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Abstract

The main phases of the Late Glacial and Holocene development of vegetation in the Wigry National Park were recon-
structed based on the pollen analysis of sediments from three small dystrophic lakes (Lake Suchar Wielki, Lake
Suchar IT and Lake Slepe). At the current stage of research, the age of the studied deposits was determined by AMS ra-
diocarbon dating of few samples only. This meant that the chronology of the investigated profiles had to be estimated
also indirectly using their palynological correlation with a radiometrically well-dated profile from Lake Wigry. The

>q

obtained pollen data confirmed the picture of the postglacial vegetation changes of the Wigry National Park, which
was based on earlier studies of Lake Wigry. Furthermore, it documented the existence, mainly in the Preboreal and At-
lantic chronozones, of temporary changes in vegetation, which might be a reaction to a short-lived cold fluctuations of

climate.
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INTRODUCTION

The degree of knowledge on postglacial vegetation de-
velopment in the Suwatki region, as for the entire north-east-
ern Poland, is still not satisfactory (Ralska-Jasiewiczowa et
al., 2004, Kupryjanowicz 2008). The palacobotanical re-
search in this area started in the first half of the 20™ century
(Osinki I and II, Krzywe, Suchar Dembowskich, Zakaty —
Ottuszewski 1937), and then continued in the second half of
this century (Krusznik — Stasiak 1971), however, from the
point of view of contemporary standards of palacoecological
researches, all of these studies are only of historical value.
Solely the results of recent palacobotanical studies con-
ducted in the last decade, which have been supported by
many additional palacoecological analyzes, can be used to
carry out the modern palaeoecological reconstructions (Lake
Wigry — Kupryjanowicz 2007, Kupryjanowicz and Juroch-
nik 2009, Rutkowski and Krzysztofiak 2009; Lake Hancza —
Lauterbach et al., 2010; Lake Szurpity — Tylmann et al.,
2011; Lake Linowek — Gatka and Tobolski 2013). Even
these, however, do not provide a complete picture of the
changes. The profile from Lake Wigry — the largest water
body in the Wigry National Park, while it allowed to recon-
struct the main stages of postglacial succession of vegetation
in the region (Kupryjanowicz 2007), yet for the Late Glacial
and Early Holocene provided a very low resolution of the re-
cord of environmental changes (every 200-300 years). In the

profile from Lake Szurpity, the biogenic sedimentation was
interrupted at the beginning of the Atlantic period by the ac-
cumulation of a thick (about 1 m) layer of sand not containing
pollen (Tylmann et al, 2011). In the profile from Lake
Hancza there is a sedimentation hiatus, covering almost
whole the middle Holocene (Lauterbach et al., 2010). There-
fore, further studies are needed to complement the existing
deficiencies.

From few years the Department of Botany at the Univer-
sity of Bialystok has been conducting an interdisciplinary
palaeoecological research of several dystrophic lakes located
within the Wigry National Park (Drzymulska and Kupryja-
nowicz 2012, Drzymulska 2012, Drzymulska et al., 2013a,
b, ¢, Fitoc 2013a, b, Fitoc and Kupryjanowicz 2013a, b). The
study includes a lot of aspects of the history of the examined
lakes. A part of the project is a pollen analysis of sediments
from three water bodies — Lake Slepe, Lake Suchar Wielki
and Lake Suchar II. Its main purpose is to reconstruct the
vegetation changes both around and within studied water
bodies under the influence of the climate changes that have
been taking place over the last ca. 12 thousand years. In this
paper we presented the preliminary results of these studies,
which made it possible to reconstruct the main stages of veg-
etation development in the Wigry National Park during the
Late Glacial of Vistulian and the Holocene. These data were
confronted with the prior knowledge of the post glacial vege-
tation development in the Suwatki region.
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Fig. 1. Location of studied lakes. * — places of the corings.

STUDY AREA

Lake Slepe (LS), Lake Suchar II (LSII), and Lake Suchar
Wielki (LSW) are located in the Wigry National Park
(WNP), north-eastern Poland (Fig. 1). The two physical-geo-
graphical mesoregions, the East Suwalki Lakeland and the
Augustow Upland, occur in this part of Poland, and both are
included in the Lithuanian Lakeland (Kondracki 1994). The
terrain of this area was shaped during the Pomeranian phase
of the main stadial of the Vistula Glaciation (Marks 2002).
The climate of this area is temperate transitional with a ten-
dency toward continental. This area is characterized by the
most severe climatic conditions across the lowland parts of
the country (Krzysztofiak and Olszewski 1999). Not far from
the Wigry National Park there are the range limits of many
plant species, mainly trees (e.g. Picea abies, Taxus baccata,
Acer pseudoplatanus, Quercus sessilis, Fagus sylvatica),
shrubs (e.g. Salix lapponum) and dwarf shrubs (e.g. Rubus
chamaemorus) (Szafer and Zarzycki 1977). These all plants
occur here on the border of their ecological tolerance.

