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ABSTRACT. The paper describes the results of pollen analysis of the fossil lake sediments in three 
lakes in Bory Tucholskie (Lakes Maly Suszek, Suszek and K~sowo). The investigations continued and 
expanded on the palaeoecological investigations of Lake Wielkie Gacno, (Hjelmroos-Ericsson 1981a, 
1982). On the basis of distinguished local pollen assemblage zones, 11 regional pollen assemblage 
zones are described which cover the period from about 11810 years B.P. to the present day. 

The 10 radiocarbon dates of organogenic sediment of Lake Maly Suszek and comparisons with the 
absolute age of certain events for Wielkie Gacno (23 radiocarbon dates - Hjelmroos 198lb) permit the 
use of a time scale. 

Special attention was paid to the role of man and his interference with the natural vegetation. 7 pe­
riods of human impact was distinguished and all of them are compatible with archaeological data on 
the development of particular cultures in Bory Tucholskie. 
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INTRODUCTION 

The investigations whose results are discussed in the present paper were begun in 
1982 as part of interdepartmental programme R-III-15 "Ecological processes within se­
lected landscape units and their energy balance" and since 1986 have been continued as 
central programme 04.10.01 entitled "Natural foundations of the protection and form a-
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Fig. I. Maps of the Bory Tucholskie region with reference lakes indicated (l - Maly Suszek, 2 - Suszek, 3 -
Kc;sowo, 4 - Wielkie Gacno) 

tion of the natural environment". 
The investigations continued and expanded on the palaeoecological investigations of 

Lake Wielkie Gacno, which also formed part of the above-mentioned departmental pro­
gramme (Hjelmroos-Ericsson 198 la, b, 1982). This lake was a "reference site" in the 
International Geological Correlation Programme (IGCP) 158 B "Palaeohydrological 
changes in the temperate zone in the last 15000 years". The investigations reported in 
this paper became part of that programme in 1987. 

The aim of thus expanded palaeoecological investigations was to deepen knowledge 
about the history of vegetation in this area. Special attention was paid to the role of man 
and his interference with the natural vegetation. Learning about the development of the 
lakes under study and the influence of human activity on trophic changes, comparing the 
results obtained with archaeological data and finally attempting to apply these changes 
to the entire area of Bory Tucholskie (cf. Berglund et. al. 1984) were secondary aims of 
the investigations. The sampling of deposits in the three selected lakes: Suszek, Kesowo 
and Maly Suszek (Fig. 1) was facilitated by the personnel of the Department of Quater­
nary Geology, University of Lund, headed by Professor Bjorn E. Berglund. They were 
twice in Poland in the area of Bory Tucholskie in 1982 and 1983, each time bringing 
their own coring equipment. 

The description of the regional history of vegetation and the interpretation of the 
economic activity of man comprises, in addition to the three mentioned sites (Lakes 
Suszek, Maly Suszek and Kesowo), the results of the investigations of Lake Wielkie 
Gacno (Hjelmroos-Ericsson 198la, 1982). 
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DESCRIPTION OF BORY TUCHOLSKIE AREA 

PHYSIOGRAPHY 

Bory Tucholskie with an area of 2106 km2 (Kondracki 1978) is the greatest woodland 
region in Western Pomerania and one of the greatest in Poland. It lies between two tribu­
taries of the Vistula river, the Wda (Czarna Woda) and the Brda. According to the 
physiographic division of Poland (Kondracki 1978), Bory Tucholskie is a mesoregion in 
the South-Pomeranian Lakeland macroregion. The macroregion is part of the South-Bal­
tic Lakeland sub-province of the Central European Lowland province. 

GEOLOGY AND GEOMORPHOLOGY 

The entire area of Bory Tucholskie lies within the border synclinorium (Galon 1972, 
Augustowski 1977). A sedimentary complex composed of Cambrian, Ordovician and 
Silurian formations rests on the cristallic pre-Cambrian base built mostly of gneiss. 
These are basically sandy, clayey and silty deposits. A reduced structural Permian-Meso­
soic layer lies on Silurian deposits (Augustowski 1977). The Tertiary series is repre­
sented by sea deposits of the Oligocene, mainly fine-grained glauconite sands of very 
small thickness and mineroganic or lake formations of the Miocene such as quartz 
sands, clays and silts. The land period of the Pliocene was marked by an intensive re­
liefs of the pre-Quaternary surface in which an erosion cut of several dozen meters was 
found (Atlas Geologiczny Polski 1986). Quaternary deposits have thickness of 50 m to 
over 200 m (Wilczynski 1973, Augustowski 1977, Mojski 1984). Pleistocene deposits 
are represented by boulder clays, sands, gravels, silts and erratic blocks (Augustowski 
1977). Holocene deposits are present only locally. 

Bory Tucholskie lies in the foreland of end moraines in the area of an outwash plain 
known as the Brda Outwash, formed at the Pommeranian stage of the Baltic Glaciation 
(Galon 1953, 1972, Kondracki 1978, Augustowski 1977). The outwash plain is bent to­
wards the southbound outlet of melt waters and is drained off mainly by the Brda and 
its numerous tributaries. Within the outwash plain a number of moraine islands and pe­
ninsulas have remained (Galon 1953, Augustowski 1977). These are islands: Brusy, 
Radunia, Wiele, Czersk and Gutowiec and peninsulas: Konarzyny and Jarcewo (Fig. 2). 

RELIEF 

Bory Tucholskie lies within the area characterized by young glacial relief in the mor­
phogenetic zone of lake uplands (Galon 1972, Roszko 1973). The outwash plain of Bory 
Tucholskie is diversified by erosion steps and intersected by numerous channel lakes 
(e.g. Lake Charzykowskie, Lake Spierewnik, Lake Ostrowite and others) and tunnel va­
leys partially or completely transformed into river valleys, e.g. the upper Brda (Roszko 
1973). The plain character changes at places into a diversified, even hummocky one, 
owing to the accumulation of greater number of deep kettle-holes. The relative altitudes 
range from 20 m to 30 m (Galon 1953). Small dunes located at the height of 140 m to 
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Fig. 2. Geomorphological map of Bory Tucholskie (acc. Galon 1953) 1 - head moraines of the Pomerania stage, 2 -
moraine uplands, 3 - outwash, 4 - successively younger outwash areas, 5. - accumulation of kettle holes, 6 - river 
and lakes valleys, 7 - valley of the Brda and its tributaries 

145 m a.s.I. are another di\'.ersification of the relief. The dunes were formed in the Late 
Glacial period and partly during the Holocene (Galon 1961, Wasylikowa 1964 ). Ho­
locene dunes were probably connected with human activity (Tobolski 1966, Kozarski 
& Tobolski 1968, Kozarski et al. 1969). 
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WATERS 

Underground waters play the most fundamental role in the water balance of each 
region. Due to the water conditions the area of Bory Tucholskie belongs mainly to type 
A according to Celmer (Celmer & Churski 1973). This type is characterized by the grea­
test retention capabilities in the form of underground water. This is due to the great 
permeability of surface deposits: rainfall water almost entirely infiltrates the ground. Its 
flow to water courses is non-existent or is of local insignificance. The depth of under­
ground water level is only occasionally found at about 2 meters below the surface; nor­
mally it is found at the depth of 4 m or more. A rather dense network of ephemeral 
ditches, numerous small swamps and water reservoirs, so called field ponds and pools is 
found over small areas of flat and wave ground moraines, mainly in the southern part of 
Bory Tucholskie (Celmer & Churski 1973). 

CLIMATE 

The greater part of the Bory Tucholskie area belongs to the Tuchola-Zlot6w Land of 
the Lakeland Climate Region (Romer 1949). The main climatic features of Bory Tuchol­
skie are shown in the climatic diagram (Fig. 3) for the meteorological station in 
Chojnice (after Faltynowicz 1981) and on Fig. 4. 
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Fig. 3. Oimatic diagram (Walter 1955 after Faltynowicz 1981) 

The area surrounding Chojnice lies in the zone of the smallest rainfall in Poland 
(Hohendorf 1973) but in particular years deviations from the average are rather consid­
erable. For example in 1964 the rainfall was 418 mm while in 1970 it was 820 mm 
(Chomicz 1977). Snow covers the ground for 73 days a year on average. The arrival of 
spring is delated and summers are cold due to the great number of lakes. The length of 
the growing season is from 190 to 200 days. There are on average about 30 sunny and 
166 cloudy days (Chomicz 1977) a year. Westerly winds are dominant (according to 
Piasecki after Augustowski 1977, Chomicz 1977). A small annual amplitude of rainfall 
and a greater amount of autumn than spring rainfalls indicates that this area lies within 
the reach of the sea-continental type of atmospheric rainfalls (Kwiecien 1979). 
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~ Investigation area 

Fig. 4. Selected climatic data: A - July isotherms, B - Januaty isotherms, C - annual isotherms, D - annual rainfall 
(after Augustowski 1977) 

SOILS 

The extensive outwash plain of Bory Tucholskie create favourable conditions for the 
development of semipodsols and podsols (Prusinkiewicz 1973). Semipodsols with a 
generally poor degree of podsolization are present in the northern part of the Tuchola 
Plain which borders on end moraines of the Pomeranian stage of the Baltic glaciation. 
Further to the south, the podsol features are more evident. In addition to podsol soils, 
pseudopodsol soils and brown soils are also found (the latter are infrequent) (Fig. 5). 
Pseudopodsols have most frequently formed on the deposits of the flat ground moraine 
while brown soils developed from more or less sandy and decalcified marl clays of the 
wave ground moraine (Prusinkiewicz 1973). 

PRESENT-DAY VEGETATION 

According to Szafer 's ( 1972) geobotanic division the area of Bory Tucholskie is a 
region in the Pomeranian Transitional Belt in the Maritime Plains and Pomeranian Up­
lands which is a part of the Baltic division of the Central European Lowland-Highland 
Province. 

About 45% of the area of Bory Tucholskie is covered by forests (Boinski 1985). 
Forests have survived in habitats which were not suitable for farming because the soil 
was poor and sandy with ground waters at great depths. 

Pinus sylvestris is the dominant tree in Bory Tucholskie. Pine associations have been 
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Fig. 5. A fragment of the soil map of the Bydgoszcz province (acc. Prusinkiewicz and Regel - Toruri 1967). 
A. a compex of podzol ground soils formed from: l - loose unduned sands, 2 - loose duned sands, 3 - poorly clayey 
sands, B. fallow soils formed from: l - clayey light sands, 2 - clayey strong sands, C. brown soils formed from: 
1. - clayey strong sands, 2 - light clays, 3 - medium and heavy clays, D. peat soils 

divided into four complexes: C/adonio-Pinetum, Vaccinio myrtilli-Pinetum, Vaccinio 
uliginosi-Pinetum and Deschampsio-Pinetum (Boinski 1985). Associations of deciduous 
forests are presently found only on banks of lakes, riverside terraces and on the slopes 
of lake channels. They are often formed fragmentarily. Fagus sylvatica forms insular 
complexes at places building phytocenoses Luzulo-F agetum and more often entering the 
fresh forest as a canopy (Faltynowicz 1981 ). A/nus g/utinosa is present alongside the 
water courses and on the banks of peatbogs. Salix, mainly Salix alba and S. fragilis are 
found in similar habitats. Other trees (Acer p/atanoides and A. pseudop/atanus, A/nus 
incana, Fraxinus excelsior, Picea abies, Quercus robur, Q. sessilis, Sorbus aucuparia 
and Tilia cordata) are very sporadic in the area under study. 

Taxus baccata, which as a complex has been preserved only in one natural site in 
Wierzchlas, is a dendrological peculiarity of Bory Tucholskie. Sorbus torminalis finds its 
north-eastern border here (Boinski 1985). The distribution of more important trees, shrubs 
and dwarf shrubs in the area of Bory Tucholskie and adjacent areas is shown in Fig. 6. 

The introduction of pine monocultures to many habitats increased the susceptibility 
of trees to diseases and pests. Due to large gradations of insects (pine-bud moths - in 
1924, pine-bud moths and Tussock-moths in 1981) thousands of hectares of forests were 
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Fig. 6. The distribution of major trees, shrubs and dwarf shrubs in north-eastern Poland (acc. Walas 1973). l -Acer 
pseudoplatanus, 2 - Sorbus Iormina/is, 3 - Linnaea borealis, 4 - Betula humilis, 5 - Fagus sylvatica, 6 - Evonymus 
verrucosa, 7 - Picea exce/sa, 8 - insular sites of this species 

destroyed (Kochler 1971, Fudala 1980 after Faltynowicz 1981). This phenomenon and 
frequent felling of trees are the cause of a relatively young age of the trees. Trees over 
one hundred years old are very rare. 

The vascular flora of Bory Tucholskie, despite an apparent monotony of the land­
scape and poverty of habitats is relatively abundant. On the basis of a number of floris­
tic data (Lisowski, Szafranski & Tobolski 1965, 1966a, 1967a, 1969, 1970, Ceynowa 
& Rejewski 1969, Boinski & Gugnacka-Fiedor 1977, Faltynowicz 1978, Faltynowicz 
& Szmeja 1978, Rejewski 1981, Boinski 1985) the occurence of many vascular plants, 
rare and very rare on the national and regional scale, have been found. This is the site 
of the greatest number of glacial and post-glacial relicts in Poland (Czubinski 1950, 
Walas 1973). They include: Betula humilis, Oxycoccus microcarpus, Nuphar pumilum, 
Carex chordorrhiza, Amica montana, Tofieldia calyculata, Linnaea borealis, Saxifraga 
hirculus, Salix livida, S. myrtilloides. A few rare Atlantic species such as: Elisma natans, 
Lobelia dortmanna, lsoetes /acustris, characteristic of oligotrophic lobe1ia lakes which 
are found in the north-western part of Bory Tucholskie are also worth stressing (Lawry­
nowicz 1964, 1965, Rejewski 1981, Boinski 1985). The floristic composition of these 
lakes is diversified by some interesting and rare taxa of algae (Lu§cinska 1979, Lu§cins­
ka & Oleksowicz 1984). 

THE HISTORY OF SETILEMENT 

Older and middle Stone Age 

The findings from the end of the older Palaeolithic and middle Palaeolithic are ex­
ceptional rarity. The end of late Palaeolithic is characterized by a considerable increase 
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in population in Poland (G(lssowski 1985). First traces of settlement in Pomerania are 
from that time. A rich complex of findings from late Palaeolithic has been found in 
Le§no (Walenta, in print) and Chocimski Mlyn (Bagniewski 1987). These findings are 
connected most probably with the Lyngby culture. 

During early Mesolithic the entire area of river valleys of Polish Lowland was under 
the influence of the Komornice culture (G(lssowski 1985). At the turn of the 7th and 6th 
centuries B.C. the Chojnice-Pienki culture developed. Compact settlement complexes 
from the end of the Mesolithic are present in the lower (near Bydgoszcz) and upper 
(from Tuchola to Swomigacie) Brda. 

Neolithic 

The oldest phase of the Neolithic settlement associated with the spread of the Linnear 
Pottery culture was connected with fertile lands, mainly in river valleys. The northern 
circle of Neolithic cultures was formed as late as in the 4th c. B.C. The areas of Polish 
Lowland were under the influence of the eastern group of Funnel Beaker culture. This 
group developed until the middle of the 3rd century B.C. It was characterized by the 
dominance of breeding economy and a considerable role played by hunting and fishing. 
Cattle and pigs were bred, sheep and goats were marginal (G(lssowski 1985). Ard 
ploughing made the introduction of farming to uplands possible. From the half of the 
3rd century B.C. the Globular Amphorae culture developed and gradually replaced the 
Funnel Beaker culture. The peoples of this culture engaged themselves mainly in breed­
ing which is evidenced by a great number of animal bones found at archaeological sites. 
At the same time representatives of the Corded Ware cultures appeared. 

In the area of Bory Tucholskie the Neolithic sites are mainly connected with the Fun­
nel Beaker culture. 

Bronze Age 

In Poland the Bronze Age is divided into five periods (according to Godlowski 
& Kozlowski 1985): early I (1800-1400 years B.C.), older II (1400--1200 years B.C.), 
middle III (1200-1000 years B.C.), younger IV (1000-800 years B.C.), late V (800-700, 
650 years B.C.). 

The development of the Bronze Age cultures was based on the Corded Ware cultures. 
This feature is typical of the Iwno culture, which appeared at the beginning of the 
Bronze Age. During this culture a special role was played by cattle breeding, which has 
been confirmed by the excavations of great cattle corralls. 

At the tum of the I and II periods of the Bronze Age pre-Lusatian culture developed. 
It was characterized by increased significance of shepherdy what was manifested by the 
appearance of settlements on light soils, often on dunes. This culture developed until the 
13th c. B.C. and gave rise to the western branch of the Lusatian culture. At this time 
farming and breeding developed although collecting, fishing and hunting were still very 
important (Okulicz 1973). Among the grains, millet, wheat and barley were most com­
mon. Rye was sporadic (Godlowski & Kozlowski 1985). Cattle was bred most frequent-
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ly, pigs, sheep, goats and horses were rarer. Traces of the Lusatian settlements were well 
preserved in, for example, Brusy, Le§no, Gl6wczewice, Zalesie and Czam6w (Walenta, 
in print). 

IronAge 

Hallstatt C and D 
The peak development of the Lusatian <:ulture took place in the Hallstatt C period 

followed by its rapid decline. At the beginning of the Hallstatt D period (first half of the 
6th c. B.C.) the Kashubian group of the Lusatian culture transformed into a separate 
culture called Pomeranian or East Pomeranian (Kostrzewski 1966). At the end of this 
period the culture spread to the area of almost entire Pomerania. 

La Tene Period 

A further spread of the Pomeranian culture took place. The sites of this culture are 
grouped in rather dry and fairly high areas (Grzelakowska 1984). The preserved plants 
remains are evidence for the growing of barley, wheat, millet, rye and peas (Godlowski 
& Kozlowski 1985). 

After the disapearance of the Pomeranian culture the settlement in Bory Tucholskie 
was clearly weakened (Walenta, in print) 

Roman Period 

At the beginning of the modem era the Wielbark culture developed and spread over 
the area of almost entire Pomerania. The economy was based on farming and breeding. 
Rye, millet, barley, different varieties of wheat, oats, peas, large beans, flax, hemp and 
most probably vetch, gold-of-pleasure and Tartarian buckwheat were grown. On the 
basis. of an analysis of bone material found in settlements it was concluded that cattle 
was primarily bred. Pigs were less imporant. In addition to intense agricultural produc­
tion various crafts developed (Godlowski & Kozlowski 1985). 

Migration Period 

In the entire area of Pomerania, apart from the costal zone, there are only very few 
traces of late Roman and Migration period settlements. In Bory Tucholskie this is the 
time of the so called settlement emptiness (Walenta, in print). 

Early Middle Ages 

The dating of the earliest materials of the Slavonic culture is difficult. Most probably 
they come from the 6th and the beginning of the 7th centuries. 

The economy was based on agriculture, which decided about the concentration of 
settlement groups in agricultural lands. The proportion of rye and oats in cultivations 
was higher (G(lssowski 1985). Pigs and cattle were most important in breeding (Go­
dlowski & Kozlowski 1985). 

From the 9th till the 12th centuries, due to the political partitioning of the country, 
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the numbers of strongholds increased and open settlements entered the forests (Luka 
1973). Only in medieval RaciCli. castellany there were three strongholds: RaciClZ., Obro­
wo and Gostycyn (Kowalczyk 1986). 

Beginning in the 12th c. in Bory Tucholskie and the entire Pomerania there was a 
frequent forest clearings in order to gain new areas which could be used for agriculture 
and breeding. The population of Bory Tucholskie occupied themselves also with bee­
keeping, hunting and fishing (Boinski 1985, Kowalczyk 1986). 

In the 15th c. the settlement activity was weakened, which was mainly caused by the 
war between Poland and the Teutonic Order. An increase in the number of settlements in 
Bory Tucholskie is again observed in the first half of the 16th c. However, this was the 
beginning of a rapid reduction of forest areas as well as degeneration of forest phyto­
coenoses consisting in the change of the composition of tree species (Boinski 1985). 

The distribution of archaeological sites in the area of Bory Tucholskie (Fig. 7) was 
based on information taken from the catalogue of archaeological sites of the Chair of 
Archaeology at L6di University supplemented by data contained in publications by 
Bagniewski (1987), Kowalczyk (1986) and Grzelakowska (1984). 

METHODS 

SAMPLING TECHNIQUES 

Sampling of sediments from Lakes Suszek and K~sowo was begun in autumn of 1982. Cores were 
taken with a piston corer (described by Livingstone (1955), modified corer described by Wright 
(1967)) and loose surface sediments (0-100 cm) - with a corer described by Digerfeldt and Lettevall 
(1969). Since the bottom parts of the sediments appeared young, in autumn of 1983 new cores were 
taken. A series of deeper sediments from Lakes Suszek and K~sowo were obtained and a complete 
core from Lake Maly Suszek was taken. Bottom parts of the sediments were taken with a peat sampler. 
The cores were then transported in plastic tubes to the Institute of Biology, Nicolaus Copernicus Uni­
versity in Torun and stored in a coolroom at the temperature of 0-5°C. 

Samples for the detailed analyses were taken and stored according to the suggestions recommended 
for project IGCP 158B (Berglund 1979). Samples for dating by the radiocarbon method were taken 
from carbonate-free parts of the sediments of Lake Maly Suszek. These samples (300-350 cm3) were 
taken every 100 cm. 

DESCRIPTION OF SEDIMENTS 

The sediments have been classified on the basis of a system developed by Troels-Smith (1955). 
Also symbols used in stratigraphic collumns of the diagrams follow Troels-Smith (1955). A detailed 
description of the sediments can be found in the separate chapter. 

POLLEN ANALYSIS 

Preparation of the material 

Due to large sedimentation rate, samples for pollen analysis were taken every 10 cm. Only in the 
bottom, late-Glacial and early Holocene, parts of core from Lake Maly Suszek samples were taken 
every 5 cm. This density of sampling was sufficient and satisfied the requirements that time resolution 
of about 100 years between samples be maintained (Digerfeldt 1979). 



A 1 

• 2 

• 3 

• 4 

0 ,t. 5 

0 5 'KJ km 
11 I 11 

Fig. 7. Settlement in Bory Tucholskie: A. Mesolithic, 8000 B.C-? (the Komornice culture and the Chojnice-Piellki culture), B. Neolithic, 4200-1700 B.C. (the Funnel Beaker culture), C. Early Bronze Age 1600-1500 B.C. (the Iwno culture), 

D. IV Bronze Age - Hallstatt C, 1000-600 B.C. (the Lusatian culture), E. Hallstatt - Middle La Tene, 600 B.C. -0 (the Pomeranian culture), F. Rome, 50-300 A. D. (the Wielbark culture), G. Early Middle Ages, 570-1250 A. D. 1 - loose 

finds, tresures, 2 - graves, burian places, 3 - camps, settlement, 4 - castles, 5 - 13th c. settlement 
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Samples were prepared according to a method required by IGCP project 158B (Berglund 1979). 
The concentration of pollen grains in 1 cm3 of the sediment was calculated by the method described 
by Stockmarr (1971, 1973). Two Lycopodium tablets were usually added to each sample: one tablet 
was added to samples from late-Glacial sediments with low frequency of pollen grains. 

