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Multiproxy data (pol len, plant macrofossils, 14C dates and loss-on-ig ni tion mea sure ments) ob tained from the Bevardis and Verpstinis
lakes in the Labanoras area (East Lith u a nia) were used to re con struct a veg e ta tion his tory and to re veal ma jor en vi ron men tal fea tures dur -
ing post-gla cial time. Biostratigraphical data in di cates on go ing sed i men ta tion in Verpstinis Lake since the fi nal stages of the AllerÝd.
The pol len data shows that Pinus-dom i nated for est flour ished dur ing the AllerÝd, while the Youn ger Dryas was char ac ter ized by open
shrub/herb/grass veg e ta tion with highly abun dant Juniperus. These are ev i dences of se vere cli ma tic con di tions in the area. The 14C data
sug gests that sed i men ta tion started in Bevardis Lake with the on set of the Ho lo cene. Picea im mi grated into the Verpstinis Lake sur -
round ings in the Late Gla cial, just be fore 11 500 cal yr BP ac cord ing to the palynological ev i dence. The ex pand ing de cid u ous taxa, e.g.,
Corylus (ca. 10 200–10 000 cal yr BP), Alnus (8200–8000 cal yr BP), and broad-leaved spe cies with Ulmus (ca. 10 000 cal yr BP), Tilia
(7700–7400 cal yr BP) and Quercus (5200 cal yr BP), formed a dense mixed for est where Picea ap peared at 7300–6800 cal yr BP. Both
di a grams show only neg li gi ble hu man im pact. It seems that nat u ral fac tors were re spon si ble for the for ma tion of veg e ta tion cover and en -
vi ron ment in the study area through out the post-gla cial.
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INTRODUCTION

Re cent palaeoenvironmental stud ies com bin ing pol len,
plant macrofossil and di a tom data with the re sults of 14C and
10Be iso tope in ves ti ga tions, op ti cally stim u lated lu mi nes cence
(OSL) mea sure ments as well as geo chem i cal and lithological
data have pro vided a de tailed Late Gla cial and early Ho lo cene
en vi ron men tal his tory of Lith u a nia (Bitinas, 2004; Molodkov
and Bitinas, 2006; �eirienÅ et al., 2006; Rinterknecht et al.,
2008; StančikaitÅ et al., 2008, 2009b). The veg e ta tion his tory
was better un der stood af ter the dis cov ery of Pinus sylvestris L.
macrofossils dated back to ca. 13 700 cal yr BP (StančikaitÅ et
al., 2008), and Picea sp. seeds in de pos its of AllerÝd age in
south east ern Lith u a nia (StančikaitÅ et al., 1998). More over, an
early Ho lo cene (ca. 10 600 cal yr BP) im mi gra tion of the lat ter
taxa to north east ern Lith u a nia was re cently in di cated on the ba -
sis of plant macrofossil data (StančikaitÅ et al., 2004, 2009b),
and the main stages of the Late Gla cial en vi ron men tal his tory

have been dis cussed in the con text of North At lan tic cli ma tic
events of the Last Ter mi na tion (StančikaitÅ et al., 2008).

Rel a tively few stud ies have been lately de voted to the Ho -
lo cene en vi ron ment and veg e ta tion in Lith u a nia (Balaka -
uskas, 2003; KabailienÅ et al., 2009; Mažeika et al., 2009;
�eirienÅ et al., 2009). Most of the data for this time-in ter val
was ob tained from ar chae o log i cal sites where en vi ron men tal
changes have been ex am ined in the con text of hu man ac tiv ity
(StančikaitÅ et al., 2006, 2009a, b). The Ho lo cene veg e ta tion
his tory has been stud ied mostly us ing biostratigraphical data
ob tained a few de cades ago, or from even ear lier when nu mer -
ous sed i ment pro files were ex am ined through out the coun try
(KabailienÅ, 2006). The ex ist ing sparse ra dio car bon data for
these pol len re cords was in suf fi cient for a de tailed re gional
cor re la tion of the veg e ta tion his tory. In or der to shed more
light on the Ho lo cene en vi ron men tal his tory and to im prove
the chro nol ogy of veg e ta tion de vel op ment, sed i ment cores
rep re sent ing dif fer ent parts of Lith u a nia were se lected for a
multiproxy study. 



As the east ern part of Lith u a nia is sit u ated close to the mar -
gin of the Late Weichselian (Vistulian) Gla ci ation, the area was 
lib er ated from ice rel a tively early, pro vid ing new land for im -
mi gra tion of the Late Gla cial veg e ta tion. Dur ing the Ho lo cene
when de cid u ous trees ex panded from ref uges sit u ated in south -
east ern and south ern Eu rope (Bennett et al., 1991; Willis et al.,
2000), this part of Lith u a nia served as a key area for the fur ther
es tab lish ment of taxa in the re gion. More over, a new data sug -
gests that iso lated patches of trees ex isted be tween the Scan di -
na vian ice sheet and the Ural Moun tains dur ing the Late Gla -
cial and early Ho lo cene. These small pop u la tions acted as ini -
tial nu clei for pop u la tion ex pan sion and for est de vel op ment in
the early Ho lo cene (Väliranta et al., 2010). These ref uge ar eas
may also have in flu enced im mi gra tion of par tic u lar spe cies to
East ern Lith u a nia. 

The aim of this study is to de scribe pat terns of the post-gla -
cial veg e ta tion with a par tic u lar em pha sis on Ho lo cene veg e ta -
tion dy nam ics in the Labanoras Re gion, East Lith u a nia, and to
dis cuss this in the con text of the re gional veg e ta tion his tory.
Im mi gra tion, flour ish ing and ex tinc tion of dis tinct taxa, as well
as the main stages of en vi ron men tal vari a tion are dis cussed in
this pa per. The multiproxy data of pol len, plant macrofossil,
14C and loss-on-ig ni tion (LOI) mea sure ments from the two
sed i ment se quences ob tained from Bevardis and Versptinis
lakes were used to achieve this goal and to im prove our knowl -
edge of Late Gla cial and Ho lo cene for est dy nam ics in this part
of the Bal tic Re gion.

STUDY AREA

The first study lo cal ity (55°11´30½N, 25°52´26½E) is sit u -
ated at Verpstinis Lake (11 ha, 156 m a.s.l.) within the

Beržalotas Highmoor (Fig. 1B) in East ern Lith u a nia. The partly 
over grown lake, up to 4 m deep, is pre dom i nantly sur rounded
by highmoor veg e ta tion. The highmoor is in a cen tre of the
¦eimena Plain that is a part of a glaciofluvial outwash plain
stretch ing be yond the mar ginal de pos its of the Late
Weichselian (Vistulian) Gla ci ation (GuobytÅ, 2002). De pres -
sions of this slightly un du lat ing plain were filled with lakes,
which later trans formed into bogs and highmoors.

