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In ter dis ci plin ary in ves ti ga tions (pol len and di a tom anal y sis, 14C dat ing and geo log i cal-geomorphological and ar chae o log i cal data)
around Lakes Dñba and Pelesa, in SE Lith u a nia, have elu ci dated the en vi ron men tal his tory and hu man im pact through out the Late Gla -
cial and Ho lo cene. Ae rial pho to graph in ter pre ta tions in di cate that both lakes are re sid ual bas ins of one Post-Glacial palaeolake out side
the morainic re lief of the Nemunas (Weichselian) Gla ci ation. Pol len as sem blages from lac us trine de pos its date back to the Older Dryas
(Lake Dñba) and Alleröd (Lake Pelesa) and cover all chronozones of the Post-Glacial. Di a tom anal y sis has il lus trated the palaeo eco logi -
cal con di tions in the lakes and  helped re con struct suc ces sive wa ter lev els through out the last 12300 ra dio car bon years. Di a tom abun -
dance and the dis tri bu tion of the plank tonic, ben thic and epiphytic spe cies sug gest a low er ing of Lake Dñba and Lake Pelesa at (e.g.)
11900–10900 14C BP, (e.g.) 10000–8100 14C BP and (e.g.) 3700–2500 14C BP. Pol len data sug gest that the ear li est  signs of hu man im -
pact and lo cal for est clear ances data from about (e.g.) 8400–8300 14C BP. The first re cord of ce real pol len in  sed i ments dates from ear lier
than (e.g.) 6000 14C BP. There fore, ag ri cul ture was in tro duced into the area not ear lier than  the sec ond half of the Midle Neo lithic, at
about (e.g.) 5000–4400 14C BP. Continous in di ca tions of ag ri cul ture and pro gres sive clear ing of  wood land is con sis tent with the in creas -
ing role of a farm ing econ omy dur ing the Bronze Age. Since the 1800–1900 14C BP for ma tion of an open can opy, in creas ing soil ero sion
and changes in veg e ta tion em pha size the re mark able hu man im pact on the en vi ron ment.
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INTRODUCTION

South east ern Lith u a nia is im por tant both from en vi ron -
men tal and ar chae o log i cal points of view. Lying be yond the
mar ginal ridge of the Nemunas (Weichselian) Gla ci ation, it
pro vides an ex cel lent win dow into Post-Glacial his tory.
Studies have been made of the re treat of the ice sheet of the last

gla ci ation (Basalykas, 1958, Baltrñnas et al., 1984), en vi ron -
men tal changes through out the Late Gla cial and Ho lo cene

(KabailienÅ, 1965; Seibutis, 1974; Blaûauskas et al., 1998) and

the role of hu man im pact (SavukynienÅ, 1974, 1976; Seibutis

and SavukynienÅ, 1998). 
Since the end of the 19th cen tury, nu mer ous ar chae o log i cal  

in ves ti ga tions have pro vided much in for ma tion on the Late

Palaeo lithic, Mesolithic, Neo lithic and his tor i cal times

(Szukiewicz, 1907; RimantienÅ, 1971, 1994).
This study fo cuses on the en vi ron men tal and land-use his -

tory of the area around Lakes Dñba and Pelesa dur ing the Late
Gla cial and Ho lo cene. Bio- and chronostratigraphical re sults
are in te grated with geo log i cal and ar chae o log i cal data to ex am -
ine the role man played on land scape de vel op ment. 

STUDY AREA

Lake Dñba (54°02′ N, 24°41′ E) and Lake Pelesa

(54°00′ N, 24°46′ E) are sit u ated about 70 km south-east of
Vilnius, on of the South-east Outwash Plain (Basalykas, 1965)

(Fig. 1). Eutrophic Lakes Dñba (+124 m a.s.l.) and Pelesa
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Fig. 1. Palaeogeographical map of Post-Glacial Lakes Dñba and Pelesa showing the distribution of ar chae o log i cal sites

See Ta ble 1 for the de scrip tion of the ar chae o log i cal sig na tures
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T a b l e  1

Chro no log i cal and cul tural at tri bu tion of pre his toric sites in the Dñba-Pelesa area

∗ sites or oc cu pa tion pe ri ods not iden ti fied more pre cisely

∗∗finds from W. Szukiewicz col lec tion in cluded



(+130 m a.s.l.) were drained at the end of the 19th cen tury and
only ar eas of wet, boggy ground now in di cate the ex tent of

these for mer lakes. The area of Lake Dñba was 221 ha in 1850,
but in 1900 it was only 20 ha. The small Kaniava stream

crosses the for mer Lake Dñba from the NNE to the SSW and

then flows into the ¤la River. Wa ter from the area of the for mer 

Lake Pelesa also flows into the ¤la River.
Wet meadows and pastures, small bushes and dry pine

forest with juniper as well as arable land dominate the

catchment of the lakes. The villages of Margiai, KaraviškÅs,

Gribaša, Dubi¹iai and Stojai are situated on their shores.

SETTLEMENT HISTORY

Fa vour able con di tions for set tle ment around Lakes Dñba
and Pelesa were al ready pres ent dur ing the Bölling and Alleröd 

(KabailienÅ, 1990). Two ar row heads from the Margiai 1 site
may date to the end of the Alleröd or be gin ning of the Late
Dryas (Fig. 1; Ta ble 1). Abun dant set tle ments from the colder
Late Dryas pe riod are as cribed to two cul tural groups. Vilnius
group ma te rial was found in the W. Szukiewicz col lec tion
(Gribaša 1D?) and was en coun tered dur ing the ex ca va tion of
the Margiai 4 site. Swiderian cul tural ma te rial was found at the
Dubičiai 1–3, 5, 6 and Katra ištakos 1 sites. Dur ing the Late
Palaeo lithic, the peo ple sub sisted mainly on the mi grat ing
reindeer herds (Zaliznyak, 1995).

When the forest belt became established in South Lithuania
at the beginning of the Mesolithic, the hunter groups adapted to
the changed environmental conditions and became northern
woodland hunters. The descendants of the Swiderian culture
along the upper Nemunas River, in South Lithuania and in
North-west Bolerus created a unique Early Mesolithic Kunda
culture (Ostrauskas, 2000). The Kunda culture left behind
characteristic flint artefacts collected during excavations at

KaraviškÅs 6A and 6B. However, the Kunda culture people
were soon (during the first half of the Preboreal) pushed out of

the Dñba-Pelesa Lake area by the communities of the
Kudlajevka culture. This culture originated in the Polesse in the 
Late Palaeolithic from Gravettian cultures and moved north
following the expansion of favourable environmental
conditions of the northern woodland belt. A Kudlajevka culture 

campsite was encountered at Katra ištakos 1.
Em i grants from south ern Scan di na via Maglemosian cul -

ture groups be gan pen e trat ing into this area at the end of the

Preboreal and at the be gin ning of the Bo real (RimantienÅ,

1971; Ostrauskas, 2000). In East ern Eu rope their her i tage is re -

ferred to as the Janislawice cul ture. That the hunt ers and fish ers

of these mixed for ests lived here the lon gest, for a few thou sand 
years, sug gested by the nu mer ous sites of this cul ture: Dubičiai
2, 5, 9 and oth ers (Fig. 1; Ta ble 1). In the 5th mil len nium BC,
the Janislawice com mu ni ties adopted a ce ramic ves sel man u -
fac tur ing tech nol ogy, al though their ma te rial cul ture (flint

work ing in dus try and tool types) and their way of life did not
change with this in no va tion. Janislawice cul ture sites with ce -
ram ics in South Lith u a nia are tra di tion ally called the Dubičiai

type (Dubičiai 2, 3, 6, KaraviškÅs 4, 6A, 6B sites and oth ers).
Over time, dif fer ent pot tery and flint forms as well as stone tool
man u fac tur ing tech niques were adopted from Cen tral Eu rope.
In this way, the Nemunas and Narva for est belt type of Neo -
lithic cul tures de vel oped from lo cal vari ants of the Janislawice

cul ture in the 4th mil len nium BC. The Dñba-Pelesa Lake area
be longed to the north ern edge of the Nemunas cul ture area
(Barzdis 1, 2A sites and oth ers). How ever, some times this area
found it self un der the in flu ence of the Narva cul ture (Gribaša
4). That the Narva cul ture ex panded in this area at the be gin -
ning of the Bronze Age is ev i dent by finds of Late Narva cul -
ture pot tery at the Katra ištakos 1 site. The peo ples of the
Nemunas and Narva cul tures intensively exploited the rich
resources of this environment.

Groups of peo ple of the Corded Ware Bal tic Coast cul ture
(Dubičiai 1, 2, 3 and oth ers) and Glob u lar Am pho rae cul ture

(Katra ištakos 1) reached Lake Dñba and Lake Pelesa in the 3rd 
mil len nium BC (Fig. 1; Ta ble 1). These com mu ni ties al ready
raised do mes ti cated an i mals and pos si bly worked the land.
How ever, farm ing be gan to con sol i date only at the be gin ning
of the Bronze Age when the in flu ence of the Trzciniec cul ture

reached south ern Lith u a nia, start ing with the Dñba-Pelesa
Lake area. Large set tle ments of this cul ture have been ex ca -
vated at the Katra ištakos 1 and Barzdis 1 sites. A few oth ers are 
known along the shores of the Katra River, a lit tle fur ther
down stream. The her i tage of the Stroked Pot tery cul ture, at the
set tle ments of Margiai 1, 4 and else where, may be dated to the
1st mil len nium BC and the first cen tu ries AD. Iron Age set tle -
ments with re mains of rus tic pot tery have been found at the
Dubičiai 1, 9 and Gribaša 1D sites.

The hillfort in Dubičiai near the site of Dubičiai 4 and the
visibly fortified settlement on the Margiai 4 hill can be dated to
the time of battles with the Teutonic knights. Moreover, pottery 
of the Middle Ages has been found at the Dubičiai 1–3 and
Stojai 2 sites; this reflects intensive settlement and extensive
farming then. In the middle of the 16th century, with the
valakas land reform, the village of Dubičiai took on its present
appearance. An estate was created where the hillfort stands
beside the village. 

