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ABSTRACT. The sediments of Lake Steklin were examined by means of pollen, macrofossil, 
physical and chemical analyses. Because of the high content of calcium carbonate in the 
whole profile except for the bottom part, only one sample from the basal peat was suitable 
for the radiocarbon dating. It gave the age of 11630± 110 BP. 8 local pollen assemblage 
zones were defined and the development of vegetation on the areas surrounding the lake 
was described, starting from the Allerod Intcrstadial till the recent times. The impact of 
man on natural vegetation has been recorded since the Neolithic. The succesion of aquatic 
communities in the lake began during the Younger Dryas. 

INTRODUCTION 

The reference site Lake Steklin lies in the south-western part of the Do
lll'zyn Lake District (Dobrzyri. Moraine Plateau). In the interwar period and 
after the World War II many detailed geomorphological, geological and hy
<lrographic investigations were conducted in that area; the newer and more 
important of them are those of Niewiarowski (1957), Churska (1958, 1969) 
and Mrozek (1958). The development of settlement has been studied by 
Kwia,tkowska (1963) and the climate by Wojcik and Wojcikowa (1973). 
A summing up of the existing information on the geological structure of the 
area is the geological map published by Churski et al. (1978). The pollen dia
grams of the Late-Glaeial and Holocene sediments have been published by 
Oszast (1957) and K~pezyri.ski (1960). K~pczynski (1960, 1965) have 
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been conducted also geobofaniral studies, while Gneskowiak (MS) have 
been carried out archaeologicn,l investigations. 

The first palaeoecological analyses of the bottom 8ediments of Lake Steklin 
were done by Author as a complement to the studies on the development of the 
lake channel carried out by Dr. Z. Churska. In February 1978, by the kindness 
of Dr. K. Wi~ckowski, a full profile of lacustrine sediments was taken in 
the central part of the lake as material for study within the IGCP programme. 
Due to high CaC03 content in the profile radiocarbon dating was impossible 
and the only dating comes from the peat layer in the bottom of the profile. 
For supplementary 0 14 datings another profile was taken directly from the 
peatbog in the western part of the lake channel; this is now being studied. 

On the material from the first coring the following analyses have been 
made: molluscs by Dr. I. Dmoch, fish remains by Dr. B. Wilczynska, fruit 
scales and fruits of birch by Dr. U. B oinska, and diatoms by Dr. B. Mard
niak. 

Nitrogen and organic carbon contents ha,ve been determined at the In
st.itute of Biology; pH, water content, wet density, Joss on ignition and CaC03 

content have been studied in the Institute of Geogrnphy. 
A full report on the analysis of the materfal from the reference site, accor

ding to the rules set by "Project Guide" (Berglund 1979), will be publishecl 
at a later date. 

THE CONTEMPORARY NATURAL ENVIRONMENT 

Description of the palaececologicd region 

The Dobrzyn Moraine Plateau District distingui!'hed by Sz:::tfer and Pa
wlowski (1973) in the geobotanical division of Poland includes in fact the 
Drw~ca Valley and the Chelmno Moraine Plateau as well as the Dobrzyn Mo
raine Plateau, hence the name used by these authoTS is inaccurate. It could 
rather be termed the Chelmno-Dobrzyn Lake District in accordance with the 
physical and geographical division proposed by Kondracki (1978). 

A characteristic feature of this area is the young glacial relief developed mostly 
during the Poznan Stage of the Last Glaciation (Vistulian). Within the Chelmno 
and Dobrzyn Moraine Plateau there is the definite preponderance of flat and 
undulant moraine plains made up of till and sandy-till deposits. During the 
longer halts of the inland ice there developed zones of end moraines built of 
till and fluvioglacial deposits, belonging to the Poznan Stage and its recession 
phases: the Kuyavian and Krayna Phases, distinguished by Galon (1961). 
During those phases the sandy outwash developed plains, the large~t of which 
is the Dobrzyn outwash. Of great importance in those lake districts are the 
dead ice moraines, kames, eskers, and subglacial channels with the lakes which 
fill them up (Niewiarowski 1973). In the Drw~ca Valley which separates 
the two moraine plateaux there occur vast sandy and gravel terraces and a san-
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dy-silty or peaty flood-plain that is often waterlogged. Numerous kettle de
pressions filled up with peats and slime oecur over the whole area. 

The vegetation cover of the region has been largely changed by human 
management. Most of the land now is under crop, and forests occur only in 
outwash plains, river terraces and on the slopes of channels and valleys. The 
dominant forest species is now the pine (Pinus sylvestris). Other common spe
cies in forest communities are: oak (Quercus robiir) and birches (Betula pendula 
and B. pubescens). Other deciduous tree species form but a small percentage 
in the forest communities. 

The boundaries of the natural ranges of Fag,us sylvatica, Sorbus tormina
lis and Betula humilis run through the Chelmno-Dobrzyn Lake District. The 
scattered stands of Larix polonica, Picea abies and Taxu.s baccata are here 
beyond their natural range (K~pczynski 1973). 

