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ABSTRACT. The aim of this paper was to reconstruct environmental changes during the last 2 kyr in the
Orawa-Nowy Targ Basin based on palynological anlaysis and the radiocarbon dating of two peat bog profiles
from Puscizna Mala and Pu$cizna Krauszowska. So far, pollen profiles from this area have failed to include any
radiocarbon dates from this period. The first human activity was recorded between the 1%t and the 6% centuries
AD when the sporadic presence of Cerealia pollen may point to agricultural activity by the Przeworsk Culture
tribes. The reversal of the chronological order of layers between the 7t and the 17t century in Puscizna Krau-
szowska is also the result of human activity on the peat bog dome. This has led to the exclusion of this part
from consideration. Busier economic activity in the 9t"—11t" centuries in Puécizna Mata is apparent from more
frequent occurrences of Cerealia type and Secale cereale pollen, as well as from the rise in the proportions of
open ground herbs. However, historical sources do not confirm constant settlement in this area at that time. The
beginning of medieval colonization caused strong deforestation in the Orawa-Nowy Targ Basin, when mainly
beech-fir forests and on a smaller scale spruce were destroyed. The domes of reclaimed peat bogs were colonized
by Calluna vulgaris and Pinus sylvestris. An increase in the percentage of coprophilous fungi in the profiles indi-
cates development of pastures. Between medieval and present times the sharp rise in the frequency of charred
particles may be explained by peat bog fires and/or the foundation of factories in the 20% century.
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INTRODUCTION

The area of the Orawa-Nowy Targ Basin
has been the object of palynological study since
the 1920s (Peterschilka 1927, Dyakowska
1928). The first palynological studies after
the World War II were conducted by Koper-
owa (1962) on the Puscizna Rekowianska and
Grel peat bogs. Further detailed research
included such peat bogs as Przymiarki, Bér na
Czerwonem and Puscizna Rekowianska, and

for the latter radiocarbon datings were made
(Obidowicz 1990, 1996). Hence, this profile was
selected as representative of this geographical
unit when the monograph “Late Glacial and
Holocene history of vegetation in Poland based
on isopollen maps” was published (Ralska-
Jasiewiczowa et al. eds 2004). However, due
to the fact that the youngest radiocarbon date
in the profile from Puscizna Rekowianska is
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3030+60 *C BP, the profiles from PusScizna
Mata and Puscizna Krauszowska will supple-
ment knowledge about the last 2 millennia
in the Orawa-Nowy Targ Basin. Palynologi-
cal analyses of the profiles were part of the
research undertaken during the preparations
of the PhD thesis (Fiatkiewicz-Koziet 2010).

CHARACTERISTICS OF THE AREA

GEOLOGY, GEOMORPHOLOGY AND SOILS

The Orawa-Nowy Targ Basin is an area
bounded by the Western Beskids Mountains
(Babia Goéra and Gorce ranges) in the north
and the Tatra Mountains in the south. The
Polish part covers 369 km?2 and has a flat floor.
The European Watershed runs through the
Basin and divides it into two hydrographical
parts. One of them is in the west of the Orawa-
Nowy Targ Basin and is drained by the Orawa
to the Vah and the Danube, while the other
is in the east of the Orawa-Nowy Targ Basin
and is drained by the Dunajec to the Vistula.
The basin evolved during the younger part of
the Tertiary as a result of the deformation of
an area between the mountain ridges and the
foothills. A lake developed in the Basin with
sediments consisting of gravels and loam,
and it reached a depth of 300 m in the west.
Additionally, in the Quaternary, during three
subsequent glacials, fluvioglacial sediments
were deposited on the outwash fan (Kondracki
2002). A wide belt of alluvium and gravels
runs along the Dunajec in the form of terraces
(Dobrowolski 1970).

The poor permeability to ground waters of
the loam layer, along with the area’s geomor-
phology and hydrography results in constant
moisture in the surface layers. This contributed
to the development of peat bogs in this area
(Obidowicz 1990, Lajczak 2007). The floors of
valleys are occupied by rich alluvial soils, next
to which occur areas with turfy podsols and
cambisols (Dobrowolski 1970).

CLIMATE

The Orawa-Nowy Targ Basin is located in
a moderately warm climatic zone with local
variations. Temperatures in winter are sig-
nificantly lower with a tendency towards fog,
while summers are warmer and more arid

than in other areas (Kondracki 2002). The
annual precipitation ranges from 900-1100
mm (1971-2000 yrs) and is highest in July.
The mean annual temperature varies from 5 to
6°C (1971-2000). The coldest month is Janu-
ary, in which mean temperatures are between
-3.5 and —4.0°C (Lorenc ed. 2005) and the
warmest is July, in which mean temperatures
reach 15.6°C (Kowanetz 1998). Generally the
mean temperatures of the coldest months are
lower than in the eastern part of this region
which can be attributed to cold air stagnation
in the lowest parts of the basin (Milata 1955).
An important factor contributing to the devel-
opment of peat bogs in the Orawa-Nowy Targ
Basin is the predominance of precipitation
over evaporation in the period between May
and October (Kowanetz 1998).

RECENT VEGETATION

About 420 species of vascular plants have
been found, on peat bogs and adjacent envi-
rons according to studies of flora in the Orawa-
Nowy Targ Basin (A. Koczur, unpublished
data). However, only 57 species of them were
found growing on typical domes of raised peat
bogs (Koczur 2006).

Eight species can be found occurring exclu-
sively on the undisturbed, best-preserved por-
tions of the domes of raised peat bogs. These
are Carex limosa, C. pauciflora, Empetrum
nigrum, Oxycoccus microcarpus, Pinus mugo,
Pinus xrhaetica, Rubus chamaemorus, and
Scheuchzeria palustris. There are slightly more
widespread stations for Andromeda polifolia,
Drosera anglica, D. rotundifolia, and Rhynchos-
pora alba. Further outside the peat bog domes
there are species such as Eriophorum vagina-
tum, Ledum palustre, Oxycoccus palustris, and
Vaccinium uliginosum, which occur frequently
in the surrounding coniferous bog forests, and
Eriophorum angustifolium which grows on oli-
gotrophic fens.