The prehistoric settlements in this area are concentrated at
an elevation of 129 m a.s.l. New cultural influences and
innovations reached this area the fastest along the Katra River.

METHODS

AERIAL PHOTO INTERPRETATION

Geological and geomorphological interpretations of the
area were made using a set of black-white stereoscopic aerial
photos (scale 1:17 000; 1952). Former shorelines, river terraces 
and areas reworked by aeolian activity were identified on the
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glaciolacustrine plain. The results of the aerial photo
interpretation were checked in the field.

CORING AND SAMPLING

The de pos its of Lake Dñba and Lake Pelesa were cored
us ing a Rus sian corer im proved at the De part ment of Qua ter -
nary Ge ol ogy, Lund Uni ver sity (Swe den). A tube 1 m in
length and 5 cm in di am e ter was used. Two pro files (N–S and

E–W di rec tion) were made in Lake Dñba and ma te rial from
pre vi ous in ves ti ga tions deal ing with the lithostratigraphy of

Lake Pelesa was ex am ined (Fig. 1). The core from Lake Dñba
and one core from Lake Pelesa were subsampled at 5 cm in ter -
vals for pol len and di a tom anal y sis and at 5–15 cm in ter vals
for 14C dat ing. 

POLLEN ANALYSIS 

Pol len anal y sis was car ried out at 5 and 10 cm in ter vals.
Chem i cal prep a ra tion fol lowed the stan dard pro ce dure de -
scribed by Grichiuk (1940) and Erdtman (1936). The vol ume
of sam ples was mea sured and Lycopodium spores added in or -
der to eval u ate the pol len con cen tra tion (Stockmarr, 1971).
More than 1000 ter res trial pol len grains were counted per sam -
ple. The re sults of the pol len anal y sis are given as a per cent age
pol len di a gram. The ba sic sum for cal cu la tions was the sum of

ar bo real (∑AP) and non-ar bo real (∑NAP) taxa

(∑AP+∑NAP=∑P). Chronostratigraphical zonation of the di a -
grams is based on the re sults of 14C dat ing and changes in lo cal
pol len as sem blage zones (LPAZ). LPAZ have been cor re lated
with those es tab lished for Lith u a nia and chronozones of the

Late Gla cial and Ho lo cene (Mangerud et al., 1974; KabailienÅ,
1998). Pol len and spore iden ti fi ca tions were based on Moe

(1974), F³gri and Iversen (1989), and Moore et al. (1991) in
con junc tion with the ref er ence col lec tions of the Bo tan i cal In -
sti tute, Bergen Uni ver sity and the De part ment of Geology and
Mineralogy, Vilnius University. 

The pollen and diatom spreadsheets and percentage
diagrams were prepared using the computer programs “TILIA”
(version 2) and “TILIA–GRAPH” (version 2.0 b.5)
(Grimm, 1990, 1992). 

In discussing the interaction of anthropogenic and natural
influences, changes in the following indicators were taken into
consideration:

 — fluctuations in the pollen curves reflecting forest
clearance/regeneration (Aaby, 1986);

 — the occurrence of plant species related with the specific
characters of human activity (Behre, 1981, 1988; Berglund and
Ralska-Jasiewiczowa, 1986); 

 — fluc tu a tions in char coal rep re sen ta tion (Tolonen, 1986). 
The con struc tion of the hu man im pact di a grams is based on
groups of taxa es tab lished by Behre (1981, 1988), with mod i fi -
ca tion sug gested by Berglund and Ralska-Jasiewiczowa (1986)
and Veski (1998) (Ta ble 2). 

DIATOM ANALYSIS

Diatoms were extracted from the sediments in the
conventional manner (Battarbee, 1986). For the removal of the
mineral material, flotation in heavy liquids additionally was
carried out. The samples were centrifuged a solution of S.G. 2.4 
— potassium iodide (KI) and cadmium iodide (CdI2) — for
about 10 minutes at 1.000–1.500 rpm. The supernatant
containing the diatoms was decanted and collected. The
diatoms then were recovered by diluting the supernatant with
distilled water and mounted into Naphrax Liquid. A total of
500 frustules was counted in the central part of each slide.
Identification to species was based on Krammer and
Lange-Bertalot (1988; 1991a, b; 1997) as well as Hustedt
(1991). The results of the analyses are shown as a diagram
showing the succession of the most frequent and ecologically
important taxa. Diatom species were grouped according to two
criteria in the diagrams: life habit (the proportions of
planktonic, benthic and epiphytic diatoms) and pH
(alkaliphilic, acidophilic and indifferent groups).

RESULTS

GEOLOGICAL SETTING

The sur round ings of Lake Dñba and Lake Pelesa are sit u -
ated on the dis tal part of the South east Outwash Plain (Fig. 1).
In the area in ves ti gated, the outwash plain had be come a
glaciolacustrine plain. The glaciolacustrine plain lies at sev eral
lev els, the high est one, formed dur ing the Medininkai (Warthe) 
Gla ci ation, is lo cated at +142–+145 m a.s.l. Morainic hills that
lie at about +160–+170 m a.s.l. are of the same age. The
glaciolacustrine plain of the last gla ci ation lies at about
+132–+133 m a.s.l. and is nearly ev ery where un der lain by
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T a  b l e  2

Land-use cat e go ries and plants-indicators

Land-use cat e gory In di ca tors

Cul ti vated land

Cerealia, Avena L., Hordeum L.,
Triticum L., Secale L., Polygonum

persicaria L., Centaurea cyanus L.,
Linum L., Can na bis sativa L.,

Brassicaceae

Ruderal com mu ni ties Ar te mi sia L., Chenopodiaceae,  Urtica
L., Plantago ma jor L./me dia L.

Wet mead ows and pas tures

Plantago lanceolata L., Rumex acetosa 
L./acetosella L., Ranunculus acris L.,

Potentilla L., Ranunculaceae,
Asteraceae, Plantaginaceae,

Caryophyllaceae

Dry pas tures and grazed
for est

Calluna L., Pteridium Kuhn, Juniperus 
communis L.



fine-grained sand. The three low est lev els of the plain are in -
ter preted as ter races of the Post-Gla cial Lake. Nu mer ous

palaeolakes, i.e. Dñba, Pelesa and Matara, were formely pres -
ent in their deep est parts. The shore lines of their sed i men tary
bas ins are well ex pressed on the photo im ages and lo cated at
+124–+130 m a.s.l. 

SEDIMENT LITHOLOGY

The lithologies of the main cores in ves ti gated are de scribed
in terms of or ganic and clastic con tent (Fig. 2). The sam pling
points are lo cated in the deep est parts of the lakes and de tailed
lithological  de scrip tions of the cores in ves ti gated ac com pa nies 
all pre sented di a grams. 
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Fig. 2. Lithological se quences of the cross-sections A–A’ and B–B’ (Lake Dñba) and C–C’ (Lake Pelesa)



CHRONOLOGY

Dur ing this study, three con ven tional 14C dates were pro -

duced from Lake Dñba and four from the Lake Pelesa sec tion.
The con ven tional 14C dates from the bulk sam ples were ob -
tained in the Kiev ra dio car bon lab o ra tory (Ta bles 3 and 4). En -
vi ron men tal changes and hu man im pact are dis cussed us ing
uncalibrated 14C dates BP.

POLLEN STRATIGRAPHY

The pol len com po si tion and se quences have been de scribed
in terms of lo cal pol len as sem blage zones (LPAZ) and cor re lated 
with pol len zones es tab lished in Lith u a nia and as so ci ated

chronozones (Mangerud et al., 1974; KabailienÅ, 1998). 
Pelesa. The pol len di a gram from the Lake Pelesa suc ces -

sion is di vided into 11 LPAZ (Fig. 3). 
— P-1 (Pinus LPAZ; 738.5–732 cm), Alleröd. 
AP (arboreal pollen) (95.1%) prevail and Pinus (91.5%) is

dominant. Betula is also significant (3.7%) and single pollen
grains of other trees were registered. Artemisia (1.3%),
Chenopodiaceae (0.5%), Cyperaceae (2.2%) and Poaceae
(1.4%) predominate among NAP (non-arboreal pollen). The
charcoal curve is very low throughout the zone. The
concentration of pollen increases upwards. 

— P-2 (Poaceae-Cyperaceae-Artemisia-Betula-Juniperus
LPAZ; 732–700 cm), Younger Dryas. 

The share of NAP increases up to 14% at the beginning of
the zone. Pinus drops down to 75.7% and Betula reaches
13.3%. An absolute maximum of Juniperus (1.2%) was
registered and Artemisia (4.4%) together with Chenopodiaceae 
(1.6%), Cyperaceae (4.6%) and Poaceae (7.2%) culminate.
The charcoal curve rises at the beginning of the zone (7.9%).
The concentration of pollen rises throughout this zone. 

— P-3 (Betula LPAZ; 700–675 cm), Preboreal. 
An increase of AP and decrease of NAP represent this zone. 

A maximum of Betula (23.3%) is registered. Ulmus is
represented continuously. The total amount of NAP pollen
decreases from 3.4 to 0.6%. The value of all the predominant
species (Artemisia, Chenopodiaceae, Cyperaceae and Poaceae) 
is lower in comparison with the previous LPAZ. The total value 
of the charcoal curve is lower in comparison with the previous
zone. The concentration of pollen rises. 

— P-4 (Pinus LPAZ; 675–641 cm), Early Boreal.
The determination of this zone is based on changes in the

Pinus curve. Pinus rises up to 87.6% and the total amount of
AP (96.9%) is the highest in the diagram. The Corylus, Ulmus
and Picea curves rise upwards. The NAP value drops down to
0.5% and is represented mainly by Cyperaceae (max. 1%),
Poaceae (max. 2.1%) and Artemisia. The charcoal curve
reaches 12.2%. The concentration of pollen decreases in the
second part of the zone.