METHODS
Fieldworks

The drilling in deep spots of all the lakes was carried out
using the Wigckowski’s probe with a length of 110 cm and a
diameter of 5 cm. Cores of bottom sediments with the thick-
ness of 9.60 m (Lake Suchar Wielki), 5.95 m (Lake Suchar
IT) and 5.18 m (Lake Slepe) were collected. It was necessary

Table 1
Radiocarbon dating of the analyzed sediments.
Core Depth Datefl Age 'C Calibrated age (cal.yrs BP)
[m] material (yrs BP) range 68.2% | range 95.4%
SW | 10.42 |plant remains| 3,170£25 3,443-3,404 | 3,449-3,359
SW | 13.82 | sediment 7,820+35 8,629-8,560 | 8,704-8,521
SW | 15.02 |plant remains| 8,560£50 9,550-9,495 | 9,627-9,470
SW | 15.74 | sediment 9,640+45 |11,172-10,827|11,189-10,785
SIT | 12.17 | sediment 10,120+£30 [11,916-11,626|11,987-11,508

SW — Lake Suchar Wielki, SII — Lake Suchar 11

Table 2
Lithology of analyzed profiles. Depths are counted from
the water surface

Depth [m] ‘ Sediment description
Lake Suchar Wielki
7.57-16.74 dy
16.74-16.77 sand with shells
16.77-16.80 fine-detritus gyttja
16.80-16.86 sand with shells
16.86-16.94 calcareous gyttja
16.94-17.06 clay with sand
Lake Suchar II
6.50-12.20 dy
12.20-12.32 silt
12.32-12.42 peat-like sediment
12.42-12.51 sand with shells and gravel
12.51-12.55 silt
12.55-12.60 sand with shells and gravel
Lake Slepe

0.75-5.73 dy

5.73-5.80 silt

5.80-6.23 sand with shells and gravel

6.23-6.40 gravel

to supplement the collected profiles with top layers of highly
liquefied sediments that could not be collected with a Wigc-
kowski’s probe. The missing sediments from Lake Suchar
Wielki—0.50 m and from Lake Slepe —0.23 m were collected
using the Kajak probe. The sediments from Lake Suchar II
were not collected yet.

Age of sediments

The age of the 4 samples of sediments from Lake Suchar
Wielki and 1 sample of sediments from Lake Suchar II was
determined by AMS radiocarbon method (Tab. 1). OxCal
4.2.3 online software (Bronk Ramsey 2009) was used to cali-
brate the radiocarbon age of the samples. Due to a very small
number of radiocarbon age determinations in the studied pro-
files, the chronology of events recorded in these profiles has
been determined also indirectly, based on a similarity be-
tween pollen spectra with the radiometrically well-dated pro-
file from the nearby Lake Wigry (Kupryjanowicz2007). The
age of the sediments determined thus was compared with
AMS radiocarbon dating (Fig. 2).
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Fig. 2.

Pollen analysis

Samples for pollen analysis were taken every 2 cm. The
samples were subject to maceration applying the method of
Erdtman’s acetolysis (Faegri and Iversen 1975). The prepa-
ration of the samples and their microscopic analysis were
carried out in accordance with the standard procedure (Berg-
lund and Ralska-Jasiewiczowa 1986).

In each sample, at least 500 sporomorphs were counted.
Pollen and spores were identified using several keys (e.g.
Moor et al., 1991; Beug 2004). The percentage value of each
pollen taxon has been calculated in relation to the total sum of
trees and shrubs pollen (AP) and herbaceous plants pollen

Correlation of the pollen record from studied lakes and from Lake Wigry.

(NAP), excluding pollen of local plants, limnophytes and
telmatophytes. The results are presented as percentage pollen
diagrams prepared with POLPAL 2004 ver. 2011 software
(Walanus and Nalepka 1999; Nalepka and Walanus 2003).
The diagrams were divided into local pollen assemblage
zones (L PAZ) (Figs 3-5) with the use of CONISS
(POLPAL) application results.

