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Abstract This paper presents new data describing the Holocene environmental history of the Briaunis pal-
acolake, Eastern Lithuania. Shortly before 9600 cal yr BP, sedimentation began in an oligotrophic deep-water
basin, whereas the Early Holocene instability of the environmental regime caused the influx of detrital sediment
into the basin. A birch forest dominated in the surrounding landscapes, and at ca. 9600 cal yr BP, the spread of
Ulmus, Alnus, Populus and Corylus began, suggesting a short-lived climatic amelioration. A subsequent drop
of the water table and increasing influx of the terrigenous material continued from 9600 to 9300-9200 cal yr
BP. The ensuing climatic stability caused the formation of a deciduous forest and the regional spread of Picea.
Some instability, i.e. a decline in the thermophilous species, as well as the appearance of boreal and northern
alpine diatoms, could be associated with the so-called “8.2 ka event”. This reversal was followed by ameliora-
tion and prospering of the water plants typical of the Holocene climatic optimum from 7900 to 7200-7100 cal
yr BP. At aproximatelly 6600—6500 cal yr BP, a small rise of the water table was documented and bog-forming
processes dominated until ca. 3600-3400 cal yr BP, when a small-scale deepening of the basin occured.
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INTRODUCTION 2006; Gaidamavicius et al. 2011; Balakauskas 2012).
Despite the long-term investigations of this type

Based on multi-proxy records, the post-glacial history ~ conducted in many countries, detailed complex studies

of vegetation and climate, and the sedimentary
environment, have been investigated from the Eastern
Baltic region and neighbouring countries (Ilves, Medne
1979; Ralska-Jasiewiczowa 1983, 1989; Heikkild et al.
2009; Kupryjanowicz 2007; Niinemets, Saarse 2009;
Szoszkiewicz et al. 2010). Similarly, recent studies
of the palaeoenvironment and palaeoecosystems
of Lithuania contribute to the solution of the issues
of stratigraphy, palacogeography and post-glacial
evolution of the components of the ecosystem
(Stancikaité e al. 2002, 2003, 2004, 2008; Kabailiené

of the evolution of the Holocene palacoecosystem are
lacking in this region. The data on macrofossils as the
natural signals of plant variability in the period under
consideration are particularly poor, and a detailed
chronology based on the absolute dates is missing in
most cases. The results of biostratigraphy have played an
important role in the chronostratigraphical subdivision
of the post-glacial history in Lithuania. The existing
biostratigraphical units were based on the vegetation
dynamic established on a regional scale. However,
no detailed data describing the migration pattern of a
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particular species or the local composition of terrestrial
and aquatic vegetation were obtained previously. To
obtain this information in this study, a plant macrofossil
survey was applied that allowed a new approach for
the reconstruction of the local vegetation history
and correlation of the data sets in the context of the
regional events (Kupryjanowicz 2007; Heikkild 2009;
Niinemets, Saarse 2009). The pollen, plant macrofossil
and diatom survey with LOI (loss-on-ignition) and
14C measurements were applied for the reconstruction
of the palacoecological setting in the investigated
basin because similar investigations have shown
important results describing the postglacial history
of numerous lakes (Seiriené et al. 2009; Stancikaité
et al. 2009; Gaidamavicius et al. 2011). The recorded
fluctuations are discussed in a context of regional
climatic variations established in the North Atlantic
Climatic rim (Bjorck et al. 1996, Wohlfarth et al. 2002;
Subetto et al. 2002). The new data can be considered
as reliable markers of the palacoenvironmental history
of the post-glacial history in this area of Lithuania. The
performed study supplemented the existing databases
on the East Lithuanian region with data about post-
glacial vegetation and changes of the palacoecological
conditions.

STUDY AREA

The complex investigation was carried out in the
sediment section made in the eastern shore of Briaunis
Lake (54°43'64"N, 24°36'51"E) situated in the East
Lithuanian Elektrénai District (Fig. 1). The lake

occupies an area of 3.1 ha, stretching 102 m a.b.s. The
reference area is a deep pothole in the distal slope of
Baltijos Upland, Dzukai Hill 2.5 km south-west of
the Elektrénai Pond (Fig. 1). The main features of
relief in the reference area were sculptured by the Last
(Weichselian) Glaciation (Guobyt¢ 2001). The pothole
is 25-30 m deep, 2.5 km long and 0.6-0.7 km wide. It is
surrounded by small hilly morainic glacier formations
composed of till sediments. The morainic hills are
somewhere covered with a thin layer of glaciofluvial
sand. The depressions between are filled with silty
sand, deposited in small palaeobasins that must have
existed in late glacial (Fig. 1). In the bottom of the
depression, the lacustrine sediments are bedding at
different absolute altitudes: the highest bedding point is
situated at the north-western edge of the pothole (110—
115 m a.s.l.); the lower scarp of the glaciolacustrine
plain is mapped in the northern and southern parts of
the pothole where the sandy glaciolacustrine plain is
lying at 105—-108 m a.s.l. Two scarps of glaciolacustrine
plain are distinct in the centre of the pothole. They are
situated at 100—103 and 95-100 m a.s.1. respectively.
The central, deepest, part of the pothole is occupied
by the boggy glaciolacustrine plain with Svencius and
Briaunis lakelets. It is surrounded by a glaciolacustrine
plain (100-103 m a.s.l.) which is composed of sandy
peat left by past bogging processes.

According to climatic classification of Lithuania’s
territory, the study area is included in the Aukstaiciai
sub-region of the Lithuanian South-East Upland cli-
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Fig. 1 A. Geological-geomorphological map (1:10 000) of the study area surrounding the Briaunis Lake, Eastern Lithuania
(after R. Guobyté 2001). Legend: Holocene, lateglacial: 1) ice contact slopes; 2) ravines; 3) deposits of solifluction origin;
4) deposits of temporary flows; 5) peat (unidentified); teracces of the lacustrine plain: 6) the 3-rd (105-107 m a.s.L.), 7)
the 2-nd (100-103 m a.s.l.), 8) the 1-st (95—-100 m a.s.l.); 9) altitude of the surface. Upper Pleistocene, Upper Nemunas,
Baltija Stage: 10) kames; 11) glaciofluvial hills. Lithology: 12) fine grained sand; 13) clayey-silty sand; 14) silty clay; 15)
peaty sand; 16) clayey sand with sparse gravel. B. Insets show location of the reference site.
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mate region. The average annual precipitation is about
600—700 mm and average annual air temperature 5.5
°C (Bukantis 1994 a, b) here. Coniferous forests are
dominant in the present Elektrénai District. About two
thirds of the stands are represented by pine forests,
followed by birches, alders, aspen and grey alders.
The Briaunis Lake is surrounded by cultivated fields.

METHODS

Drilling and sediment sampling. For determining the
thickness and lithological composition of the sediments
as well as for sampling of the deposited in the Briaunis
lakeside, 4 parallel wells were drilled to a depth of § m.
The core samples of lake sediments were taken using
the “Russian” manual drill (length 100 cm; diameter
5 ¢m). The samples for pollen and diatom analysis
were spaced 2 cm and for macrofossil analysis and
radiocarbon dating 5 cm.

Pollen analysis. For isolation of pollen grains, V.
Gritchuk’s (Grichuk 1940) separation and G. Erdman’s
acetolysis (Erdtman 1936) methods were applied. The
analysis was performed with NICON microscope using
image expansion 400 x. 500 pollen grains of terrestrial
plants were counted in each sample (Kabailiené 2006).
K. Faegri and J. Iversen (1989) and Moore et al. (1991)
pollen atlases were used for identification of pollen.
Spores were identified using D. Moe’s (1974) atlas.
Percentage calculation of identified taxa is based on the
sum of arboreal (XAP) plus non-arboreal (XNAP) taxa.

Analysis of plant macrofossils. Samples (230 cm?)
were taken from the core sample at intervals of 5 cm.
The samples were rinsed using a percolator with mesh
size (diameter) 0.25 mm. The isolated macrofossils
of plants were identified using binocular microscope
Nikon 1500 with expansion capacity 10-100 x, Beije-
rinck (1947), Cappers et al. (2006) and Grigas (1986)
atlases and comparative collection of contemporary
vegetation. The results in the diagram are given in
absolute values, except the sums of plant groups (Tre-
es, Aquatic plants, Wetland plants, Xeromesophytes,
Indeterminate), those are given in percentages.

Diatom survey. The technical preparation of
samples for diatom analysis was performed using
the standard method (Battarbee 1986; Miller, Florin
1989). About 500 diatomic shells were counted in the
central part of each slide. The diatoms were exami-
ned using biological microscope Nikon Eclipse with
expansion magnitude 1000 x and immersion liquid. For
identification of species and description of ecological
conditions, Krammer and Lange-Bertalot (1988, 1991
a, b; 1997) were used. The obtained results are given
in the percentage diagram including the most typical
and stratigraphically and ecologically most significant
species only. For construction of pollen, diatom and
plant macrofossil diagrams the programs TILIA and
TILIA-GRAPH (Grimm 1992) and CorelDRAW 7
were applied.

Statistical methods. Alongside with the visual
inspection, stratigraphically constrained cluster ana-
lysis (CONISS) (Grimm 1987) was applied for the
subdivision of the palacobotanical diagrams.

