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Ab stract
The main phases of the Late Gla cial and Ho lo cene de vel op ment of veg e ta tion in the Wigry Na tional Park were re con -
structed based on the pol len anal y sis of sed i ments from three small dystrophic lakes (Lake Suchar Wielki, Lake
Suchar II and Lake Œlepe). At the cur rent stage of re search, the age of the stud ied de pos its was de ter mined by AMS ra -
dio car bon dat ing of few sam ples only. This meant that the chro nol ogy of the in ves ti gated pro files had to be es ti mated
also in di rectly us ing their palynological cor re la tion with a ra dio met ri cally well-dated pro file from Lake Wigry. The
ob tained pol len data con firmed the pic ture of the postglacial veg e ta tion changes of the Wigry Na tional Park, which
was based on ear lier stud ies of Lake Wigry. Fur ther more, it doc u mented the ex is tence, mainly in the Preboreal and At -
lan tic chronozones, of tem po rary changes in veg e ta tion, which might be a re ac tion to a short-lived cold fluc tu a tions of
cli mate.
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IN TRO DUC TION

The de gree of knowl edge on postglacial veg e ta tion de -
vel op ment in the Suwa³ki re gion, as for the en tire north-east -
ern Po land, is still not sat is fac tory (Ralska-Jasiewiczowa et
al., 2004, Kupryjanowicz 2008). The palaeobotanical re -
search in this area started in the first half of the 20th cen tury
(Osinki I and II, Krzywe, Suchar Dembowskich, Zak¹ty –
O³tuszewski 1937), and then con tin ued in the sec ond half of
this cen tury (Krusznik – Stasiak 1971), how ever, from the
point of view of con tem po rary stan dards of palaeo eco logi cal
re searches, all of these stud ies are only of his tor i cal value.
Solely the re sults of re cent palaeobotanical stud ies con -
ducted in the last de cade, which have been sup ported by
many ad di tional palaeo eco logi cal an a lyzes, can be used to
carry out the mod ern palaeo eco logi cal re con struc tions (Lake 
Wigry – Kupryjanowicz 2007, Kupryjanowicz and Juroch-
nik 2009, Rutkowski and Krzysztofiak 2009; Lake Hañcza –
Lauterbach et al., 2010; Lake Szurpi³y – Tylmann et al.,
2011; Lake Linówek – Ga³ka and Tobolski 2013). Even
these, how ever, do not pro vide a com plete pic ture of the
changes. The pro file from Lake Wigry – the larg est wa ter
body in the Wigry Na tional Park, while it al lowed to re con -
struct the main stages of postglacial suc ces sion of veg e ta tion
in the re gion (Kupryjanowicz 2007), yet for the Late Gla cial
and Early Ho lo cene pro vided a very low res o lu tion of the re -
cord of en vi ron men tal changes (ev ery 200–300 years). In the

pro file from Lake Szurpi³y, the biogenic sed i men ta tion was
in ter rupted at the be gin ning of the At lan tic pe riod by the ac -
cu mu la tion of a thick (about 1 m) layer of sand not con tain ing 
pol len (Tylmann et al., 2011). In the pro file from Lake
Hañcza there is a sed i men ta tion hi a tus, cov er ing al most
whole the mid dle Ho lo cene (Lauterbach et al., 2010). There -
fore, fur ther stud ies are needed to com ple ment the ex ist ing
de fi cien cies.

From few years the De part ment of Bot any at the Uni ver -
sity of Bialystok has been con duct ing an in ter dis ci plin ary
palaeo eco logi cal re search of sev eral dystrophic lakes lo cated 
within the Wigry Na tional Park (Drzymulska and Kupryja-
nowicz 2012, Drzymulska 2012, Drzymulska et al., 2013a,
b, c, Fi³oc 2013a, b, Fi³oc and Kupryjanowicz 2013a, b). The
study in cludes a lot of as pects of the his tory of the ex am ined
lakes. A part of the pro ject is a pol len anal y sis of sed i ments
from three wa ter bod ies – Lake Œlepe, Lake Suchar Wielki
and Lake Suchar II. Its main pur pose is to re con struct the
veg e ta tion changes both around and within stud ied wa ter
bod ies un der the in flu ence of the cli mate changes that have
been tak ing place over the last ca. 12 thou sand years. In this
pa per we pre sented the pre lim i nary re sults of these stud ies,
which made it pos si ble to re con struct the main stages of veg -
e ta tion de vel op ment in the Wigry Na tional Park dur ing the
Late Gla cial of Vistulian and the Ho lo cene. These data were
con fronted with the prior knowl edge of the post gla cial veg e -
ta tion de vel op ment in the Suwa³ki re gion.



STUDY AREA

Lake Œlepe (LS), Lake Suchar II (LSII), and Lake Suchar 
Wielki (LSW) are lo cated in the Wigry Na tional Park
(WNP), north-east ern Po land (Fig. 1). The two phys i cal-geo -
graph ical mesoregions, the East Suwa³ki Lakeland and the
Augustów Up land, oc cur in this part of Po land, and both are
in cluded in the Lith u a nian Lakeland (Kondracki 1994). The
ter rain of this area was shaped dur ing the Pom er a nian phase
of the main stadial of the Vistula Gla ci ation (Marks 2002).
The cli mate of this area is tem per ate tran si tional with a ten -
dency to ward con ti nen tal. This area is char ac ter ized by the
most se vere cli ma tic con di tions across the low land parts of
the coun try (Krzysztofiak and Olszewski 1999). Not far from 
the Wigry Na tional Park there are the range lim its of many
plant spe cies, mainly trees (e.g. Picea abies, Taxus baccata,
Acer pseudoplatanus, Quercus sessilis, Fagus sylvatica),
shrubs (e.g. Salix lapponum) and dwarf shrubs (e.g. Rubus
chamaemorus) (Szafer and Zarzycki 1977). These all plants
oc cur here on the bor der of their eco log i cal tol er ance.

METH ODS

Field works

The drill ing in deep spots of all the lakes was car ried out
us ing the Wiêckowski’s probe with a length of 110 cm and a
di am e ter of 5 cm. Cores of bot tom sed i ments with the thick -
ness of  9.60 m (Lake Suchar Wielki), 5.95 m (Lake Suchar
II) and 5.18 m (Lake Œlepe) were col lected. It was nec es sary

to sup ple ment the col lected pro files with top lay ers of highly
liq ue fied sed i ments that could not be col lected with a Wiêc-
kowski’s probe. The miss ing sed i ments from Lake Suchar
Wielki – 0.50 m and from Lake Œlepe – 0.23 m were col lected 
us ing the Kajak probe. The sed i ments from Lake Suchar II
were not col lected yet.

Age of sed i ments

The age of the 4 sam ples of sed i ments from Lake Suchar
Wielki and 1 sam ple of sed i ments from Lake Suchar II was
de ter mined by AMS ra dio car bon method (Tab. 1). OxCal
4.2.3 on line soft ware (Bronk Ramsey 2009) was used to cal i -
brate the ra dio car bon age of the sam ples. Due to a very small
num ber of ra dio car bon age de ter mi na tions in the stud ied pro -
files, the chro nol ogy of events re corded in these pro files has
been de ter mined also in di rectly, based on a sim i lar ity be -
tween pol len spec tra with the ra dio met ri cally well-dated pro -
file from the nearby Lake Wigry (Kupryjanowicz 2007). The
age of the sed i ments de ter mined thus was com pared with
AMS ra dio car bon dat ing (Fig. 2).
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Fig. 1. Lo ca tion of stud ied lakes. * – places of the corings.