— P-5 (Corylus-Alnus LPAZ; 641–595 cm), Late Boreal.
Pinus reaches 83%. The same trend is Corylus

representation (8%). The total amount of AP stays as high as
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T a  b l e  4

Uncalibrated 14C dates from Lake Pelesa

Depth
[cm]

Sed i ment Uncalibrated
14C years BP

Lab o ra tory code Dating ob ject

200–205 cal car e ous gyttja 3250±100 Ki-9269 peak in Cerealia

310–315 silty gyttja 4380±90 Ki-9270 open ing of land scape

375–385 gyttja 5265±70 Ki-9271 AT/SB tran si tion

600–615 gyttja 8430±80 Ki-9272 spread of de cid u ous trees

T a  b l e  3

Uncalibrated 14C dates from Lake Dñba

Depth
[cm]

Sed i ment Uncalibrated 
14C years BP

Lab o ra tory code Dating ob ject

180–185 sandy gyttja 2580±70 Ki-7602 SB/SA tran si tion

265–270 sandy gyttja 3740±80 Ki-7603 rise in Cerealia curve

480–485 cal car e ous gyttja 5430±70 Ki-7604 AT/SB tran si tion



before. The continuous increase in Ulmus and Picea curves is
fixed. Scattered pollen grains of Ephedra, Salix and Carpinus
occur. Artemisia, Cyperaceae and Poaceae prevail among the
NAP. The charcoal curve increases (5.4%). The maximum
concentration of pollen is observed in the middle of the zone. 

— P-6 (Ulmus-Tilia-Corylus-Alnus LPAZ; 595–500 cm),
Early Atlantic.

This zone is characterised by a rise in QM, a decrease in
Pinus and increasing NAP. Ulmus culminates (7%). Peaks in
Alnus and Corylus occur simultaneously. Betula reaches
14.7%. The total amount of NAP is higher in comparison with
the previous zone. Poaceae increases (4.8 and 5.8%) close to
the upper limit of the zone. Pollen of Chenopodiaceae,
Polygonum persicaria and Brassicaceae are found. Pteridium
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culminates in this zone (1.3%). The charcoal value reaches
12.2%. The pollen concentration gradually decreases. 

— P-7 (Alnus-Quercus-Corylus LPAZ; 500–408 cm), the
first part of the Late Atlantic.

A QM culmination characterises this zone. A drop in Pinus
(29.2%) coincides with a culmination of Quercus (8.1%) and
Alnus (19.9%). The amount of Carpinus rises gradually. The
total amount of NAP rises upward, but only Cyperaceae and
Poaceae have continuous curves. The first grains of Cerealia
type pollen are registered in this zone. The concentration of
pollen rises throughout the zone. 

— P-8 (Picea-Pinus LPAZ; 408–325 cm), Late
Atlantic-Early Subboreal.

This zone is characterised by a rise in Pinus, a gradual
decrease QM and culmination of Picea (13.2%). Pinus shows
55.8%. A decrease in nearly all QM curves was registered.
Carpinus reaches 1.2%. Artemisia increases upwards and
shows 0.6%. Poaceae reaches 4.3%. Chenopodiaceae,
Plantago lanceolata and Rumex longifolius DC increase
together with Cerealia type pollen. A peak in the charcoal
curve was registered (19.3%). The pollen concentration drops
at the beginning of the zone.

— P-9 (Pinus-Betula-Quercus-Alnus LPAZ; 325–198 cm), 
Early Subboreal-Late Subboreal.

Pinus increases up to 70.6% in this zone and QM rises up to
7.3%. A distinct rise is seen in the Betula curve (17.3%).
Cerealia type pollen shows a peak (2.6%). Artemisia,
Cyperaceae and Poaceae form the largest portion of the NAP.
Rumex longifolius, Rumex acetosa/acetosella and
Chenopodiaceae increase. Plantaginaceae, Centaurea cyanus
and Plantago major/media are represented by single pollen
grains. The charcoal curve drops throughout the zone. The
pollen concentration shows a peak in the middle of the zone.

— P-9a (Betula LPAZ; 198–154 cm), Late Subboreal.
Changes in AP composition and a few peaks in NAP

representation (up to 15%) characterise this zone. Betula rises
up to 18.3%. A small peak in Quercus was registered at the
beginning of the zone. The Poaceae curve increases up to 4%.
The charcoal curve shows an increase (9.2%). The pollen
concentration is high throughout this zone. 

— P-10 (Pinus-Picea-Carpinus LPAZ; 154–74 cm), Late
Subboreal-Subatlantic.

This zone is characterised by an increase of AP (93.4%).
Pinus reaches 67.9%. Carpinus culminates (2.4%), as does
Picea (5.2%). QM species decrease in the first half of the zone,
but rise slightly afterwards. A rise in Calluna and Salix was
registered. Cerealia type forms a continuously increasing
curve. Thalictrum, Rumex longifolius, Rumex
acetosa/acetosella, Artemisia and Pteridium rise
simultaneously. The charcoal curve is higher at the beginning
of the zone and then decreases. The pollen concentration
slightly drops.

— P-11 (Pinus-Cerealia LPAZ; 74–15 cm), Subatlantic.
A rise in the NAP curve was registered in this zone. Pinus

(70.6%) and Picea (5.6%) show peaks. A small peak of
Juniperus (0.4%) is registered close to the upper limit. Calluna
culminates (1.1%) and Cerealia type reaches 3.1%. Artemisia
(1.7%) and Rumex acetosa/acetosella (2.1%) culminate
simultaneously. Chenopodiaceae, Brassicaceae, Urtica,

Cannabis/Humulus and Plantago lanceolata increase. The
charcoal curve remains stable. The pollen concentration is
higher in the first half of the zone, but a decrease occurs later.

Dñba. The pol len di a gram from the Dñba sec tion is di vided 
into 9 lo cal PAZ (LPAZ) (Fig. 4). 

— D-1 (Pinus-Juniperus-Cyperaceae LPAZ; 792.5–750
cm), Older Dryas. 

Pinus plays the dominant role in this zone (80.4%). AP
reaches 94.6%. Betula shows a high value and single pollen
grains of Alnus, Picea, Ulmus and Tilia were registered.
Juniperus has a maximum of 1.8%. NAP mainly consists of
Artemisia, Cyperaceae (8%) and Poaceae. Botrychium and
Selaginella selaginoides are represented sporadically. The
charcoal representation is low. 

— D-2 (Pinus LPAZ; 750–725 cm), Alleröd.
Pinus culminates at 87%. The Poaceae and Cyperaceae

representation is particularly low. Other herbs are represented
sporadically. The charcoal curve increases.

— D-3 (Betula-Poaceae LPAZ; 725–715 cm), Younger
Dryas.

Betula increases up to 22%. Picea forms a continuous
curve. Artemisia, Cyperaceae and Poaceae predominate among 
the NAP and the share of Chenopodiaceae and Asteraceae is
also high. Other herbs (Ranunculaceae, Rumex
acetosa/acetosella and Thalictrum) are represented by single
grains only. The charcoal curve increases upward.

— D-4 (Betula LPAZ; 715-665 cm), Preboreal-Boreal.
Betula shows a very high value (28.6%). Pinus decreases,

but still stays above 50%. Ulmus, Tilia and Quercus have
continuously increasing curves. Picea increases at the
beginning of the zone and decreases close to the upper
boundary. Calluna increases towards the topmost samples. The 
zone is characterised by a decrease of NAP down to 8.4%. The
charcoal curve has a peak at the beginning of the zone, but then
gradually decreases. 

— D-5 (Ulmus-Corylus-Alnus-Tilia LPAZ; 665–510 cm),
Early Atlantic-Late Atlantic.

This zone is represented by a culmination of AP and
particularly low values of NAP. Pinus stays consistently above
50%. Alnus (13.5%) and Corylus (7.8%) have high values and
culminate, as do Tilia and Ulmus. Picea gently rises upward.
Most of the herb pollen decreases or even disappears in the
middle of the zone. Artemisia and Chenopodiaceae are
represented sporadically. A single grain of Avena type was
registered. The charcoal curve is low, not exceeding 2.4%. 

— D-6 (Picea−Pinus LPAZ; 510−305 cm), Late
Atlantic-Early Subboreal.

This zone is characterised by an increase in NAP (up to
5%). Picea culminates (up to 11%) close to the lower limit.
Pinus stays at more than 60%. Alnus has a high (12%)
continuous curve. QM representation is low and Corylus
clearly decreases. Artemisia, Cyperaceae, Chenopodiaceae and 
Poaceae form low continuous curves. A single pollen grain of
Triticum type was found. Charcoal culminates (5.6%) at the
beginning of the zone.

— D-7 (Betula-Quercus LPAZ; 305−150 cm), Late
Subboreal-Early Subatlantic.

AP dominates the pollen, but the amount of NAP increases.
Betula representation is high as is that of Alnus (11.8%) and
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Quercus (4.2%). Picea drops at the beginning of the zone, but
increases afterward. Cerealia type, Triticum type and Hordeum
type pollen are represented in some samples. Artemisia
increases, especially in the upper part and the same is true for
Cyperaceae and Poaceae. The charcoal curve decreases at the
beginning, but then reaches 8.0%. 

— D-8 (Pinus-Picea LPAZ; 150−70 cm), end of the Early
Subatlantic.

The amount of NAP increases. Pinus shows 84% and Picea
(up to 9%) has a rather uniform curve. QM decreases toward
the upper limit. Calluna increases slightly. Cerealia type forms
a continuous curve (up to 0.5%). Poaceae, Chenopodiaceae,
Cyperaceae and Artemisia have a high frequency. The charcoal 
curve has a high value (6.6%).

— D-9 (Pinus-Cerealia LPAZ; 70−17.5 cm), Late
Subatlantic.