Radiocarbon (**C) dating. The absolute age of
sediments was determined by radioactive carbon (**C)
dating at the Radioisotope Research Laboratory of the
Institute of Geology and Geography, Nature Research
Centre (NRC) in Vilnius, Lithuania. AMS *C dating
of one sample of terrestrial macrofossils (4/nus seeds)
was conducted at Beta Analytic Laboratory, United
States. For calibration of dates, OxCal v3.10 software
(Bronk Ramsey 2001) and IntCal2009 calibration
curve (Reimer et al. 2009) were used. The age-depth
model was developed using Bayesian sequence mo-
delling, implemented in the OxCal v4.2.2 programme
(Bronk Ramsey, Lee 2013).

Loss-on-ignition (LOI). In order to estimate
sedimentation of conditions the Briaunis palaeolake
loss-on-ignition (LOI) method was applied (Heiri et
al. 2001). Loss-on-ignition method was based on dry
(105°C) material combustion which established the or-
ganic material (550°C) and carbonate (900°C) content.
In total, 46 samples were investigated.

RESULTS
Lithological composition of sediments

Four lithological types of sediments were distinguished
in the Briaunis palaeolake sediment stratum (Table 1).
The stratum is predominated by layers of biogenic and
limnic origin. The changes of lithological composition
of sediments are related to different development stages
of the basin predetermined by climatic conditions,
fluctuations of basin water level, changes of lake
vegetation, etc.

Table 1 Lithology of Briaunis palaeolake sediments.
Compiled by G. Gryguc, 2012.

Depth, L1tholgg1cal Lithology
cm unit
0-300 4 Black peat
300-373 3 Brownish peat with
numerous remains of trees
373-718 2 Brownish grey gyttja
718-800 1 Sandy clayey gyttja

Loss-on-ignition (LOI)
Estimated proportions of organic matter carbonate

and terrigenous material indicated changes of
sedimentation regime in the basin. The lower part of
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the core (800387 cm) consists of calcium carbonate
(91.16-66.22%) with admixtures of organic (3.98—
12.04%) and terrigenous matter (5.17-26.73%).
Meanwhile the upper part (387-35 cm) consists
of organic (73.13-88.79%) and terrigenous matter
(4.28-21.22%) predominantly. Amount of calcium
carbonate is minor in this interval (1.6-8.47%) (Fig. 3).

Pollen analysis

A pollen diagram was compiled based on the data
obtained by analysis of 42 samples (Fig. 2). According
to the dominant plant species, five B, B, local
pollen zones (LPAZ) reflecting development stages
of vegetation in the reference area were distinguished
(Table 2).

Table 2 Local pollen zones. Compiled by M. Stancikaite,
2010.

Depth,
cm

LPAZ Description

AP accounts for up to 88.5% with
Betula reaching 58% and Pinus
showing 43.7%. Cyperaceae (up
to 5.1%) and Poaceae (up to 5.5%)
are the best represented among
NAP.

799—
P5 783

The number of Betula pollen
decreases in comparison with
the previous LPAZ whereas
the number of Pinus (53.7%),
Ulmus (3.8%), Populus (1.7%)
and Corylus (1.0%) gradually
increases. The number and variety
of NAP is still low in this zone.

783—
p-4 701

This zone is distinguished based on
the immigration of new deciduous
trees including the broad-leaved
ones. Alnus reaches up to 2.4%,
701~ |Tilia — 8.4%, Quercus —2.2% and
B, 641 Corylus increases up to 14.4%.

The number of Betula pollen
decline drastically showing 15.9%
in the upper part of the zone. NAP
representation is negligible as
well.

AP is dominated by Pinus (58%),
Alnus  (12.7%) and  Corylus
(16.9%) in the lowermost part
of the zone. Betula reaches only
5.8% and scattered pollen grains
of Fraxinus were recorded.

641-
P2 439

This zone is characterized by a
decreasing representation of Pinus
curve. Meanwhile, most of other
trees, increased in representation
and QM culminates (up to
17.0%) simultaneously. NAP are
represented by Cyperaceae (up to
7.2%) mainly.

439—-
Pl 361

Plant macrofossils survey

In 150 samples, macrofossils belonging to 50 taxa were
determined. 31 taxa are identified to species and 19
to genus. The macroflora complex from the analysed
section was grouped into four (B - B ) large local
zones (Table 3). The identified species are attributed to
trees and grasses and the latter are further subdivided
into ecological groups: aquatic plants, wetland
plants and xeromesophites (Fig. 3). In the group of
arborous plants 4, in the group of aquatic plants 11,
in the group of wetland plants 29, and in the group of
xeromesophites -6 taxa were identified.

Table 3 Local macrofossil zones (LMAZ). Compiled by
G. Gryguc and D. Kisielieng, 2011.

Depth
(cm)

LMAZ Description

Aquatic plants prevail. Chara sp.
oospores are abundant in the lower
part of the interval (780-800 cm)
whereas in the upper part of the
zone (575-780 cm) their amount
g00— |considerably reduces; other species
B_, 575 |1 Nymphaea alba, Najas marina,
Ceratophyllum  demersum, and
Potamogeton natans are dominant
here. The littoral zone was overgrown
with Schoenoplectus lacustris and
the shores - with birch. Also Picea
sp. fossils were identified.
The composition of flora in the water
basin remains almost the same as well
as the dominant plant species. Only
Nymphaea alba and Najas marina
are found in a greater abundance.
Myriophyllum verticillatum, Pota-
mogeton perfoliatus and small
amount of Lemna trisulca appear.
The number of wetland plants
increases. Schoenoplectus lacustris
and Carex sp. fossils are found in
especially great abundance. Isolated
Cladium mariscus fruits occur. This
zone abounds in macrofossils of
trees predominated by Betula sect.
Albae and Alnus glutinosa.
Wetland  plants ie.  Scirpus
sylvaticus, Carex sp., Ranunculus
sceleratus and Menyanthes trifoliata
are dominant in this zone. Whereas
Urtica dioica is most abundant
among  xeromezophytes.  Only
Lemna trisulca seeds are the single
representatives of aquatic plants.
Small amount of alder and birch
macrofossils recorded.
Water plants are absent and wetland
plants predominating in this zone.
Furthermore richness of the recorded
species is higher. Scirpus sylvaticus,
Ranunculus sceleratus, Menyanthes
trifoliata and Carex sp. are found
in a greatest abundance. Species
of plants growing in dryer habitats
i.e. Rumex crispus, Hypericum
\perforatum, Fragaria vesca, Urtica
dioica occur in a greater number.

575-
m-3 330

330-
m-2 200

B 200-5
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growing upon other plants, are dominants. The lower
part of the section also contains many (up to 50% of the
total number) planktonic species. Alkaliphilic diatoms,
growing in alkaline environment when pH>7, are
dominant, whereas the acidophilic species are hardly a
few. According to species variation of diatom flora, six
(B, ,- B, ) local diatom assemblage zones (LDAZ) were
distinguished (Table 4).

Sediments chronology

The chronological classification of the Briaunis section
sediments was performed based on stratigraphic data
and '“C radioisotope dating of eight sediment samples
(Table 5). Calibrated ages of the all samples are in
stratigraphical order suggesting calm sedimentation
regime predominated in the basin. Both the radiocarbon
dates and biostratigraphic information indicate that the
sediments under consideration were deposited during
the Holocene (Ammann, Loter 1989; Kabailiené 2006).

According to “C, accumulation of limnic sediments
started in lake at the beginning of Holocene — shortly
before 9600 cal yr BP. Chronological attribution of the
dated alder seeds (525-530 cm) suggests this tree esta-
blished in area at ca. 8800—8700 cal yr BP. As deduced
from obtained information major conversions in the
sedimentation regime occurred at ca. 7200-7100 cal
yr BP (onset of the lake overgrown, 373 cm depth),
6600—6500 cal yr BP (intensive bogging of the lake, 332
cm depth), ~ 3600 cal yr BP (insignificant rise of the
water table in the lake, 167 cm depth) in the investi-
gated basin. The average sedimentation rate was 0.55
mm a”' for the gyttja part and about 1.7 mm a’! for the
peat-consisting interval.

DEVELOPMENT OF FLORA AND
WATER BASIN

This detailed study of pollen, plant macrofossil,
diatom, LOI and “C performed on a core sequence
of the Briaunis palacolake allowed to reconstruct the

history of the terrestrial and aquatic vegetation during
the Holocene.

Early Holocene (9600 — 7900 cal yr BP)

Deposition of the investigated sediments of the Briau-
nis palaeolake started during the early Holocene epoch,
i.e. shortly before 9600 cal yr BP according to “C data
(Fig. 5). Since the onset of the sediments formation,
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Fig. 5 Age-depth model for the sediments of Briaunis
palacolake. Compiled by Z. Skuratovi¢, 2013.