At least 1000 pollen grains of trees were counted. In the case of two bottom samples from Lake 
Maly Suszek, due to low frequency, only about 500 pollen grains were counted. 

Presentation of material 

The results of the pollen analysis have been presented as pollen diagrams, constructed in accord­
ance with recommendations made by Berglund and Ralska-Jasiewiczowa (1986). 

Sum of AP+ NAP= 100% was the basis of percentage calculations. Pollen grains of shrubs were 
included in the AP sum and pollen grains and spores of local plants were excluded from the NAP sum. 
The influx value (pollen x cm·2x year·1) was obtained by the multiplication of pollen concentration 
(grains x cm-3) x the sediment deposition rate (cm x year-1). The main pollen diagrams were drawn on 
the depth scale. Diagram A in these diagrams consists of total diagram Al in which also a common 
curve for the components of Quercetum mixtum (Quercus, Ulmus, Tilia, Fraxinus) is placed and dia­
gram A2 which contains curves indicating the percentages and %. values for particular taxa. Herbs are 
arranged according to the principle recommended by Berglund and Ralska-Jasiewiczowa (1986). In 
diagrams B through F the basis for the calculation of the percentage of taxa was the sum of pollen 
grains of terrestrial plants (AP+NAP) + the sum of pollen grains or spores of taxa of a given diagram. 

Diagrams whose aim was to show the economic activity of man were drawn on a time scale, deter­
mined on the basis of uncorrected 14C dates (Lake Maly Suszek) or by the interpolation method. 
Depth-time curves (Fig. 27, 28, 29) were used to determine the scale of radiocarbon years. Curves of 
herbs related to the economic activity of man have been grouped according to Behre (1981) in modi­
fication made by Berglund and Ralska-Jasiewiczowa (1986). The diagrams are completed with a co­
lumn in which periods of more intensive economic activity of man have been marked. In order to 
make the, comparison of the human activity in the vicinity of particular lakes easier, synthetic dia­
grams have been drawn following those drawn by Ralska-Jasiewiczowa for Lake Woryty (Berglund 
& Ralska-Jasiewiczowa 1986). 

Pollen zones 

The diagrams have been divided into biostratigraphic units, characterized by similar pollen spectra. 
These units have been called after Jariczyk-Kopikowa (1987) "poziomy zespo16w pylkowych" and 
correspond to English "pollen assemblage zones" (PAZ). In the opinion of Jariczyk-Kopikowa the 
name of a pollen assemblage zone should be derived from no more than three dominant taxa. In the 
present paper the names of pollen zones are much longer because they have been adopted after Mervi 
Hjelmroos (1981a). 

Local pollen assemblage zones distinquished for Lake Maly Suszek and regional pollen assemblage 
zones distinquished for Bory Tucholskie have been designated as MS and BT, respectively and with 
numbers indicating the position of a given zone, beginning with the bottom of the profile. Pollen 
assemblage zones distinguished for Lakes Suszek and K~sowo have been given numbers of correspon­
ding regional zones. Pollen assemblage zones have been divided into pollen assemblage sub-zones. 

CHARCOALS 

The content of microscopic charcoal fragments in the sediment has been determined in each sample 
by means of five-degree scale, taking into account the degree to which the surface of microscopic 
preparations has been covered. Layers with the greatest number of charcoal fragments have been mar­
ked on synthetic diagrams which depict the economic activity of man. 
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DETERMINATION OF THE RATE OF SEDIMENT ACCUMULATION 

The rate of sediment accumulation is calculated for particular segments of the core; their length is 
divided by the number of years in which they were formed (Fredskild 1973, Birks & Mathews 1978). 

14C dates were the basis for the calculation of the rate of sediment accumulation in Lake Maly 
Suszek. For the remaining two lakes (Suszek and K~sowo), whose sediments could not be determined 
by means of the radiocarbon method, the absolute age of certain event has been determined through 
comparisons. When analysing the curves of trees in the diagrams for Lakes Maly Suszek, Suszek, 
K~sowo and Wielkie Gacno (Hjelmroos-Ericsson 1981a, b) it was found that certain events are repre­
sented in the diagrams in the same way and probably occurred at the same time. It was assumed that 
the following events meet the above criteria: the first drop of Ulmus curve - 5100 years B.P. and 
changes in the Carpinus curve: 3700, 2850, 2000, 1300, 750 years B.P. (cf. Tab. 6). tHE age of this 
events, determined by the interpolation method became the basis of the calculation of the rate of sedi­
ment accumulation. 

NUMERICAL ANALYSES 

Numerical analyses have been done only for palynological data from the Lake Maly Suszek, which 
was accepted as reference site for programme IGCP 158B. 

The analyses were done at the Institute of Physics of Silesian Polytechnic in Gliwice by Dr Adam 
Walanus. The programs were written on the basis of algorithms described by Birks & Gordon (1985). 
The analysis comprised taxons which constitute at least 2% of the pollen spectrum in each sample. 
Taxons which are significant only locally, such as Sphagnum, Polypodiaceae, have been excluded 
from the analysis. The analysis were done by ZONATION programme which consisted with three 
subroutines: CONSLINK, SPLITSQ and SPLITINF. The CONSLINK subroutine is based on the nu­
merical measure of probability between two samples. Its work consists in successive connecting 
neighbouring zones or neighbouring groups of zones connected earlier. The results of the calculations 
are presented as a dendrogram. The zones are joined by a brace: the more dissimilar they are, the 
higher the brace. The work of SPLITSQ and SPLITNF subroutines consists in successive dividing of 
the profile into smaller segments. It was assumed to perform a number of divisions equal to one fourth 
of the number of samples. This gives series of the division of a sequence of samples marked with lines 
of different lengths. The length of the lines is proportional to the scatter expressed in percentage valu­
es. The greater the number defining the scatter (in %) and the longer the line along the vertical line on 
the left side of the dendrogram, the greater the significance of the division. In order to determine 
mutual correlations and anticorrelations, a PCA (principal components analysis) program has been 
used in which taxons are not arranged one with the other into so called main components, not correla­
ted among themselves. The greatest amount of information is contained in the first component (usual­
ly about 80% of the information contained in the entire diagram). Numbers defining the percentage of 
particular taxons in the main components provide information on the role each taxon performs in 
defining a given component and on the mutual correlation between taxons. 

DIATOM ANALYSIS 

Samples for the diatom analysis were taken on average every 20 cm and only in the late-Glacial 
and early Holocene parts of the core from Lake Maly Suszek every 5 and 10 cm. All diatom analyses 
were performed by Dr Boi.ena Bogaczewicz-Adamczak. The results are the subject of a separate pub­
lication on the development of the lakes under investigation (Bogaczewicz-Adamczak 1990). The pre­
sent contains only the curve of water level changes in the lakes (Fig. 17). 

CLADOCERA ANALYSIS 

This analysis comprised only samples taken from the sediments of Lake Suszek. The Cladocera 
analysis was performed by Dr Krystyna Szeroczynska. In the present paper the results are presented 
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only as the information about water level changes and the eutrophication of the lake (Fig. 17). Detai­
led results of Cladocera analysis are described separately (Szeroczynska 1991). 

PHYSICO-CHEMICAL ANALYSES 

Samples of the deposit (volume 10 cm3) taken every 10 cm were used in the analyses. The analyses 
were performed mostly by Urszula K~pinska M.Sc. in accordance with the recommendations of IGCP 
- project 158 (Bengstsson 1979). They comprised the determination of the bulk density (g/cm3), the 
humidity of the deposit, the contents of organic matter and the contents of carbonates. The content of 
the organic matter and carbonates has been given as the percentage of dry mass of the deposit. The 
results have been presented as diagrams (Figs. 30, 31, 32). Detailed results of these investigations will 
be discussed separately. 

DESCRIPTION OF THE LAKES 

In accordance with the assumptions made earlier lakes situated in the central, 
forested part of Bory Tucholskie (Lakes Suszek and Maly Suszek) and that lying beyond 
the present forest border (Lake K~sowo) (Fig. 1) have been selected for detailed pa­
laeoecological investigations. 

Lake Maly Suszek (53°43'32"N, 17°46'22"E) fills small kettle hole lying at the alti­
tude of 115 m a.s.l. (Fig. 8). It represents a typical dystrophic lake, surrounded by a 
peatbog with a clear structure of hummocks and hollows and a well formed lagg. The 
bestdeveloped part of the peatbog is on north-eastern part of the lake where it borders 
on a swamp pine forest (Vaccinia uliginasi-Pinetum), which then changes into fresh pine 
forest (Vaccinia myrtilli-Pinetum). On the southern and south-eastern side behind the 
peatbog lagg there are meadows and arable lands. Floating mat enters the surface, leav­
ing empty space of about 40 m in diameter. 

The core was taken in the north-eastern part of the lake, right at the border of floating 
mat and the water surface. The thickness of the Sphagnum peat layer was 45 cm and the 

Fig. 8. Lake Suszek and Lake Maly Suszek. x - coring points for the sediment sampling 
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depth of the water - 65 cm. The attempt to collect about 40 cm of loose surface sedi­
ments was not successful. Sediments were taken from 105 to 1323 cm. 

Core description: 
Layer no Depth (cm) Description of sediment 

8 105-180 coarse detritus gyttja with remains of plants, strongly 
hydrated, dark brown: Db 2, Dg 1, Ld l, nig 2, strf 0, 
elas 1, sicc 1, lim 0, humo 1 

7 180-240 coarse detritus gyttja with remains of plants, dark 
brown; DI 1, Db 1, Dg 1, Ld11, nig 2, strf 0, elas 1, 
sicc 2, lim 0, humo 1 

6 240-525 medium detritus gyttja with remains of plants, light 
brown: Ld23, Db 1, Dg +, nig 2, strf 0, elas 2, sicc 1-2, 
lim 0, humo 2 

5 525-1088 fine detritus gyttja with remains of plants, light brown 
turning to dark brown downwards; Upper part: Ld23, 
Dh l, bottom part: Ld33, Db 1, nig 2-3, strf 0, elas 2, 
sicc 1-2, lim 0, humo 3 

4 1088-1135 fine detritus gyttja with carbonates single sand grains, 
dark brown-gray; Ld32, Le 1, Db 1, Ga +, nig 2, strf 0, 
elas 1, sicc 2, lim 0, humo 3 

3 1135-1273 calcareous gyttja with remains of plants and some 
sands, light gray with a few dark zones; Le 3, Ld31, 
Db+, Ga+, nig 1-2, strf 0, elas 1, sicc 2, lim 0, humo 3 

2 1273-1286 moss peat, dark brown: Tb34, nig 3-4 strf 0, elas 1, 
sicc 3, lim 0, humo 2 

1 1286-1323 sand light gray: Ga+, Gs 4, nig 2, strf 0, elas 0, sicc 3, 
lim 1 

Lake Suszek (53°43'1"N, 17°46'2"E) lies at the altitude of 114 m a.s.l.. This is a 
channel lake with a flow located in pradolina (melt water channel) running from NE to 
SW and belongs to the catchment area of Raci&ska Struga-Brda-Vistula (Materials of the 
Institute of Inland Fishing - Materialy Instytutu Rybactwa Srodlcidowego 1957). The 
area of the water surface is 11 hactares (Katalog Jezior Polski 1954 ), its maximum 
length is 650 m and maximum width - 200 m. The depth of the lake in its central part 
is 4-6 m. The lake is mostly surrounded by fresh pine forest (Vaccinio myrtilli-Pinetum) 
and adjoined by meadows on the northern and southern sides and arable lands on the 
south-western part. Remaines of deserted village of Spierewnik are found south-east of 
the lake. The shores of the lake are overgrown mainly by A/nus glutinosa with Quercus 
sessilis, Frangula a/nus, Fraxinus excelsior, Betula pubescens, Sorbus aucuparia and 
Viburnum opulus. Shores on the eastern and western sides are rather steep and have 
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terrace levels. The littoral is formed by a belt of rushes with Phragmites communis and 
Typha latifolia which are adjoined, mainly in the northern and southern parts, by patches 
of Myriophyllo-Nupharetum (cf. Nuphareto-Nymphaetum albae Rejewski 1981). 

At the coring site (Fig. 8) the water depth was 4.45 m. The core was taken in two 
parts: from the depth of 445 cm to 1270 cm and from 1200 cm to 1700 cm. 

Core description: 

Layer no Depth (cm) 

4 445-493 

3 493-732 

2 732-931 

1 931-1700 

Description of sediment 

fine detritus gyttja, rich in sulphides, black with a few 
levels of detritus gyttja: Ld33, Dg l, Le +, nig 3-4, 
strf 0, elas 2, sicc 1, lim 0, humo 3 
fine detritus gyttja with carbonate concretions and 
remains of plants, greenish-brown; Ld23, Le 1, Dg +, 
nig 2, strf 0, elas 1, sicc 2, lim 0, humo 4 
algal gyttja with carbonate concre tions, dark greenish­
black; Ld32, Ld (Algae) 2, Le +, nig 3, strf 0, elas 2, 
sicc 2, lim 0, humo 4 
algal gyttja with carbonate concretions, slightly clayey, 
dark greenish-brown; Ld2 1, Ld(Algae) 2, Le 1, (Ac 
+ Ag) +, nig 2-3, strf 0, elas 2, sicc 2, lim 0, humo 4 

Lake Kesowo (53°33'6"N, 17°43'4"E) at the altitude of 111.6 m a.s.l. (Katalog Jezior 
Polski 1954) is also a channel lake located in a pradolina facing the same direction as 
Lake Suszek and belonging to the catchment of Kicz-Brda-Vistula. It is surrounded by 
arable lands and meadows with the village of Kesowo adjoining its NE bank. The area 
of the water surface is 23.7 ha, the shoreline is 2075 m, the maximum length of the lake 
is 750 m, maximum width - 430 m and maximum depth -7.5 m (IRS Materials 1957). 
The bathymetry of the lake is shown in Fig. 9. 

Small fragments of alluvial forest with dominant A/nus glutinosa, abundant zone of 
shrubs (Sambucus nigra, Viburnum opulus, Frangula a/nus, Cory/us avellana) and 
diversified undergrowth (among others; Humulus lupulus, Myosotis palustris, Scrophu­
laria nodosa, Equisetum sylvaticum, Eupatorium cannabinum, Carlina vulgaris) are 
found on the eastern bank of the lake. A belt of rushes built mainly of Phragmites com­
munis, Schoenoplectus lacustris, Acorus calamus and Typha angustifolia is well de­
veloped. It occupies 1.6 ha, which constitutes 6.7% of the water surface area (IRS 
materials 1957). Myriophyllo-Nupharetum association neighbours the rushes which is an 
indication of great fertility of water and advanced stage of the lake ageing (Rejewski 1981 ). 

The sediment core was not taken in the deepest part of the lake but in the northern 
bay (Fig. 9), where the depth was 3.7 m. The first part of the core was taken at the depth 
of 372 cm to 900 cm and the other from 800 cm to 1500 cm. 
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Fig. 9. Bathymetric sketch of Lake Ki;sowo. X - coring point for the sediment sampling 

Core description: 

Layer no Depth (cm) 

7 372-410 

6 410-445 

5 445-537 

4 537-895 

3 895-1140 

Description of sediment 

clayey gyttja, strongly hydrated with remains of plants, 
black gray; Ld32, Le 1, Dh 1, (As + Ag) +, nig 3-4, 
strf 0, elas 2, sicc 1, lim 0 humo 2 

clayey gyttja with carbonates, black gray; Ld32, Le 1, 
(As + Ag) 1, Dh +, nig 3, strf 0, elas 1, sicc 2. lim 0, 
humo 3 

clayey gyttja with plant remains, dark grayish-green 
with some darker zones; Ld23, Le 1, (As +Ag) +, Dg +, 
nig 2-3, strf 0, etas 1, sicc 2, lim 0, humo 4 

clayey gyttja with plant remains and pieces of shells, 
grayish - green turning to brown-gray down- wards, 
720 cm - charcoal, 750-810 cm fewer shells: Ld22, Le 
2, (As+Ag) +, Dg +, [part. test(moll)], nig 2-3, strf 0, 
elas 1, sicc 2, Jim 0, humo 4 

clayey gyttja with carbonate concretions, gray; Ld22, 
Le 2, Dg +, (As + Ag) +, nig 2, strf 0, elas 1, sicc 2, 
Jim 0, humo 4 . 
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clayey gyttja with ferric concretions, brown-gray; Ld22, 
Le 2, (As + Ag) +, nig 3, strf 0, elas 1, sicc 2, lim 0, 
humo 4 
clayey gyttja black gray; Ld23 Le 1, (As+ Ag)+, nig 3, 
strf 0, elas 1, sicc 2, lim 0, humo 4 

14CDATING 

Sediments of Lakes Suszek and Kesowo did not lend themselves to datings by the 
14C method. Only the carbonate-free part of the sediment of Lake Maly Suszek was 
proper material for radiocarbon dating. 

The datings were done in 14C Laboratory of the Institute of Physics, Silesian Poly­
technic in Gliwice (9 samples) and at the Laboratory of Radiological Datings of the 
Department of Quaternary Geology in Lund (1 sample). The age of the samples is given 
in the conventional radiocarbon scale B.P. "Oxalic Acid NBS" was used as a standard of 
14C activity. Sample ages were calculated assuming half-life of the 14C isotope to be 
5568 years. The results are given in Tab. 1. 

Table 1. Radiocarbon dates 

Sample 

Dystrof 
8 

Dystrof 
7 

Dystrof 
6 

Dystrof 
5 

Dystrof 
4 

Dystrof 
3 

Dystrof 
2 

Description 

medium detritus gyttja almost at the 
boundary MS9/MS10, at the decre ase 
of Cory/us 

medium detritus gyttja, bottom part of 
MS9, slightly above the beginning of 
Carpinus, beginning of decrease in Co-
ry/us, slightly below the definite decre-
ase in U/mus and beginning of Fagus 

medium detritus gyttja, upper part of 
MS8, below MS8:1/MS8:2, slightly 
above the decrease in Fraxinus 

fine detritus gyttja, bottom part of MS8, 
decrease in Tilia, slightly before the de-
crease in U/mus, beginning of the incre-
ase in Cory/us 

fine detritus gyttja, upper part of MS7, 
below the boundary MS 8:1/MS8:2, in-
significant decrease in A/nus and incre-
ase in Quercus 

fine detritus gyttja, bottom part of MS7, 
slightly above the beginning of Tilia and 
Fraxinus, an increase in U/mus and 
Quercus 

fine detritus gyttja, upper part of MS6, 
minimum Pinus, a decrease in Alrnts 

Depth No of 
Age B.P. 

(cm) measurement 

240-250 Gd-2673 2230± 100 

350-360 Gd-4147 3570± 120 

450-460 Gd-4146 4210±80 

545-555 Gd-2688 5310± 120 

645-655 Gd-2690 5740± 120 

745-755 Gd-2687 7180±130 

845-855 Gd-2681 7850±140 
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Table 1. Continued 

Sample 

Dystrof 
9 

Dystrof 
1 

Suszek 
bog 

Description 

fine detritus gyttja, beginning of MS6, a 
clear increase in A/nus and Quercus, a 
decrease in Cory/us, slightly before the 
beginning of Fraxinus 

fine detritus gyttja, middle of MS5, be­
ginning of A/nus and U/mus, slightly 
above Quercus, a clear increase in Cory­
/us 

moss peat MSI, maximum Cyperaceae, 
upper part of MSI, maximum Cypera­
ceae 

Depth 
(an) 

945-955 

1045-1055 

1273-1275 

No of 
measurement 

Gd-2678 

Gd-2686 

Lu-2296 

Age B.P. 

8900± 170 

9320± 180 

11810± 140 

Samples of sediments sent to 14C Laboratory in Gliwice for analysis were called Dys­
trof, as this was the working name given to this small unnamed lake. The name was later 
changed to Maly Suszek because of the vicinity of Lake Suszek in about 200 m distance. 

VEGETATION HISTORY 

LOCAL POLLEN ASSEMBLAGE ZONES 

A complete sequence of the local pollen assemblage zones, beginning in pre-Aller!<Xl, 
was distinguished on the basis of the diagram of Lake Maly Suszek (Fig. 10). The cores 
of sediments from Lakes Suszek (Fig. 11) and K~sowo (Fig. 12) comprise a much shor­
ter period of time and contain only younger zones (cf. Tab. 5). The maximum and mean 
pollen percentages of selected taxons in pollen assemblage zones from particular sites 
have been shown in Tab. 2). 

Lake Maly Suszek (Fig. 10) * 

MS 1 Pinus-Cyperaceae 1 paz (1285-1280 cm) 

Description: A clear decrease in Pinus pollen, the percentage of Cyperaceae increases 
to 51 %. About 2% of Salix and 9% of Betula, Gramineae ranges between 4 and 9%. 
Few Artemisia pollen grains. 

Top boundary: A rapid decrease in Cyperaceae and an increase in Pinus. 
Age: Pre-Allenzld. The zone has been dated at 14C 11810±140 years B.P.(Lu 2296) 
Sediment: Moss peat containing Camptothecium nitens, Brachythecium sp. and one 

leaf of Sphagnum sp. (anal. Dr U. Boinska). 

