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Abstract

Pollen analysis of sediments from the upper part of bottom deposits from Lake Salgt allowed reconstruction of main
stages of the Late Holocene vegetation transformation in the Mragowo Lake District (from ca. 3600 cal. years BC) and
to correlate some of these changes with immigration and economic activity of local human groups. Significant spread-
ing of secondary semi-natural birch forest, development of hornbeam forest and increasing importance of anthro-
pogenic open communities were the most characteristic features of vegetation evolution. A definite breakdown of elm
took place between 2900 and 2500 cal. years BC, slightly after increased contribution of birch in woodlands. Disap-
pearance of hazel around 1200 cal. years BC, accompanied by expansion of hornbeam has been observed and should
be linked with activity of the Zabie-Szestno type culture and the Lusatian culture tribes during the Bronze Age, but not
with a climate change. Considerable intensification of settlement processes recorded in the younger part of the Subat-
lantic chronozone was one of the important reasons that were responsible for quick changes in forest structure. Strong
and continued deforestation started as early as the end of the 10" century AD and was substantially intensified in the

first half of the 13™ century.
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INTRODUCTION

Pollen analysis is one of the most widely used research
tools in paleoecology that helps in detecting responses of nat-
ural vegetation to human impacts through history, as well as
to climate and environmental change on a variety of temporal
and spatial scales (e.g. Prentice, 1988; Huntley, 1990). Pol-
len records have been used to study biostratigraphy, vegeta-
tion patterns and agrarian history of the Masurian Lakeland
for many years. Among the sites that have been palynologi-
cally examined within modern standards, only a few in-
cluded pollen sequences covering the Subatlantic chrono-
zone. These were pollen sequences from: Lake Mikotajskie
(Ralska-Jasiewiczowa, 1966), Lakes Kruklin, Mamry and
Tatlty (Stasiak, 1967, 1971), Lake Dgat Wielki (Filbrandt-
Czaja, 2000), Lakes Mitkowskie, Wojnowo and Lazduny,
former Lake Stas§winskie and the Szczepanki site (Wacnik,
2009a, b; Wacnik et al., 2012a), Wielkie Btoto mire (Kar-
pinska-Kotaczek et al., 2013) and Skaliski Forest (Kotaczek
et al., 2013). However, beyond the profiles described by
Wacnik (2009a, b; Wacnik ef al., 2012a) most studied se-
quences were poorly supported by radiocarbon dating, or the
ages were missing. This fact restricted possible reconstruc-
tion of rate of environmental changes and their correlation
with archaeological, historical and climatic data.

From a paleoecological perspective northeastern Poland
is an interesting region, because it is under influence of a
transitional climate (e.g. Wo$ 1999). Occurrences of differ-
ent air masses have wide range of influence upon natural dis-
tributions of plants typical for both the maritime (e.g. Cla-
dium mariscus and Juncus subnodulosus) and the boreal cli-
mate (among others: Polemonium caeruleum, Nymphaea
candida and Nuphar pumila; Galka et al., 2014). Such spe-
cific character of this part of Poland is reflected also in geo-
botanical division of the country, in which it was included in
the Masuria-Belarus North Divide (Matuszkiewicz 2008).
Palaecoecological research in this area is a key to understand-
ing of mechanisms and reasons for plant migration (Kupryja-
nowicz 2008; Lamentowicz ef al., 2008). To assess, to what
extent the records from maritime and more continental re-
gions are different from one another, more research and espe-
cially multi-proxy investigation is needed.

Archacologists have already demonstrated a specific and
unique character of economic activity in northeastern Poland
in relation to central Europe (e.g. Okulicz 1973; Karczewski
2011). A particular feature of this area was a prolonged exis-
tence of foraging and a very late acceptance of farming as the
basis for food procurement, in contrary to the rest of Poland
(Wacnik et al., 2012a).
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This study is focused on reconstruction of the Late Holo-
cene vegetation changes in the Mragowo Lake District,
based on pollen analysis and supported by AMS radiocarbon
dating. The primary aim was to present vegetation develop-
ment in the surroundings of Lake Sal¢t from ca. 3600 cal.
years BC and to provide data for evaluation of woodland
transformation by a man.