Table 5 Radiocarbon “C (yr BP) and calibrated (cal yr BP) dates of Briaunis palaecolake sediments. Compiled by

7. Skuratovi¢, 2012.

14C Calibrated age
No. Depth [cm] Laboratory code Dated material
[yr BP] [cal yr BP] (68.2%) .
1 155-160 2760450 28862786 Vs-2384 Total organic
carbon i
2 205-210 3235465 3485-3385 Vs-2277 Total organic
carbon i
3 260265 5100£60 5828-5750 Vs-2385 Total organic
carbon i
4 335-340 6040+120 7160-6730 Vs-1909 Total organic
carbon .
5 350-355 6090120 7160-6800 Vs-1908 Total organic
carbon i
6 390-395 65104220 7595-7235 Vs-2278 T"tz‘;ro;fsmc
7 525-530 7920+40 8750-8740 Beta-351991 Alnus seeds
8 770-780 8600+470 10250-8950 Vs-1914 Total organic
carbon
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Fig. 4 Diagram of diatoms from the Briaunis palacoake. Compiled by V. Seiriené, 2011.

CaCO, predominated in the strata as is shown by the
results of the LOI survey (Fig. 3), suggesting a higher
pH in the basin at the identical time. Identification of
a large amount of Chara sp. macrofossils indicates
high-carbonate water saturation. At a high pH, this
plant utilises carbon during photosynthesis, leading
to the formation of endogenic calcium carbonate.
Chara sp. flourishes in an oligotrophic water basin
with low biogenic productivity (Velle et al. 2005),
which is implied by the prevalence of Cyclotella genus
diatoms and a slight variety of diatom species (Fig. 4).
Simultaneously, the basin was dominated by planktonic
diatoms, i.e. C. ocellata and C. radiosa, indicating
a deep-water habitat (Sienkiewicz 2013) with a low
nutrient supply because the pioneer genus Cyclotella
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sp. typical for such conditions (Rawlence 1988) was
widely distributed. The input of the terrigenous mat-
ter usually related with environmental instability was
higher during the initial stages of sediments formation,
whereas the number of these particles dropped shortly
before 9600 cal yr BP, suggesting stabilisation of the
catchment.

The results from this study indicate that birch-pre-
dominating forests prevailed in this area before 9600
cal yr BP. The sediments of the Briaunis lake contain
a high concentration of Betula pollen (> 57%) and
Betula sect. Albae fruits (Fig. 2). Usually, birch rapidly
occupies open plots, creating favourable conditions for
the immigration of other trees. The predominance of
birch in the local vegetation during the early Holocene



epoch has been reported primarily from the surround-
ing regions (Kabailiené 1990). The representation of
pine was negligible in the area because the amount of
Pinus pollen is less than 25% in the particular spectra
(Fig. 2), whereas only pollen values >50% indicate
local dominance of this tree (Huntley, Birks 1983).
A relatively low representation of this taxon in the
Briaunis pollen record could be related to the lack of
suitable sandy habitats that continue to predominate
in the surrounding areas. Beginning in about 9600
cal yr BP, more soils that are fertile were gradually
occupied by new deciduous taxa with higher thermal
requirements. Ulmus was the first to appear in the area
in about 9600 cal yr BP, according to the pollen data
(Fig. 2). Elm was identified in southeast Lithuania
(Stancikaité et al. 2002) and other neighbouring re-
gions (Ralska-Jasiewiczowa 1983; 1989; Punning et al.
2003; Saarse 2004; Kupryjanowicz 2007; Heikkila et
al. 2009; Niinemets, Saarse 2009), indicating climatic
amelioration, the formation of fertile soils and increas-
ing humidity. Simultaneously, pioneer stands of Alnus
glutinosa might have been established in that area as
fruit of this tree was discovered in the sediments (Fig.
3). A minor representation of Corylus pollen suggests
a regional instead of local distribution of the taxa,
although Populus stands could be represented locally
as the amount of this pollen is relatively high in the
pollen record. The persistent occurrence of different
shrubs and herbs, i.e. Salix, Artemisia, and Chenopo-
diaceae, suggests that vegetation remained relatively
open during the discussed time, which was common
in the surrounding regions during the early Holocene
epoch (Kupryjanowicz 2007, Stancikaité et al., 2008;
2009; Novik et al., 2010).

Further development of the diatom record shows
that a new stage in the lake history started after 9600
cal yr BP. Decreasing representation of the planktonic
taxa, 1.e. C. radiosa and C. ocellata, coincides with
a sharp negative excursion in the benthic Navicula
oblonga curve (Fig. 4), suggesting a remarkable drop
in the water table. The presence of Typha sp. indicates
shallow water and the development of a littoral zone
(Hannon, Gaillard 1997). Similar changes in the basin
system dating to the earliest stages of the Holocene
were recorded in Lithuania (Stancikaité et al. 2008;
2009) and surrounding countries (Litt et al. 2001; Bos
etal. 2007; Mortensen et al. 2011). Because of changes
in the lake level, concentration of the dissolved salts in
the basin might have increased, which is in agreement
with the flourishing of Cyclostephanos dubius (Stoer-
mer et al. 1987). Simultaneously, the eutrophication
processes in the basin began as the macrofossils of
Najas marina and Nymphaea alba occurred (Fig. 3).
The presence of Ceratophyllum demersum shows
that the basin was influenced by lime-enriched water
(Ktosowski et al. 2011). The mentioned taxa suggest
that the water depth could have been approximately 3
m (Hannon, Gaillard 1997). The elevated number of

benthic diatoms is evidence of moderately transpa-
rent water and a high concentration of nutrients. The
strong roots of N. alba, which is a strong competitor
that shades out other submerged species, could recycle
nutrients from deep in the mud, allowing an increase
in the aquatic productivity (Birks 2000). The presence
of N. alba seeds suggests that the average July tempe-
rature was ~ 12°C (Kolstrup 1979; 1980).

A recorded drop of the water table was accompa-
nied by a rising input of terrigenous matter into the
lake. The detrital sediment flux into the basin most
likely increased, providing evidence of environmental
instability, i.e. decay of the soil cover. This conclusion
is in agreement with the pollen record, suggesting a
simultaneous short-lasting spread of the pioneer taxa,
i.e. Artemisia (Fig. 2). Most probably, the recorded
instability of the environmental system was determi-
ned by the local conditions rather than by the regio-
nal features because other parts of the pollen record
remain relatively stable. The Pinus and Ulmus curves
are relatively steady, whereas the Picea, Corylus and
Alnus curves increased shortly after the mentioned
oscillation, suggesting an ongoing formation of the
dense forest cover supplemented by the new taxa. Si-
multaneously, Betula and Populus declined most likely
because of the ecological succession. The discussed
environmental instability could be determined by the
climatic fluctuations including the so-called “Prebo-
real oscillation” (Bjorck et al. 1996; 1997), widely
recorded during the Early Holocene in northwestern
Europe (Bjorck et al. 2001; Ralska-Jasiewiczowa et
al. 2003; Bos et al. 2007; Bohncke, Hoek 2007). The
chronological attribution of the indicated oscillations
is relatively difficult to assess because of the existence
of large radiocarbon plateaux at ca. 10.000-9900 and
9600-9500 “C BP (Bjorck et al. 1996; 1997). Dis-
cussing the environmental pattern of this time interval
in the eastern Baltic, a regional delay in the response
to the early Holocene climatic improvement must be
taken into account (Wohlfarth et al. 2007; Stancikaité
et al. 2008; Lauterbach et al. 2011).