Description of the reference area 

a. Topography, geology, soil, climate 

.As mentioned above the Lake Steklin lies in the :,;outh-western pa1-t of 
the Dobrzyn Lake District, at a small distance from the Vistula valley. It is 
situated west of the road T-81, 23 km from Torun towards Lipno. The south 
margin of the lake is borden:~d by the grounds of the village Steklin, on the 
north there are the lo('.alities Stcklinek, Steklinek N owy and Horn6wek. The 
lake surface is about 20 rn below the surrounding flat and undulating moraine 
plateau. vVest and south of the lake, along the edge of the moraine plateau 
and over the Vistula river term.cos spread a vast dune field. The moraine pla
teau near the channel is built of till and very often of sandy till. The upper 
till layer is underfa,in by several more till layers interbedded by fluvioglacial 
and fluvial deposits. The total thickness of the Quaternary deposits ranges 
from 40 to 60 m. The Quaterna.ry is underlain by Pliocene deposits (mainly 
cla.ys) and Miocene deposits (mainly Rands and fine silts of the browncoal for
mation). 

The soils show close linkR with the lithology. In the eastern part of the lake 
district podzolic soils prevail developed chiefly on outwash sands and locally 
on sa.ndy till. In the southern and north-western part of the area there occur 
varieties of brown soils, a.nd locally grey-brown podzolic soils developed on 
moraine deposits. Lake Steklin is situated within the compass of brown and 
grey-brown soils developed over sandy-loamy and Joa.my deposits (Prusin
kiewicz & Regel 1973). 

The Do brzyri. Lake District lies in the temperate climate zone, intermediary 
between oceanic and continental climate. Data. on the precipitation in the 
environs of Lake Steklin come from the measuring station at Czernikowo, 
whcrC>as the data on temperature were obtained from the meteorological Rta
tion in Tormi. Corndd£>ring the difference in altitude between these two points 
5• 
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Fig. 1. Geomorphological map of the environs of the Lake Steklin (after Galon and Roszko 
1953): 1 - flat moraine plateau, 2 - undulant moraine plateau, 3 - moraine hummocks 
and hills, 4 - eskers, 5 - drumlins, 6 - outwash plains, 7 - major depressions without 
outflow, 8 - edges of moraine plateau, 9 - zone of denudation, 10 - edges of river terra-

ces, 11 - dunes, 12 - Lake Steklin, 13 - lakes 

(environs of Lake Steklin 92 m a.s.1., Tormi 69 m a.s.l.), the data should be 
regarded as approximate. 

The basic climate features can be characterized by the following parametern: 
the mean annual temperature in the 20 years period (1951-70) is 7 ·4°0, 
the mean January temperature for that period being -3·2°0, and the mean 
July temperature 18·0°0. The mean length of the growing season is 214 days. 

The mean annual precipitation for the period 1965-69 at Ozernikowo is 
539 mm, out of which 324 mm falls on the growing season IV-IX. The highest 
mean monthly precipitation were recorded in July - 66 mm, the lowest in 
February and March - 27 mm. The prevailing winds during the year are 
those blowing from the west. 

b. Present vegetation 

The steep slopes of the lake basin do not favour the development of aquatic 
and reedswamp vegetation. Only the western and southern part of the channel, 
which is considerably shallower, present favourable conditions for the deve
lopment of these species. 

The belts of characteristic lake vegetation have developed along the lake 
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shores. However, due to the rapid bottom sinking, the total width of the three 
vegetation belts - submerged plants, floating leaf plants and reedswamp 
plants - reaches a maximum of 4 m. The belts consist of rather loosely arran
ged vegetation patches. 

In the belt of submerged plants the most frequent species are: Oeratophyllum 
demersum, JYiyriophyllum verticillatum and Elodea canadensis. Stands of Nym
phaeidae are composed of Nuphar luteum. In the third belt species charac
teristic of the class Phragmitetea occur. In shallow places side by side with 
reedswamps species members of the class .Alnetea glutinosae grow; such as 
Dryopteris thelypteris, Solannm dulcamara, Lycopus europaeus, Salix cinerea 
and Ribes nigritm. Between the western end of the lake und the road patches 
of wet alderwood have developed with a tree layer composed of .Alnus Jlu
tinosa . 

.Among patches of recdswarnp pfants and of species of the class Potametea, 
along the shores as well as in the small pools occurring in the filled up part 
of the channel there occur patches of pleustonic plants made up of Lemna 
minor, L. trisulca, L. gibba, Spirodela polyrrhiza and sporadical Hydrocharis 
morsus-ranae and Stratiotes aloides. 

Over the slopes of the channel and on elevated places in its western and 
southern portion anthropogenic communities of pastures and meadows have 
developed, whose specific compositions is dominated by species of the class 
1liolinio-.Arrhenatheretea. Species of that class also penetrate into patches oi 
reedswamps and wet alderwood. 

