




Fig. 8. Percentage pollen diagram of the Parchatka valley site
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Blocks of dead ice located in the west-
ern and north-western part of the fossil lake 
(Piotrowo-Ławniki and Sąkieły Małe sites) 
were melting down (or already melted down) 
and formed lakes overgrown by macrophytes of 
Potamogeton genus (PiotŁ-1, SM-1) and Myrio-
phyllum verticillatum (SM-1). The most plenti-
ful and variable algal fl ora of this period was 
detected in the Piotrowo-Ławniki palaeolake 
and contained Tetraedron and several taxa of 
Pediastrum of which P. subgranulatum was 
the most abundant in the whole profi le. This 
species, according to Komárek and Jankovská 
(2001), is indicative of mesotrophic or slightly 
eutrophic water bodies and sometimes coex-
ists with submerged vegetation. The occur-
rence of Typha latifolia in the younger part 
of the PiotŁ-1 L PAZ and in the older part 
of Ra-2 L PAZ indicates that the mean June 
temperature was not lower than 13°C. This 

fact suggests a northward shift of the 13°C 
isotherm during the older part of the Younger 
Dryas (10 950–10 550 14C yr BP, 10 979–10 480 
yr cal BC; 95.4%) to the Skaliska Basin (cf. 
Isarin & Bohncke 1999). A visible increase in 
the frequency of Tertiary spores, dinofl agel-
late cysts, as well as degraded sporomorphs in 
the Sąkieły Małe and Rapa profi les point to an 
intensifi cation of surface run-off, being a con-
sequence of the loose vegetation cover.

LS2-1 L PAZ Pinus-Selaginella-Helianthe-
mum; Younger Dryas/Preboreal chronozone

This zone is diffi cult to classify due to the 
relatively high proportion of arboreal pollen 
and lack of Juniperus, but also an Artemisia 
maximum, which indicates the Late Glacial ori-
gin of this part of the profi le. Nevertheless, the 
regular occurrence of Selaginella selaginoides, 

Table 3. Sąkieły Małe – the description of the local pollen assemblage zones (L PAZs)

L PAZ Depth
[cm] Description of pollen spectra Top boundary 

description

SM-1. Pinus 
-Betula-NAP

411–328.5 AP values up to 90%. Proportions of Pinus sylvestris type from 44.3 to 74.3%. 
Continuous curve of Betula undiff. pollen has continuous curve reaching 
25.5%. The proportions of Salix undiff not exceeding 1.5%. Presence of 
pollen of Juniperus, Hippophae rhamnoides, Betula nana type and Pinus 
cembra type. Values of Ericaceae undiff. less than 2.7%, and Calluna vul-
garis less than 1.6%. Among NAP (max. 28%) the highest values are those 
of Artemisia (12.8%), Poaceae undiff. (4.7%) and Chenopodiaceae (2.9%). 
Presence of Brassicaceae undiff., Ranunculus acris type, Anthemis type, 
Polygonum bistorta type, Thalictrum, Filipendula, and Apiaceae undiff. 
Single grains of Helianthemum undiff., H. nummularium, and Potentilla 
type. Maximum of Cyperaceae undiff. (15.2%)

Decrease in Pinus 
sylvestris type and 
NAP, increase 
in Betula undiff. 
values

SM-2. Betula-
Pinus-Corylus

328.5–188 Increase in AP percentages. Fall in the values of Pinus sylvestris type. 
Maximum of Betula undiff. pollen (47.4%). Continuous curves of Corylus 
avellana and Ulmus (respectively up to 11.7%, and up to 0.9%).  Fall in 
NAP values to ca 5%

Below an increase 
in Betula undiff. 
and decrease in 
NAP values

SM-3. Cory-
lus-Ulmus-
Fraxinus

188–113 The zone with maximum percentages of Corylus  (40.9%), Ulmus (8%), Tilia 
cordata type (5.6%), and Fraxinus excelsior (1.8%). Frequencies of pollen 
of Alnus undiff. reach 30%. Decrease in the proportions of Betula undiff. 
Beginning of a continuous curve of Picea abies and Carpinus betulus. Pres-
ence of Acer, Fagus sylvatica and Viscum

Decrease in 
Corylus avellana 
values

SM-4. Quer-
cus-Corylus-
Alnus

113–86 Domination of AP. Maximum of Quercus (19.5%), and Picea abies (3.2%). 
Alnus undiff. pollen between 16.7–25.2%. The values of Ulmus between 
1.9% and 3.2%. Very low values of Carpinus betulus. Fall in the percentages 
of Corylus avellana and Tilia cordata type. Slight rise in the proportions 
of NAP. Potamogeton subgen. Eupotamogeton and Nymphaea alba pollen 
among aquatic plants

Decrease in 
Quercus and 
Corylus avellana 
pollen and an 
increase of Picea 
abies values

SM-5. Picea-
Carpinus-
NAP

86–1 Fall in the values of AP. The maxima of percentages of Picea abies and 
Carpinus betulus pollen (respectively 10.6% and 4.6%). Increase and sligh 
fall in the proportions of Alnus undiff. (max. 35.1%). Rise in the propor-
tions of Betula undiff.pollen. The fl uctuations of Corylus avellana (from 6.8 
to 13.9%), and those of Quercus (from 4.8 to 9%). The frequencies of Tilia 
cordata type pollen not exceeding 3.6%. Slight decrease in Ulmus values. 
Continuous curve of Fagus sylvatica up to 0.6%. NAP values (not exceed-
ing 15%), with the highest proportions of Poaceae undiff. and Cyperaceae 
undiff. Among other NAP taxa presence of Cichoroideae, Artemisia, Bras-
sicaceae undiff., Apiaceae undiff., Filipendula, and Ranunculus acris. 
Presence of pollen of Potamogeton subgen. Eupotamogeton and Myriophyl-
lum verticillatum (respectively max. 13.1% and max. 1.6%)
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Helianthemum, and Ephedra distachya sug-
gests well-developed tundra and steppe patches. 
Taking into consideration the high proportion of 
Pinus sylvestris type, which points to the exist-
ence of woodland near the site, it is possible that 
the LS2-1 L PAZ records a small basin and its 
subsequent deepening caused by dead ice melt-
ing. Its surroundings might have been occupied 
by plants with preferences for higher mois-
ture, associated with tundra communities e.g. 
Selaginella selaginoides (cf. Pawłowski 1959), 
whereas, the higher parts with drier conditions 
might have been covered by plants with higher 
tolerance to water defi ciency, such as Ephedra 
distachya and Helianthemum (cf. Granoszewski 
& Nalepka 2004, Noryśkiewicz et al. 2004).

The relatively high proportions of Alnus 
undiff. and Corylus avellana might have 
resulted from pollen redeposition, perhaps 
linked to intensifi cation of surface run-off and/
or from long distant transport. Moreover, these 
processes could have led to the redeposition of 
other pollen taxa.

PiotŁ-2 L PAZ Betula-Pinus; Bu-1 L PAZ 
Pinus-Betula; Bu-2 L PAZ Pinus-Betula-
Ulmus, Ra-3 L PAZ Betula-Pinus, Ra-4 
L PAZ Betula-Corylus-Ulmus; ca 9500–8200 
cal. yr BC, Preboreal chronozone

The improvement of climatic conditions trig-
gered a forest expansion, which rapidly dis-
placed shade-intolerant juniper thickets sur-
rounding the Piotrowo-Ławniki site. Patches 
of this community probably still existed during 
the older part of this period in the driest parts 
of morainic hills adjacent to the palaeolake.

