
data;

a. The earliest traces of human activity come from the early Neolithic;
the most intensive settlement in the Lake Zarnowiec area took place during
the Hallstatt period and the early Middle Ages.

b. The importance of man in the transformation of forest vegetation was
confirmed. The destruction of mixed deciduous forests occasioned by agricul-
tural activities during the periods of the Lusatian and East Pomeranian
cultures facilitated the expansion of hornbeam. The spread of beech was aided by
massive deforestation during the early Middle Ages.

7. After analysing the macrofossils preserved in the sediments, the history
of local plant communities and of the sedimentation basins could be recon-
structed. -

a. The body of water in the northern part of what is now Lake Zarnowiec
arose no later than during the Younger Dryas. This part of the lake began to be
filled in at the start of the Preboreal and coincides with the appearance of
communitics of calciphilous mosses and reed-swamp vegetation. Reed-swamps
with dominant Cladium mariscus and Phragmites communis existed here during
the Boreal and early Atlantic periods. The lake re-formed at the start of the
Subboreal period because of a rise in the water level. In the bottom section
of lake sediments of this period, dimtom anmatysis—has reveated tire effect of
slight salinity resulting from a short-lived ingression of sea-water.

b. The development of the vegetation in the southern part of the Lake
Zarnowiec channel started from tundra communities in the Younger Dryas.
Since that time, the vegetational changes have involved various types of peat-
bog; for a long time, reed-swamps of Cladium wmariscus and Phragmites com-
munis dominated.

¢. Communities characteristic of cool, pure waters formed the initial suc-
cessional stages in the Darzlubie Forest peat-bog at the start of the Holocene.
Later stages involved mainly marsh plants. Fires and frequent changes of
water level resulted in a rich variety of peat‘bog communities; transition bog
vegetation occurred periodically.

8. The results of the palaeobotanical studies have enabled some corrections
to be made to the theories of the past history of the Lake Zarnowiec channel
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hitherto put forward. No traces of an Ancylus basin or a kittorina bay could
be found in its southern part.

University of Gdanisk, Institute of Biology, Depariment of Plant Ecology, ul. Czolgistéw 46,
81-378 Gdynia

Uniwersytet Qdanski, Instytut Biologii, Zaklad Ekologii Roslin
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STRESZCZENIE

Wstep

Celem niniejszej pracy bylo poznanie polodowcowej historii szaty roslinnej
na obszarze wschodniej cze$ci Pobrzeza Baltyku oraz préba odtworzenia prze-
mian roflinnosei lokalnej w obrgbie wybranych zbiornikéw sedymentacyjnych.
Teren wschodniej czeéci Pobrzeza Baltyku doczekal sie do tej pory niewielkiej
ilofci danych paleobotanicznych, mimo ze jest on szczegélnie interesujacy
ze wzgledu na fakt opézZnionej recesji ladolodu w tej czesei Pobrzeza (rye. 1).

Przedstawione w tej pracy stanowiska zostaly wlaczone do sieci punktéw
wzorcowych International Geological Correlation Programme IGCP nr 158 B
poswigconego zmianom paleohydrologicznym w ciggu ostatnich 15 tysiecy lat
w oparciu o badania osadéw torfowych i limnicznych (Berglund & Digerfeldt
1976; Berglund 1979).
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Metody badan

Podstawe opracowania stanowia materialy z dwéch stanowisk w rynnie
Jeziora Zarnowieckiego (stanowiska 11 2) oraz z jednego stanowiska w Puszezy
Darzlubskiej, w rynnie Jeziora Dobrego (stanowisko 3). Rozmieszczenie anali-
zowanych profili wraz z ich symbolami zawiera objagnienie do ryciny 4.

Materialy opracowano metods analizy pylkowej, wykonano badania za-
wartodei szezatkéw makroskopowych oraz analizy podstawowyech wlagciwoscei
fizyeznych i chemicznych osadéw. W analizie pylkowej oprécz obliczen pro-
centowych zastosowano metode koncentracji sporomort -oraz obliczono warto-
Sci opadu pylku/em?/rok.