An other sed i ment se quence was taken in the east ern part
(55°10´55½N, 25°44´42½E, 167 m a.s.l.) of Bevardis Lake
(Fig. 1A) sit u ated in the west ern part of the Žeimena Plain. This 
small (ca. 0.4 ha) lake is sur rounded by a 0.7 ha bog of tran si -
tional type. 

This part of Lith u a nia is char ac ter ized by a con ti nen tal cli ma -
tic re gime. The av er age an nual pre cip i ta tion var ies from 650 to
700 mm, the ma jor part of which falls dur ing the warm sea son.
The mean tem per a ture var ies from –6.3°C in Jan u ary to 16.8°C
in June. The mean tem per a ture of the year is about 5.5°C. 

METHODS

CORING AND SAMPLING

Mul ti ple sed i ment cores were ob tained from Bevardis and
Verpstinis lakes us ing a Rus sian corer (1 m long cham ber with
a 5 cm in ner di am e ter). Af ter vi sual de scrip tion of the sed i -
ments (Fig. 2), the cores ob tained were sub-sam pled at 2 cm
res o lu tion for pol len (the Bevardis and Verpstinis cores) in ves -
ti ga tions and at 5 cm res o lu tion for plant macrofossil (the
Bevardis core) and loss-on-ig ni tion (the Bevardis core) stud ies. 
Bulk sam ples of 4–5 cm were taken for con ven tional 14C dat ing 
from both cores.
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Fig. 1. Lo ca tion of the study sites

A – Bevardis Lake in the thermocarst lakes com plex; B – Verpstinis Lake in Beržalotas Highmoor



POLLEN ANALYSIS

The sub-sam ples of 1–3 cm3 for pol len anal y sis were pre -
pared us ing a stan dard chem i cal pro ce dure (Erdtman, 1936;
Grichiuk, 1940), in clud ing treat ment of the sed i ments with a
heavy liq uid (CdI2 + KI). A known amount of Lycopodium
spores was added in or der to cal cu late pol len con cen tra tions
(Stockmarr, 1971). 500 ter res trial pol len grains were counted
from each sam ple us ing a light NIKON mi cro scope. Pol len
iden ti fi ca tion was based on Moore et al. (1991). Taxa are pre -
sented as per cent ages of the sum of ar bo real (SAP) plus
non-ar bo real (SNAP) taxa (SAP + SNAP = SP). For cal cu la -
tion and pre sen ta tion of pol len, di a tom and plant macrofossil
data the pro grams TILIA and TILIA-graph (Grimm, 2000)
were ap plied. 

Along  with the vi sual in spec tion, a stratigraphically con -
strained clus ter anal y sis (CONISS – Con strained In cre men tal

Sums of Squares clus ter anal y sis; Grimm, 1987) was used for
the sub di vi sion of the pol len and plant macrofossil di a grams
into lo cal zones.

PLANT MACROFOSSIL SURVEY

80 sam ples were in di vid u ally ana lysed by means of a plant
macrofossil sur vey. The col lected re mains, which had been ex -
tracted from the sed i ment sam ples (390 cm3 in vol ume) by wet
siev ing (screens with mesh sizes of 0.2 and 0.5 mm) were ana -
lysed us ing NIKON SMZ 1500 mi cro scope, at a mag ni fi ca tion

of ́ 20–60. Iden ti fi ca tion of the ma te rial col lected was based on 
Berggren (1969, 1981), Grigas (1986) and Cappers et al.
(2006) in com bi na tion with the ref er ence col lec tion at the In sti -
tute of Ge ol ogy and Ge og ra phy (Vilnius). The plant
macrofossils are pre sented as var i ous iden ti fied spec i mens/sed -
i ment vol umes and clas si fied into groups (trees and shrubs, wa -

Post-glacial vegetation and environment of the Labanoras Region,  East Lithuania: implications for regional history 271

100

125

150

175

200

225

250

275

300

325

350

375

400

425

450

475

500

525

1

2

3

4

5

6

light grey gyttja
with silt 

brownish gyttja

brownish 
peat with gyttja

brownish peat 
with gyttja

poorly 
decomposed
plant remains

plant remains

D
e

p
th

 [
cm

]

L
ith

o
lo

g
y

S
e

d
im

e
n

t
u

n
it

Description
25
50
75

100
125
150
175
200
225
250
275
300
325
350
375
400
425
450
475
500
525
550
575
600
625
650
675
700
725
750
775
800
825
850
875
900

1

2

3

4

light grey sand 

brownish peat

greenish brown 
peat with gyttja

peat with 
remains of

Sphagnum sp.

L
ith

o
lo

g
y

S
e

d
im

e
n

t
u

n
it

Description

Results of 
loss-on-ignition [%]

organic
matter

calcium
carbonate

minerogenic
matter

1008060400 20

1008060400 20

D
e

p
th

 [
cm

]

A B

Fig. 2. Lithological de scrip tions of the Verpstinis and Bevardis lake cores 
with re sults of LOI for the Bevardis Lake se quence

A – lithology of Verpstinis Lake; B – lithology and re sults of loss-on-ig ni tion per formed on the sed i ments from Bevardis Lake



ter plants, plants of wet land and xeromesophytes) to aid in the
in ter pre ta tion of veg e ta tion his tory. Bo tan i cal no men cla ture
fol lows Gudžinskas (1999).

RADIOCARBON (14C) DATING

Sam ples rep re sent ing the Verpstinis and Bevardis cores
were se lected for the de ter mi na tion of 14C age in the Ra dio iso -
tope Re search Lab o ra tory, In sti tute of Ge ol ogy and Ge og ra -
phy, Vilnius and the Kiev Ra dio car bon Lab o ra tory, the
Ukraine. All to gether 11 bulk sam ples from the Bevardis and 3
from the Verpstinis cores were in ves ti gated. All dates used in
the manu script were cal i brated to cal en dar years BP us ing the
cal i bra tion curve of Reimer et al. (2004) within the cal i bra tion
soft ware OxCal v3.10 (Bronk Ramsey, 2001). 

Time scales were con structed on the ba sis of two-or der
poly no mial in ter po la tion be tween avail able con ven tional 14C

dates (the mid point of the ±1s) and biostratigraphical data in
case of the Verpstinis core. All ages are given as cal i brated
years be fore 1950 AD (cal yr BP).