The environmental instability phase was followed
by a period of increasing water level in the Briaunis
palaeolake recorded around 9300-9200 cal yr BP. The
high water table indicated at approximately the iden-
tical time in the lakes of northeast Poland (Zawisza,
Szeroczynska 2007; Kupryjanowicz et al. 2009) was
related to the intensive rainfall, “which was caused
by the increased influence of warmer and moister air
brought by the westerly winds from the Atlantic Ocean
after the final decay of the ice sheet” (Yu, Harrison
1995; Gatka et al. 2013). The mean temperature gra-
dually increased as indicated on the basis of the 8'*0O
data (Lauterbach et al. 2011). The increasing variety
of the diatom species points to the rise of the nutrient
supply, possibly from the catchment, as the rheophilous
(“running water”) species of the Gomphonema genus
and the Meridion circulare are present. Fluctuations
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of the climatic parameters have been responsible for
the formation of new terrestrial vegetation successions.
New deciduous taxa, including the thermophylous bro-
ad-leaved species, started to expand forming a dense
forest cover. The establishment of Corylus, which is
tolerant of seasonal droughts, severe winters and cool
summers (Huntley 1993), prior to other species sug-
gests that pronounced continental climatic conditions
(Lauterbach et al. 2011) existed in the surroundings at
ca. 9400 cal yr BP. The presence of Corylus shows that
the average July temperature was ~15°C (Hoffmann et
al. 1998), and the presence of Lycopus europaeus fruits
suggest that the average July temperature was no lower
than 16°C (Bell 1970). Simultaneously, Picea pollen
and then Picea seeds occurred in the sediments, confir-
ming the immigration of this tree into the region. The
data show that the density of this tree in the investigated
area was relatively low at the beginning, and the local
presence could be identified by the pollen data (up to
9-10%) around 8900-8700 cal yr BP. Picea is widely
recorded in the beds deposited during the Late glacial/
Holocene transition or the early Holocene epoch in
eastern Lithuania (Stancikaité et al. 2008; 2009), and
this tree disappeared from the area and re-advanced
into the eastern Baltic region (Gaidamavicius et al.
2011) around the so-called “8.2” climatic event dated
to 8600-8000 cal yr BP (Seppéd, Poska 2004). This
amelioration of the climatic regime was responsible
for the spread of the Tilia stands recorded from around
9200 cal yr BP. This tree prefers habitats with rich,
mineral-humic soils that may have existed in the area
at that time because movement of terrigenous matter
into the basin was negligible according to the LOI
record. Changes to the development of the humidity
system of alder thickets were crucial because this tree
is severely sensitive to drought. The gradual spread of
Alnus in 9300-9400 cal yr BP suggests an increasing
number of wet habitats in the area. The pollen data
show that since about 9100 cal yr BP, the number of
these trees in the area increased remarkably (Fig. 2).
The explosive expansion of alder recorded all over Eu-
rope was triggered by climate change (Huntley, Birks
1983; Ralska-Jasiewiczowa, Latalowa 1996; Saarse et
al. 1999), which might have coincided with the onset
of the Holocene climatic maximum in about 9000 BP
(Davis et al. 2003; Kalis et al. 2003). Development of
the wet habitats in the Briaunis palaeolake catchment is
assumed to have contributed to the recorded prosperity
of alder. The formation of these areas might have been
related to the decreasing water depth in the Briaunis pa-
lacolake since about 9100 cal yr BP. The diatom record
indicates a reduction of the water table and beginning
of the overgrowing process: the planktonic diatom
species as well as the benthic species were reduced to
the minimum, and the epiphytic species dominate the
sediments (Fig. 4). The data representing neighbouring
regions contradicts that obtained from an investigated
sequence suggesting a high water level a period star-
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ted after 9100 cal yr BP (Galka et al. 2013). Very few
records, i.e. from lakes of the Vistula River valley,
mark a considerable decline in water level (Starkel et
al. 1996) at about the period in question. Substantially
more data indicating the onset of the dry interval or
low water level since about 9100-9000 cal yr BP is
available from Central Europe (Jakab et al. 2004;
Magny 2004; Magyari et al. 2009b). The indicated
drop of the water level in the Briaunis palaeolake can
be attributed to local factors, i.e. changes in the local
hydrological situation. The results of former investi-
gations of the different palaeolakes in the Lithuania
region (Kabailiené 2006) indicated that a low water
table period is in good correlation with that recorded
in the Briaunis palaeolake. Despite these fluctuations,
ongoing deposition of CaCO, is a clear indication of
high lake productivity in response to a favourable
climatic regime. Most probably, the influence of the
Holocene cold phase, termed 9.1 ka (Boch et al. 2009),
9.2 ka (Fleitmann et al. 2008) or 9.3 ka events (von
Grafenstein et al. 1999a; Rasmussen et al. 2007) in
different records (Lauterbach 2011), was minor in this
case as the detrital input into the lake remained negligi-
ble because of the existence of a stable environmental
structure. This fact is shown by the ongoing presence
of the number of broad-leaved taxa, which gradually
increased with the approach of the onset of the Holo-
cene thermal maximum around 8000—4500 cal yr BP
(Seppé, Poska 2004) in the Eastern Baltic. Shortly
before that, at about 7900-8200 cal yr BP, one more
oscillation in the sedimentation regime of the Briaunis
palaeolake is signalled by the increasing availability
of the organic constituent in the LOI curve from about
453 cm (Fig. 3). Simultaneously, the number of aquatic
taxa decreased in terms of wetland plants suggesting
the increasing intensity of the overgrowing processes
in the lake (Fig. 3). Most probably, the water level in
the lake decreased forming a vast wet overgrowing
rim stretching along the lakeshore and determining
the deposition of organic enriched gyttja. Based on
the chronological implications, the identified changes
of the sedimentation regime could be correlated with
“8.2 ka event”, which has been detected in various
palaeoclimate archives worldwide (von Grafenstein et
al. 1999a; Kobashi et al. 2007; Rasmussen et al. 2007,
Seppé et al. 2007; Boch et al. 2009). Representing the
most significant Holocene climate anomaly during
which a pronounced temperature drop (-2°C in com-
parison with the present temperature) was recorded in
the northern Hemisphere (Klitgaard-Kristensen et al.
1998; Weninger et al. 2006; Magny et al. 2007), this
event was determined by the outburst of the Agassiz-
Ojibway meltwaters from the Wisconsin ice-sheet
(Barber et al. 1999). With the widely recorded drop
of the mean temperature, a considerable reduction of
precipitation was suggested (Tindall, Valdes 2011;
Ghilardy, O’Connell 2013) that might have influen-
ced the hydrological regime as well. A simultaneous



expansion of Pinus and Betula, as well as a decline
in thermophylous Corylus and Alnus recorded in the
Briaunis pollen diagram (Fig. 2), reflects a negative
temperature excursion. This fact is supported by the
appearance of boreal and north alpine diatoms, i.e.
Achnanthes lanceolata (Fig. 4) in the sediments.

Middle Holocene (7900-3600 cal yr BP)

The period between 7900 and 7200—7100 cal yr BP was
marked by relatively stable vegetation development in
the surroundings of the Briaunis palaeolake. The short-
lasting negative reversion of the vegetation structure
was followed by the prospering of the broad-leaved
thermophylous species that suggests the flourishing of
amixed deciduous forest and implies the amelioration
of the climatic conditions. The warming at that time
is shown by the increasing representation of Cladium
mariscus and N. marina because these species are
typical for the climatic optimum in Lithuania and
the surrounding regions (Marek 1991, Tobolski et al.
1997; Lang 1994; Stancikaité et al. 2004; Tobolski
2006; Brande 2008), whereas the lowering of the
water level continued as the density of the wetland
plants continued to increase (Fig. 3). The drop of the
water level is confirmed by the diatom record in which
a number of planktonic species decreased, whereas
the presence of benthic species indicates high water
turbidity. Simultaneously, the alkalinity of the basin
was high as the epiphytic diatoms, i.e. Fragilaria
taxa, typical of this type of sedimentation environment
(Bigler et al. 2006) flourished. The high concentration
of N. marina, N. alba and Potamogeton perfoliatus
macrofossils suggests that the depth of the paleolake
varied around 3 m (Hannon, Gaillard 1997; Preston,
Croft 1997; Szoszkiewicz et al. 2010). Considering
the predominance of Myriophyllum verticillatum,
Potamogeton natans, P. perfoliatus, N. marina, and N.
alba with the typical diatom species such as Fragilaria
pinnata, Fr. construens spp., Fr. brevistriata, Fr.
dilatata, Navicula digitoradiata and N. oblonga, it
can be assumed that the basin pH was approximately
6.5-7.8 (Hannon, Gaillard 1997; Zarzycka et al. 2002)
at the time under consideration and that eutrophic
conditions predominated. N. marina (Ozola et al.
2010) is typical of carbonate-rich habitats, suggesting
a high carbon content of the basin, which is shown by
the LOI data as well.

Approaching the upper chronological limit of the
7200-7100 cal yr BP time period, the proportion of
organic material in the sediments sharply increased
(363 cm depth), suggesting that intensive overgrowing
processes occurred at least in the investigated part of
the lake. It appears that the water table lowered even
more and the basin was distinguished for its high
trophicity level, what is shown by the presence of spe-
cies of the Amphora genus that require large amounts
of nutrients (Van Dam et al. 1994) and representative
species of Cyclostephanos dubius. Because of the
overgrowing processes, the number of macrophyte

remains (Nymphaea alba, Najas marina) has increased
in the sediments. The flourishing of Schoenoplectus
lacustris and Carex sp. shows the dominance of lake-
side grasses. The high amounts of Betula sect. Albae,
Betula pubescens and Alnus glutinosa macrofossils
indicate an abundance of these plants very near the
sedimentation plot. These trees might have spread on
the wet plots along the water rim as a bed of brownish
peat with numerous remains of trees was deposited at
that time. The formation of the carbon-enriched beds
most probably continued in the central part of the basin,
whereas organogenic sedimentation prevailed in the
peripheral parts. This hypothesis is supported by the
presence of Lemna trisulca macrofossils typical of a
eutrophic water basin rich in calcium (Szoszkiewicz et
al. 2010). The recorded water level changes might have
provoked some instability of the surface as terrigenous
influx into the sediments started to increase.

The period around 6600—6500 cal yr BP was crucial
for the development of the investigated basin. Though
the water level slightly increased as plants typical of
a shallow water basin, i.e. Schoenoplectus lacustris
(Hannon, Gaillard 1997) disappeared from the spectra
and thickets of birch and alder left the immediate
vicinity of the coring point (no remains of these trees
were discovered in the subsequent deposits), bogging
processes took over. At the same time, xeromesophytic
species spread at the expanse of the aquatic taxa, with
Urtica dioica being the most abundant among them.
Being a nitrophilous species, nettle characterises the
edaphic conditions of the basin and suggests intensive
soil leaching that is confirmed by the LOI record. A
simultaneous period of increasing water level dated to
44004950 BC was distinguished in the lakes of central
Europe (Magny 2004), which could approximately
be correlated with the above described changes in the
Briaunis lake. The simultaneous rise of Lemna trisulca
(Fig. 3) indicates increasing water temperature, which
is a key factor for the blooming and fruiting of these
water plants. Lemna sp. blooms at air temperatures of
25-30 °C remaining for at least 14 days (Szczepanek
1971; Stachowicz-Rybka 2009). Finding Lemna triscu-
la indicates that the mean summer temperature was re-
latively high. Today, comparable summer temperatures
in the Eastern part of Lithuania persist for 16—18 days
on the average (Bukantis 1998). Such circumstantial
evidence of a moderately warm climatic regime from
the investigated record agrees favourably with the
regional evidence, suggesting the Holocene thermal
maximum around 8000—4500 cal yr BP in this part of
Europe (Seppé, Poska 2004). The pollen data reflect
progressively warmer and drier summers at that time
that may be interpreted as indications of increasing
climatic continentality (Seppd, Poska 2004).