MATERIAL AND METHODS

Description of the study site

Lake Salgt (53°5622.09"N, 21°19'20.19"E) is a eutro-
phic water body with area of 327.7 hectares (Janczak, 1999).
It is located between the villages Szestno, Ruska Wies,
Brodzikowo and Wyszembork in the centre of the Mragowo
Lake District, which is a part of the Masurian Lake District in
northeastern Poland (Fig. 1).

The lake is of glacial origin and is located in a depression
surrounded by morainic hills. Steep escarpments, over 10 m
high, slope down to the water surface on both eastern and
western lakesides; whereas northern and southern slopes are
more gentle. The lake is divided into two parts — the smaller,
northern part is named Lake Salgt Matly and the larger south-
ern part is Lake Salet Wielki (Fig. 1). Maximum water depth
is 17.2 m and mean depth is 4.9 m (Janczak, 1999). The lake
is fed by a single stream and in addition to surface runoff, an
inflow of shallow underground water from the surrounding
moraine upland is probably also possible.

The vegetation around Lake Salet is almost devoid of
forest and indicates substantial anthropogenic changes. The
forest occurs in 10% of the area only whereas most is occu-
pied by grasslands: meadows and pastures 30%, arable land
0of 60%. A land strip of 500 m around the lake is overgrown
by herbaceous vegetation, with scattered trees occurring near
buildings, along roads and streams and at the lakeshore only.

Coring and dating

In winter 2010 a core of sediments was taken from the
frozen surface of Lake Salet with the use of the Wigc-
kowski’s piston corer and the Kajak gravity corer. Coring
was performed close to the deepest part of the lake (water
depth 15 m), with bottom deposits 15.70 m thick (Fig. 1). The
present paper deals with a top part of the log only (depth to
10.80 m). This part of the core is composed of calcareous
gyttja, rich in organic matter and relatively poor in sand, clay
and silt.

AMS radiocarbon dating of seven pollen concentrate
samples was performed in the Gliwice Absolute Dating
Methods Centre (Table 1). The isolation of pollen concen-
trates from the sediment was performed by removal of cal-
cium carbonate using 38% HCI and humic acids, using 10%
KOH and 24 cm?” of sediment was used for this purpose.

Short-lived radionuclides *'°Pb were measured in the up-
permost layer, 30 cm thick. The analysis was carried out in
the Institute of Geological Sciences of the Polish Academy of
Sciences in Warsaw.

Table 1

AMS radiocarbon dating of sediments from Lake Salgt

No. Depth (cm) Lab. No. Age 14C (BP) Calibrated age range 95% (BP) Calendar age
1 330 GdA-2979 830+25 785 (95.4%) 689 1116-1261 A.D.
1058 (92.6%) 953
2 370 GdA-2980 1090425 047 ( 2.8%) 939 892-1011 A.D.
1284 (94.6%) 1171
3 410 GdA-2981 1275425 1155 ( 0.8%) 1149 666-801 A.D.
4 500 GdA-2982 1610+25 1546 (95.4%) 1415 404-535 A.D.
2713 (35.8%) 2629
2623 (55.2%) 2446
5 640 GdA-2983 2470425 2410 ( 1.5%) 2397 763-419 B.C.
2392 (2.8%) 2369
710 GdA-2984 2700£25 2850 (95.4%) 2757 900-807 B.C.
800 GdA-2985 3030425 3343 (95.4%) 3161 1393-1211 B.C.
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Pollen analysis

Samples for palynological analyses (1 cm®) were col-
lected usually at 5-10 cm intervals; only in the bottom part of
the section (900-1080 cm) they were collected every 20 cm.
Samples were prepared using the standard procedure of
Erdtman’s acetolysis (Berglund and Ralska-Jasiewiczowa,
1986). According to degree of contamination by mineral
fraction, samples were treated with a heavy liquid (CdI,+KI).
Lycopodium tablets were added to each sample to enable
quantitative analysis of microfossil concentrations (Stock-
marr, 1971).

Pollen analysis was carried out with the Olympus BX43
light microscope with magnification of 600x; a larger magni-
fication was used to identify problematic and small palyno-
morphs. For taxonomical identification pollen keys (e.g.
Beug, 2004) and a reference collection of modern pollen
slides were used.