• Fig. 10 under the cover 
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Table 2. Maximum and mean percentage values of selected taxa in distinguished pollen assemblage zones 

Pollen assemblage zones Taxons 

I. Pinus-Cyperaceae 
Pin us 
Cyperaceae 
Betula 

2. Pinus-Betula-Gram.ineae 
Pin us 
Betula 
Gramineae 

3. Juniperus-Gramineae 
Cyperaceae-Artemisia Juniperus 

Gramineae 
Cyperaceae 
Artemisia 
Pinus 
Betula 

4. Pinus-Betula 
Pin us 
Betula 

5. Pinus-Betula-Corylus 
Pinus 
Betula 
Corylus 
Quercus 
Ulm.us 
Alnus 

6. Pinus-Betula-Corylus 
Al nus Pinus 

Betula 
Corylus 
Al nus 
Quercus 
Ulm.us 

7. Pinus-Betula-Corylus-
Alnus-Ulmus Pinus 

Betula 
Corylus 
Al nus 
Ulm.us 
Que re us 
Tilia 
Fraxinus 

8. Pinus-Betula-Quercus-
Corylus-Alnus Pinus 

Betula 
Que re us 
Corylus 
Alnus 
Ulmus 
Tilia 
Fraxinus 

9. Pinus-Betula-Alnus-
Carpinus Pin us 

Betula 
Al nus 
Carpinus 
Que re us 
Tilia 
Fraxinus 
Corylus 
Ulm us 

10. Pinus-Betula-Alnus 
Carpinus-Fagus Pinus 

Betula 
Al nus 
Carpinus 
Fagus 
Que re us 
Corylus 

11. Pinus 
Pinus 
Quercus 
Gramineae 
Betula 
Alnus 

Maly Suszek 
max % mean % 

-11800 B.P. 
71.8 48.9 
51.3 31.0 
IO. I 9. I 

11800-11200 B.P. 
63. 7 54.2 
36. I 26.2 
I5.9 IO. I 

11200-I0150 B.P. 
I8.6 4.8 
I7.8 I0.6 
I2. 7 4.7 
9.6 3.6 

59.2 33.0 
55.3 39.6 

IOI50- 9700 B.P. 
46.9 39.9 
52. 7 45. 7 

9700- 8950 B.P. 
57 .o 46.8 
38.I 27. I 
I9. 7 11.8 
2.4 0.9 
3. I I. 3 
5.2 0.9 

8950- 7300 B.P. 
45.9 23. 7 
38.0 26. 7 
I3.9 10.4 
28.0. 22.0 
8.8 4.9 
4.4 2.6 

7300- 5500 B.P. 
28.6 23.0 
31.4 26.4 
I2. 3 8.6 
25.9 18.8 
5.0 3.4 

I2. l 8. 7 
2.8 1.5 
2.8 1.6 

5500- 3700 B.P. 
33. 7 23.2 
34.2 25. 2 
I6.3 I2.3 
I9. I 13.6 
I9. 2 15.1 
3.6 1. 7 
4. I I. 9 
2.0 1.0 

3700- 2150 B.P. 
33.3 25.4 
3I.4 27 .o 
I9. 2 I5. 7 

7. 7 3. 7 
I4.2 I0.8 
I. 7 0.9 
1.0 0.6 

I5.0 8. I 
2.2 0.7 

2150- 750 B.P. 
36.5 28. 7 
37. I 28.2 
16.1 12.3 
I6.3 7.3 
3.6 2.0 

11.9 9.6 
4.6 3.4 

750 B.P. -
54.6 51. I 
5.9 4.5 
8.9 5. 7 

I4.9 I2.3 
8.2 5.5 

Suszek Kesowo 
max % mean % max % mean % 
·-------------------------

- 5500 B.P. 
28. 7 26. 2 
29. 8 26. 5 

7. 9 6.1 
21. 7 19.4 
4.4 3.3 

10. 7 9. I 
2.0 I. l 
2. 5 I. 5 

- 3650 B.P. 5500- 3650 B.P. 
30.6 23.9 36. 3 22.4 
20.0 I5.5 32.5 24.5 
I6.8 I3. 7 I8.2 12.3 
13.4 8.9 14. 2 9.1 
33.9 27. I 23. 5 19.3 
I.8 0.8 3. 9 I. 9 
4.9 2.5 2. 8 1.8 
2.3 1.4 2.6 I. 6 

3650- 2150 B.P. 3650- 2I50 B.P. 
45.6 33.3 46.8 28.5 
24. 7 I7 .6 25.5 I9.5 
31. 7 26.3 29. 5 20.2 
5.2 2.0 5.2 2.3 

I6. 7 7,9 I5. 9 9.1 
3.8 I. 2 3.6 1.0 
2.4 0.9 2. 7 1.0 
7.9 4.3 20. 7 6.4 
1. 9 0.6 2.2 0. 7 

2150- 750 B.P. 2150- 750 B.P. 
46.9 34.I 40.6 27. 5 
27. 6 17 .1 34.9 I8. l 
28.9 20.6 26.4 I7 .4 
I8.3 5.5 I2.6 5.0 
1.8 0.9 2.0 1.1 

13.6 8.5 I9.9 10.I 
5.5 2.5 6.2 3.5 

750 B.P. - 750 B.P. -
60.3 50.0 39.4 31.2 
4.8 2.5 5.8 2.9 

16.5 9.3 15.0 I2.4 
8. 7 6. 7 9. I 6.1 

I2.8 9.3 16.4 9.3 
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MS 2 Pinus-Betula-Gramineae l paz (1280-1220 cm) 

Description: High values of Pinus and Betula pollen. A small decrease of Juniperus 
and Salix in the middle part of the zone and an increase at its end. A decrease in Cyper­
aceae from about 18% to below 5%. Gramineae have maximum values in the middle 
part of zone when the percentage curve of Artemisia appears. 

Top boundary: A clear increase in the values of Juniperus, Gramineae, Artemisia and 
Cyperaceae. 

Age: Aller0d 
Sediment: Calcareous gyttja with remains of plants, slightly sandy 

MS 3 Juniperus-Gramineae-Cyperaceae-Artemisia l paz (1220- 1125 cm) 

Description: In the initial phase of the zone a decrease in Pinus pollen. The growing 
percentage of Betula; in the middle part its rapid decrease. High percentage of NAP, 
mainly Artemisia, Cyperaceae, Gramineae, Chenopodiaceae, Rumex and of shrubs -
Salix and Juniperus. 

Top boundary: A clear decrease in the taxa dominant in the zone and at the beginning 
of a continuous U/mus pollen curve and percentage Cory/us curve. 

Division: Two subzones have been distinguished in this zone: 

MS 3:1 Juniperus l pa subz (1220-1190 cm) 

The subzone is characterized by the highest content of Juniperus pollen in the entire 
profile. A decrease in Pinus and increase in Betula. A high curve of NAP (about 35%). 
The top boundary is in the place of a decrease in Juniperus pollen. 

MS 3:2 Pinus-Betula l pa subz (1190-1125 cm) 

A gradual decrease in the values of taxa characteristic of the first subzone. A tempor­
ary decrease in Betula and an increase in Pinus pollen. Slight increase of Ulmus and 
Cory/us pollen curves. The top boundary is at the same time the boundary of the zone. 

Age: The end of Aller0d and Younger Dryas. 
Sediment: Calcareous gyttja, sandy, with plant remains. The top part of the zone 

corresponds almost to the boundary between lithological layers. 

MS 4 Pinus-Betula l paz (1125-1100 cm) 

Description: Almost equal values of Pinus and Betula pollen. Cory/us percentages 
below 5%. Continuous curve of Ulmus, single Quercus and A/nus pollen, 1-2% of 
Juniperus. 

Top boundary: Changes in pollen curves of Pinus and Betula and a clear increase in 
Cory/us. 

Age: The end of Younger Dryas and beginning of the early Pre-Boreal period. 
Sediment: Fine detritus gyttja with carbonates and single sand grains. 
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MS 5 Pinus-Betula-Corylus I paz (1100-970 cm) 

Description: Pinus pollen is dominant (35-55%), while values of Betula gradually 
decrease from about 40% to about 20%. Cory/us increases to about 20%. Continuous 
curve of Juniperus and Cyperaceae disappear. 

Top boundary: An increase in A/nus and decrease in Cory/us pollen curves. 
Division: The zone has been divided into two subzones: 

MS 5:1 Ulmus I pa subz (1100-1040 cm) 

An increase in the amount of Ulmus pollen to percentage values. The highest percent­
age of Pinus and a decline of Betula pollen curves. Top boundary - the disappearance of 
the continuous curve of Juniperus, beginning of the percentage A/nus curve. 

MS 5:2 Ulmus-Quercus-Alnus l pa subz (1040-970 cm) 

Pinus and Betula have more or less constant values. An increase in Ulmus and Quer­
cus pollen (to 2.4%). A/nus appears and reaches values of about 10% at the end of the 
subzone. The top boundary overlaps the zone boundary. 

Age: The middle part of the zone has been 14C dated at 9320 ± 180 years B.P. (Gd 
2686). The entire zone comprises the end of the early and late Pre-Boreal period. 

Sediment: Fine detritus gyttja with carbonates and some sand changing upwards into 
fine detritus gyttja without carbonates. 

MS 6 Pinus-Betula-Corylus-Alnus l paz (970-770 cm) 

Description: Values of Pinus decreases from 45% at the beginning of the zone to 10% 
at its end. Betula increases to 38%. In the middle part of this l paz A/nus reaches its 
absolute maximum (28%). Continuous curves of Fraxinus and Tilia appear. 

Top boundary: The increase of Quercus values, beginning of percentage pollen cur­
ves of Fraxinus and Tilia. 

Division: The zone is divided into the following subzones: 

MS 6:1 Ulmus-Quercus l pa subz (970-930 cm) 

Similar values of Ulmus and Quercus. Top boundary - an increase in the Quercus 
value. 

MS 6:2 Quercus-Ulmus l pa subz (930-770 cm) 

Quercus is clearly dominant over Ulmus. The significance of Betula and Juniperus 
increases. The top boundary of the subzone corresponds with the zone boundary. 

Age: The bottom part of the zone has been 14C dated at 8900±170 years B.P. (Gd 
2678). The entire zone corresponds to the Boreal period and the early Atlantic period. 

Sediment: Fine detritus gyttja with plant remains. 

MS 7 Pinus-Betula-Corylus-Alnus-Ulmus I paz (770-590 cm) 

Description: More or less constant values of Pinus and Betula. Fraxinus and Tilia 
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have continuous percentage curves although with a slightly changing values. 
Top boundary: An increase in values of Quercus and Pinus, and a clear decrease in 

Betula. 
Division: Two subzones have been distinguished within this zone: 

MS 7:1 Quercus-Tilia-Fraxinus l pa subz (770--610 cm) 

Constant large amounts of Quercus with the maximum in the middle part of the sub­
zone. A simultaneous increase in the pollen values of Cory/us, Gramineae and Fraxinus. 
The top boundary is determined by an decrease in the values of Pinus pollen and an 
increase of Tilia, Cory/us and Quercus pollen curves. 

MS 7:2 Quercus-Tilia I pa subz (610-590 cm) 

Pinus curve has lower values than Betula. Pollen curves of Cory/us, Quercus and 
Tilia increase insignificantly, the amounts of Fraxinus pollen clearly decrease. 

Age: The bottom part of the zone has been dated at 7180±130 years B.P. (Gd 2687) 
and the top part at 5740±120 years B.P. (Gd 2690), i.e. the entire zone is within the time 
interval from the early to the middle of the late Atlantic period. 

Sediment: Fine detritus gyttja. 

MS 8 Pinus-Betula-Quercus-Corylus-Alnus I paz (590-370 cm) 

Description: Values of Pinus pollen range between 27% and 35%. A considerable per­
centage values of Quercus, Cory/us and A/nus. At the end of the zone a decrease in the 
amount of Fraxinus and Ulmus pollen. Small amounts of Carpinus and Fagus pollen 
appear. Low NAP values. 

Top boundary: The beginning of the percentage curve of Carpinus. 
Division: The zone is divided into two subzones: 

MS 8:1 Ulmus-Tilia-Fraxinus I pa subz (590-430 cm) 

In the middle part - an increase in Cory/us pollen and depression of Ulmus curve. 
The top boundary has been placed at the decrease of Fraxinus curve. 

MS 8:2 Ulmus-Tilia I pa subz (430-370 cm) 

Small amounts of Tilia pollen (1-3%) and large - of Cory/us and Quercus (19%). In 
the middle part of the subzone the Ulmus pollen curve is broken and the percentage 
values of A/nus increase to about 5%. The top boundary overlaps the boundary of the 
zone. 

Age: The zone has two 14C dates: in the bottom part - 5300±120 years B.P. (Gd 
2688) and in the top part - 4210±80 years B.P. (Gd 4146). The entire zone corresponds 
to the end of the Atlantic period and the early and partly the middle Sub-Boreal period. 

Sediments: Fine detritus gyttja changing to medium detritus gyttja. 
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MS 9 Pinus-Betula-Alnus-Carpinus 1 paz (370-240 cm) 

Desription: A gradual decrease in Cory/us and Ulmus pollen values. Almost a com­
plete regress of Fraxinus and Tilia pollen in the middle part of the zone. An increase in 
Carpinus and Fagus. At the end of the zone especially, pollen grains of plants connected 
with the economic activity of man appear in greater amounts. 

Top boundary: Equal values of Pinus and Betula (30%) and an decrease in Quercus 
and Cory/us curves and an increase in Carpinus pollen. 

Division: Two subzones have been distinguished within this zone: 

MS 9:1Quercus-Tilia-Corylus1 pa subz (370-300 cm) 

Large amounts of Quercus and A/nus pollen. An increase in Carpinus pollen curve. 
The top boundary is connected with the disappearance of continuous pollen curves of 
Tilia and Fraxinus, maximum of Carpinus pollen and the beginning of the percentage 
curve of Fagus. 

MS 9:2 Quercus-Corylus-Fagus 1 pa subz (300-240 cm) 

High constant pollen values of A/nus (about 15%), Quercus (about 10%) and Carpi­
nus (6%). A percentage curve of Fagus. The top boundary overlaps the zone boudary. 

Age: The bottom part of the zone has been dated at 3570±120 years B.P. (Gd 4147) 
and the top part at 2230±100 years B.P. (Gd 2673). The entire extends between the 
middle Sub-Boreal period and the early Sub-Atlantic period. 

Sediment: Medium detritus gyttja. The top boundary overlaps that between medium 
and coarse detritus gyttja. 

MS 10 Pinus-Betula-Alnus-Carpinus-Fraxinus 1 paz (240-150 cm) 

Description: Changing values of Pinus and Betula with a clear dominance of Pinus at 
the end of the zone. A large amounts of Quercus and A/nus pollen. An absolute maxi­
mum of Carpinus pollen values in the middle part of the zone together with an increease 
in Fagus curve. Sporadic occurrence of Ulmus, Tilia and Fraxinus pollen. 

Top boundary: The clear decrease in Carpinus, Fagus, Quercus and A/nus pollen cur­
ves and an increase in Pinus. 

Division: The zone is divided into two pollen assemblage subzones: 

MS 10:1 Quercus-Corylus 1 pa subz (240-190 cm) 

High values of Quercus and in the middle part - of Betula pollen. The top boundary 
has been drawn at the absolute maximum of Carpinus. 

MS 10:2Quercus1 pa subz (190-150 cm) 

A decrease in the values of Betula pollen and other deciduous trees. An increase in 
NAP values, especially Gramineae, Cerealia and Rumex. The top boundary of the sub­
zone is at the same time the boundary of the entire zone. 

Age: The zone corresponds to the end of the early, middle and the beginning of the 
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late Sub-Atlantic period. 
Sediment: Coarse detritus gyttja. 

MS 11 Pinus l paz (150-105 cm) 

Description: The absolute dominance of l'inus pollen. The amounts of Quercus pollen 
decrease from 7% to 1 %, Betula from 25% to 10%, Carpinus from 3% to 1 %. Simulta­
neously values of NAP increase, especially those of Gramineae, Cerealia, weeds of 
arable lands and meadows. 

Top boundary: The surface sediment sample. 
Division: Two subzones have been distinguished in the zone: 

MS 11: 1 Quercus-Pinus l pa subz ( 150-110 cm) 

High values of Pinus pollen (50-60%). The top boundary has been drawn at a de­
crease in Quercus and Pinus pollen curves and an increase of the amount of NAP 

MS 11:2 Pinus l pa subz (110-105 cm) 

Absolute dominance of Pinus pollen (45-50%). Age: The end of the Sub-Atlantic 
period 

Sediment: Coarse detritus gyttja, strongly hydrated. 

Lake Suszek (Fig. 11)* 

8 Pinus-Betula-Quercus-Corylus-Alnus l paz (1680-1465 cm) 

Description: Pin us pollen in the amount from 18 % to 31 % and Betula from 9% to 
21 %. Quercus has absolute maximum (15-17%) in the middle part of the zone. Cory/us 
curve ranges from 9% to 14%. 

Top boundary: Percentage curve of Carpinus and an decrease in Cory/us pollen. 
Division: Two subzones have been distinguished in this zone: 

8:1 Ulmus-Tilia-Fraxinus l pa subz (1680-1545 cm) 

Changing values of Pinus (18-28%) and Betula (13-21 %) curves. Large amounts of 
Alnus, Cory/us and Quercus pollen. Small, values of Tilia, Fraxinus and Ulmus pollen 
curves. The top boundary is determined by the decrease of the Quercus and Ulmus 
values. 

8:2 Tilia-Fraxinus I pa subz (1545-1465 cm) 

Constant amounts of Pinus pollen (26-30%). Low but constant values of Fraxinus 
(l-2%) and more variable amounts of Tilia (l.3-4.0%) pollen curves .. The top boundary 
is the zone boundary. 

Age: The zone, or more precisely, the younger its part corresponds to the early and 

• Fig. 11 under the cover 
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the beginning of the middle Sub-Boreal period. 
Sediment: Algal gyttja with carbonates, slightly clayey. 

9 Pinus-Betula-Alnus-Carpinus l paz (1465-975 cm) 

Description: Pinus pollen is dominant (25--45%). The values of Betula curve are var­
ied (12-26%). A gradual decrease in Quercus and Cory/us and an increase in Carpinus 
pollen curve. Ulmus, Tilia and Fraxinus pollen disappear almost completely. Small but 
constant (to 0,8%) values of Fagus. 

Top boundary: The clear increase in Carpinus and Fagus pollen. 
Division: Two pollen assemblage subzones have been distinguished within this zone: 

9:1 Quercus-Tilia-Fraxinus-Corylus l pa subz (1465-1255 cm) 

Pinus pollen in 25-35% and Betula in 14-20%. In the middle part - a small increase 
in Quercus, Tilia and Fraxinus pollen curves and a decrease in Carpinus. The top 
boundary - at the disappearance of percentage values of Tilia and Fraxinus. 

9:2 Quercus-Corylus l pa subz (1255-975 cm) 

A growing tendency of Pinus curve. Quercus and Cory/us pollen decrease. The top 
boundary designates also the subzone boundary. 

Age: The zone comprises part of the middle and late Sub-Boreal period and almost 
the entire early Sub-Atlantic period. 

Sediment: Algal gyttja with carbonates, slightly clayey. 

10 Pinus-Betula-Alnus-Carpinus-Fagus l paz (975--605 cm) 

Description: Pinus pollen curve dominates but in the middle part of the zone - slight­
ly decrease. High values of Betula pollen (20-28%). An decrease in amounts of A/nus 
and Cory/us pollen. In the middle part - an absolute maximum of Carpinus pollen 
(18%) and an increase in Fagus, Ulmus, Tilia and Fraxinus pollen curves. An increase 
in NAP values, especially at the end of thezone. 

Top boundary: The disappearance of the percentage curve of Carpinus and a clear 
increase in Pinus pollen. 

Division: The zone has been divided into two subzones: 

10:1 Quercus-Corylus I pa subz (975-745 cm) 

Large amounts of A/nus pollen (15-29%). Cory/us values range between 2 and 6%. 
The top boundary of the subzone is connected with a clear decrease in Carpinus and an 
increase in Pinus pollen. 

10:2 Quercus l pa subz (745-605 cm) 

Quercus pollen curve decrease from 11 % to 4%. Carpinus, A/nus, Fagus, Ulmus, 
Tilia and Fraxinus pollen values also show decreasing tendencies. The top boundary 
overlaps the zone boundary. 
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Age: The zone comprises the end of the early, the middle and the beginning of the 
late Sub-Atlantic period. 

Sediment: Algal gyttja changing, in the middle of the zone, into fine detritus gyttja 
with carbonates. 

11 Pinus I paz (605-445 cm) 

Description: A dominance of Pinus pollen. Quercus, Carpinus and Fagus pollen cur­
ves gradually decrease. The amounts of NAP pollen, especially those of Cerealia, 
Rumex and Gramineae clearly increase. 

Top boundary: The sediment surface. Division: The zone has been divided into the 
following subzones: 

11:1 Quercus-Pinus I pa subz (605-515 cm) 

High values of Pinus (50-60%), 6-8% of Betula pollen. A clear increase in NAP (to 
32%). Quercus pollen values range from 2-4% and A/nus - from 6-11 %. The top bound­
ary - the clear decrease in Quercus. 

11:2 Pinus I pa subz (515-445 cm) 

Pinus values decrease (50-40%) and NAP curve increases to 43%. An insignificant 
increase in Juniperus pollen (in the beginning of the subzone). 

Age: The zone corresponds to the younger part of the late Sub-Atlantic period. 
Sediment: Fine detritus gyttja, initially with carbonates. 

Lake K~sowo (Fig. 12) • 

7 Pinus-Betula-Corylus-Alnus-Ulmus I paz (1500-1405 cm) 

Description: Almost equal values of Betula and Pinus pollen. 2-5% of Ulmus and 
16-21 % of A/nus pollen. Small changes in Cory/us (5-7%), Quercus (6-10%), Tilia 
(0.5-2.0%) and Fraxinus (1.0-2.5%) curves. 

Division: Taking into account the results from the other sites only one subzone has 
been distinguished. 

7:2 Quercus-Tilia-Fraxinus I pa subz (1500-1405 cm) 

Top boundary: The clear increase in Quercus and an insignificant decrease in Pinus 
pollen. 

Age: Late Atlantic period. 
Sediment: Clayey gyttja with carbonates. 

8 Pinus-Betula-Quercus-Cory/us-Alnus l paz (1405-1125 cm) 

Description: A clear dominance of Betula over Pinus pollen (in the first half of the 

• Fig. 12 under the cover 
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zone). Regular and high values of A/nus and Quercus pollen curves and low values of 
Fraxinus, Tilia and Ulmus. Small amounts of pollen grains of Carpinus. 

Top boundary: The increase in Carpinus and Ulmus pollen. 
Division: The zone is divided into two subzones: 

8:1 Ulmus-Tilia-Fra.xinus I pa subz (1405-1185 cm) 

An increasing tendency of Quercus pollen curve. Percentage amounts of Ulmus pol­
len (1-3%). A small increase in Tilia and Fra.xinus pollen (in the middle part). The top 
boundary - the disappearance of percentage values of U Imus. 

8:2 Tilia-Fra.xinus I pa subz (1185-1125 cm) 

Regular presence of Fra.xinus and Tilia pollen. Continuous curve of Carpinus and 
Fagus appear. The top boundary is the zone boundary. 

Age: The entire zone corresponds to the end of the Atlantic period and the early or 
partly the middle Sub-Boreal period. 

Sediment: Clayey gyttja with carbonates, in the younger part with ferric concretions. 

9 Pinus-Betula-Alnus-Carpinus I paz (1125-745 cm) 

Description: Dominance of Pinus pollen. In the second half of the zone, a clear de­
crease of Quercus, Fraxinus, Tilia and Cory/us pollen curves. An increase, especially in 
the middle part, of Carpinus values. 

Top boundary: The beginning of a clear maximum of Carpinus. 
Division: Three subzones have been distinguished within this zone. 