Fragments of channel slopes and numerous side valleys have become occu
pied by tree and shrub communities dominated by species characteristic of 
the class Querco-Fagetea. The herb layer in those patches depends on the man 
impact. Where the trees and shrubs do not grow very densely herbaceous spe
cies of different syntaxonomic classes have become mixed together, but there 
is a predominance of species of the class Molinio-.Arrhenatheretea. On the other 
hand, on channel slopes reaching sometimes more than 40° gradient and on 
steep slopes of side valleys, where trees and shrubs grow more densely, many 
species characteristic of Tilio-Oarpinetum forests have survived in the herb 
layer. These species are no doubt relics of alluvial forests and oak-hornbeam 
forests which are natural in this region. They have survived only in places 
which are inaccessible for farming and grazing. 

In the flora of the lake and its immediate surroundings, besides species 
natural to the area, also kenophytes are found, such as Elodea canadensis, 
.Acorus calamus, .Acer negundo, Robinia pseudacacia. 

c. .Archaeological and historical data and present-day state of land use 

.Archaeological sources testifying to the presence and activity of man in 
the Dobrzyn Lake District are rather poor. They are derived mainly from 
rescue investigations. On the grounds of these data it has been found that 
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the oldest traces of man date from the Late Palaeolithic and are represented 
by findings of the Swiderian Culture (Late Magdalenian). From the Mesolithic 
(8000-4500 BO) only fragmentary findings have survived to testify to the pre
sence of man in the area in question. Considerably more traces come from the 
Neolithic (4500-1700 BC) . .Among the findings objects referred to the Linear 
Pottery, the Funnel Beaker, the Globular .Amphorae and the String Pottery 
Cultures were represented. Records of the first three periods of the Bronze 
.Age (1700-1450-1200-100 BO) are very scarce, whereas ample pottery 
material corning chiefly from graves are referred to the following two periods 
(1000-800-650 BO) and represent the Lusatian Culture including also the 
Hallstatt period (650-400 BC). The younger part of the latter period is mar
ked by the arrival of the population of the Pomeranian Culture. The large 
number of graves of the Pomeranian Culture (40 found so far) is evidence 
of intensive colonization of the area by people of that culture. The culture 
transformations in the end phases of La Tene (400 BC to 0) and in the Rom<m 
period (0 to 375 .AD) resulted in the development of the Burrow Grave Cul
ture reported from 16 sites in the Lake District. 

In the archaeological material available there is a complete lack of data 
referring to the Migration period (375-570 .AD). In the early Middle .Ages 
{VII to mid-XIII cent.) colonization becomes quite important, as evidenced 
by relics of strongholds, open settlements and burial grounds. 

The historic times, and in particular the late Middle .Ages, were marked 
by an intensive development of a settlement, which was linked with consi
derable deforestation of the area. The people then occupied in the first place 
lands along streams and around lakes and on the flat and undulant moraine 
plateau (Kwiatkowska 1963) . 

.Another period of considerable deforestation of the area followed in the 
XVIII and XIX centuries as a result of increased demand for grain and of 
the construction of iron and glass-works. The Dobrzyn Lake District, 2500 km2 

in area, has a population of ca. 190 000, which gives an average density of 80 
personsfkm2• 70·9% of the area is arable land, 17·6% - forests, the remaining 
11·5% - waste and urbanized land. The largest part of the arable land is 
under grain - 57% (rye - 33·9%, wheat -10·1 %, barley - 9·0%, oats -
4·0%), fodder crops including maize - 17·9% and potatoes - 17·5%. The 
rest of the arable land is under industrial plants and pulse crops. Economically 
the DobrzyD. Lake District is a farming and industrial area. The mainly food 
and metal industry employs only about 6000 people. 

Description of the lake 

Lake Steklin lies in the south-western part of the catchment area of the 
stream Gnilszczyzna, a left-bank tributary of the Drw12ca. It is connected also 
by a permanent stream with a smaller lake, '\Vygoda, and fills part of a subgla
cial channel, which opens westwards into the Vistula, Valley at the terrace 
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level 66-68 m a.s.l. The ineimation of the channel slopes is considerable (in 
place:;; it exceeds 40°) and aYerages 20°. The lake has no shore beach, only in 
some places there are fragments of flattened slopes. On the slopes there are 
fragments of two terraces: a lower one 4 m above the water surface level and 
a higher one at 10 m above the surface level. The water surface has been as
sessed at 73·3 m a.s.l. 

The lake follows the shape of the channel it fills, which makes that being 
only 340 m in maximum width, it reaches now 5000 m in length. The shoreline, 
which shows little diversity, reaches 10 750 min length and the water surface 
occupies an area of 112·3 ha. The channel cuts deep into the surrounding mo
raine plateau (92-94 m a.s.l.) reaching down to 55·2 m a.s.l. in the deepest 
pla.ce of the lake (maximum lake depth 18·5 m). The bottom of the lake is 
trough-like without steps or hollows. 