More than 1000 terrestrial pollen grains were counted
and identified in each sample.

Calculations and presentation of palynological data in a
simplified percentage pollen diagram were performed with
POLPAL for Windows software (Nalepka and Walanus,
2003). AP+NAP sum was used for percentage calculations.
The diagram was divided into local pollen assemblage zones
(L PAZ) with Constrained Cluster Analysis (CONISS). To
discuss interaction of anthropogenic and natural influences,
the diagram was constructed with groups of taxa established
by Behre (1981), with modification suggested by Berglund
and Ralska-Jasiewiczowa (1986) and Veski (1998). Pollen
curves of herbs were grouped into three categories: (1) culti-
vated crops, (2) weeds and ruderals, and (3) grassland and
ecologically undefined plants.

RESULTS
Chronology

C and *'°Pb dates were used for construction of the
age-depth model for the analysed section (Fig. 2). This model
was built by means of a polynomial 2nd degree curve fitting
in the POLPAL program (Nalepka and Walanus, 2003;
Walanus and Nalepka, 2004) and resulted in drawing the op-
timal depth-age curve on the basis of calibrated radiocarbon
dates.

Palynological data

Palynological analysis was performed for 128 samples
from the upper part of the section. Four local pollen assem-
blage zones (L PAZ) were distinguished (Fig. 3, Table 2).

INTERPRETATION AND DISCUSSION

Early and middle Subboreal (3600—1850 cal.
years BC)
Quercus-Corylus L PAZ, depth: 1080—870 cm

A vicinity of Lake Salet was densely forested by multi-
species deciduous woodland. Oak was the dominant tree in
the older part of this period, but it gradually declined in fa-
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Fig. 2. Age-depth model of the Lake Salgt profile based on AMS
'C and *'°Pb dates.

vour of the increasing role of birch. Oak was a component of
several communities, especially with hazel and pine. Due to
its high ecological tolerance, oak developed in diverse habi-
tats, from poor (Quercus petraea) to very rich (Quercus ro-
bur) (Szymanski, 2006). From 3567 to 3399 cal. years BC,
oak was the most important component of mixed and multi-
species deciduous forests in the surroundings of Lake Salgt.
According to Ralska-Jasiewiczowa et al. (2003), there are no
close analogues to contemporary communities dominated by
oak and hazel. They were formed in response to cyclic occu-
pation and exploitation of the land by the Neolithic people.
A rising pollen curve of Corylus avellana was probably due
to slight opening of woodlands, which favoured intensive de-
velopment of their understory. However, this process could
have been also induced by drier climate conditions (low wa-
ter level in lakes and dry phase in peat bogs) between 4050
and 3650 cal. years BP (Zurek and Pazdur, 1999), and its
great potential for vegetation survival (Tallantire, 2002). In
the pollen spectra from the Lake Salgt profile, Viscum album
has been recorded in that time. In the neighbourhood of the
studied area presence of this continental species has been
also noted (Wacnik, 2009a) and it strongly suggested warm
summers, with average temperature of the warmest month
above 15.5°C (Iversen, 1944).

A distinct breakdown in the elm curve was noted in the
Lake Salgt region between 2887 and 2563 cal. years BC
(Fig.3). A similar process occurred also in the Gostynin Lake
District, where it was dated to 2850-2750 cal. years BC
(Wacnik et al., 2012b) and the increasing role of hazel was
observed in the following centuries. The same pattern was
noted in the surroundings of Lake Sal¢t, where beyond hazel,
increased significance of pine and birch was recorded. Si-
multaneously with changes in forest composition, different
open anthropogenic communities with ruderal, weed and
grassland taxa developed, and in the youngest part of this pe-
riod cereals have also appeared in pollen spectrum (palynolo-
gical human phase 1).