9: 1 Quercus-U lmus-Tilia-Fraxinus-Corylus I pa subz (1125-995 cm) 

An increase in the amount of Pinus pollen to 38%, constant values of Betula (about 
20%), Ulmus (1-2%) and also A/nus, Quercus and Fagus pollen. A clear increase of 
Carpinus and a maximum of Cory/us (to 20%) values. The top boundary - the disap­
pearance of percentage values of Ulmus. 

9:2 Quercus-Tilia-Fraxinus-Corylus I pa subz (995-945 cm) 

Curves of deciduous trees show a decreasing tendency. The disappearance of percent­
age curves of Tilia and Fraxinus is the top boundary of.the subzone. 

9:3 Quercus-Corylus I pa subz (945-745 cm) 

Pinus pollen is dominant. Decreasing amounts of Quercus and Cory/us pollen. The 
top boundary overlaps the zone boundary. 

The subzone has been distinguished almost entirely from both the younger and older 
part of the core (cf. Fig. 12). 

Age: The zone begins in the middle Sub-Boreal period and continues until the early 
Sub-Atlantic period. 

Sediment: Clayey gyttja with carbonates and pieces of mollusc shells in the younger part. 
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10 Pinus-Betula-Alnus-Carpinus-Fagus l paz (745-525 cm) 

Description: Values of Pinus pollen range between 18 and 42% and Betula between 9 
and 35%. At the beginning and in the middle part of the zone a clear maximum of Car­
pinus. An increase in Populus and Salix pollen curves. The role of NAP increases. Top 
boundary: A clear increase in Pinus pollen and NAP. 

Division: The zone is divided into two subzones: 

10:1 Quercus-Corylus l pa subz (745-615 cm) 

In the middle part a clear decrease in A/nus and Carpinus pollen convergent with the 
peak of Pinus. The top boundary corresponds to a clear decrease in values of Carpinus 
pollen. 

10:2 Quercus l pa subz (615-525 cm) 

High values of Pinus pollen (to 35%). A decreasing tendency of A/nus, Quercus, Car­
pinus, Fagus and Cory/us pollen curves. NAP curves increase; especially Cerealia, 
Rumex and Artemisia. The top boundary is the zone boundary. 

Age: The entire zone corresponds to the end of the early, middle and older part of the 
late Sub-Atlantic period. 

Sediment: Clayey gyttja with carbonates and pieces of mollusc shells. The top bound­
ary of the zone overlaps almost entirely the lithological boundary connected with the 
disappearance of mollusc shells in the sediment. 

11 Pinus l paz (525-375 cm) 

Description: High values of NAP (to 60%) and Pinus (20--40%) pollen. Small 
amounts of Betula (5-10%) pollen and other deciduous trees. 

Top boundary: The sediment surface. Division: The zone is divided into two sub­
zones: 

11:1 Pinus-Quercus l pa subz (525-435 cm) 

A clear dominance of Pinus pollen (35-40%) and high values of NAP. Carpinus and 
Cory/us pollen curves disappear. An increase in Calluna and Quercus (2-6%) pollen. 
The top boundary of the zone - a decrease in Pinus pollen and an increase in NAP curve. 

11:2 Pinus-NAP l pa subz (435-375 cm) 

A decrease in Pinus pollen values and a clear increase in NAP curve, mainly: Cerea­
lia, Rumex and Gramineae. Values of A/nus pollen increase to 16%. Small amounts of 
Quercus (2-4% ). 

Age: The entire zone corresponds to the late Sub-Atlantic period. 
Sediment: Clayey gyttja with carbonates. 



69 

POLLEN ASSEMBLAGE ZONES VERSUS THE NUMERICAL DIVISION 

Numerical analyses were done only for the site Maly Suszek. Fig. 13 shows a den­
drogram of CONSLINK program and the results of the divisions obtained after the ap-

COt/Sl.IN. SPL!TSQ. SPJ.ITINF 

~---1--------

r----;. __ _J--------

__ , 
_, ..,..,._3 
...--2 ---- 4 ......... 5 ----2 

Fig. 13. Results of the numerical analyses (with A/nus). CONSLINK: l - a clear boundary, 2 - a weak boundary, 
SPLIT-s: l - scatter 20--25%, 2 - scatter 25-30%, 3 - scatter 30--35%, 4 - scatter 35 - 40%, 5 - above 40% 
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Table 3. SPLIT-s results as a scatter expressed in percentage (above IO%) a - with A/nus, b - without A/nus 

~----------------------------------------------------------------------------------·, 
i SPLITSQ ! SPLIT INF : 

i : ; 
1 No of Disper No of Disper I No of Disper No of Disper No of Disper1 I sample sion % sample sion % : sample sion % sample sion % sample sion %: 
~--~----------------------------~--------------------------------~----------------· 

a) : 
I 

5 25 126 . 12 4 12 29 ll 93 15 : 

10 ll 129 22 6 26 35 l7 96 52 : 

21 37 141 14 7 15 43 25 100 16 :· 
I 

35 ll 142 10 9 12 64 21 105 l3 : 

48 17 143 10 10 14 65 14 109 20 : 
I 

66 12 12 12 7l 16 lll ll I 
I 

73 10 14 17 72 l7 115 33 : 
I 

80 16 16 18 78 15 118 l3 I 

88 

97 

46 

13 

22 

24 

14 

38 

80 

82 

19 

l3 

122 

125 

22 

12 

107 29 I 27 ll 87 29 129 23 

122 20 ! 28 12 89 ll 130 14 

! 141 18 
I 
I 

--------------------------------~------------------------------------------------

I 

66 16 142 13 27 13 80 17 129 25 : 

73 ll 143 14 28 15 82 16 130 14 : 
I 

141 22 I 
I 
I 

! --------------------------------~-------------------------------------------------: 

plication of programs SPLITINF and SPLITSQ. The hierarchy of boundaries obtained 
after the application of the above programs has been also shown in the diagram. The 
scatter expressed in percentages is given in Tab. 3 and the percentage of particular taxa 
in the three main components is given in Tab. 4. The specification of boundaries ob­
tained by the numerical analysis method with distinguished pollen zones on the scale of 
radiocarbon years is shown in Fig. 14. 

Boundaries obtained in the numerical analysis not always correspond to the pollen 
zones distinguished. The only boundary clearly reflected in all three numerical proce­
dures corresponds to the boundary between pollen zones MS 5 and MS 6. This clear 
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change in the natural composition of the vegetation cx:cured about 9000 years B.P. and 
was primarily connected with a fairly rapid spread of Alnus, an increase in the signific-
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Fig. 14. Pollen assemblage zones and boundaries determined by the numerical analysis method: with A/nus (left) 
and without A/nus (right). CONSLINK: 1 - a clear boundary, 2 - a weak boundary, SPLIT-s: 1 - 20-25% scatter, 
2 - 25-30% scatter, 3 - 30-35% scatter, 4 - 35-40% scatter, 5 - above 40%. Numerical boundaries 1 - a clear 
boundary (2 strong, 1 weak), 2 - a rather clear boundary ( 1 strong, 1 weak), 3 - a weak boundary (2, 3 weak or 1 
strong), 4 - a boundary with a temporary zone 
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ance of Quercus and Ulmus and the disappearance of Cory/us (cf. Fig. 15). Clear 
changes in the vegetation at the time are a phenomenon synchronous for the entire Pol­
ish Lowland (Ralska-Jasiewiczowa 1987). The boundary between pollen zones MS 10 
and MS 11 was confirmed in numerical analyses to a lesser degree. The boundary is 
connected with the decrease in the occurrence of deciduous trees, mainly Carpinus, 
Fagus, Quercus, A/nus and Betula. The intensification of deforestation contributed to 
the development of meadow communities and arable lands and an increase in the signi­
ficance of Pinus. All this took place about 750 years B.P. The boundary between zones 
MS 4 and MS 5 is even less clear; it is connected with the disappearance of Betula and 
herbs and spread of Cory/us and Pinus. This took place about 9750 years B.P. The next 
boundary in the numerical analyses is recorded about 11000 years B.P., though this is 
not too clear. The boundary is connected primarily with the spreead of Juniperus, an 
increase in Artemisia and Salix. The boundary between pollen zones MS 2 and MS 3 
was drawn slightly earlier when the significance of these plants increased. An equally 
clear boundary can be drawn in both places although it seems more appropriate to do 
this on the basis of pollen analysis since it stresses the beginning of changes in the 
vegetation whereas numerical analysis stresses more advanced changes. 

Generally, the boundaries indicated significantly by all three procedures are import­
ant boundaries. On the other hand, not every significant boundary must be confirmed by 
each of the numerical procedures. The boundary between zones MS 1 and MS 2, con­
nected with a decrease in Cyperaceae and Pinus, dated by the radiocarbon method at 
11810±140 year B.P. was only recorded by CONSLINK program though it is very clear 
on the pollen diagram. The remaining boundaries between pollen zones were not con­
firmed by the numerical analyses. Additional changes discovered on the basis of this 
analysis are only recorded by one or two procedures and they are not very clear. Two 
other boundaries are rather clear, namely those determined by SPLIT-s. The first, about 
3000 years B.P. almost overlaps the boundary between subzone MS 9: 1 and MS 9:2 and 
is connected with a decrease in the contribution of A/nus and Cory/us to the pollen spec­
trum and an increase in the significance of Carpinus. The second boundary occurring 
about 3400 years B.P. is connected with the disappearance of Ulmus, a decrease in the 
significance of A/nus and a decreasing contribution of Quercus. It has not been taken 
into account in the division into pollen zones. The weak boundary of about 10400-
10500 years B.P. connected with a decrease in Pinus, Juniperus and Salix and an in­
crease in Betula has also not been taken into account in the division into pollen zones. 
The boundary between subzones MS 3:1 and MS 3:2 was recorded about 300 years ear­
lier when, on the basis of the pollen diagram, changes in the vegetation seem to be more 
significant. 

Generally it can be said that the results of the numerical analysis confirm in principle 
the results of the pollen analysis. The majority of clear boundaries between pollen zones 
of up to about 9000 years B.P. have been confirmed to a greater or lesser degree by 
numerical procedures. The remaining boundaries drawn on the pollen diagram are re­
lated to less intensive changes in the vegetation. Slowly disappearing species were being 
replaced by new ones. Only a considerable change in the vegetation caused by the de-
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Table 4. Weights of the !axons 1D1der analysis in the main components - with Alnus (top) and without Alnus (bottom) 
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forestation of the area, has been reflected also in the numerical analysis. 
Upon the principal component analysis one notices that in the first component con­

taining· 61.73% of the information provided by the diagram (Tab. 4), A/nus is very sig­
nificant (2.151). Apart from that this component is defined mainly by Quercus and 
Cory/us which show a positive correlation between each other and by Pinus and Grami­
neae, also correlated with each other but with a clear anticorrelation to species men­
tioned earlier. The existence of an anticorrelation between Betula and Pinus follows 
from the second main component. The third component is defined mainly by Carpinus 
and Cory/us with an anticorrelation between them. All this is rather obvious and agrees 
with the succession of the vegetation. The only surprising fact was that of such a large 
contribution of A/nus to the determination of the first main component and such great 
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Fig. 16. Results of the numerical analyses (without A/nus). CONSLINK 1 - a clear boundary, 2 - a weak boundary, 
SPLIT-s: 1 - scatter 20-25%, 2 - scatter 25-30%, 3 - scatter 30-35%, 4 - scatter 35 - 40%, 5 - above 40% 

significance of the taxon (25%). It is known that the significance of a taxon is defined 
primarily by its number, although it is proportional only to the square root of concentra­
tion °'1pl%. This means that a taxon present in a profile in number exceeding four times 
the frequency of another has only a twofold higher significance in the main component. 
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This does not explain, however, an exceptionally high coefficient for A/nus in the first 
main component. Hence it was decided to perform the numerical analyses again exclud­
ing A/nus from them. The new first main component is almost identical with the former 
(Tab. 4). This indicates that A/nus constitutes a form of background for the changes of 
other components of the main component. 

Results of the numerical analyses (without A/nus) determined new boundaries in the 
profile from Maly Suszek (Fig. 16). Some of these boundaries overlap those obtained 
earlier and some of them are new (Fig. 14, cf. Fig. 13 and 16). The most important 
boundary, about 9000 years B.P. is not confirmed since it was determined mainly on the 
basis of an increase in the significance of A/nus. A new important boundary, about 9250 
years B.P. appeared, which corresponded almost to the boundary between subzone MS 
5:1 and MS 5:2. It is connected with the disappearance of Betula and the beginning of 
Cory/us maximum. In the former analysis this boundary was determined only by SPLI­
TINF. The boundary of about 10400-10500 years B.P. has been confirmed, although it 
is not very clear. Rather obscure boundaries of about 1100 years B.P. and about 11750 
years B.P. are also recorded, similarly to the earlier analyses. A rather clear boundary of 
about 750 years B.P. has been recorded again. Apart from this, three new boundaries 
have been also recorded. The most clear of them occurs at about 8250-8350 years B.P. 
and is connected with a decrease of Pinus and an increase in Betula. Other components 
of the vegetation do not show more significant changes and therefore the boundaries 
have not been taken into account when division into pollen assemblage zones were 
made. The next boundary determined on the basis of CONSLINK program overlaps the 
boundary between zones MS 8 and MS 9 (about 3700 years B.P.) and is connected with 
the spread of Carpinus. The next, rather obscure boundary, about 3300-3400 years B.P., 
has been determined on the basis of results of SPLIT-s programs while in the numerical 
analysis with A/nus the boundary is only recorded in SPLITSQ. The boundary is con­
nected with the beginning of a decrease in Cory/us and Pinus and with an insignificant 
increase in Betula. These changes have not been taken into account during the division 
into pollen assemblage zones. 

Summing up the results of the numerical analyses we must state that in the case of 
the profile from Lake Maly Suszek they confirm the existence of really clear and signi­
ficant changes in the vegetation. Some boundaries poorly recorded in the numerical pro­
cedures confirm the boundaries between pollen zones or indicate to other, less clear 
changes. The exclusion of A/nus from the numerical analyses helped obtain three new 
boundaries of which only one found its reflection in the division into pollen assemblage 
zones. However, a very important boundary of about 9000 years B.P., when A/nus was 
spreading over extensive areas and was an important element of the regional vegetation, 
has been lost. This points to considerable difficulties in the selection of appropriate data 
for the numerical analyses. Nevertheless, it seems obvious that these analyses facilitate 
to a considerable degree the divisions into pollen zones and therefore it is advisable that 
they be done prior to the divisions. 
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REGIONAL POLLEN ASSEMBLAGE ZONES 

Pollen assemblage zones and subzones distinguished for four sites of Bory Tuchol­
skie have been shown in Tab. 5. It follows from this table that the vegetation of the area 
under investigation developed in a similar way. This is indicated by a great similarity of 
the duration of particular pollen assemblage zones. The existence of local differences 
had its expression in the differentiation of subzones. The similarity of local paz was the 
basis for the construction of a regional division. For Bory Tucholskie the following re­
gional (BT) pollen assemblage zones (R paz) are proposed: 

BT 1 12000-11800 years B.P. Pinus-Cyperaceae 
BT 2 11800-11200 years B.P. Pinus-Betula-Gramineae 
BT 3 11200-10050 years B.P. Juniperus-Gramineae-Artemisia 
BT 4 10050-9725 years B.P. Pinus-Betula 
BT 5 9725-8950 years B.P. Pinus-Betula-Corylus 
BT 6 8950-7250 years B.P. Pinus-Betula-Corylus-Alnus 
BT 7 7250-5500 years B.P. Pinus-Betula-Corylus-Alnus-U/mus 
BT 8 5500-3700 years B.P. Pinus-Betula-Quercus-Corylus-A/nus 
BT 9 3700-2100 years B.P. Pinus-Betula-Alnus-Carpinus 
BT 10 2100-750 years B.P. Pinus-Betula-Alnus-C arpinus-F agus 
BT 11 750-0 years B.P. Pin us 

DEVELOPMENT OF BORY TUCHOLSKIE VEGETATION 

Late Glacial 

BT 1 Pinus-Cyperaceae R paz (12000-11800 years B.P.) 

The zone corresponds to a period directly preceding Aller!Mi. Hjelmroos (198 la) in­
cluded it into Older Dryas but it seems to be better to use the term pre-Aller!Mi. In the 
diagram from Wielkie Gacno (Hjelmroos 1981 a) and that from Maly Suszek (Figs. 10, 
15) there is only the younger part of the zone. The concentration of pollen grains and 
influx is very low, which is a characteristic feature of areas devoid of trees (Birks & 
Birks 1980). This suggests that Pinus and Betula originated from long-distance transport 
although single speciments of birch trees could have sustained the cold climate (Wasyli­
kowa 1964). Moist soils were a good habitat for Cyperaceae and Gramineae. Salix, Ar­
temisia, Saxifraga and Umbel/iferae were not numerous and formed a treeless tundra, 
characteristic of this period. 

BT 2 Pinus-Betula-Gramineae R paz ( 11800-11200 years B.P.) 

The zone comprises early and middle Aller!Mi. At the time birch forests were domi­
nant; this is evidenced by reports from various parts of Poland (Wasylikowa 1964, Paw­
likowski et al. 1982, Nory§kiewicz 1982, Tobolski 1983). It is assumed that Pinus began 
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Table 5. Local and regional pollen assemblage zones distinguished for Bory Tucholskie 

<:: Local pollen assemblage zones Regional Chronozones -l'l"-
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to play a considerable role in the formation of forests as late as the second part of Al­
ler~d (Wasylikowa 1964, Tobolski 1983). Macroanalysis of sediments from Lake Wiel­
kie Gacno (Hjelmroos 1981a) showed that this tree came to the area of Bory Tucholskie 
at the beginning of this zone. Salix, Juniperus and locally Populus were the admixture 
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of the forests. An increase in the AP influx testifies also to the presence of forest com­
munities. A decrease in Salix, Juniperus and herbs in the middle part of the zone could 
have been connected with a development of the dominant pine-birch forests. The parti­
tion of Aller0d has been described at different sites (Wasylikowa 1964, Pazdur & Pazdur 
1986). More moist habitats, alongside streams, were taken by Gramineae, Cyperaceae 
and locally by Filipendula (Wielkie Gacno - Hjelmroos 1981a) and Typha latifolia 
(Maly Suszek). The presence of pollen grains of the latter species, included in indicator 
species in the warm periods of Late Glacial (Iversen 1954) provide information on the 
mean temperatures in July within the range of 14-15°C (Wasylikowa 1964, Ralska­
Jasiewiczowa 1966). At the end of the zone the significance of Salix, Juniperus, Arte­
misia and other heliophilous plants increased. The change of the vegetation towards 
more open communities points to the limitation of the area of pine forest caused by the 
change of climate. 

During BT 2 the melting of ice blocks began or was intensified. A change of the 
sediment from sandy to algal gyttja in Wielkie Gacno and from moss peat to calcareous 
gyttja in Maly Suszek took place. The same age of the changes is evidenced by the 
radiocarbon dates 11840±110 B.P. (Lu-1678, Hjelmroos 1981a) and 11810±140 B.P. 
(Lu-2296, Hakanson 1986). 

BT 3 Juniperus-Gramineae-Artemisia R paz (11200-10050 years B.P.) 

The zone corresponds to the end of Aller0d and the period of Younger Dryas. The 
cooling of the climate caused the disappearance of the pine forest and the development 
of birch forests with the admixture of pine. Among shrubs the main role was played by 
Juniperus. Vegetation type of park tundra developed, with significant contribution of 
Helianthemum, Artemisia, Chenopodiaceae and Rumex. In the vicinity of Wielkie Gacno 
(Hjelmroos 1981) Saxifraga and Dryas were rather numerous. At the end of this zone 
the climate probably improved, which caused a greater density of birch-pine forests and 
a gradual disappearance of heliophilous vegetation. High values of Gramineae and 
Cyperaceae can be connected with the development of meadow associations. 

The zone shows a clear duality, which is reflected in two local paz. In the older part 
open forests composed mainly of Betula pubescens (Hjelmroos 1981a) with some Pinus 
were dominant. This was a time of the maximum development of Juniperus in dry 
places. More humid habitats were overgrown by Betula nana (Hjelmroos 1981a) and 
Salix. Dune-formation processes became more intense at that time (Wasylikowa 1964, 
Tobolski 1966, Nowaczyk 1986). This was confirmed by the sand layer in the organic 
sediments of Wielkie Gacno and in the increase of sand in sediments of Maly Suszek. In 
the younger part of the zone a gradual dissapearance of heliophilous herbs testifies to 
the increase of the forest density. Juniperus continued to play a rather significant role in 
the composition of the vegetation, although it was much smaller than at the beginning 
of the zone. The appearance of a continuous curve of Typha latifolia indicates the pro­
gressive improvement of the climate in this part of the zone (Berglund et al. 1984 ). 

Changes in the vegetation are confirmed by the pollen influx values, decreasing in 
the older part of the zone and increasing in its younger part. 
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A similar development of the vegetation at the period of Late Glacial was described 
for other sites of Bory Tucholskie (Kepczynski 1958, Kepczynski & Nory~kiewicz 

1968, Nory~kiewicz 1982, 1983-unpubl.) and is probably typical of the entire region (cf. 
Berglund 1985). 

Holocene 

BT 4 Pinus-Betula R paz (10050-9725 years B.P.) 

The zone corresponds with the early Pre-Boreal period. Pinus spread quickly and 
dominated especially on dry places and in newly formed dunes (Hjelmroos 1981a, 
1982). More humid habitats were taken by Betula and by Cory/us which arrived at that 
time (cf. Tab. 6). Ulmus could have constituted a small admixture to these forests. Des­
pite the increase in the density of the tree layer, in open or higher located places Junipe­
rus and Artemisia continued to grow, accompanied by other heliophilous plants although 
the latter were less numerous. Meadow associations mainly with Gramineae and 
Filipendula, which reached its Holocene maximum at that time in the vicinity of Lake 
Wielkie Gacno (Hjelmroos 1981a), were dominant on the river banks and lake shores. 
Relatively high values of influx AP decrease considerably at the end of the zone. Typha 
latifolia disappears. This can be connected with deterioration of the climate, which was 
especially true of the northern parts of Poland (Latalowa 1982). 

BT 5 Pinus-Betula-Corylus R paz (9725-8950 years B.P.) 

The zone continued until the end of the Pre-Boreal period. This was the time of the 
growing significance of Pinus which reached its local Holocene maximum (e.g. Maly 
Suszek, Zamrzenica - Nory~kiewicz 1982). In sandy areas it formed forests with Erica­
ceae in the undergrowth (Hjelmroos 1981 a). Forests with B etula and a considerable con­
tribution of Cory/us were present on more fertile habitats. A strong expansion of this 
species did not permit any wider spread of Ulmus which arrived there almost at the same 
time (cf. Tab. 6). It could form small stands only on more fertile soils together with 
Salix and probably Populus, although the contribution of the latter in diagrams is negli­
gible. In the younger part of the zone, Ulmus could have occurred together with newly 
arrived Quercus. The latter, as a light-demanding tree probably occurred also on the 
peripheries of forests. It seems that small time differences during the immigration of this 
tree to the area of Bory Tucholskie could exist (cf. Tab. 6). This is understandable in 
view of different habitat conditions. Certainly the neighbourhood of Lake Wielkie 
Gacno, where dune-formation processes were rather intensive in Younger Dryas and 
continued until about 9000 years B.P. (the completion of the dune accumulation in 
Kopernica near Lake Charzykowskie according to Nowaczyk 1986) were a less suitable 
habitat for Quercus than the neighbourhood of Maly Suszek, also sandy but lying close 
to the pradolina. The development of forests caused a definite disappearance of Juniperus. 