Opis osadu wykonano wg systemu Troels-Smith’a (1955). W opisie oraz
symbolach (ryec. 5) zastosowano uproszezenia.

Przedstawione w pracy profile posiadaja 21 dat mdloweglowych Datowania
umozliwily okre§lenie czasu poszezegélnych etapéw przemian ro§linno§ei
na badanym terenie, obliczenie tempa akumulacji zl6z torfowych (rye. 7)
oraz wykreflenie diagraméw opadu pyltku.

Diagramy pylkowe zostaly podzielone na jednostki biostratygraficzne
(zespolowe poziomy pylkowe — pollen assemblage zones — PAZ). Nazwy tych
pozioméw pochodzg od gatunkéw dominujacych lub charakterystyeznych dla
danego odeinka diagramu. 1V diagramach poziomy pylkowe zaznaczono nunie-
rami. W celu latwiejszego nawigzania do dotychcezasowych opracowanych
diagraméw z terenéw Polski zastosowano réwniez podzial na pietra Blytta-
Sernandera, ktére potraktowano, jako jednostki chronostratygraficzne (Sro-
don 1972).

Na jednostki biostratygraficzne podzielono rowniez diagramy szezgtkow
makroskopowych (zespolowe poziomy szczatkéw makroskopowych — macro-
fossil assemblage zones — MAZ) oraz diagram okrzemkowy (zespolowe poziomy
okrzemek — diatom assemblage zones — DAZ).

Przemiany szaty roglinnej okolic Jeziora Zarnowieckiego

Pinus-Juniperus-herbs PAZ (1) > 10200 lat BP. W okresie reprezento-
wanym przez ten poziom na badanym terenie panowala rodlinnoéé tundry
parkowej, lecz o mniejszym zwarcin niz na innych terenach Polski nizowej.
Wsréd oznaczonych z tego poziomu gatunkéw znajduje sie grupa roslin zali-
czanych do tzw. flory dryasowej (sensu Iversen 1954, 1973). Stosunkowo
wysokie wartogei procentowe pylku jalowea, ktéremu towarzyszg w osadzie
pestki Empetrum nigrum s. 1., §wiadezg o klimacie bardziej oceanicznym niz
na innych dotychezas zbadanych terenach Polski.

Juniperus- Pinus- Betula PAZ (2) — okolo 10 200 lat BP. Poziom ten odzna-
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cza sig maksymalnymi warto§ciami pylku jalowea, ktére sygnalizuja zblizanie
sie polarnej granicy lasu zwigzane z ocieplaniem sie klimatu.

Pinus-Betula PAZ (3)—o0kolo 10000-9100 lat BP. W okresie reprezentowanym
przez ten poziom na badanym terenie panowaly lasy brzozowo-sosnowe i sosnowe.
W diagramie Zar/76 wyrézniono w obrebie tego poziomu trzy podpoziomy
pytkowe. Podpoziomy te wraz z poziomem 2 nawigzujg do oscylacji klimaty-
cznych okresu preborealnego, opisanych z terenéw Europy pémocno-zachod-
niej (Behre 1967, 1978): poziom (2) Pinus-Betula-Juniperus i podpoziom (3 a)
Pinus-Betula-Filipendula odpowiadaja prawdopodobnie Osecylacji Friesland,
podpoziom (3 b) Betula- Empetrum —najmlodszemu dryasowi, podpoziom (3 c)
Pinus odpowiada péznemu preborealowi.

Corylus-Pinus PAZ (4) — okolo 9100-8300 (7700) lat BP. Sklad spektréw
pylkowych tego poziomu wskazuje, ze w okolicach Jeziora Zarnowieckiego
panowaly §wietliste bory sosnowe. W tym czasie nastapilo rozprzestrzenienie sie
leszezyny, ktérej krzywa osiaga w diagramach swoje pierwsze postglacjalne
maksimum. Wzrastala réwniez stopniowo rola wigzu, a nastepnie debu. Pod
koniec poziomu w diagramach szybko podnosi si¢ krzywa, olszy, ktéra $wiadezy
o ekspansji tego drzewa na wilgotne siedliska w sgsiedztwie jeziora.