The problem of decline of Ulmus in the Holocene has
been intensively discussed during the last decades. Different
hypotheses were proposed, e.g. climate change, human im-
pact and finally, spreading of the so-called “Dutch” elm dis-
ease caused by an ascomycete fungus (Ceratocystis ulmi),
and carried over by bark beetles Scotylus (e.g. Rackham,
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Table 2

Lake Salgt — description of local pollen assemblage zones (L PAZ)

Name of L PAZ
Depth [cm] and age [cal.
years] of pollen samples

Description

Pinus-Picea-NAP
0-365 cm
2005-981 AD

to 8%).

Domination of Pinus sylvestris t. (21-47%); relatively high frequency of Picea abies (to 7%); gradual decrease of Alnus
(to 7-8%), Quercus (to ca. 2-3%) and Carpinus betulus (to ca. 1%); rather low values of Betula alba t. (below 23%); low
frequency of Corylus avellana (to 3,5%), Ulmus (to 1,8%), Tilia cordata (to 2,4%), Fraxinus excelsior (to 0,8%), Salix (to
1,3%) and Fagus sylvatica (to 0,9%); relatively frequent Juniperus communis; sharp increase of NAP from 7% to 16%,
and then to 48% — highest amount of human indicators in the whole diagram (cultivated plants to 16%; ruderals and weeds

Carpinus-Betula-Quercus
370-770 cm
960 AD-1183 BC

2%).

Upper boundary: rapid fall of Betula alba t. below 18%; rise of Pinus sylvestris t. above 20% and Picea abies to ca. 5%.
Absolute domination of Betula alba t. (20—44%); high triple culmination of Carpinus betulus (18%, 12% and 12%); still
high values of Quercus (8—14%); strong fluctuations of Pinus sylvestris t. (8-30%); low proportion of Ulmus (ca. 2%),
Tilia cordata (ca. 3%), Fraxinus excelsior (ca. 1%), Salix (to 1.5%) and Fagus sylvatica (below 1%); gradual decrease of
Alnus from 20-24% to 5-11%; increase of herbaceous plants to 12% (cultivated plants up to 3%; ruderals and weeds up to

Carpinus-Corylus-Quercus- | Upper boundary: rapid rise of Betula alba t. above 35% and fall of Corylus avellana.

Rapid increase of Alnus (from 10% to 23%); decrease of Quercus to 8% and Corylus avellana to 6%; low percentages of
Ulmus (1-2% and Tilia cordata (2—4%); the first culmination of Carpinus (10%); relatively low values of Pinus sylvestris
t. (15-28%) and Betula alba t. (18-32%); rise of herbaceous plants to ca. 10% with clear increase of human indicators.

Betula
780-860 cm
1246-1821 BC

Quercus-Corylus
870-1080 cm
1894-3567 BC

ing values of Betula alba t. up to 19%.

Upper boundary: rise of Carpinus betulus to ca. 7%.

Relatively high frequency of Alnus to ca. 22-29%; culminations of Quercus (26%) and Pinus sylvestris t. (38%) in the bot-|
tom part of the zone, and then their gradual decline; low frequency of Ulmus to ca. 1% at the depth 960 cm (ca. 2563 BC);
almost constant 7ilia cordata curve (ca. 5%); fluctuations of Corylus avellana around 20%; gradual rise of Carpinus
betulus in the younger part of the zone; systematic increase of herbaceous plants (NAP) to ca. 5% corresponding with ris-

1980). Elm reduction corresponds quite logically with such
pathogenic hypothesis and it is not very concordant with mi-
gration routes of successive Neolithic cultures. However, it
seems convincing (Girling and Greig, 1985; Birks, 1986,
Ralska-Jasiewiczowa and van Geel, 1998; Peglar, 1993;
Innes et al., 2010) that Neolithic people took advantage of
elm disease to clear deciduous woods growing on more fer-
tile soils. Pattern of distribution of Ulmus on Polish isopollen
maps indicates that its decline has been more differentiated in
time and space than previously accepted (Ralska-Jasiewi-
czowa et al., 2003). For instance, in the Bieszczady Moun-
tains elm occurs around 4400-4200 "*C years BP (2450
2250 cal. years BC) only (Ralska-Jasiewiczowa, 1980) and
in some lowland sites as early as 6000—5700 '*C years BP
(4050-3750 cal. years BC) (Latalowa, 1992). Decline of
Ulmus is not a synchronous event in Estonia, as the dates
range from 3800 to 3200 cal. years BC, likely due to human
activity, connected with introduction of arable farming rather
than by natural factors (Saarse and Veski, 2001). In the pol-
len diagram from Lake Salgt a very distinct elm decline is
dated to the interval 2887-2563 cal. years BC (Fig. 3). Simul-
taneously with the decline of Ulmus, Picea abies developed
in the vicinity of the studied site.