More diversified yet is the group of plant
species on the lagg communities and in
some post-exploitation areas. Some of these
also occur on domes, although they are less
numerous and more scattered. In marginal
communities, there are species typical of
intermediate peat bogs and acidic fens, such
as Agrostis canina, Carex canescens, C. echi-
nata, C. lasiocarpa, C. nigra, Comarum palus-
tre, Eriophorum gracile, Juncus filiformis,



Menyanthes trifoliata, Ranunculus flammula,
Stellaria palustris, Veronica scutellata, and
Viola palustris.

There are also reed community species
Alisma plantago-aquatica, Carex disticha,
C. gracilis, C. hudsonii, C. rostrata, C. vesi-
caria, Eleocharis palustris, Phragmites austra-
lis, Sparganium emersum, S. erectum, Typha
latifolia, and even some plant species typical
of low-growing mires and eutrophic mountain
fens, such as Carex dioica, C. flava, C. lepi-
docarpa, C. pulicaris, Eleocharis pauciflora,
Epipactis palustris, Eriophorum latifolium,
Parnassia palustris, Pinguicula vulgaris, and
Valeriana simplicifolia. In small natural ponds
and in numerous peat pits there are communi-
ties of aquatic plants where Nymphaea alba,
Potamogeton alpinus, P. natans, P. pusillus,
Sparganium minimum, Utricularia minor, and
U. vulgaris can be found among other species
(Koczur 2006). Adjacent to the peat bogs are
vast areas occupied by bog coniferous forests.

SETTLEMENT HISTORY

There was constant settlement in the Orawa
area until the 4% century and then, during the
Migration period and in early Medieval times
all traces of human presence disappeared to
surface again in the late Middle Ages (Ladygin
1984).

At the turn of the 12t and the 13% centu-
ries the Podhale region was under the reign of
the Gryfita family. One of them, Teodor, the
voivod of Krakéw, gained from Henry I the
Bearded a privilege to settle villages based
on German law. At that time the village of
Rogoznik was settled, as is mentioned in his-
torical documents from 1237 (Dobrowolski
1970). In 1238 Teodor also brought the first
monks to the church and monastery founded
by him in LudZmierz, but in 1341 they moved
to Szczyrzyc, which is located 40 km to the
north-east of LudZmierz. However, there are
historians who claim that the removal took
place in 1245 (Czachura 2003). The Cister-
cians, after leaving LudZmierz, kept their lands
in the Podhale region and their habit of found-
ing settlements contributed to the establish-
ment of Nowy Targ in 1287, Dtugopole in 1327
and Krauszéw in 1333 (Dobrowolski 1970). In
1368, in the area of modern Jablonka, a cus-
toms office was set up which controlled the
sale of salt to Poland’s southern neighbours
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(Semkowicz 1932). Jablonka was founded later
in the years 15568-1561 (Trajdos 1993).

Villages were usually located in river and
stream valleys which were clear of woods.
Another important event was the founding of
Czarny Dunajec in 1552 which developed quite
fast at that time because of its good geographi-
cal position on the trade route from Krakéw
to Orawa and, further on, to Hungary. His-
torical data shows that during the Partition of
Poland Czarny Dunajec became more impor-
tant because it had the right to organize mar-
kets once a week. In addition to this in 1880
the village became a town, although in 1934 it
lost its municipal rights (Kiryk ed. 1997).

Nowadays, about 47% of peat bog areas lie
fallow, while domes are usually covered with
woods (Lajczak 2007).

MATERIAL AND METHODS

SITE DESCRIPTION

The Puscizna Mata peat bog developed on the
course of the old outlet of the Czarny Dunajec. It is
additionally supplied with ground waters, which seep
through gravel sediments from the side of the Czarny
Dunajec river bed in a north-westerly direction. It is
in the Czarna Orawa river basin and encircled by the
Ogréjcowy Potok (Czarna Woda) from the east and by
the Grudnik stream from the west (Lajczak 2006). The
Puscizna Mata peat bog extends over 125 ha and its
dome over 51 ha. This peat bog was exploited as early
as medieval times, however, not until the 20* century
was peat extraction significant. Then former peat bog
areas which were devoid of peat were turned into grass-
lands or fields. Puscizna Mata was drained from the
north and the west by numerous ditches and from the
east by the Ogréjcowy Potok. Nowadays, these ditches
have gradually become overgrown (Lajczak 2006).

Puscizna Krauszowska, also known as Pus$cizna
Frankow, covers an area of 79 ha and its fragmentary
dome covers 29 ha. This peat bog, which is supplied
mainly by precipitative waters, developed on a local
natural elevation between the Czarny Potok and
Czerwony Potok and has the character of a watershed
peat bog. The peat bog has been exploited since the
14 century and peat is still extracted using simple
methods, which is obvious from the drying stacks of
peat in the area. Almost the whole vicinity of the dome
is drained by numerous ditches (L.ajczak 2006).

METHODS

Material for analyses was collected in the early
summer of 2006 (Pus$cizna Mata) and 2008 (Puscizna
Krauszowska) as peat monoliths from the surface of
peat bog dome. A 1.35 m long core from the former
peat bog was taken with a wooden box (Tobolski 2000),
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Fig. 1. Map of the Pu$cizna Mata, Pu$cizna Krauszowska location together with the other peat bogs mention in the text.
1 — place of the profile collection, 2 — peat bogs (area of domes); Pus. M. — Pu$cizna Mala, Pu$. R. Pu$cizna Rekowiariska,
Pus. K. — Puscizna Krauszowska, Przym. — Przymiarki, D. G. — Do Grela, B. n. Cz. — Bér na Czerwonem; 3 — rivers and

streams, 4 — roads

while a 1 m long core from the latter was collected
using a Wardenaar corer (Wardenaar 1986).

For palynological analysis 45 samples of 1 cm3 were
chosen, of which 28 were from the Puscizna Mata pro-
file and 17 from Puscizna Krauszowska. Every sample
was acetolyzed by Erdtman’s method (Faegri & Iversen
1989) and a Lycopodium tablet was added as a concen-
tration indicator (Stockmarr 1971).

