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Abstract

Pollen analyses and AMS 14C measurements were performed on lacustrine sediments and peat deposits from the
former crater lake Steregoiu in a mid-altitude area in the Gutaiului Mountains in NW Romania in order to provide a
detailed reconstruction of the vegetational development of the area during the Late-Glacial and Holocene. The
bottom sediments are siliciclastic and were deposited probably during the Full Glacial, which is characterised by open
patchy vegetation consisting of a mosaic of shrubs, herbs, and ungrown grounds. Around 14 700 cal yr BP an open
Pinus^Betula forest expanded, at the same time as organic-rich lake sediments started to be deposited. This change
was likely a response to the first deglacial warming phase at the beginning of the B5lling period, or GI-1e, in the
GRIP event stratigraphy. Between 13 750 and 12 950 cal yr BP an open forest dominated by Betula, Picea, Pinus, and
Ulmus developed in the area. The forest composition implies rather warm climatic conditions, which may correspond
to the Aller5d, or GI-1c^GI-1a. Around 12 950 cal yr BP the forest retracted, and at 12 600 cal yr BP open patchy
vegetation became re-established. These changes imply a return to significantly colder conditions, which may
correspond to the Younger Dryas, or GS-1. At 11 500 cal yr BP Betula, Pinus, and Alnus quickly responded to the
temperature rise, characterising the beginning of the Holocene. Within a few hundred years, around 11 300 cal yr BP,
Ulmus and Picea became re-established and a mixed forest type expanded. Quercus, Tilia, and Fraxinus likely arrived
at around 10 750 cal yr BP, and from about this time Betula, and Pinus started to diminish. Around 10 500 cal yr BP a
dense mixed forest dominated by Ulmus, Picea, Quercus, Tilia, and Fraxinus had developed in the area. Corylus
probably became locally established around 10 500 cal yr BP, but it did not expand until 10 200 cal yr BP. Tilia and
Fraxinus were locally important until 8600 cal yr BP, when Picea gained renewed importance and the lake became
completely overgrown. Picea was probably an important constituent in the carr forest at the site as well as in the
upland forest. Around 4800 cal yr BP Fagus and Carpinus became important in the local stand, apparently without
any major disturbance of the forest. Until around 3400 cal yr BP the forest was highly diverse, but when Fagus
eventually expanded, Ulmus, Tilia, Picea, and Corylus diminished. From about 2200 cal yr BP onwards Fagus has
been the local forest dominant, but some Quercus and Carpinus individuals have been present as well. Pollen evidence
for human influence on the local vegetation is comparatively scant. The area may have been used for forest grazing
from about 1050 cal yr BP, but the grazing pressure was probably low until ca. 300 cal yr BP.
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1. Introduction

For a long time Romania has been regarded as
a ‘white spot’ in the palaeoecological literature
because well-dated pollen sequences had not
been collected and analysed (e.g. Huntley and
Birks, 1983; Willis, 1994; Berglund et al., 1996).
Pollen stratigraphic work has a long tradition in
Romania (e.g. Pop, 1960) but, until recently, the
focus of these investigations had been published
only in national journals (e.g. Coldea, 1971; Di-
aconeasa and Stefuriac, 1971; Lupsa, 1980; Far-
cas, 1996; Diaconeasa and Farcas, 1996), and
many of these works have remained nearly un-
known outside the country. Furthermore, the ear-
lier investigations totally lack radiocarbon dates,
often have low sampling resolution, and mostly
focus only on the Holocene. In some areas, for
instance on the Romanian Plain south of the Car-
pathian Mountains, pollen analyses mainly have
been carried out on loess deposits and material
from anthropogenic sites at which the preserva-
tion conditions are not optimal (Tomescu, 2000).
Reconstructions based on such material may be
unreliable as pollen concentration usually is low
and pollen assemblages are biased by selective
pollen preservation. Age estimates for the studied
sequences in Romania were obtained mainly by
comparing the vegetational development to the
Holocene vegetational zonation for Central Eu-
rope (Firbas, 1949, 1952). The lack of indepen-
dent radiocarbon dates makes it very di⁄cult to
compare the timing of the vegetational develop-
ment with other, well-dated, European sequences
(Berglund et al., 1996). However, this situation is
changing. Farcas et al. (1999) and Ro«sch and
Fischer (2000) recently published the ¢rst 14C
dates from Holocene deposits, and Wohlfarth et
al. (2001) and Bjo«rkman et al. (2002) presented
sequences from Northwest Romania with high
sampling and dating resolution.
The lack of good, well-dated pollen diagrams