Ta ble 1
Ra dio car bon dat ing of the an a lyzed sed i ments.

Core
Depth

[m]
Dated

material
Age 14C
(yrs BP)

Cal i brated age (cal.yrs BP)

range 68.2% range 95.4%

SW 10.42 plant re mains 3,170±25 3,443–3,404 3,449–3,359

SW 13.82 sed i ment 7,820±35 8,629–8,560 8,704–8,521

SW 15.02 plant re mains 8,560±50 9,550–9,495 9,627–9,470

SW 15.74 sed i ment 9,640±45 11,172–10,827 11,189–10,785

SII 12.17 sed i ment 10,120±30 11,916–11,626 11,987–11,508

 SW – Lake Suchar Wielki, SII – Lake Suchar II

Ta ble 2
Li thol ogy of an a lyzed pro files. Depths are counted from

the wa ter sur face

Depth [m] Sed i ment de scrip tion

Lake Suchar Wielki 

7.57–16.74 dy

16.74–16.77 sand with shells

16.77–16.80 fine-de tri tus gyttja

16.80–16.86 sand with shells

16.86–16.94 cal car e ous gyttja

16.94–17.06 clay with sand

Lake Suchar II 

6.50–12.20 dy

12.20–12.32 silt

12.32–12.42 peat-like sed i ment

12.42–12.51 sand with shells and gravel

12.51–12.55 silt

12.55–12.60 sand with shells and gravel

Lake Œlepe

0.75–5.73 dy

5.73–5.80 silt

5.80–6.23 sand with shells and gravel

6.23–6.40 gravel



Pol len anal y sis

Sam ples for pol len anal y sis were taken ev ery 2 cm. The
sam ples were sub ject to mac er a tion ap ply ing the method of
Erdtman’s acetolysis (Faegri and Iversen 1975). The prep a -
ra tion of the sam ples and their mi cro scopic anal y sis were
car ried out in ac cor dance with the stan dard pro ce dure (Berg-
lund and Ralska-Jasiewiczowa 1986).

In each sam ple, at least 500 sporomorphs were counted.
Pol len and spores were iden ti fied us ing sev eral keys (e.g.
Moor et al., 1991; Beug 2004). The per cent age value of each
pol len taxon has been cal cu lated in re la tion to the to tal sum of 
trees and shrubs pol len (AP) and her ba ceous plants pol len

(NAP), ex clud ing pol len of lo cal plants, limnophytes and
telmatophytes. The re sults are pre sented as per cent age pol len 
di a grams pre pared with POLPAL 2004 ver. 2011 soft ware
(Walanus and Nalepka 1999; Nalepka and Walanus 2003).
The di a grams were di vided into lo cal pol len as sem blage
zones (L PAZ) (Figs 3–5) with the use of CONISS
(POLPAL) ap pli ca tion re sults.

RE SULTS

The an a lyzed cores had been shortly de scribed dur ing
the field works, and then com pleted af ter clean ing them in the 
lab o ra tory (Tab. 2).
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Fig. 2. Cor re la tion of the pol len re cord from stud ied lakes and from Lake Wigry.
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Ta ble 3
Char ac ter iza tion of the lo cal pol len as sem blage zones (L PAZ) dis tin guished in the an a lyzed pro files

Sym bol and name Depth [m] De scrip tion of pol len spec tra

Lake Suchar Wielki

SW-1
Pinus-Betula-NAP

16.90–16.45
Dom i na tion of Pinus sylvestris t. (53–86%); high val ues of Betula alba t. (6–33%), rise of NAP pro por tion
to 12%; max i mum of Salix (2%); still pres ence of Juniperus communis.

SW-2
NAP-Betula-Juniperus

16.45–15.95
Max i mum of NAP (27%) rep re sented mainly by Ar te mi sia (8–16%), and Juniperus communis (8%); in -
crease of Betula alba t. to ca. 45%; de pres sion of Pinus sylvestris t. (22%); low-per cent age cul mi na tion of
Picea abies t. (3%) in the top.

SW-3
Pinus-Betula

15.95–14.65
Dom i na tion of Pinus sylvestris t. (36–64%) and Betula alba t. (29–58%); start of con tin u ous curves of
Ulmus and Corylus avellana and their grad ual in crease to 4% and 5%, re spec tively; rather high NAP pro -
por tion (3–6%) and Salix (to 1%).

SW-4
Corylus-Ulmus

14.65–14.25
Max i mum of Corylus avellana (22%); rel a tively high pro por tion of Ulmus (ca. 6%); rise of Alnus to ca. 6%; 
start of con tin u ous curves of Tilia cordata t., Quercus and Fraxinus ex cel sior.

SW-5
Tilia-Ulmus-Alnus-Quercus

14.25–11.55
Max i mum  of Tilia cordata t. (5%), Ulmus (9%), Alnus (22%) and Fraxinus ex cel sior (4%); sys tem atic in -
crease of Quercus to 8%; Corylus avellana slightly lower than pre vi ous zone; still pres ence of Picea abies t.

SW-6
Quercus-Picea-Ulmus

11.55–10.55
Max i mum of Quercus (13%); rel a tively high val ues of Fraxinus ex cel sior (ca. 3%) and Corylus avellana;
grad ual rise of Picea abies t. to 3%; start of Carpinus betulus con tin u ous curve; de crease of Alnus to 16%,
Tilia cordata t. to 1% and Ulmus to 2%.

SW-7
Betula-Picea-Carpinus

10.55–9.45
Sig nif i cant rise of Betula alba t. (to 38%); slight in crease of Carpinus betulus (to 3%); rel a tively high pro -
por tion of Corylus avellana (6–12%), Quercus (4–8%) and Tilia cordata t. (1–2%); rise of NAP to 4%.

SW-8
Betula-Carpinus-Picea

9.45–8.25

High per cent age of Betula alba t. (28–39%); rel a tively high val ues of Carpinus betulus with two peaks (5%
and 6%) as well as Quercus (4–8%); Corylus avellana lower than pre vi ous zone (ca. 3%); still pres ence of
Picea abies t. (1–4%); de crease of Alnus to 8%; very low pro por tion of Ulmus, Tilia cordata t. and Fraxinus 
ex cel sior; NAP slightly lower than pre vi ous zone.

SW-9
Pinus-Picea-NAP

8.25–7.57

High val ues of Pinus sylvestris t. (35–48%) and NAP (4–18%), in clud ing cul ti vated plants as Cerealia t.,
Fagopyrum and Can na bis sativa cf., as well as few hu man in di ca tors as Rumex acetosella t., Plantago
lanceolata, Ar te mi sia, Poaceae and Chenopodiaceae; rel a tively high pro por tion of Picea abies t. (2–5%);
de cline of all other trees and shrubs.

Lake Suchar II

SII-1
Pinus-Betula-NAP

12.60–11.85

Dom i na tion of Pinus sylvestris t. (44–80%), and next of Betula alba t. (to 77%); high pro por tion of NAP
(6–11%); start of con tin u ous curves of Ulmus, Corylus avellana and Alnus in the top part of the zone; pres -
ence of Corylus avellana, Alnus, Ulmus, Quercus and Tilia cordata t. in the bot tom part – prob a bly in sec -
ond ary bed.

SII-2
Corylus-Ulmus

11.85–11.35
Max i mum of Corylus avellana (25%); rel a tively high pro por tion of Ulmus (ca. 6%); rise of Alnus from 2%
to 5%; start of con tin u ous curves of Tilia cordata t., Quercus, Fraxinus ex cel sior and Picea abies t.