RESULTS

The analyzed cores had been shortly described during
the field works, and then completed after cleaning them in the
laboratory (Tab. 2).
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Table 3

Characterization of the local pollen assemblage zones (L PAZ) distinguished in the analyzed profiles

Symbol and name ‘ Depth [m] ‘ Description of pollen spectra
Lake Suchar Wielki
SW-1 16.90-16.45 Domination of Pinus sylvestris t. (53-86%); high values of Betula alba t. (6-33%), rise of NAP proportion
Pinus-Betula-NAP ’ ’ to 12%; maximum of Salix (2%); still presence of Juniperus communis.
SW-2 Maximum of NAP (27%) represented mainly by Artemisia (8—16%), and Juniperus communis (8%); in-
. 16.45-15.95 | crease of Betula alba t. to ca. 45%; depression of Pinus sylvestris t. (22%); low-percentage culmination of
NAP-Betula-Juniperus . . .
Picea abies t. (3%) in the top.
SW-3 Domination of Pinus sylvestris t. (36—-64%) and Betula alba t. (29—-58%); start of continuous curves of
Pinus-Betula 15.95-14.65 | Ulmus and Corylus avellana and their gradual increase to 4% and 5%, respectively; rather high NAP pro-
: portion (3—6%) and Salix (to 1%).
SW-4 14.65-14.25 Maximum of Corylus avellana (22%); relatively high proportion of Ulmus (ca. 6%); rise of Alnus to ca. 6%;
Corylus-Ulmus ' ’ start of continuous curves of Tilia cordata t., Quercus and Fraxinus excelsior.
SW-5 14.25-11.55 Maximum of Tilia cordata t. (5%), Ulmus (9%), Alnus (22%) and Fraxinus excelsior (4%); systematic in-
Tilia-Ulmus-Alnus-Quercus| = ) crease of Quercus to 8%; Corylus avellana slightly lower than previous zone; still presence of Picea abies t.
SW-6 Maximum of Quercus (13%); relatively high values of Fraxinus excelsior (ca. 3%) and Corylus avellana;
Quercus-Picea-Ulmus 11.55-10.55 | gradual rise of Picea abies t. to 3%; start of Carpinus betulus continuous curve; decrease of Alnus to 16%,
Tilia cordata t. to 1% and Ulmus to 2%.
SW-7 10.55-9.45 Significant rise of Betula alba t. (to 38%); slight increase of Carpinus betulus (to 3%); relatively high pro-
Betula-Picea-Carpinus ' ’ portion of Corylus avellana (6-12%), Quercus (4-8%) and Tilia cordata t. (1-2%); rise of NAP to 4%.
High percentage of Betula alba t. (28-39%); relatively high values of Carpinus betulus with two peaks (5%
SW-8 945825 and 6%) as well as Quercus (4-8%); Corylus avellana lower than previous zone (ca. 3%); still presence of
Betula-Carpinus-Picea ’ ’ Picea abies t. (1-4%); decrease of Alnus to 8%; very low proportion of Ulmus, Tilia cordata t. and Fraxinus
excelsior; NAP slightly lower than previous zone.
High values of Pinus sylvestris t. (35-48%) and NAP (4-18%), including cultivated plants as Cerealia t.,
SW-9 895.757 Fagopyrum and Cannabis sativa cf., as well as few human indicators as Rumex acetosella t., Plantago
Pinus-Picea-NAP ’ ’ lanceolata, Artemisia, Poaceae and Chenopodiaceae; relatively high proportion of Picea abies t. (2-5%);
decline of all other trees and shrubs.
Lake Suchar IT
Domination of Pinus sylvestris t. (44-80%), and next of Betula alba t. (to 77%); high proportion of NAP
SII-1 12.60-11.85 (6-11%)); start of continuous curves of Ulmus, Corylus avellana and Alnus in the top part of the zone; pres-
Pinus-Betula-NAP ’ ’ ence of Corylus avellana, Alnus, Ulmus, Quercus and Tilia cordata t. in the bottom part — probably in sec-
ondary bed.
SII-2 11.85-11.35 Maximum of Corylus avellana (25%); relatively high proportion of Ulmus (ca. 6%); rise of Alnus from 2%
Corylus-Ulmus ’ : to 5%; start of continuous curves of Tilia cordata t., Quercus, Fraxinus excelsior and Picea abies t.
I3 Culminations of Tilia cordata t. (2-5%), Ulmus (5—11%) and Alnus (to 24%); systematic rise of Quercus
- 11.35-9.35 | (1-7%) and Fraxinus excelsior (1-5%); values of Corylus avellana slightly low than previous zone
Tilia-Ulmus-Alnus-Quercus o
(10-22%)).
SII-4 Maximum of Quercus (10%); relatively high values of Fraxinus excelsior (2—4%); increase of Pinus
Quercus-Fraxinus-Pinus-Ul|  9.35-8.75 | sylvestris t. to ca. 37%; small rise of Picea abies t.; still fairly high values of Corylus avellana (10-15%);
mus fall of Tilia cordata t. (to 2%) and Ulmus (to 3%).
SIL5 Rise of Picea abies t. to ca. 5%; relatively high proportion of Quercus (ca. 9%) and Corylus avellana
Quercus-Picea-Carpi 8.75-7.85 | (6-14%); start of Carpinus betulus continuous curve; slight increase of Betula alba t. (to 27%); decrease of
uercus-Ficea-t-arpmus Tilia cordata t. (to 1%), Ulmus (to 1%) and Fraxinus excelsior (to 1%).
SIL6 Increase of Betula alba t. to 35%, Carpinus betulus to 4% and NAP to 6%; relatively high values of Picea
Betula-Carpinus-Pic 7.85-7.35 | abies t. (to 4%), Quercus (to 8%) and Pinus sylvestris t. (to 31%); proportion of Corylus avellana much
clura-tarpmus-ricea lower than previous zone (5—6%); fall of Alnus, Ulmus, Tilia cordata t. and Fraxinus excelsior.
SII-7 Maximum of Carpinus betulus (5%); increase of Pinus sylvestris t. to ca. 43%; relatively high values of
Betula-Carpinus-Picea-Pin | 7.35-6.65 | Picea abies t. (4%), Betula alba t. (33%), Quercus (7%) and NAP (7%); low-percentage culmination of
us Salix; decline of all other trees and shrubs.
Lake Slepe
S-1 5 60-5.35 At first peak of Betula alba t. (45%), and then Pinus sylvestris t. (53%); relatively high NAP values (4-8%);
Pinus-Betula-NAP ' ’ rising values of Ulmus and Corylus avellana; presence of Salix, Alnus and Quercus.
S Maximum of Corylus avellana (27%); high percentages of Betula alba t. (35%); relatively high proportion
5.35-5.05 | of Ulmus (ca. 8%); depression of Pinus sylvestris t. (22-30%); rise of Alnus to 6% and Quercus to 2%; start
Corylus-Ulmus L .
Tilia cordata t. continuous pollen curve.
3 Two peaks of Pinus sylvestris t. (45% and 40%); depression of Corylus avellana (15-21%) and Ulmus
. 5.05-4.65 | (5%); Betula alba t. lower than previous zone (18-25%); increase of Alnus to 20%, Tilia cordata t. to 3%
Corylus-Ulmus-Alnus-Pinus) o
and Quercus to 2%.
g4 Maximum of 7ilia cordata t. (7%), Ulmus (9%), Alnus (30%) and Salix (3%); increase of Quercus to 8%
Tilia-Ulmus-Alnus-O. 4.65-3.55 | and Fraxinus excelsior to 4%; Pinus sylvestris t. lower than previous zone (14-29%); Betula alba t. oscillat-
A USRS S uercus ing around 13-30%, and Corylus avellana around 10-19%.
S-5 Maximum of Quercus (14%); two peaks of Corylus avellana (21% and 18%) and Pinus sylvestris t. (28%
Quercus-Corylus-Ulmus- 3.55-3.15 | and 33%)); still quite high values of Ulmus (2-6%); continuous occurrence of Picea abies t. and Carpinus