A/nus arrived during the younger part of R paz in the area of Bory Tucholskie and 
spread along the banks of rivers and lakes, in areas previously occupied by meadows. In 
the diagrams this is reflected by a clear diminishing of the Filipendula, Cyperaceae and 
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Table 6. 
14

C age (B.P.) for the most important events in the development of the forest trees, excluding Betula and 
Pi nus 

EVENTS I WIELKIE G A C N 0 I M A t. Y s u s Z E K I I 
I I l4c I Hjelmroos-Ericsson M.19811 Uncorrected - ages I 
I I 
I Corrected Uncorrected I 
I I 
I 14c - ages 14c - ages 

I 
I I 
I I 
I I 

-----------------t---------------------------~------~-------------------
I 

CORYLUS: I 
I 

empirical limit I 10200 
rational limit 9750 9800 9900 
first maximum 9150 9000 9300 
last decrease 2800 2900 3000 

ALNUS: 
empirical limit 9600 9600 9300 
rational limit 9150 9000 9100 
first decrease 7550 7750 7750 
last decrease 1250 1600 1550 

ULMUS: 
empirical limit 10100 
rational limit 9750 9800 9650 
first maximum 6950 6950 7850 
first decrease 5450 5450 7500 
"elm decline" 5050 5050 5100 
second increase 4800 4750 4700 
second decline 4450 4400 4000 
final decrease 2800 2900 3400 

QUERCUS: 
empirical limit 9550 9550 9550 
rational limit 8950 8750 9250 
last decrease 900 1200 900 

TILIA: 
empirical -limit 8750 8500 8250 
rational limit 7150 7150 7200 
decline 4300 4200 5250 
disappearance 2850 2950 2850 

FRAXINUS: 
empirical limit 9000 8800 8850 
rational limit 6900 6900 7200 
disappearance 3650 3700 4000 

PI CEA: 
first occurence 7350 7500 

6000 6100 
rational limit 4000 4000 
maximum 2400 2500 
decline 1650 2000 

CARPINUS: 
empirical limit 5000 5000 3950 
rational limit 3800 3800 3700 
first maximum 3150 3300 3650 
second maximum 2800 2900 2850 
third maximum 2000 2250 2000 
fourth maximum 1350 1650 1300 
decline 300 700 750 

FAGUS: 
empirical limit 5150 5150 3450 
rational limit 2050 2250 2750 
decline 300 700 750 
-----------------·---------------------------~----------------------------· 
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Gramineae pollen values. Influx AP is high, which is a typical phenomenon during the 
spread of new species (Birks & Birks 1980). In this case however, the increase in the 
influx values is probably the result of the low-water period during this time (Fig. 17), 
which may have caused increased so-called sediment focusing and hereby enlarged in­
flux values. 

BT 6 Pinus-Betula-Corylus-Alnus R paz (8950-7250 years B.P.) 

This zone comprises the Boreal period and the beginning of the Atlantic period. Pinus 
is still dominant in the composition of the forests and although its participation decrease 
about 8300 years B.P., it mainly occupies dry, sandy soils (cf. Fig. 15). The forests were 
not dense, which is evidenced by a high percentage of Ericaceae in the undergrowth. 
Quercus and Betula could have constituted a considerable admixture in the pine forests; 
the latter could have been the main component of the forest in the younger part of of the 
zone (Maly Suszek - Fig. 10 and 15). In more humid habitats Quercus competed with 
Ulmus which on more fertile moist soils probably formed forests with the admixture of 
A/nus and Cory/us. Tilia and Fraxinus could have existed there as singly trees. A/nus 
was a tree rapidly spreading at the beginning of the zone and occupying humid habitats, 
often flooded, on the banks of rivers and lakes. It occurred in smaller numbers in the 
vicinity of Wielkie Gacno than Maly Suszek. This is probably connected with different 
habitat conditions. Among the herbs Cannabaceae/Humulus, Compositae and Urtica oc­
cured in A/nus communities. Alnus lost some of its significance in the younger Atlantic 
period expressed by a clear decrease of its percentages observed in the diagrams from 
all sites in Bory Tucholskie. This could have been caused by a change of climate to drier 
and warmer. This is evidenced by the occurence of pollen of Viscum and Hedera (Maly 
Suszek) (Iversen 1944). 

At the end of the zone a gradual decrease in the influx value of both AP and NAP is 
observed. This indicates that the forests became more dense (Birks & Birks 1980, Aaby 
1986). 

BT 7 Pinus-Betula-Corylus-Alnus-Ulmus R paz (7250-5500 years B.P.) 

The zone corresponds with the middle Atlantic period. Pinus and Betula still play a 
considerable role in the forests but compared to earlier zones their significance was 
clearly decreased. The occurrence of Pinus was most probably limited to areas with a 
thin layer of soil, situated higher. Large amounts of Ericaceae and Pteridium (Maly Su­
szek) indicate a small density of the forests. This forest type could dominate on dunes. 
In areas with better habitat conditions the significance of Quercus and Ulmus clearly 
grew. The latter reached its Holocene maximum at this zone. New trees spread - Tilia 
and Fraxinus - apart from trees occuring there earlier. In the vicinity of Maly Suszek, 
Osie and Zamrzenica (Nory§kiewicz 1982, 1983 - unpubl.) both taxa appeared at the 
same time (cf. Tab. 6) while in the vicinity of Wielkie Gacno (Hjelmroos 1981a) Fraxi­
nus appeared earlier than Tilia. Local differences in the appearance of these taxa were 
caused by different habitat conditions. Pollen analyses of sites at Fletnowo (Kepczynski 
& Nory§kiewicz 1968), Kome (Kepczynski & Noryftiewicz 1982) and Lake Godzi-
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szewskie (Miotk 1986), in the direct neighbourhood of Bory Tucholskie and situated in 
areas with better soils, recorded earlier and more intense spread of Tilia which preceded 
the development of Fraxinus (cf. Tab. 6) Rather high values of Fraxinus on diagrams 
from Bory Tucholskie in comparison with neighbouring areas indicate that alongside 
rivers and lakes there were good habitats for this demanding tree. Fraxinus is a light-de­
manding tree and because of short life it loses in favour of Tilia and Ulmus which live 
longer (Iversen 1973). However, it tolerates greater humidity than Tilia, which may in­
dicate that the habitats it occupies were too humid for linden which prefers well drained 
soils (Aaby 1986). 

During this zone mixed deciduous forest (Quercetum mixtum) became settled and this 
marked the end of the progressive succession period, which was followed by an equili-
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brium between a few species. This was reflected in the constant influx values. 
On more abundant sandy areas acidophilous forest, resembling the modem Pino­

Quercetum (Medwecka-Korna§ 1972) probably develop which was composed, apart 
from Pinus, of Quercus, Betula and Tilia. Fertile habitats were occupied by forest com­
munities with Ulmus, Fraxinus, Quercus and Tilia. In the undergrowth of these forests 
there were Melampyrum and Mercurialis perennis. In humid areas alongside rivers and 
lakes there were alluvial forests with Fraxinus, Alnus and Ulmus. The undergrowth layer 
was usually rather well developed and abundant in such plants as Filipendula, Urtica, 
Cannabaceae/Humulus, Chrysosplenium, Compositae and Polypodiaceae. 

Together with the development of mixed deciduous forests the role of Cory/us de­
creased. Its occurrence was probably limited to the river banks, lake shores and forest 
peripheries. It could have also occurred in the brushwood but because of too large shad­
ing its blooming was hampered (Wasylikowa et al. 1985, Godlowska et al. 1987). Picea 
probably occurred in small groups. Its increase is marked on diagrams from Lake Wiel­
kie Gacno (Hjelrnroos 198la, 1982) and Zamrzenica (Nory§ldewicz 1982). The occur­
rence of this tree in Bory Tucholskie is controversial (cf. Hjelmroos 198la). We should 
bear in mind that this pollen grains could have been transported from long distance. It 
seems, however, that relatively large amounts detected on the diagrams testify to the 
scattered small sites of this tree in this area (cf. Ralska-Jasiewiczowa 1983). 

The climate continued to be warm, which is confirmed by the occurrence of Viscum 
and Hedera. 

At the end of the zone we observe small disturbances in the curves of deciduous trees 
caused probably by man. This thesis seems to be confirmed by the continuous curve of 
Plantago lanceolata on the diagram from Lake Wielkie Gacno (Hjelmroos 198la) 

BT 8 Pinus-Betula-Quercus-Corylus-Alnus R paz (5500-3700 years B.P.) 

The zone began at the end of the Atlantic period and continued to the middle Sub­
Boreal period. Pinus still play an important role in the formation of forest in poor habi­
tats. In the undergrowth of these forests Pteridium or Melampyrum were dominant. More 
fertile soils were still occupied by mixed deciduous forests. Quercus was the dominant 
tree in these forests. At the end of the zone it reached the highest values in Holocene. In 
more humid, fertile habitats A/nus and Fraxinus were dominant. Acer, appearing spo­
radically on the diagrams, could have occurred in these associations. 

During the zone habitat conditions began to deteriorat~. The climate became more 
humid, which caused a more intense processes of soil leaching (Iversen 1973), and made 
them more acid. On the diagrams this is reflected by the decrease of Tilia, Fraxinus and 
U/mus. The Ulmus fall occurring at about 5100-5050 B.P. is a synchronous phenomenon 
in NE Europe (Troels-Smith 1953, Iversen 1973, Girling & Greig 1985, Aaby 1986, 
Goransson 1986 and others). Within a short time the trees reproduced but they never 
reached their former significance. The disturbance in the ecosystem brought about the 
dominance of Quercus and a clear increase in Cory/us, which perhaps only increased the 
production of pollen grains due to a smaller density of the forest. At the end of the zone 
Carpinus entered Bory Tucholskie; on the pollen diagrams it occurs as a continuous 
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curve. On the diagram from Lake Wielkie Gacno a small increase in Picea is recorded. 
Perhaps some of these changes were caused by human activity, which is indicated by the 
presence of pollen of Plantago lanceolata, increase in Juniperus, Rumex acetosella coll., 
Artemisia and single grains of Cerealia. This activity, however, was not very intense (cf. 
the next chapter) and therefore it seems that it is climatic-edaphic factors that con­
stributed to the changes in the composition of the forest. 

Initially low pollen influx values clearly increase at the end of the zone. This should 
be connected with a considerable opening of the forests. 

BT 9 Pinus-Betula-Alnus-Carpinus R paz (3700-2100 years B.P.) 

The zone extended from the middle Sub-Boreal period to the early Sub-Atlantic peri­
od. The increasing acidity of soils (Iversen 1973) created good conditions for the occur­
rence of Quercus, which together with Pinus occupied sandy areas and formed 
communities resembling the modern acidophilous Pino-Quercetum. Significant changes 
occurred in the composition of the mixed deciduous forest. This was partly caused by a 
change of edaphic conditions but also, to a large extent, by the economic activity of man 
(cf. the next chapter) who first destroyed forests that grew on better soils. On the pollen 
diagrams this is reflected in the decrease in Ulmus, Tilia, Fraxinus curves, until their 
percentage values disappear. The practical disappearance of Tilia and Fraxinus was sy­
nonymous for the area of the entire Bory Tucholskie and took place about 3000 years 
B.P. More or less at the same time U/mus disappeared although there were greater local 
differences in this case. A smaller density of the forests caused small expansion of Be­
tula which could have occurred as an admixture in pine-oak forests. Habitats left by 
mixed deciduous forests were invaded by new species, mainly Carpinus, Fagus and, 
locally, Picea. There were certain differences in the dissemination of Fagus. Although it 
appeared simultaneously in the area of the entire Bory Tucholskie earlier than in more 
fertile adjacent areas, its contribution to the formation of forest associations was differ­
ent. Its greatest contribution was in the vicinity of Wielkie Gacno (Hjelmroos 198 la), 
Maly Suszek and Zamrzenica (Nory~kiewicz 1982). This should be explained by differ­
ent soil conditions and different human activity. This species could have dominated in 
areas with weak human activity but its occurrence is limited to well drained soils (Aaby 
1986). Richer soils were occupied by forests with dominant Carpinus, a tree charac­
terized by great tolerance of soils (Ralska-Jasiewiczowa 1982) and with Quercus. They 
probably formed communities resembling the modem Querco-Carpinetum where Fagus 
could have occurred singly. On river and lake banks and moist places A/nus continued 
its dominance. The significance of Cory/us decreased along with an increase in the 
forest density. 

A decrease in Carpinus together with a clear increase in the amount of plants con­
nected with the economic activity of man suggests that settlement was developing more 
and more intensively at this time (Ralska-Jasiewiczowa 1966 ). New areas for cattle 
grazing and farming were obtained through clearings of forests. This is expressed by an 
increase in values of NAP influx what is quite understandable because influx values 
should be proportional to the amount of plants in the landscape (Birks & Birks 1980). In 
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other words they are the indicator of the landscape diversity (Gaillard 1984, Berglund 
1986). Practically constant values of influx AP confirm that human activity in Bory Tu­
cholskie did not cause decisive changes in the forest range. 

BT 10 Pinus-Betula-Alnus-Carpinus-Fagus R paz (2150--750 years B.P.) 

The zone began at the end of the early Sub-Atlantic period and continued till the 
middle of the Sub-Atlantic period. A clear expansion of Fagus is the characteristic fea­
ture of the period. The tree appeared in greater amounts already during the former peri­
od but only in the Sub-Atlantic period it reached its maximum values. Climatic changes, 
soil leaching (climatic-ecological cycles, Iversen 1954, Dzieciolowski & Tobolski 1982) 
and human activity contributed to the dominance of species which tolerated the acidity 
of soils and Fagus, apart from Pinus and Quercus is such a species (Aaby 1986). This 
tree found good conditions for development in open forest which also served as grazing 
areas but could have also formed independent associations in well drained areas. In 
poorer habitats Pino-Quercetum - type forest was dominant while in more fertile ones -
Querco-Carpinetum. This forest community reached its greatest range at that time; this 
is evidenced by the relative maximum of Carpinus (12-18%). Increased values of 
Juniperus and Cal/una indicate loose density of pine forests on poor sandy soils. A grad­
ual disappearance of Cory/us is observed during the entire zone and that of A/nus - at 
the end of the zone, which could have been connected with a change in soil conditions 
and a decrease in the climate humidity. Results of the diatom analyses (Bogaczewicz­
Adamczak, cf. Fig. 17) indicate that from 1200 till 750 years B.P. a lowering of the 
water level in lakes took place. At the end of the zone Picea, occurring locally, disap­
peared completely (cf. diagrams for Lake Wielkie Gacno - Hjelmroos 1981a, Zamrzeni­
ca - Noryskiewicz 1982). Large amounts of pollen of plants connected with grazing and 
farming, occurring during the entire zone and especially at its end, indicate that medie­
val settlement developed intensively and contributed to the complete disappearance of 
natural forest associations. An increase in Pinus at the end of the zone could have been 
caused by different factors. The tree could have spread in areas impoverished by long­
term grazing; furthermore, in an open landscape the significance of pollen from long 
distance transport grew and finally the role of pine in the percentage composition of the 
forest could have been artificially increased due to a very small contribution of pollen 
of other trees. During the entire zone there were small variations of influx connected 
with the economic activity of man. At the end of the zone the values of concentration 
and influx AP clearly decrease. This should probably be related to a considerable defore­
station of the area and perhaps with the deterioration of soil conditions and hence a 
decrease in the pollen production (Moore 1968, after Hjelmroos 198 la). This could have 
also resulted from a wrong calculation of the sediment accumulation rate due to the lack 
of 14C dates for this part of the core. 

BT 11 Pinus R paz (750 years B.P.) 

The zone comprises the late Sub-Atlantic period. At that time Bory Tucholskie took 
their present character. Pinus was the absolutely dominating forest component. At the 
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beginning of the zone Quercus appeared in greater amounts but its occurrence of was 
gradually limited. Other species of deciduous trees disappeared almost completely. Be­
tula occurred in small quantities as an admixture of pine forests and A/nus occurred in 
humid habitats. 

The expansion of pine was caused to a large extent by human activity (clearings, 
grazing). Forest clearings were especially intense once towns were granted inde­
pendence on the basis of the so-called German law, i.e. since the 13th c. (Boinski 1985). 
The changes in the range of forests from that time onwards are shown in Fig. 18. It is 
seen in the figure that in the 12th and 13th centuries the areas adjoining Lake Kesowo 
are deforested and successive intensive clearings took place in the 14th and 15th cen­
turies. Pinus as a tree setting easily on fire sites, occupied habitats formely taken by 
hornbeam-oak forests and oak forests which contributed to their degradation. From the 
end of the 18th c. plantation of pine monocultures was very intensive in Bory Tuchol­
skie, which definitively decided on the present composition of the forests. 

During this zone values of NAP influx calculated for all sites are relatively high. 
Values of AP influx for Maly Suszek, Suszek and Kesowo clearly decrease while they 
clearly increase at Wielkie Gacno (Hjelmroos 1981 a). Differences in the sediment accu­
mulation rate in these reservoirs could be the cause of this discord. 

! .... ../la 

L:;::::::J b 

Fig. 18. Forests in the area of modem Bory Tucholskie (acc. Slaski 1951): a - the extent, b - 12th and 13th cen­
turies, c - 14th and 15th centuries, d - 1500-1700 years, e - 1740-1790 years, f - XIX c., g - modem forests. 
Reference lakes indicated (1 - Maly Suszek, 2 - Suszek, 3 - K~sowo, 4 - Wielkie Gacno) 
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There are almost no differences between the duration of the last pollen assemblage 
zone (I paz) calculated at Lake Wielkie Gacno (Hjelmroos 1981a) and dates obtained at 
the three sites discussed when one compare the uncorrected radiocarbon dates. The cor­
rected (Hjelmroos 1981a) and uncorrected times of more important events in the devel­
opment of forests are visible in Tab. 6. 

HUMAN IMPACT ON THE VEGETATION 

PERIODS OF INTENSIFIED ECONOMIC ACTIVITY OF MAN 

Changes in the curves of trees and herbs reflecting man's economic activity helped 
define periods of its increase in the neighbourhood of the lakes under study (Figs. 20, 
21, 22). The time scale and the numbering of the periods are given in Fig. 19. 

Period 1 (about 6200/6100- 5450 years B.P.) 

This period and the next one has been distinguished on the basis of investigations in 
Lakes Maly Suszek and Kesowo (Fig. 20, 21). On the diagrams a small decrease in 
Ulmus and then in Fraxinus and Tilia is observed. Betula and Gramineae increase insig­
nificantly. Pollen curves of Calluna, Juniperus and Pteridium increase. A very distinct 
increase in Artemisia is visible and single pollen grains of Chenopodiaceae, Urtica, 
Rumex acetosa, R. acetosella and Plantago major-media appear. The first pollen grain 
of Plantago /anceolata (Maly Suszek) and of Hordeum-type (Kesowo) have been found 
(about 5500 years B.P.). All this indicates some human impact on the vegetation, con­
nected probably with the migration of small human groups at the beginning of the Ne­
olithic. 

Period 2 (about 5400/5250 - 4900/4750 years B.P.) 

The beginning of the period is determined by an increase in Pteridium, Artemisia, 
Ca/luna and Juniperus pollen. Single pollen grains of Rumex acetosa, R. acetosella, 
Ranunculaceae, Chenopodiaceae and Plantago major-media appear. At the same time a 
decrease in U Imus and, on the diagram from Maly Suszek, also in Tilia and Fraxinus 
pollen is observed. At Kesowo - first pollen grains of Plantago lanceolata (about 5150 
years B.P.) and single pollen grains of Hordeum-type (about 4800 years B.P.) and Triti­
cum-type (about 5300 years B.P.) appear and the number of charcoal fragments in the 
sediment increases. A greater number of Cannabaceae pollen (Kesowo) was probably 
caused by the increasing significance of Humulus. This period may be correlated with 
the middle Neolithic. 

Period 3 (about 4800/4600 - 4150/4050 years B.P.) 

An increase in Pteridium spores and to small extent in Calluna and Juniperus pollen 
curves is observed. A pollen grain of Vicia (Maly Suszek) can indicate the use of fire 
(Berglund 1966, Goransson 1977 after Hjelmroos 1981a) or the development of 
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meadows. Artemisia shows a very distinct increase. The greater number of Plantago lan­
ceolata and Rumex acetosa pollen is noticed and single grains of Chenopodiaceae, Ur­
tica, Plantago major-media, Rumex acetosella and Campanulaceae appear. Pollen of 
Hordeum-type and Triticum-type (in Maly Suszek for the first time about 4200-4100 
years B.P.) have been found in small amounts and the first grain of Secale appear (Maly 
Suszek - about 4000 years B.P.). Pollen values of Ulmus, Fraxinus and Tilia decrease. 
In case of Maly Suszek - Fraxinus decreases until its percentage values disappear com­
pletely. This happens simultaneously with the decrease in A/nus and is probably con­
nected with the lowering of water level in the lake (cf. Fig. 17). This period corresponds 
to the turn of the middle and late Neolithic (Maly Suszek and Suszek) and the late Ne­
olithic (K~sowo). 
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Period 4 (about 3950/3750 - 3400/3300 years B.P.) 

A clear increase in Artemisia and a small increase in Chenopodiaceae, Urtica and 
Plantago major-media pollen (Kesowo) is visible. Insignificant higher values of f>teri­
dium and Juniperus or Melampyrum are also observed. The greater number of pollen 
grains of Plantago lanceolata and single pollen grains of Rumex acetosella and Lychnis­
type (Kesowo) is noticed. Single pollen grains of Cerealia, Hordeum-type, Triticum­
type and Secale (Kesowo - about 3600 years B.P.) appear. At the same time there is a 
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decrease or changes in Ulmus, Tilia, Fraxinus and Quercus pollen percentages. Carpi­
nus appears in a greater amount at the beginning of this period and decrease in its 
middle part. A clear increase in Gramineae, higher values of Betula and Cory/us are also 
observed. This period extent from the end of the Neolithic to the early Bronze Age. 

Period 5 (about 31000/2900- 2400/2250 years B.P.) 