The vicinity of lakes in the northern part of 
the Skaliska Basin was dominated by pioneer 
birch-pine forest revealing two patterns of 
development. The fi rst one was recorded in the 
Sąkieły Małe and Budry and shows a shift from 
pine-dominated forests in the older part of the 
Preboreal chronozone to predominantly birch 
forest in its younger part. The second pattern 
shown in the Piotrowo-Ławniki profi le refl ects 
a continuous domination of birch in this kind 
of woodland. The re-expansion of birch was 
probably caused by the Preboreal oscilation an 
event of climate deterioration. This phenome-
non is well documented in a few pollen profi les 
from northern and north-eastern Poland and 
is witnessed by a well-defi ned rise in Betula 
(Latałowa 1982, 1988, Pawlikowski et al. 1982, 
de Klerk et al. 2007, Wacnik 2009b). This event 
has also been detected at several sites in the 
northern hemisphere by different proxy-analy-
ses e.g. in eastern France (Björck et al. 1997), 
The Netherlands (Bos et al. 2007), Switzerland 

Table 4. The Skaliski Forest 1 – the description of the local pollen assemblage zones (L PAZs)

L PAZ Depth
[cm] Description of pollen spectra

Top 
boundary 

description

LS1-1. Pinus-
Picea

95–81.75 Domination of Pinus sylvestris type, maximum and constant decrease in Picea 
abies (max. 23%). Stable presence of  Betula undiff., Alnus undiff., Quercus, 
Corylus avellana, Fraxinus excelsior, Salix undiff., Ulmus, and Carpinus betu-
lus. Among herbs domination of Cypreaceae undiff. Continuous curve of Rumex 
acetosa type, Potentilla type, Galium type, and Apiaceae undiff. Constant values 
of Equisetum and Filicales monolete. At the depth of 87.5 cm the highest concen-
tration of charcoal paricles (9.3 × 103 particles/cm3)

Decrease in 
Picea abies 
and Betula 
undiff.

LS1-2. Pinus 81.75–51.75 Rise in Pinus sylvestris type (max. 63 %) after decline in Picea abies and Betula 
undiff. Constant presence of Alnus undiff., Corylus avellana, Quercus, Ulmus, 
Tilia cordata type, Carpinus betulus, Fraxinus excelsior, and Salix undiff. Rela-
tively high values of Cyperaceae undiff., continuous curves of Poaceae undiff., 
Rumex acetosa type, and Apiaceae undiff.; increase in Galium type. Single grains 
of Cerealia type and Hordeum type. Rise in Pteridium aquilinum frequency, 
decline in Equisetum in the upper part of the zone, stable presence of Filicales 
monolete. Among algae presence of Pediastrum undiff., P. duplex var. rugulo-
sum, Botryococcus undiff., B. neglectus, and Tetraedron

Decrease in 
Pinus syl-
vestris type, 
increase 
in Betula 
undiff.

LS1-3. 
Betula-Pinus-
Carpinus

51.75–20 Decline in Pinus sylvestris type coincides with rise in Betula undiff. (max. 28.5 %) 
and Carpinus betulus (max.4.9 %). More frequent grains of Fagus sylvatica. Fall 
in Cyperaceae undiff. and Galium type. Regular fi ndings of Artemisia, Apiaceae 
undiff., and Filicales monolete. Rise in Urtica undiff. and Potentilla type. Rumex 
acetosa type still regular in spectra. More frequent fi ndings of Cerealia type, 
Secale cereale, and Plantago lanceolata. Single grains of Hordeum type, Avena 
type, Triticum type, Fagopyrum esculentum type, and Centaurea cyanus. Rapid 
rise in Sphagnum in the upper part of the zone (max. 69.5 %). Scattered presence 
of algae: Pediastrum undiff., Pediastrum integrum, P. duplex var. rugulosum, 
Botryococcus neglectus, and B. brauni
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(Haas et al. 1998, Magny & Bégeot 2004), Ger-
many (ca 8950–8800 cal. yr BC; ca 8950–8400 
cal. yr BC; Bos & Urz 2003), and Central North 
America (Yu & Eicher 1998, Fisher et al. 2002). 
In the profi les from the Skaliska Basin this 

phenomenon is most distinct in the Budzewo 
profi le and is dated at 9258–8830 cal. yr BC 
(95.4%; 9660 ± 60 yr 14C BP). Additionally, the 
expansion of birch in this profi le coincided 
with a return to more open conditions. Diatom 

Table 5. The Skaliski Forest 2 – the description of the local pollen assemblage zones (L PAZs)

L PAZ Depth
[cm] Description of pollen spectra

Top 
boundary 

description

LS2-1. Pinus-
Selaginella-
Helianthe-
mum

280–265 Gradual increase in Pinus sylvestris type, fall in Betula undiff. and Alnus undiff. 
Stable presence of Picea abies, Salix undiff. and Corylus avellana. The highest val-
ues of Helianhemum undiff. (0.8%) Veronica type (0.8%) and Silene type (0.8%) in 
the pollen profi le, constant occurrence of Cyperaceae undiff., Poaceae undiff., and 
Apiaceae undiff. The highest values of Selaginella selaginoides (1.5%), continuous 
curves of Filicales monolete and Equisetum. The highest values of Sphagnum (6%). 
Algae represented by Tetraedron and Pediastrum undiff. The lowest concentration 
of pollen in the whole profi le (ca 2–4 × 103 grains/cm3)

Fall in 
Selaginella 
selaginoides 
and Heli-
anhemum 
undiff.

LS2-2. Pinus-
Betula

265–237.5 Maximum and gradual decrease in Pinus sylvestris type (max. 74.5%), slight fall 
in Betula undiff. Constant presence of  Alnus undiff. (fall in values), Ulmus, and 
Populus. Grains of Betula nana type determined in the upper part of zone as well as 
maximum of Salix undiff. (2.6%). Rapid rise in Poaceae undiff and Filicales mono-
lete as well as higher values of Phragmites australis type and Typha latifolia in 
the upper part of the zone. Presence of Selaginella selaginoides and Helianthemum 
undiff. only in single spectrum. Algae represented by Tetraedron and Pediastrum 
undiff.

Decline 
of Betula 
undiff., rise 
in Alnus 
undiff.

LS2-3. Alnus-
Tilia

237.5–205 Rapid rise in Alnus undiff. (max. 55%), increase in Tilia cordata type (max. 16%). 
Rise in Quercus, Fraxinus excelsior, and Corylus avellana. Decrease in Pinus syl-
vestris type, Betula undiff., Salix undiff., and Populus. Sharp fall in Poaceae undiff. 
and Filicales monolete. Continuous curve and maximum of Pteridum aquilinum 
(1.1%). At depth 225 cm numerous colonies of Botryococcus pila (max. 25.5%)

Decrease in 
Tilia cor-
data type

LS2-4. Quer-
cus

205–117.5 Gradual decrease in Alnus undiff., stable rise and later fall in Quercus values. Con-
stant presence of Salix undiff., Fraxinus excelsior, Picea abies, Corylus avellana, 
Tilia cordata type, and Ulmus. Fluctuations of Pinus sylvestris type and Betula 
undiff. curve. Rise in herbs frequency

Rapid 
increase in 
Picea abies

LS2-4a. Quer-
cus (Alnus-
Betula) 

205–177.5 Rise in Betula undiff. and Quercus simultaneous with fall in Pinus sylvestris type. 
Increase in Cyperaceae, Filipendula, Filicales monolete, and Thelypteris palustris. 
Maximum of Apiaceae undiff. (1.9%) Stable occurrence of Equisetum and Urtica. 
Single Tetraedron and Pediastrum undiff. in the lower part of the zone

LS2-4b. 
Quercus 
(Corylus)

177.5–
167.5

Distinct peak of Corylus avellana curve (max. 24.5%, fall in the upper part of the 
subzone). Values of Betula undiff, and Salix undiff. similar to the W3a-4a subzone. 
Increase in Quercus, fall in Pinus sylvestris type and Alnus undiff. Rise in Poaceae 
undiff., Urtica, and Equisetum, decrease in Filicales monolete and Filipendula. In 
the upper part of the subzone maxima of Thelypteris palustris (2.5%) and Menyan-
thes trifoliate (2.3%)

LS2-4c. Quer-
cus (Pinus-
Picea)

167.5–
117.5

Rise in Pinus sylvestris type, constant increase in Picea abies, maximum and subse-
quent fall in curve of Quercus (from 19% to 11%). After decline in Corylus avellana 
curve, stable values. Appearance of a low percentage curve of Carpinus betulus. 
Increase in Rumex acetosa type and Galium type; single Cerealia type grains. Con-
stant presence of Urtica and Equisetum. Phragmites australis type and Utricularia 
more frequent