Tilia- Ulmus-Pinus PAZ (5) — okolo 8300 (7700)-5600 (4700) lat BP.
W czasie, ktory ilustruje ten poziom na badanym terenie rozprzestrzenily sie
mezofilne lasy lidciaste, w ktérych powazng role odgrywaly Tilia cordata i T.
platyphyllos, wiazy oraz dab. Nadal jednak duza powierzchnie pokrywaly
bory sosnowe i inne lasy z udzialem sosny. W poziomie tym zaznaczyla sie
pierwsza faza osadnicza zwigzana z neolitem.

Quercus-Corylus PAZ (6) — okolo 5600 (4700)-2800 lat BP. Poziom ten
we wszystkich diagramach charakteryzuje sie minimalnym udzialem pyltku
sesny oraz maksymalnymi wartosciami pytku debu. Towarzyszy im wzrost
wartodei procentowych leszezyny, ktérej krzywa tworzy w tej czesei diagramoéw
swoje drugie postglacjalne maksimum. Poziom ten interpretowaé mozna jako
rozprzestrzenienie sig laséw debowych oraz leszezyny. Dab wypart sosne nawet
z ubozszych gleb piaszezystych. Réwnoczesnie w diagramach zaznaczyl sie
spadek udzialu gatunkéw o wiekszych wymaganiach siedliskowych, a zwla-
fzezao wigzu. 7 najwieksza czestotliwodeig pojawia sie tez pylek gatunkéw
uznanych za wskaznikowe dla optimum klimatyeznego holocenu — Hedera
i Viscum. W poziomie tym wyraznie zaznacza sie wplyw czlowieka. Wyréznione
fuzy osadnicze zwigzane sg z neolitem oraz wezesng epokg brgzu.

Quercus-Carpinus PAZ (7) — okolo 2800-1200 lat BP. W okresie repre-
zntowanym przez ten poziom nastgpila wyrazna zmiana w skladzie laséw na
badanym terenie. Zmniejszyl si¢ obszar zajmowany przez §wietliste lasy debowe,
nastagpilo natomiast rozprzestrzenienie sie laséw grabowych, nawigzujacych
do wspélezesnych gragdéw. Na podstawie diagramu pytkowego z torfowiska
kolo Jeziora Zarnowicckiego (stanowisko 1) stwierdzono, ze w samej rynnie
jeziora wystepowanie gradéw bylo jednak ograniczone. Wigzaé to mozna z nie-
wielkg ilo§cig siedlisk odpowiednich dla tego rodzaju zbiorowisk, a takze z weze-
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snym i intensywnym osadnictwem w najblizszym sasiedztwie jeziora. Z oma-
wianym poziomem pylkowym zwigzane s dwie nastepne fazy osadnieze (5 —
grupa kaszubska kultury tuzyckiej, 6 — kultura wschodniopomorska).

Pinus-Fagus-Juniperus PAZ (8)-1200 lat BP. W poziomie tym ostatecznic
obnizyl sie udzial mezofilnych gatunkéw li§ciastych, w tym takze graba. Zazna-
czyla sie natomiast ekspansja buka oraz sosny. Zmiany w szacie le§nej mialy
charakter gwaltowny i zwigzane byly z ostatnia z wyréznionych faz osadniczych
(7) — wezesnym §redniowieczem.