In this period a clear decrease in mixed deciduous forest (Quercetum mixtum), a fall 
in Carpinus and a visible increease in Betula and Gramineae pollen curves is observed. 
Artemisia pollen rises to percentage values, the number of Chenopodiaceae, Urtica and 
Plantago major-media increase. A greater amounts of Calluna, Rumex acetosella and in 
a less degree - Juniperus, indicates the expansion of dry pastures. An increase in Plan­
tago lanceolata, Rumex acetosa and Ranunculaceae is an evidence of the enlargement 
of the area occupied by meadows. Secale pollen (for the first time in Suszek), Triticum­
type, Hordeum-type and Cerealia appear singly although in larger quantities. 

With respect to the intensification of man's economic activity, this period is not uni­
form. In case of Kc;sowo (Fig. 21) two Sub-phases (1150-900 years B.C. and 650-300 
years B.C.) can be distinguished which are separated by a period of a less intensive 
activity. This could have been connected with the rising of the water level in the lake, 
which on the basis of the diatom analyses (Adamczak, personal communication) took 
place about 900-750 B.C. 

The whole period began in the second half of the Bronze Age and lasted till the be­
ginning of the La Tene period in the early Iron Age. 

A different situation is observed on the pollen diagram from Lake Maly Suszek (Fig. 
20). The duration of the period (from the half of the Bronze Age to the end of the 
Roman period) correspods with two successive periods (5 and 6) of human activity dis­
tinguished for other sites in Bory Tucholskie and therefore it has been designated with 
two consecutive numbers (Figs. 22, 25). A clear increase in human indicators is marked 
most strongly in the middle phase of the period (600-200 years B.C.). At the same time 
a definite disappearance of Tilia and Fraxinus takes place. Carpinus initially increases 
and then clearly declines. All this is an indication of the forest clearance and turning of 
thus obtained areas into pasturage and, although to a lesser extent, to arable lands. At the 
end of the period there is a small intensifications of human impact. This episode reflects 
next (6-th) period of man's economic activity, visible in other pollen diagrams. 

Period 6 (about 2000- 1600/1550 years B.P.) 

A rapid decrease in Carpinus and Cory/us and an increase in Pinus pollen is ob­
served. The amounts of Quercus and Fagus pollen also increase, which can indicate the 
spread of the trees in habitats formely occupied by other species, an increase in their 
blooming in a deforested area or that the trees were left there by man purposefully be­
cause of their fruits (acorns and beechmast). The pollen values of these trees rapidly 
decrease at the end of the period. Gramineae, plants of ruderal communities (Artemisia, 
Chenopodiaceae, Plantago major-media and Urtica), plants of dry pastures (Calluna, 
Rumex acetosella, Campanulaceae) and fresh meadows (Plantago lanceolata, Rumex 



"l 
riQ" 
N 
!"'" 

~ 
~ .... 
~ 

~ 
V> 

ii 
n 

!: 
"?.. 
('>" 
=' 
~ 
~ 
=' s 
"" " e: ... 
~ 
3 
"' 5 
~ 
~· 

g 
g-
8 s 
§' 

"'O 

~ 
g 
g 
[ 
~ 

~ 

NEOLITHIC 

"' '21 

-BRONZE AG[ IRON 

AGE 

LdhOtf.ogy 

ka61,0carbon 
year.5 

Aliius 

- -
U/mu; 

Tllia 

Frox1nus 

Overc us 

('\ 

Ca rpm us 

Fogus 

Corylus 
k 

Betuto 

Pin us 

_J 

<:> 

<:> 

Cromi"nea e 

Cruoferae 

Composdae -L<g~I. 
Composdae-Tub,fl 
Umbellifera e 
Rub1oceae 

Artemis10. 

(henopod1aceae 

Urfica 

lll lH 11 11 lt lt l1 1 1H1 1 11I 1 1 1 1 i i 11 1~1 +111 : ~:1~i:t~;:t:~:~~°re 

fb 

---. 

P/erid1vm "' 

Melampyrum 
j uniperus 
Ca/luna 

Rumex acetose/la 

Camoanulacea e 

Plan/ago lanceolota 

l<umex acetosa 

Ranunculaceae 
Poten/11/a-type 

I; I i I 1 
. i i I I 111 I I ' ! I I i I I ' 1 

1 I I ! i 1111 i 11 i WM-41 1 ~ I c ~~~~~1Znt"'l;~type 
Tr/folwm 

llllff I ~ I~ Hl!ililli!iitt~ ii !mffiMlffi ll i~~~~~~· 
e Secale 

Ii 1111 I I i If I I+ i 11 ' • i l I ; I I 1 I I I ! 1111 ! ! I ! ! i 11111 +11 ti I H41 I ~ ~ft~~~u~fhus 
c 
C:S (enfaurea cyanus 

11 111i 111 Ii I I j Ii • f 111111 Ii •11 i I I l'f.J.-111 11 l~tl llJ lc Fogopyrum 

.,. 
BRONZE I IRON AG[ 

AG£ f.laUstatt La Tene JRomon 
c--. bl P~nod 

MEDIEVAL TIM[ I HISTORICAL TIM[ 

Early I Late 

Human acfiv1ly 
penods 

Archaeoloq<eal 
p enods 

{JK05/ra~slc1 - 1966 

"' 



~ 
~ 
N 
~ 

~ 
"' Cl' 
c 
"' 
~ 
Cl:l 

~ 
(") 

[ 

~ 
~ ::s 
~ 
;:i 

~ 
~ 
Q. 

i" 
f 
El" 

(IQ 

~ 

~ 
~ 

l 
g 
~ 
§" 
~ 
(") 

~ 

Lifholoq y 

~ffi)llij)t~~~n:~nMl?k?'-1 
~ . 
§ § ~ I I 1 1 1 1 I 1 1 ; 1 'f 1 1 1 1 I 1 1 1 1 1 I - Radiocarbon years I I I I I I I I I I I I I I I I I I I 1

1
1 I I I I I I I I 1 a:, 

~ ~ § c ~ 
Al nus Q 

Utmus 0-
<S 
c 
e Tilia 
~ 
c . 
e Frax1nus 
c 

Quercus 

,., 

P. 

(b 

11111i1mR1H1111t1m11111m1111ijn1111m1~1n11~1nm1111m~mm1t1miilli1: ~?iii~;:i%'1' 
Rubiaceae 
Arfemis1a ......, 

Urtica 
Chenopodiaceae 
Planfaoo maior-media 
Pfend1um '° 
Melampurum 
juniperus ::!" 

Calluna 

Pumex acefosella 

Campani.Jaceae 

Pt anfaqo lanceolata 

l<umex acetosa 

Peucedanum -t'fpe 

111 1 I 1 I 1 1 1 1 11111 1 1 11 1 1 ll 11 llll 11 1 11 11 111 '~ 1 llllllWlll 11 '+ 1 ' 1 lhl 1 hl'l~'~ 1 11~'+1 1 1+1 1 1 1 11111.). 1 1111111~111111~111.j.l-J.llll l<l-l<l-l I I l
0 

Ranunculaceae 1 1 1 1 1 1 1 1 1 1 111111111111 11111 1r11rr111111· 0 Pofenli/la-type 