PALAEOECOLOGICAL STUDIES 

Methods 

The bottom deposits of Lake Steklin (thickness - 940 cm) were sampled 
with a piston corer (Wi~ckowski 1961) in the western part of the lake (Fig. 2) 
from a water depth of 750 cm. 

Material for palynological, macrofossil and physical analyses was taken 
from the core at 10 cm intervals; only when taking samples for organic carbon 
and nitrogen determination no regular intervals were kept. Before starting 
a palynological analysis, calcareous gyttja was treated with 10 % HCl and 10 % 
KOH, silica was removed with hydrofluoric acid; all samples were prepared 
by Erdtman's method and stained with basic fuchsin. An average of 1000 AP 
was counted from each level. Due to very low frequency in the silt from 920 cm 
depth it was possible to count only 92 AP. The percentage values were cal
culated from the pollen sum including trees, shrubs (AP) and herbaceous plants 
(NAP). The sum did not include pollen of aquatic plants and spores. The re
sults have been presentetl in a diagram showing silhouettes of all trees and 
of the most important shrubs and herbaceous plants. 

For macrofossil analysis 15 g of deposit were used, which after boiling in 
water was scoured on a double-bottom sieve with mesh diameters of 0·5 and 
0·2 mm. Identified animal and plant fossils have been presented in Figs. 4 
and 5. 

Stratigraphy of the lake deposits 

The sediments have been described according to the system proposed by 
Troels-Smith (1955). The depth of the profile starts from the top of the lake 
deposit, whose composition and physical properties have been presented in 
Table 1. 



Fig. 
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Physical and chemical analyses 

The deposit placed in plastic containers was transported to the laboratory,. 
where it was analysed. The fresh sediment was weighed in order to determine 
its wet density. For pH measurements 150 ml of boiled distilled water was 
poured on to each 60-g sample ::md after 18 hours the measurement was taken 
on a potentiometer. The water content was obtained by drying the samples 
to constant weight at 105°0; the loss on ignition was assessed after ~1shing 

Table t 

Depth (cm) Layer No. Description 

Calcareus gyttja, grey to black-grey 
nig 2, strf 2, elas l, sicc 2; 

0-860 6 Le 4, Dg + 

Gyttja with clay, black-grey 
860-910 5 nig 2, strf 0, elas +, sicc 2; 

Le 3, As 1 

910-915 4 

915-920 3 

920-930 2 

930-940 

Lake marl with mollusc shells, light grey 
nig 2, strf 2, elas 0, sicc 2; 
Le 4, Ag +, Ga + 
Silt with plant detritus, nearly black 
nig 3, strf 0, clas 0, sicc 2; 
As 2, Dl 1, Th41 

Fine-grained and medium-grained sands with silt and organic
matter 
nig 1, strf 0, elas 0, sicc 2; 
Ga 4, As/Ag + 
Fine-grained sands with medium-grained sands, well sorted 
nig l, strf 0, elas 0, sicc 2; 
Ga 4 

the material in a muffle furnace at 550°0. Calcium carbonate was determined 
by Scheibler's method, nitrogen by Kjedahl's, and organic carbon by Tiurin's 
method. The results have been presented in a graph (Fig. 6 under the cover). 

The wet density in the whole deposit shows very little variation. The water 
content is inversely proportional to dry weight. In the bottom layers dry weight 
shows higher values, and towards the top water content rises. With the ageing 
of the lake the organic matter content grows; this no doubt is linked with the 
progressing eutrophication of the lake . .Another evidence of the changing tro
phic conditions is the ratio of organic carbon to nitrogen, which, starting from 
zone 4, is diminishing. The lowest nutrient supply occurred in the periods re
presented by the deposits of zones 1 and 4. Oa003 content in the deposit shows 
high values in the whole profile, except for the bottom section, rarely falling 
below 60%. The large amounts of calcium carbonate stimulate the reaction 
of the deposit, which is weakly alkaline and varies from pH = 7·4 to pH=7·9. 
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The comparatively mild changes of the parameters in question point to 
the stability of the lake environment. 

Pollen analysis - division of the diagram into 
local pollen assemblage zones (Fig. 3 under the cover) 

In the pollen diagram of the Lake Steklin eight local pollen zones have 
been distinguished, two of which have been further subdivided into subzones. 

Zone St 1 - is a period characterized in the diagram by an increase 
in frequency of Pinus and Betula pollen with simultaneous decrease in J1mi
perus and N.AP values. 

Sub zone St la - increase in Pinus pollen values with simultaneous slight 
decrease of Betula and comparatively high percentage values of J uniperus 
(11 %) and Salix (6 %) pollen. In the earlier part of the period a maximum of N.AP 
( 34 % ) is recorded, with Artemisia, Chenopodiaceae and Cyperaceae pollen pre
vailing . .Also pollen grains of Hippophae and spores of Selaginella selaginoides 
are observed. 