Lokalne i regionale cechy diagraméw z okolie Jeziora Zarnowieckiego

Na podstawie poréwnania opracowanych diagraméw miedzy sobg oraz
niektorych danych z innych terenéw Pomorza Zachodniego, wyrdzniono pod-
stawowe cechy regionalne i lokalne prezentowanych materiatéw. Do najisto-
tniejszych cech regionalnych zaliczono:

— wysokie wartodci Juniperus na przelomie miodszego dryasu i holocenu,

— oscylacje klimatyczne w okresie preborealnym,

— niskie wartoSei sosny przy bezwzglednym panowaniu laséw lisciastych
w okresie subborealnym,

— wysokie warto§ei procentowe pylku graba w drugiej czedci okresu sub-
borealnego i na poezgtku okresu subatlantyckiego,

— péZne wkroeczenie buka.

Cechy lokalne diagraméw sg zwigzane gléwnie z roznicami siedliskowymi
w sgsiedztwic badanych stanowisk.

Woplyw czlowieka prahistoryeznego na szate roslinng badanego obszaru

Historia osadnictwa w okolicach Jeziora Zarnowieckiego jest stosunkowo
dobrze poznana. Rozmieszezenie punktéw osadniczych w réznych okresach
prahistorii, od ncolitu do wezesnego Sredniowiecza wigeznie, przedstawieno
na rye. 10.

Zestawienie sumy wartosei procentowyeh roflin uznanych za wskaznikowe
dla dzialalnogei czlowieka, wzgledem skali czasowej, pozwolilo na wyréznicnic
siedmiu okreséw wzmozonej intensywnosci gospodarczej (fazy osadnicze)
na badanym terenie (ryc. 11). Picrwsze trzy fazy osadnicze sg chronologicznie
zwigzane z neolitem. Towarzyszg im pojedyncze ziarna pyllu Plantago lance-
olata oraz pierwszych zbh6z. Zmiany w szacie lesnej badanego terenu byly w tym
czasie niewielkie, o czym §wiadezg nieznaczne depresje w krzywych drzew.
Do powaznicjszych zaburzen przyczynilo sie¢ dopiero osadnictwo czwartej
fazy(II-1II okres epoki brazu). W diagramie z torfowiska kolo Jeziora Zar-
nowieckiego spada w tym czasie udzial drzew li§ciastych, a zwlaszeza wiazu,
debu i lipy. Wysokie wartosci procentowe pytku Rumex acetosa i R. acetosella



247

wikazujg na wzrastajace zakwaszenie gleb. W fazie tej po raz pierwszy odnoto-
wano pylek Secale.

Ekspansja ludnosci grupy kaszubskiej kultury luzyckiej oraz kultury
wschodniopomorskiej znalazla odzwierciedlenie w diagramach jako fazy osa-
dnicze 51 6. Fazy te sa zwigzane z drastyeznymi zmianami w dotychezas panu-
Jacych zbiorowiskach debowych. Zniszezenie laséw debowych umozliwilo roz-
przestrzenienie si¢ graba, ktory nie odgrywat do tej pory powaznej roli. Bezpo-
Srednim dowodem na trzebieze laséw za pomoca ognia sg warstwy zarowe
w osadach torfowiska z Puszezy Darzlubskiej.

Po oméwionych fazach intensywnej dzialalnogei cztowieka, wystgpil wyrazny
regres gospodarczy na badanym terenie. W diagramie z Puszezy Darzlubskiej
zanikajg krzywe zb0z, opadaja krzywe innych roslin wskaznikowych. Znaczne
podniesienie si¢ krzywej Carpinus oraz innych drzew o wysokich wymaganiach
siedliskowych (Tilia, Ulmus) $wiadezy o regeneracji lasu na terenach opusz-
czonych przez czlowieka. Zjawisko to przypada w przyblizeniu na okres 375-570
n. e. (rye. 11), ktory na terenie Furopy péinocnej odbija sie w diagramach
Jako okres recesji gospodarczej w czasie wedréwek ludéw (Andersen 1978,
Berglund 1969, Iversen 1973).

Ostatnia 7 faza osadnicza zaznaczona w stropowej czesci profilu, nalezy do okre-
su wezesnego Sredniowiecza. YWskazuje na to jej pozycja chronologiczna, a takze
cechy tej czesci diagramu: pylek zb6z osigga tu wysokie wartosei procentowe (zna-
czng rolg odgrywa Secale). W stosunku do zb6z spada znacznie Plantago lanceolata
(tab. 2). W okresie tym nastapila ekspansja sosny i buka, drzew znoszgcych
postepujace zakwaszenie gleb.