Pollen taxa and selected non-pollen palynomorphs
(NPPs) were observed using a Zeiss AMPLIVAL light
microscope under 400x and 1000x magnification.
Pollen identification was conducted with the help of
specialist keys and atlases (Moore et al. 1991, Beug
2004, Punt & Hoen 2009), as well as using the ref-
erence slide collection of W. Szafer Institute of Bot-
any, Polish Academy of Sciences. The identification
of NPPs was done by comparison with photographs
and descriptions available in the literature on NPPs
(e.g. van Geel et al. 1981, 2003, 2007). Samples were
counted until a minimum sum of 500 tree and herb
pollen grains were reached and, if the pollen concen-
tration was low, the minimum was 200 pollen grains.
The results of palynological analysis were presented
as pollen percentage diagrams, drawn using the POL-
PAL program (Nalepka & Walanus 2003). Percentage
values in individual spectra were calculated on the
basis of particular taxa values in ratio to the total pol-
len sum (AP+NAP), from which were excluded local
taxa (cryptogams, limnophytes, telamtophytes, and
Cyperaceae). The percentage values of local pollen
taxa, cryptogams and NPPs were calculated in ratio to
the total pollen sum adding in term each taxon to this
sum. In each diagram an analysis of the Rarefacted
Number of Taxa was performed, for which a minimum
value of 500 pollen grains in the total pollen sum is
needed. This method allows for an independent com-
parison of samples with a different number of pollen
grains.

DESCRIPTION OF THE PROFILES

The profile from the Puscizna Mata peat
bog was collected from its dome (655 m a.s.l.,
49°27'36"N, 19°47'12"E). This site is located
within the Krauszéw area.

1-17 ecm Tb4, Th+ , not decomposed Sphagnum

peat

17-23 ecm  Tb4, Th+, Sh+, very weakly decom-
posed Sphagnum peat
23-32 cm  Tb2, Th+, Sh2, moderately decomposed
Sphagnum peat
32-46 cm Tb1l, Th+, Sh3, highly decomposed
Sphagnum peat
46-50 cm Tb2, Sh2, moderately decomposed
Sphagnum peat
50-80 cm Tb3, Th+, Shl, weakly decomposed
Sphagnum peat
80-91 cm Tb4, Th+, Sh+, very weakly decom-
posed Sphagnum peat
91-99 cm  Tb3, Th+, Sh2, moderately decomposed
Sphagnum peat
99-114 cm  Tb4, Th+, Sh+, very weakly decom-
posed Sphagnum peat
114-130 cm Th2, Th+,Sh2, moderately decomposed
Sphagnum peat
130-138 cm Tbl, Thl, Sh2, moderately decomposed

Sphagnum peat with Eriophorum mac-
roremains



The profile from the PusScizna Kraus-
zowska peat bog was collected from its dome
(613 m a.s.l., 49°28'06"N, 19°56'18"E). This
site is located within the Krauszéw area, close
to LudZzmierz.

1-13.5 cm Tb4, not decomposed Sphagnum peat

13.5-15 cm Tb2,Thl, Sh1, weakly decomposed Sphag-
num peat with plant macroremains

15-24 cm Th4, not decomposed Sphagnum peat

24-30 cm Tb1, Thl, Sh2, moderately decomposed
Sphagnum peat with plant macroremains

30-42 cm Tb2,Thl, Shl, weakly decomposed Sphag-
num peat with plant macroremains

42-45 cm Tb3, Thl, Sh+, very weakly decomposed
Sphagnum peat with plant macroremains

45-48 cm Tb2,Thl, Shl, weakly decomposed Sphag-
num peat with plant macroremains

48-54 cm Tbl, Thl, Sh2, moderately decomposed
Sphagnum peat with plant macroremains

54-63 cm Tb2,Thl, Shl, weakly decomposed Sphag-
num peat with plant macroremains

63-72 cm Tb4, Th+, very weakly decomposed Sphag-
num peat

72-78 cm Tb1, Thl, Sh2, moderately decomposed
Sphagnum peat with plant macrore-
mains
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78-87 cm Tb3, Thl, Sh+, very weakly decomposed
Sphagnum peat with plant macroremains

87-90 cm Tb4, Sh+, very weakly decomposed Sphag-
num peat

90-93 cm Thb4, not decomposed Sphagnum peat

93-98 cm Tb4, Sh+, very weakly decomposed Sphag-
num peat

RADIOCARBON DATINGS

The radiocarbon dating of samples from
the profiles from Puscizna Mala (6 dates) and
Puscizna Krauszowska (5 dates) was per-
formed in the Institute of Physics of the Sile-
sian Technical University in Gliwice. Each of
them was calibrated using the OxCal v 4.10
program (Bronk Ramsey 2009), according to
the calibration curve IntCal 04 (Reimer et al.
2004). The results are presented in Table 1.

DESCRIPTION OF POLLEN ZONES

Pollen diagrams were divided into local pol-
len asssemblage zones (L. PAZ) on palynological
principles (Figs 2,3) and on the basis of a spec-
tra similarity dendrogram generated by the

Table 1. Radiocarbon dates from the Puscizna Mala and PusScizna Krauszowska profiles.

Laboratory code Depth (cm) Material BPlzgngé‘flejcal. Callibrated age range 95.4%
Puscizna Mala
Gd-19011 15-16 peat 1.0302+0.008 pMC 4 BP (95.4%) -7 BP
GdS-443 27-28 peat 519+45 641BP (25.3%) 589BP
564BP (70.1%) 500BP
Gd-12925 48-49 peat 650+45 673BP (95.4%) 551BP
GdS-466 75-76 peat 1059+52 1120BP (0.3%) 1113BP
1081BP (91.3%) 902BP
864BP (2.9%) 827BP
812BP (0.9%) 800BP
GdS-470 99-100 peat 1471+56 1516BP (11.3%) 1458BP
1443BP (1.8%) 1430BP
1422BP (82.3%) 1291BP
Gd-19024 123-124 peat 1680+80 1812BP (1.7%) 1789BP
1786BP (2.4%) 1754BP
1742BP (91.3%) 1405BP
Puscizna Krauszowska
GdS-897 24-25 peat 1360+40 604AD (86.5%) 7T19AD
742AD (8.9%) 7T69AD
GdS-941 36-37 peat 430+60 1406AD (95.4%) 1635AD
GdS-942 42-43 peat 465+60 1316AD ( 6.7%) 1354AD
1388AD (77.3%) 1524AD
1558AD (11.4%) 1632AD
GdS-935 54-55 peat 144055 440AD ( 3.6%) 484AD
532AD (91.8%) 675AD
GdS-945 90-91 peat 2000 +80 203BC (93.9%) 181AD
186AD ( 1.5%) 214AD
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Table 2. Puscizna Mata. Description of the local pollen assemblage zones (L. PAZ).