Pinus

betulus; depressions of Tilia cordata t. (1%) and Fraxinus excelsior (1%).
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Table 3 continued

Symbol and name ‘ Depth [m] ‘ Description of pollen spectra
Lake Slepe
IS;.6 Fravinus-Carpinus- | 3.15-2.65 Culminations of Picea abies t. (4%), Carpinus betulus (3%), Fraxinus excelsior (4%) and Pinus sylvestris t.
Pi;fg PAXIRUS=LarpHus 0TS0 1 (37%); depression of Quercus (6%); fall of Corylus avellana to 6%, Ulmus to 1% and Tilia cordata t. to 1%.
S7 Rise of Betula alba t. to 33%; small peak of Quercus (10%); NAP culmination (3—6%); depressions of Pinus
- ; 0, ; . 0, . 0/
Betula-Ouercus-NAP 2.65-2.25 ;);/lvestrzs t. (ca. 26%), Picea abies t. (ca. 1%) and Carpinus betulus (2%); decrease of Corylus avellana to
0.

S-8 Very high proportion of Betula alba t. (26-34%); relatively high values of Carpinus betulus (3—5%); culmi-
Betula-Carpinus-Picea- 2.25-1.45 | nation of Pinus sylvestris t. (29-42%) and Picea abies t. (1-3%); decline of Alnus, Corylus avellana, Ulmus,
Pinus Tilia cordata t. and Fraxinus excelsior; NAP lower than previous zone.