Late Subboreal (1850-1200 cal. years BC)
Carpinus-Corylus-Quercus-Betula L PAZ, depth:
860—770 cm

The most significant feature of this period was a very dis-
tinct spreading of hornbeam in stands of the Lake Salgt re-
gion. This process clearly coincided with decreased impor-
tance of hazel as well as lime, elm and oak. Changes in forest
composition were most evidently a consequence of local
anthropogenic pressure (a beginning of the palynological hu-

man phase 2). Moreover, human activity resulting in clearing
of some woodland areas, promoted spreading of hornbeam.
Hornbeam has been well documented as a moderate pioneer
species in recent years. It has rapidly colonized areas after
fall of oak-hornbeam woods in the Bialowieza Forest (Ber-
nadzki et al., 1998).

In the younger part of this period a hornbeam area has de-
creased, and with high probability it could result from inten-
sification of settlement at the transition of the Neolithic and
Bronze Ages (Manasterski 2009). Cleared ground was used
as pastures, meadows, fields and localities for settlements.
Large areas of grasslands at that time indicated predomi-
nance of animal husbandry rather than cultivation.

Starting from ca. 1850 cal. years BC a gradual decrease
in importance of hazel was noted. Very distinct decline of
this species at that time is also recorded in numerous other
pollen diagrams from Poland (e.g. Ralska-Jasiewiczowa et
al.,2003), as well as in several sections from adjacent coun-
tries, mainly from Germany (e.g. Pott, 1986; Brauer ef al.,
2000; Kubitz, 2000). The onset of this process was deter-
mined to ca. 3400 '*C years BP (ca. 1750 cal. years BC) in the
Lake Gosciaz (Ralska-Jasiewiczowa et al., 2003), and at ca.
3490 "C years BP (ca. 1860 cal. years BC) in lakes from the
Eifel region in Germany (Brauer et al., 2000). At about 1700
cal. years BC forest transformations occurred around the
Puck Bay in northern Poland (Miotk-Szpiganowicz, 1997,
Uscinowicz and Miotk-Szpiganowicz, 2003), and somewhat
similarly, Carpinus betulus started to develop in forest at the
expense of Corylus avellana in the Zutawy region in the
Vistula River mouth (Zachowicz et al., 1982, Zachowicz and
Kepinska, 1987). There are some hints of both a thermal os-
cillation towards a cooling (Zolitschka, 1992) and an in-
crease (although oscillating) in climate humidity (Ralska-
Jasiewiczowa and Starkel, 1988), which might be a probable
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reason for decline of hazel. Increasing climate humidity ca.
1700 cal. years BC has been reconstructed for northern Brit-
ain (Charman et al., 2006) and northern Norway (Vorren et
al., 2007). From ca. 1500 cal. years BC a groundwater table
rose in mires of North Ireland (Swindles et al., 2010) and in
southern Finland (Viliranta ez al., 2007).

A broad spectrum of data from Polish fluvial, lake and
peatland environments indicated also an increase in humidity
between 4400—4100 and 3500-2900 cal. years BP (2450—
2150 and 1550-950 cal. years BC, respectively) (Ralska-
Jasiewiczowa and Starkel, 1988; Zurek and Pazdur, 1999;
Starkel et al., 2006; Pawtowski et al., 2012). This part of the
Subboreal chronozone was considered by Starkel (1990) and
Starkel et al. (2006) to have been a wet period, characterized
by more frequent rainy seasons. In the Polish isopollen map
for 4000+100 "*C years BP (ca. 2050 cal. years BC) Miotk-
Szpiganowicz et al. (2004) indicated that nearly the whole
area of Poland was occupied by Corylus avellana pollen con-
tents of 10-15% (western, central and northern Poland,
Carpathians Mountains and Roztocze). The values over 15%
occurred in the peri-Baltic area only and below 10% in the
eastern part of the country up to the Podlasie border and the
Carpathian Foredeep in the Matopolska Upland. The later
decreased to below 5% proceeded from SE-E across the
whole country and the mentioned authors assumed that there
were other reasons than a continental climate. It can be con-
cluded that development of the Early Bronze Age cultures,
practicing rather primitive arable agriculture but broadly de-
pendent on cattle grazing (Manasterski 2009) may have con-
tributed to shrinkage of hazel distribution.