SII-3
Tilia-Ulmus-Alnus-Quercus

11.35–9.35
Cul mi na tions of Tilia cordata t. (2–5%), Ulmus (5–11%) and Alnus (to 24%); sys tem atic rise of Quercus
(1–7%) and Fraxinus ex cel sior (1–5%); val ues of Corylus avellana slightly low than pre vi ous zone
(10–22%).

SII-4
Quercus-Fraxinus-Pinus-Ul
mus

9.35–8.75
Max i mum of Quercus (10%); rel a tively high val ues of Fraxinus ex cel sior (2–4%); in crease of Pinus
sylvestris t. to ca. 37%; small rise of Picea abies t.; still fairly high val ues of Corylus avellana (10–15%);
fall of Tilia cordata t. (to 2%) and Ulmus (to 3%).

SII-5
Quercus-Picea-Carpinus

8.75–7.85
Rise of Picea abies t. to ca. 5%; rel a tively high pro por tion of Quercus (ca. 9%) and Corylus avellana
(6–14%); start of Carpinus betulus con tin u ous curve; slight in crease of Betula alba t. (to 27%); de crease of
Tilia cordata t. (to 1%), Ulmus (to 1%) and Fraxinus ex cel sior (to 1%).

SII-6
Betula-Carpinus-Picea

7.85–7.35
In crease of Betula alba t. to 35%, Carpinus betulus to 4% and NAP to 6%; rel a tively high val ues of Picea
abies t. (to 4%), Quercus (to 8%) and Pinus sylvestris t. (to 31%); pro por tion of Corylus avellana much
lower than pre vi ous zone (5–6%); fall of Alnus, Ulmus, Tilia cordata t. and Fraxinus ex cel sior.

SII-7
Betula-Carpinus-Picea-Pin
us

7.35–6.65
Max i mum of Carpinus betulus (5%); in crease of Pinus sylvestris t. to ca. 43%; rel a tively high val ues of
Picea abies t. (4%), Betula alba t. (33%), Quercus (7%) and NAP (7%); low-per cent age cul mi na tion of
Salix; de cline of all other trees and shrubs.

Lake Œlepe

S-1
Pinus-Betula-NAP

5.60–5.35
At first peak of Betula alba t. (45%), and then Pinus sylvestris t. (53%); rel a tively high NAP val ues (4–8%); 
ris ing val ues of Ulmus and Corylus avellana; pres ence of Salix, Alnus and Quercus.

S-2
Corylus-Ulmus

5.35–5.05
Max i mum of Corylus avellana (27%); high per cent ages of Betula alba t. (35%); rel a tively high pro por tion
of Ulmus (ca. 8%); de pres sion of Pinus sylvestris t. (22–30%); rise of Alnus to 6% and Quercus to 2%; start
Tilia cordata t. con tin u ous pol len curve.

S-3
Corylus-Ulmus-Alnus-Pinus

5.05–4.65
Two peaks of Pinus sylvestris t. (45% and 40%); de pres sion of Corylus avellana (15–21%) and Ulmus
(5%); Betula alba t. lower than pre vi ous zone (18–25%); in crease of Alnus to 20%, Tilia cordata t. to 3%
and Quercus to 2%.

S-4
Tilia-Ulmus-Alnus-Quercus

4.65–3.55
Max i mum of Tilia cordata t. (7%), Ulmus (9%), Alnus (30%) and Salix (3%); in crease of Quercus to 8%
and Fraxinus ex cel sior to 4%; Pinus sylvestris t. lower than pre vi ous zone (14–29%); Betula alba t. os cil lat -
ing around 13–30%, and Corylus avellana around 10–19%.

S-5
Quercus-Corylus-Ulmus-
Pinus

3.55–3.15
Max i mum of Quercus (14%); two peaks of Corylus avellana (21% and 18%) and Pinus sylvestris t. (28%
and 33%); still quite high val ues of Ulmus (2-6%); con tin u ous oc cur rence of Picea abies t. and Carpinus
betulus; de pres sions of Tilia cordata t. (1%) and Fraxinus ex cel sior (1%).



In the sim pli fied pol len di a grams, 9 lo cal pol len assem-
blage zones were dis tin guished for Lake Suchar Wielki (Fig. 3),
7 for Lake Suchar II (Fig. 4) and 10 for Lake Œlepe (Fig. 5).
Their short char ac ter is tics are showed in Ta ble 3.

DIS CUS SION – RE CON STRUC TION
OF VEG E TA TION CHANGES

Late Gla cial

AllerÝd interstadial (ca. 13350–12650 cal. years BP
ac cord ing to Ralska-Jasiewiczowa et al., 1999 and Litt et al.,
2001) is rep re sented only in pol len pro file from Lake Suchar
Wielki (SW-1 Pinus-Betula-NAP L PAZ – Fig. 3). The
palynological re cord shows the dom i nance of the for est with
a strong pre dom i nance of pine (Pinus sylvestris t. pol len) and
the pres ence of open com mu ni ties with grasses and other
herbs (Ar te mi sia, Chenopodiaceae Apiaceae, Thalictrum,
Cichoriaceae) as well as shrub com mu ni ties of ju ni per (Juni-
perus communis), dwarf birch (Betula nana t. pol len) and
shrubby wil lows (pol len of Salix pentandra t., Salix cf.
herbacea).

Youn ger Dryas stadial (ca. 12650–11550 cal. years BP
ac cord ing to Ralska-Jasiewiczowa et al., 1999 and Litt et al.,
2001) like the pre vi ous pe riod, is rep re sented only in the pol -
len pro file from Lake Suchar Wielki (SW-2 NAP-Betula-
Juniperus L PAZ – Fig. 3). The palynological re cord shows a
sig nif i cant in crease in the acre age of open com mu ni ties (max i -
mum of her ba ceous plants in the pol len re cord), re spond ing to
the cli mate cool ing. The max i mum spread of mugwort (Ar te -
mi sia), goosefoot (Chenopodiaceae), and ju ni per (Juniperus)
sug gests not only the drop in tem per a ture, but also a sig nif i -
cant re duc tion in mois ture (Ralska-Jasiewiczowa et al., 1998). 
The veg e ta tion was of a mo saic na ture with patches of shrubby 
tun dra formed mainly by dwarf birch (Betula nana t. pol len)
and shrubby wil lows (pol len of Salix pentandra t. and Salix
undiff.) in wet places and patches of ju ni per (Juniperus com-
munis) and steppe grass lands in dry hab i tats.

The pol len of pine (Pinus sylvestris t.) and of woody
birch (Betula alba t.), which dom i nates the pol len spec tra,

could have come from a long dis tant trans port, al though one
can not rule out the pres ence of small clus ters of trees among
her ba ceous and shrubby veg e ta tion. The con tin u ous pol len
curve of Picea abies t. in the up per part of the SW-2 pol len
zone may sug gest that in the mean time spruce was pres ent in
the Wigry re gion – as its quite heavy pol len grains are not
trans ported over long dis tances. Pol len data from north-east -
ern Po land (Ga³ka et al., 2013) and Lith u a nia (StanèikaitÅ et
al., 2002) con firm that spruce was pres ent at that time in
north east ern part of Cen tral Eu rope. Such an early pres ence
of spruce in this area was most likely as so ci ated with the
spread of Si be rian spruce (Picea obovata) from its gla cial
refugia lo cated in west ern Rus sia (Hunt ley and Birks 1983;
Terhürne-Berson 2005; Lata³owa and van der Knapp 2006).