LS2-5. Picea-
Pinus

117.5–77.5 Rapid increase in Picea abies (curve with two maxima: 28.5% and 27.5%), together 
with rise in Pinus sylvestris type and Carpinus betulus. Constant decline in Quer-
cus and Corylus avellana. Decrease in Ulmus. Equisetum, Plantago lanceolata, and 
Thalictrum more frequent. Single grain of Cerealia type. Fall in values of Filicales 
monolete and Potentilla type. Phragmites australis type less frequent than in the 
W3a-4c subzone. Occurrence of single grains of Potamogeton subgen. Eupotamoge-
ton in a few spectra as well as a single coenobium of Pediastrum undiff. In the 
upper part of the zone rise in charcoal concentration up to ca 3100 particles/cm3

Fall in 
Pinus syl-
vestris type

LS2-6. Betula 77.5–60 Rise in Betula undiff. especially in the upper part very distinct (max. 38.5%). Decline 
in Pinus sylvestris type. Rise and subsequent fall in Alnus undiff., Picea abies, and 
Quercus. Increase in Poaceae undiff. and Artemisia. Cerealia type and Secale cere-
ale in single spectra. Constant presence of Pteridium aquilinum, Chenopodiaceae, 
and Menyanhes trifoliata; rise in Sphagnum. At the depth of 75 cm a presence of 
not numerous colonies of Pediastrum undiff., Pediastrum boryanum var. boryanum, 
P. argentiniense type, P. angulosum, Botryococcus neglectus, and B. brauni
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analysis revealed unstable physical and/or 
chemical conditions in the water basin during 
this time interval; this conclusion was inferred 
from the domination of benthic diatoms and the 
occurrence of small Fragillaria spp. (Sienkie-
wicz 2013). Simultaneously the values of δ18O 

suggest cooling and/or an increase in humid-
ity (Mirosław-Grabowska 2013). A different 
situation was observed in the area of the allu-
vial fan at the Rapa site where the regenera-
tion of Betula woodlands was observed after 
9000 ± 60 14C yr BP (95.4%; 8300–7967 cal. yr 
BC). Nevertheless, in the light of the fact that 
southern and eastern sites from north-eastern 
Poland failed to register the occurrence of 
a Boreal maximum in the Betula pollen curve 
(Kupryjanowicz 2007, Wacnik 2009b, Lauter-
bach et al. 2011), this raises concerns about 
the consistency of the radiocarbon date with 
the pollen analytical results.

Another phenomenon simultaneous with the 
probable Preboreal oscillation was the appear-
ance of elm (Ulmus) in the surroundings of the 

Budzewo palaeolake (Figs 6, 9). This fact sug-
gests that the onset of the expansion of this 
genus took place earlier than 8300–7500 cal. 
yr BC in north-eastern Poland (cf. Zachowicz 
et al. 2004). Similarly, a new set of palynologi-
cal data obtained from Lake Hańcza and Lake 
Wigry seem to confi rm the earlier expansion 
of elm. The beginning of this phenomenon in 
the fi rst site took place around 8750–8650 cal. 
yr BC (Lauerbach et al. 2011) whereas, in the 
second one elm appeared about 8719–8512 cal. 
yr BC (Kupryjanowicz 2007). Neither is Lake 
Linówek an exception and clearly points to 
the period before 9510 ± 60 14C yr BP (95.4%, 
9120–8642 cal. yr BC) as the beginning of this 
taxon’s expansion (Gałka et al. in press).

On the other hand, the onset of elm expan-
sion was non-synchronous (Fig. 9), which is 
shown at the Piotrowo Ławniki site where in 
the declining phase of the Preboreal chrono-
zone the values reached by Ulmus exceed 
2% (according to Huntley & Birks (1983) 
a reliable indicator of its occurrence in situ). 

Table 6. Budzewo – the description of the local pollen assemblage zones (L PAZs)

L PAZ Depth
[cm] Description of pollen spectra Top boundary 

description

Bu-1 
Pinus-
Betula

1010–977.5 High percentages of Pinus sylvestris type (45.2–69.1%) and Betula undiff. 
(10.6–52.6%). Stable presence of single pollen grains of Alnus, Corylus avel-
lana, Picea abies, Quercus, and Salix. Constant occurrence of Artemisia, 
Cyperaceae undiff., Poaceae undiff., and Apiaceae undiff. Very high values of 
Filicales monolete (max. 68.2%). Regular presence of Sphagnum, Potamoge-
ton, and Typha angustifolia/Sparganium. Single remains of Dinnofl agellata 
and Tertiary sporomorphs

Fall in Pinus syl-
vestris type, rise 
in Betula undiff.

Bu-2 
Pinus-
Betula- 
Ulmus

977.5–905 Maximum and then gradual decrease in Betula undiff. (63%). Fall and rise 
in values of Pinus sylvestris type. Constant presence of Ulmus (3.9–6.6%), 
Corylus avellana, Populus, and Salix undiff. Rapid rise in Poaceae undiff. 
Regular occurrence of Filipendula. Fall in Filicales monolete. Start of con-
tinuous high-value curve of Bryales. First appearance of pollen of Myrio-
phyllum spicatum, M. verticillatum, Nuphar luteum, Nymphaea alba, and 
Typha latifolia as well as idioblasts of Nymphaeaceae. Algae represented by 
Tetraedron and Pediastrum undiff.

Rise in Corylus 
avellana

Bu-3 
Corylus-
Ulmus

905–825 Very high values of Corylus avellana (max. 29.6%). High percentages of 
Ulmus (3.9-6.6%). Presence of Alnus, Quercus, Tilia cordata type, Picea abies, 
and Salix. Decrease in Betula undiff. (min. 11.5%). First appearance of Pte-
ridium aquilinum spores

Increase in Alnus

Bu-4 
Corylus-
Ulmus-
Alnus

825–665 Very high values of Corylus avellana (max. 33.9%). Gradual rise in Alnus 
to 15.4%. Increase in Ulmus, Quercus, and Tilia cordata type. Continuing 
presence of Picea abies, Salix, and Fraxinus excelsior. Relatively low values 
of Pinus sylvestris type and Betula undiff.

Rise in Ulmus, 
Quercus and Tilia 
cordata type 

Bu-5 
Ulmus-
Tilia-Quer-
cus-Alnus

665–265 Relatively high values of Ulmus (max. 12.0%), Tilia cordata type (max. 5.7%), 
and Quercus (max. 6.4%). Depression in pollen curve of Corylus avellana. 
Continuous presence of Fraxinus excelsior, Picea abies, and Salix. Relatively 
low values of Pinus sylvestris type (to 60%) and Betula undiff. (to 30%). Con-
tinuous presence of Pteridum aquilinum

Increase in Cory-
lus avellana and 
Fraxinus excelsior

Bu-6 
Quercus-
Corylus-
Tilia-Alnus

265–190 Gradual decrease in Pinus sylvestris type to ca. 6%. Visible maxima of Corylus 
avellana (max. 23.2%), Alnus (max. 26.2%), Quercus (max. 11.6%), Fraxinus 
excelsior (max. 3.9%), and Tilia cordata type (max. 7.3%). Constant presence 
of Carpinus betulus and Picea abies. Rise in frequency of herbs. Relatively 
numerous spores of Lycopodium annotinum. Maximum of Nymphaea alba 
(max. 2.3%). Occurrence of Nymphaea candida pollen



 37

A different pattern of vegetation develop-
ment was observed on the southern part of 
the alluvial fan in the Skaliska Basin, where 
Pinus sylvestris rapidly dominated the area 
and probably prevented other tree taxa from 
expanding.

An important component of damp thick-
ets close to water bodies was willow (Salix), 
whose palynological imprint is most clearly 
recorded in the PiotŁ-2 L PAZ. The range of 
the percentage values of Salix is typical of the 
Preboreal chronozone in north eastern Poland 
(cf. Balwierz et al. 2004). In the drier parts of 
slopes, hazel (Corylus avellana) appeared in 
the understorey of pine-birch forests, and its 
population was probably the most numerous 
near the Sąkieły Małe site.