In the middle of this period (ca. 1500 cal. years BC) areas
with lime and temporarily, also the areas with elm have de-
clined. The elm decline ca. 1700 years BC was also recorded
in sections from the Lakes Mitkowskie and Wojnowo (Wac-
nik et al., 2012a). If these changes are accepted to have re-
sulted from human activity, then increased pollen production
of Corylus avellana can be explained by opening of the pre-
viously densely shaded deciduous forest by cutting of elm
and lime branches for cattle fodder. Patches of open habitats
began to spread in the area.

Late Subboreal and early Subatlantic (1200 cal.
years BC —1000 AD)

Carpinus-Betula-Quercus L PAZ, depth:

760-370 cm

Deep changes in structure of a mixed deciduous forest
took place at the very beginning of this period, indicated by
rapid spreading of birch. Vegetation transformations were
caused both by natural interglacial succession provoked by
climate change and by human economic activity. The domi-
nating role of birch and hornbeam made forest structure dif-
ferent from the previous one. Hornbeam formed presumably
the highest canopy layer that casted shadows on all lower
storeys of the forest. This eliminated hazel from phytoce-
nosis and limited its occurrence, probably to forest peripher-
ies only. Hornbeam, due to its high ability to form suckers
from trunk or stumps, could be the main element of regener-
ated forest, quickly occupying all larger clearings (Wacnik et
al., 2012b). Maximum hornbeam expansion occurred about

500 cal. years BC (Fig. 3), just after the Lusatian culture set-
tlement, which was the most widespread prehistoric culture
in Poland, characterized by very high density of population
(Godtowski and Koztowski, 1979). A decline of this culture
isreflected in a pollen diagram from Lake Salgt as the tempo-
rary regeneration of forest communities, first of pioneer
birch woods and then of deciduous forest with dominant
hornbeam. The following period of woodland reduction,
with areas deforested or thinned by a man became overgrown
by various anthropogenic open communities and by a helio-
philous birch forest. The second, less intensive hornbeam ex-
pansion started from ca. 200 AD. A history of hornbeam in
the Holocene in Central Europe was strictly connected with
human activity (see Ralska-Jasiewiczowa, 1964; Ralska-
Jasiewiczowa et al., 2004). This species was particularly
devastated in periods with intensive settlement due to fertil-
ity of the occupied habitats. On the other hand, periods with
reduced anthropogenic pressure allowed partial regeneration
of forest communities with hornbeam, because of its great re-
generative abilities.

Large areas in the vicinity of Lake Salgt were still occu-
pied by oak. Birch forest played a significant role in the land-
scape, being probably secondary semi-natural communities
which were formed in habitats transformed by exploitation
during earlier settlement stages. An expansion of birch was
also the most characteristic feature of this period in other
parts of the Masurian Lake District. For example, this pro-
cess was evident in pollen spectra from Lake Mikotajskie
(Ralska-Jasiewiczowa, 1966), Woryty (Pawlikowski et al.,
1982), Lake Dgat Wielki (Filbrandt-Czaja, 2000) and Lakes
Mitkowskie, Lazduny and Wojnowo (Wacnik et al., 2012a).
Similar development of communities with dominant birch
was recorded in more or less the same time in diagrams from
other parts of Poland, for instance from the Biebrza River
Valley (Balwierz and Zurek, 1987), Suwatki Lake District
(Lake Kluczysko — Wacnik, pers. comments), central Poland
(Binka et al., 1991), Gostynin Lake District (Wacnik ef al.,
2011; Wacnik et al., 2012b) and from Wielkopolska (To-
bolski and Okuniewska-Nowaczyk, 1989). In the vicinity of
Lake Salgt there were also pine and different mixed forests
with pine-oak and pine-birch.