Ho lo cene

Preboreal chronozone (ca. 11550–10350 cal. years BP
ac cord ing to Mangerud et al., 1974 and Walanus and Na-
lepka 2010) con tained the ini tial stage of Ho lo cene for est de -
vel op ment. It is rep re sented in all an a lyzed pro files (SW-3
Pinus-Betula L PAZ – Fig. 3, SII-1 Pinus-Betula-NAP L
PAZ – Fig. 4, S-1 Pinus-Betula-NAP L PAZ – Fig. 5). The
cli mate warm ing at the tran si tion be tween the Late Gla cial
and the Ho lo cene, have lim ited the area of open plant com -
mu ni ties. This is par tic u larly vis i ble in the de cline of Juni-
perus com munis and her ba ceous plants pol len and the sig nif -
i cant in crease in the per cent age of pol len of Pinus sylvestris t. 
and Betula alba t. pol len. The veg e ta tion that dom i nated the
Wigry re gion all that time were for est with a pre dom i nance
of pine and a large share of birch. In the sec ond part of the
Preboreal pe riod, from about 11000 cal. years BP, first trees
and shrubs with a more de mand ing cli ma tic con di tions, such
as elm (Ulmus) and ha zel (Corylus avellana), could have
reached this area. This is doc u mented by the be gin ning of the
con tin u ous curves of pol len of both taxa.

The most de vel oped pol len re cord of this pe riod is reg is -
tered in the pro file from Lake Suchar Wielki, in which it is
rep re sented by the SW-3 Pinus-Betula pol len zone. There is
a sig nif i cant prob a bil ity that the mid dle part of this zone,
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Ta ble 3 continued

Sym bol and name Depth [m] De scrip tion of pol len spec tra

Lake Œlepe

S-6
Picea-Fraxinus-Carpinus-
Pinus

3.15–2.65
Cul mi na tions of Picea abies t. (4%), Carpinus betulus (3%), Fraxinus ex cel sior (4%) and Pinus sylvestris t.
(37%); de pres sion of Quercus (6%); fall of Corylus avellana to 6%, Ulmus to 1% and Tilia cordata t. to 1%.

S-7
Betula-Quercus-NAP

2.65–2.25
Rise of Betula alba t. to 33%; small peak of Quercus (10%); NAP cul mi na tion (3–6%); de pres sions of Pinus 
sylvestris t. (ca. 26%), Picea abies t. (ca. 1%) and Carpinus betulus (2%); de crease of Corylus avellana to
3%.

S-8
Betula-Carpinus-Picea-
Pinus

2.25–1.45
Very high pro por tion of Betula alba t. (26–34%); rel a tively high val ues of Carpinus betulus (3–5%); cul mi -
na tion of Pinus sylvestris t. (29–42%) and Picea abies t. (1–3%); de cline of Alnus, Corylus avellana, Ulmus,
Tilia cordata t. and Fraxinus ex cel sior; NAP lower than pre vi ous zone.

S-9
Betula-Carpinus-Quercus-
NAP

1.45–0.95

Cul mi na tions of Betula alba t. (34–41%), Carpinus betulus (2–7%), Quercus (3–9%) and Alnus (10–17%);
mean ing in crease of NAP (4–20%), in clud ing cul ti vated plants as Cerealia t., Fagopyrum and Can na bis
sativa cf., as well as few hu man in di ca tors as Rumex acetosella t., Plantago lanceolata, Ar te mi sia, Poaceae
and Chenopodiaceae; de pres sion of Pinus sylvestris t. (19-30%); still pres ence of Salix; very low pro por tion
of all other trees and shrubs.

S-10
Pinus-Picea-NAP

0.95–0.75
Very high val ues of NAP (9–18%); rise of Pinus sylvestris t. to 49% and Picea abies t. to 3%; de cline of
Betula alba t. to 20%, Carpinus betulus to 1%, Quercus to 2% and Alnus to 7%; very low per cent ages of all
other trees and shrubs.
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show ing the sig nif i cant spread of birch (ca. 60% peak of
Betula alba t. pol len at the depth of 15.70 m) re lated to the re -
duc tion of the im por tance of pine, may re flect the cool cli -
mate os cil la tion at trib ut able to ca. 11100 cal. years BP. These 
as sump tions are con firmed by ra dio car bon date 11189–
10785 cal. years BP. Also the peaks of Betula alba t. in the
pro files of Lake Suchar II (SII-1 L PAZ, depth of 12.06 m,
dated at ca. 11987–11508 cal. years BP – Fig. 4) and Lake
Œlepe (S-1 L PAZ, depth of 5.60 m – Fig. 5), cor re spond to
this first Preboreal cold os cil la tion.

Quite a high pro por tion of pol len of mesophilic taxa,
mainly Corylus avellana, Ulmus and Alnus, in the bot tom
sec tion of the Lake Suchar II pro file (lower part of the SII-1 L 
PAZ) rep re sent ing the older part of the Preboreal pe riod is
prob a bly due to a con tam i na tion of the core with youn ger
sed i ments which were “drawn back” dur ing drill ing.

Bo real chronozone (ca. 10350–8700 cal. years BP ac -
cord ing to Mangerud et al., 1974 and Walanus and Nalepka
2010) is rep re sented in all stud ied pro files (SW-4 Corylus-
Ulmus L PAZ – Fig. 3, SII-2 Corylus-Ulmus L PAZ – Fig. 4
and S-2 Corylus-Ulmus L PAZ – Fig. 5). The most char ac ter -
is tic fea ture of the veg e ta tion changes that falls for this part of 
Ho lo cene is the ex pan sion of ha zel re spec tively doc u mented
by an in crease in the value of its pol len by over 10%. Ha zel
ar rived in the stud ied area much sooner, as early as the sec -
ond part of the Preboreal chronozone, but only in about
10350 cal. years BP did it come to its rapid growth (Hunt ley
and Birks 1983; Miotk-Szpiganowicz et al., 2004). Ha zel
played a sig nif i cant role in for est com mu ni ties, where it is
prob a bly formed an un der growth. The de vel op ment of ha zel
con trib uted to a sig nif i cant re duc tion in the role of birch and
pine trees, for which the in creased shad ing of the for est floor
sig nif i cantly hin dered the re newal pro cess. Wet land hab i tat
grad u ally be gan to be over taken by al der (in crease of Alnus
pol len). The role of elm steadily grew. Along with the wil -
lows, it cre ated ri par ian for est in the river val leys. At the end
of the Bo real chronozone, the first mesophilic de cid u ous for -
est with elm (Ulmus), lime (Tilia cordata t. pol len), oak
(Quercus) and ash (Fraxinus ex cel sior) – be gan to form in
the most fer tile hab i tats.

The ra dio car bon date from Lake Suchar Wielki, ca.
9627–9470 cal. years BP is likely to have been re ju ve nated.