L PAZ.
Depth (cm)

Description

Top boundary
description

PM-1 Alnus-Pinus.
135-107.5

The highest percentage values of Alnus undiff. (9.0-16.5%), Pinus sylvestris
type (11-42%),and Carpinus betulus (2.0-8.5%); high percentages of Bet-
ula undiff., Picea abies, Abies alba, Fagus sylvatica, Quercus, and Corylus
avellana. Presence of continuous low value curves of Ulmus and Fraxinus
excelsior. The lowest frequency of herbs and dwarf shrubs in the diagram,
only single grains of Cerealia type, Triticum type, and Avena type. Pollen of
Cyperaceae present at low percentages.

Cryptogams are represented by Sphagnum (high values that fluctuate), Fili-
cales monolete, and Pteridium aquilinum. At the bottom Tilletia sphagni
spores are abundant, whereas in the upper part of this zone the Amphi-
trema flavum and Assulina tests number rises. A maximum of occurrence of
Microthyriales fruit bodies (max. 2.7%) is detected.

The zone shows the lowest taxonomic variety in the whole diagram (Rar-
efracted number of taxa analysis). However, there is the highest pollen con-
centration.

Regular occurrence of charcoal (20-100 pm).

ConSLink analysis failed to confirm that all spectra belong to this zone.

A fall in Pinus sylvestris
type curve and a rise in
Picea abies values.

PM-2 Picea-Fagus.
107.5-42.5

Picea abies (9.5-21.0%), Fagus sylvatica (12.0-24.5%, decreasing tendency
in the curve), Abies alba (7-25%, increasing tendency in the curve), Betula
undiff. (7-20%),and Quercus (2.5-9.5%) reach the highest percentage values
in the diagram. A decrease in Pinus sylvestris type and Alnus undiff. values.
Low, continuous curves of Ulmus and Corylus avellana. There is a gradual
rise in herbs and dwarf shrub taxa represented by Artemisia, Rumex acetosa
type, Chenopodiaceae, Plantago lanceolata, Calluna vulgaris, and Vaccinum
type. More abundant is Cerealia type pollen; Secale cereale appears. Cyper-
aceae presents low percentage values.

The highest percentages in the profile of Sphagnum spores (49%, a fluctuat-
ing curve), a continuous curve of Filicales monolete, irregular presence of
Pteridium aquilinum spores.

High amounts of amoebae tests of Amphitrema flavum (max. 31%) and Assu-
lina.

Tilletia sphagni and Ustulina cf. deusta spores are present in almost every
spectrum.

Charcoal particles occur in all samples, except for the sample at depth
90 cm.

Taxonomic variety increases slightly. Pollen concentration decreases.
ConSLink analysis confirmed that all spectra belong to this zone.

Noticeable falls in Picea
abies, Fagus sylvatica
and Abies alba curves
and a rise in herbs and
dwarf shrub values.

PM-3 NAP.
42.5-0.00

Percentage values of NAP sum and Pinus sylvestris type rise. High values
of charcoal are characteristic of this zone. There is also a decrease in Picea
abies, Abies alba, and Fagus sylvatica values.

ConsLink analysis confirmed that all spectra belong to this zone, except the
spectrum from the subzone PM-3c.

PM-3a NAP
(Calluna). 42.5-17.5

Herbs and dwarf shrubs dominate in this subzone. There is a noticeable fall
in Picea abies, Abies alba, and Fagus sylvatica frequency. Gradual increase
in percentage values of Pinus sylvestris type; Betula undiff. decrease and
increase in the younger part of the zone. Regular occurrence of Salix undiff.
and Juniperus pollen. A sharp rise and then a fall in Calluna vulgaris values
(max. 24%); frequency of Poaceae undiff. increases (max. 18.5%). Regular
presence of Vaccinium type, Humulus/Cannabis (max. 2%), Plantago lan-
ceolata (max. 2.5%), Rumex acetosa type (max. 4%), Chenopodiaceae, Brassi-
caceae, Rubiaceae, Anthemis type, Plantago major, as well as Cerealia type,
Secale cereale (max. 2.5%), and Triticum type. Pollen of Ambrosia artemisi-
folia type appears in the younger part of the zone. There is a rise in Phrag-
mites australis type values and a slight decrease in Cyperaceae curve.
Percentage values of Sphagnum fluctuate. Regular presence of Filicales
monolete; single spores of Pteridium aquilinum in the lower part of the
subzone.

A sharp decrease in Assulina, the lack of Amphitrema flavum. Constant
presence of Sordaria type spores.

The zone shows the highest taxonomic variety in the whole diagram (rar-
efacted number of taxa analysis).

A sharp rise in the concentration of 20-100 pm charcoal particles (reaches
about 58x103particles/cm?).

A fall in NAP values
and a rise in Pinus syl-
vestris type percentage
values.
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L PAZ.
Depth (cm)

Description

Top boundary
description

PM-3b NAP (Pinus).
17.5-2.5

A rise in AP sum values, of which main components are Pinus sylvestris
type, Betula undiff., and Picea abies; high percentage values are still char-
acteristic for Poaceae undiff. There is a noticeable fall in Calluna vulgaris
curve; percentages of Vaccinium type reached their maximum. Frequency
of Secale cereale and Ambrosia artemisifolia type is rising. The continuous
curve of Humulus/Cannabis disappears. Assulina tests are the most abun-
dant in the whole diagram (max. 20.5%).

Decreasing trend in the concentration of 20-100 pm charcoal particles. A fall
in pollen concentration values.

A fall in Pinus sylves-
tris type and a rise in
Betula undiff. and Picea
abies.

PM-3c. NAP (Hyperi-
cum) 2.5-0.00

Only one spectrum represents this zone. The frequency of Pinus sylvestris
type is falling. An increase in Betula undiff., Picea abies, and Quercus per-
centage values. High values of NAP sum, of which the most abundant are
Poaceae undiff., Hypericum perforatum type (max. 10%), Calluna vulgaris,
and Trifolium repens type (max. 2.5%). A sharp increase in Sphagnum spore

abundance (max. 49.5%).

Assulina represents non-pollen microfossils.
A fall in the concentration of charcoal particles (20—-100 pm).