LOSS-ON-IGNITION (LOI)

In or der to im prove the lithological de scrip tion, cal cium
car bon ate (CaCO3) and or ganic mat ter con tents were de ter -
mined for the Bevardis Lake core. The sed i ments were dried at
500°C for 4 h to ob tain the loss-on-ig ni tion (LOI). The de ter -
mi na tion of cal cium car bon ate con tent fol lowed Gedda (2001), 
and the amount of min eral mat ter was cal cu lated by elim i nat ing 
or ganic mat ter and car bon ate con tents from the to tal dry mat ter. 
In to tal, 133 sam ples were in ves ti gated.

RESULTS

LITHOLOGY AND LOI RESULTS

Lithological sub di vi sion is based on vi sual sed i ment in -
spec tion of the Bevardis and Verpstinis sec tions sup ple mented
with the LOI re sults in the case of the Bevardis core. The lower
part (755–885 cm) of the 885 cm long Bevardis sec tion con sists 
of a 30 cm long in ter val of min eral ma te rial (>95%; Fig. 2). The 
up per part of the core (15–755 cm) mainly con sists of or ganic
mat ter (up to 98%) with ad mix tures of CaCO3 (ca. 2–3%) at
cer tain in ter vals. 

Sim i larly, the 510 cm long Verpstinis core se quence is
made up of  terrigenous ma te rial at the bot tom (493–510 cm)
and organogenic sed i ments with ad mix tures of gyttja
(300–470 cm) from a depth of 470 cm up wards (Fig. 2). A thin
interlayer of gyttja was dis cov ered at a depth of 470–493 cm.

PALYNOLOGICAL RESULTS

The pol len data have been de scribed in terms of lo cal pol len 
as sem blage zones (LPAZ) based on vi sual and sta tis ti cal eval u -
a tions of the pol len spec tra. Eight LPAZ were es tab lished for
the Verpstinis (Ta ble 1 and Fig. 3) and six for the Bevardis pol -
len di a grams (Ta ble 2 and Fig. 4) re spec tively. 

PLANT MACROFOSSIL SURVEY

Four plant macrofossil zones (LMAZ) were de ter mined in 
the di a gram of the Bevardis core (Ta ble 3). The se lected taxa
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T a  b l e  1

Lo cal pol len as sem blage zones in Verpstinis Lake

LPAZ Depth [cm] De scrip tion

VP-8 100–140 Betula has a peak of 56.2% and AP sum stays high in this zone. Ar te mi sia and Calluna form con tin u ous curves. 
Num ber of broad-leaved trees de creased up wards. 

VP-7 140–247
Alnus (17.5%) cul mi nates in this zone and Betula in creases show ing 42.5%. The to tal AP sum reaches 95.7% 

and is the high est through out the di a gram. Num ber of broad-leaved pol len de creases ap proach ing
the up per bound ary of the zone. 

VP-6 247–327
Quercus (6%) cul mi nates in this zone and num ber of Picea in creases show ing up to 10%. Num ber of NAP de creased 

down to 3–4%. Rep re sen ta tion of Alnus and Betula is the low est through out the di a gram. 
Sum of NAP reaches up to 9%.

VP-5 327–418
De cid u ous spe cies e.g., Corylus (up to 10.4%), Alnus (up to 11.1%) and Tilia (up to 4.2%), es tab lished in this zone. 
Num ber of Picea in creases up wards (up to 9.7%) and Ulmus (up to 6.8%) cul mi nates in this zone. The to tal amount

of NAP as well as the num ber of iden ti fied spe cies is the low through out the zone. 

VP-4 418–455 Poaceae cul mi nates in this zone and shows 31.8%. Num ber of AP pol len in creases up wards in clud ing Corylus, 
Alnus and Ulmus form ing con tin u ous curves. 

VP-3 455–477 This zone is char ac ter ized by Picea cul mi na tion (up to 15%) along with re mark able rise
of Betula curve (up to 37.2%). Num ber of NAP de creased show ing about 14.6%.

VP-2 477–497
De ter mi na tion of this zone is based on the cul mi na tion of NAP (up to 26.2%) with Ar te mi sia pre dom i nat ing (11.4%). 

Si mul ta neously Juniperus in creased up to 15.2%. The to tal value of AP spe cies 
de creased when com pared with VP-1 and is about 73%. 

VP-1 497–502.5 Pinus cul mi nates in this zone show ing up to 82.6%. Betula reaches up to 18% and num ber
 of Alnus and Corylus is neg li gi ble. The to tal amount of NAP reaches 5.6% and that of AP – 94.1%. 
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Fig. 3. Per cent age pol len di a gram for the Verpstinis Lake sed i ment se quence

AP – ar bo real pol len, P + C – Poaceae and Cyperaceae, QM – quercetum mixtum, t. – type;

ana lysed by StančikaitÅ and Gaidamavičius (2007)



are shown on the di a gram (Fig. 5). The plant macrofossil taxa
(fruits, seeds, oo spores, nee dles and leaves) were grouped ac -
cord ing to their hab i tats, e.g., wa ter plants, plants of wet land,
xeromesophytes and par tic u lar group of trees and shrubs.

CHRONO- AND BIOSTRATIGRAPHY

The chro nol ogy of the in di cated en vi ron men tal vari a tions
is based on the re sults of 14C dat ing (Ta ble 4 and Fig. 6) and
biostratigraphical in for ma tion ob tained both on the re gional
and lo cal scales. 

Ac cord ing to the biostratigraphical data, the old est sed i -
ments are re corded in the bot tom part of the Verpstinis Lake
core, where abun dance of Pinus pol len (VP-1, Fig. 3) changed
to shrub/herb/grass com mu ni ties with a high amount of
Juniperus (VP-2, Fig. 3), sug gest ing ini tial de po si tion dur ing a
rel a tively warm cli mate stage fol lowed by rapid cli ma tic de te ri -
o ra tion. This palaeobotanical re cord cor re lates well with the
AllerÝd/Youn ger Dryas biostratigraphical bound ary
(KabailienÅ, 1993) dated back to ca. 12 600 cal yr BP in Lith u -
a nia (StančikaitÅ et al., 2008, 2009b). 