Late Holocene (after 3600 cal yr BP)

The period of an especially low water regime continued
until about 3600-3400 cal yr BP in the Briaunis
palacobasin. The later repeated rise of the water
table is confirmed by the increasing representation
of wetland plants in the plant macrofossil spectra
(Fig. 3). The identified high number of Scirpus
sylvaticus macrofossils and isolated Typha latifolia
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findings show that the sediments accumulated further
from the shoreline though growing conditions that
remained humid, which is shown by the presence
of Menyanthes trifoliata, a typical semi aquatic
plant and Cirsium palustre. Most probably, the areas
surrounding the Briaunis Lake turned into the fens
with abundant representation of sedges at that time.
Yet the identified fossils of Rumex crispus, Hypericum
perforatum, Fragaria vesca and Urtica dioica allow
the assumption that dryer habitats existed on the slopes
of the surrounding hills. The eutrophication process
intensified as shown by the presence of Ranunculus
sceleratus and other plants (Szoszkiewicz et al. 2010).
Betula sect. Albae and Alnus glutinosa flourished in
the area as macrofossils of these trees are represented
in the sediments (Fig. 3). The recorded changes of the
water table correspond well to the rise in the water
level in most of central Europe (Magny 2004), Poland
(Galka et al. 2013), Finland (Heikkild, Seppa 2003;
Viliranta et al. 2007), the Estonian lakes (Punning et
al. 2003) and Northern Ireland (Swindles ef al. 2010).
Climatic cooling and rising precipitation recorded
since about 3300-3400 cal yr BP played a leading
role in the history of numerous sedimentary basins.
The mentioned fluctuations were determined by the
increasing precipitation that was accompanied by
the climatic cooling similarly recorded in the eastern
Baltic region (Seppé, Poska 2004). The changing
environmental situation is confirmed by the increasing
input of terrigenous matter into the lake. The latter
could be related with increasing human interference as
a simultaneous activity of the Bronze Age population
that was identified according to archaeological records.

CONCLUSIONS

The investigation results enabled us to distinguish
the main periods in palacobasin and palacovegetation
development and provided new data describing the
Holocene history of the sedimentary environment.
The initial stages of the Briaunis palacolake formation
(before 9600 cal yr BP) could be marked as a deep,
transparent and oxygen-rich oligotrophic water basin
with low nutrient supply and biogenic productivity.
The surroundings of the lake were overgrown with
a sparse birch-predominating forest. At about 9600
cal yr BP, climatic amelioration, formation of fertile
soils and increasing humidity was fixed as the spread
of new deciduous taxa — Ulmus, Alnus and Populus
on the local scale and Corylus on the regional scale —
begin, although the structure of vegetation remained
relatively open. After 9600 cal yr BP, the remarkable
drop of the water table, the eutrophication processes
and the rising input of terrigenous matter into the lake
began, as registered in the water flora composition.
These changes could be related to the decay of the
vegetation and soil layer that continued to 9300-9200
cal yr BP. Subsequent positive climate changes forced
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the formation of the thermophilous broad-leaved forest
and the regional spread of Picea. Some instability of
the water level and vegetation structure, i.e. a decline in
the thermophilous species and the appearance of boreal
and north alpine diatoms, could be associated with “8.2
ka event”. A flourishing of mixed deciduous forests
and an increase typical for the thermophilous species
of this period marked the Holocene thermal optimum
(from 7900 to 7200-7100 cal yr BP). The lowering of
the water level in the eutrophic alkaline shallow basin
with a high carbon content and pH varying from 6.5 to
7.8 remained until 6600-6500 cal yr BP when a small
rise of the water table was fixed. Repeated increases
in the water level were registered around 3600—3400
cal yr BP, and this finding has a good correlation with
the regional pattern. The simultaneous instability of the
environmental situation could be related to increasing
human interference.

Acknowledgements

Authors appreciate very much the work of the reviewers,
Prof. L. Kalnina (Riga) and Dr. S. Veski (Tallinn),
who made critical and constructive comments on the
manuscript. The study was financed by the Research
Council of Lithuania (No. LEK-08/2012).

References

Ammann, B., Loter, A. F., 1989. Late Glacial radiocarbon
and palynostratigraphy on the Swiss Plateau. Boreas
18, 109-126. http://dx.doi.org/10.1111/j.1502-3885.
1989.tb00381.x

Balakauskas, L., 2012. Vélyvojo ledynmecio ir holoceno
misky augalijos raida Lietuvoje LRA (Krastovaizdzio
atkiirimo algoritmo) modeliavimo duomenimis. [De-
velopment of the Late Glacial and Holocene forest
vegetation in Lithuania, according to LR (Landscape
Reconstruction Algorithm) modelling data]. Doctoral
dissertation, Vilnius, 282 pp. [In Lithuanian].

Barber, D. C., Dyke, A., Hillaire-Marcel, C., Jennings, A. E.,
Andrews, J. T., Kerwin, M. W., Bilodeau, G., McNee-
ly, R., Southon, J., Morehead, M. D., Gagnon, J. M.,
1999. Forcing of the cold event of 8,200 years ago by
catastrophic drainage of Laurentide lakes. Nature 400,
344-348. http://dx.doi.org/10.1038/22504

Battarbee, R. W., 1986. Diatom analysis. /n B. E. Berglund
(ed.). Handbook of Holocene Palaeocology and Pa-
laeohydrology. John Wiley & Sons, Chichester, 527-570.

Beijerinck, W., 1947: Zadenatlas der Nederlandsche Flora.
Wageningen, 316 pp.

Bell, F. G., 1970. Late Pleistocene floras from Earith, Hunt-
ingdonshire. Philosophical Transactions ofthe Royal
Society of London B 258, 347-378.

Bigler, Ch., Barnekow, L., Heinrichs, M. L., Hall, R. L.,
2006. Holocene environmental history of Lake Vuolep
Njakajaure (Abisko National Park, Northern Sweden)
reconstructed using biological proxy indicators. Vege-
tation History and Archaeobotany 15, 309-320. http://
dx.doi.org/10.1007/s00334-006-0054-x



Birks, H. H, 2000. Aquatic macrophyte vegetation develo-
pment in Krakenes Lake, western Norway, during the la-
te-glacial and early-Holocene. Journal of Paleolimnology
23, 7-19. http://dx.doi.org/10.1023/A:1008025116936

Bjorck, S., Kromer, B., Johnsen, S., Bennike, O.,
Hammarland, D., Lemdahl, G., Possnert, G., Ras-
mussen, T. L., Wohlfarth, B., Hammer, C. U., Spurk,
M., 1996. Synchronized terrestrial-atmospheric
deglacial records around the North Atlantic. Science
274,1155-1160. http://dx.doi.org/10.1126/science.
274.5290.1155

Bjorck, S., Rundgren, M., Ingélfsson, O., Funder, S., 1997.
The Preboreal oscillation around the Nordic Seas: ter-
restrial and lacustrine responses. Journal of Quaternary
Science 12,455-465.

Bjorck, S., Muscheler, R., Kromer, B., Andresen, C. S.,
Heinemeier, J., Johnsen, S. J., Conley, D., Koc, N.,
Spurk, M., Veski, S., 2001. High-resolution analyses of
an early Holocene climate event: may imply decreased
solar forcing as an important climate trigger. Geology 29,
1107-1110. http://dx.doi.org/10.1130/0091-7613(2001)
029 <1107:HRAOAE>2.0.CO;2

Brande, A., 2008. Holocene Paleoecology of Cladium
mariscus (L.) Pohl in the Spree-Havel region of Berlin
and Branderburg (Germany). Studia Limnologica et
Telmatologica 2 (2), 43—46.

Bronk Ramsey, C., 2001. Development of the Radiocarbon
program OxCal. Radiocarbon 43 (24), 355-363.

Bronk Ramsey, C., Lee, S., 2013. Recent and planned devel-
opments of the program OxCal. Radiocarbon 55 (3-4).

Bos, J. A. A., Bas van Geel, van der Plicht, J., Bohncke,
S. J. P, 2007. Preboreal climate oscillations in Europe:
Wiggle-match dating and synthesis of Dutch high-
resolution multi-proxy records. Quaternary Science
Reviews 26, 1927-1950. http://dx.doi.org/ 10.1016/j.
quascirev.2006.09.012

Bohncke, S. J. P., Hoek, W. Z., 2007. Multiple oscillations
during the Preboreal as recorded in a calcareous gyttja.
Kingbeekdal, The Netherlands. Quaternary Science
Reviews 26, 1965-1974. http://dx.doi.org/10.1016/j.
quascirev.2007.02.017

Boch, R., Spétl, C., Kramers, J., 2009. High-resolution
isotope records of early Holocene rapid climate change
from two coeval stalagmites of Katerloch Cave, Austria.
Quaternary Science Reviews 28, 2527-2538. http://
dx.doi.org/10.1016/j.quascirev. 2009.05.015

Bukantis, A., 1994a. Ekstremalios Ziemos Baltijos jiiros
regione. [Extreme winters in the Baltic region]. Geo-
grafijos metrastis 28, 178—194. [In Lithuanian].