Historia lokalnej roslinnosei w obrebie zbiornikéw sedymentacyjnych

Interpretacja historii badanych zbiornik6w oraz ich ro§linnoéci opiera sie
glownie na analizie makroskopowych szezatkéw ro§linnych, wzbogaconej przez
dane zawarte w diagramach pylkowych. Podstawowe wladciwosdci fizyczno-
-chemiczne osad6w, a takze analiza okrzemkowa fragmentu profilu J. Zar/78
uzupehiaja uzyskane informacje.

Oznaczone szezgtki makroskopowe oraz okrzemki stanowig podstawe do
wyrdznienia pozioméw makroszezatkéw (MAZ) oraz pozioméw okrzemkowych
(DAZ). Podobnie jak w przypadku pozioméw pylkowych sg to jednostki bio-
stratygraficzne, ktére charakteryzuja sie okre§long kombinacjg szczatkéw ko-
palnych. Ze wzgledu na swéj poligenetyczny charakter nie moga byé bezpo-
S§rednio identyfikowane z okres§lonymi zbiorowiskami roglinnymi.

Rynna Jeziora Zarnowieckiego

Jezioro Zarnowieckie (stanowisko 2). Powstanie zbiornika wodnego w pol-
noenej czesei obecnego Jeziora Zarnowieckiego nastapilo nie pézniej niz w mlod-
szym dryasie. W osadzie z tego okresu znajdujg sie nieliczne szczgtki roslin
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wodnyech oraz szezatki o wyraznie allochtonicznym pochodzeniu. Od poezatku
okresu preborealnego stwierdzono inicjalne stadia lagdowacenia tej czefei je-
ziora, zwigzane z wystepowaniem zbiorowisk mchéw kalcifilnych oraz roflin-
no§ci szuwarowej. W okresie borealnym i poczgtkowe] fazie okresu atlanty-
ckiego panowaly szuwary z klocig i trzeing jako gatunkami dominujacymi.
Podniesienie sie poziomu wody na poczatku okresu subborealnego doprowadzito
do powtdérnego powstania zbiornika wodnego. W dolnej czedci typowych osadow
jeziornych tego odeinka profilu stwierdzono na podstawie analizy okrzemkowej
(rye. 24), wplyw niewielkiego zasolenia. Wyraza sie ono przede wszystkim
masowym pojawem mezohalobowego gatunku Campylodiscus clypeus.
Torfowisko kolo Jeziora Zarnowieckiego (stanowisko 1). Rozwéj ro§linnosei
na obszarze torfowiska w poludniowej czeéci rynny Jeziora Zarnowieckiego
rozpoczgl sie w mlodszym dryasie zbiorowiskami wilgotnej tundry. W okresie
preborealnym nastgpit rozwéj torfowiska przejéciowego, a od poczgtku okresu
borealnego rozprzestrzenily sie zbiorowiska szuwarowe z klocig i trzcing. Tego
rodzaju ro§linno§¢ dominowala na tym stanowisku prawie do konca okresu
subborealnego, kiedy to zastapily ja zbiorowiska bagienne z Carex rostralo
i Eleocharis palustris, a nastepnie ugrupowania niskoturzycowych kwasnych Igk.