Culminations of Betula alba t. (34-41%), Carpinus betulus (2—7%), Quercus (3-9%) and Alnus (10-17%);
S-9 meaning increase of NAP (4-20%), including cultivated plants as Cerealia t., Fagopyrum and Cannabis
Betula-Carpinus-Quercus- | 1.45-0.95 |sativa cf., as well as few human indicators as Rumex acetosella t., Plantago lanceolata, Artemisia, Poaceae
NAP and Chenopodiaceae; depression of Pinus sylvestris t. (19-30%); still presence of Salix; very low proportion

of all other trees and shrubs.
S-10 Very high values of NAP (9-18%); rise of Pinus sylvestris t. to 49% and Picea abies t. to 3%; decline of

. . 0.95-0.75 | Betula alba t. to 20%, Carpinus betulus to 1%, Quercus to 2% and Alnus to 7%; very low percentages of all

Pinus-Picea-NAP

other trees and shrubs.

In the simplified pollen diagrams, 9 local pollen assem-
blage zones were distinguished for Lake Suchar Wielki (Fig. 3),
7 for Lake Suchar II (Fig. 4) and 10 for Lake Slepe (Fig. 5).
Their short characteristics are showed in Table 3.

DISCUSSION — RECONSTRUCTION
OF VEGETATION CHANGES

Late Glacial

Allerad interstadial (ca. 13350-12650 cal. years BP
according to Ralska-Jasiewiczowa ef al., 1999 and Litt et al.,
2001) is represented only in pollen profile from Lake Suchar
Wielki (SW-1 Pinus-Betula-NAP L PAZ — Fig. 3). The
palynological record shows the dominance of the forest with
astrong predominance of pine (Pinus sylvestris t. pollen) and
the presence of open communities with grasses and other
herbs (Artemisia, Chenopodiaceae Apiaceae, Thalictrum,
Cichoriaceae) as well as shrub communities of juniper (Juni-
perus communis), dwarf birch (Betula nana t. pollen) and
shrubby willows (pollen of Salix pentandra t., Salix cf.
herbacea).

Younger Dryas stadial (ca. 12650—11550 cal. years BP
according to Ralska-Jasiewiczowa ef al., 1999 and Litt et al.,
2001) like the previous period, is represented only in the pol-
len profile from Lake Suchar Wielki (SW-2 NAP-Betula-
Juniperus L PAZ — Fig. 3). The palynological record shows a
significant increase in the acreage of open communities (maxi-
mum of herbaceous plants in the pollen record), responding to
the climate cooling. The maximum spread of mugwort (4rte-
misia), goosefoot (Chenopodiaceae), and juniper (Juniperus)
suggests not only the drop in temperature, but also a signifi-
cant reduction in moisture (Ralska-Jasiewiczowa et al., 1998).
The vegetation was of a mosaic nature with patches of shrubby
tundra formed mainly by dwarf birch (Betula nana t. pollen)
and shrubby willows (pollen of Salix pentandra t. and Salix
undiff.) in wet places and patches of juniper (Juniperus com-
munis) and steppe grasslands in dry habitats.

The pollen of pine (Pinus sylvestris t.) and of woody
birch (Betula alba t.), which dominates the pollen spectra,

could have come from a long distant transport, although one
cannot rule out the presence of small clusters of trees among
herbaceous and shrubby vegetation. The continuous pollen
curve of Picea abies t. in the upper part of the SW-2 pollen
zone may suggest that in the meantime spruce was present in
the Wigry region — as its quite heavy pollen grains are not
transported over long distances. Pollen data from north-east-
ern Poland (Gatka et al., 2013) and Lithuania (Stancikaité et
al., 2002) confirm that spruce was present at that time in
northeastern part of Central Europe. Such an early presence
of spruce in this area was most likely associated with the
spread of Siberian spruce (Picea obovata) from its glacial
refugia located in western Russia (Huntley and Birks 1983;
Terhiirne-Berson 2005; Latatowa and van der Knapp 2006).

Holocene

Preboreal chronozone (ca. 11550-10350 cal. years BP
according to Mangerud ef al., 1974 and Walanus and Na-
lepka 2010) contained the initial stage of Holocene forest de-
velopment. It is represented in all analyzed profiles (SW-3
Pinus-Betula L PAZ — Fig. 3, SII-1 Pinus-Betula-NAP L
PAZ —Fig. 4, S-1 Pinus-Betula-NAP L PAZ — Fig. 5). The
climate warming at the transition between the Late Glacial
and the Holocene, have limited the area of open plant com-
munities. This is particularly visible in the decline of Juni-
perus com munis and herbaceous plants pollen and the signif-
icant increase in the percentage of pollen of Pinus sylvestris t.
and Betula alba t. pollen. The vegetation that dominated the
Wigry region all that time were forest with a predominance
of pine and a large share of birch. In the second part of the
Preboreal period, from about 11000 cal. years BP, first trees
and shrubs with a more demanding climatic conditions, such
as elm (Ulmus) and hazel (Corylus avellana), could have
reached this area. This is documented by the beginning of the
continuous curves of pollen of both taxa.