Bukantis, A., 1994b. Lietuvos klimatas. [Climate of Lithu-
ania]. VU leidykla, Vilnius, 187 pp. [In Lithuanian].

Bukantis, A., 1998. Nejprasti gamtos reiskiniai Lietuvos
Zemése XI-XX amziuose. [ The unusal natural phenomena
in the territory of Lithuania in the 11%-20" centuries].
Geografijos institutas, Vilnius, 197 pp. [In Lithuanian].

Cappers, R. T. J., Bekker, R. M., Jans J. E. A., 2006. Digi-
tale Zadenatlas van Nederland [Digital seed atlas of
the Netherlands]. Barkhius Publishing and Groningen
University Library, Groningen, 502 pp.

Davis B. A. S., Brewer, S., Stevenson, A. C., Guiot, J.,
2003. The temperature of Europe during the Holocene
reconstructed from pollen data. Quaternary Science
Reviews 22, 1701-1716. http://dx.doi.org/10.1016/
S0277-3791(03)00173-2

Erdtman, G., 1936. New method in pollen analysis. Svensk
Botanisk Tidskrift 30, 154—164.

Fleitmann, D., Mudelsee, M., Burns, S. J., Bradley,
R. S., Kramers, J., Matter, A., 2008. Evidence for a
widespread climatic anomaly at around 9.2 ka before
present. Paleoceanography 23, PA1102. http://dx.doi.
org/10.1029/2007PA001519

Feegri, K., Iversen, J., 1989. Texbook of pollen analysis. 4"
edition (revised by Fegri K., Kaland P.E. & Krzywinski
K.). John Wiley & Sons, Chinchester, 328 pp.

Gaidamavicius, A., Stancikaité, M., Kisieliené, D., MazZeika,
J., Gryguc, G., 2011. Post-glacial vegetation and en-
vironment of the Labanoras region, East Lithuania:
implication for regional history. Geological Quarterly
55(3),269-284.

Gatka, M., Tobolski, K., Zawisza, E., Goslar, T., 2013.
Postglacial history of vegetation, human activity and
lake-level changes at Jezioro Linéwek in northeast
Poland, basedon multi-proxy data. Vegetation History
and Archaeobotany. http://dx.doi.org/10.1007/s00334-
013-0401-7

Guobyteé, R., 2001. Lietuvos geomorfologinis zemélapis.
[Geomorphological map of Lithuania]. Geologijos
akiraciai 3 (43), 23-35.

Ghilardy, B., O’Connell, M., 2013. Early Holocene vege-
tation and climate dynamics with particular reference to
the 8.2 ka event: pollen and macrofossil evidence from
a small lake in western Ireland. Vegetation History and
Archaeobotany 22, 99-114. http://dx.doi.org/10.1007/
s00334-012-0367-x

Grichuk, A. 1., 1940. The preparation methodology of or-
ganic poor sediments for the pollen analysis. Problems
of physical geography. Nauka Publishers, Moscow, 40
pp. [In Russian].

Grigas, A., 1986: Lietuvos augaly vaisiai ir séklos. [Seeds
and fruits of Lithuania’s plants]. Mokslas, Vilnius, 606
pp. [In Lithuanian].

Grimm, E. C., 1987. CONISS: a fortran 77 program for
stratigraphically constrained cluster analysis by met-
hod of incremental sum of squares. Computer and
Geosciences 13,13-35. http://dx.doi.org/10.1016/0098-
3004(87)90022-7

Grimm, E. C., 1992. TILIA and TILIA.GRAPH: PC
spreadsheet and graphics program. 8™ International
palynological congress. Programm and abstracts. Aix-
en-Provence, France, 56 pp.

Hannon, G. E., Gaillard, M. J., 1997. The plant-macro-
fossil record of past lake-level changes. Journal of
Paleolimnology 18, 15-28. http://dx.doi.org/10.1023/
A:1007958511729

Heikkild, M., Fontana, S. L., Seppa, H., 2009. Rapid Lategla-
cial tree population dynamics and ecosystem changes in
the eastern Baltic region. Journal of Quaternary Science
24, 802-815. http://dx.doi.org/10.1002/jgs.1254

Heikkila, M., Seppéd, H., 2003. A 11 000 yr palacotempe-
rature reconstruction from the southern boreal zone in
Finland. Quaternary Science Reviews 22, 541-554.
http://dx.doi.org/10.1016/S0277-3791(02)00189-0

Heiri, O., Lotter, A. F., Lemcke, G., 2001. Loss on ignition as
amethod for estimating organic and carbonate content in
sediments: reproducibility and comparability of results.
Journal of Paleolimnology 25, 101-110. http://dx.doi.
org/10.1023/ A:1008119611481

133



Hoffmann, M. H., Litt, T., Jager, E. J., 1998. Ecology and
climate of the early Weichselian flora from Grébern
(Germany). Review of Palaeobotany and Palynolo-
gy 102,259-276.

Huntley, J., Birks H. J. B., 1983. An atlas of past and present
pollen maps for Europe: 0-13.000 years ago. Cambridge
University Press, Cambridge. 667 pp.

Huntley, J., Prentice, C., 1993. Holocene vegetation and
climates of Europe. In Jr. H. E. Wright, J. E. Kutzbach,
T. Webb, W. F. Ruddiman, F. A. Street-Perrott, P. J. Bart-
lein (eds), Global Climate since Last Glacial Maximum.
University of Minnesota Press, Minneapolis, 136—138.

Ilves, E. O., Medne, L., 1979. Chronostratigraphy of Holo-
cene sediments in the western areas of the Lubana Plain
1. Geoloogia 28 (1), 26-32.

Jakab, G., Siimegi, P., Magyari, E., 2004. A new paleobo-
tanical method for the description of Late Quaternary
organic sediments (Mire-development pathways and
palacoclimatic records from S Hungary). Acta Geolo-
gica Hungarica 47 (4), 1-37. http://dx.doi.org/10.1556/
AGeol.47.2004.4.4

Kabailiené, M., 1990. Holocene of Lithuania. Mokslas,
Vilnius, 175 pp. [In Lithuanian].

Kabailiené, M., 2006: Gamtinés aplinkos raida Lietuvoje per
14000 mety. [Envi-ronmental development in Lithu-
ania during the past 14,000 years]. Mokslas, Vilnius,
471 pp. [In Lithuanian].

Kalis, A. J., Merkt, J., Wunderlich, J., 2003. Environmental
changes during the Holocene climatic optimum in central
Europe — human impact and natural causes. Quaternary
Science Reviews 22, 33—79. http://dx.doi.org/10.1016/
S0277-3791(02)00181-6

Klosowski, S., Jabtonska, E., Szankowski, N., 2011. Aquatic
vegetation as an indicator of littoral habitats and various
stages of lake aging in north-eastern Poland. Annales
de Limnologie 47, 281-295. http://dx.doi.org/10.1051/
limn/2011008

Kobashi, T., Severinghaus, J. P., Brook, E. J., Barnola, J. M.,
Grachev, A. M., 2007. Precise timing and characteri-
zation of abrupt climate change 8200 years ago from
air trapped in polar ice. Quaternary Science Reviews
26, 1212-1222. http://dx.doi.org/10.1016/j.quasci-
rev.2007.01.009

Kolstrup, E., 1979. Herbs as July temperature indicators for
parts of the Pleniglacial and Late-glacial in The Nether-
lands. Geologie en Mijnbouw 58, 377-380.

Kolstrup, E., 1980. Climate and stratigraphy in Northwestern
Europe between 30 000 BP and 13 000 BP, with special
reference to The Netherlands. Mededelingen Rijks Ge-
ologische Dienst 32, 181-253.

Kupryjanowicz, M., 2007. Postglacial development of
vegetation in the vicinity of the Wigry Lake. Geochro-
nometria 27, 53—66. http://dx.doi.org/10.2478/v10003-
007-0018-x

Kupryjanowicz, M., Piotrowska, N., Rutkowski, J.,
Krzysztofiak, L., 2009. Podsumowanie. In J. Rutkowski
and L. Krzysztofiak (eds), Jezioro Wigry. Historia jeziora
w Swietle badan geologicznych i paleoekologicznych.
[Lake Wigry. History of the lake in the light of geo-
logical and paleoecological studies]. Stowarzyszenie
“Cztowiek i Przyroda”, Suwalki, 256-264. [In Polish].

Krammer, K., Lange-Bertalot, H., 1988. Bacillariophyceae.
2. Teil: Bacillariaceae, Epithemiaceae, Surirellaceae. In
H. Ettl, J. Gerloff, H. Heynig, D. Mollenhauer (eds),

134

SiiBwasserflora von Mitteleuropa 2/2. Stuttgart, Gustav
Fischer Verlag, 596 pp.