The de vel op ment of pol len spec tra in the Verpstinis Lake
core shows an in crease in Picea and Betula pol len and con com -
i tant de crease in NAP (VP-3, Fig. 3). The ear li est post-gla cial
im mi gra tion of spruce to east ern and north east ern Lith u a nia
was dated back to 10 798–10 491 cal yr BP ac cord ing to the
con ven tional 14C date or to 11 507–9739 cal yr BP ac cord ing to 
ac cel er a tor mass spec trom e try (AMS) in for ma tion (StančikaitÅ
et al., 2004, 2009b), thus sug gest ing a sim i lar age for the Picea
peak re corded in the Verpstinis Lake core (VP-3, Fig. 3). Since
the 14C data ob tained  (8180–7980 cal yr BP; Ta ble 4) is not in
agree ment with this chro no log i cal in for ma tion, it was re jected
from the age-depth model (Fig. 6). 

Ac cord ing to the 14C data (10 160–9980 cal yr BP,
Ki-10954; Ta ble 4), sed i men ta tion in Bevardis Lake started
be fore 10 000 cal yr BP. Organogenic strata started to form af -
ter 10 000 cal yr BP, to gether with the sud den rise in pol len
con cen tra tion. The rise was likely re lated to grow ing veg e ta -
tion cover due to im mi gra tion of new de cid u ous spe cies such
as Corylus at ca. 10 200–10 000 cal yr BP (BP-2, Fig. 4 and
VP-4, Fig. 3). 

The next stage of for est for ma tion co in cided with Ulmus
im mi gra tion (ca. 10 000 cal yr BP; VP-3, Fig. 3 and BP-2,
Fig. 4) fol lowed by Alnus (8200–8000 cal yr BP; BM-2, Fig. 5)
and other broad-leaved spe cies. Al though sparse, broad-leaved
spe cies were pres ent among the for est veg e ta tion un til
ca. 4000 cal yr BP (end of VP-6, Fig. 3). In the Bevardis Lake
pol len di a gram (BP-4a, Fig. 4), a low num ber of de cid u ous trees 
be tween 6200 and 4000 cal yr BP was fol lowed by a small peak 
dated to ca. 3800 cal yr BP (BP-4b, Fig. 4). 

Picea ap peared in the re gion at 7300–6800 cal yr BP
(Fig. 6) as seen in the Bevardis Lake pol len spec tra (BP-3,
Fig. 4). How ever, Picea seeds (BM-3, Fig. 5) were not dis cov -
ered in the sed i ments un til ca. 5000 cal yr BP (Fig. 6). In the
Verpstinis Lake en vi ron ment, the amount of Picea pol len
started to in crease at ca. 6800 cal yr BP (VP-5, Fig. 3). Ac cord -
ing to the 14C data ob tained, Picea  flour ished in the Labanoras
area un til ca. 2500–2000 cal yr BP (on set of BP-5, Fig. 4 and
BM-4, Fig. 5).

The up per most parts of both cores con sist of sed i ments de -
pos ited dur ing the last few thou sand years (Fig. 6). The pol len
and plant macrofossil data (VP-8, Fig. 3; BP-5, Fig. 4 and BM-4,
Fig. 5) shows that Pinus, Betula, Alnus and Corylus veg e ta tion
cov ered the en tire area near the lake rim. This in di cates no trace 
of hu man ac tiv ity. 
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T a  b l e  2

Lo cal pol len as sem blage zones in Bevardis Lake

LPAZ Depth [cm] De scrip tion

BP-5 25–320
Corylus shows some rise of the curve ap proach ing the up per limit of the zone (up to 12.4%) as well as Alnus (6.7%).

Num ber of Pinus pol len in crease up to 80.3% in this zone. Picea curve low ered to 3.2% with some rise
in the up per part of the zone. Num ber of broad-leaved trees de creased even more and NAP num ber is neg li gi ble. 

BP-4b 320–384 Picea (22.3%) cul mi nates in this zone and num ber of Betula (up to 17%), Corylus (up to 7.4%), Alnus (up to 10%)
and broad-leaved spe cies (up to 17.2%) in creases. Mostly of NAP taxa oc curred spo rad i cally. 

BP-4a 384–515
Num ber of the broad-leaved spe cies de creased in this zone while rep re sen ta tion of Pinus (up to 71.6%) and Picea

(up to 13.9%) in creased in com par i son with the pre vi ous one. Amount of Betula and Alnus de creased as well.
NAP sum is neg li gi ble in this zone.

BP-3 515–625

Broad-leaved spe cies e.g., Ulmus (up to 10%), Quercus (up to 5.5%) and Tilia (up to 5.7%) cul mi nates 
in this zone along side with Corylus (up to 12.4%) and Alnus (up to 13.5%). Num ber of Picea in creases

 up wards (up to 9%). The to tal amount of NAP as well as the num ber of iden ti fied spe cies
 is the low through out the zone. 

BP-2 625–755 Betula cul mi nates in this zone show ing 24.1%. Amount of Corylus and Ulmus pol len in creases up ward reach ing 9.7%
and 3.3% re spec tively. Num ber of NAP pol len de creased in com par i son with the pre vi ous zone. 

BP-1 755–879

De ter mi na tion of this zone is based on the high Pinus rep re sen ta tion (up to 80.2%). Betula reaches 22.9% 
in the up permost part of the zone. Alnus, Picea, Corylus and Ulmus are rep re sented con tin u ously while the rest AP taxa

oc cur spo rad i cally. Chenopodiaceae has a peak of 3.8% while other NAP spe cies are reg is tered 
in a sep a rated spec tra only. To tal sum of NAP reaches up to 13.4%.



DISCUSSION

The re sults ob tained pro vide in for ma tion on the post-gla -
cial veg e ta tion and en vi ron men tal his tory of the Labanoras Re -
gion, East Lith u a nia, and al lowed the in ter pre ta tion of re gional
veg e ta tion dy nam ics. 