The most developed pollen record of this period is regis-
tered in the profile from Lake Suchar Wielki, in which it is
represented by the SW-3 Pinus-Betula pollen zone. There is
a significant probability that the middle part of this zone,
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showing the significant spread of birch (ca. 60% peak of
Betula alba t. pollen at the depth of 15.70 m) related to the re-
duction of the importance of pine, may reflect the cool cli-
mate oscillation attributable to ca. 11100 cal. years BP. These
assumptions are confirmed by radiocarbon date 11189-
10785 cal. years BP. Also the peaks of Betula alba t. in the
profiles of Lake Suchar II (SII-1 L PAZ, depth of 12.06 m,
dated at ca. 11987—11508 cal. years BP — Fig. 4) and Lake
Slepe (S-1 L PAZ, depth of 5.60 m — Fig. 5), correspond to
this first Preboreal cold oscillation.

Quite a high proportion of pollen of mesophilic taxa,
mainly Corylus avellana, Ulmus and Alnus, in the bottom
section of the Lake Suchar II profile (lower part of the SII-1 L
PAZ) representing the older part of the Preboreal period is
probably due to a contamination of the core with younger
sediments which were “drawn back” during drilling.

Boreal chronozone (ca. 10350-8700 cal. years BP ac-
cording to Mangerud ef al., 1974 and Walanus and Nalepka
2010) is represented in all studied profiles (SW-4 Corylus-
Ulmus L PAZ —Fig. 3, SII-2 Corylus-Ulmus L PAZ — Fig. 4
and S-2 Corylus-Ulmus L PAZ —Fig. 5). The most character-
istic feature of the vegetation changes that falls for this part of
Holocene is the expansion of hazel respectively documented
by an increase in the value of its pollen by over 10%. Hazel
arrived in the studied area much sooner, as early as the sec-
ond part of the Preboreal chronozone, but only in about
10350 cal. years BP did it come to its rapid growth (Huntley
and Birks 1983; Miotk-Szpiganowicz et al., 2004). Hazel
played a significant role in forest communities, where it is
probably formed an undergrowth. The development of hazel
contributed to a significant reduction in the role of birch and
pine trees, for which the increased shading of the forest floor
significantly hindered the renewal process. Wetland habitat
gradually began to be overtaken by alder (increase of Alnus
pollen). The role of elm steadily grew. Along with the wil-
lows, it created riparian forest in the river valleys. At the end
of'the Boreal chronozone, the first mesophilic deciduous for-
est with elm (Ulmus), lime (Tilia cordata t. pollen), oak
(Quercus) and ash (Fraxinus excelsior) — began to form in
the most fertile habitats.

The radiocarbon date from Lake Suchar Wielki, ca.
9627-9470 cal. years BP is likely to have been rejuvenated.

Atlantic chronozone (ca. 89505750 cal. years BP ac-
cording to Mangerud ef al., 1974 and Walanus and Nalepka
2010) is represented in all the studied profiles (SW-5 Tilia-
Ulmus-Alnus-Quercus L PAZ — Fig. 3, SII-3 Tilia-Ulmus-
Alnus-Quercus L PAZ — Fig. 4, S-3 Corylus-Ulmus-Alnus-
Pinus and S-4 Tilia-UlmusAlnus-Quercus L PAZ — Fig. 5).
This is confirmed by radiocarbon data ca. 8704-8521 cal.
years BP obtained from the depths 13.81-13.82 m from Lake
Suchar Wielki. Already at the beginning of this period, there
was an expansion of alder. It was probably associated with the
spread of Alnus glutinosa, which formed alder forest in wet
peaty shores of lakes common in the studied area (Szcze-
panek et al., 2004). Thermophilous trees such as lime, elm and
ash, reached at the time the optimum of their Holocene devel-
opment. In the shady woods the development of hazel was lim-
ited due to the less abundant flowering (slight decrease in
Corylus avellana pollen). The importance of oak and ash was
steadily growing. The increase in the percentage of Picea

abies t. pollen by over 0.5% may indicate the presence of sin-
gle trees of in spruce in the local forest stands (Harmata 1987).
However, in palacoecological reconstructions different pollen
values are accepted as evidence for the presence of spruce.
Bjorkmar (1996) assumes that a value around 1% indicates a
local presence of this tree, while Bortenschlager (1970),
Markgraf (1980) and Huntley and Birks (1983) suggest that it
reflects only by pollen values higher than 5%.