ConSLink method (Constrained Single Link of
samples; Birks 1986, Janczyk-Kopikowa 1987).
A shortened description of L. PAZ from both
profiles is presented in Tables 2, 3.

REGIONAL AND LOCAL
VEGETATION CHANGES

PM-1 Alnus-Pinus L PAZ,
PKra-1 Picea-Fagus-Abies-Alnus L PAZ
(ca 100 BC-500 AD)

High percentage values of trees and shrubs
in the profile confirm that the area was heavily
forested with alder woods being most common.
Pinus sylvestris, Betula alba, and B. pubescens
might have grown on the laggs and surround-
ings of peat bogs. The surroundings were cov-
ered with mezophilous woods with Picea abies,
Abies alba, and Fagus sylvatica where Quer-
cus and Carpinus betulus were an admixture.
The higher percentage values of hornbeam in
both layers dated back to the period between
the 3" and the 6% century AD. There were
sporadic findings of cereal pollen along with
an irregular presence of coprophilous fungi
spores, which may indicate minor agricultural
and pastural activity in the region. In the
6th —7th century AD visible deforestation took
place on the Puscizna Krauszowska peat bog,
which is demonstrated by the abundance of
Poaceae undiff, Rumex acetosa type, and Plan-
tago lanceolata. The high percentage values of
Tilletia sphagni, connected with an increase of
Sphagnum spores, in the Puscizna Mala pro-
file may indicate a more abundant presence of

Sphagnum cuspidatum on the peat bog. This
species is more prone to infection caused by
this fungus than other taxa within the Sphag-
num genera (van Geel 1978). Between the 2
century BC and the 6% century AD there is
a significant rise in the number of the testate
amoebae Amphitrema flavum and Assulina sp.
in both profiles. Amphitrema flavum, in par-
ticular, which is a hygrophilous species with
an optimum water depth of 5.8 cm and pH
4.05, may suggest that the water depth was
relatively rather stable (Tolonen 1986, Lamen-
towicz & Mitchell 2004). Between the 3¢ and
the 7% century AD there was a sudden reduc-
tion in water depth on the peat bog, which is
demonstrated by a sharp decrease in amoeba
tests and an increase in pine values, probably
as this tree colonized the dome of the Puscizna
Mata peat bog. The next high frequency rise in
Amphitrema flavum and Assulina sp. values
in the profile from Puscizna Mala is correlated
with the retreat of Pinus sylvestris from the
peat bog surface and dates back to the 6%-7th
century AD. It may be attributed to an increase
in precipitation and a rise in the water table
on the peat bog.

The order of layers in the profile from
Puscizna Krauszowska was reversed (probably
as a result of human peat extraction) at depths
of 43—-24 cm, so this section was not interpret-
able. For this reason it was not included in the
data set.

PM-2 Picea-Fagus L PAZ (ca 500-1400 AD)

The area covered by alder woods was
reduced in this zone. The region came to be
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Table 3. Puscizna Krauszowska. Description of the local pollen assemblage zones (L PAZ).

L PAZ.
Depth (cm)

Description

Top boundary
description

PKra-1 Picea-Fagus-
Abies. 97.5-21

The highest values are reached by Picea abies (9.5-26.0%), Fagus sylvatica (9.0—
17.5%), Abies alba (7-20%), Alnus undiff. (4.0-12.5%), Quercus (3.5-9.0%), Carpinus
betulus (2.5-9.0%), Ulmus (0.5-3.0%), Corylus avellana (1.5-3.5%), and Fraxinus
excelsior. High percentage values are characteristic of Pinus sylvestris type, and
Betula undiff. Increase in frequency NAP components, of which Poaceae undiff.,
Artemisia and Calluna vulgaris are characteristic from constant occurrence in the
middle of the zone; Plantago lanceolata, Rumex acetosa type, and Vaccinium type are
present in most of samples. The continuous curves of Cerealia type, Secale cereale
and Triticum type appear in the upper part. Pollen of Cyperaceae is present in low
values; single grains of Phragmites australis type occur.

Among cryptogams the most common are spores of Sphagnum; Filicales monolete
have a low percentage value curve, Pteridium aquilinum spores are present almost
in every spectrum.

Continuous curves of testate amoebae Assulina and Amphitrema flavum (max. 22%)
disappear in the upper part of the zone. Abundant spores of Tilletia sphagni, Ustu-
lina cf. deusta, and Sporormiella type are present in most of the samples. In the
upper part of this zone more spores of Gelasinospora type (max. 1.3%) were found.
The number of 20-100 pm charcoal particles pm increases in the upper part and
>100 um charcoal particles reach their maximum (about 1.2x10%/cm?).

There is a gradual increase in taxonomic variety.

ConSLink analysis confirmed that all spectra belong to this zone.

Decrease in
Picea abies,
Abies alba,
Fagus sylvat-
ica, increase in
NAP.

PKra-2 NAP. Sharp decrease in curves of Picea abies (it increases again in the upper part), Abies
21-0.75 alba and Fagus sylvatica. A sudden rise and then a fall is characteristic of NAP
values. Ambrosia artemisifolia type pollen is present in all samples.
Firstly, concentration of charcoal particles (20-100 pm) sharply raise and then they
fall.
Taxonomic variety is still on the constant high level.
ConSLink analysis confirmed that all spectra belong to this zone.
PKra-2a NAP Percentage values of Picea abies, Abies alba, Fagus sylvatica, and Ulmus sharply | Fall in Calluna

(Calluna). 21-10.25

decrease. A gradual rise of the Pinus sylvestris type curve. The frequency of Salix
undiff. and Sambucus nigra type slightly increase. A sudden rise and then a fall
is characteristic of NAP values. There is a noticeable increase in the frequency of
Calluna vulgaris (max. 29%) and Poaceae undiff. (max. 20%). Cerealia type (max.
3.5%), Secale cereale (max. 3%), Triticum type (max. 1.5%), Avena type (max. 1%),
Plantago lanceolata (max. 3%), Rumex acetosa type (max. 4.5%), Brassicaceae, Che-
nopodiaceae, and Phragmites australis type (max. 2.5%) reach the highest percentage
values in the diagram.

There is a maximum of concentration of charcoal with a 20-100 pm (about 115.8x10%/
cm?) and presence of the continuous curve of >100 pm charcoal particles. Continu-
ous curves are characteristic of Gelasinospora type, Sporormiella type, and Sordaria
type as well.