Filipendula spread in damp places around 
palaeolakes in the western and northern part 
of the Saliska Basin, where it coexisted with 
Cyperaceae, Typha latifolia, T. angustifolia, 
and/or Sparganium. The highest diversity of 
submerged macrophytes, which consisted of 
Nympheaceae (Nymphaea alba and Nuphar), 
Myriophyllum and Potamogeton subgen. 

Eupotamogeton was typical of the Budzewo 
profi le. More numerous blooms of Pediastrum 
duplex var. rugulosum, P. integrum, and P. 
boryanum var. longicorne, together with a reli-
able frequency of Tetraedron and Pediastrum 
boryanum var. boryanum suggest eutrophic 
conditions in the younger part of the period 
in the lake located in Piotrowo-Ławniki. The 
occurrence of P. integrum and P. boryanum 
var. longicorne is typical of the early Holocene 
in pollen diagrams, and the presence of the 
latter is indicative of peaty water (Komárek 
& Jankovská 2001). Algae assemblages refl ect 
the fact that this palaeolake was relatively 
small which enabled water to warm up suffi -
ciently for algae to bloom during the  summer.

A rise in the woodland cover caused by 
climatic amelioration at the beginning of the 
Holocene probably improved water retention 
and subsequently limited the role of run-off 
in pollen sedimentation in the Sąkieły Małe 
and Rapa water bodies. These processes were 
demonstrated by a reduction in the accumula-
tion of Tertiary spores, dinofl agellate cysts and 
degraded sporomorphs.

Table 7. Rapa – the description of the local pollen assemblage zones (L PAZs)

L PAZ Depth 
[cm] Description of pollen spectra Top boundary 

description

Ra-1 Pinus-
Betula 

444–432.5 High percentages of AP (up to 95%). Proportions of Pinus sylvestris type 
pollen ca 77%, Betula undiff. pollen – ca 15.6%, and Salix undiff. – ca 
1.5%. The low proportion of NAP. Herbaceous plants represented by 
Cyperaceae undiff., Poaceae undiff., Artemisia, and Chenopodiaceae pol-
len. Among spores presence of Equisetum

Decrease in values of 
Pinus sylvestris type 
and an increase in 
NAP values

Ra-2 Betula- 
Pinus-NAP

432.5–390 Slight decrease in AP percentages. In the lower part oh the zone high 
values of Pinus sylvestris type. Increase in NAP. Rise in the values of 
Cyperaceae undiff., Artemisia, Chenopodiaceae, and Poaceae undiff pol-
len. Single grain of Juniperus, Hippophae rhamnoides, Betula nana type, 
and Ephedra fragilis type. In the upper part of the zone increase in 
the percentage values of Betula undiff. up to 34.6%., and fall in Pinus 
sylvestris type

Below an increase 
in Betula undiff and 
decrease in NAP 
values

Ra-3 Betula- 
Pinus 

390–355 The zone with maximum percentages of Betula undiff. pollen (57.7%). 
The increase in proportions of Ulmus and Corylus avellana. Among 
aquatic plants presence of Nymphaea alba. A maximum values of Fili-
cales monolete

Increase in Corylus 
avellana values and 
a decline of Betula 
undiff. and Pinus syl-
vestris type values

Ra-4 Betula-
Corylus-
Ulmus

355–335 Domination of AP. Fall in percentages of Betula undiff. Increase in the 
proportions of Ulmus and Corylus avellana pollen. Rise in Ulmus pollen 
values up to 7%, and Corylus avellana 8.5%. Very low NAP values with 
Poaceae undiff. reaching 5.5%

Decrease in Betula 
undiff. values and 
increase in Corylus 
avellana and Ulmus 

Ra-5 Cory-
lus-Ulmus-
Alnus

335–245 Maximum of AP values (99%). The highest values of Corylus avellana 
(43.5%), Alnus undiff. (22%), and Ulmus (11.2%). Continuous curves of 
Quercus and Tilia cordata type. Single grains of Viscum and Hedera 
helix

Decrease in Corylus 
avellana and Alnus 
undiff.values, and 
increase in values of 
Quercus and Tilia 
cordata pollen

Ra-6 Quer-
cus-Tilia-
Picea

245–240 Decrease in the percentages of Corylus avellana and Alnus undiff. 
(respectively to 10.7% and to 17.6%). Rise in the values of Quercus and 
Tilia cordata type pollen to 7.2% and 9.5%. The maximum of Ulmus 
(11.2%). Picea abies values below 2%
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PiotŁ-3 L PAZ Corylus, below a depth of 
255 cm; SM-3 L PAZ Corylus-Ulmus-Fraxi-
nus, below a depth of 161 cm; LS2-2 L PAZ 
Pinus-Betula; Bu-5 L PAZ Corylus-Ulmus-
Alnus, below a depth of 725 cm, Ra-5 L PAZ 
Corylus-Ulmus-Alnus, below a depth of 
315 cm; Par-1 L PAZ Pinus-Corylus-Ulmus; 
Par-3 L PAZ Corylus-Ulmus; Par-4 Alnus, 
below a depth of 475 cm; ca 8200–7000 cal. yr 
BC, Boreal chronozone

Rapid spread of hazel probably prevented the 
development of birch seedlings and restricted 
the occurrence of Betula in pine-birch forests. 
This phenomenon was observed in the area of 
north-eastern Poland in the Boreal chronozone 

and the time of this event was approximately 
7500–6700 cal. yr BC (Miotk-Szpiganowicz 
et al. 2004). A more abundant component of 
woodlands was lime (Tilia cordata) with trees 
probably occupying more fertile soils. In the 
older part of this period alder (Alnus) started 
to expand in the wetter habitats and probably 
formed alder carrs there. This taxon was prob-
ably the most important component of ripar-
ian forest and co-existed with elm. A unique 
pattern was refl ected in the profi le from the 
Parchatka valley, where the fi rst maximum 
of alder, a reliable indicator of its local occur-
rence, was detected before 7937–7593 cal. yr BC 
(95.4%, 8700 ± 50 14C yr BP). After this event, 
a sudden disappearance of alder took place, 

Table 8. The Parchatka valley – the description of the local pollen assemblage zones (L PAZs)

L PAZ Depth
[cm] Description of pollen spectra Top boundary 

description

Par-1 
Pinus- 
Corylus-
Ulmus

675–625 Domination of Corylus avellana, Pinus sylvestris type, Betula undiff., and Ulmus. 
Presence of Salix undiff., Tilia cordata type, and Fraxinus excelsior in each spec-
trum. Among herbs constant occurrence of Poaceae undiff., Cyperaceae undiff., Fil-
ipendula, and Phragmites australis type. Continuous curve of Filicales monolete

Rise in Betula 
undiff.

Par-1a 
Pinus- 
Corylus-
Ulmus 
(Alnus)

675–672.5 The subzone is represented by a single spectrum. Relatively high values of Alnus, 
undiff.  (33 %), Fraxinus excelsior (1.2%), Tilia cordata type (4.6%), and Picea abies 
(2.3%). Maxima of Filicales monolete (27.5%) and Thelypteris palustris (8%) in the 
profi le. Occurrence of coenobia of Pediastrum integrum and P. boryanum var. borya-
num

W6-1b 
Pinus- 
Corylus-
Ulmus 
(Corylus

672.5–635 Rapid increase in Corylus avellana (28.5–31.5%); rise in Ulmus; strong fall in Alnus 
undiff. (between 4.3 and 0%). Decrease in Quercus, Fraxinus excelsior, Tilia cordata 
type, Picea abies as well as Filicales monolete, and Thelypteris palustris. Continu-
ous low-percentage curve of Urtica. Cladium mariscus detected in most spectra. 
High diversity of algae, among them predominance of Tetraedron, Pediastrum 
undiff., P. integrum, P. boryanum var. boryanum, P. boryanum var. longicorne, and 
Botryococcus undiff. 