Subboreal (ca. 5750-2650 cal. years BP according to
Mangerud ez al., 1974 and Walanus and Nalepka 2010) chro-
nozone in the pollen record of the studied profiles is clearly
divided into two parts. The older part (ca. 6000-4000 cal.
years BP) is represented in all the studied profiles (SW-6 L
Quercus-Picea-Ulmus L PAZ — Fig. 3, SII-4 Quercus-Fra-
xinus-Pinus-Ulmus and SII-5 Quercus-Picea-Carpinus L
PAZ — Fig. 4, S-5 Quercus-Corylus-Ulmus-Pinus L PAZ —
Fig. 5). Atthis time there was a significant increase in the role
of oak in the forest communities of the Wigry region — it
reached the maximum of its Holocene spread, which is docu-
mented by an increase of Quercus pollen to 10%. The acre-
age of ash increased as well. The importance of lime and elm
decreased, compared to the Atlantic chronozone. Spruce be-
came an increasingly important component of forest. Alder
expanded its area significantly in the wetland habitats.

The younger part of the Subboreal chronozone (ca.
4000-2000 cal. years BP) is represented in all studied pro-
files (SW-7 Betula-Picea-Carpinus L PAZ — Fig. 3, SII-6 Be-
tula-Carpinus-Picea L PAZ — Fig. 4, S-6 Picea-Fraxinus-
Carpinus-Pinus and S-7 Betula-Quercus-NAP L PAZ —Fig. 5).
The beginning of this period in the Suwatki region is marked
by one of the most important change of the forest in the entire
Holocene, which was the expansion of spruce. According to
results of palynological research of Lake Wigry, this tree
reached in this time the maximum of its Holocene spread in
the region (Kupryjanowicz 2007). Its percentage values in
the profile from Lake Wigry (about 14%) are much higher,
than the values listed for Picea abies t. at the same time in
other sites from the north-eastern Poland (Obidowicz et al.,
2004). This is most likely due to the north-eastern direction
of migration of spruce in the areas in this part of the country
and the climatic conditions of the region, encouraging the de-
velopment of spruce. In sections of studied profiles, repre-
senting the younger part of the Subboreal period, the propor-
tion of Picea abies t. pollen is much lower than in the profile
from Lake Wigry — in the profile from Lake Suchar II spruce
reaches a maximum of 5% (SII-6 L PAZ), and in the profiles
from Lake Suchar Wielki (SW-7 L PAZ) and Lake Slepe
(S-6 L PAZ) only 4%. This results most likely from the fact
that the phase of the maximum spread of spruce lasted a rela-
tively short time (the studies in Lake Wigry shows that was
only about 100 years — Kupryjanowicz 2007) and it is possi-
ble that the studied profiles do not contain a full-blown pollen
record. In Lake Suchar Wielki the spread of spruce was dated
at about 3449-3359 cal. years BP.

Starting from ca. 4000 cal. years BP, could have been
there a local presence of hornbeam (Carpinus betulus) in the
area of the lakes studied, which is indicated by the beginning
of a continuous curve of this tree pollen in all profiles con-
taining the record of the younger part of Subboreal chrono-
zone. The values of Carpinus betulus pollen in the sediments
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of the studied lakes at this time are still much lower than in
other localities in the north-eastern Poland (Kupryjanowicz
2004, Ralska-Jasiewiczowa et al., 2004). This is probably
due to the quite harsh continental climate of the Wigry re-
gion, which was not, and is still not, conducive to the devel-
opment of hornbeam.

Subatlantic chronozone (from ca. 2650 cal. years BP to
the present day according to Mangerud et al., 1974 and
Walanus and Nalepka 2010) due to the development of vege-
tation can be divided into two parts. Its older part (ca.
2000-350 cal. years BP) is represented in all profiles (SW-8
Betula-Carpinus-Picea L PAZ — Fig. 3, SII-7 Betula-Carpi-
nus-Picea-Pinus L PAZ — Fig. 4, S-8 Betula-Carpinus-
Picea-Pinus and S-9 Betula-Carpinus-Quercus-NAP L PAZ
—Fig. 5). At this time, when the climate became warmer and
wetter, hornbeam and birch increased in importance. There
was a slight decrease in the role of spruce compared to the
younger part of the Subboreal chronozone. This change, at
least in part, may have been caused by anthropogenic factors
—as indicated by the presence of many palynological human
indicators.