At lan tic chronozone (ca. 8950–5750 cal. years BP ac -
cord ing to Mangerud et al., 1974 and Walanus and Nalepka
2010) is rep re sented in all the stud ied pro files (SW-5 Tilia-
Ulmus-Alnus-Quercus L PAZ – Fig. 3, SII-3 Tilia-Ulmus-
Alnus-Quercus L PAZ – Fig. 4, S-3 Corylus-Ulmus-Alnus-
Pinus and S-4 Tilia-UlmusAlnus-Quercus L PAZ – Fig. 5).
This is con firmed by ra dio car bon data ca. 8704–8521 cal.
years BP ob tained from the depths 13.81–13.82 m from Lake
Suchar Wielki. Al ready at the be gin ning of this pe riod, there
was an ex pan sion of al der. It was prob a bly as so ci ated with the
spread of Alnus glutinosa, which formed al der for est in wet
peaty shores of lakes com mon in the stud ied area (Szcze-
panek et al., 2004). Thermophilous trees such as lime, elm and
ash, reached at the time the op ti mum of their Ho lo cene de vel -
op ment. In the shady woods the de vel op ment of ha zel was lim -
ited due to the less abun dant flow er ing (slight de crease in
Corylus avellana pol len). The im por tance of oak and ash was
steadily grow ing. The in crease in the per cent age of Picea

abies t. pol len by over 0.5% may in di cate the pres ence of sin -
gle trees of in spruce in the lo cal for est stands (Harmata 1987).
How ever, in palaeo eco logi cal re con struc tions dif fer ent pol len 
val ues are ac cepted as ev i dence for the pres ence of spruce.
Björkmar (1996) as sumes that a value around 1% in di cates a
lo cal pres ence of this tree, while Bortenschlager (1970),
Markgraf (1980) and Hunt ley and Birks (1983) sug gest that it
re flects only by pol len val ues higher than 5%.

Subboreal (ca. 5750–2650 cal. years BP ac cord ing to
Mangerud et al., 1974 and Walanus and Nalepka 2010) chro- 
nozone in the pol len re cord of the stud ied pro files is clearly
di vided into two parts. The older part (ca. 6000–4000 cal.
years BP) is rep re sented in all the stud ied pro files (SW-6 L
Quercus-Picea-Ulmus L PAZ – Fig. 3, SII-4 Quercus-Fra-
xinus-Pinus-Ulmus and SII-5 Quercus-Picea-Carpinus L
PAZ – Fig. 4, S-5 Quercus-Corylus-Ulmus-Pinus L PAZ –
Fig. 5). At this time there was a sig nif i cant in crease in the role 
of oak in the for est com mu ni ties of the Wigry re gion – it
reached the max i mum of its Ho lo cene spread, which is doc u -
mented by an in crease of Quercus pol len to 10%. The acre -
age of ash in creased as well. The im por tance of lime and elm
de creased, com pared to the At lan tic chronozone. Spruce be -
came an in creas ingly im por tant com po nent of for est. Al der
ex panded its area sig nif i cantly in the wet land hab i tats.

The youn ger part of the Subboreal chronozone (ca.
4000–2000 cal. years BP) is rep re sented in all stud ied pro-
files (SW-7 Betula-Picea-Carpinus L PAZ – Fig. 3, SII-6 Be-
tula-Carpinus-Picea L PAZ – Fig. 4, S-6 Picea-Fraxinus-
Carpinus-Pinus and S-7 Betula-Quercus-NAP L PAZ – Fig. 5).
The be gin ning of this pe riod in the Suwa³ki re gion is marked
by one of the most im por tant change of the for est in the en tire
Ho lo cene, which was the ex pan sion of spruce. Ac cord ing to
re sults of palynological re search of Lake Wigry, this tree
reached in this time the max i mum of its Ho lo cene spread in
the re gion (Kupryjanowicz 2007). Its per cent age val ues in
the pro file from Lake Wigry (about 14%) are much higher,
than the val ues listed for Picea abies t. at the same time in
other sites from the north-east ern Po land (Obidowicz et al.,
2004). This is most likely due to the north-east ern di rec tion
of mi gra tion of spruce in the ar eas in this part of the coun try
and the cli ma tic con di tions of the re gion, en cour ag ing the de -
vel op ment of spruce. In sec tions of stud ied pro files, rep re -
sent ing the youn ger part of the Subboreal pe riod, the propor-
tion of Picea abies t. pol len is much lower than in the pro file
from Lake Wigry – in the pro file from Lake Suchar II spruce
reaches a max i mum of 5% (SII-6 L PAZ), and in the pro files
from Lake Suchar Wielki (SW-7 L PAZ) and Lake Œlepe
(Œ-6 L PAZ) only 4%. This re sults most likely from the fact
that the phase of the max i mum spread of spruce lasted a rel a -
tively short time (the stud ies in Lake Wigry shows that was
only about 100 years – Kupryjanowicz 2007) and it is pos si -
ble that the stud ied pro files do not con tain a full-blown pol len 
re cord. In Lake Suchar Wielki the spread of spruce was dated 
at about 3449–3359 cal. years BP.

Start ing from ca. 4000 cal. years BP, could have been
there a lo cal pres ence of horn beam (Carpinus betulus) in the
area of the lakes stud ied, which is in di cated by the be gin ning
of a con tin u ous curve of this tree pol len in all pro files con -
tain ing the re cord of the youn ger part of Subboreal chrono-
zone. The val ues of Carpinus betulus pol len in the sed i ments
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of the stud ied lakes at this time are still much lower than in
other lo cal i ties in the north-east ern Po land (Kupryjanowicz
2004, Ralska-Jasiewiczowa et al., 2004). This is prob a bly
due to the quite harsh con ti nen tal cli mate of the Wigry re -
gion, which was not, and is still not, con du cive to the de vel -
op ment of horn beam.

Subatlantic chronozone (from ca. 2650 cal. years BP to 
the pres ent day ac cord ing to Mangerud et al., 1974 and
Walanus and Nalepka 2010) due to the de vel op ment of veg e -
ta tion can be di vided into two parts. Its older part (ca.
2000–350 cal. years BP) is rep re sented in all pro files (SW-8
Betula-Carpinus-Picea L PAZ – Fig. 3, SII-7 Betula-Carpi-
nus-Picea-Pinus L PAZ – Fig. 4, S-8 Betula-Carpinus-
Picea-Pinus and S-9 Betula-Carpinus-Quercus-NAP L PAZ 
– Fig. 5). At this time, when the cli mate be came warmer and
wet ter, horn beam and birch in creased in im por tance. There
was a slight de crease in the role of spruce com pared to the
youn ger part of the Subboreal chronozone. This change, at
least in part, may have been caused by anthropogenic fac tors
– as in di cated by the pres ence of many palynological hu man
in di ca tors.

The youn ger part of the Subatlantic chronozone (from
ca. 350 to ca. 50 cal. years BP) was reg is tered only in the pro -
file of Lake Suchar Wielki (SW-9 Pinus-Picea-NAP L PAZ)
and the pro file of Lake Œlepe (S-10 Pinus-Picea-NAP L
PAZ). The pol len data in di cate a nearly com plete deg ra da -
tion of the ma jor ity of trees with higher ther mal re quire -
ments, such as lime, elm and ash, and the spread of pine. The
in creased pol len per cent ages of her ba ceous plants, mainly
cul ti vated and re lated to hu man ac tiv ity, when com pared to
the ear lier pe riod, re flect the high est re duc tion through out
the Ho lo cene of sur faces cov ered by for est com mu ni ties and
an en large ment of the area of fields, mead ows and hu man set -
tle ments. How ever, the her ba ceous plant pol len share is sev -
eral times lower than in the po si tions in other parts of Po land,
sug gest ing that anthropogenic im pact had never been as
strong here as in the cen tral or western Poland (Lata³owa
1992, Makohonienko 2000).