Par-1c 
Pinus- 
Corylus-
Ulmus 
(Pinus)

635–-625 The subzone is represented by a single spectrum. Rapid fall in Corylus avellana 
and decrease in Ulmus coincided with rise in Pinus sylvestris type (max. 61.5%). 
Increase in Poaceae undiff. and Filicales monolete. Algae represented by Pedias-
trum integrum and P. boryanum var. boryanum

Par-2 
Betula-Fili-
pendula

625–580 Visible rise and after decrease in Betula undiff. (max. 71.5%), an opposite trend 
of Pinus sylvestris type. Low percentage curve of Alnus undiff. At depth of 610 
cm presence of Betula nana type (max. 2.7%). Increase in percentages of herbs, 
among which maxima of Poaceae undiff. (10.5 %), Filipendula (4.5%), Artemisia 
(3%), Apiaceae undiff. (0.7%), Aster type (1%), Thalictrum (0.6%), and Galium type. 
Additionally more numerous presence of Silene type, Botrychium, and Selaginella 
selaginoides. Rising trend of Sphagnum curve (max. 11.5%). Corroded sporomorphs 
the most frequent in the whole profi le (2.3–7.5%). The lowest concentration of pol-
len: ca 3–15 ×103 grains/cm3

Increase in 
Corylus avel-
lana and 
Ulmus

Par-3 
Corylus-
Ulmus

580–525 Sharp rise in Corylus avellana (max. 34.5%) as well as Alnus undiff., but in the 
upper part. Increase in Ulmus, Quercus, Tilia cordata type, and Fraxinus excelsior. 
Decrease in Betula undiff. Constant fall in herb taxa. Phragmites australis type in 
almost every spectrum. At a depth of 550 cm maximum of Potamogeton subgen. 
Eupotamogeton (4%). The highest percentages of Tetraedron (26.5%)

Fall in Cory-
lus avellana 
and Ulmus; 
domination of 
Alnus undiff.

Par-4 
Alnus

525–460 Rise in Alnus undiff. (23–47%), Tilia cordata type (max. 20%), and Quercus (max. 
2.8%) simultaneous with gradual fall in Corylus avellana (to 10.5 %). After decrease, 
rise in Ulmus. Fluctuation of Pinus sylvestris type and constant values of Betula 
undiff and Filipendula. Higher frequency of Vaccinium type and spores of The-
lypteris palustris. Increasing trend of Filicales monolete. In the upper part of the 
zone low percentage curve of Pteridium aquilinum. Regular occurrence of Tetrae-
dron and Botryococcus undiff.; Pediastrum undiff., P. boryanum var. boryanum, and 
P. integrum in almost every spectrum



 39

which might have been caused by an increase 
in the water level of the Parchatka stream up 
to the level intolerable to Alnus. Temporary 
natural deforestation, in the lowest terraces 
of the valley caused a rapid increase in pollen 
frequency of Corylus avellana, which occupied 
higher elevations. Probably the consequence 
of this climatic disturbance is intercalation of 
allochthonous sediment overlying the Par-1b 

LPASZ (see: Discontinuities in profi les from 
the Skaliska Basin versus climatic oscillations). 
Relatively stable hydrological conditions after 
7578–7336 cal. yr BC (95.4%; 8400 ± 60 14C yr 
BP) brought about a re-expansion of alder on 
the fl ooded terrace. Generally, the beginning of 
Alnus expansion in the area of north-eastern 
Poland took place in the late Boreal chrono-
zone, but the onset of this phenomenon was 

Fig. 9. Timing of appearance and expansion of elm (Ulmus), pine (Pinus), birch (Betula) and hazel (Corylus avellana) at sites 
in the Skaliska Basin in the early Holocene
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not synchronous. This event was dated at ca 
7796 cal. yr BC in Lake Wigry (Kupryjanowicz 
2008), ca 7150 cal. yr BC in Lake Miłkowskie 
(Wacnik 2009a, b) and ca 7050 cal. yr BC 
in Lake Hańcza (Lauterbach et al. 2011). 
Improvement of thermal conditions enabled 
ivy (Hedera helix) and mistletoe (Viscum) to 
occur in the woodlands surrounding each site, 
with the exception of the Skaliski Forest. Both 
taxa require a minimum June mean temper-
ature of 16°C, but the former taxon will not 
tolerate either a January mean temperature 
below − 2°C in a more oceanic climate (Iversen 
1944) or one below − 3.3°C in a continental cli-
mate (Jasiewicz 1951).

In the belt of rushes that adjoined the water 
body in the Parchatka valley, saw-sedge (Cla-
dium mariscus) occurred regularly between ca 
7937 and 7336 cal. yr BC and this is the only 
site in the Skaliska Basin where this species 
was recorded. Another identifi cation of pol-
len of saw-sedge from the Boreal chronozone 
in north-eastern Poland was made in Lake 
Miłkowskie (Wacnik 2009a, b). The composition 
of the algal fl ora, where Tetraedron distinctly 
dominated, points to eutrophic conditions and 
probably the small size of this basin.

During the Boreal chronozone, a palaeo-
lake at the Piotrowo-Ławniki site failed to 
show visible changes in the composition of 
green algae in comparison with the previ-
ous chronozone, but an interesting fact was 
the occurrence of Pediastrum kawraiskyi. 
This species is attributed to clear stenother-
mic water bodies, mainly slightly eutrophic 
(Komárek & Jankovská 2001). However, it 
was not found in the Late Glacial sediments 
in this palaeolake. In contrast, together with 
the appearance of P. kawraiskyi a slight rise 
in P. boryanum var. longicorne, a taxon pre-
ferring peaty water, took place and this might 
suggest a fall in the water table. Additionally, 
a simultaneous noticeable rise in the δ18O 
curve may confi rm this process in the water 
body (Mirosław-Grabowska 2013). In addi-
tion, the expansion of Nymphaea alba may 
suggest highly eutrophic conditions (Matusz-
kiewicz 2005). In the depression in the Ska-
liski Forest a water body with Myriophyllum 
spicatum and Lemnaceae existed, and Pedias-
trum undiff. also bloomed there. The composi-
tion of other telmatophytes and limnophytes 
at other sites was similar to the Preboreal 
chronozone.

PiotŁ-3 L PAZ Corylus, above a depth of 
255 cm; PiotŁ-4 L PAZ Alnus-Ulmus-Tilia; 
LS2-3 L PAZ Alnus-Tilia; Bu-4 L PAZ Cory-
lus-Ulmus-Alnus, above a depth of 725 cm; 
Bu-5 L PAZ Ulmus-Tilia-Quercus-Alnus, 
Ra-5 L PAZ Corylus-Ulmus-Alnus above 
a depth of 315 cm; Ra-6 L PAZ Quercus-
Tilia-Picea; Par-4 L PAZ Alnus, above 
a depth of 475 cm; ca 7000–3800 cal. yr BC, 
Atlantic chronozone