Krammer, K., Lange-Bertalot, H. 1991a. Bacillariophyceae.
3. Teil: Centrales, Fragilariaceae, Eunotiaceae. In H.
Ettl, J. Gerloff, H. Heynig, D. Mollenhauer (eds),
SiiBwasserflora von Mitteleuropa 2/3. Stuttgart: Gustav
Fischer Verlag, 576 pp.

Krammer, K., Lange-Bertalot, H., 1991b. Bacillariophyceae.
4. Teil: Achnanthaceae. Kritische Ergdnzungen zu Navi-
cula (Lineolate) und Gomphonema. In H. Ettl, J. Gerloff,
H. Heynig, D. Mollenhauer (eds), SiiBwasserflora von
Mitteleuropa 2/4. Stuttgart: Gustav Fischer Verlag, 437
pp-

Krammer, K., Lange-Bertalot, H., 1997. Bacillariophyceae.
1. Teil: Naviculaceae. In H. Ettl, J. Gerloff, H. Heynig,
D. Mollenhauer (eds), StiBwasserflora von Mitteleuropa
2/1. Stuttgart: Gustav Fischer Verlag, 876 pp.

Klitgaard-Kristensen, D., Sejrup, H. P., Haflidason, H.,
Johnsen, S., Spurk., M., 1998. A regional 8200 cal. yr
BP cooling event in northwest Europe, induced by final
stages of the Laurentide ice-sheet deglaciation? Journal
of Quaternary Science 13 (2), 165-169. http://dx.doi.org/
10.1002/(SICI)1099-1417(199803/04)13:2<165::AID-
JQS365>3.0.CO;2-#

Lang, G., 1994. Quartire Vegetationsgeschichte Europas:
Methoden und Ergebnisse. Fischer, Jena, Stuttgart, New
York, 462 pp. [In German].

Lauterbach, S., Brauer, A., Andersen, N., Danielopol, DL.,
Dulski, P., Hiils, M., Milecka, K., Namiotko, T., Plessen,
B., Von Grafenstein, U., DecLakes participants, 2011.
Multi-proxy evidence for early to mid-Holocene envi-
ronmental and climatic changes in northeastern Poland.
Boreas 40, 57-72. http://dx.doi.org/10.1111/j.1502-
3885.2010.00159.x

Litt, T., Brauer, A., Goslar, T., Merkt, J., Bataga, K., Miiller,
H., Ralska-Jasiewiczowa, M., Stebich, M., Negendank,
J.F. W,, 2001. Correlation and synchronisation of Late-
glacial continental sequences in northern central Europe
based on annually laminated lacustrine sediments. Qua-
ternary Science Reviews 20, 1233—-1249. http://dx.doi.
org/10.1016/S0277-3791(00)00149-9

Magny, M., 2004. Holocene climate variability as reflected
by mid-European lake-level fluctuations and its probable
impact on prehistoric human settlements. Quaternary
International 113 (1), 65-79. http://dx.doi.org/10.1016/
S1040-6182(03)00080-6

Magny, M., Vanniére, B., de Beaulieu, J. L., Bégot, C., Heiri,
0., Millet, L., Peyron, O., Walter-Simonnet, A. V., 2007.
Early-Holocene climatic oscillations recorded by lake-
level fluctuations in west-central Europe and in central
Italy. Quaternary Science Reviews 26, 1951-1964. http://
dx.doi.org/10.1016/j.quascirev.2006.04.013

Magyari, E., Jakab, G., Braun, M., Buczko, K., Balint,
M., 2009b. High-resolution study of Late Glacial and
Early Holocene tree line changes in the southern Car-
pathian Mountains. Geophysical Research Abstracts 11,
EGU2009-EGU10549.

Marek, S., 1991. Studia nad stratygrafia torfowisk w Polsce.
[Study of the stratigraphy of peat bogs in Poland]. Wy-
dawnictwo Uniwersytetu Wroctawskiego, Wroctaw, 55
pp. [In Polish].

Miller, U., Florin, M. B., 1989. Diatom analysis. Introduction
to methods and applications. PACT 24, 133-157.



Moe, D., 1974: Identification key for trilete microspores of
Fennoscandia pteridophyta. Grana 14, 132—142. http://
dx.doi.org/10.1080/00173137409429903

Moore, P. D., Webb, J. A., Collinson, M. E., 1991. Pollen
analysis. Blackwell Science Publishers, Oxford, 216 pp.

Mortensen, M. F., Birks, H. B., Christensen, C., Holm, J.,
Noe-Nygaard, N., Odgaard, B. V., Olsen, J., Rasmussen,
K.L.,2011. Lateglacial vegetation development in Den-
mark — new evidence based on macrofossils and pollen
from Slotseng, a small-scale site in southern Jutland.
Quaternary Science Reviews 30, 2534-2550. http://
dx.doi.org/10.1016/j.quascirev.2011.04.018

Niinemets, E., Saarse, L., 2009. Holocene vegetation and
land-use dynamics of south-eastern Estonia. Quaternary
International 207, 104—116. http://dx.doi.org/ 10.1016/j.
quaint.2008.11.015

Novik, A., Punning, J. M., Zernitskaya, V., 2010. The de-
velopment of Belarusian lakes during the Late Glacial
and Holocene. Estonian Journal of Earth Sciences 59
(1), 63=79. http://dx.doi.org/10.3176/earth.2010.1.05

Ozola, 1., Cernina, A., Kalnina, L., 2010. Reconstruction of
palaeovegetation and sedimentation conditions in the
area of ancient Lake Burtnieks, northern Latvia. Estonian
Journal of Earth Sciences 59, 164—179. http://dx.doi.org/
10.3176/earth.2010.2.06

Punning, J. M., Kangur, M., Koff, T., Possnert, G., 2003.
Holocene lake-level changes and their reflection in
the paleolimnological records of two lakes in northern
Estonia. Journal of Paleolimnology 29, 167—178. http://
dx.doi.org/10.1023/A:1023291217456

Preston, C. D., Croft, J. M., 1997. Aquatic plants in Britain
and Ireland. Harley Books, Colchester, UK, 368 pp.

Ralska-Jasiewiczowa, M., 1983. Isopollen maps for Poland:
0-11,000 years BP. New Phytologist 94, 133—175. http://
dx.doi.org/10.1111/j.1469-8137.1983.tb02729.x

Ralska-Jasiewiczowa, M., 1989. Environmental changes
recorded in lakes and mires of Poland during the last 13
000 years. Acta Palacobotanica 29 (2), 1-120.

Ralska-Jasiewiczowa, M., Goslar, T., Rozanski, K., Wacnik,
A., Czernik, J., Chrost, L., 2003. Very fast environmental
changes at the Pleistocene/Holocene boundary, recorded
in laminated sediments of Lake Gosciaz, Poland. Palaeo-
geography, Palaeoclimatology, Palacoecology 193, 225—
247. http://dx.doi.org/10.1016/S0031-0182(03)00227-X

Ralska-Jasiewiczowa, M., Latalowa, M., 1996. Synthesis of
palaeoecological events in Poland. Regional syntheses of
palacoecological studies of lakes and mires. In Berglund,
B. E., Birks, H. J. B., Ralska-Jasiewiczowa, M., Wright,
H. E. (eds), Palacoecological Events During the Last
15,000 years. John Wiley & Sons, Chichester, 403—472.

Rasmussen, S. O., Vinther, B. M., Clausen, H. B., Andersen,
K. K., 2007. Early Holocene climate oscillations recor-
ded in three Greenland ice cores, Quaternary Science
Reviews 26, 1907—-1914. http://dx.doi.org/10.1016/j.
quascirev.2007.06.015

Rawlence, D. J., 1988. The post-glacial diatom history of
Splan Lake, New Brunswick. Journal of Paleolimnology
1, 51-60. http://dx.doi.org/10.1007/BF00202193

Reimer, P. J., Baillie, M. G. L., Bard, E., Bayliss, A., Beck,
J. W., Blackwell, P. G., Bronk Ramsey, C., Buck, C. E.,
Burr, G. S., Edwards, R. L., Friedrich, M., Grootes, P. M.,
Guilderson, T. P., Hajdas, 1., Heaton, T. J., Hogg, A. G.,
Hughen, K. A., Kaiser, K. F., Kromer, B., McCormac,
F. G., Manning, S. W., Reimer, R. W., Richards, D. A.,

Southon, J. R., Talamo, S., Turney, C. S. M., van der
Plicht, J., Weyhenmeyer, C. E., 2009. IntCal09 and
Marine09 radiocarbon age calibration curves, 0-50.000
years cal BP. Radiocarbon 51 (4), 1111-1150.

Saarse, L., Poska, A., Veski, S., 1999. Spread of Alnus and
Picea in Estonia. Proceedings of the Estonian Academy
of Sciences, Geology 48, 170-186.

Seppd, H., Poska, A., 2004. Holocene annual mean tempe-
rature changes in Estonia and their relationship to solar
insolation and atmospheric circulation patterns. Quater-
nary Research 61, 22-31. http://dx.doi.org/10.1016/j.
yqres.2003.08.005

Seppd, H., Birks, H. J. B., Giesecke, T., Hammarlund, D.,
Alenius, T., Antonsson, K., Bjune, A. E., Heikkila, M.,
MacDonald, G. M., Ojala, A. E. K., Telford, R. J., Veski,
S., 2007. Spatial structure of the 8200 cal yr BP event
in Northern Europe. Climate of the Past 3, 225-236.