Ac cord ing to the Verpstinis Lake pol len data, sed i men ta -
tion started here shortly be fore 12 600 cal yr BP or dur ing the
lat est AllerÝd Interstadial (Walker et al., 1999). The cli mate re -
gime, with high mean tem per a ture and hu mid ity, was fa vour -
able for pine-dom i nated for est. The ap pear ance of Pinus sug -
gests that the mean July tem per a ture was higher than +12°C
(Kultti et al., 2006). The flour ish ing of pine may in di cate se -
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Fig. 4. Per cent age pol len di a gram for the Bevardis Lake sed i ment se quence

For ex pla na tions see Fig ure 3; ana lysed by StančikaitÅ and Gaidamavičius (2007) 



vere con di tions, par tic u larly in win ter, i.e. in creas ing
continentality (Walker, 1995). The for ma tion of open, pine or
pine-birch dom i nated for est was re corded in ar eas along the
east ern mar gin of the Late Weichselian ice sheet dur ing the
AllerÝd (Zernitskaya, 1995; Veinbergs and Jakubovska, 1999;
Ralska-Jasiewiczowa et al., 2004; StančikaitÅ et al., 2004,
2009a; Saarse et al., 2009; Heikkilä et al., 2009; Wacnik, 2009; 
Amon et al., 2010; Novik et al., 2010). In some ar eas of south -
east ern Lith u a nia (StančikaitÅ et al., 1998) and East ern Lat via
(Heikkilä et al., 2009), grow ing spruce was form ing a denser
veg e ta tion cover. At the same time the dis tri bu tion of the
light-de mand ing spe cies Juniperus, Ar te mi sia and
Chenopodium in di cated the ex is tence of open ar eas. The lat ter
pro vided a source for terrigenous ma te rial trans ported into lake
bas ins, as it was re corded in the Verpstinis Lake core where
light grey gyttja with silt ac cu mu lated (Fig. 2). 

Veg e ta tion changed con sid er ably in the area af ter ca. 12
600 cal yr BP. Rep re sen ta tives of light-de mand ing spe cies
Juniperus and Selaginella selaginoides as well as pi o neer taxa
Chenopodium and Helianthemum flour ished here. The veg e ta -
tion pat tern in di cated a cli ma tic sit u a tion sim i lar to the GS-1d
event (Lowe et al., 2008) or Youn ger Dryas cool ing. The
amount spruce (Picea) pol len in creased and reached 5.8% in
the late Youn ger Dryas, while the amount of two ma jor rep re -
sen ta tives of the AllerÝd for est, birch and pine, de creased con -
sid er ably. The post-gla cial chro nol ogy as well as the mi gra tion
pat tern of spruce has been long dis cussed (Moe, 1970; Hafsten, 
1992; Giesecke and Bennett, 2004; Giesecke, 2005; Latałowa
and van der Knaap, 2006), how ever, new in for ma tion on its
his tory in the east ern Bal tic and neigh bour ing re gions was ob -
tained re cently. In SE Lith u a nia, Picea sp. seeds were found in
de pos its of AllerÝd age (StančikaitÅ et al., 1998), and be came
es tab lished in West ern Lith u a nia in the late Youn ger Dryas,
(StančikaitÅ et al., 2008). The pol len and plant macrofossils
show an early Ho lo cene, ca. 11 507–10 790 cal yr BP, im mi -
gra tion of this tree into north ern and north east ern Lith u a nia
(StančikaitÅ et al., 2004, 2009b). Sim i larly, the stomatal and
plant macrofossils showed spruce ex pan sion at ca. 12 900–11
700 cal yr BP into east ern (Heikkilä et al., 2009) and briefly be -

fore 10 200 cal yr BP into Cen tral (Kangur et al., 2009) Lat via.
Spruce had al ready ar rived  in the Late Gla cial and early Ho lo -
cene even in Scan di na via (Kullman, 2000, 2002; Segerström
and Stedingk, 2003; Giesecke, 2005). How ever, in North ern
Es to nia where spruce pol len were dis cov ered in AllerÝd de pos -
its, “Picea macroremains have not been found in the Haljala se -
quence, the pres ence of Picea at the end of the AllerÝd still re -
mains open...” (Saarse et al., 2009). A fact that spruce ar rived
into the Labanoras en vi rons shortly be fore 11 500 cal yr BP
cor re lates very well with the re gional pat tern (Fig. 7). The pres -
ence of Picea sug gests that a con ti nen tal cli mate with warm
sum mers (about 10–13°C) and moist soil con di tions (Giesecke
and Bennett, 2004) pre dom i nated in the re gion dur ing the fi nal
stages of the Younger Dryas.

Pol len data sug gest re mark able veg e ta tion changes in the
area dur ing the ini tial stages of the Ho lo cene. The birch and
spruce for est de vel op ment cul mi nated at ca. 11 200–10 800 cal
yr BP. The peak was fol lowed by birch, pine and de cid u ous
Ulmus and Corylus ex pan sion. As sug gested by Giesecke et al.
(2008) �...the dis ap pear ance of Picea pol len in the be gin ning of 
the Ho lo cene and the re advance of Betula–Pinus for est may in -
di cate that the shift from the Youn ger Dryas was fore most a
shift in win ter tem per a tures and from a con ti nen tal cli mate dur -
ing the Youn ger Dryas to a more oce anic cli mate in the early
Ho lo cene”. Si mul ta neously the num ber and va ri ety of herbs,
shrubs and grasses grad u ally de creased in di cat ing con sol i da -
tion of the veg e ta tion cover. This cli ma tic ame lio ra tion caused
the de po si tion of peat with gyttja in Verpstinis Lake. The bi o -
log i cal pro duc tiv ity in creased, and the lake be came partly over -
grown. Sim i larly, Bevardis Lake started to con vert into a bog
with the de po si tion of peat af ter 10 000 cal yr BP. 

Early Ho lo cene cli ma tic warm ing was fol lowed by the in -
tro duc tion of new de cid u ous spe cies. The ear li est re corded pol -
len peaks of Corylus, Ulmus and Alnus re flected the re gional
rather than a lo cal dis tri bu tion pat tern. Corylus was the first to
ap pear in the area at ca. 10 200–10 000 cal yr BP. It aly and
West ern France were ma jor ref uge ar eas for this faxon dur ing
the Last Gla ci ation, al though there are also in di ca tions of this
plant on the Hun gar ian Plain (Bennett et al., 1991). Ha zel
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T a  b l e  3

Plant macrofossil zones in Bevardis Lake

LMAZ Depth [cm] De scrip tion

BM-4 45–330
Dom i nant of this zone is Pinus. It to gether with scat tered re mains of Picea and Betula reach from 40 up to 100% 

of all finds. Water plant taxa oc cur spo rad i cally and their re mains are neg li gi ble. Carex spe cies are main com po nent
of group of wet land plants and Carex nigra pre dom i nate among them.

BM-3 330–515

Trees pre dom i nate in this zone. Pinus cul mi nates there along side with Betula sect. Albae. Finds of Picea 
are reg is tered in the up per part of zone. Wa ter plants are rep re sented by con tin u ous finds of Chara, Nymphaea alba 

and sev eral re mains of other spe cies (e.g.,  Nuphar lutea, Najas flexilis, Sparganium erectum, S. natans, Potamogeton).
Dif fer ent spe cies of Carex rep re sent group of wet land plants in this zone. 