Cannabaceae 

Jlordeum- 11fpe 

II I I I I I I I I I I I I I I I I I I I ll l lllll lllllllllllll lll lllll llll~~l l l lll Hlllll/ltllt'.#?Nilttllll~l*llll~ 1 Ab.L 11 X!!1T9'l~I; ~:;:~;-t'lpe 

~~~~ 
..,., .t--

NEOLITHIC 8RONZ.£ AG£ 

~ ts 

..,, Cl°' 

-ox 
IRON AG£ I~~ 

Ha/!slaM La Tene I Roman gg 
n t:il P!!riod :o 

""' 
MEDIEVAl HISTORICAL TIME 

Early !Late 

Cenfaurea C1Janus 

Numan adivil(/ periods 

Archaeological 
periods 

J Koslmw•ki 1966 

,.. 



91 

acetosa, Ranunculaceae and Potentilla-type) increase from the beginning of the period. 
Cannabaceae, Triticum-type and Secale increase as well, the first pollen grain of Cen­
taurea cyanus (Kesowo - Fig. 21) appears. 

Archaeologically this period corresponds to the Roman period. 

Period 7 (from about 1250/1200 years B.P.) 

This period is characterized by a decrease or disappearance of percentage curves of 
Carpinus, Fraxinus, Ulmus, Tilia, Cory/us and Quercus. Pinus and Betula increased con­
siderably did the same at the beginning of the period. Together with a decrease in trees 
there is a clear increase in almost all plants connected with human impact. A very clear 
spread of ruderals, mainly Artemisia and Urtica is seen and the increase in Juniperus, 
Calluna, Rumex acetosella, Campanulaceae, Rumex acetosa, Plantago lanceolata and 
(Kesowo) Ranunculaceae, Potentilla-type, Lychnis- type, Trifolium, Vicia and single 
pollen grain of Linum catharticum is also observed. Secale has the percentage curves 
and the values of Triticum-type and Centaurea cyanus considerably increase. Single 
grains of other field weeds (Spergula and Scleranthus) (Behre 1981) have been found 
(Kesowo ). F agopyrum pollen appeared. 

On the diagrams from Kesowo (Figs 21, 24) after a visible increase of human activity 
in the 11th century, a certain short regression of economy can be noticed as late as A.O. 
1150. Pinus decline then and a clear peak of Quercus appears. Most of the curves of 
indicators of human economy decrease. However, already at the turn of the 12th and 
13th centuries settlement activity is again intensified. At the same time or a little earlier 
there was a clear intensification of human impact in both other sites. 

This whole period began in early Middle Ages and lasted till modem time. 
In order to compare the periods of increased economic activity of man, synthetic di­

agrams have been made for all sites (Figs. 23, 24, 25). A graphic representation of an 
increased economic activity in the vicinity of Lakes Maly Suszek, Suszek, Kesowo and 
Wielkie Gacno and a generalization for the area of Bory Tucholskie is shown in Fig. 26. 

CHARACTERIZATION OF HUMAN IMPACT 

Archaeological investigations indicate that the area of Bory Tucholskie was pene­
trated by human groups as early as in the Paleolithic but such early activity cannot be 
practically proved by means of traditional palaeobotanical methods. It is also extremely 
difficult to detect in a pollen diagram changes caused by man during the Mesolithic 
(Ralska-Jasiewiczowa 1982). This is also the case with Bory Tucholskie, despite of a 
considerable amount of archaeological evidence (Bagniewski 1987) (cf. Fig. 6). Hjelm­
roos (198 la) in her discussion of her pollen - analytic results from Lake Wielkie Gacno 
indicates small changes in the vegetation during the early Atlantic period. One pollen 
grain of Plantago major has been found in the sediment from that period and a small 
increase in the number of Artemisia, Urtica, Rumex and Cannabaceae pollen grains 
have been observed. Pteridium increased while Pinus oscillates and Picea shows a small 
decrease. The age of these events is about 5500-5400 years B.C. It seems that on the 
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basis of such small changes we cannot state with absolute certainty the anthropogenic 
genesis of these transformations (Ralska- Jasiewiczowa 1982, Wasylikowa 1983a). 

In connection with the change of the economy, during the Neolithic, the impact of 
man on the natural environment changed. However models useful in the interpretation 
of economic processes (Troels-Smith 1953, Iversen 1973). can hardly be applied to the 
area of Bory Tucholskie. Therefore we should rather accept the thesis about the adapta­
tion of human groups to the natural environment they encountered (Groenman van 
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Waateringe 1978). Periods of human economic activity are recorded on pollen diagrams 
very weakly. Their identification both in the Neolithic and at the beginning of the 
Bronze Age is often problematic and therefore they have been marked differently on the 
pollen diagrams. 

The identification of the 1-st period connected with the beginning of the Neolithic is 
mainly based on a small decrease in deciduous trees. The appearance or an increase in 
herbs - human indicators - are the evidence that these changes could be connected with 
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human economic activity. In diagrams from Lakes Wielkie Gacno (Hjelmroos 198la, b) 
and Maly Suszek first grains of Plantago lanceolata appears, a species commonly rec­
ognized as an indication of open pastures (Iversen 1973). Its appearance usually con­
firms the existance of cattle breeding (Behre 1981 ). It has been found (Berglund et al. 
1986) that the quantity of this species in pollen spectra is too small with respect to its 
actual contribution to the vegetation. An increase in Pteridium, a species developing 
well on fire sites (Iversen 1949, Wasylikowa 1983a), clearly detectable on all diagrams, 
can suggest the use of fire, which is confirmed by the occurence of charcoal only locally 
(Maly Suszek). Hence an increase in the significance of Pteridium indicates rather that 
grazing was carried on within the forests (Vuorela 1983), which was especially widely 
practised during the middle and late Neolithic, mainly on lighter, sandy soils in less 
dense forests (Groenman van Waateringe 1978). Most probably the first pollen grain of 
Hordeum-type (Lake Kesowo) came from the nearby moraine uplands. 

The next two (2-nd and 3-rd) periods of economic activity of man, taking place in the 
middle and late Neolithic are recorded more clearly. In those periods a decrease in de­
ciduous trees is more or less visible. The Ulmus fall has for many years been related 
with an increase in the intensity of human economy (Iversen 1949); later, however, a 
greater role was ascribed to climatic or pathogenic factors, perhaps in combination with 
human activity (Troels-Smith 1960, Iversen 1973, Groenrnan van Waateringe 1983, Go­
ransson 1986). In Bory Tucholskie it is difficult to observe any clear relation between 
the decrease in Ulmus and human activity. Although both in Kesowo and Maly Suszek 
this took place during the second period of the economic activity, yet human impact on 
the natural environment at that time was so insignificant that the disappearance of elm 
from this area can hardly be connected with it. 

Simultaneously with disturbances in curves of deciduous trees, increased amounts of 
herbs connected with human activity appear. First of all the amounts of nitrophilous 
ruderal plants and plants connected with open pastures increase. Single pollen grains of 
cereals appear. Hjelmroos-Ericsson (1981 a) associates these single pollen grains of cer­
eals with the Neolithic agricultural economy. It is, however, very unlikely that this could 
also pertain to the immediate vicinity of the lakes under discussion. It should be rather 
supposed that they originate from long-distance transport. On the other hand, it is 
known that both Triticum and Hordeum produce large amounts of pollen but they are 
autogamous and, in contrast to Secale, their pollen is badly dispersed. Hence, even the 
absence of the cereal pollen of Triticum - Hordeum type is not sufficient evidence for 
the lack of cultivation (Behre 1981 ). However, there are no archaeological premises 
from this area on the development of Neolithic economy connected with land cultivation. 

Generally, it can be stated that throughout the Neolithic the penetration of the out­
wash areas of Bory Tucholskie by small migratory human groups - cattle breeders is 
obvious. Perhaps the cattle was kept in enclosures, as is suggested by Troels-Smith 
(1955) and young sprouts of Ulmus, Fraxinus and Tilia were used as winter fodder for 
the animals. According to Groenman van Waateringe (1986) AP values exceeding 70%, 
and this is the case with all sites in Bory Tucholskie, indicate the existance of too dense 
forest which made grazing in the forests impossible. However it seems that on sandy 
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soils where Pinus was always a dominating tree the forest was open to the extent which 
permitted grazing there. This is indicated also by high values of Pteridium. Sprouts of 
eagle fern could also be used as the source of food for Neolithic people (Wasylikowa 
1983b ). Sometimes they are called "potatoes and cereals" of the Neolithic (Goransson 
1986). Changes in the curves of deciduous trees indicate that deforestations were insig­
nificant and usually followed by the return of the former composition of the mixed 
forest, sometimes preceded by an increase in the occurrence of pioneer heliophilous 
species such as Betula and Cory/us, which can also be characteristic of the periods of 
human activity (Berglund 1986). NAP values, changing to an insignificant extent, indi­
cate an almost constant density of the forest. A poor development of the Neolithic econ­
omy in this area is confirmed by archaeological data. The typically Neolithic findings 
connected with the Funnel Beaker culture are very rare. 

The 4-th period of human economic activity (Figs. 19, 26), corresponds to the Iwno 
culture in which cattle breeding was especially important (Godlowski & Kozlowski 
1985). This period is recorded on the diagrams as decreasing values of deciduous trees 
with a simultaneous increase in NAP curve. In greater amounts pollen grains of Me/am­
pyrum, a species of heliophilous communities on deforested sandy soils (Ralska-Jasie­
wiczowa 1981), appear. Pteridium spores increases insignificantly what can suggest that 
cutting of trees was more freguent than burning in the deforestation processes. A consid­
erable increase in the number of charcoal is observed only in the sediments of Lake 
Kesowo. A pollen grain of Succisa pratensis (Kesowo - Fig. 21 ), a species indicating 
grazing in more open forests on dry sandy soils (Ralska-J asiewiczowa 1982), is an evi­
dence that this changes can be related to the developing of forest pasturages. The forest 
clearings facilitated to a considerable degree the expansion of Carpinus, a tree which is 
characterized by a great regeneration capability from suckers and easily regenerates on 
fallow lands cleared by primitive methods. It is known that variations in the curve of 
this tree are closely connected with human activity (Ralska-Jasiewiczowa 1966, 1977). 
On the diagram from Lake Wielkie Gacno a clear maximum of Picea is observed, which 
also indicates that the area was deforested and that proper conditions for the develop­
ment of the tree had been created (Hjelmroos 198 la) or that its pollen had been trans­
ported more easily. 

During that period there was a certain differentiation in the intensity of human impact 
on the environment between particular sites. On diagrams from the central part of Bory 
Tucholskie (Maly Suszek, Suszek) (Figs. 20, 22) it is not very clear, as was the case 
with earlier periods. It is much clearer on the diagrams from Wielkie Gacno (Hjelmroos 
1981a) and Kesowo (Fig. 21) where, in addition to the increase in pollen values of rud­
eral plants, especially Artemisia and plants which are indicators of forest grazing, there 
is an increase in the occurrence of meadow plants. This refers primarily to an increase 
in Plantago lanceolata, Rumex acetosa and the appearance of new taxa, e.g. Lychnis­
type (Kesowo - Fig. 21 ). All this indicates the development of husbandry. On all sites 
slightly increased amounts of cereal pollen grains have been recorded. These single 
grains can indicate the existence of small fields on which wheat and barley were grown, 
especially in the vicinity of Lakes Kesowo and Wielkie Gacno (Hjelmroos 1981 b, 
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1982). They could have also been transported from the nearby moraine uplands where 
land was perhaps cultivated to a larger extent (Grzelakowska 1984). Results of the pol­
len analysis from the area of Le~no (Grzelakowska & Balwierz 1984) also recorded the 
occurrence of single cereal pollen grains and synantrophic plants in the early Bronze 
Age. However, there are no direct archaeological premises which would indicate the 
economy type in the area of Bory Tucholskie (Grzelakowska & Balwierz 1984) although 
it is known that at that time mainly Hordeum, Avena, Triticum monococcum, T. aesti­
vum, T. compactum and sporadically Secale cereale were grown in Poland (Klichowska 
1984) 

After this period the forest was regenerated with a slightly changed species composi­
tion. The significance of Carpinus clearly increased. The next, 5th period of intensified 
economic activity is connected with the development of the Lusatian culture which, in 
the course of time, was transformed into the Pomeranian culture (Godlowski & Kozlow­
ski 1985). This period is clearly visible on the diagrams from all sites but its duration 
differs. Its earliest record is on the diagram from Lake Kesowo and the latest on the 
diagram from Lake Wielkie Gacno (Hjelmroos 198la, b) (Fig. 19). The period is char­
acterized primarily by the minimum of Carpinus and a clear decrease in, and often dis­
appearance of, percentage curves of Tilia, Fraxinus, Ulmus, Quercus and also Cory/us. 
A great number of charcoal in the sediments from Lakes Kesowo and Maly Suszek 
(Figs. 24, 23) can indicate the using of fire in the deforestation but it could have come 
from body-burning ceremonies at the burial places (Godlowski & Kozlowski 1985) as 
well. At the same time there was an increase in Pinus, Gramineae, ruderal plants and 
grazing indicators. All this provide an evidence of an intensification of breeding econ­
omy (husbandry). Pollen grains of cereals continue to occur singly although their 
amounts increase at the end of the period (cf. Figs. 20, 21). Perhaps Triticum and Hor­
deum were grown in the close vicinity of the lakes, as is claimed by Hjelrnroos (198la) 
with reference to Lake Wielkie Gacno. A small number of pollen grains of Secale indi­
cates that this crop was either an admixture of wheat or barley cultivations, or the pollen 
originate from long-distance transport. During the archaeological investigations, which 
comprised the settlement complex of the Lusatian culture in Le~no, a stone grinder was 
found, which can indirectly indicate the development of agrarian economy in this area 
(Grzelakowska, Balwierz 1985). Results of archaeological investigations are also an evi­
dence of the cultivation during the Pomeranian culture, i.e. at the end of the period 
under discussion. Traces of ploughing, connected with this culture, were found at Odry 
(Kmiecinski 1968). An imprint of spelt - a variety of wheat (Triticum spelta) was found 
on a clay cup at the Pawlowo site near Chojnice (Klichowska 1962, 1972), an imprint of 
barley (Hordeum sp.) was found on a clay bowl from the early La Tene period at the 
Stara Jania site near Smetowo Graniczne, an imprint resembling rye (Secale cereale) 
was found in Swomegacie near Chojnice (Klichowska 1962, 1968, 1972) and imprints 
of millet grains (Panicum), wheat (Triticum) and rye (Secale) were found on vessels 
from Brusy (Luka 1966). Apart from that in Slupy near Chojnice a quern was found 
(Katalog stanowisk archeologicznych). All these archaeological sites, however, are lo­
cated on moraine uplands or in their immediate vicinity. 
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Along with an increase in the number of cereal pollen grains, on the diagram from 
Lake Wielkie Gacno the occurrence of Picea pollen has been noted in numbers which 
help suppose that the tree grew in the close vicinity of the lake (Hjelmroos 1981 a). It 
only confirms that the forest clearance was used on a large scale. Picea, apart from Car­
pinus and Fagus is a tree most connected with the development of economy in the 
northern areas of Poland (Ralska -Jasiewiczowa 1977). 

The period under discussion is reflected in a similar way on the pollen diagrams from 
Lakes Wielkie Gacno, Suszek and Kesowo. The duration in the case of different sites 
varies but in all cases it extended over the Bronze up Iron Age. It is different only on the 
diagram from Maly Suszek, where this is, in a way, an extension of the periods distin­
guished for the other sites, especially for Suszek. We can wonder why there are such 
great differences on the diagram from sites only 250 m away from each other. However, 
it is known that "there is a clear correlation between decreasing anthropogenic indica­
tors and increasing distance"(Behre & Kucan 1986). Small amounts of these indicators 
were observed at the distance of 100 m to the settlement and 270 m to the field (Behre 
& Kucan 1986, Lange 1986). It seems obvious, therefore, that the differences in the 
duration of the periods distinguished for Suszek and Maly Suszek are of a typically local 
character. Perhaps this is a continuation of the same period, which would be evidence of 
the local "prolongation" of the Pomeranian culture and confirmation of archaeological 
investigations conducted in the vicinity of Lesno (Walenta 1988). 

After the period of intensive clearances the forests were partially regenerated, which 
can be noticed on all diagrams. A clear peak in the curve of Carpinus occurs at about 
2000 years B.P., i.e. about 50 years B.C. An oak-hornbeam forest became the dominant 
forest association at that time. 

The 6th period of human impact is connected with the development of the Wielbark 
culture. On the pollen diagrams it is mainly marked by a rapid decrease in deciduous 
trees and an increase in Betula and Gramineae. This indicates intensive deforestations in 
the dominant association of Querco-Carpinetum, confirmed by another small increase in 
Picea, visible on the diagram from Lake Wielkie Gacno (Hjelmroos 198la, b). A clear 
increase in continuous curves of plants connected with the human economic activity is 
an evidence of an intensive development of settlement, connected mainly with hus­
bandry and thereby with a considerable development of meadows and dry pastures. In 
addition to husbandry, people also practiced land cultivation, which is evidenced by an 
increase in the cereal curves, mainly Triticum-type and Secale, which could be culti­
vated independently. This confirms to the universal view that rye as a com more resis­
tant than barley and wheat to worse climatic and soil conditions and, occurring earlier 
only as a weed of corn cultivations, became to be used universally as a cultivated plant 
as late as in the Roman period (Klichowska 1968, Wasylikowa 1983b). It seems that 
compared to the earlier period Hordeum was less significant. The occurrence of single 
pollen grains of Centaurea cyanus (Kesowo and Wielkie Gacno) bear an evidence of 
com-growing in the direct vicinity of the lakes. 

The period is less clearly recorded on the diagram from Lake Maly Suszek, which is 
probably connected with the distribution of settlement around the nearby Lake Suszek. 
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Archaeological investigations conducted in Bory Tucholskie indicate that at the Roman 
period in addition to the development of transfer-type agriculture connected with slash 
and bum cultivation, sheep breeding was expanded. This is evidenced by finds con­
nected with the development of weaving and spinning (Grzelakowska 1984). 

Following this period of intensified economic activity of man the forests regenerated, 
which is evidenced by an increase in primarily Carpinus, Fagus and Quercus and that in 
Ulmus and Tilia, although to a less considerable degree. Simultaneously the amounts of 
Betula, Pinus and Gramineae decrease. This regression of economy described for many 
areas (Berglund 1969, Hammar 1986, Carlson 1986) is connected with the Migration 
Period. 

The last, 7th period of man's economic activity began in early Middle Ages and has 
continued untill the present times. Settlement, developing very intensively, contributed 
to an almost complete deforestation of the area. This can be noticed in the diagram from 
all sites. There is a decrease in the curves of deciduous trees, initially accompanied by 
a clear increase in Betula. A complete disappearance of deciduous forests took place 
about 750 years B.P., i.e. at A.D. 1200. Since that time an absolute dominance of Pinus 
has been observed. The intensification of forest clearance was justified by the necessity 
to obtain new areas to be turned into arable lands and pastures. 

The intensity of human economic activity during early Middle Ages and in historical 
times was different. Initially, till about A.D. 10th century, it resembled the earlier period. 
A gradual increase in the curves of ruderal plants and grazing indicators both on dry 
pastures and meadows is observed on the all diagrams. This is an evidence that in early 
Middle Ages husbandry was still the basic form of economy in Bory Tucholskie. Exam­
inations of animal bones indicate that apart from pigs, the number of cattle grew and 
that of sheep decreased (Grzelakowska 1984). A clear increase in the curves of Cerealia, 
primarily Triticum-type and Secale, indicates that land cultivation developed alongside 
husbandry. Since the 11th century a clear increase in the intensity of human economic 
activity is noticed, manifested primarily by the extensive forest clearances. This tend­
ency continued and even intensified throughout the 12th and 13th centuries (cf. Fig. 18). 
A clear increase in Rumex acetosella bear an evidence of the intensification of defore­
station on sandy soils (Ralska-Jasiewiczowa 1966, 1982). The development of settle­
ment at that period is confirmed by an increase in plants of fresh meadows and dry 
pastures (Suszek and Kesowo), especially at the tum of Middle Ages and historical 
times. A considerable increase in the pollen grains of cereals and field weeds bear an 
evidence of an intensive development of cultivation in which Seca/e played the main 
role. Undoubtedly, the acceleration of soil leaching, contributed to high extent to the 
increase of the role of rye. The dominant role of this crop in the cultivations of early 
Middle Ages is confirmed also by archaeological investigations (Grzelakowska 1984, 
Kowalczyk 1986). Single pollen grains of Fagopyrum were found in sediments from 
Lakes Wielkie Gacno, Maly Suszek and Suszek whereas in Lake Kesowo they occurred 
in greater amounts. This indicates the cultivation of buckwheat in the immediate vicinity 
of the sites under investigations because it produces small amounts of pollen which is 
not very well dispearsed (Behre 1981). Relatively high values of Cannabaceae can sug-
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gest the existence of hemp cultivations but due to difficulties in differentiating between 
pollen grains of Humulus and Cannabis it is impossible to conclude this which all cer­
tainty. It is known that hemp appeared for the first time in the cultivations in Poland 
during the Roman period (Wasylikowa 1983b, Ralska-Jasiewiczowa 1981, Klichowska 
1984). Great outwash plain of Bory Tucholskie with poor soil did not provide sufficient 
conditions for such cultivations but they could have developed in river valleys. An in­
crease in the intensity of the economy in the 12th and 13th centuries observed on the 
diagrams is confirmed by archaeological facts (cf. Fig. 7). A development of settlement 
with a tendency to populate deforested areas is noted. In addition to numerous settle­
ments, strongholds such as Gostycyn, Obrowo and Raciaz are established (Kowalczyk 
1986). Deforestations carried out in the 12th and 13th centuries are also very clearly 
visible on the fotrest map (Fig. 18) (Slaski 1951). An increase in especially Secale, 
visible on the diagrams about the 16th c., is connected with the establishement of a great 
number of new settlements (Boinski 1985) and a considerable enlargement of field cul­
tivations. Wasteful exploitation performed since the end of the 18th c. consisting in a 
mass use of wood (Boinski 1985) appeared to be most harmful. Pine monocultures 
which gave Bory Tucholskie its present appearance were planted on vast territories, in 
place of the cleared forests. 

PERIODS OF HUMAN IMPACT VERSUS ARCHAEOLOGICAL INVESTIGATIONS 

Archaeological investigations concerning Mesolithic societies conducted in the area 
of the southern part of the Kashubian Lakeland (Bagniewski 1987) provided surprising 
data. 14C dates obtained from samples collected from fire places of six sites with Me­
solithic flint materials are characterized by large span in time. The oldest date is 3829 
years B.C. and is not surprising but the other dates are much younger: 1710 years B.C., 
1955 years B.C., 1971 years B.C., 2156 years B.C., 2910 years B.C. and do not fit the 
time span adopted for the Mesolithic and recorded for other regions of Poland. The data 
obtained place the development of hunting-fishing societies of southern Kashubia at the 
time from about 6500 years B.C. to about 2000-1800 years B.C. (Bagniewski 1987). 
Similar young dates were obtained from the sites of the Mesolithic type in other regions 
of Poland, situated on analogous territories of extensive outwashes or in areas less fit for 
agricultural purposes (Bagniewski 1987). The location, morphology and a dense hydro­
graphic network of Bory Tucholskie favoured the establishment of Mesolithic camps 
which were located mainly on moderately steep lake shores (Bagniewski 1987, Grzela­
kowska 1984 ). Specific physiographic and ecological conditions of the outwash land, 
excluding or at least limiting the possibility of agrarian adaptation, were the deleying 
factor of the Neolithic colonization of this area which took place rather late and only in 
a small area of inshore moraine uplands (Bagniewski 1987, Grzelakowska 1984). Ar­
chaeological data indicate the lack of permanent settlement (Grzelakowska & Balwierz 
1985). Different development of settlement in Bory Tucholskie as compared with the 
scheme generally accepted for Polish lands results from a perfect adaptation of the local 
society to the possibilities created by the natural environment (Grzelakowska 1984 ). The 
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results obtained by the pollen analysis method, discussed earlier, confirm these rather 
controversial results of archaeological investigations to a considerable degree. All this 
testifies to the so-called "long lasting" of Mesolithic cultures in the area of Bory Tuchol­
skie and explains a relatively great number of archaeological sites with elements of the 
Komornice culture and the Chojnice-Pieilki culture. Elements of Neolithic cultures, 
mainly that of Funnel Beaker, are encountered sporadically (Bagniewski 1987, Walenta 
1988). These elements could have been borrowed from Neolithic peoples by local popu­
lation still engaged in economy of the Mesolithic type. It seems that the Mesolithic, like 
the Neolithic (Welinder 1985), should not be used here as a chronological concept. The 
first clear period of the economic activity connected with husbandry was recorded on 
the diagrams from Kesowo (Figs 21, 24) and Wielkie Gacno (Hjelmroos 198la, 1982) 
at the turn of the Neolithic and the Bronze Age. This is probably related to the vicinity 
of moraine uplands since in the central part of Bory Tucholskie (Suszek and Maly Su­
szek) this economic boom occurred as late as the end of the Bronze Age. The animation 
of the settlement activity was also discovered in expert palynological investigations 
from the area of Lefao (Grzelakowska & Balwierz 1985). This should most probably be 
related to the activity of the Iwno culture population whose development in Bory Tu­
cholskie is dated on the basis of archaeological facts at the oldest part of Bronze Age, 
i.e. about 1600-1500 years B.C. In archaeological materials the settlement of this period 
is known from few sites and the barrow from Brusy (Grzelakowska & Balwierz 1985) 
is one of the best known. Thus there are no direct archaeological premises which would 
indicate the type of economy. After the development of the Iwno culture a certain re­
gression of the economy is observed, as is indicated by the results of archaeological 
investigations (Grzelakowska 1984, Grzelakowska & Balwierz 1985). There are almost 
no finds connected with the development of the Trzciniec culture (about 1500-1300 
years B.C.). This is fully confirmed by results of pollen analyses (Figs 19, 26). On the 
diagrams from all sites a rather clear depression of man economic activity is recorded in 
the middle part of the Bronze Age. 

The next apparent increase in the settlement activity in Bory Tucholskie is related by 
archaeologists to the development of the Lusatian culture. This occurred from the IVth 
period of the Bronze Age (about 1100-1000 B.C.) till the Hallstatt C period (about 600 
B.C.). In this case the results of the pollen analysis again show great convergence with 
archaeological premises (cf. Fig. 26). The period distinguished on the basis of the pollen 
analysis in all sites exceeds the duration of the Lusatian culture. This, however, is not 
concordant with archaeological data which indicate that the Lusatian culture directly 
transformed into the Pomeranian culture. In Bory Tucholskie this culture is represented 
by numerous burial places and graves; its settlement, however, is known relatively 
weakly (Fig. 7). On the basis of archaeological data it is difficult to determine the dura­
tion of the Pomeranian culture in Bory Tucholskie. Taking into account the results of the 
pollen analysis we can suppose that the end of the culture occurred at about 200 years 
B.C. when an apparent decrease in human economic activity is observed on the pollen 
diagrams. Archaeological data also record a decrease in the density of population, taking 
place at the late La Tene period (Walenta, personal communication), which was most 
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certainly connected with the deterioration of the climate at that time (Klichowska 1962). 
Such a settlement crisis could have been caused by complete exploitation of sandy soils 
due to too intensive pasturage (Iversen 1973). On the basis of diagrams from Lake Maly 
Suszek we can conclude that locally the Pomeranian culture could last untill the Wiel-
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bark culture developed. This settlement span was also found in archaeological investiga­
tions conducted in Le§no (Walenta 1988). 

The duration of the Wielbark culture in Bory Tucholskie is dated on the basis of 
archaeological materials at about 50 - 300 A.O. The economic activity of this culture is 
reflected very clearly on the pollen diagrams from all sites under investigations. At the 
end of the Roman period settlement decreased. This is observed both in pollen profiles 
and in the archaeological material. This apparent settlement emptiness occurs at the Mi­
gration Period. 

Another increase in human economic activity !s connected with early Middle Ages 
(Hjelmroos 1981a, 1982, Grzelakowska 1984, Kowalczyk 1986, Walenta 1988). An in­
crease in settlement is dated by archaeologists at the 13th c. (Grzelakowska 1984, Ko­
walczyk 1986). It can also be detected on the pollen diagrams. 

AN OUTLINE HISTORY OF THE LAKES UNDER STUDY 

THE RATE OF SEDIMENT ACCUMULATION 

The rate of sediment accumulation depends on the productivity of aquatic vegetation, 
the type of plant communities occurring around the lakes, trophy of water, course of the 
denudation processes, climatic conditions, etc. The rate of sedimentationin the three 