The climatic conditions of the Holocene cli-
matic optimum supported the development of 
multispecies deciduous and mixed woodlands. 
Likewise, an improvement in edaphic condi-
tions enabled Tilia cordata to spread over the 
whole area of the Skaliska Basin. Moreover, 
the second native species to Poland – broad 
leaved lime (Tilia platyphyllos) probably 
appeared then as isolated specimens, as was 
recorded in the profi les from Sąkieły Małe, 
Budzewo, and Skaliski Forest. Nowadays, the 
north-eastern limit of this species occurs in the 
southern part of Poland up to the latitude 52° 
(Boratyńska & Dolatowski 1991, Zając & Zając 
eds 2001), so that data obtained from the Ska-
liska Basin suggest a wider distribution in 
Central Europe. Other well-dated profi les, car-
ried out from north-eastern Poland failed to 
detect the occurrence of broad-leaved lime in 
the Holocene climatic optimum (Lake Wigry – 
Kupryjanowicz 2007, Lake Miłkowskie – Wac-
nik 2009a, b, Lake Hańcza – Milecka, pers. 
comm.). Oak (Quercus) gradually increased its 
numbers in woodlands and might have started 
to form, together with Scotch pine (Pinus syl-
vestris), communities similar to modern ones 
from the Pino-Quercetum association. The 
development of climax woodlands shaded the 
understorey and probably led to a slight reduc-
tion in hazel. Ivy expanded in the groundcover, 
whereas mistletoe was a common taxon in the 
canopy level. Alder (Alnus) probably still domi-
nated in the damp niches and surroundings of 
palaeolakes and mires, but elm (Ulmus) and 
ash (Fraxinus excelsior) were also a signifi -
cant component in these areas. The last taxon 
reached its highest distribution (2–3% of pollen 
values) in Holocene around 5550–4730 cal. yr 
BC in north-eastern Poland (Tobolski & Nal-
epka 2004). All sites, except for Budzewo and 
Rapa, recorded a similar or higher pollen fre-
quency of ash. Alder carrs were probably best 
developed in the area of the southern part of 
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the Skaliski Forest (LS2-3 and Par-4 LPAZs), 
where both species Alnus incana and A. glu-
tinosa occurred together (Stachowicz-Rybka 
& Obidowicz 2013). In that habitat, spruce 
might have been present as individual trees. 
Even though pollen spectra showed the devel-
opment of woodland communities, traces of 
open vegetation increased, as shown by a dis-
tinct maximum of Rumex acetosa/acetosella, 
were recorded in the Piotrowo-Ławniki profi le. 
This phenomenon might have two explana-
tions; fi rst, that it was caused by activity of 
Mesolithic humans who burnt patches of forest 
to simplify hunting game, the second explana-
tion postulates the spread of one of the Rumex 
species in the belt of reeds. The activity of for-
est clearance might be confi rmed by the more 
frequent occurrence of bracken (Pteridium 
aquilinum) over the whole area of the Skaliska 
Basin. This fern according to Emmingham 
(1971) requires high light intensity, and young 
plants appear abundantly on soils enriched by 
wood-ash (Oberdorfer 1990, following Madeja 
et al. 2004). What is more, the acidifi cation of 
soil resulting from fi re facilitates the germina-
tion of spores (Page 1986). Burning was a typi-
cal method of clearing woodlands then, as has 
been described by Stančikaité et al. (2002) and 
Bos and Urz (2003). Moreover, detailed archae-
ological investigations carried out in nearby 
Dudka (Gumiński 1995, 1999) and Szczepanki 
(Gumiński 2003) as well as pollen researches 
from Nietlice (Kupryjanowicz 2002) and 
Szczepanki (Wacnik & Ralska-Jasiewiczowa 
2008) point to local intentional fi re clearances 
induced by human activity at this period. This 
activity could have positively affected the 
maintenance of hazel in the understorey of 
woodlands where the increasing shade should 
have affected negatively the growth and ger-
mination of this species (cf. Miotk-Szpigano-
wicz et al. 2004). Additionally, morphological 
features of Corylus avellana such as its rela-
tively deep rooting system make this species 
fi re-resistant and enable fast regeneration 
(Behre 1981). The occurrence of local fi res, but 
assigned to the Boreal chronozone, was also 
detected in the Bałupiany site located east of 
the Skaliska Basin and this phenomenon also 
had a positive impact on the increase in pol-
len frequency of hazel (Karpińska-Kołaczek 
et al. 2013).

The palaeolake at the Piotrowo-Ławniki 
site recorded the occurrence of a new taxon 

– Pediastrum simplex var. echinulatum. This 
species, according to Komárek & Jankovská 
(2001) is a component of freshwater plankton 
under various eutrophic conditions with neu-
tral to alkaline water. This episode is corre-
lated with a decrease in δ18O and δ13C content 
in the water body, which may suggest a rise in 
the water level caused by an increase in pre-
cipitation (Mirosław-Grabowska 2013). A rise 
in the number of Botryococcus undiff. colonies 
in the palaeolake in Budzewo in the younger 
part of the Atlantic chronozone points to its 
eutrophication (cf. Jankovská & Komárek 
2000). A fall in the water level was also demon-
strated in the expansion of Typha angustifolia 
and T. latifolia in the belt of reeds as well as 
in the more frequent occurrence of Nymphaea 
alba within the lake.

On the surface of the former water body 
in the Parchatka valley alder carr probably 
developed and caused a rapid deterioration of 
pollen preservation, which is typical of peat 
accumulated in the area of alder carrs (Bar-
thelmes et al. 2006). This fact is confi rmed by 
peat analysis which pointed to the beginning of 
alder peat accumulation from a depth of 450 cm 
(Stachowicz-Rybka & Obidowicz 2013).

PiotŁ-5 L PAZ Pinus; SM-5 L PAZ Picea-
Carpinus-NAP; LS1-1 L PAZ Pinus-Picea; 
LS1-2 L PAZ Pinus; LS 2-4 L PAZ Quercus; 
LS2-5 L PAZ Picea-Pinus; LS2-6 L PAZ Be-
tula; Bu-6 L PAZ Quercus-Corylus-Tilia-
Alnus Subboreal chronozone; ca 3800–600 cal. 
yr BC, early Subatlantic chronozone

At the beginning of this period oak (Quer-
cus) continued its expansion and was probably 
a main component of the then equivalent of 
Pino-Quercetum woodlands, which may have 
reduced the area of the Skaliska Basin, occu-
pied by alder. Climate deterioration might 
have led to the revival of the birch population, 
which maintained a stable level during the 
whole Subboreal chronozone in the surround-
ings of Sąkieły Małe, whereas in the area of 
the Skaliski Forest birch was displaced by rap-
idly expanding hazel. However, this episode 
was short-lived.

The change in climatic conditions favoured 
the expansion of spruce, which probably had 
sparsely occupied more damp areas up until 
this period. Probably this species displaced oak 
and hazel from its habitat and together with 
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Pinus sylvestris started to form coniferous for-
est similar to those which nowadays occupy 
the boreal zone. These processes are best high-
lighted in the profi les from the Skaliski Forest 
and Sąkieły Małe, where during the period of 
the spruce domination in woodlands, a sudden 
decline in its frequency was recorded (more 
visible in the Skaliski Forest). The pattern of 
spruce expansion showing two optima of occur-
rence is repeated elsewhere and was recorded 
in eastern located sites e.g. Lake Czarne 
located in the Rogalskie Hills (Karpińska-
Kołaczek 2011), Bałupiany in the Węgorapa 
District (Karpińska-Kołaczek et al. 2013). The 
results of radiocarbon dating obtained from 
Lake Hańcza point to ca 3050 cal. yr BC as 
the beginning of spruce expansion and ca 2450 
cal. yr BC as its fi rst maximum (Lauterbach 
et al. 2011). The results of pollen analysis and 
radiocarbon dating from Lake Wigry showed 
that the fi rst maximum of this taxon took 
place ca 2020 cal. yr BC and the second one 
was estimated at 340 cal. yr BC (Kupryjano-
wicz 2007). On the other hand, Lake Linówek 
revealed a pattern of spruce expansion with-
out distinct maxima, and the beginning of that 
expansion was dated at 2471–2153 cal. yr BC 
(95.4%; 3860 ± 50 14C yr BP; Gałka et al. in 
press). Isopollen maps estimate the age of the 
optimum of spruce occurrence at ca 2650–1050 
cal. yr BC in north-eastern Poland (Obidowicz 
et al. 2004).

Almost every profi le from the Skaliska 
Basin failed to refl ect a distinct retreat of elm 
at the beginning of the Subboreal chronozone 
(cf. Ralska-Jasiewiczowa 2004, Zachowicz 
et al. 2004). The profi le from Sąkieły Małe is 
the only one which demonstrates a decline in 
the elm curve, but the age of this event was 
approximated only palynologically. Probably 
the low intensity of Neolithic farming activity 
in the area of Skaliska Basin and the subse-
quent lack of pollarding activity retarded the 
spread of Dutch elm disease (see Moe & Rack-
ham 1992). A similar situation was recorded 
in the adjacent Lake Czarne (Rogalskie Foot-
hills), where this taxon reached its maximum 
after the Holocene climatic optimum and this 
coincided with an increase in human activity 
(Karpińska-Kołaczek 2011). To summarize, 
the insignifi cant human impact at the begin-
ning of the Subboreal chronozone, together 
with a rise in humidity let elm maintain its 
sites in the Skaliska Basin and may even have 

had a positive infl uence on the development of 
its population. A similar pattern was observed 
in Lake Miłkowskie where a distinct fall in 
Ulmus was recorded in 1950 cal. yr BC. How-
ever, during the transition between the Atlan-
tic and Subboreal chronozone a small decrease 
in this taxon’s curve was registered (Wacnik 
2009a, b). On the other hand, a typical pat-
tern with an early Subboreal elm decline was 
recognized in easterly located sites like Lake 
Hańcza (Lauterbach et al. 2011), Lake Wigry 
(Kupryjanowicz 2007), Lake Dũba and Lake 
Pelesa in Lithuania (Stančikaité et al. 2002).