Przeszle§é rynny Jeziora Zarnowieckiego
w $wietle dotychezasowych badan paleobotanicznych

Wryniki badan palinolegicznych oraz analizy makroszezgtkéw ze stanowisk
11 2, uzupelnione analizg okrzemkows dostarczyly nowych danych dla kontro-
wersyjnej i do tej pory otwartej dyskusjinad przeszloseia rynny Jeziora Zsrno-
~ wieckiego, a zwlaszeza jej zwigzku z morzem w holocenie. Uzyskane wyniki -
" wskazuja, Ze na terenie poludniowej czesci rynny Jeziora Zarnowieckiego od po-
czatku holocenu az do czaséw wspdlezesnych panowaly zbiorowiska lgdowe typowo
dla dolin rzecznych i obrzezy jezior; brak tam osadéw, ktére by sugerowaly
obecnogé zbiornika ancylusowego oraz zatoki litorynowej, o ktérych piszo
Roszkéwna w swojej pracy z 1964 r. Brak jest réwniez osadéw morskich
w pélocnej czesci jeziora. Fakt pojawienia si¢ na tym stanowisku flory okrzem-
kowej typowej dla tzw. ,laguny clypeusowej” moze jednak §wiadczy¢ o krétko-
trwalej ingresji morza, co sugerowat Rosa (1963). Byé moze w doprowadzeniu
wody morskiej pewng role odegral tutaj pémoeny odcinek rzeki Piaénicy.

Torfowisko w Puszezy Darzlubskiej (stanowisko 3)

Na tym stanowisku sukcesja roglinnofei rozpoczeta sie na przelomie mlod-
szego dryasu i holocenu zbiorowiskami plytkiego zbiornika wodnego. Proces
ladowacenia zainicjowala roflinno§é szuwarowa. Dalsze etapy zarastania zbio-
rnika zwigzane byly z roflinnoécia bagienng. Obecnogé licznych szczatkéw
ro§lin wodnych, a zwlaszcza pestek kilku gatunkéw z rodzaju Potamogeton,
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fwiadczy o istnieniu lustra wody w réznych okresach rozwoju zbiornika. Pozary
oraz czeste wahania poziomu wody spowodowaly duza roznorodnosé ugrupo-
wan bagiennych, a takze okresowe wchodzenie zbiorowisk typowych dla torfo-
wisk przejsciowych.

Podsumowanie

Przedstawione opracowanie opiera si¢ na analizie materialéw paleobotani-
cznych pobranych na trzech stanowiskach w okolicach Jeziora Zarnowieckiego
(rye. 4). Analiza pylkowa umozliwila prze§ledzenie historii roglinnoéei na tym
terenie od mlodszego dryasu do okresu subatlantyckiego na podstawie inter-
pretacji wyrdznionych w diagramach 8 pozioméw pyltkowych (pollen assemblage
zones). Zwrécono uwage na regionalny i lokalny charakter niektéryeh zjawisk
uchwyconych w diagramach. Dane dotyczgce historii roslinnogei regionalnej
wskazujg na wplyw wilgotnego klimatu morskiego na ksztaltowanie si¢ szaty
roflinnej w poszezegélnych etapach jej postglacjalnej sukeesji. Istotng role
w przemianach rodlinno§ei badanego terenu odegral czlowiek. Wgréd siedmiu
z wyréznionych faz osadniezych najsilniejsze pigtno wywarly 5 i 6 faza osadnicza
(grupa kaszubska kultury huzyckiej i kultura wschodniopomorska) oraz osadni-
ctwo wczesnego §redniowiecza.

Analiza makroszezatkéw ze wszystkich trzech stanowisk umozliwila prze-
§ledzenie hjstorii lokalnej ro§linnofci badanych zbiornik6w sedymentacyjnych.
Wyniki uzyskane z materialéw pochodzacych z rynny Jeziora Zarnowieckiego
wskazuja na brak osadéw zbiornika ancylusowego oraz zatoki litorynowej
na tym terenie. '
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Fig. 22, Macrofossil diagram for bottom sediments of Lake Zarnowiec (profile J. Zar/78). 1 — Organic matter content; 2 — Silica content; 3 -— Pure ash; 4 — Scale showing
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7 — CaCO, content. For other explanations, see text

tissue content; 5 -— Fruit and seed content; 6 — pH;
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Fig. 24. Diatom diagram of the topmost section of the bottom sediment profile from Lake Zarnowiec (det. B. Adanczak). A — diatom species content in ecological groups; B — percentages of dia-
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