ConSLink analysis confirmed that all spectra belong to this subzone.

vulgaris curve.

PKra-2b NAP
(Pinus). 10.25-0.75

NAP values decrease noticeably. Rise and then a fall in the Pinus sylvestris type
frequency (max. 36%). Gradually increase in abundance of Betula undiff. (max. 20%).
The Vaccinium type curve (max. 5%) is rising, but frequency of Calluna vulgaris is
falling sharply. There is an increase and then a decrease in the Urtica curve (max.
5%) and regular occurrence of Ambrosia artemisifolia type (max. 1.5%). At the depth
of 10 cm Cyperaceae pollen values reach their maximum (31.5%).

Decrease in values of charcoal particles. A noticeable rise in Assulina values (max.
14.5%).

ConsLink analysis confirmed that all spectra belong to this subzone.

dominated by mesophilous forests with Picea
abies, Fagus sylvatica and Abies alba. During
the first phase the water level probably rose.
This caused a retreat of pine, and species of
birch entered some of its abandoned habitats.
A similar exchange was observed in the case
of spruce and fir. At first spruce outnumbered
fir, but then the latter became the dominant
component of forests in the younger phase.
There was also a slight reduction in the area

covered by woodlands (most significantly in
the 9%—11% century), which was connected
with the presence of Secale cereale and a rise
in the frequency of taxa representing ruderal
and meadow communities, of which the most
abundant were Artemisia, Rumex acetosa type,
and Plantago lanceolata. In the younger part
of this zone, which dates back to the 13th—14th
century, another decrease in forest size then
took place, which is correlated with the spread
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Fig. 2. Percentage pollen diagram from the Puscizna Mata site. 1 — Tb, turfa bryophytica; 2 — Th, turfa herbacea;

3 — Sh, substantia humosa; 4 — Tbh1-3, Th, Sh; 5 — Tb4; 6 — Tb4, Th; 7 — Th4, Sh; 8 — Tb4, Th, Sh.
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of members of the Ericaceae particularly
Vaccinium spp. or Oxycoccus, and a gradual
increase in crop production areas, meadows
and pastures. In this zone, similar to the Sub-
atlantic period in the profile from Puscizna
Rekowianska analysed by Obidowicz (1996),
there were the most numerous occurrences of
Betula nana type pollen, which may simply
represent the existence of relict populations
of this taxon on the Puscizna Mata peat bog.
Specimens of Betula nana were still present
in the 19t century on peat bogs in the Nowo-
tarska Basin (Lubicz-Niezabitowski 1922).
There was a high water table in this zone,
which promoted the presence of hygrophilous
amoebae like Amphitrema (particularly at the
bottom of PM-2) and Assulina as well as Dros-
era. Peat bogs became more eutrophic in the
upper parts of this zone and this reduced the
number of testate amoebae. Moreover, in most
of the samples there were ascospores of Ustu-
lina cf. deusta, which is parasite of trees and
occur on the lower parts of deciduous trees.
They also need high temperatures (optimum
at 25-30°C) during the sporulation period (van
Geel & Andersen 1988). The more frequent
occurrence of this taxon may be a result of cli-
mate warming in medieval times, as well as
suggesting the presence of trees on the peat
bog dome.

Subzones PM-3a and PKra-2a NAP (Cal-
luna) (ca 1400-1900 AD)

In these subzones the forested areas were
strongly affected by intense arable and pas-
tural farming, hence their shrinkage. Fir-
beech forests were mostly destroyed along with
spruce. Areas of cereal cultivation expanded,
most commonly rye, and to a lesser extent bar-
ley and oats. The highest percentage values of
Humulus/Cannabis pollen in the older part of
subzone PM-3a may be connected with hemp
cultivation or the existence of hop thickets.
There were expanding areas covered by rud-
eral communities (an increase in the Chenopo-
diaceae and Brassicaceae curves), pastures
and mown meadows (a rise in Poaceae undiff.,
Plantago lanceolata, Rumex acetosa type, and
Ranunculus acris type). The most intense
pastural activity in the whole diagram is con-
firmed by the regular presence of coprophilous
fungi like Sporormiella type (PKra-2a) and
Sordaria type (PM-3a and PKra-2a). A fall in
water level probably caused by drainage and/
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or eutrophication seems to be the reason for
the disappearance of the hygrophilous testate
amoebae. This contributed to the expansion
of Calluna vulgaris on the peat bog domes in
both subzones and a rise in Juniperus values
in PM-3a. The increasing size of the area cov-
ered by nitrophilous communities on the edges
of peat bogs is demonstrated by an increase
in the Urtica and Sambucus nigra curves (on
the edge of the Puscizna Krauszowska peat
bog). The highest Tilletia sphagni values at
a depth of 25 cm in PM-3a and a sharp rise
in the number of Sphagnum spores, similar
to subzone PM-1, may indicate the abundant
presence of Sphagnum cuspidatum on the peat
bog. However, the lack of Amphitrema tests
suggests that water the level fell, making the
presence of this highly hygrophilous species of
Sphagnum impossible.

The continuous curve of Ambrosia artemisi-
folia type that appears at depths of 27.5 ¢cm in
PM-3a and 21 cm in PKra-2a probably records
the rapid expansion of North American species
of the genus Ambrosia in the south of Europe
(Hungary?), which have been recorded since
the 19t century and spread particularly in the
1920s after World War I (Makra et al. 2005).
The first records of the presence of Ambrosia
in western, south-western and northern parts
of Poland come from the second half of the 20"
century (Chtopek & Tokarska-Guzik 2006). The
date obtained from a depth of 27.5 cm indicated
the14th—15% century, apparently very early, as
discussed later, and another from a depth of
15.5 cm indicates the 1950s.