Pinus has a high value (74.9%) in the upper part and Picea
increases in the middle of the zone. Betula and Alnus decrease
toward the upper limit. The Calluna curve culminates in the
middle of the zone (1.1%). Cerealia type culminates at a depth
of 67.5 cm (1.4%) and Triticum type has a high value.
Artemisia and Chenopodiaceae show high values in the upper
part of the zone. The charcoal curve decreases. 

DIATOM STRATIGRAPHY

Pelesa. The di a tom di a gram from the Lake Pelesa de pos its
was di vided into 8 LDAZ (Fig. 5).

— P-1d (Aulacoseira-Stephanodiscus-Fragilaria LDAZ,
340–300 cm), Late Atlantic-Early Subboreal.

Planktonic diatoms Aulacoseira (A. granulata, A. islandica
morph. helvetica, A. italica) and Stephanodiscus (S. rotula, S.
rotula var. minutulus) prevail, their total sum being about 60%.
The representation of Fragilaria (F. brevistriata, F.
construens) is lower (about 30%). Opephora martyi,
characteristic of lacustrine littoral zones reaches 10%.

— P-2d (Aulacoseira islandica morph. helvetica-A. italica
et var. tenuissima-Fragilaria lapponica LDAZ, 300–285 cm),
the first part of the Late Subboreal.

Aulacoseira islandica morph. helvetica plays the dom i nant
role (up to 23%). The rep re sen ta tion of Aulacoseira italica et
var. tenuissima (10%) and Fragilaria lapponica (4%) is lower.

— P-3d (Fragilaria-Opephora martyi-Navicula
scutelloides LDAZ, 285–245 cm), Early Subboreal.

Fragilaria brevistriata is dominant (up to 30%). The
representation of Fragilaria construens et var. binodis (23%)
and Navicula scutelloides (6%) is lower. A small peak in
Opephora martyi (17%) was registered in this zone.

— P-4d (Fragilaria LDAZ, 245–180 cm), Early
Subboreal-Late Subboreal.

Fragilaria brevistriata plays the dominant role (40%). The
representation of Fragilaria construens et var. venter (38%) is
lower. Small peaks in Opephora martyi (6%) and Navicula
scutelloides (12%) are registered at the beginning of the zone.

— P-5d (Fragilaria-Navicula-Cymbella-Pinnularia
LDAZ, 180–135 cm), Late Subboreal.

Single shells of the above taxa were discovered in this zone.
— P-6d (Fragilaria-Cymbella cistula-Epithemia zebra var. 

saxonica LDAZ, 135–100 cm), the end of the Late
Subboreal-Early Subatlantic.
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Fragilaria taxa (F. brevistriata, F. construens et var.
venter, total sum 75%) predominate. Small peaks of Cymbella
cistula (6%) and Epithemia zebra var. saxonica (4%)
characteristic of lacustrine littoral zones, were registered.

— P-7d (Aulacoseira-Stephanodiscus LDAZ, 100–50 cm), 
Early Subatlantic.

Planktonic diatoms (Aulacoseira) culminate in this zone.
Aulacoseira granulata reaches 48%, and A. islandica morph.
helvetica shows 11%, and A. italica about 5%. Stephanodiscus
(S. rotula, S. rotula var. minutulus) increases up to 4%. 

— P-8d (Fragilaria LDAZ, 50–20 cm), Late Subatlantic.
Fragilaria taxa (F. brevistriata 41%, F. construens 16%,

F. construens var. venter 21%, F. lapponica 4%) de ter mine
this zone.

Dñba. The di a tom di a gram from the Dñba sec tion was di -
vided into 12 LDAZ (Fig. 6). 

— D-1d (Aulacoseira-Amphora ovalis var. pediculus
LDAZ, 800–765 cm), Older Dryas.

Planktonic diatoms of the genus Aulacoseira are dominant
in this zone. Aulacoseira italica predominates (32%).
Aulacoseira islandica morph. helvetica has a maximum of 8%
at the beginning of the zone, as has Amphora ovalis var.
pediculus (7%). Fragilaria construens var. venter, an epiphytic 
diatomt predominatly in habiting littoral lake environments
reaches 23% in the lower part of the zone.

— D-2d (Cyclotella-Fragilaria brevistriata LDAZ,
765–745 cm), Older Dryas-beginning of Alleröd.

Planktonic di a toms of the ge nus Cyclotella (C. ocellata
5%, C. kuetzingiana 2%) are char ac ter is tic of this zone.
Fragilaria brevistriata reaches 23% and F. construens var.

venter 19%. Ben thic di a toms (Opephora martyi, Gyrosigma
attenuatum, Am phora ovalis var. pediculus and oth ers) are
spo radic.

— D-3d (Fragilaria construens var. venter-Fragilaria
pinnata LDAZ, 745–725 cm), Alleröd.

Diatoms characteristic of the littoral lake zone (Fragilaria
construens var. venter 42%, F. pinnata 13%, F. lapponica 4%)
predominate in this zone.

— D-4d (Fragilaria brevistriata-Stephanodiscus rotula
LDAZ, 725–690 cm), Younger Dryas–beginning of Preboreal.

Epiphytic diatoms are dominant in this zone. Fragilaria
brevistriata reaches 40%, F. construens 10% and F. pinnata
2%. Stephanodiscus rotula increases up to 7%.

— D-5d (Fragilaria contruens-Am phora ovalis var.
pediculus LDAZ, 690–640 cm), Bo real–be gin ning of Early
At lan tic.

This zone is characterised by a combination of epiphytic
and benthic diatoms which flourish in littoral lake conditions
(Fragilaria construens 17%, Amphora ovalis var. pediculus
6%, Rhopalodia gibba 6%, Navicula oblonga 2%).

— D-6d (Cyclotella-Aulacoseira-Fragilaria LDAZ,
640–600 cm), Boreal–beginning of Early Atlantic.

An in creas ing con tent of plank tonic di a toms was found in
this zone: Cyclotella (Cyclotella comta 19%, C. kuetzingiana
4%) and Aulacoseira (A. italica et var. tenuissima, A. islandica
morph. helvetica). Fragilaria spe cies have high val ues too
(mainly F. brevistriata 22% and F. construens var. venter 20%).

— D-7d (LDAZ without diatoms, 600–390 cm), Atlantic.
No diatoms or diatom fragments were found in eight

samples taken from a bed of calcareous gyttja.
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— D-8d (Aulacoseira-Cyclotella-Stephanodiscus rotula,
390–285 cm), Early Subboreal.

Aulacoseira taxa predominate (A. italica 50–60%, A.
granulata 22%, A. islandica morph. helvetica 11%) in this
zone. Cyclotella is represented by C. comta (up to 5%).
Stephanodiscus rotula does not exceed 4%.

— D-9d (Aulacoseira italica-Fragilaria construens,
285–245 cm), Late Subboreal.

Aulacoseira italica (50%) and Fragilaria construens
(20%) show high values.

— D-10d (Aulacoseira italica-Fragilaria construens-
 Opephora martyi, 245–210 cm), Late Subboreal -Early
Subatlantic.

This zone is characterised by an increase in Aulacoseira
italica (up to 45%), Fragilaria contruens (up to 25%) and
Opephora martyi (10%).

— D-11d (Aulacoseira italica et var. tenuissima-Fragilaria 
construens, 210–140 cm), Early Subatlantic.

Aulacoseira italica shows a high value (75%) in the lower
part of the zone, but decreases (47%) near its top. In upper part
of the zone distinct peaks of Aulacoseira italica var. tenuissima
(8%), Fragilaria construens (20%), F. construens var. binodis
(4%) and F. construens var. venter (3%) were registered.

— D-12d (Aulacoseira italica-Fragilaria construens var.
binodis et var. venter, 140–80 cm), latest Early Subatlantic

This zone is characterised by the culmination of
Aulacoseira italica (80%). Small peaks of Fragilaria
construens var. binodis (7%) and F. construens var. venter
(5%) were registered in the lower part of the zone.

ENVIRONMENTAL HISTORY AND VEGETATION
DYNAMICS

HISTORY OF THE LAKES

The South east Outwash Plain was formed by streams of
melt wa ter that flowed along the outer mar gin of the Bal tic Up -
land (Basalykas, 1965). Glaciolacustrine or i gin to pog ra phy

formed in the dis tal part of the plain (Baltrñnas, 2001), that

around Lake Dñba and Lake Pelesa be ing re lated to the re treat
of the Nemunas (Weichselian) Gla ci ation (Fig. 1). 

The glaciolacustrine ba sin was formed af ter the re treat of
the ice sheet of the last gla cial. The deep est parts of the
glaciolacustrine ba sin co in cide with ar eas of nu mer ous lakes,

i.e. Dñba, Pelesa and Matara. These lakes are sited on the low -
er most level of the lac us trine plain, sug gest ing that the ear li est
Post-Gla cial sed i ments may be found there. The bot toms of the
lakes in ves ti gated were in flu enced by thermokarst ac tiv ity and
deep hol lows oc curred lo cally (Fig. 2).

In the ear li est phases of the Late Gla cial (The Old est Dryas
and Bölling), one sed i men tary ba sin ex isted on the pres ent area

of Margiai, KaraviškÅs and Dubičiai (Fig. 1). The shore of this
ba sin lay at about +132 – +133 m a.s.l. Clastic de po si tion then
pre vailed, of clayey or silty sand. 

Similar processes operated in the Older Dryas, and, as

recorded in Lake Dñba, pollen and diatom concentrations were

low. The diatom assemblages indicate that during the Older
Dryas the water was cold, clear and the water level was high. 

The be gin ning of the Alleröd co in cides with re mark able
wa ter level changes ob served in most of the lakes, in clud ing

Lakes Dñba and Pelesa. Here the wa ter level dropped down to
+127–+128 m a.s.l. and ter races ly ing at about +129–+130 m
a.s.l. be came dry land (Fig. 1). Di a toms char ac ter is tic of the
littoral zone pre dom i nated. The wa ter drained via the Katra
River. The for ma tion of gyttja started, while in tense ero sion is
in di cated by the high clastic con tent of the beds. The sud den
deep en ing of the lakes has been linked with thermokarst ac tiv -
ity that started as tem per a tures in creased dur ing the Alleröd

(Seibutis and SudnikavičienÅ, 1960). There are two lay ers of

gyttja sep a rated by sand of solifluction or i gin in Lake Dñba.
De pos its of Alleröd age are rich in pol len and di a toms and
constitute a key stratigraphic horizon.