lakes under study was expressed in cm/year (Figs. 27, 28, 29). 

The mean rate of sediment accumulation for the bottom peat sediments and calcare­
ous gyttja in Lake Maly Suszek is 0.0924 cm/year. This is a value similar to the mean 
rate of sediment accumulation of calcareous gyttja and calcareous detritus gyttja en-
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Flg. 27. Lake Maly Suszek. Graph showing the accumulation rate of sediments (in cm/year) 
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Fig. 28. Lake Suszek. Graph showing the accumulation rate of sediments (in cm/year) 

countered in the profiles of Poland (0.0870 cm/year) and slightly lower than the rate of 
sediment accumulation of clayey calcareous gyttja of the same age in Lake Wielkie 
Gacno (0.1250 cm/year) (Zurek 1986). The rate of sediment accumulation of younger 
sediments of detritus gyttja in Lake Maly Suszek is differentiated. It was quickest (over 
0.2300 cm/year) at the time of 9300 to 8900 years B.P. and 5700 to 5300 years B.P. 
(Fig. 27). The bottom and top parts of homogenous sediment of fine detritus gyttja was 
formed at those times. An increase in the rate of sediment accumulation occurred 
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Fig. 29. Lake K~sowo. Graph showing the accumulation rate of sediments (in cm/year) 
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together with a clear change in the character of the sediment consisting in an increase of 
the organic matter, a decrease in the percentage of terrigenous material and carbonates 
(Fig. 30). This indicates a considerable increase in the production of plant communities 
connected with the improvement of the climate at the beginning of Holocene. The lack 
of physical and chemical analyses of the younger part of the sediments does not permit 
a more profound analysis of this problem, although an increase in Pediastrum indicates 
an increase in the trophy of the lake water during the climatic optimum (cf. Fig. 10). We 
should also take into account the possibility of certain inaccuracies when calculating the 
rate of sediment accumulation caused by temporal shift of 14C dates. The rate of sedi­
ment accumulation of the other sediments of fine detritus gyttja and younger sediments 
of medium and coarse detritus gyttja (Fig. 30) ranges from 0.0694 to 0.1562 cm/year 
and is similar to the rate of sediment accumulation of the sediments of algal and fine 
detritus gyttja of Lake Wielkie Gacno (from 0.0620 to 0.1250 cm/year) and also similar 
to the mean rate of sediment accumulation of detritus gyttja in different lakes of Poland 
(0.0840 cm/year) (Zurek 1986). 

The sediments of algal and fine detritus gyttja of Lake Suszek and gyttja of Lake 
Kesowo are characterized by very high values of the rate of sediment accumulation, 
which ranged from 0.1692 to 0.3444 cm/year (Lake Suszek) and from 0.1357 to 0.2588 
cm/year (Lake Kesowo ). Such a quick accumulation, not recorded from this kind of 
sediments in other areas of Poland caused the formation of sediments with almost 13 
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metre thickness during the Sub-Boreal and Sub-Atlantic periods. The lakes are situated 
in melt water channels (pradolina) and even today are connected through small water 
courses with neighbouring reservoirs, which partly explains such a large contribution of 
the terrigenous material in their sediments (Figs. 31, 32). Lakes of this type are usually 
characterized by large variations in the rate of sediment accumulation (Zurek 1986). The 
quickest rate of sediment accumulation in both lakes took place in the middle Sub-Bore­
al period, when the water level in the reservoirs was raised (cf .. Fig. 17). At this time an 
increase in the ratio of the content of terrigenous material to organic matter (Figs. 31, 
32) and an insignificant increase in the curves of sediment chlorophyll and Pediastrum 
are observed (Figs. 11, 12). All this indicates that at the time of the quickest rate of 
sediment accumulation there was a small increase in the trophy of water in the lakes 
connected with a considerable inflow of terrigenous substance. 

THE DEVELOPMENT OF THE LAKES 

Lake Maly Suszek 

The peat layer under the lake sediments is dated at 11810±140 years B.P. (Lu-2296), 
which indicates the Aller!lld origin of this sediment. The presence of Camptothecium 
nitens indicates that this could have been a transition peatbog (in today's meaning of the 
word), at the last stage of formation. The lake, similarly to Lake Wielkie Gacno (Hjelm­
roos 1981) was formed as a result of the melting of ice blocks. This phenomenon was 
characteristic of this period and can be detected in the basins of many lakes (Starkel 
1977). The calcareous gyttja overlying the peat contains 60-70% of carbonates, about 
30% of terrigenous material and 8% of organic matter (of dry material). This indicates 
a small productivity of the lake and the existence of good conditions for the precipita­
tion of calcium carbonate. The intensity of the accumulation of calcareous sediments in 
lakes was different at different times. Many lakes located in north-western Poland are 
known to have a high content of calcium carbonate in late-Glacial sediments (Nowaczyk 
& Tobolski 1980). In Bory Tucholskie lake chalk dated palynologically at the beginning 
of the Holocene is present in the channels of Lakes Male Gluche and Duze Gluche (Slo­
wanski 1961, Bor6wko-Dluzakowa 1962, Prusinkiewicz & Nory~kiewicz 1975). In Lake 
Maly Suszek sediment accumulation with the greatest content of carbonates took place 
in Aller~d and continued till the beginning of the Pre-Boreal period when a gradual 
change of the sediment to acid fine detritus gyttja occurred (Fig. 30). The percentage of 
organic matter (to 90% of dry matter) clearly increased and the amount of terrigenous 
material clearly decreased. This indicates an autochtonic origin of the sediment. It is 
homogeneous enough (fine detritus gyttja to coarse detritus gyttja) to suppose that till 
the Sub-Atlantic period inclusively the conditions for its accumulation in the lake were 
similar, and that from the Boreal period till the modem times this has been a dystrophic 
lake with only small variations in the water trophy. This is indicated by constant small 
pollen amount of aquatic and telmatic flora present in the sediment. A certain increase 
in Potamogeton, Myriophyllum alternifolium, Phragmites and Pediastrum at the time of 
human economic activity or directly following, can suggest a small increase in the 
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trophy of lake water or its shallowing due to human impact. It could also have been 
caused by natural changes in the development of the reservoir. Large acidity of the sedi­
ments is confirmed by the lack of diatoms. They appear only in the youngest sediments, 
which indicates a certain increase in pH of the sediment caused by the general eutrophi­
cation of the environment. This is also indicated by an increase in aquatics (Nuphar, 
Nymphaea, Potamogeton) and rush plants (Phragmites) (Fig. 10). 

Lake Suszek 

The lake, similarly to Lake Kesowo, lies in one of the melt water channels, so numer­
ous in Bory Tucholskie. The sediments under investigation provide no information on 
the origin of the reservoir but, in accordance with the prevailing opinion, subglacial 
channel were preserved by the ice during the deglaciation processes and thus avoided 
being covered by moraine and outwash sediments (Galon 1982). The formation of 
Strzyzyny channel in Bory Tucholskie is dated by palynological and radiocarbon meth­
ods at the Aller0d (Nory§kiewicz 1982). 

Sediments of Lake Suszek are very homogeneous, which has also been confirmed by 
physical and chemical analyses (Fig. 31). The bottom part of the algal gyttja formed in 
the early and middle Sub-Boreal period is characterized by the 40-50% content of car­
bonates, about 20% of organic matter, 30-40% of terrigenous material. The sediment 
chlorophyll curve is constant. This indicates the existence of relatively constant condi­
tions in the lake at that time. Similar conclusions are drawn from the results of the Cla­
docera analysis (Szeroczynska 1991) although a small periodic increase in the 
significance of species connected with the littoral zone can suggest small changes in the 
water level. In the middle and late Sub-Boreal period (at the depth of about 1400 and 
1250 cm) the development of Cladocera species indicating the progressing eutrophica­
tion of lake increased. An apparent increase in Pediastrum and in the percentage of 
Phragmites pollen was also recorded (Fig. 11 ). These changes are correlated in time 
with the periods of human economic activity (3 and 4, cf. Fig. 22). It seems, however, 
that climatic factors and not human impact, of low intensity at that time, are responsible 
for this change. Certainly they should be related to the Sub-Boreal lowering of the water 
level recorded for Lake Wielkie Gacno (Hjelrnroos 198la, cf. Fig. 17 - a curve of vari­
ations in the lake level after Adamczak). Some changes in the physical and chemical 
composition of the sediment were marked only at the depth of about 1180 cm, which 
corresponds to the end of the Sub-Boreal period. An increase in the content of organic 
matter in the sediment indicates a small increase in the production of plant communities 
of the lake. This can be related to the 5th period of human economic activity. However, 
this was not reflected in C ladocera analyses, which indicated a constant percentage 
values of plankton species. The lack of the heliophilous species of Camptocercus recti­
rostris in the sediments of the 1170-1070 cm layer can only suggest an insignificant 
cooling of climate (Szeroczynska, personal communication). The composition of the 
aquatic pollen flora did not undergo an apparent change. Only Phragmites pollen values 
grew insignificantly. In the sediments of the Sub-Atlantic period there was an increase 
in the frequency of the majority of Cladocera species. A large amount of the species 
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indicating the development of the littoral zone was observed. A clear increase in the 
indicators of eutrophic conditions took place at the time of the two youngest periods of 
human economic activity (6 and 7 - cf. Fig. 22). Results of the pollen analysis also 
indicate an improvement in the trophic conditions of water (a mass development of 
Pediastrum, a greater number of pollen grains of aquatic flora) and an apparent tendency 
to lake shallowing (an increase in Phragmites, Cyperaceae, Typha latifolia and Sparga­
nium-Typha pollen). This was also reflected in the physical and chemical composition of 
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the sediment (Fig. 31). During the 6-th period of human economic activity (at the depth 
of about 850 cm) an increase in the percentage of organic matter was observed and a 
considerable deforestation of the area was reflected in the increasing amount of the ter­
rigenous material. The most apparent changes in the physical and chemical composition 
of sediment are connected with the 7-th period of human economic activity (cf. Fig. 22). 
High values of sediment chlorophyll curve and a large content of organic matter indicate 
a considerable productivity of the lake. At the beginning of this time the clay content in 
algal gyttja decreased and the sediment changed to fine detritus gyttja, which was prob­
ably connected with the development of the telmatic flora following an increase in the 
trophy and a decrease in the water level of the lake. An increase in the terrigenous ma­
terial can be related to a strong deforestation of the areas adjoining the lake. There was 
a rise of the water level between these two last periods (cf. Fig. 17) of human impact 
and at the same time a decrease in the lake trophy (a decrease in Pediastrum). 

Lake Kesowo 

The bottom of the sediments of Lake Kesowo was formed at the late Atlantic period. 
As physical and chemical analyses show (Fig. 32) the content of organic matter in this 
sediment is 30% of dry matter while in the youngest sediments it does not reach more 
than 20%. The content of carbonates in the sediments accumulated during the Atlantic 
period is 40-50% of dry matter and then grows to about 60-70%. This indicates a high 
productivity of the lake during the Atlantic period and an improvement of conditions for 
the sedimentation of carbonates at a later time. An insignificant increase in the percent­
age of the terrigenous material in the sediment at the depth of 1070-980 cm and an 
apparent increase in Pediastrum (Fig. 12) corresponds to the 4th period of human econ­
omic activity in this area (cf. Fig. 21). The physical and chemical composition of the 
sediments from the end of the Sub-Boreal period and the early Sub-Atlantic period does 
not show significant changes. The appearance of mollusc shells and an increase in the 
amount of Phragmites pollen suggests the shallowing of the reservoir, which should 
most probably corresponds with the lowering of the water level recorded at that time in 
Lake Wielkie Gacno (Hjelmroos 1981, cf. Fig. 17). The next lowering of water level and 
the eutrophication processes were reflected in a small increase in the terrigenous sub­
stance compared to organic matter and Pediastrum (at the depth of 720-660 cm). These 
changes should probably be related to human economic activity (the 6th period, cf. 
Fig. 21). After this period there was an improvement of conditions for the sedimentation 
of carbonates (Fig. 32). Apparent changes in the character of the lake were caused by an 
intensive activity of man in early Middle Ages (the 7-th period) (Fig. 12, 21 ). An in­
crease in the percentage of organic matter and sediment chlorophyll took place then. 
(Fig. 32). In the pollen analysis an increase in Cyperaceae, Phragmites, Typha latifolia, 
Nuphar, Nymphaea and Potamogeton is oberved. The amount of Pediastrum also in­
creased. This indicates a considerable increase in the water trophy and the shallowing of 
the lake (cf. Fig. 17). An increase in the amount of the terrigenous material in the sedi­
ment is connected probably with an almost complete deforestation of the area around the 
lake and the development of agriculture. 
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Fig. 32. Lake K~sowo. Results of physico - chemical analyses (acc. K~pinska), OM - organic matter, TM - te­
rygenic matter 

CONCLUSIONS 

The main features of the vegetational development in Bory Tucholskie area are illus­
trated in Fig. 15 by a simplified pollen diagram and in Fig. 17 by the event stratigraphy 
table. On the basis of pollen diagrams from four sites under discussion, it must be stated 
that the development of the vegetation in the entire Bory Tucholskie was very similar, 
although there were also small differences caused by different edaphic conditions. This 
is confirmed by pollen diagrams from sites investigated earlier by other authors. 

During the pre-Aller0d time Bory Tucholskie area was covered by treeless tundra. In 
the second part of Aller0d, simultanously with an improvement of climatic conditions, 
Pinus began to play a considerable role in the forests and from this time remains the 
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dominant tree in this region. At the same time the melting of ice blocks began or was 
intensified. This can have resulted in the rising of water level observed in diatom ana­
lyses (cf. Fig. 17). The cooling of the climate in the Younger Dryas caused the reduction 
of the forest. In this time the park tundra with heliophilous herbs and Juniperus de­
veloped and eolic processes became more intense. In the Pre-Boreal the water level was 
relatively low (cf. Fig. 17). Pin us dominated in dry places, while more humid and fertile 
habitats were gradually taken by Betula and trees which arrived at that time: Cory/us 
(Holocene maximum), Ulmus and later on - also Quercus and A/nus. About 9700 years 
B.P. a certain deterioration of the climate is observed. This cooler oscillation noticed in 
Poland for the very first time in Zamowieckie Lake (Latalowa 1982) was known earlier 
from other sites in Europe (Robertsson 1969, Behre 1978, Schneider & Tobolski 1985 
and others). In the end of the Pre-Boreal Pinus locally reached its holocene maximum. 
Pine was still dominant tree on dry, sandy soils during the Boreal while more fertile 
moist soils were occupied by Quercus, Ulmus, Cory/us, A/nus and in lesser extent by 
Tilia and Fraxinus which arrived at that time. The lowering of the water level (Fig. 17) 
caused the rapid spread of A/nus which about 8000 years B.P. locally reached its ho­
locene maximum. During the Atlantic, especially when the ground water level is thought 
to have been higher (according to diatom analyses and Cladocera analyses there was the 
highest water level in the lakes in the whole Holocene - Fig. 17), the nemoral broad­
leaved forest communities were able to expand onto higher ground and Pinus was forced 
onto the poorest places. At the end of this time small disturbances in the deciduous 
forests caused probably by man are observed. The humid climate caused the soil leach­
ing which lead to gradual deterioration of edaphic conditions. Retrogressive develop­
ment of the forest vegetation started in the Sub-Boreal. More fertile soils were still 
occupied by mixed deciduous forest and on poorer habitats acidophilous Pino-Querce­
tum association began to develop. Quercus reached its Holocene maximum. Participa­
tion of Carpinus and Fagus in the forest communities were gradually increasing. The 
changes in the vegetation were not only due to climatic deterioration and more active 
soil leaching but also due to human interference in the forests. During the early ~uh-At­
lantic Pino-Quercetum-type forest was dominant in poorer habitats, in more fertile ones 
- Querco-Carpinetum developed. In the middle and late Sub-Atlantic humidity in­
creased and the exploitation of arable land resulted in accelerated erosion and soil leach­
ing. Pinus became the absolutely dominating forest component. The modem forest 
communities of which the Vaccinio myrtilli-Pinetum is the most common, were largely 
formed artificially by plantation. 

Basing on the palaeoecological investigations conducted so far we can say that the 
modem flora of Bory Tucholskie is partly the result of climatic changes taking place 
during Holocene which brought about changes in the edaphic conditions, but to a con­
siderable degree it is the result of the economic activity of man who indirectly (grazing 
contributing to a more rapid impoverishment of soils) and directly (clearings and burn­
ings, and at the youngest times - forest plantation) contributed to the formation of the 
present - day vegetation. 

A separate floristic character of Bory Tucholskie during the Holocene history of 
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vegetation can be detected upon the comparison of selected curves of trees in diagrams 
from sites in Bory Tucholskie and areas directly adjoining them (Lake Godziszewskie in 
Kashuby Lakeland - Miotk 1986, Kome in Charzykowska Plain - Kepczyrtski & Nory­
§kiewicz 1982, and Fletnowo in the Grudziadz Basin - Kepczyrtski & Nory§kiewicz 
1968). This was connected with the soil cover, poorer than in the neighbouring areas, 
formed on the extensive outwash plain of the Brda, specific hydrographic conditions and 
similar economic activity of man in this area. 

The results of the pollen analysis confirmed the suppositions advanced by archaeo­
logists about a considerable prolongation of Mesolithic-type economy in the area of 
Bory Tucholskie. Human impact on the natural environment is clearly reflected on the 
. pollen diagrams from the Bronze Age and is connected with the development of the 
Iwno culture (Lakes Kesowo and Wielkie Gacno) and in the middle part of Bory Tuchol­
skie - with the Lusatian culture (Lakes Suszek and Maly Suszek) (Fig. 19). The basic 
form of economy in the area of the entire Bory Tucholskie was husbandry. Farming, as 
is evidenced by the results of pollen analyses and archaeological investigations, gained 
in significance as late as the beginning of the Iron Age, during the Pomeranian culture 
and it developed extensively in the Roman period during the Wielbark culture (Fig. 26). 

Man economic activity is most strongly marked on pollen diagrams from the periph­
eries of Bory Tucholskie (Lake Kesowo) (Figs. 21, 24). This is probably connected with 
the vicinity of moraine uplands. 

All the periods of human impact, distinguished on the basis of pollen analyses, are 
compatible with archaeological data on the development of particular cultures in Bory 
Tucholskie (Fig. 26). The results of the physical and chemical, pollen, Cladocera (Lake 
Suszek) and diatom analyses reflected the Sub-Boreal and Sub-Atlantic lowering of the 
water level in the lakes of Bory Tucholskie (cf. Hjelmroos 1981a and Fig. 17). The Sub­
Boreal economic activity of man caused very weak changes in the trophic condition of 
the lake water. During the Sub-Atlantic, man had a decisive influence on the develop­
ment of the reservoirs under study. 

The sediment accumulation rate of Lake Maly Suszek is similar to that of Lake Wiel­
kie Gacno (Hjelmroos 1981a) and other lakes of Poland (Zurek 1986). The accumulation 
of the Sub-Boreal and the Sub-Atlantic sediments in the through-flow lakes (Lakes Sus­
zek and Kesowo) was very rapid. Such rate was not recorded in other reservoirs. 
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STRESZCZENIE 

Wstep 

Badania, kt6rych wyniki zostaly przedstawione w niniejszej pracy, rozpoczeto w l 982r. w ramach 
problemu resortowego R-111-15 -"Procesy ekologiczne w obrebie wybranych jednostek krajobrazo­
wych oraz bilans energetyczny tych jednostek", a od l 986r. kontynuowano w podprogramie central­
nym 04.10.01. - "Przyrodnicze podstawy ochrony i ksztattowania srodowiska". Badania te byty kon­
tynuacj11 i rozszerzeniem paleoekelogicznych badan jeziora Wielkie Gacno (Hjelmroos-Ericsson 1981, 
1982). Jeziora Wielkie Gacno i Maly Suszek zostaty wt11czone do sieci punkt6w wzorcowych Interna­
tional Geological Correlation Programme (IGCP) nr 158B. 

Celem tych rozszerzonych badan paleoekologicznych bylo pogtebienie wiadomosci o historii ro­
slinnosci tego terenu ze szczeg6lnym uwzglednieniem roli czlowieka ingeruj11cego w pierwotn11 szate 
roslinn11, a takze poznanie rozwoju badanych jezior, wplywu dzialalnosci ludzkiej na zmiany trofii ich 
w6d, por6wnanie otrzymanych wynik6w z danymi archeologicznymi i wreszcie pr6ba uog6lnienia 
tych zmian na teren calych Bor6w Tucholskich. R6wnolegle z analiz11 pytkow11 prowadzone byty ba­
dania subfosylnych okrzemek (dr B. Bogaczewicz-Adamczak). 

Przy opisie regionalnej historii roslinnosci i interpretacji dziatalnosci gospodarczej cztowieka 
opr6cz trzech badanych stanowisk (jeziora: Maly Suszek, Suszek i Kesowo) uwzgledniono tez wyniki 
badan jeziora Wielkie Gacno (Hjelmroos 1981, 1982) (rys. 1). 
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Charakterystyka Bor6w Tucholskich 

Bory Tucholskie Sil najwi~kszym obszarem lesnym na Pomorzu Zachodnim. Zajmujll one powierz­
chni~ 2106 km2 (Kondracki 1978) i le:ill na obszarze sandru zwanego Sandrem Brdy, w obr~bie kt6re­
go zachowalo si~ szereg wysp i p61wysp6w morenowych (rys. 2). 

Cechy klimatu panujllcego w Borach Tucholskich przedstawiono w postaci diagramu klimatyczne­
go (rys. 3) i na rys. 4. Rozlegle pola sandrowe stwarzajll warunki dla rozwoju gl6wnie gleb bielico­
wych (rys. 5). W szacie lesnej przewa:iajll zbiorowiska borowe. Rozmieszczenie wa:iniejszych drzew, 
krzew6w i krzewinek na terenie Bor6w Tucholskich przedstawia rys. 6. Na rys. 7 zaznaczono stano­
wiska archeologiczne obrazujllce rozw6j osadnictwa na tym terenie. 

Metody badan 

Rdzenie przeznaczone do szczeg61owych analiz laboratoryjnych pobierano przy pomocy sondy tlo­
kowej Livingstone'a w modyfikacji Wright'a (Livingstone 1955, Wright 1967). Cz~sci spllgowe tych 
rdzeni pobierano §widrem torfowym a p61plynne osady powierzchniowe przy pomocy pr6bnika opisa­
nego przez Digerfeldt'a i Lettevall'a (1969). 

Osady klasyfikowano w oparciu o system opracowany przez Troels- Smith'a (1955). Symbole u:iy­
te w kolumnach stratygraficznych diagram6w Sil takze zgodne z tym systemem. 

Wyniki analizy pylkowej przedstawione zostaly w postaci diagram6w pylkowych skonstruowanych 
wedlug zalecen Berglunda i Ralskiej-Jasiewiczowej (1986). Diagramy majllce na celu ukazanie dzia­
lalnosci gospodarczej czlowieka wykreslono na skali czasowej ustalonej w oparciu o niekorygowane 
daty 14C (jezioro Maly Suszek) lub metodll interpolacji. 

Diagramy podzielone zostaly na jednostki biostratygraficzne charakteryzujllce si~ spektrami o po­
dobnych zespolach pylkowych. Jednostki te nazwane zostaly za Janczyk-Kopikowll (1987) "pozioma­
mi zespol6w pylkowych" i odpopwiadajll angielskim "pollen assemblage zones". Lokalne poziomy 
zespol6w pylkowych wyr6:inione dla jeziora Maly Suszek i regionalne poziomy zespol6w pylkowych 
dla Bor6w Tucholskich oznaczone zostaly skr6tami MS i BT oraz numerami wskazujllcymi na pozycj~ 
danego poziomu poczynajllc od spllgu profilu. Poziomy zespol6w pylkowych wyr6:inione dla jezior 
Suszek i K~sowo opatrzono numerami odpowiadajllcych im poziom6w regionalnych. Poziomy podzie­
lono na podpoziomy zespol6w pylkowych. 

Podstawll do obliczania tempa sedymentacji osad6w jeziora Maly Suszek byly daty 14C. Dia jezior 
Suszek i K~sowo, kt6rych osady nie nadawaly si~ do datowan metodll radiow~glowa, ustalono wiek 
bezwzgl~dny dla pewnych zdarzen drogll por6wnan. Za zdarzenia synchroniczne dla wszystkich sta­
nowisk przyj~to: spadek krzywej Ulmus - 5100 lat B.P., i zmiany krzywej Carpinus - 3700, 2850, 
2000, 1300 i 750 lat B.P. 

Analizy numeryczne wykonane zostaly w Instytucie Fizyki Politechniki Slllskiej w Gliwicach w 
oparciu o program ZONATION skladajllcy si~ z trzech podprogram6w: CONSLIK, SPLITSQ i SPLI­
TINF. Wykonano je jedynie dla danych palinologicznych z jeziora -Maly Suszek. 

Analizy okrzemkowe (dr B. Bogaczewicz-Adamczak), Cladocera (dr K. Szeroczynska) i fizyko -
chemiczne (mgr U. K~pinska) wykonane zostaly metodami wymaganymi przez IGCP 158 B. Szczeg6-
lowe ich wyniki ~dll tematami osobnych opracowan. 

Charakterystyka zbiornik6w 

Zgodnie z zalo:ieniami pracy, do szczeg61owych badan paleoekologicznych wybrano jeziora le:illce 
w centralnej, zalesionej cz~sci Bor6w Tucholskich (jeziora Suszek i Maly Suszek) oraz poza zasi~­
giem wsp61czesnej granicy lasu (jezioro K~sowo) (rys. 1). Jezioro Maly Suszek wypelnia niewielkie 
wytopisko (rys. 8). Pobrano z niego rdzen osad6w o mill:iszosci 12 m. Jeziora Suszek i K~sowo Sil 

jeziorami przeplywowymi i le:ill w pradolinach (rys. 8 i 9). Du:ia ilosc osad6w organicznych w tych 
jeziorach byla powodem pobrania jedynie osad6w mlodszych o milltszosci 13 m i 11 m. 
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Datowania 14C 

Metodll radiow~glowll wydatowano 10 pr6b z bezw~glanowej cz~sci osad6w jeziora Maly Suszek. 
Datowania te zostaly wykonane w Laboratorium 14C Instytutu Fizyki Politechniki Slllskiej w Gliwi­
cach (9 pr6b) i w Laboratorium Datowan Radiow~glowych Zakladu Geologii Czwartorz~du w Lund 
(I pr6ba). Wyniki tych analiz wraz z opisem poszczeg61nych pr6b zawiera tab. 1. 

Historia szaty roSJinnej 

W oparciu o analiz~ diagram6w pylkowych wydzielono Jokalne poziomy i podpoziomy zespo16w 
pylkowych (rys. 10, 11, 12). Pelnll sekwencj~ poziom6w poczllwszy od pre-Aller!<ldu wyr6:iniono w 
oparciu o diagram z jeziora Maly Suszek. Rdzenie osad6w z jezior Suszek i K~sowo obejmujll znacz­
nie kr6tszy odcinek czasu i zawierajll tylko mlodsze poziomy. Maksymalne i srednie wartosci procen­
towe ziarn pylku wybranych takson6w w wyr6:inionych poziomach zespol6w pylkowych z poszcze­
g6Jnych stanowisk przedstawiono w tab. 2. 

Wyniki analiz numerycznych wykonanych dla stanowiska Maly Suszek przedstawiono na rys. 13 
oraz w tab. 3 i 4. Zestawienie granic uzyskanych tll metodll z wyr6:inionymi poziomami pylkowymi 
na skali lat radiow~glowych zawiera rys. 14. Du:ia waga Alnus w pierwszej skladowej gl6wnej (tab. 4) 
zadecydowala o wykonaniu powt6rnych analiz numerycznych z pomini~ciem tego taksonu (rys. 16, 
tab. 4b). Uzyskano w ten spos6b kilka nowych granic (rys. 14), ale podzial og61ny nie ulegl zmianie. 
Wskazuje to, :ie Alnus stanowi jakby tlo dla zmian innych skladnik6w skladowej gl6wnej. 

Wyniki analiz numerycznych potwierdzily istnienie jedynie naprawd~ wyrainych i wa:inych zmian 
w szacie roslinnej. 

Zestawienie lokalnych poziom6w i podpoziom6w zespol6w pylkowych dla czterech stanowisk Bo­
r6w Tucholskich (tab. 5) wskazuje na bardzo podobny rozw6j roslinnosci badanego terenu. Odr~bno­
sci lokalne znalazly odbicie w zr6:inicowaniu podpoziom6w zespo16w pylkowych. To podobienstwo 
pozom6w Jokalnych (I paz) bylo podstawll do wyr6:inienia regionalnych (BT) poziom6w zespolow 
pylkowych (R paz) (tab. 5). Podstawowe cechy rozwoju roslinnosci, typowe dla calych Bor6w Tu­
cholskich przedstawia skr6cony diagram z Malego Suszka (rys. 15) oraz rys. 17. Czas wa:iniejszych 
wydarzen w rozwoju Jas6w zawiera tab. 6. 

Wsp6lczesny obraz florystyczny Bor6w Tucholskich jest po cz~sci wynikiem zachodzllcych who­
locenie zmian klimatycznych, ale w du:iej mierze jest skutkiem dzialalnosci gospodarczej czlowieka. 

Wplyw czlowieka na szat~ roSJinnll 

Zmiany w przebiegu krzywych drzew i roslin zielnych ZWillZanych z dzialalnoscill gospodarCZll 
cztowieka pozwolity na wydzielenie okres6w wzmo:ionej jego aktywnosci w bezposrednim Sllsie­
dztwie badanych jezior (rys. 20, 21, 22). Skal~ czasowll i numeracj~ tych okres6w zawiera rys. 19. 
W celu por6wnania aktywnosci gospodarczej czlowieka skonstruowano dla wszystkich stanowisk dia­
gramy syntetyczne (rys. 23, 24, 25), na kt6rych zaznaczono r6wnie:i poziomy bogate w w~gielki 
drzewne. Graficzny obraz wzmo:ionej dzialalnosci gospodarczej w okolicach jezior: Maly Suszek, Su­
szek, K~sowo i Wielkie Gacno oraz uog6Jnienie dla obszaru calych Bor6w Tucholskich przedstawiono 
na rys. 26. 

Wyniki analizy pylkowej potwierdzily przypuszczenia archeolog6w o znacznym przedlu:ieniu trwa­
nia gospodarki typu mezolitycznego. Dzialalnosc gospodarcza czlowieka zaznaczyla si~ najsilniej na 
diagramach pylkowych z obrze:ia Bor6w Tucholskich, co ma zapewne zwillzek z bliskoscill wyso­
czyzn morenowych. Wyraine oddzialywanie czlowieka na srodowisko naturalne rozpocz~lo si~ od 
epoki brllZU i zwillzane bylo z rozwojem hodowli. Uprawa roli nabrala wi~kszego znaczenia dopiero 
na poczlltku epoki :ielaza, a znaczny jej rozw6j nastllpil w okresie rzymskim (por. rys. 17, 26). 

Okresy wzmo:ionej dzialalnosci gospodarczej wydzielone na podstawie analizy pylkowej Sil zgodne 
z danymi archeologicznymi dotyczllcymi rozwoju poszczeg61nych kultur (rys. 26). Na diagramach 
pylkowych daje si~ tak:ie zauwa:iyc wzrost intensywnosci osadnictwa w XIII w. (Grzelakowska 1984, 
Kowalczyk 1986) (por. rys. 7, 17, 18 i 23, 24, 25). 
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Zarys historii badanych jezior 

Stwierdzono, i.e tempo sedymentacji osad6w wytopiskowego jeziora Maly Suszek (rys. 27) jest 
zblii.one do opisywanego z jeziora Wielkie Gacno (Hjelmroos 1981) i innych teren6w Polski (Zurek 
1986). Akumulacja subborealnych i subatlantyckich osad6w w jeziorach Suszek i K~sowo (rys. 28, 
29) przebiegala w bardzo szybkim tempie, nie notowanym dotychczas w innych zbiornikach. 

Potwierdzono, i.e powstanie zbiornik6w wytopiskowych w Borach Tucholskich mialo miejsce w 
Allerf6dzie (por. Hjelmroos 1981). 

Subborealne i subatlantyckie obnii.enia poziomu w6d zbiornik6w (por. Hjelmroos 1981) znalazly 
odbicie w wynikach analiz fizyko-chemicznych (rys. 30, 31, 32), pytkowej (rys. 10, 11, 12), Cladoce­
ra i okrzemkowej. 

Malo intensywna dzialalnosc gospodarcza czlowieka w okresie subborealnym spowodowala jedy­
nie nieznacznll zmian~ warunk6w troficznych w jeziorach. W okresie subatlantyckim zdecydowany 
wplyw na rozw6j zbiornik6w mial czlowiek. 
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