In deciduous and mixed woodlands, horn-
beam (Carpinus betulus) appeared as a new 
component. The late Holocene spread of this 
taxon might have been facilitated by human 
activity which had left deforested areas which 
were favourably colonized by relatively fast 
growing hornbeam specimens (cf. Ralska-Ja-
siewiczowa & van Geel 1998). The records of 
Lake Hańcza show the date ca 2450 yr cal. 
BC as the beginning of the increase in the fre-
quency of Carpinus betulus in woodland com-
munities (Lauterbach et al. 2011), whereas, in 
the vicinity of Lake Miłkowskie the beginning 
of its regular occurrence was recognized later, 
in the period 1950–1850 yr cal. BC (Wacnik 
2009a, b). The probable appearance of Carpi-
nus betulus in the surroundings of Lake Wigry 
took place about 2022 cal. yr BC, although its 
local occurrence there was quite uncertain 
(Kupryjanowicz 2007). The interesting phe-
nomenon is that Carpinus betulus maxima 
are associated with declines of Picea abies in 
the profi les from Sąkieły Małe and the Skal-
iski Forest. However, the more frequent pres-
ence of ribwort plantain (Plantago lanceolata) 
is coincidental with rises in hornbeam, as well 
as single occurrences of Cerealia type pollen 
which seems to confi rm a human role in these 
processes. Generally, pollen spectra related to 
the Subboreal chronozone in each profi le refl ect 
only slightly a fall in woodland cover, which 
may also be a refl ection of the weak activity 
of Neolithic tribes. Unfortunately, there is no 
available archaeological data from the area of 
the Skaliska Basin.

The phenomenon of spruce-hornbeam inter-
action has not been identifi ed in north-eastern 
Poland before, and the presence of both taxa was 
generally considered as promoted by human dis-
turbance of forests (Wacnik 2009a, b).

A different reaction of vegetation at the 
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beginning of the Subboreal chronozone was 
recorded in the profi les from Piotrowo-Ławniki 
and Budzewo. In the former, there was a rapid 
expansion of pine with a simultaneous regres-
sion of oak, but there is also the possibility of 
a hiatus in deposition with the layer assigned 
to the Subboreal period being much younger. 
In the latter profi le, arboreal taxa traditionally 
linked with the Holocene climatic optimum, 
such as Fraxinus excelsior, Corylus avellana, 
and Tilia cordata, seemed to extend their dis-
tribution by a rapid restriction of the occur-
rence of Pinus sylvestris.

A probable rise in the water level caused 
a re-expansion of submerged macrophytes like 
Myriophyllum verticillatum and Potamoge-
ton subgen. Eupotamogeton in the palaeolake 
located in Sąkieły Małe. The higher number 
of dinofl agellate cysts may suggest an increase 
in the role of run-off in pollen and other paly-
nomorph sedimentation. During this period at 
the site in the Skaliski Forest there was a peat 
bog with small eutrophic pond(s) occupied by 
Utricularia, whereas the surroundings were 
covered by Phragmites australis, Menyanthes 
trifoliata, telmatic representatives of Equise-
tum, and probably Comarum palustre (Poten-
tilla type).

LS1-3 L PAZ Betula-Pinus-Carpinus; Sub-
atlantic chronozone younger than ca 500 cal. 
yr BC

A slight intensifi cation of human activity 
was recorded in more numerous occurrences 
of cereal pollen. The spread of rye (Secale 
cereale) refl ected in the upper part of the 
L PAZ may have been the effect of the agricul-
tural practice of tribes dating back to the Iron 
Age or of humans who occupied this area in 
the Early Mediaeval Period. Isopollen maps 
point to an increase in rye percentages during 
the last millennium in north-eastern Poland 
(Okuniewska-Nowaczyk et al. 2004). Human 
impact could have led to nitrifi cation of habi-
tats, which enabled Urtica to spread. The 
expansion of Betula as well as of Carpinus 
betulus, which coincide with this phenomenon, 
was probably due to the easier colonisation by 
these taxa of fallow lands. The fi rst optimum 
of hornbeam, however, demonstrated by rela-
tively low percentages (ca 5%) was dated at 
964–176 cal. yr BP (95.4%, 2190 ± 30 14C BP) 
and could have been connected with forest 

regeneration before the rise in activity of the 
Iron Age tribes. On the other hand, the rise in 
Betula values could have been because of its 
expansion at the surface of the peat bog, which 
might have been brought about by a fall in 
the water level. However, periods with a tem-
porary higher water level were present which 
allowed Pediastrum spp. to appear.

DISCONTINUITIES IN PROFILES 
FROM THE SKALISKA BASIN VERSUS 

CLIMATIC OSCILLATIONS

The fi rst sediment discontinuity is visible 
in a distinct sandy lens lying above sediments 
which originated during the Younger Dryas 
chronozone in the Rapa profi le (Fig. 7). This 
intercalation of sand might have been caused 
by a strengthening of the activity of streams 
that cut into the sandy fan during the late part 
of the Younger Dryas chronozone. This period 
was characterized by a higher lake level in 
middle-Europe (Magny et al. 2003), but at the 
same time there is no visible intensifi cation of 
fl ood episodes in Poland (Macklin et al. 2006). 
So there is also a possibility that a single cata-
strophic event was recorded in this profi le.

The second visible discontinuity is the injec-
tion of older pollen material (Par-2 zone) into 
sandy detrital gyttja in the Boreal deposits of 
the profi le from the Parchatka valley (Fig. 8). 
A radiocarbon date obtained from the begin-
ning of this layer showed 9112–8489 yr cal. 
BC (95.4%; 9410 ± 60 14C yr BP) and suggests 
a Preboreal origin. This intercalation probably 
refl ects event(s) with an increase in the activ-
ity of streams and subsequent fl oods, which 
may have rebedded older material. Taking 
into consideration the radiocarbon dating car-
ried out under and above this layer, this event 
took place between 7937 and 7336 cal. yr BC. 
This time interval spans the period of higher 
water level in the lakes from the Jura, French 
Pre-Alps and Swiss Plateau (Magny & Bégeot 
2004), and ice rafting debris in the northern 
Atlantic Ocean (Bond et al. 2001). However, in 
Poland it coincides with a wet phase on peat-
bogs (Żurek & Pazdur 1999, Żurek et al. 2002) 
and fl ood phases in the Upper Vistula (Star-
kel et al. 2002). Only the profi le from Budzewo 
refl ected two declines in the δ18O, which 
may suggest increasing humidity of climate 
(Mirosław-Grabowska 2013). Unfortunately, 
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an attempt to obtain a radiocarbon date from 
this part of the profi le was not successful.

The profi le from the Skaliski Forest con-
tained a truncated section deposited probably 
during the Preboreal and Boreal chronozones. 
Pollen spectra failed to record the early Holo-
cene maximum of Corylus avellana or of Betula 
undiff. However, Stachowicz-Rybka and Obi-
dowicz (2013) detected numerous sclerotia of 
Cenococcum geophillum, which may indicate 
an event involving strong erosion of organic 
matter from the surface soil (Wick et al. 2003). 
Deposition of a silt layer in the zone assigned 
to the Preboreal and/or Boreal chronozone 
may also suggest the possibility of water fl ow-
ing through the depositional basin which could 
then have ceased during the Atlantic chrono-
zone, when accumulation of peat was able to 
start.

Profi les located in the area of the basin, out-
side the sandy fan, are devoid of late Holocene 
sections. This was probably the result of fi nal 
infi ll of the depressions during the Atlantic and 
Subboreal chronozones. Probably the deposits 
from the upper part of the Piotrowo-Ławniki 
profi le belong to the Subatlantic chronozone 
and they overlie deposits from the Atlantic 
chronozone. This is visible in the sharp rise 
in the percentages of Pinus sylvestris type and 
the lack of an early Subboreal rise in Quercus 
values.