The younger part of the Subatlantic chronozone (from
ca.350to ca. 50 cal. years BP) was registered only in the pro-
file of Lake Suchar Wielki (SW-9 Pinus-Picea-NAP L PAZ)
and the profile of Lake Slepe (S-10 Pinus-Picea-NAP L
PAZ). The pollen data indicate a nearly complete degrada-
tion of the majority of trees with higher thermal require-
ments, such as lime, elm and ash, and the spread of pine. The
increased pollen percentages of herbaceous plants, mainly
cultivated and related to human activity, when compared to
the earlier period, reflect the highest reduction throughout
the Holocene of surfaces covered by forest communities and
an enlargement of the area of fields, meadows and human set-
tlements. However, the herbaceous plant pollen share is sev-
eral times lower than in the positions in other parts of Poland,
suggesting that anthropogenic impact had never been as
strong here as in the central or western Poland (Latalowa
1992, Makohonienko 2000).

Only the profiles from Lake Suchar Wielki (SW-9
Pinus-Picea-NAP L PAZ — Fig. 3) and Lake Slepe (S-10
Pinus-Picea-NAP L PAZ — Fig. 5) registered the youngest
part of the Subatlantic chronozone (ca. 20002007 AD),
which in the Wigry region was characterized by a weakening
of anthropogenic impact and the development of pine forest
(Kupryjanowicz 2007). The profile from Lake Suchar II con-
tains no record corresponding to this period, which is due to
the fact that with the used equipment it was not possible to re-
trieve the upper, most hydrated layers of sediments.

SUMMARY AND CONCLUSIONS

The main phases of the vegetation development in the
Wigry National Park during the Late Glacial of the last glaci-
ation and the Holocene were reconstructed.

— Late Glacial is represented only in the sediments of
Lake Suchar Wielki. The record of Allered interstadial
shows the dominance of forest with pine and birch and the
presence of open communities. During the Younger Dryas
stadial the vegetation took the character of a mosaic with
patches of shrubby tundra and cold steppe communities.

— The beginning of the Holocene was the time of pine
and birch forest development. It had been disturbed in the
older part of Preboreal chronozone by a temporary change in
vegetation, expressed by an short-lived expansion of birch,
which was accompanied by a decrease in the pine impor-
tance. It was most likely a reaction to a short-term climate
cooling. Due to the lack of precise dating of this phenomenon
in the studied pollen profiles, its correlation with Preboreal
cold oscillation or Bond’s event is purely hypothetical at this
moment. This problem requires more extensive discussion at
a later stage of the studies.

— The Boreal chronozone was characterized by an ex-
pansion of hazel, which reached its Holocene maximum and
a gradual overtaking of wetland habitats by alder.

— The Atlantic chronozone was the time of the maximum
Holocene development of thermophilous trees such as lime,
elm and ash.

— The Subboreal chronozone was the period of the
growth of oak combined with an increase of ash in the area
and an appearance of hornbeam. Its younger parts were the
time of the development of spruce. The expansion of spruce
registered in pollen diagram from Wigry expressed by a rapid
increase in the share of Picea abies t. pollen to 10-15% in
just 100 years is dated on ca. 3972 cal. years BP. Such drastic
changes in the composition of forests were due to different
causes. Pollen records of investigated lakes in which the
share of Picea abies t. pollen rapid rose to 5% and was lower
than from Lake Wigry. Itindicates that the presence of spruce
could be intensified by cold and humid climate was attribut-
able to that part of the Holocene — one of cold climate
fluctuations.

— The Subatlantic chronozone was the time of an in-
creased importance of hornbeam and birch, and in its youn-
ger part there was a degradation of the majority of trees with
larger thermal requirements linked to the spread of pine.
Judging by a significant increase in the share of herbaceous
plants, which were the so called human indicators, it can be
assumed that the causes of these changes were associated
with anthropogenic impact.

The pollen record of vegetation changes registered in the
profiles of the studied lakes is very similar to that from other
sites of the north-eastern Poland (lakes: Wigry, Hancza,
Szurpity, Lindwek) — both in terms of the nature of the re-
corded changes and their dating. However, on the present
stage of research, may be notice that a sudden climate fluctu-
ations known as Bond’s events most likely appear in the stud-
ied region very clearly, and the large thickness of sediments
will allow to precise study of some of them. The discrepan-
cies in the dating of some significant changes in vegetation
(e.g. the emergence of spruce) also will require further re-
search, especially those related to a more precise determina-
tion of the age of the studied sediments.
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