While water level rose somewhat in the oligotrophic lakes
where the planktonic diatoms reach their Late Glacial
maximum in the Younger Dryas, clastic deposition
predominated. A high content of sand and appearance of
individual sand beds suggest increasing soil erosion and sand
drift. During the Younger Dryas, rapid filling of the basins by
aeolian sand occurred (Seibutis, 1974). The continental dune

fields that occur around Lakes Pelesa and Dñba may be of
Younger Dryas age.

Dur ing the Preboreal, wa ter level reached the low est point

of the en tire Ho lo cene (KabailienÅ, 1990). Layers of gyttja
and clayey gyttja were formed in the lakes in ves ti gated dur ing 
this pe riod. The de pos its that formed at about (e.g.)
10000–8100 14C BP are marked by a sig nif i cant de crease in
di a tom con tent. Epiphytic and ben thic spe cies pre dom i nated.
The lakes be come mesotrophic and over grown by aquatic
plants. Some lakes pos si bly be came iso lated from the large

palaeolake that in cluded Lakes Dñba, Pelesa and Matara dur -
ing the Late Gla cial. Clastic de po si tion de creased as veg e ta -
tion cov ered the sur round ing land and ae olian ac tiv ity de -
creased (Blažauskas et al., 1998).

During the Boreal, sediments accumulated in a way similar
to those discussed for the Preboreal. The water level was still
low. Clayey gyttja, gyttja and a sand interlayer have been
recognised in the investigated lakes.

Remarkable changes in sedimentation conditions took
place throughout the Atlantic. A rise in water level is indicated
by the diatom assemblages that show a predominance of
planktonic species from (e.g.) 8100 14C BP, the water level
reaching +129 m a.s.l. Connections between the earlier
separated basins were re-established and a large eutrophic
palaeobasin reappeared. The accumulation of gyttja enriched in 

calcium carbonate characterised Lake Dñba throughout the
Atlantic. Detritus gyttja with a thin sand interlayer then
accumulated in the Pelesa basin.

The end of the Atlantic and beginning of the Subboreal
coincide with environmental changes. While the water level in
Lake Pelesa remained high throughout the Early Subboreal, it
later dropped to +124–+125 m a.s.l., as indicated by the diatom
assemblages. Epiphytic and benthic forms prevailed in the
lakes. Silty and calcareous gyttja accumulated. The formation

of sandy gyttja started in Lake Dñba in the Late Subboreal.
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Lakes still existed in the deep hollows, while the area around
them became wet and boggy. 

Continuous sedimentation took places in Lakes Pelesa and

Dñba throughout the Subatlantic. A slight rise of the water

level has been detected in Lake Dñba at the beginning of this
period, while after that the water level dropped again. The
deposits of the Late Subatlantic have less planktonic and more
epiphytic and benthic diatoms. At the end of the Early
Subatlantic, sandy gyttja was replaced by peat with gyttja in

Lake Dñba, while in Lake Pelesa gyttja and peat replaced
calcareous gyttja at the beginning of the Subatlantic. Both lakes 
disappeared at the end of the 19th century and only wet land
indicates the outlines of the former basins today.

PATTERNS OF VEGETATIONAL CHANGE

The oldest deposits discovered in the Lake Dñba section are 
of Older Dryas age. The  pollen stratigraphy shows that 
deposits of the Oldest Dryas and of Bölling age are absent in
the sections investigated. Earlier investigations, indicate that
tundra or forest-tundra vegetation then thrived in southeastern

Lithuania (KabailienÅ, 1998).

OLDER DRYAS (12300–11900 14C BP)

Betula, Pinus, Juniperus, Cyperaceae and Ar te mi sia pre -
dom i nate in the pol len spec tra of this pe riod. It is most likely that
the pine and birch pol len were trans ported, and only the shrubs
and herbs may be as sumed to be of lo cal or i gin. A high rep re sen -
ta tion of Cyperaceae, Ar te mi sia, Chenopodiaceae and Poaceae is 
typ i cal of tun dra veg e ta tion (Aleksandrova, 1983). Open tun -
dra-like veg e ta tion, com posed of a va ri ety of shrubs and prob a -
bly with some ad mix ture of birch in the later stage of the pe riod,

thrived around Lakes Dñba and Pelesa. A thin bed of or ganic
ma te rial dat ing back to (e.g.) 12130±2780 14C BP (Vs–1092)
was in ves ti gated at Zervynos, about 17 km NNW from the re -
gion in ves ti gated (Blažauskas et al., 1998). A pre dom i nance of
open tun dra with wil lows and ju ni per was typ i cal of neigh bour -

ing re gions (Pawlikowski et al., 1982; Noryíkiewicz and
Ralska-Jasiewiczowa, 1989; Zernitskaya, 1999). 

ALLERÖD (11900–10900 14C BP)

The further development of the vegetation cover mirrors
the great changes that took place in the palaeoenvironment
throughout the Alleröd. The share of herbs dropped and trees,
especially pine, expanded. Already at about (e.g.) 11880±150
14C BP (Vs-952), pine was growing in this region, fossil
fragments of this tree having been discovered locally

(StančikaitÅ et al., 1998). Open dry areas were overgrown by
juniper. A high representation of juniper before the climatic
deterioration of the Younger Dryas was recognised in the
Polish Lake District (Ralska-Jasiewiczowa and Latałowa,
1996). Pine predominated in dry land with sandy soils and
birches thrived on damp, silty beds or morainic hills. The lake
basins were surrounded by a dense willow belt. Artemisia,

Chenopodiaceae and Cyperaceae formed the underbrush. Open 
pine/birch forest with rich underbrush vegetation existed from
the beginning of the Alleröd in the region investigated. 

YOUNGER DRYAS (10900–10000 14C BP)

The Alleröd for ests were trans formed by the cli ma tic de te ri -
o ra tion of the Youn ger Dryas, as the cli mate got colder and dryer 

(KabailienÅ, 1965). The for est cover thinned and mixed herb
veg e ta tion explanded. Ju ni per spread on sandy hab i tats all over
the South-east Plain, in clud ing the area in ves ti gated. Sandy soils
en cour aged rapid ex pan sion of dif fer ent herb veg e ta tion.
Artemisia, Chenopodiaceae and Poaceae pre dom i nated; typ i -
cal tun dra plants such as Selaginella selaginoides have been
re cog nised. Pine-birch for ests were re placed by open herb
veg e ta tion with some tun dra el e ments. The pro por tion of her -
ba ceous plant pol len de creased dur ing the sec ond part of the
Youn ger Dryas. These changes co in cide with the cli ma tic
ame lio ra tion, which started slightly be fore the be gin ning of
the Ho lo cene (Walker, 1995).

PREBOREAL (10000–9000 14C BP)

In the Preboreal, birch first dom i nated and then was grad u -
ally re placed by pine. Open sandy ar eas were cov ered by heath.
Of sig nif i cance is the im mi gra tion of new tree spe cies such as
elm and ha zel. A con tin u ous elm curve seems to have formed
ear lier than (e.g.) 9300 14C BP in this part of Lith u a nia

(KabailienÅ et al., 1997). Ha zel ex pan sion started with some de -
lay and at about (e.g.) 8400 14C BP this tree was well rep re sented
in the area. These data are in good agree ment with the re sults of
in ves ti ga tions car ried out in north-east Po land where the ear li est
rise in the Corylus pol len curve started at about (e.g.) 9300 14C
BP and Ulmus spread at about (e.g.) 9000 14C BP
(Ralska-Jasiewiczowa, 1983; 1989). The sec ond part of the pe -
riod is dis tin guished by the for ma tion of a closed for est can opy.
These changes rep re sent cli ma tic ame lio ra tion. 

BOREAL (9000–8000 14C BP)

The woodland evolved further in the area throughout the
Boreal. Open pine-birch forest thrived at the beginning of the
period, and then birch was gradually replaced. The second part
of the Boreal shows an increase in hazel representation

(KabailienÅ, 1998). Wet areas around Lake Dñba and Lake
Pelesa favoured the spread of hazel and of alder, the latter

expanding at about (e.g.) 8300 14C BP around Lakes Dñba and
Pelesa. The end of the Boreal period coincides with the spread
of Tilia and Quercus. Herbs were excluded from the forest and
some genus only (Cyperaceae, Poaceae and Chenopodiaceae)
survived on the shores. 

ATLANTIC (8000–5000 14C BP)

The pollen composition of the Early Atlantic spectra
suggests a culmination of Alnus and Corylus on wet habitats
and Ulmus on fertile soils. Elm and hazel superseded birch and
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suppressed pine. Otherwise, pine forests were still widely
represented in the area, on sandy soils. An increasing
representation of heath, likely as underbrush, emphasizes the
importance of pine forest in the area. The second part of the
Atlantic period is characterised by an increasing role of oak and 
lime. Generally, a culmination of broad-leaved forests took
place in the middle of the Atlantic, at about (e.g.) 6600–6800
14C BP. The local vegetation around Lake Pelesa reflects the
formation of forest glades or openings near the shore during the 
Late Atlantic. These changes were followed by a distinct drop
in elm and sometimes lime. Around the lakes, the earliest
declines in elm, lime and oak took place at about (e.g.)
5500–5700 14C BP. At the end of the Atlantic, at about (e.g.)
5100 14C BP, Carpinus migrated into South-east Lithuania

(KabailienÅ, 1965; StančikaitÅ, 2000). The development of
broad leaved trees indicates increasing mean temperatures and
humidity during the Atlantic. 