Alder grew on wetland habitats in the surroundings of
the lake and in outskirts of rivers valleys. A relatively small
area was occupied by elm, lime, ash and spruce. Other trees
were rare.

The rise in frequency of pollen indicators of grasslands,
i.e. meadows and pastures (the palynological human phase 3)
indicates that surroundings of Lake Salgt have been to some
extent influenced by a man. Intensive agriculture and a broad
extent of disturbed soil with high NO; content were confir-
med by widespread presence of weeds and ruderals. Open ar-
eas were used for cultivation as denoted by continuous pres-
ence of Cerealia t. pollen, regular occurrence of Secale
cerealepollen, and sporadic appearance of Triticumt., Avena
t., and Hordeum t. pollen (this is not shown in the pollen dia-
gram). Rye, as a wind-pollinated crop, has higher pollen pro-
duction and better dispersal possibilities than other cereals,
and thus its frequencies must represent not only local cultiva-
tion but also a regional background (cf. Koff and Punning,
2002). It is also possible that fields at the edge of Lake Salgt



HOLOCENE CHANGES IN VEGETATION OF THE MRAGOWO 57

and appearance of forest grazing indicators (e.g. Pteridium
aquilinum) point to somewhat more cattle-rearing activity in
the area. In thinned and grazed forests Juniperus communis
and Calluna vulgaris occurred.

Late Subatlantic (1000-2005 AD)
Pinus-Picea-NAP L PAZ, depth: 365-0 cm

The beginning of this period was characterized by rapid
deforestation and by marked increase in human activity.
Withdrawal of tree pollen must have been connected with
forest clearing undertaken in order to enlarge the areas of cul-
tivated fields or pastures and with timber exploitation, which
is documented in archaeological and historical sources (e.g.
Wroéblewski et al., 2003; Nowakiewicz, 2006, 2010). From
around 1000 AD extension of human economic activity star-
ted to transform the natural environment in a process persistent
and continued up to the present time. According to Ralska-
Jasiewiczowa (2006) this generated an ostensible picture re-
sembling the approaching end of the Holocene interglacial cy-
cle: disappearance of a deciduous forest and first mass sprea-
ding of pine, followed by total deforestation and occupation of
its territory by open vegetation. Low values of tree pollen and
predominance of long-distance transported pine pollen dem-
onstrated existence of large open areas, which in turn sug-
gested progressive development of settlements.

At the beginning of this zone there was a period of in-
creased Carpinus betulus pollen percentages, which was
contemporaneous with slightly growing human economic
activity. A great regeneration ability of hornbeam allowed
for its fast expansion in forest until the early Middle Ages.
Soon afterwards, ca. 1250 AD, the areas dominated by horn-
beam shrank gradually. Almost total elimination of Carpinus
betulus from forest stands was probably the effect of farming
intensification and growing demand for fertile soils. Dimin-
ished significance of Carpinus betulus in a forest could have
been also caused by many years’ cattle grazing, a conse-
quence of which was a formation of well-lit oak-pine forest
(Falinski and Pawlaczyk, 1993).

An importance of oak was still significant initially (981—
1033 AD). This could have been caused by selective protec-
tion of this tree by a man in order to provide acorns, which
could be stored for up to three years (Weckerly et al., 1989)
and used as fodder for pigs, particularly in winter time.
Acorns are a source of a high-energy food and nowadays, in
some seasons of a year, they may constitute up to 50% of the
diet of some wild animals. Oak leaves are also rich in proteins
(Pekins and Mautz, 1988; Elowe and Dodge, 1989). It is pos-
sible that acorns were also consumed by people, just as was
the case up to recently among the aborigines of North Amer-
ica. According to Pekins and Mautz (1988) acorn production
could have increased significantly by selective fall of trees in
a forest and by protection of mature specimens. A sudden
breakdown in a role of Quercus ca. 940 AD, synchronous
with Carpinus betulus decline and increase of Pinus sylves-
tris t., should be strictly connected with human activity.
Ralska-Jasiewiczowa (1964) explained that oak and horn-
beam were particularly devastated species in periods of in-
tensive settlement on account of fertility of the occupied
habitats. She concluded also that these trees had great ability

to regenerate in a comparatively short time and to spread over
certain territories as one of the main components of an
oak-hornbeam forest.