BM-2 515–690

Re mains of wa ter plants cul mi nate in this zone and finds of Chara pre dom i nate among them. Big amount of plant
macroflora com pose of tree re mains. Pinus dom i nates in this zone. Scatered fruits of Betula sect. Albae and Alnus glutinosa 

are reg is tered too. Sphag num, Bryales and Carex are rep re sented con tin u ously while the rest taxa
of wet land (e.g., Comarum palustre, Eupatorium cannabinum) oc cur spo rad i cally.

BM-1 690–845
De ter mi na tion of this zone is based on the high Sphag num rep re sen ta tion (it com posed mine part of sed i ments). 

Re mains of other plants are scat tered. Menyanthes tri foli ata and some spe cies of Carex are reg is tered in the lower 
most and up per most part of this zone. 



which is very com mon in early for est de vel op ment may grow
on dif fer ent soils as com pared to thermophylous taxa (Hunt ley
and Prentice, 1993). There fore Corylus could spread eas ily in
the study area where sandy hab i tats pre dom i nated. The early
Ho lo cene im mi gra tion of this tree to north east ern Po land was
dated to ca. 9450 cal yr BP (Wacnik, 2009), while it ar rived to
Es to nia be fore 10 000 cal yr BP (Saarse, 2004). In cen tral and

north west ern Belarus Corylus ap peared at ca. 9700 cal yr BP
(Zernitskaya and Kolkovskij, 2003; Novik et al., 2010). Pos si -
ble mi gra tion routes for this tree to the east ern Bal tic re gion
from the south-west and west (Miotk-Szpiganowicz et al.,
2004; Saarse, 2004) ex plain the re corded dif fer ences of the im -
mi gra tion chro nol ogy (Fig. 7). 
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Fig. 5. Plant macrofossil di a gram for the Bevardis Lake sed i ment se quence

br. – branch, ed. – endocarp, fr. – fruit, lv. – leaf, nd. – nee dle, oo. – oospore, sc. – scale, sd. – seed; ana lysed by KisielienÅ (2010)



Ash trees fol lowed ha zel in the area in ves ti gated. Even
though Ulmus ap peared as one of the first de cid u ous trees dur -
ing the ini tial stages of the Ho lo cene in Lith u a nia (KabailienÅ,
2006) and neigh bour ing coun tries (Ralska-Jasiewiczowa and
Latałowa, 1996), this plant im mi grated to the Labanoras area
not ear lier than ca. 10 000 cal yr BP. The lat ter fact can be ex -
plained by pre dom i nance of poor sandy soils in the study area
while this taxon is very vul ner a ble to drought and re quires
moist and fer tile soil (Grime et al., 1986). Ulmus ex panded
from south east ern Eu rope sug gest ing its ref uge had been in
South ern and Cen tral Eu rope (Rudner and Sümegi, 2001; Wil -
lis and Tjeerd, 2004) in clud ing the Hun gar ian Plain (Wil lis et
al., 2000) and the East ern Carpathians (Björkman et al., 2002,
2003). In NE Po land the ar rival of Ulmus is dated at ca.
94 50 cal yr BP (Wacnik, 2009), in north west ern Belarus at ca.
10 200–9700 cal yr BP (Novik et al., 2010), and in Lat via at ca. 
10 000–9500 cal yr BP (Ilves and Medne, 1979), in di cat ing
over all cli ma tic ame lio ra tion, for ma tion of fer tile soils and in -
creas ing hu mid ity. How ever, in West ern Es to nia the ear li est re -
cords of Ulmus were dated at 10 700–10 800 cal yr BP sug gest -
ing a west ern im mi gra tion path way (Veski, 1998). 

Alnus was the last de cid u ous tree which im mi grated to the
Labanoras Re gion dur ing the early Ho lo cene. It is still widely
ac cepted that in this part of Eu rope Alnus was es tab lished in
the early Ho lo cene; how ever, re cent pub li ca tions on pol len
and plant macrofossil data sug gest a Late Gla cial age of this
tree in West ern Lith u a nia (StančikaitÅ et al., 2008) and North -
ern Po land (Latałowa and Borówka, 2006). Such early es tab -
lish ment of Alnus in the west ern part of the Bal tic re gion may
im ply a mi gra tion route from the west. The west ern mi gra tion
route sheds light on the his tory of Alnus in Es to nia where al -
der was es tab lished at ca. 9500 cal yr BP, or even ear lier de -
pend ing on the site and re gion (Veski, 1998; Saarse et al.,
1999). Fur ther more this chro nol ogy fits very well with the

his tory of Alnus in north west ern Lith u a nia where al der was
dated at ca. 9000–8800 cal yr BP (StančikaitÅ et al., 2006).
Ev i dently, the west ern route of al der ex pan sion as well as its
post-gla cial chro no log i cal frame work has to be stud ied more
care fully in the Bal tic re gion. 

Alnus ap peared in the Labanoras area and all of East ern
Lith u a nia at ca. 8200–8000 cal yr BP, al most at the same time
as in north east ern Po land where the ear li est pol len peaks were
dated back to 8160 cal yr BP (Wacnik, 2009). Al der was es tab -
lished some what ear lier in Lat via, i.e. at ca. 8800–8600 cal yr
BP (Ilves and Medne, 1979), and even ear lier in Belarus. In
south west ern Belarus, the ear li est peak of the Alnus pol len
curve was dated back to ca. 9400–9300 cal yr BP, while in the
north west ern part the amount of al der pol len in creased con sid -
er ably at ca. 8600 cal yr BP (Novik et al., 2010). Since the re -
sults of DNA anal y sis show that the ma jor ity of north and cen -
tral Eu ro pean ar eas were oc cu pied by al der de rived from the
Carpathian refugia (Środoń, 1981; King and Fer ris, 1998), its
im mi gra tion to Bal tic coun tries via Belarus is eas ily ex pli ca ble.
In our opin ion, the Alnus his tory was mainly in flu enced by lo -
cal fac tors such as the qual ity of soil, num ber of suit able hab i -
tats and hy dro log i cal con di tions in the Labanoras area. Poor
sandy soils, typ i cal for the mar ginal area of the Weichselian
Gla ci ation, of the Labanoras Re gion were highly un suit able for  
the early im mi gra tion and pros per ity of this tree. 