SUBBOREAL (5000–2500 14C BP)

The for est com po si tion changed at the be gin ning of the
Subboreal. A de cline in the QM con stit u ents was fol lowed by a
spread of other tree taxa. Damp hab i tats were oc cu pied by
birch, wil low and al der, while the dry ar eas were over grown
by pine for est with a rich heath un der brush. A spread of
spruce was also ac cel er ated by the di min ish ing role of broad
leaved trees. Spruce had ear lier, shown slight ex pan sion,
which be came more pro nounced at (e.g.) 4500–4700 14C BP.
At about (e.g.) 4300 14C BP broad leaved trees were in con tin -
u ing de cline and pine im me di ately ex panded into the re gion.
There were a few in ter vals dur ing the Late Subboreal (about
(e.g.) 3200 14C BP and (e.g.) 2600–2700 14C BP) when the
rep re sen ta tion of dif fer ent herbs, in clud ing cul ti vated plants,
in creased con sid er ably in the Lake Pelesa re gion. Changes in

the tree pol len com po si tion and in the AP/NAP ra tio re veal an
open ing of the for est dur ing the Late Subboreal. These
changes were caused partly by the cli ma tic de te ri o ra tion and
de creas ing hu mid ity, though in creas ing hu man im pact may
also have played a part. 

SUBATLANTIC (2500–0 14C BP)

Pine, birch and alder predominated in the forest vegetation
during the Subatlantic, while an increasing opening of the
landscape is indicated by the NAP evidence. Broad leaved
species were still present in the forests, but their value was
considerably lower in comparison to earlier periods. The large
participation of anthropochors during the second part of the
Subatlantic indicates an increasing human impact. Cultivated
fields and vegetation typical of disturbed habitats — especially
those rich in nitrogen — were common in the area. Willows
spread along the lake shores, while the open sandy areas were
favourable to juniper. Both species are light-demanding and
their occurrence confirms the opening of the area. 

HUMAN IMPACT 

An in te gra tion of the en vi ron men tal data with ar chae o log i cal 
in for ma tion has served as the main tool for the re con struc tion of
land scape his tory and the eval u a tion of hu man im pact. Hu man
im pact di a grams (Figs. 7 and 8) show the lev els of hu man ac tiv -
ity dur ing the dif fer ent pe ri ods of pre his tory.

Environmental conditions during the warm Late Glacial
periods (Bölling and Alleröd) were favourable for the earliest
inhabitants. Even throughout the cold Younger Dryas, people

lived in Lithuania (RimantienÅ, 1996), though there is no
palaeobotanical evidence to support this. High representation
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of open area indicators may simply be due to the open forest,
tundra and forest/tundra vegetation. 

MESOLITHIC (> 6000 14C BP)

The ear li est signs of lo cal en vi ron men tal changes that could 
be as cribed to hu man ac tiv ity oc curred at about (e.g.) 8400 14C
BP in the Lake Pelesa sec tion (Fig. 7). Even ear lier in this sec -
tion some pos si ble in di ca tors of hu man ac tiv ity, (ruderal plants, 
plants of wet and dry mead ows) as well as a thin layer of clastic
ma te rial, have been found, and these may re late to the nu mer -
ous Mesolithic sites that oc cur on the shores of the lakes. 

At about (e.g.) 8400–8300 14C BP, changes in the veg e ta -
tion cover in clude a sud den spread of Pteridium. This plant is
in ter preted as a spe cies typ i cal of open land or grazed for est and 
is fa voured by fire (Behre, 1981; Berglund, 1985; Peglar,
1993). The abun dance of Pteridium was long-lived and fol -
lowed by the spread of Calluna. For est fires and a sub se quent
thriv ing of heath, es pe cially in sandy ar eas, pro vide a rea son -
able ex pla na tion for these changes (Latałowa, 1992). In Brit ain
and Ger many, a spread of heath due to the ac tiv ity of
Mesolithic man has been widely re corded (Rob in son, 1987;
Kloss, 1990). An in creas ing num ber of char coal par ti cles as
well as changes in the tree curves sug gest the in flu ence of fire
upon the veg e ta tion. The oc cur rence of Salix and spread of
Betula as well as the drop in Ulmus representation are typ i cal of 
for est clear ances and sub se quent re gen er a tion (Vuorela, 1986). 
Wood land dis tur bances ini ti ated a sup ply of nu tri ents that fa -
voured a growth of ruderals — Ar te mi sia and Chenopodiaceae. 
The first grain of Cerealia pol len was dis cov ered in sed i ments
de pos ited at about (e.g.) 6500 14C BP in Lake Pelesa and at

about (e.g.) 5900 14C BP in Lake Dñba (Fig. 8). These pol len
may have orig i nated from non-cul ti vated grasses with pol len
mor phol ogy sim i lar to the Cerealia (Beug, 1961; Poska and
Saarse, 1999). Oth er wise, the ear li est grains of Cerealia pol len
in Lake Woryty in the Lake Dis trict in north ern Po land are also
slightly older then c. 5500 BP (Ralska-Jasiewiczowa and
Latałowa, 1996). These data sug gest a burn ing of for ests and
sub se quent changes in plant com mu ni ties that may be re lated to 
the ac tiv ity of Mesolithic man. Con clu sions based on pol len
data are sup ported by the ar chae o log i cal in for ma tion. A great
number of sites attributed to the Mesolithic have been
excavated in the area. 

EARLY–MIDDLE NEOLITHIC (6000–4400 14C BP)

Fur ther vegetational changes con firm the in creas ing hu man 

in flu ence on the en vi ron ment around Lake Dñba (Fig. 8) and
Lake Pelesa (Fig. 7). From (e.g.) 6000 14C BP un til (e.g.) 4400
14C BP, the num ber of hu man in di ca tors in creases in both di a -
grams. The in creas ing rep re sen ta tion of wet meadow and dry
pas ture in di ca tors as well as the rise in char coal fol low the oc -
cur rence of a sin gle grain of Cerealia pol len (about (e.g.)
6000 14C BP and (e.g.) 5100 14C BP) in the Lake Pelesa sec -
tion. The drop in QM rep re sen ta tion that oc curred at about
(e.g.) 5600 14C BP was caused by in tense hu man ac tiv ity. A
drop in elm pol len val ues dat ing to about (e.g.) 5200–5300
14C BP may cor re late with the “clas sic” Ulmus de cline reg is -

tered all over North west Eu rope (F³gri, 1944; Iversen, 1973;
Hunt ley and Birks, 1983). The si mul ta neous spread of wil low
and birch is re mark able. Changes in for est com po si tion sug -
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gest the for ma tion of for est glades oc cu pied by ruderal and
wet meadow plants. At about (e.g.) 5000 14C BP wet and dry
pas tures spread; the Plantago lanceolata pol len curve in par -
tic u lar rises in the Pelesa sec tion. Ac cord ing to Iversen
(1973), Plantago lanceolata is one of the most im por tant
plants in old-fash ioned rough pas tures, but it will not grow in
grazed for ests be cause of its high light re quire ments. Behre
(1981) em pha sized that this plant plays an im por tant role in
the recolonisation of fal low land and hence is a di ag nos tic
spe cies of an ear lier sys tem of ro ta tional farm ing. Be ing an in -
di ca tor of fal low land which usu ally was used as pas ture,
Plantago lanceolata in di rectly in di cates for mer cul ti va tion,
which can of ten be dif fi cult to dem on strate (Behre, 1981,
1986) due to the poor dis persal of Cerealia pol len (Vuorela,
1973). Thus, a rather high con tin u ous Plantago lanceolata
curve in di cates cat tle breed ing and pos si ble cul ti va tion at
about (e.g.) 5000–4400 14C BP in the area in ves ti gated. The
con tin u ous ap pear ance of the ear li est ce real pol len in an area
just to the south-west, in Po land, also co in cides with the Mid -
dle Neo lithic (Ralska-Jasiewiczowa and Latałowa, 1996).
Cat tle breed ing un doubt edly played a ma jor role in the econ -
omy, while crop cul ti va tion also was prac tised. 

LATE NEOLITHIC (4400–3700 14C BP)

The tran si tion from the Mid dle to the Late Neo lithic —
(e.g.) 4500–4600 14C BP co in cides with a short-lived drop in
hu man ac tiv ity around the lakes. In this area the lat est stages
of the Late Neo lithic are mostly rep re sented ar chae o log i cally

(RimantienÅ, 1999). In the Lake Dñba sec tion, a sin gle
Triticum pol len grain was found in de pos its dated back to

(e.g.) 4400−4500 14C BP. The sub se quent rise in cul ti vated
land and in di ca tors of ruderal com mu ni ties are dated to about
(e.g.) 4300 14C BP in the Pelesa sec tion. The area of wet
mead ows in creased through out the Late Neo lithic. This could
be re lated with a grad ual spread of cul ti va tion and the use of
for mer cul ti vated fields as pas ture. Ar chae o log i cal in ves ti ga -

tions at the Margiai−1 site were sup ple mented by an
osteological sur vey that con firmed the pres ence of do mes tic
an i mals while some of the artefacts were in ter preted as tools

used for till age (RimantienÅ, 1999). The de po si tion of a gyttja

layer en riched in clastic ma te rial at Lake Dñba con firms ac -
tive soil ero sion prob a bly ini ti ated by hu man ac tiv ity. Still, a
high rep re sen ta tion of dry pas tures and grazed for est in di ca -
tors could be ex plained on the ba sis of geo log i cal data. Due to
the pre dom i nance of sandy soils, the area of wet mead ows
was re stricted. In this re gion of Lith u a nia, wood land is used
for graz ing do mes tic an i mals even to day.