Only the pro files from Lake Suchar Wielki (SW-9
Pinus-Picea-NAP L PAZ – Fig. 3) and Lake Œlepe (S-10
Pinus-Picea-NAP L PAZ – Fig. 5) reg is tered the youn gest
part of the Subatlantic chronozone (ca. 2000–2007 AD),
which  in the Wigry re gion was char ac ter ized by a weak en ing 
of anthropogenic im pact and the de vel op ment of pine for est
(Kupryjanowicz 2007). The pro file from Lake Suchar II con -
tains no re cord cor re spond ing to this pe riod, which is due to
the fact that with the used equip ment it was not pos si ble to re -
trieve the up per, most hy drated layers of sediments.

SUM MARY AND CON CLU SIONS

The main phases of the veg e ta tion de vel op ment in the
Wigry Na tional Park dur ing the Late Gla cial of the last gla ci -
ation and the Ho lo cene were re con structed.

– Late Gla cial is rep re sented only in the sed i ments of
Lake Suchar Wielki. The re cord of AllerÝd interstadial
shows the dom i nance of for est with pine and birch and the
pres ence of open com mu ni ties. Dur ing the Youn ger Dryas
stadial the veg e ta tion took the char ac ter of a mo saic with
patches of shrubby tun dra and cold steppe com mu ni ties.

– The be gin ning of the Ho lo cene was the time of pine
and birch for est de vel op ment. It had been dis turbed in the
older part of Preboreal chronozone by a tem po rary change in
veg e ta tion, ex pressed by an short-lived ex pan sion of birch,
which was ac com pa nied by a de crease in the pine im por -
tance. It was most likely a re ac tion to a short-term cli mate
cool ing. Due to the lack of pre cise dat ing of this phe nom e non 
in the stud ied pol len pro files, its cor re la tion with Preboreal
cold os cil la tion or Bond’s event is purely hy po thet i cal at this
mo ment. This prob lem re quires more ex ten sive discussion at
a later stage of the studies.

– The Bo real chronozone was char ac ter ized by an ex -
pan sion of ha zel, which reached its Ho lo cene max i mum and
a grad ual over tak ing of wet land hab i tats by alder.

– The At lan tic chronozone was the time of the max i mum
Ho lo cene de vel op ment of thermophilous trees such as lime,
elm and ash.

– The Subboreal chronozone was the pe riod of the
growth of oak com bined with an in crease of ash in the area
and an ap pear ance of horn beam. Its youn ger parts were the
time of the de vel op ment of spruce. The ex pan sion of spruce
reg is tered in pol len di a gram from Wigry ex pressed by a rapid 
in crease in the share of Picea abies t. pol len to 10–15%  in
just 100 years is dated on ca. 3972 cal. years BP. Such dras tic
changes in the com po si tion of for ests were due to dif fer ent
causes. Pol len re cords of in ves ti gated lakes in which the
share of Picea abies t. pol len rapid rose to 5% and was lower
than from Lake Wigry. It in di cates that the pres ence of spruce 
could be in ten si fied by cold and hu mid cli mate was at trib ut -
able to that part of the Ho lo cene – one of cold climate
fluctuations.

– The Subatlantic chronozone was the time of an in -
creased im por tance of horn beam and birch, and in its youn -
ger part there was a deg ra da tion of the ma jor ity of trees with
larger ther mal re quire ments linked to the spread of pine.
Judg ing by a sig nif i cant in crease in the share of her ba ceous
plants, which were the so called hu man in di ca tors, it can be
as sumed that the causes of these changes were as so ci ated
with anthropogenic impact.

The pol len re cord of veg e ta tion changes reg is tered in the 
pro files of the stud ied lakes is very sim i lar to that from other
sites of the north-east ern Po land (lakes: Wigry, Hañcza,
Szurpi³y, Linówek) – both in terms of the na ture of the re -
corded changes and their dat ing. How ever, on the pres ent
stage of re search, may be no tice that a sud den cli mate fluc tu -
a tions known as Bond’s events most likely ap pear in the stud -
ied re gion very clearly, and the large thick ness of sed i ments
will al low to pre cise study of some of them. The dis crep an -
cies in the dat ing of some sig nif i cant changes in veg e ta tion
(e.g. the emer gence of spruce) also will re quire fur ther re -
search, es pe cially those re lated to a more pre cise de ter mi na -
tion of the age of the studied sediments.

Ac knowl edge ments

M. Fi³oc M.Sc. ex presses her grat i tude to the Podlaskie Prov -
ince Mar shal’s Of fice, Po land, and WOTT Uni ver sity of Bia³ystok
for the schol ar ship des ig nated for the pro ject “Podlasie Schol ar ship
Fund”, Pri or ity of VIII Op er a tion Pro gram Hu man Cap i tal, funded
by the Eu ro pean So cial Fund (ESF) and the Pol ish gov ern ment, and
for the Uni ver sity of Bia³ystok for the re search pro ject for young

14 M. FI£OC et al. 



sci en tists In sti tute of Bi ol ogy. The re search was funded by the Min -
is try of Sci ence and Higher Ed u ca tion in Po land, pro ject nr
NN305085135 “His tory of dystrophic lakes of the Wigry Na tional
Park in the light of the Ho lo cene suc ces sion of their veg e ta tion”.
Au thor Magdalena Fi³oc is a ben e fi ciary of the pro ject „Schol ar -
ships for PhD stu dents of Podlaskie Voivodeship”. The pro ject is
co-fi nanced by Eu ro pean So cial Fund, Pol ish Gov ern ment and
Podlaskie Voivodeship.

REF ER ENCES

Berglund, B.E., Ralska-Jasiewiczowa, M., 1986. Pol len anal y sis. In 
Berglund B.E. (ed.) Hand book of Ho lo cene Palaeo ec ol ogy
and Palaeohydrology, 455–484, John Wiley and Sons, Chi-
ches ter-New York-Bris bane-To ronto-Sin ga pore.

Beug, H.-J., 2004. Leitfaden der Pollenbestimmung für Mittel-
europa und angrenzende Gebiete. Verlag Dr. Friedrich Pfeil,
München.

Björkmar, L., 1996. The Late Ho lo cene his tory of beech Fagus
sylvatica and Nor way spruce Picea abies at stand-scale in
south ern Swe den. Lundqua The sis 39. Lund Uni ver sity, De -
part ment of Qua ter nary Ge ol ogy, Lund.

Bortenschlager, S., 1970. Konnte die Fichte die letzte Eiszeit im
Ostalpenraum überdauern? Probleme der Weichsel-Spät-
glazialen Vegetationsentwicklung in Mittel-und Nordeuropa.
Voraussetzungen, Vorträge, Diskussionen und Ergebnisse
einer internat. pollenanalyt. Arbeitstagung in Frank furt/Oder
(DDR), 28-29.3.

Bronk Ramsey, C., 2009. Bayesian anal y sis of radiocarbondates.
Ra dio car bon, 51(1): 337–360.

Drzymulska, D., Kupryjanowicz, M., 2012. Humic lakes of Wigry
Na tional Park (NE Po land) – de vel op ment and ex pec ta tions for 
the fu ture. Peatlands In ter na tional 2, 31–33.

Drzymulska, D., 2012. The Ho lo cene his tory of dystrophic (humic)
lakes of Wigry Na tional Park – a de vel op ment of wa ter bod ies
over thou sands of years in the light of multi-proxy stud ies
(Jeziora dystroficzne (humusowe) Wigierskiego Parku Naro-
dowego – rozwój zbiorników na przestrzeni tysiêcy lat w
œwietle badañ interdyscyplinarnych). Studia Limnologica et
Telmatologica 6(2), 111–113 (in Pol ish).