Subzones PM-3b and PKra-2b NAP (Pinus)
(ca 1900-2000 AD)

In those subzones Pinus sylvestris covered
wide areas and might have occurred on the
peat bog surface after drainage. Birch was
also more common. Open area vegetation was
reduced, which is confirmed by a fall in the sum
of NAP values, of which the decrease in Cal-
luna vulgaris is most significant. This change
is mostly visible in PKra-2b. In the profile from
Puscizna Mala a reduction in the occurrence
of heather is correlated with a decrease in
Juniperus pollen values. In this site a prob-
able fall in pastural activity is demonstrated
by a decrease in the number of coprophilous
fungi spores. A reduction in hemp cultivation
and/or in the area of hop thickets also took
place then. At the beginning of the PKra-2b
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subzone, the role of nettle became more sig-
nificant in ruderal areas rich in nitrogen.
However, its values fell in the younger part of
the zone. The reappearance of Assulina tests
without the presence of Amphitrema flavum
in sediments might have been a result of the
occurrence of the xerophylous taxa Assulina
muscorum. A single finding of Utricularia pol-
len at a depth of 9.75 cm in subzone PKra-2b
may suggest the presence of small water bod-
ies or holes after peat exploatation. In both
subzones Ambrosia artemisifolia type reached
the highest percentage values, which can be
attributed to the spread of this taxon in south-
ern, central and eastern Europe after World
War II (Dahl et al. 1999). At present A. artem-
isifolia is thought to be a non-native invasive
plant in Poland (http:/www.iop.krakow.pl/ias/
Gatunek.aspx?splD=34).

PM-3c NAP (Hypericum) L PAZ

This subzone is represented by a surface
sample, which presents the most recent history
of the peat bog. In its vicinity birch and spruce
became more abundant. The very low pollen
concentration is the result of the loose peat
structure. The presence of plentiful Hypericum
pollen is probably caused by the local occur-
rence of Hypericum maculatum and indicates
a local expansion of this taxon. In contrast
with PKra-2b, there was an increase in Urtica
values, which indicates a rise in nitrogen lev-
els in soil in the surroundings of the Puscizna
Mata peat bog.

AN ANALYSIS OF THE HUMAN IMPACT
RECORDED IN THE PUSCIZNA MALA
AND PUSCIZNA KRAUSZOWSKA
POLLEN PROFILES

The cereal pollen that was found at depths
of 135.0-102.5 cm in the profile from Puscizna
Mata (Fig. 4) and its single occurrences at
depths of 91-69 cm in the profile from Puscizna
Krauszowska (Fig. 5) may indicate the activ-
ity of peoples from the Przeworsk Culture. The
maximum hornbeam occurrence in the former
profile, which dates back to the 3"-6* century
may be attributed to the expansion of this taxon
in the areas abandoned by people in the migra-
tion period. Carpinus betulus is considered to
be a taxon whose spread is favored by deforest-
ation caused by people (Ralska-Jasiewiczowa

& van Geel 1998). In the light of the historical
data it is difficult to explain a slight decrease
in the sum of trees and shrubs, which is corre-
lated with an increase in Secale cereale, Plan-
tago lanceolata, and Rumex acetosa type at
depths of 82.5-67.5 cm, of which the most vis-
ible manifestation dates back to 849-1048 AD
in the profile from Puscizna Mala. These are
probably signs of Slavic activity from the tribal
period or from the embryonic nation, which are
not recorded in the historical records. Dobrow-
olski (1970) points to the fact that the rich allu-
vial soils near modern LudZmierz were places
where local people could have made attempts
at cereal cultivation at the turn of the 12t and
the 13% century. This might later favour the
location of the city. Different alluvial areas were
probably exploited by Slavs in the same way. It
must be added that the sparse occurrences of
cereal pollen in zones PM-1, PM-2 and PKra-1
may indicate long distance transport.

Heavy deforestation of the Pus$cizna Mata
site, attributed to medieval settlement,
becomes visible from a depth of 52.5 ¢cm and
the date from this point indicates the13th—14th
century. These changes may correspond to the
beginning of medieval settlement in the Orawa
and Podhale areas.

Zones PM-3a and PKra-2 which span the
period from medieval times to the beginning of
the 20 century represent the highest human
activity which can be seen in the highest
proportions of open area communities in the
Orawa-Nowy Targ Basin. The drainage of peat
bogs allowed the expansion of Calluna vulgaris
on their domes and the rise in coprophilous
fungi spores suggests the presence of pastures
on them. Cereal fields expanded to their larg-
est extent recorded during the last 2000 years.
They are characterized by the domination of
Secale and Triticum, together with Hordeum
and Avena. At a depth of 40 cm in PM-3a maze
pollen (Zea mays) was found which began to
be cultivated in Poland at the end of the 16
century or at the beginning of the 17t century,
after its cultivation in Romania or Hungary
(http://www.e-kukurydza.pl/historia-uprawy.
php). However, the occurrence of a single grain
is of doubtful value and contamination cannot
be excluded. An increase in Brassicaceae val-
ues may point to the first rapeseed cultivation
as well as to the presence of a larger number
of ruderal and crop weeds which belong to
this family. A growing population and intense



pastural activities led to a higher nitrification
of habitats and thus the expansion of nitrophi-
lous communities.

A sharp rise in the frequency of charcoal
fragments (20-100 pm) correlated with spo-
radically occurring fragments of more than 100
um in size, which are considered to be indica-
tors of local fires (Toney & Anderson 2006),
suggest fires on the small areas of the peat
bogs or some extraneous origin. In both zones
the most numerous occurrences of Gelasino-
spora (Type 1) spores were recorded, and this
too is thought to be an indicator of fires (van
Geel 1978, Feeser & O’Connel 2009). Fires on
the peat bogs in the Orawa-Nowy Targ Basin
were at first started accidentally on pasture
land, and especially in dry periods large areas
burned. Such areas were firstly used for pas-
ture and then for cultivation (Lajczak 2007).

The large falls in tree and shrub taxa val-
ues at depths of 32.5-22.5 cm in the diagram
from Pu$cizna Mala probably took place in the
19t century and might be a result of the eco-
nomic development of Czarny Dunajec. Above
a depth of 27.5 cm there is a continuous curve
of Ambrosia artemisifolia type, which may con-
firm the above date of change. A radiocarbon
date from a depth of 27.5 cm (the part where
the strongest deforestation is visible) indicated
the 1386-1450 AD period. However, because
this would be before the foundation of Czarny
Dunajec, in the light of palynological evidence
this date must be too old, as also surely indi-
cated by the presence of Ambrosia.