BRONZE AGE (3700–2500 14C BP)

The transition from the Late Neolithic to the Bronze Age
was characterised by some decrease in human activity, with
intens colonisation of the territory shortly thereafter. An
increase in the pollen of ruderal taxa coincides with the
culmination of the charcoal curve, reflecting activity associated 
with numerous Bronze Age settlements situated in the vicinity
of the lakes. Open areas were used for cultivation, as denoted

by the occurrence of a continuous Cerealia curve since (e.g.)
3300–3600 14C BP onward. Simultaneously, the Rumex
acetosa/acetosella curve culminates. This plant is an indicator
of open disturbed biotopes that occur in cultivated areas and
heaths which are being stripped as part of the plaggen process,
as well as in newly cleared woodlands (Behre, 1981). Dry
pastures must have been fairly common at that time. A
remarkable rise of the NAP curve confirms deforestation over
large areas. A general opening of the area was followed by the
culmination of the Cerealia curve up to 2.6 % at about (e.g.)
3200–3000 14C BP, which suggests continuous and intensive
cultivation. Cultivation became more and more important.
Increasing areas of fallow land were used for cattle breeding
and as dry sandy pastures. Gradually increasing agriculture
demanded new open areas, and forests were burned.

IRON AGE (2500 14C BP–800 AD)

Human impact on the environment throughout the first half
of the Iron Age (from (e.g.) 2500 14C BP and until (e.g.)
1600–1800 14C BP) was similar to that observed for the Bronze
Age. A high representation of ruderal plants and a continuous
Cerealia curve indicates the existence of settlements and
cultivated land nearby. Dry pastures were still present. The
subsequent periods of the Iron Age are characterised by a rise
in the Cerealia curve and an appearance of Secale pollen at

about (e.g.) 1700–1600 14C BP in the deposits of Lake Dñba.
Simultaneously, the charcoal curve increases considerably,
which is typical of the active burning of forests and
development of slash-and-burn cultivation (Vuorela, 1986).
These changes indicate the formation of a cultural landscape
with increasing anthropogenic pressure on the environment.
Indicators of wet meadows rise together with indicators of
cultivated land which together denote cultivation and pastoral
activities. The pollen data from this period (except for its early
beginning) may be considered as a representation of
continuous cultivation and intensive cattle breeding that are
also typical for neighbouring countries (Gaillard and Berglund, 
1988).

HISTORICAL PERIOD (AFTER 800 AD)

A clear prospering of both crop cultivation and animal
husbandry is registered throughout the Historical Period.
Strong human impact is seen in AP representation. A drop in
nearly all the tree curves undoubtedly was caused by human
activity. A high continuous representation of Cerealia indicates 
intensive cultivation and the great number of pasture indicators
may be related with the development of various types of
pastures. An open landscape including arable plots and open
woodland occurred in the area. 

CONCLUSIONS

1. Sev eral stages in the de vel op ment of the palaeobasin
that ex isted be yond the mar ginal ridge of the Nemunas
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(Weichselian) Gla ci ation and in cluded Lake Dñba and Lake
Pelesa have been de ter mined. One ba sin (+132–+133 m a.s.l.) 
ex isted here through out the Oldest Dryas and the Bölling and
was drained at about (e.g.) 11900 14C BP (+127–+128 m
a.s.l.). At about 10000 14C BP, the next drop in the wa ter level
took place. The ter races formed af ter this wa ter level change
were de stroyed by the At lan tic trans gres sion (<+129 m a.s.l.).
The third drop in wa ter level (+124–+125 m a.s.l.) was dated
back to the sec ond half of the Subboreal ((e.g.) 3700–2500
14C BP). Both lakes ceased to ex ist at the end of the 19th cen -
tury.

2. In the sec ond half of the Bo real (about (e.g.) 8400 14C
BP), de cid u ous trees be came a sub stan tial com po nent of the
for est. Veg e ta tion changes in di cat ing the for ma tion of open
ar eas and a thin ning of the for est in sep a rate plots oc curred
from the Early At lan tic on ward. 

3. The ear li est small for est changes that may be re lated to
the in flu ence of Mesolithic com mu ni ties were dated back to
(e.g.) 8400–8300 14C BP. Through out the suc ceed ing stages
of the Mesolithic, a con tin u ous and in creas ing im pact of man
on to the en vi ron ment can be de tected.

4. The representation of Cerealia pollen and continuous
Plantago lanceolata (since (e.g.) 5000 14C BP) curve suggest

the introduction of farming throughout the second part of the

Middle Neolithic around Lakes Dñba and Pelesa. 
5. An increasing opening of the landscape as well as the

rising intensity of cattle breeding and cultivation (a continuous
Cerealia curve occurred at about ((e.g.) 3300–3600 14C BP)
were observed throughout the second part of the Late
Neolithic, Bronze Age and the first half of the Iron Age. 

6. Since the earlier part of the Iron Age ((e.g.) 1600–1800
14C BP), intensive crop cultivation and animal husbandry took
place. Fields and pastures as well as open forest became an
important component of the landscape.

Acknowledgements. We thank Dr. P. Šinkñnas, Dr. J.
Tamošaitis, P. Aleksa and M. Milkevičius for their help in the
field. Our thanks also go to Prof. D. Moe and J. Berg (Institute 
of Botany, Bergen University) for their assistance with pollen
analysis. Anonymous referees are thanked for helpful
comments. We thank Dr. I. Antanaitis-Jacobs and J.
Zalasiewicz for linguistic revision of the text. Financial
support was received from the Lithuanian Science and
Studies Foundation whom we gratefully acknowledge.

REFERENCES

ALEKSANDROVA V. (1983) — Vegetation of the northern areas of the
Soviet Union (in Russian). Nauka.  

AABY B. (1986) — Trees as anthropogenic indicators in regional pollen
diagrams from western Denmark. In: Anthropogenic Indicators in
Pollen Diagrams (ed. K. -E. Behre). Balkema.

BALTR¤NAS V., VONSAVIČIUS V., MIKALAUSKAS A., JURGAITIS

A. and MELEŠYT# M. (1984) — About the limit of the Last
Glaciation in South-east Lithuania (in Russian). In: Paleogeography
and Stratigraphy of the Quaternary Period in Baltic States and
Surrounding Regions. Mokslas. Vilnius. 

BALTR¤NAS V. (2001) — Stone Age in South Lithuania (in Lithuanian
with English summary). Vilnius.

BASALYKAS A. (1958) — The physical geography of Lithuania. I part (in 
Lithuanian). Mokslas. Vilnius.

BASALYKAS A. (1965) — The physical geography of Lithuania. II part
(in Lithuanian). Mokslas. Vilnius. 

BATTARBEE R. W. (1986) — Diatom analysis. In: Handbook of
Holocene Palaeoecology and Palaeohydrology: 527–570 (ed. B. E.
Berglund). John Wiley and Sons. Chichester. 

BEHRE K. -E. (1981) — The interpretation of anthropogenic indicators in
pollen diagrams. Pollen and Spores., 23 (2): 225–245.

BEHRE K. -E. (1986) — Anthropogenic indicators in pollen diagrams.
Balkema. Rotterdam.

BEHRE K. -E. (1988) — The role of man in European vegetation history.
In: Vegetation History: 633–672 Handbook of vegetation science 7
(eds. B. Huntley and T. Webb III). Kluwer, Dordrecht. 

BERGLUND B. E. (1985) — The early agriculture in Scandinavia. Norw.
Archaeol. Rev., 18: 77–105.

BERGLUND B. E. and RALSKA-JASIEWICZOWA M. (1986) — Pollen
analyses and pollen diagrams. In: Handbook of Holocene
Palaeoecology and Palaeohydrology: 455–484 (ed. B. E. Berglund).
John Wiley and Sons. Chichester.

BEUG H. J. (1961) — Leitfaden der Pollenbestimmung für Mitteleuropa
und angrenzende Gebiete. Lieferung 1. Fisher, Stuttgart.

BLAŽAUSKAS N., KISIELIEN# D., STANČIKAIT# M.,

KUČINSKAIT#V., ŠEIRIEN# V. and ŠINK¤NAS P. (1998) — Late

Gla cial and Ho lo cene sed i men tary en vi ron ment in the re gion of ¤la
River. Geologija, 25: 20–30.

ERDTMAN G. (1936) — New methods in pollen analysis. Svensk Bot.
Tidsskr., 30:154–164. 

F�GRI K. (1944) — On the introduction of agriculture in western
Norway. Geol. Fören Förhandl. Stock., 66: 449–462.

F�GRI K. and IVERSEN J. (1989) — Texbook of pollen analysis. 4th

edition (revised by K. F³gri, P. E. Kaland and K. Krzywinski). John
Wiley and Sons Ltd, Chinchester. 

GAILLARD M. -J. and BERGLUND B. E. (1988) — Land-use history
during the last 2700 years in the area of Bjoresjo, Southern Sweden.
In: The Cultural Landscape — Past, Present and Future (eds. H. H.
Birks et al.) Cambridge Univ. Press. 409–429.

GRICHIUK V. P. (1940) — Processing of de pos its poor in or ganic ma te -
rial for pol len anal y sis. In: Prob lems of the Phys i cal Ge og ra phy.
Mos cow.

GRIMM E. C. (1990) — TILIA and TILIA. GRAPH: PC spreadsheet and
graphics software for pollen data. INQUA Commission for the Study
of the Holocene, Working Group on Data-Handling Methods.
Newsletter, 4: 5–7.

GRIMM E. C. (1992) — TILIA and TILIA. GRAPH: PC spreadsheet and
graphics program. 8th International palynological Congress. Program
and abstracts. Aix-en-Provence, France. P. 56.

HUNTLEY J. and BIRKS H. J. B. (1983) — An atlas of past and present
pollen maps for Europe: 0–13.000 years ago. Cambridge University
Press. Cambridge. 

HUSTEDT N. (1991) — Die Kieselalgen. Deutschlands, Österreichs und
der Schweiz unter Berücksichtigung der übrigen Länder Europas
sowie der angrenzenden Meeresgebiete. Bremen.

ISAENKO V. F. (1976) — The Neolithic in the Polessye of Pripiat (in
Russian). Kiev.

408 MiglÅ Stan¹ikaitÅ, MeilutÅ KabailienÅ, Tomas Ostrauskas and RimantÅ GuobytÅ



IVERSEN J. (1973) — The development of Denmark’s nature since the
Last Glacial. Danm. Geol. Unders., V, 7-C.