Saarse L., 2004. Holocene isochrone maps and patterns of
tree spreading in Estonia. Proceedings of the Internatio-
nal Symposium on Earth System Sciences, Kelebek and
Gragika Group, Istanbul, 115-129.

Sienkiewicz, E., 2013. Limnological record inferred from
diatoms in the sediments of the Skaliska Lake (north-
eastern Poland). Acta Palaeobotanica 53 (1), 99—104.
http://dx.doi.org/10.2478/acpa-2013-0007

Stachowicz-Rybka, R., 2009. Stratigrafia makroszczatkéw
ro$lin ze stanowiska Czarnucha (rownina Augustowska,
Potnocno-Wschodnia Polska). [Stratigraphy of macro-
scopic plant remains from Czarnucha section (Augustow
Plaine, Northeastern Poland)]. Biuletyn Panstwowego
Institutu Geologicznego 435, 97—-108. [In Polish].

Stancikaité, M., Kabailiené, M., Ostrauskas, T., Guobyté, R.
2002. Environment and man in the vicinity of the Lakes
Diiba and Pelesa, SE Lithuania, during the Late Glacial
and Holocene. Geological Quarterly 46 (4), 391-409.

Stancikaité, M., Milkeviéius, M., Kisieliené, D., 2003. Pal-
aeoenvironmental changes in the environs of Zadeikiai
Bog, NW Lithuanian, during the Late Glacial and the
Holocene according to palaeobotanical and “C data.
Geologija 43 (3), 47-60.

Stanéikaité, M., Kisieliené, D., Simniskyté, A., 2004.
Vegetation response to the climatic and human impact
changes during the Late Glacial and Holocene: case
study of the marginal area of Baltija Upland, NE Lithu-
ania. Baltica 17 (1), 17-33.

Standikaité, M., Sinkiinas, P., Seiriené., V., Kisieliené., D.
2008. Patterns and chronology of the Lateglacial en-
vironmental development at Pamerkiai and Kasuciai,
Lithuania. Quaternary Science Reviews 27, 127-147.
http://dx.doi.org/10.1016/ j.quascirev.2007.01.014

Stancikaité, M., Kiseliené, D., Moe, D., Vaikutiené, G., 2009.
Lateglacial and early Holocene environmental changes
in northeastern Lithuania. Quaternary International 207,
80-92. http://dx.doi.org/10.1016/j.quaint.2008.10.009

Starkel, L., Kalicki, T., Krapiec, M., Soja, R., Ggbica, P.,
Czyzowska, E., 1996. Hydrological changes of Valley
floor in the Upper Vistula basin during Late Vistulian and
Holocene. In L. Starkel (Ed.), Evolution of the Vistula
river valley during the last 15 000 years. Geographical
Studies Special Issue 9, 7-128.

135



Stoermer, E. F., Hékansson, H., Theriot, E. C., 1987. Cyclos-
tephanos species newly reported from North America:
C. tholiformis sp. nov. and C. costatilimbus comb. nov.
British Phycological Journal 22 (4), 349-358. http://
dx.doi.org/ 10.1080/ 00071618700650421

Subetto, D. A., Wohlfarth, B., Davydova, N. N., Sapelko,
T. V., Bjorkman, L., Solovieva, N., Wastegérd, S., Pos-
snert, G., Khomutova, V. 1., 2002. Climate and environ-
ment on the Karelian Isthmus, northwestern Russia,
13000-9000 cal. yrs BP. Boreas 31, 1-19. http://dx.doi.
org/10.1080/03009480210647

Szczepanek, K., 1971. Kras staszowski w swietle badan
paleobotanicznych. [The Staszoéw karst in the light of
palaeobotanical studies (South Poland)]. Acta Paleobo-
tanica 12 (2), 63—140. [In Polish].

Swindles, G. T., Blundell, A., Roe, H. M., Hall, V. A., 2010.
A 4500-year proxy climate record from peatlands in
the North of Ireland: the identification of widespread
‘drought phases’ in Northwest Europe? Quaterna-
ry Science Reviews 29, 1577— 1589. http://dx.doi.
org/10.1016/j.quascirev.2009.01.003

Szoszkiewicz, K., Jusik, Sz., Zgota, T., 2010. Klucz do ozna-
czania makrofitow dla potrzeb oceny stanu ekologicz-
nego wod powierzchniowych. [Guide for identifi cation
of macrophytes for assessment of the ecological state
of freshwaters]. Biblioteka monitoringu §rodowiska,

. Warszawa, 308 pp. [In Polish].

Seiriené, V., Kabailiené, M., Kasperovic¢iené, J., M azeika,
J., Petrosius, R., Paskauskas, R., 2009. Reconstruction
of postglacial palacoenvironmental changes in eastern
Lithuania: evidence from lacustrine sediment data.
Quaternary International 207, 58—68. http://dx.doi.
org/10.1016/j.quaint.2008.12.005

Tindall, J. C., Valdes, P. J., 2011. Modeling the 8.2 ka
event using a coupled atmosphere-ocean GCM. Global
and Planetary Change 79, 312 — 321. http://dx.doi.
org/10.1016/ j.gloplacha.2011.02.004

Tobolski, K., Mocek, A., Dzigciotowski, W. 1997. Gleby
Stowinskiego Parku Narodowego w swietle historii
roslinnosci i podtoza. [Soils of Stowinski National Park
in light of plants and substratum history]. Wydawnictwo
Homini, Bydgoszcz-Poznan, 183 pp. [In Polish].

Tobolski, K., 2006. Torfowiska Parku Narodowego “Bory
Tucholskie”. [Mires of ”Bory Tucholskie” National
Park]. Park Narodowy “Bory Tucholskie”, Charzykowy,
174 pp. [In Polish].

Viliranta, M., Korhola, A., Seppéd, H., Sarmaja-Korjonen,
K., Tuittila, E. S., Laine, J., Alm, J., 2007. High-resolu-
tion reconstruction of wetness dynamics in a southern
boreal raised bog, Finland, during the late Holocene: a

136

quantitative approach. Holocene 17, 1093—1107. http://
dx.doi.org/10.1177/0959683607082550

Van Dam, H., Mertens, A., Sinkeldam, J., 1994. A coded
checklist and ecological indicator values of freshwater
diatoms from the Netherlands. Journal of Aquatic Ecol-
ogy 28, 117-133.

Velle, G., Brooks, S. J., Birks, H. J. B., Willassen, E., 2005.
Chironomids as a tool for inferring Holocene climate: an
assessment based on six sites in southern Scandinavia.
Quaternary Science Reviews 24, 1429-1462. http://
dx.doi.org/10.1016/ j.quascirev.2004.10.010

Von Grafenstein, U., Erlenkeuser, H., Brauer, A., Jouzel, J.,
Johnsen, S. J. 1999a. A mid European decadal isotope-
climate record from 15,500 to 5000 years BP. Science
284, 1654-1657.

Weninger, B., Alram-Stern, E., Bauer, E., Clare, L., Danzeg-
locke, U., Joris, O., Kubatzki, C., Gary, R. F., Todorova,
H., van Andel, T., 2006. Climate forcing due to the
8200 cal yr BP event observed at Early Neolithic sites
in the eastern Mediterranean. Quaternary Research 66,
401-420. http://dx.doi.org/10.1016/j.ygres. 2006.06.009

Wohlfarth, B., Filimonova, L., Bennike, O., Bjorkman, L.,
Brunnberg, L., Lavrova, N., Demidov, 1., Possnert, G.,
2002. Late-glacial and Early Holocene environment and
climate change at Lake Tambichozero, southeastern Rus-
sian Karelia. Quaternary Research 58, 261-272. http://
dx.doi.org/10.1006/qres.2002.2386

Wohlfarth, B., Lacourse, T., Bennike, O., Subetto, D., Tara-
sov, P., Demidov, L., Filimonova, L., Sapelko, T. 2007.
Climatic and environmental changes in north-western
Russia between 15,000 and 8000 cal yr BP: a review.
Quaternary Science Reviews 26, 1871-1883. http://
dx.doi.org/10.1016/j.quascirev.2007.04.005

Yu, G., Harrison, S.P., 1995. Holocene changes in atmos-
pheric circulation patterns as shown by lake status in
northern Europe. Boreas 24, 260-268. http://dx.doi.org/
10.1111/5.1502-3885.1995.tb00778.x

Zarzycki, K., Trzcinska-Tacik, H., Rozanski, W., Szelag,
Z., Wotek, J., Korzeniak, U., 2002. Ekologiczne liczby
wskaznikowe roslin naczyniowych Polski. [Ecological
indicator values of vascular plants of Poland]. Rozno-
rodnosé biologiczna Polski, Vol. 2, 1-183. [In Polish].

Zawisza, E., Szeroczynska, K., 2007. The development
history of Wigry Lake as shown by subfossil Cladocera.
Geochronometria 27, 67-74. http://dx.doi.org/10.2478/
v10003-007-0021-2