Drzymulska, D., K³osowski, S., Pawlikowski, P., Zieliñski, P.,
Jab³oñska, E., 2013a. The his tor i cal de vel op ment of veg e ta tion 
of fore shore mires be side humic lakes; dif fer ent successional
path ways un der var i ous en vi ron men tal con di tions. Hydrobio-
logia 703(1), 15–31.

Drzymulska, D., Zieliñski, P., 2013b. De vel op men tal changes in
the his tor i cal and pres ent-day trophic sta tus of brown wa ter
lakes. Are humic wa ter bod ies a uni form aquatic eco sys tem?
Wetlands 33(1), 909–919..

Drzymulska, D., Fi³oc, M., Kupryjanowicz, M., 2013c. Re con struc -
tion of land scape paleohydrology us ing the sed i ment ar chives of 
three dystrophic lakes in north east ern Po land. Jour nal of
Paleolymnology. DOI: 10.1007/s10933-013- 9754-2.

Faegri, K., Iversen J., 1975. Text book of pol len anal y sis. Blackwell
Sci en tific Pub li ca tions, Co pen ha gen.

Fi³oc, M., 2013a. Late Gla cial and Ho lo cene veg e ta tion changes in
the Wigry Na tional Park – pre lim i nary re sults of palynological
stud ies (PóŸnoglacjalne i holoceñskie zmiany roœlinnoœci Wi-
gierskiego Parku Narodowego – wstêpne wyniki badañ palino- 
logicznych). In Proniewski M. (ed.) PFS Publikacje naukowe
stypendystów, Tom I. Uniwersytet w Bia³ymstoku, Bia³ystok,
21–29 (in Pol ish).

Fi³oc, M., 2013b. Ho lo cene suc ces sion of veg e ta tion in dystrophic
Lake Suchar II in the Wigry Na tional Park – pre lim i nary re -
sults of pol len anal y sis (Holoceñska sukcesja roœlinnoœci dy-
stroficznego jeziora Suchar II w Wigierskim Parku Narodo-

wym – wstêpne wyniki analizy py³kowej). In Proniewski M.
(ed.) PFS Publikacje naukowe stypendystów, Tom II. Uni-
wersytet w Bia³ymstoku, Bia³ystok, 10–20 (in Pol ish).

Fi³oc, M., Kupryjanowicz, M., 2013a. The changes of veg e ta tion of
the Wigierski Na tional Park dur ing the Ho lo cene – pre lim i nary 
re sults of stud ies. In Ab stract Book of Con fer ence ”IsoG 2013
En vi ron men tal geo chem is try: meth ods, trends, ques tions.”
Warszawa, 13-15.03.2013, 22-23, In sti tute of Geo log i cal Sci -
ences, Pol ish Acad emy of Sci ences, Warszawa.

Fi³oc, M., Kupryjanowicz, M., 2013b. Late Gla cial and Ho lo cene
de vel op ment of veg e ta tion in the Wigry Na tional Park on the
back drop of cli ma tic changes. In Ab stract Book of Con fer ence
“Paleoecological re con struc tions – lac us trine, peat and cave
sed i ments.” 22-24.05.2013 Bia³ka Tatrzañska, 53, In sti tute of
Geo log i cal Sci ences, Pol ish Acad emy of Sci ences, Warszawa.

Ga³ka, M., Tobolski, K., 2013. Macrofossil ev i dence of early Ho lo -
cene pres ence of Picea abies (Nor way spruce) in NE Po land.
Annales Botanici Fennici 50, 129–141.

Ga³ka, M., Tobolski, K., Zawisza, E., Goslar, T., 2013. Postglacial
his tory of veg e ta tion, hu man ac tiv ity and lake-level changes at
Jezioro Linówek in north east Po land, based on multi-proxy
data. Veg e ta tion His tory and Archaeobotany DOI 10.1007/
s00334-013-0401-7.

Harmata, K., 1987. Late-Gla cial and Ho lo cene his tory of veg e ta -
tion at Roztoki and Tarnowiec near Jas³o (Jas³o-Sanok De pres -
sion). Acta Palaeobotanica 27, 43–65.

Hunt ley, B., Birks, H.J.B., 1983. An at las of past and pres ent pol len
maps for Eu rope: 0– 13000 years ago. Cam bridge Uni ver sity
Press, Cam bridge.

Kondracki, J., 1994. Ge og ra phy of Po land. Phys i cal-geo graph ical
mezoregions (Geografia Polski. Mezoregiony fizycznogeo-
graficzne). PWN, Warszawa (in Pol ish).

Krzysztofiak, L., Olszewski, K., 1999. Cli mate of the Wigry Na -
tional Park (Klimat Wigierskiego Parku Narodowego). X lat
Wigierskiego Parku Narodowego, 59–62. Wydawnictwo W³o- 
dzimierz £apiñski, Krzywe (in Pol ish).

Kupryjanowicz, M., 2004. The veg e ta tion changes re corded in sed -
i ments of K³adkowe Bagno peat bog in Puszcza Knyszyñska
For est, north-east ern Po land. Acta Palaeobotanica 44(2), 175–
193.

Kupryjanowicz, M., 2007. Postglacial de vel op ment of veg e ta tion
in the vi cin ity of the Lake Wigry. Geochronometria 27, 53–66.

Kupryjanowicz, M., 2008. Pelaeoecological re search in North-East
Po land (Badania palinologiczne w Polsce pó³nocno-wschod-
niej). In Wacnik, A. and Madejska, E., (eds) Polska pó³nocno-
wschodnia w holocenie. Cz³owiek i jego œrodowisko. Bo tan i -
cal Guide books 30, 77–95 (in Pol ish with Eng lish sum mary).

Kupryjanowicz, M., Jurochnik, A., 2009. Pol len re cord of postgla-
cial veg e ta tion changes reg is tered in the sed i ments of the
Wigry Lake (Zapis py³kowy postglacjalnych zmian roœlin-
noœci zawarty w osadach dennych jeziora Wigry). In Rut-
kowski J., Krzysztofiak L. (eds) Jezioro Wigry. Historia je-
ziora w œwietle badañ geologicznych i paleoekologicznych,
181–198. Stowarzyszenie ”Cz³owiek i Przyroda”, Suwa³ki (in
Pol ish).

Lata³owa, M., 1992. Man and veg e ta tion in the pol len di a grams
from Wolin Is land (NW Po land). Acta Palaeobotanica 32(1),
123–249.

Lata³owa, M., van der Knaap, W.O., 2006. Late Qua ter nary ex pan -
sion of Nor way spruce Picea abies (L.) Karst. In Eu rope ac -
cord ing to pol len data. Qua ter nary Sci ence Re views 25, 2780–
2805.

Lauterbach, S., Brauer, A., Andersen, N., Danielopol, D.L., Dulski,
P., Hüls, M., Milecka, K., Namiotko, T., Plessen, B., von
Grafenstein, U., DECLAKES Par tic i pants 2010. Multi-proxy
ev i dence for early to mid-Ho lo cene en vi ron men tal and cli ma -

LATE GLA CIAL AND HO LO CENE VEG E TA TION CHANGES 15



tic changes in north east ern Po land. Boreas 40(1), 57–52.
Litt, T., Brauer, A., Goslar, T., Merkt, J., Balaga, K., Müller, H.,

Ralska-Jasiewiczowa, M., Stebich, M., Negendank, J.F.W.,
2001. Cor re la tion and synchronisation of Lateglacial con ti -
nen tal se quences in north ern cen tral Eu rope based on an nu ally
lam i nated lac us trine sed i ments. Qua ter nary Sci ence Re views
20, 1233–1249.