KABAILIEN# M. (1965) — Some questions on stratigraphy and
palaeogeography of Holocene in SE Lithuania (in Russian). In:
Stratigraphy of Quaternary Deposits and Palaeogeography of SE
Lithuania. Proce. Geol. Inst., 2: 302–355.

KABAILIEN# M. (1969) — Formation of the pollen spectra and
reconstruction of palaeoflora. Proce. Geol. Inst.,  11.

KABAILIEN# M. (1990) — Holocene of Lithuania (in Lithuanian).
Mokslas. Vilnius.

KABAILIEN# M. (1998) — Vegetation history and climate changes in
Lithuania during the Late Glacial and Holocene, according to pol len
and diatom data. PACT, 54: 13–30.

KABAILIEN# M., STANČIKAIT# M. and OSTRAUSKAS T. (1997) —

Living conditions and activity of man in the environs of Lake Grñda in
the end of Late Glacial and Holocene. Geologija, 21: 32–43.

KLOSS K. (1990) — Anthropogenic indicators in early Mesolithic
vegetation in north-east Germany. Abstracts of lectures and posters,
Symposium 15–17.09.1990 in Wilhelmshaven, INQUA —
Commission for the study of the Holocene, Working group: Impact of
Prehistoric and Medieval Man on Vegetation. P. 2.

KRAMMER K. and LANGE-BERTALOT H. (1988) —
Bacillariophyceae. 2. Teil: Bacillariaceae, Epithemiaceae,
Surirellaceae. In: Süßwasserflora von Mitteleuropa 2/2. (eds. Ettl H. et 
al.), Stuttgart. Gustav Fischer Verlag. 

KRAMMER K. and LANGE-BERTALOT H. (1991a) —
Bacillariophyceae. 3. T0eil: Centrales, Fragilariaceae, Eunotiaceae.
In: Süßwasserflora von Mitteleuropa 2/3. (eds. Ettl H. et al.), Stuttgart. 
Gustav Fischer Verlag. 

KRAMMER K. and LANGE-BERTALOT H. (1991b) —
Bacillariophyceae. 4. Teil: Achnanthaceae. Kritische Ergänzungen zu
Navicula (Lineolate) und Gomphonema. In: Süßwasserflora von
Mitteleuropa 2/4. (eds. Ettl H. et al.), Stuttgart. Gustav Fischer Verlag.

KRAMMER K. and LANGE-BERTALOT H. (1997) —
Bacillariophyceae. 1. Teil: Naviculaceae. In: Süßwasserflora von
Mitteleuropa 2/1. (eds. Ettl H. et al.), Stuttgart. Gustav Fischer Verlag. 

LATAłOWA M. (1992) — Man and vegetation in the pollen diagrams from
Wolin Island (NW Poland). Acta Palaeobotanica, 32 (1): 123–249.

MANGERUD J., SVEND T., BERGLUND E. B. and DONNER J. J.
(1974) — Quaternary stratigraphy of Norden, a proposal for
terminology and classification. Boreas, 3: 109–128.

MOE D. (1974) — Identification key for trilete microspores of
Fennoscandia pteridophyta. Grana, 14: 132–142.

MOORE P. D., WEBB J. A. and COLLINSON M. E. (1991) — Pollen
analysis. Oxford; Blackwell.

NORYŚKIEWICZ B. and RALSKA-JASIEWICZOWA M. (1989) —
Type re gion P-W: Dobrzyń-Olsztyn Lake Dis tricts. Acta Palaeobot.,
29 (2): 85–93.

OSTRAUSKAS T. (1998) — Some as pects about the de vel op ment of the
hu man econ omy in Lith u a nia (2000 BP) (in Rus sian). “Trzciniec”:
sys tem kulturowy czy interkulturowy proces: 269–271. Poznań. 

OSTRAUSKAS T. (2000) — Mesolithic Kunda culture. A glimpse from
Lithuania. Muinasaja teadus., 8: 167–180.

PAWLIKOWSKI M., RALSKA-JASIEWICZOWA M., SCHÖNBORN
W., STUPNICKA E. and SZEROCZYŃSKA K. (1982) — Woryty
near Gierzwałd, Olsztyn Lake District, NE-Poland — vegetation
history and lake development during the last 12 000 years. Acta
Palaeobot., 22 (1): 85–116.

PEGLAR S. M. (1993) — The development of the cultural landscape
around Diss Mere, Norfolk, UK during the past 7000 years. Rev.
Palaeobot. Palynol., 76: 1–47.

POSKA A. and SAARSE L. (1999) — Holocene vegetation and land-use
history in the environs of Lake Kahala, northern Estonia. Veget. Hist.
Archaeobot., 8: 185–197.

RALSKA-JASIEWICZOWA M. (1983) — Isopollen maps for Poland:
0–11 000 years B. P. New Phytol., 94: 133–175.

RALSKA-JASIEWICZOWA M. (1989) — Type region P-x: Masurian
Great Lakes District. Acta Palaebot., 29 (2): 95–100.

RALSKA-JASIEWICZOWA M. and LATAłOWA M. (1996) — Poland.
In: Palaeoecological Events During the Last 15000 Years: Regional

Syntheses of Palaeoecological Studies of Lakes and Mires in Europe
(eds. B. E. Berglund et al.). 403–472.

RIMANTIEN# R. (1971) — The Palaeolithic and Mesolithic in Lithuania
(in Russian with German and Lithuanian summaries). Vilnius.

RIMANTIEN# R. (1994) — Die Steinzeit in Litauen. Bericht der Römish
— Germanishen Kommission 75. Main am Rein. 23–198.

RIMANTIEN# R. (1996) — Stone Age in Lithuania. 2nd edition (in
Lithuanian with English summary). Vilnius. 

RIMANTIEN# R. (1999) — Margiai 1 site (in Lithuanian with Russian
and English summaries). Lithuania ar chae ol ogy., 16: 109–170.

ROBINSON D. E. (1987) — Investigations into the Aukhorn mounds,
Keiss, Caithness: pollen, plant macrofossil and charcoal analysis. New 
Phytol., 106: 185–200.

SAVUKYNIEN# N. (1974) — Die Entwicklung der Synantropischen
vegetation im Südöstlichen Litauen (in Lithuanian with Russian and
German summaries). Geographisches Jahrbuch., 13. 37–48. 

SAVUKYNIEN# N. (1976) — Die Entwiklungszüge des Ackerbaus in der
Ungebung vom Čepkeliai–Moor (in Lithuanian with Russian and
German summaries). Geographisches Jahrbuch., 14. 169–175.

SEIBUTIS A. (1974) — Das Rätsel der Entstehung von interstadialischen
schichten in âlaTal (in Lithuanian with Russian and German
summaries). Geographisches Jahrbuch., 13. 23–36.

SEIBUTIS A. and SUDNIKAVIČIEN# F. (1960) — Über den Beginn der
holozäne Moorentschtehung in Litauen. (in Lithuanian with Russian
and German summaries). Geographisches Jahrbuch. III. Vilnius.
299–263.

SEIBUTIS A. and SAVUKYNIEN# N. (1998) — A review of major
turning points in the agriculture history of the area inhabited by the
Baltic peoples, based on palynological, historical and linguistic data.
PACT, 54: 51–60.

STANČIKAIT# M. (2000) — Natural and human initiated environmental
changes throughout the Late Glacial and Holocene in Lithuania
territory. Abstract of doctoral dissertation 2000. Vilnius.

STANČIKAIT# M., ŠEIRIEN# V. and ŠINK¤NAS P. (1998) — New
results of Pamerkys outcrop investigations, South Lithuania.
Geologija., 23: 77–88.

STOCKMARR J. (1971) — Tablets with spores used in absolute pollen
analysis. Pollen and Spores., 13: 615–621.

SZUKIEWICZ W. (1893) — A paper of W. Szukiewicz about
archaeological sites in Lida and Trakai districts (in Russian). In:
Proceedings of Vilnius Department of Moscow’s Preliminary
Committee for Preparation of the IX Archaeological Congress in
Vilnius. Vilnius.

SZUKIEWICZ W. (1907) — Poszukiwania archeologiczne w powiecie
Lidzkim gub. Wileńskiej. Materiały Komisji antropolog.-archeolog. i
etnogr. Akademii Umiejętności w Krakowie, 10.

TOLONEN M. (1986) — Charred paricle analysis. In: Handbook of
Holocene Palaeoecology and Palaeohydrology: 485–496. (ed. B. E.
Berglund). John Wiley and Sons. 

VESKI S. (1998) — Vegetation history, human impact and
palaeogeography of western Estonia. Pollen analytical studies of lake
and bog sediments. Striae., 38.

VUORELA I. (1973) — Relative pollen rain around cultivated fields. Acta
Botan. Fen., 102: 1–27.

VUORELA I. (1986) — Palynological and historical evidence of
slash-and-burn cultivation in South Finland. In: Anthropogenic
Indicators in Pollen Diagrams: 53–64 (ed. K. -E. Behre). Balkema,
Rotterdam. 

WALKER M. J. C. (1995) — Cli ma tic changes in Eu rope dur ing the last
Gla cial/Inter gla cial tran si tion. Quatern. Internat., 28:
63–76.ZALIZNYAK L. L. (1991) — Pop u la tion of the Polessye in
Mesolithic (in Rus sian). Kiev.

ZALIZNYAK L. L. (1995) — The Swidrian Rein deer-Hunters of East ern
Eu rope. Beiträge zur Ur-und Frühgeschichte Mitteleuropas 5.
Wilkau-Hasslau.

ZERNITSKAYA V. P. (1999) — Stratigraphy of the Late – Glacial and
Holocene of Belarus. Fourth Baltic stratigraphical Conference.
Abstracts. 112–113.

Environments and man around Lakes Dñba and Pelesa, SE Lithuania, during the Late Glacial and Holocene 409