Subzone St lb - further rise of Pinus (58%) and Betula pollen (28%) 
curves with simultaneous decline in N .AP values (minimum 8 · 2 % ) . The boundary 
between zone 1 and 2 is placed at a rapid fall of the Betula pollen curve with 
another increase in Juniperus and N.AP values. 

Zone St 2 - continuous fall of the Betula pollen curve, which reaches 
its minimum (6·4%) in the middle part of zone . .At the same time there is an 
increase in the pollen values of species of open habitats, i.e. of Juniperus (8·4%), 
and above all of herbs - Artemisia, Cyperaceae, Chenopodiaceae - which in 
this part of the diagram renich their maxima. A rise in frequency of Pinus 
pollen is also noted. 

The boundary between zones 2 and 3 is placed at a considerable ri::;e of the 
Betula pollen curve with simultaneous reduction in Pinus, Jiiniperus and N.AP 
values. 

Zone St 3 - absolute maximum for the whole diagram is reached by 
Betula pollen (53 %), while Pinus and Salix pollen curves fall. No pollen grains 
of Populus are found in the spectra . .Among herbaceous pollen taxa Artemisia 
and Cyperaceae values decline and of Chenopodiaceae disappear. 

The boundary between zones 3 and 4 is placed where Pinus pollen rises 
again in value, the Betula pollen curve falls, a.nd Ulmus, Alnus and Corylus 
pollen a pp ear. 

Zone St 4 - the pollen spectra of this zone are dominated by Pinus, 
Betula and Corylus. The Pinus and Betula pollen curves decline, the Corylus 
curve rises gradually . .A regular occurrence of Ulmus and Alnus pollen is noted. 

The boundary with zone 5 is placed at the rise in the Alnus and Quercus 
pollen curves and the beginning of the Tilia curve. 

Zone St 5 - the Pinus pollen curve decrease systematically. Corylus 
pollen occurs regularly in values of several percentage, Alnus pollen shows 
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absolute domination (37 %), \Yhile Qitercetum mixtu1n is dominated by Quer
cus. Ulmus pollen reaches a lower frequency, and the values of Tilia pollen 
do not exceed 1 %· 

The rise of the Tilia pollen curve and the fall in Qitercus and Betula per
centages mark out the beginning of zone 6. 

Zone St 6 - the pollen curves of Pinus, Betula and A.lnus show more 
or less constant values. Quercetum mixt1tm is dominated by Quercus and Tilia, 
lower percentage values are Rhown by Ul,mus a,nd Fraxinits. Picea and Acer 
pollen is sporadic. Carpinns pollen, till then sporadic, towards the end of zone 
form a continu01rn cm-ve with a maximum of l ·2 %· 

The boundaT'y with zone 7 is placed at a fall in Ulmits, Qiiercits and Carpi
n1ts pollen values. 

Zone St 7 - in the percentage pollen composition of zone 7, Pinits and 
Bet,ula occur in similar values as in the preceding zone. Qiter01ts increases in 
frcqnt•ncy, and in the Ulnius curve there are two peaks of 2·6% and 1·8%. In 
the youngm· part of the :-wne there is a fall in the pollen values of Pinus, Betula 
and Ulrnits. An increased frequency of Carpinus, Fagus and Corylus pollen 
is ohserved. A decline of the Coryfos pollen curve to 5·2 % and a rapid rise of 
the Carpinus pollen curve mark out the beginning of zone 8. 

Zone St 8 - the most characteristic species for the distinction and fur
the~· subdivision of zone 8 i8 Carpinus. Four pollen maxima of that species 
(15%, 27%, 21·9% and 23·7%) are noted permitting the distinction of 6 sub
zones. The successive falls in frequency of Carpinits pollen are accompanied by 
ri:ses in the Betitla and NAP curves, especially in Cyperaceae, Gramineae and 
8ynanthropic species. Besides Carpinus, also Fagits pollen reaches its absolu
te maximum (1 ·3 %) in zone 8. 

lVIacrofossil }1nalysis 

In the profile studied macrofossils occur in small quantities. This is pro
bably due to the fact that the profile was taken from the central deep part 
of the lake, as well as to the adverse effect of the steeply sloping banks of lake 
basin on the development of organic and particularly plant life in the littoral 
zone. To illustrate the relationship between the occurrence of macrofossils 
;ind the pollen value8 percenfage curves of A.lnus, Betula and Carpinus pollen 
have been markC'd on the rnacrofossil diagram (Fig. 4). 

Among plant remains the birch fruit scales and fruits are most numerously 
represented. Birehes, both arboreal and shrub species were present in the lake 
sunonndings as early as in the Late-Glacial. It seems noteworthy that scales 
and fruits of A.lnus occur already in zone 4, before the culmination of its pollen 
curve in zone 5. Scattered hornbeam nuts were found only in the zone 8. 