The ex pan sion of Alnus, Corylus and Ulmus was fol lowed
by the time-transgressive im mi gra tion of Tilia which was re -
corded in the Labanoras area be tween 7700 and 7400 cal yr BP. 
This tree pre fers hab i tats with rich, min eral-humic soils, quite
dif fer ent from those in the study area, which is why the amount
of Tilia pol len is rather low in the both di a grams (Figs. 3 and 4). 
More over is highly pos si ble that the ear li est pol len grains dated
back to ca. 8000 cal yr BP orig i nated at quite a long dis tance.
The south ern part of Ro ma nia and the Hun gar ian Plain
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T a  b l e  4

 14C uncalibrated (BP) and cal i brated (cal yr BP) dates from Bevardis and Verpstinis

No. Depth [cm] 14C [yr BP] Cal i brated age [cal yr BP]
(68.2%) Lab o ra tory code Dated ma te rial

Bevardis Lake

1 150–155 940 ±120 960–730 Vs-1430

bulk or ganic

2 205–210 1730 ±190 1870–1410 Vs-1448

3 255–260 2050 ±130 2160–1870 Vs-1431

4 305–310 2340 ±150 2700–2150 Vs-1428

5 355–360 2770 ±200 3250–2700 Vs-1434

6 385–390 3630 ±170 4250–3700 Vs-1429

7 480–485 5470 ±240 6500–5900 Vs-1435

8 540–550 6420 ±100 7430–7250 Vs-1959

9 650–655 6620 ±310 7850–7150 Vs-1968

10 660–665 7030 ±280 8200–7600 Vs-1951

11 750–755 8830 ±120 10.160–9980   Ki-10954

Verpstinis Lake

1 240–245 3480 ±250 4100–3450 Vs-1449

bulk or ganic2 405–410 5900 ±250 7050–6400 Vs-1450

3 470–475 7270 ±100 8180–7980 Ki-11400



(Björkman et al., 2003) have been in di cated as pos si ble refugia
ar eas of this taxon dur ing the Last Gla ci ation. The ear li est im -
mi gra tion of lime, dated back to 9200–9600 cal yr BP, was re -
corded in north west ern Belarus (Novik et al., 2010) and shortly 
later, at 8500–8000 cal yr BP, Tilia started to ex pand into
south east ern Es to nia (Niinemets and Saarse, 2009) and East ern 
Lat via (Ilves and Medne, 1979). Nearly at the same time, i.e. at
ca. 8160 cal yr BP, this plant reached north east ern Po land
(Wacnik, 2009). Such a rel a tively late im mi gra tion of lime to
north east ern Po land and the de layed ar rival of this taxon to the
Labanoras area were de ter mined by lo cal con di tions, e.g., lack
of the proper hab i tats, rather than by the re gional fea tures. The
dis tri bu tion of lime de pends very much on the de gree of cli -
mate continentality (Kupryjanowicz et al., 2004) which may
have in creased due to the 8200 cal yr BP cli ma tic re ver sal
caused by cold win ters, hu mid sum mers and strong sea sonal
con trasts (Seppä et al., 2005). 

Quercus and Fraxinus were the last broad-leaved spe cies
es tab lished in the area in ves ti gated. In the Verpstinis pol len di -
a gram (Fig. 3), the ra tio nal limit of the Quercus pol len curve
was re corded at ca. 5200 cal yr BP. At that time the pro por tion
of Quercus pol len ex ceeded 2% in di cat ing its lo cal or i gin
(Hunt ley and Birks, 1983). In ad di tion, the low level of ash pol -
len con firms the fact that both trees were in sig nif i cant in the lo -
cal for est com mu nity. The em pir i cal limit of ash was dated at
ca. 5500 cal yr BP. How ever, the palaeobotanical data shows
that Quercus and Fraxinus were es tab lished much ear lier else -
where in the re gion. For ex am ple, in north east ern Po land they
were es tab lished at ca. 8160 cal yr BP (Wacnik, 2009), in
south east ern Es to nia at ca. 8500–8000 cal yr BP (Niinemets
and Saarse, 2009), whereas in North ern Es to nia oak did not ap -
pear un til ca. 6700 cal yr BP (Saarse and Veski, 2001). Oak im -
mi grated to East ern Lat via at ca. 8100–8000 cal yr BP (Ilves
and Medne, 1979). The ear li est finds of Quercus pol len were
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Fig. 6. Age-depth curves for the sed i ments of the Bevardis and Verpstinis lakes



dated back to 9500–9400 cal yr BP in the cen tral part of
Belarus (Elovicheva and Bogdel, 1987) and back to ca. 8600
cal yr BP in the north east ern part of the coun try (Novik et al.,
2010). Pre sum ably both trees im mi grated from the south-east
or south that co in cides with the two mi gra tion routes es tab -
lished on a Eu ro pean scale (Milecka et al., 2004). It should be
pointed out that the ex pan sion of these trees to North ern Eu -
rope has mainly been con trolled by the cli ma tic fac tors dur ing
the ini tial stages of the col o ni za tion; how ever, the im por tance
of sec ond ary fac tors in clud ing lo cal to pog ra phy, hy drol ogy,
qual ity of soil cover and so on in creased later. The Ho lo cene
ther mal max i mum, which started at ca. 8000 cal yr BP (Seppä
and Poska, 2004), was gen er ally re spon si ble for the ex pan sion
of these trees to the east ern Bal tic re gion, while the de layed ex -
pan sion of oak to the Labanoras area may have been de ter -
mined more by sec ond ary fac tors, e.g., scar city of soil cover
and lack of suit able hab i tats.

Flour ish ing of broad-leaved for est is the next im por tant
fac tor which char ac ter izes the veg e ta tion his tory in the re gion
through out the Ho lo cene. Un doubt edly the Ho lo cene ther mal
max i mum dis tin guished at 8000–4500 cal yr BP (Seppä and
Poska, 2004) played a lead ing role in this pro cess. The pol -
len-strati graphi cal data re flect pro gres sively warmer and drier
sum mers at that time that may be in ter preted as in di ca tions of
in creas ing cli ma tic continentality (Seppä and Poska, 2004).
The broad-leaved for est reached its de vel op ment max i mum at
ca. 7400–5100 cal yr BP in Es to nia (Saarse and Veski, 2001).
In the north east ern part of Po land, the thermophilous trees at -
tained the op ti mum of their Ho lo cene de vel op ment be tween
7300 and 6000 cal yr BP (Kupryjanowicz, 2007). The
Quercetum mixtum pol len sum shows that these trees were

pres ent in the Labanoras area from 7400 to 4200 cal yr BP. Ev i -
dently, the pros per ing of the broad-leaved for est started nearly
si mul ta neously through out the re gion while its de cline dif fers
in time and may have been caused by both nat u ral and
anthropogenic fac tors. In case of Labanoras, this re ces sion was
co in ci dent with the cool ing that fol lowed the Ho lo cene ther mal
max i mum briefly af ter 4500 cal yr BP. In north west ern
Belarus, the first elm de cline was dated back to ca. 5700 cal yr
BP fol lowed by the lime and oak re ces sion be tween 4700 and
4500 cal yr BP (Novik et al., 2010). In Es to nia, the grad ual re -
treat of broad-leaved trees caused by cli ma tic and
anthropogenic fac tors as well as by fun gal dis eases started even 
ear lier at ca. 6300–5700 cal yr BP (Saarse and Veski, 2001). 