Makohonienko, M., 2000. Nat u ral his tory of Gniezno (Przyrod-
nicza historia Gniezna). Prace Zak³adu Biogeografii i Paleo-
ekologii, Tom 1. Homini, Poznañ-Bydgoszcz, 1–148 (in Pol -
ish).

Mangerud, U.J., Andersen, S.T., Berglund, B.E., Donner J., 1974.
Qua ter nary stra tig ra phy of Norden, a pro posal for ter mi nol ogy 
and clas si fi ca tion. Boreas 3, 109–128.

Margraf, V., 1980. Pol len dis persal In a moun tain area. Grana 19,
127–146.

Marks, L., 2002. Last Gla cial max i mum in Po land. Qua ter nary Sci -
ence Re view 21, 103–110.

Miotk-Szpiganowicz, G., Zachowicz, J., Ralska-Jasiewiczowa, M., 
Nalepka, D., 2004. Corylus avellana L. – Ha zel. In Ralska-
Jasiewiczowa M., Lata³owa M., Wasylikowa K., Tobolski K.,
Madeyska E., Wright H. E. Jr., Turner Ch. (eds) Late Gla cial
and Ho lo cene his tory of veg e ta tion in Po land based on iso-p
ollen maps, 79–87. W. Szafer In sti tute of Bot any, Pol ish Acad -
emy of Sci ences, Kraków.

Moor, P.D., Webb, J.A., Collinson, M.E., 1991. Pol len anal y sis.
Blackwell Sci en tific Pub li ca tions.

Nalepka, D., Walanus, A., 2003. Data pro cess ing in pol len anal y sis. 
Acta Palaeobotanica 43(1), 125–134.

Obidowicz, A., Ralska-Jasiewiczowa, M., Kupryjanowicz, M.,
Szczepanek, K., Lata³owa, M., Nalepka, D., 2004. Picea abies
(L.) H. Karst. – Spruce. In Ralska-Jasiewiczowa M., Lata³owa
M., Wasylikowa K., Tobolski K., Madeyska E., Wright H. E.
Jr., Turner Ch. (eds) Late Gla cial and Ho lo cene his tory of veg -
e ta tion in Po land based on isopollen maps, 147–157, W. Szafer 
In sti tute of Bot any, Pol ish Acad emy of Sci ences, Kraków.

O³tuszewski, W., 1937. His tory of the Suwa³ki–Augustów Lake-
land for ests in the light of the pol len anal y sis (Historia lasów
Pojezierza Suwalsko-Augustowskiego w œwietle analizy py³-
kowej). Poznañskie Towarzystwo Przyjació³ Nauk, Prace Ko-
misji Matematyczno-Przyrodniczej, B8(4), 1–65 (in Pol ish
with Ger man sum mary).

OxCal. Avail able on: https://c14.arch.ox.ac.uk/oxcal/OxCal.html.
POLPAL. Avail able on: http://adamwalanus.pl/Polpal.html.
Piotrowska, N., Hajdas, I., Bonani, G., 2007. Con struc tion of the

cal en dar timescale for Lake Wigry (Ne Po land) sed i ments on
the ba sis of ra dio car bon dat ing. Ra dio car bon, 49(2), 1133–
1143.

Ralska-Jasiewiczowa, M., Geel van, B., Demske, D., 1998. Ho lo -
cene re gional veg e ta tion his tory re corded in the Lake Goœci¹¿
sed i ments. In Ralska-Jasiewiczowa, M., Goslar, T., Madey-

ska, T., Starkel, L., (eds) Lake Goœci¹¿, cen tral Po land. A
mono graphic study, 202–218, W. Szafer In sti tute of Bot any,
Pol ish Acad emy of Sci ences, Kraków.

Ralska-Jasiewiczowa, M., Goslar, T., Ba³aga, K., 1999. Biostra-
tygraphy of the Lateglacial in the Low land of Po land based on
the cal en dar time scale. Terra Nos tra, 99/10, 66–71.

Ralska-Jasiewiczowa, M., Lata³owa, M., Wasylikowa, K., To-
bolski, K., Madeyska, E., Wright, H.E. Jr, Turner, H., 2004.
Late Gla cial and Ho lo cene his tory of veg e ta tion in Po land
based on isopollen maps. W. Szafer In sti tute of Bot any, Pol ish
Acad emy of Sci ences, Kraków.

Rutkowski, J., Krzysztofiak, L., (ed.) 2009. Lake Wigry. His tory of
the lake in the light of geo log i cal and paleoecological re -
searches (Jezioro Wigry. Historia jeziora w œwietle badañ
geologicznych i paleoekologicznych). Stowarzyszenie “Cz³o-
wiek i Przyroda”, Suwa³ki (in Pol ish).

Stasiak, J., 1971. Sed i men ta tion rate of the cal car e ous gytja (Szyb-
koœæ sedymentacji z³ó¿ gytii wapiennej). Zeszyty Problemowe 
Postêpów Nauk Rolniczych 107, 113–119 (in Pol ish).

StanèikaitÅ, M., KabailienÅ, M., Ostrauskas, T., GuobytÅ, R., 2002.
En vi ron ment and man in the vi cin ity of Lasek Duba and
Pelesa, SE Lith u a nia, dur ing the Late Gla cial and Ho lo cene.
Geo log i cal Quar terly 46(4), 391–409.

Szafer, W., Zarzycki, K., 1977. Szata roœlinna Polski. Pañstwowe
Wydawnictwo Naukowe, Warszawa.

Szczepanek, K., Tobolski, K., Nalepka, D., 2004. Alnus Mill. – Al -
der. In Ralska-Jasiewiczowa, M., Lata³owa, M., Wasylikowa,
K., Tobolski, K., Madeyska, E., Wright, H. E. Jr., Turner, Ch.,
(eds) Late Gla cial and Ho lo cene his tory of veg e ta tion in Po -
land based on isopollen maps, 47–55. W. Szafer In sti tute of
Bot any, Pol ish Acad emy of Sci ences, Kraków.

Terhürne-Berson, R., 2005. Chang ing dis tri bu tion pat terns of se -
lected co ni fers in the Qua ter nary of Eu rope caused by cli ma tic
vari a tions. Dis ser ta tion zur Erlangung des Doktorgrades (Dr.
rer. nat.) der Mathematisch-Naturwissenschftlichen Fakultät
der Rheinischen Friedrich-Wilhelms-Universität, Bonn.

Tylmann, W., Bubak, I., Fi³oc, M., Kupryjanowicz, M., Lata³owa,
M., Lutyñska, M., Makohonienko, M., Pêdziszewska, A.,
Piortowska, N., Wacnik, A., Witak, M., Zgrundo, A., 2011.
Cli ma tic and en vi ron men tal changes re corded in lam i nated
lake sed i ments of North ern Po land – TRANSECT-PL. The re -
port on the im ple men ta tion of own re search pro ject (Zapis
zmian klimatycznych i œrodowiskowych w rocznie lamino-
wanych osadach jezior pó³nocnej Polski – TRANSECT-PL).
Sprawozdanie merytoryczne z realizacji projektu badawczego
w³asnego. Type script (in Pol ish).

Walanus, A., Nalepka, D., 1999. POLPAL Pro gram for count ing
pol len grains, di a grams plot ting and nu mer i cal anal y sis. Acta
Palaeobotanica, Suppl. 2, 659–661.

Walanus, A., Nalepka, D., 2010. Cal i bra tion of Mangerud’s bound -
aries. Ra dio car bon 52(4), 1639–1644.

16 M. FI£OC et al. 