RADIOCARBON DATE
DISCREPANCIES

The strongest radiocarbon inversions took 
place in the Piotrowo-Ławniki profi le. In this 
profi le the radiocarbon date (Poz-37993) from 
the Younger Dryas/Preboreal chronozone 
transition which showed 6570 ± 100 yr 14C BP 
was obtained from unidentifi ed plant tissue, 
so it may suggest rejuvenation of the sample 
by roots. Age inversion at the depth of 270–
280 cm in the Skaliski Forest site could have 
an identical explanation. The date Poz-41022 
(5300 ± 50 yr 14C BP) was obtained from wood 
fragments, which were the only material suffi -
cient for radiocarbon dating and they probably 
were fragments of tree roots colonizing the 
mire surface in the late Atlantic chronozone. 
However, the sample selected for the radio-
carbon date Poz-37992 from the Piotrowo-
Ławniki site comprised fruits of Betula sect. 

Albae and Schoenoplectus lacustris (Tab. 1), 
so rejuvenation caused by improper material 
selection fails to explain this problem, because 
these plants do not assimilate HCO- as do sub-
merged plants. Additionally a pollen diagram 
as well as results of oxygen and carbon isotope 
analyses (Mirosław-Grabowska 2013) point to 
subsequent sedimentation without traces of 
disturbance. Another explanation might be 
rejuvenation caused by humic acids which infi l-
trated the ground and saturated the macrore-
mains leading to an increase in the content of 
14C in them (Björck & Wohlfarth 2001). Never-
theless, a radiocarbon date from the upper part 
of the profi le (Poz-37991, 5420 ± 40 yr 14C BP) 
matches palynological analysis well, and these 
macroremains should have been exposed to the 
strongest activity of humic acids. The other 
reason for the dates being too young might 
have been improper storage. The samples for 
AMS dating were kept in closed plastic bags 
in a dark and cool (ca 5°C) place. Samples for 
radiocarbon dating were ultimately chosen in 
conjunction with the results of pollen analysis, 
which allowed us to distinguish the most dis-
tinctive events. That fact caused a 24 month 
delay between the sampling and dating. Wohl-
farth et al. (1998) proved that the longer time 
of sample storage increases the probability of 
obtaining a younger age in comparison to esti-
mations from other proxies. It was also shown 
that samples with a low content of carbon (in 
dry weight smaller than ca 1.4 mg) are more 
susceptible to contamination than larger ones 
(Wohlfarth et al. 1998). Those phenomena were 
explained by the rejuvenating role of fungi and 
other microorganisms, which are easily incor-
porated into samples during the retrieval of 
cores, sampling samples and even during the 
storage procedures. On the other hand, fungi 
are heterotrophic organisms so the only ‘young’ 
carbon contaminants in material selected for 
AMS dating should come from modern spores 
which fall onto the material. A subsequently 
spreading mycelium incorporates carbon from 
its substratum i.e. macroremains in the case of 
the research presented in this paper. So then, 
dates from the combination of macroremains 
and mycelium should display an age similar 
or slightly rejuvenated in comparison to ster-
ile substratum. According to Wohlfarth et al. 
(1998) CO2 may be “assimilated by the fungi 
from the organic-rich medium and from con-
taminating nutrients in the ambient water 
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during growth”. This recent carbon, when added 
to the sample, may account for the large errors 
of several hundred to several thousand years 
encountered in data series (cf. Walker 2005). 
Geyh et al. (1974) and Colman et al. (1997) 
also revealed that long-term storage infl u-
ences obtaining younger ages in bulk sediment 
radiocarbon dating. In the fi rst case as a main 
driver of age discrepancies, the terrestrial 
bacteria were determined. Research carried 
out by Parkinson et al. (1990, 1991) revealed 
that cells of the fungus Fusarium oxysporum 
under oligotrophic conditions contain 0.78% of 
carbon from CO2 and 99.22% originates from 
other sources, which include pre-formed cell 
material and trace organic contaminants in 
the medium and in the atmosphere. However, 
O. Constantinescu cited by Wohlfarth et al. 
(1998) claimed that the fungus Paecilomyces 
farinosus “may easily grow and absorb CO2 
from the remaining air in the glass bottle and 
from the ambient water”.

The interesting fact is that most of the 
dates from the Skaliska Basin carried out from 
macrofossils treated by a mixture of glycerine, 
thymol and ethyl alcohol (but pretreated by 
rinsing them in alcohol) refl ected a reliable age 
in comparison with that deduced from palyno-
logical analysis. The aforementioned observa-
tions give a far-reaching possibility of dating 
profi les investigated in the past, from which 
macrofossils have already been identifi ed and 
collected (and thus preserved in glycerine-thy-
mol-ethyl alcohol mixture). However, not all 
samples pretreated by alcohol revealed reli-
able dates, as was noted in the Budzewo pro-
fi le (dates Poz-41008 and Poz-41005), therefore 
more control tests should be carried out before 
the introduction of this method. Considering 
an issue of dates from the Skaliska Basin, it 
is also possible that the preserving mixture 
restricted the development of microorganisms 
in/on macroremains. However, the extraction 
of macrofossils and their conservation was car-
ried out about 12 month after the collection of 
the core, so the period of exposure to fungi and 
bacteria was shorter than in case of samples in 
storage for AMS dating.

To sum up, several authors have had to face 
problem of inconsistency of dates with other 
proxies and even the fi nest macroremains 
found in undisturbed deposits have suggested 
ages that were far from probable (e.g. Beer 
et al. 2007, Kiage & Liu 2009).

CONCLUSIONS

1. Even though, pollen profi les from the 
Skaliska Basin refl ect vegetation development 
since the decline of the Bølling-Allerød intersta-
dial up until the present, none of them reveals 
a complete succession spanning this period.

2. The palynological research proved that 
the Late Glacial and Holocene vegetation his-
tory of this small area could display different 
patterns. The Younger Dryas was the period 
when juniper shrublands typical of north-
eastern Poland developed as well as patches 
of steppe with Artemisia, more common for the 
southern part of Poland. A more homogenous 
vegetation consisting of birch-pine forest was 
characteristic of the Preboreal chronozone, but 
in two profi les from Budzewo and Rapa, a defi -
nite expansion of Betula was refl ected. How-
ever, the appearance of elm (Ulmus) in the for-
est was non-synchronous and the fi rst reliable 
amounts of pollen which show its in situ occur-
rence were dated at 8830–9244 cal. yr BC. The 
subsequent hazel (Corylus avellana) expansion 
was recorded in a majority of profi les as well 
as the development of deciduous forests during 
the Atlantic period. An interesting phenome-
non was the simultaneous rise in the values of 
thermophilous taxa in the Subboreal chrono-
zone in the western part of the area (Budzewo) 
and the decline of these taxa in the parallel sec-
tions of other profi les. Vegetation of the Sub-
boreal chronozone was recorded in the profi les 
from Sąkieły Małe and the Skaliski Forest. In 
both sites an initial expansion of oak (Quer-
cus) was recorded. However, it was probably 
displaced in the younger part of the chrono-
zone by Norwegian spruce (Picea abies) whose 
percentages recorded two maxima. Addition-
ally hornbeam (Carpinus betulus) started to 
be a more common element in woodlands. The 
deposits of the Subatlantic chronozone were 
detected only in the profi le from the Skaliski 
Forest, where pine forest with an admixture of 
birch, spruce, and alder dominated.

3. Human impact was detected in the rare 
occurrences of grains of Cerealia type in the 
Subboreal and Subatlantic chronozones. This 
observation as well as the constant low per-
centages of herbs seems to confi rm the low 
penetration of the Skaliska Basin by human 
groups.

4. There is no clear explanation for inconsist-
encies of radiocarbon dates revealed by most of 
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the profi les. Surprisingly, a good agreement of 
radiocarbon dates obtained from macrofossils 
contaminated by a preserving mixture, (pre-
treated by alcohol before dating) with results 
of palynological analysis is very promising in 
terms of chronology for profi les devoid of radio-
carbon dates.
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