Some open areas may have become overgrown by wood,
in which Picea abies was an important element. Spruce ex-
pansion in the Lake Salgt region was dated to ca. 1000 AD, as
has been observed in some other diagrams from the Masurian
Lake District (e.g. Filbrandt-Czaja, 2000; Wacnik et al.,
2012a). An increasing presence of Calluna vulgaris and
Pteridium aquilinum, both of which favour poorer sandy
soils, suggests openings in a dry pine forest and subsequent
application of these plots for animal husbandry. Pinus sylves-
tris spread most probably on less fertile, sandy habitats,
which were covered previously by amixed coniferous forest.
Current distribution of pine was also connected with human
activities. Culminations of Pinus sylvestris t. pollen curve
immediately after each deforestation were almost certainly
due to transport of pine pollen from distant arecas and were
also an evidence for spreading of pine to habitats occupied
formerly by an oak-hornbeam forest.

At the same time herbaceous vegetation attained greater
significance. Pollen grains of cultivated plants occurred fre-
quently. Hitherto unrecorded Fagopyrum pollen appeared
also in pollen spectra from the Lake Salgt profile (1116 AD),
indicating that buckwheat was probably cultivated. This is in
agreement with other European data showing that buck-
wheat, which was native to Central Asia and was introduced
to Europe by the Mongols, was cultivated from 12— 14"
centuries onwards (Speranza ef al., 2000; Latatlowa et al.,
2007; Stancikaiteé et al., 2008), although the earliest Polish
record, known from the town of Wolin, dated back to 9"-10™
centuries (Alsleben, 1995). Fagopyrum is an insect-polli-
nated plant which produces a small quantity of pollen that is
usually underrepresented in pollen spectra. Results of mod-
ern pollen monitoring indicated that buckwheat, wheat and
barley pollen appeared in low percentages, even when fields
were located at a small distance from the sampling place
(Pidek, 2009). Field and ruderal weeds appeared in higher
percentages.

CONCLUSIONS

Pollen analysis of the upper part of the sedimentary se-
quence from Lake Salet allowed reconstruction of vegetation
changes in the Mragowo Lake District during Sub-boreal and
Subatlantic chronozones of the Holocene (from ca. 3600 cal.
years BC).

In the early Subboreal chronozone (3700-2900/2600
cal. years BC) oak-pine forest developed, but mixed decidu-
ous woodland with elm, lime and hazel still occurred.

Very distinct transformation of a forest coincided with
transition between early and middle Subboreal chronozone
(2900-2600 cal. years BC). This is indicated by definite
breakdown of elm, preceded by gradual drop of oak and
spread of birch, which started from ca. 3300 cal. years BC.
Then, from ca. 2300 cal. years BC, development of horn-
beam and temporary extension of spruce occurred. At that
time the first clearing by human communities occurred.

In the late Subboreal chronozone gradual elimination of
hazel (1800—-1200 cal. years BC) was accompanied by ex-
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pansion of hornbeam and progressive development of birch.
This process should be probably linked with human activity
rather (the Lusatian culture) and not with a climate change —
crop cultivation started from 1800—1700 cal. years BC.

From the end of the Subboreal to the middle Subatlantic
chronozone (1200 cal. years BC—1000 AD) a maximum
spreading of birch and hornbeam forest occurred. Two peri-
ods of hornbeam expansion were recorded from that time, at
700—400 cal. years BC and 200—1000 AD. From ca. 500 cal.
years BC distinct spreading of anthropogenic communities
(grasslands, cultivated fields, ruderal communities) has
started.

Extensive woodland clearances and occurrence of vast
areas inhabited by people and exploited by them economi-
cally and agriculturally started from ca. 1000 AD. The areas
of all trees, with exception of pine and spruce, were at that
time substantially reduced.

A palynological study considering archaeological and
historical information, which will provide a more detailed re-
construction of human impact on vegetation in the surround-
ings of Lake Salgt, will be published in a separate paper.
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