The de cline of broad-leaved spe cies was fol lowed by the
pros per ing of shady for est where Picea gained a re newed im -
por tance. The amount of Picea pol len is low in the Bevardis
and Verpstinis di a grams (Figs. 3 and 4), while the amount of
spruce in creased from ca. 7300–6800 cal yr BP on wards. The
chro no log i cal frame work is sim i lar to that in West ern Lith u a -
nia where the pol len data sug gests a neg li gi ble in put of spruce
by 7400–7300 cal yr BP (StančikaitÅ  et al., 2006). Spruce
re-ap peared some what ear lier in the neigh bour ing ar eas, i.e. at
ca. 8800 cal yr BP in north west ern Belarus (Novik et al., 2010)
and at ca. 8400 cal yr BP in south east ern Es to nia (Saarse, 2004) 
and East ern Lat via (Ilves and Medne, 1979). This early ap pear -
ance of spruce in the east ern part of the re gion fits well with the
E–W and NE–SW im mi gra tion routes of this tree in di cated in
Latałowa and van der Knaap (2006). How ever, the ap pear ance
of Picea in the Suwałki Lake Dis trict, north east ern Po land, at
ca. 5700–5900 cal yr BP in di cates a re mark able de lay
(Obidowicz et al., 2004; Kupryjanowicz, 2007). We as sume
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Fig. 7. Sum mary chart of tree im mi gra tion to the re gion 

C – cen tral part, E – east ern, W – west ern, NW – north west ern, NE – north east ern, S – south ern, SW – south west ern parts of the coun tries



that Picea im mi grated later there be cause of lo cal fac tors such
as soil con di tions and lack of fa vour able sites in the mar ginal
area of Weichselian Gla ci ation. Gen er ally the re-es tab lish ment
of Picea in the re gion is close in time with the so-called “8.2”
cli ma tic event dated back to 8600–8000 cal yr BP (Seppä and
Poska, 2004). This short-lasted cli ma tic de te ri o ra tion may have 
lim ited the ex pan sion of de cid u ous trees, pro vid ing space for
the spruce. Fur ther more, the de vel op ment of spruce for est may
pos si bly be a re sponse to a wet and cool cli mate with colder and 
snow ier win ters (Seppä and Poska, 2004). Spruce dom i nated
wood land in the Labanoras area un til ca. 2400–2200 cal yr BP.
The area was cov ered with dense shady for est and ex pe ri enced
a gen er ally sta ble cli ma tic re gime. The pros per ing of spruce
ended some what ear lier in the neigh bour ing re gions, i.e. at
ca. 3000 cal yr BP in south east ern Es to nia (Niinemets and
Saarse, 2009) and north east ern Po land (Obidowicz et al.,
2004). This wide spread late Ho lo cene spruce de cline caused by 
the in creas ing hu man im pact and cli mate change was re corded
in west ern ar eas of Cen tral and East ern Eu rope (Latałowa and
van der Knaap, 2006). 

Dur ing the last two thou sand years, the ear lier dom i nance
of spruce and broad-leaved spe cies ended, and the di ver sity of
the lo cal for est in creased con sid er ably. The pol len data in di cate 
that Betula, Pinus, Corylus and Salix as well as herbs and
grasses gained more ground in the area. The dis tri bu tion of the
ce re als Cerealia and Triticum and ruderals such as Ar te mi sia
and Chenopodiaceae points to wards a hu man pres ence in the
area even though this im pact was neg li gi ble, and the de vel op -
ment of veg e ta tion was driven mostly by nat u ral factors. 

CONCLUSIONS

The re sults of multiproxy (pol len, plant macrofossils, 14C
and LOI) stud ies has re vealed the pat tern of evo lu tion of the
palaeoenvironment in the Labanoras area (East ern Lith u a nia)
dur ing the post-gla cial in ter val. 

Dur ing the AllerÝd Interstadial, the development of for est
cover started with Pinus and Betula stands in the area. De spite
the fact that tun dra-dom i nated veg e ta tion ex isted in the area
through out the Youn ger Dryas cool ing, an in flux of Picea was

re corded shortly be fore 11 500 cal yr BP sug gest ing a rise in the 
mean tem per a ture ac com pa nied by in creas ing hu mid ity.
Spruce de clined shortly af ter the on set of the Ho lo cene, and ha -
zel was the first newly es tab lished de cid u ous tree in the area.
Corylus ar rived at ca. 10 200–10 000 cal yr BP and was fol -
lowed by Ulmus at ca. 10 000 cal yr BP. They were es tab lished
here later than in the rest of Lith u a nia, this be ing likely de ter -
mined by lo cal fac tors such as poor sandy soils typ i cal for mar -
ginal ar eas of the Late Weichselian Gla ci ation. Alnus ar rived
and started to ex pand along with the above-men tioned spe cies
at ca. 8200–8000 cal yr BP, though its rep re sen ta tion was
rather low in the area through out the Ho lo cene. Tilia ap peared
at ca. 7700–7400 cal yr BP, while Fraxinus with Quercus were
es tab lished even later at ca. 5500 and ca. 5200 cal yr BP re -
spec tively. The time-transgresive, de layed im mi gra tion and
low abun dances of these broad-leaved taxa were caused by
scarse soil cover and lack of suit able hab i tats. Nev er the less,
broad-leaved trees were pres ent in the Labanoras for ests un til
ca. 4000 cal yr BP, likely be cause of gen er ally warm and hu mid 
con di tions. How ever, some cli ma tic in sta bil i ties at
ca. 7300–6800 cal yr BP may have fa voured Picea ex pan sion
in the re gion. Spruce dom i nated the wood land un til
ca. 2400–2200 cal yr BP in the Labanoras sur round ings. Dur -
ing the last few thou sand years, both the de cline of spruce and
sub se quent for ma tion of a Betula- and Pinus-dom i nat ed for est
were driven by nat u ral fac tors be cause the mi nor traces of  hu -
man im pact on the both di a grams show only neg li gi ble hu man
ac tiv ity in the area. 
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