In the profile from Puscizna Krauszowska
the curve of Ambrosia artemisifolia type begins
with a large decrease in AP, which indicates
a discontinuity between the presence of medie-
val sediments and those from the 19t century.
This could be the result of the intense peat
exploitation which took place in the 1920t
century (comp. Lajczak 2007). The reversal
of dates in the profile from Pus$cizna Kraus-
zowska, at least in the section between depths
of 43 cm and 24 c¢m, probably indicates exploi-
tation on the peat bog dome itself and not only
on its edges. Several ways of exploiting peat
bogs in the Orawa-Nowy Targ Basin have
been described. The first historically docu-
mented was sheep and cattle grazing (Lajczak
2007). Lubicz-Niezabitowski (1922) pointed to
the gathering of peat surface layers from the
tops of the peat bog domes and using them as
bedding. When this practice was abandoned

143

then Sphagnum mosses were gathered from
purpose-made holes in the summit of peat
domes for export and use in the production of
shoe liners. However, peat bogs were mostly
exploited for fuel in this area, especially from
the period of 1850-1880 it became popular
and the rate of its exploitation escalated up
until the 1980s (Laajczak 2007). Jostowa (1963)
writes that it was the main fuel in the local vil-
lages of Podhale and Orawa until the 1960s.

An increase in tree and shrub pollen val-
ues in subzones PKra-2b and PM3-b is prob-
ably a result of the spread of pine and birch on
the dome surfaces of drained peat bogs. How-
ever, when taxa potentially present on a peat
bog, such as Pinus, Betula and Alnus, are not
taken into account a slight increase in trees
and shrub values is still visible. This suggests
an expansion of forests in the region.

A fall in pine values in the upper samples
may be caused by the withdrawal of this taxa
from the peat bog surface due to a recent rise
in the level of water available.

Interesting occurrence of Comandra elegans
pollen was recorded in the PKra-1 (twice) and
PKra-2b (once) zones. This plant is not indige-
nous to Poland (Mirek et al. 1995). It occurs as
part of the native flora in Bulgaria and north-
ern Greece (Jallas & Suominen eds 1988), and
its closest isolated populations can be found in
northern Romania. Hence, there is no possibil-
ity of any historical presence in Poland, and
these findings may be the result of long dis-
tance transport. This fact shows the wide area
from which vegetation changes are recorded by
peat bogs within the Orawa-Nowy Targ Basin
and needs to be taken into consideration when
the presence of people in premedieval times is
being considered.

PALYNOLOGICAL DATA FROM
PUSCIZNA MALA AND PUSCIZNA
KRAUSZOWSKA PEAT BOGS
IN A REGIONAL CONTEXT

So far, in all those profiles from within the
Orawa-Nowy Targ Basin which have been ana-
lysed, only one from Pus$cizna Rekowianska
has any dating evidence for those upper parts,
which span the last 200 years. These dates were
obtained using a 2'°Pb method at intervals of
2 cm. A noticeable decrease in the proportion
of trees and shrubs in the upper part of this
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profile took place in the 17t century. However,
the results are of uncertain value due to the
method used (Hotynska et al. 1998). Addition-
ally, at depths of 34-36 cm, as in the bottom
parts of the PM-3 and PKra-2 zones, a sharp
decrease in Fagus sylvatica and Abies alba
was recorded. Similar considerable decreases
in AP were also present in the upper parts
of other profiles within the Nowy Targ Basin
such as Puscizna Rekowianiska (subzones PR-
10b, PR-10c and the part of the subatlantic
chronozone associated with the 16% century
according to Koperowa), Bér na Czerwonem
(zone BC-6), Przymiarki (zone PZ-6) and Grel
(Koperowa 1962, Obidowicz 1990, 1996). In
most of the sites such a decrease is correlated
with a strong increase in Ericaceae pollen val-
ues, what can be attributed to the expansion
of Calluna vulgaris on drained peat bogs, and
is also recorded in the PM-3a and PKra-2a
subzones.

A particular phenomenon, which was re-
corded in the Puscizna Krauszowska profile, is
a reversal, in other words an overturning of
sediments, at least in the part between depths
of 43—24 c¢m, which has been confirmed by ra-
diocarbon datings. It is worth noticing a single
spectrum from a depth of 37.5 cm, which rep-
resents a considerable decrease in AP values
simultaneous with an increase in the values of
cultivated and open area plants. A similar de-
cline in the AP curve correlated with a rise in
synanthropic plants was recorded in the pro-
file from Puscizna Rekowianska at a depth of
50 cm (subzone PR-10a) and allocated to the be-
ginnings of medieval settlement, which started
in 1234 (Obidowicz 1990). Because the profile
from Puscizna Mala consists of sediments in
chronological order and such a decrease in
AP was not recorded, this suggests that the
Puscizna Rekowianska profile also probably
shows a time reversal of younger sediments.
Moreover, the trend of pollen taxa curves, as
well as the Amphitrema flavum curve in the
bottom parts of the PKra-1 and PM-1, 2 zones
is very similar to that of the PR-9 zone in the
profile from Puscizna Rekowianska.

CONCLUSIONS

Firstly, the PusScizna Mata (1.35 m) and
Puscizna Krauszowska (1.0 m) profiles record
the succession of vegetation during the last

2000 years. In both profiles probable traces of
human activity associated with people of the
Przeworska Culture and then of tribal period
Slavs were discovered. The subsequent lay-
ers in PusScizna Mata represent the strongest
human impact from the development of settle-
ment in medieval times and after the 13t cen-
tury. Reversal of radiocarbon dates between 7t
and 17* century in the Pu$cizna Krauszowska
profile caused exclusion of this part from inter-
pretation. The layer above this part represents
period of the strongest deforestation, similar to
that found in the Puscizna Matla profile.

Secondly, the high percentage values of
charcoal particles in the upper parts of the pro-
files is probably caused by peat bog fires and/
or an increase in the number of homesteads
heated with wood, as well as emissions from
the nearby steelworks in Koscielisko, and from
large industrial plants established in the 20t
century.

Furthermore, single findings of Comandra
elegans pollen and the constant occurrence of
Ambrosia artemisifolia type pollen, normally
associated with the 19* and the 20% century,
in the upper parts of the profiles are the results
of long distance transport. The question of such
transport is very important when interpreting
the traces of human activity during the Slavic
and early medieval period, because we lack
information from historical and archaeological
sources.

Finally, analysis of selected non-pollen paly-
nomorphs showed significant interdependences
between human activity, climate changes and
the water level on the peat bogs.
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