Among animal remains the most numerous are molluscs, whose presence 
in zone 1 is evidence of the existence of the lake aJready at that time. 6 species 
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of bivalves (Bivalvia) and 10 species of snails (Gastropoda) have been found 
in the profile. They are fairly common species, found nowadays in shallow and 
calm stagnant waters, except Oaetilioides cf. acicula, which lives deep in the 
ground under stones, and whose shells are often transported by water. The 
greatest diversity of species is found in the deposit of zone 6. In that zone Ostra
coda remains have also been found. 

Ktenoidal scales of fishes, characteristic of Perciformes, and sc8Jttered 
vertebrae of fishes have been preserved in the deposit. The vertebrae have 
been extracted from the deposit of zone 2, whereas the largest number nt fiRh 
remains have been found in zones 6, 7, and 8. 

THE HISTORY OF THE CHANGES IN NATURAL ENVIRONMENT 

The history of regional changes 

Zone St 1. The pollen curves of both trees and herbaceous plants in zone 1 
indicates that the lake surroundings were occupied by arboreal veget::ttion. 
It can be pres11med that the plant cover at the beginning of zone 1 (11 630± 
110 BP) was a thin birch-pine forest. Part of the area was occupied by shrubs 
with Juniperus, Hippophae and communities of heliophilous herbaceom; plant8. 
The most numerous were species of the family Chenopodiaceae as well ~ts Ar
temisia, Helianthemum and Polygonum bistorta/viviparum. The younger part 
of zone 1 was characterized by a closer growth of the forest, whose important 
constituent were birch-trees. Less frequent was Populus. The presence of 
pollen grains of Oxyria digyna, an Arctic-Alpine plant, whose occurrence in 
Poland is now confined to the highest parts of the Carpathians, is evidence of 
its formerly ·wider range. Sphagnum spores found in the zone point to the de
velopment of peat in the marginal parts of lake. Aquatic vegeta,tion is not 
represented; pollen grains of Typha latifolia are evidence of the occurrence 
of littoral vegetation. 

Zone St 2. The changes in the species composition in this zone point to 
a cooling of the climate. The tree stands became thinner, and the vegetoJtion 
cover resembled a park tundra. The macrofossils reveal the occurrence of arbo
real birches, which probably found favourable development conditions on the 
slopes of the Lake Steklin channel. Jitniperus increases in frequency, 8alix, 
Populus and Betula humilis are also present. From among aquatic pbmts, 
Potamogeton, Sparganium and N uphar are found. 

Zone St 3. In the vegetation cover of the older part of zone 3 compared 
with that of the preceding zone a considerable increase in the role of birches 
is observed while Pinus, Salix, Juniperus and NAP decrease in frequency. 
This indicates that the canopy became closer, contributing to the disappearance 
of a number of heliophilous herbaceous and shrub species. The environs of 
Lake Steklin were dominated by birch-pine forests in which, besides Pinus 
sylvestris grew Betula pendula and B. pubescens, and in the herb fayer gr:J,sses 



occurred. The clearings and forest edges were overgrown by Oompositae - Aster 
type, Umbellifereae, Calluna, Empetrum and plants persisting from the prece
ding zones: Artemisia, Chenopodiaceae, Filipendula, Labiatae, Stachys type. 
Shrubs of Betula humilis and Salix occurred on moister substratum and Cy
peraceae, Phragmites, Polypodiaceae grew in submerged habitats. In the youn
ger part of the zone a fall in the Betula and Salix pollen curves is correlated 
with a slight rise in Pinus pollen and N.AP . .At that time the first pollen of 
Alnus and Corylus appeared. 

Zone St 4. In the zone 4 we observe a continuous slight decrease in Pinus 
sylvestris, Betula pendula and B. pubescens frequencies but they still dominate 
in the vegetation cover. It is correlated with the appearance of small amounts 
of pollen of species with higher climatic requirements. In the tree layer Ulmus 
and Alnus occur regularly. Pollen grains of Popuhts, Quercus, Tilia a.nd Picea 
are noted sporadically. In the shrub layer Corylus systematically increases 
in importance, and Juniperus is also found. Like in the preceding zone, the 
area is dominated by birch-pine forests, in whose herb layer Gramineae, Po
lypodiaceae, M elampyrum occur. On forest edges and in thinly grown places 
Artemisia, Caryophyllaceae, Campanula, Calluna survived. In lower situated 
places with moist substratum patches of communities of the riverside forest 
type developed with Ulmus, Populus, Alnus, Salix, Hitmulus and Urtica. 
In fertile habitats fragmentarily deciduous tree stands composed of Quercus 
and Ulmus developed, and Anemone, Pulmonaria and Rubiaceae could grow 
in their ground flora. On the lake shores, between the reedswamp belt and the 
willow-alder brushwood, grew Rumex acetosa, Filipenditla, Labiatae, Mentha 
type, Lysimachia nummularia, Caltha type, Ranunculus and Dryopteris thely
pteris. In the lake aquatic vegetation belts developed, made up of the following 
species: Nymphaea, Nuphar, Myriophyllum spicatum, Batrachium, Phragmites 
and Sparganium. The presence of Sphagnum spores points to the local devC'
lopment of peat. 

Zone St 5. The tendency observed in zone 4 is still continuing. There i& 
a further slow decrease in importance of the hitherto dominating Pinus and 
Betula. They are superseded chiefly by Alnus, which reaches in this zone its 
absolute pollen maximum and by Qitermts, whose curve oscillates between the 
values of 3 and 7 %· Ulmus increases in value compared with the preceding 
period. There is also a regular occurrence, though in small numbers, of Tilia,. 
Fraxinus and Picea. Salix occurs only sporadically. Coryhts occurs throughout 
the zone reaching values from 5 to 11 %· Compared with zone 4, N.AP values 
decrease. The area occupied by pine-birch forests, though decreasing, is still 
considerable, and Quercus appears in their composition. There occur pure pine 
stands with Linnea borealis in their herb layer. The presence of Calluna points 
to the local thinning of the forests or to the existence in their proximity of 
open herb communities of the heath type. Riverside forests, growing in moist 
habitats and therefore situated in the channel, become more important. In 
submerged places, which were scarce due to the rather steep slopes of the chan-
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nel, there occurred patches of wet alderwood with dominating Alnus. Conside
rably larger areas were occupied by communities of alder and ash-elm riverside 
forests. Populus grew in similar sites. In the herb layer of riverside forests oc
curred: Gircaea, Labiatae-Stachys type, Hiimulus, Urtica, Anemone type, Scro
phularia. On fertile brown soils there developed, besides riverside forests, also 
forests of the Querco-Garpinetum type with Quercus, Tilia and Ulmus. In the 
undergrowth Gorylus occurred; this species, however, probably penetrated 
also into the mixed forests and formed pure hazel communities on the steep 
slopes of the channel resembling those which can be seen now near the village 
of Steklinek. In open grounds near woodland areas meadow communities de
veloped with variou;,; species of Ranunciilus, Galtha type, Bellis type, Polygoniim 
.bistortafviviparitm, Filipendiila and Thalictritm. In the lake along its shores there 
developed aquatic vegetation with Potamogeton, Batrachiiimand Nymphaea, like 
in the preceding zone. In warm shallows Utricitlaria found good development 
conditions. In reed:-;wmnp communities Typha latifolia, Sparganiiim, Rumex 
sect. Lapathitrn occurred and probably species of the families Umbelliferae 
and Gyperaceae. In all types of plant communities the family Gramineae was 
represented. 

Zone St 6. Only Piniis, Betiila and NAP show similar values to those in 
the preceding zone. On the other hand, definite changes are seen in the pollen 
curves of thermophilous deciduous trees. Tilia, which in the zone 5 did not 
reach even 1 %, increases to 7 %- Qiierciis, Ulmus and Fraxiniis reach ~tlso hig
her values. New specie8 of deciduous trees appear: Acer, Garpinits and Fagiis. 
Another evidence of a warming up of climate is the presence of Viscum and 
Hedera. Picea continues at about the same level as in zone 5. Salix, Alniis 
and Populus - species of moist habitats - increase their proportions in the 
composition of the forests. Compared with the forest cover of the preceding 
zone, there is a marked increase in Pteridiiim values, what is probably linked 
with a wider spread of mixed forests. In sandy habitats dry pine forests de
veloped, with Lycopodinm clavatitm and. L. tristachyiim in the herb layer. In 
the lake Nuphar appeared. 

Zone St 7. In this zone the curves of Quercus, Tilia,Alnusand NAP are 
fairly regular. The percentage values of other species show certain oscillations, 
whose coincidence with NAP values point to the influence of external factors, 
viz. human interference. At the turn of zones 6/7 there is a rather rapid de
·crease in the frequencies of Ulmus, Fraxinus, Garpinus and Gorylus pollen. 
Also the percentages of Gramineae fall while that of Artemisia rise. Such a coin
cidence of decreasing curves of a number of forest species can be related to 
the presence of Neolithic man in the area, a surmise confirmed by archaeo
logical finds. Man at that time was engaged in pastoral economy using natu
ral pastures, i. e. most frequently forests; this contributed to the destruction 
of seedlings and new growths a.nd to the thinning down of the vegetation. Hu
ma.n presence was probably responsible for the occurrence of Plantago maior 
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p~llen, the presence of Urtica, growing on grazing-land, and the increase 
in the role of .Artemisia, whose species spread over ·areas devastated by 
animals. .rhe new fall of the Ulmus pollen curve is correlated with the 
beginning of the nearly continuous curves of Plantago lanceolata and Ru
mex .acetosella pollen. In the younger part of this zone, which with hige 
probability could be related to the 3rd and 4th period of the Bronze Age
the Lusatian Culture population intensified agriculture and developed stock, 
raising using extensive pasmres. They obtained new land at the expense 
of forests, which is reflected in the decrease in the pollen values of Be
tula and Pi nus and in the increase of NAP, chiefly of Gramineae, Ru
-rnex acetosa, R. acetosella and U rtica. 

Zone St 8. The curves of the most part of pollen taxa in the zone 8 show 
a number of fluctuations. There are culminations of some species correlated 
with minima of others. A comparatively stable course is seen only in the pollen 
curves of Quercus and Oorylus. Ulmus, Fraxinus and Picea pollen decrease in 
value compared with zone 7. The most considerable increase occur in Oarpi
nus and Fagus pollen values; foe latter for the first time shows a continuous 
curve. On the grounds of the very clear changes in percentage values of Oar
pinus, connected with the changes in pollen frequencies of other species both 
arboreal and herbaceous, the zone has been subdivided into 6 smaller units. 
The vegetation of these units points to its close links with phases of human 
settlement and management. 

Su bzone a - begins with a rapid increase in Oarpinus pollen values, whose 
first maximum occurs towards the end of the zone. The maximum percentage 
v~tlues of that species clearly coincide with a marked decrease in the pollen 
frequencies of Tilia, Quercus, Betula, Pinus and NAP. The rich development 
of Oarpinus, a species growing in close stands, has a limiting effect on the de
velopment of heliophilom; species. During the Oarpinus maximum there is 
a slight increase in the values of Fraxinus, Picea and Salix pollen, which occur 
in moist habitats avoided by Oarpinus. 

Subzone b - Oarpinus pollen values decrease, those of Tilia, Quercus, 
Betitla and Pinits increase, and so does the NAP frequencies, especially as 
regards Gramineae, Oyperaceae, .Artemisia, Plantago lanceolata, Oerealia, Secale 
c~reale and Ranunoultts. Such proportions of the particular species may be 
rel:tted to settlement development, and in particular to the deforestation of 
land for cultivation. The felling of hornbeam, occupying fertile soils, was re
flected in an increased frequency of pioneer birches, and only later of the other 
species. The changes noted in this subzone are probably due to the economic 
development in the Hallstatt period revealed by archaeological sources in 
the Dobrzyn Lake District. 

Su bzone c - Oarpinus pollen rises again in importance, while all the 
other species except Fraxinits show falllng pollen curves. There is another 
stop in the development of agriculture. Oarpinus encroaches on former farm-

- Acta Palaeobotanica XXII/1 
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land and begins to restrict the development of heliophilous species. Subzone 
c may be dated to the Middle La Tene period. 

Subzone d - is characterized by a successive minimum of the Oarpinus 
pollen values associated with changes in the frequencies of other species, like 
those in subzone b. There is an increase in the importance of apophytes and 
antropochors, which coincides with the revival of agriculture noted towards 
the end of the La Tene period and during the Roman period. 

Subzone e - here occurs the last maximum of Oarpinus in zone 8 and 
the NAP curve shows low values. With great probability these changes can 
be related to the Migration period and to the older phase of the Early Middle 
Ages, from both of which there are no evidence available of human presence 
in the Dobrzyn Lake District. 

Sub zone f - reflects the intensive development of settlement during the 
Middle Ages. The large areas covered by forests t~n then have been occupied 
for farming. Man gains better lands formerly occupied by deciduous forest 
communities. In the younger part of subzone f only pioneer birches and al
ders, growing in waterlogged habitats, show slightly higher values. Herba
ceous species in this subzone reach their pollen maxima of 18 and 16 %· Cereals 
and Rumex acetosella reach their absolute maxima. 

CONCLUSIONS 

The oldest organic deposits in the profile have been dated to 11630±110 BP. 
On the grounds of palynological studies the profile has been divided into 8 lo
cal pollen zones. The two oldest ones correspond to the Late-Glacial: zone 1 -
Allerod, zone 2 - Younger Dryas. The other come from the Holocene and 
correspond: zone 3 to the Pre-Boreal period, zone 4 to the Boreal period, zones 
5 and 6 to the Atlantic period, zone 7 to the Sub-Boreal period and zone 8 to 
the Sub-Atlantic period. 

Arboreal vegetation was present in the area under study ever since the 
Allerod, only in the Younger Dryas it became park tundra. The presence of 
fertile soils in the environs of Lake Steklin was favourable to a good develop
ment, and therefore to a dense growth of pine-birch forests at the beginning 
of the Holocene. This was the cause of a rather poor development of hazel, 
which in zone 4 was not very abundant. Propitious edaphic conditions enabled 
forest communities with lime and oak to survive until zone 8 (Sub-Atlantic 
period). 

The first traces of man have been found in zone 7 (Sub-Boreal period), 
and intensive human activity is observed in zone 8. The earliest traces of the 
occurrence of plants related to the open water have been found in zone 1. The 
succession of aquatic vegetation in the lake started in zone 2. 

Untiverslly of Torun, Institute of Geography, ul. Fredry 6/8, 87-100 Toruri 
I nstytut Geografii U MK 
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