from Romania is problematic because questions
related to glacial tree refugia and the Late-Glacial
and Holocene expansion of trees from these ref-

ugia (e.g. Bjo«rkman et al., 2002) cannot ad-
equately be addressed. Many tree species are be-
lieved to have survived the last glaciation in
refugia in southernmost Europe, for instance on
the Balkans (e.g. Huntley and Birks, 1983). When
climatic conditions improved during the warmer
phases of the Late-Glacial and at the beginning of
the Holocene, several tree species rapidly mi-
grated from these refugia and quickly re-estab-
lished populations in areas that had been more
or less treeless during the Full Glacial. The exact
location of these refugia is not fully known, but it
is believed that they might have been located par-
ticularly at climatically favourable mid-altitude
sites (e.g. Willis, 1994). Recent studies have shown
that coniferous forests existed in sheltered areas
on the Hungarian Plain during the Full Glacial
(Willis et al., 1995, 2000; Rudner and Su«megi,
2001), which may indicate that refugia occurred
in a variety of settings, but excluding sites that
were too cold or too dry. A ¢nd of macroscopic
charcoal of Carpinus dated to 27 000 14C yr BP
(Willis et al., 2000) also indicates the presence of
deciduous trees in Hungary during the last glaci-
ation.
It is highly possible that tree refugia also ex-

isted in neighbouring Romania where the large
mid-altitude areas and deep incised river valleys
could have provided su⁄cient shelter for tree sur-
vival. The occurrence of such refugia is, however,
di⁄cult to evaluate as very few published pollen
pro¢les in Romania go back into the Full Glacial.
During the Late-Glacial and Early Holocene sev-
eral tree species also might have migrated through
Romania from refugia located further to the
south in Greece and Bulgaria. To be able to de-
tect such range expansion patterns, a network of
well-dated sites located throughout Romania is
needed. In due time, these questions may be pos-
sible to answer when new pollen stratigraphic
data emerge.
This article is the third in a series of papers

dealing with Late-Glacial and Holocene climate
and vegetational changes in the Gutaiului Moun-
tains of Northwest Romania. Earlier papers have
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addressed Late-Glacial environmental changes
(Wohlfarth et al., 2001) and summarised Late-
Glacial and Early Holocene vegetational changes
(Bjo«rkman et al., 2002). This paper presents a de-
tailed reconstruction of the Late-Glacial and Ho-
locene vegetational development at Steregoiu. It is
our aim that this paper will form an important
contribution to the discussion about glacial refu-
gia and Late-Glacial and Holocene tree migration
patterns in Southeast Europe. It will, hopefully,
also highlight other, more general, questions
about Holocene vegetation dynamics; for exam-
ple, the establishment of Fagus.

2. Study area

Steregoiu is situated southeast of the small
town of Negresti-Oas, on the western £ank of
the Gutaiului Mountains in Northwest Romania
(Figs. 1 and 2). This massif is part of the Eastern
Carpathian mountain chain, which stretches in a

NNW^SSE direction and has peaks rising up to
ca. 1200^1400 m above sea level (a.s.l.).
The site is a former crater lake, situated at ca.

790 m a.s.l. (47‡48P48QN, 23‡32P41QE), with a
roughly elongated surface (ca. 50U100 m) of ca.
0.5 ha. Fairly steep slopes to the south and west
surround the site. Towards the northwest, steep
slopes lead down to the Talna Valley (Fig. 2).
Apart from groundwater, the basin is fed by a
small stream in the western part and drained by
a small stream in the eastern part. The surround-
ing vegetation is dominated by young Fagus (ap-
proximately 30^50 years) and Picea stands. The
site can be described as an eutrophic to mesotro-
phic mire with a ¢eld layer dominated by grasses,
sedges, and herbs.
The present vegetation has been described by

Lupsa (1980), who also made a simpli¢ed pollen
diagram and brie£y discussed the forest develop-
ment in the area. However, her pollen diagram is
not supported by radiocarbon dates, has low pol-
len counts and fairly low sampling resolution, and
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Fig. 1. Location of the study area in Northwest Romania.
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seems to cover only the Middle and Late Holo-
cene, which makes comparisons to the present
investigation di⁄cult.
There are no climatic records directly available

for the study area, but records from weather sta-
tions in Satu Mare (Fig. 2) and Baia Mare, and
from the eastern and northern part of the Gutaiu-
lui Mountains, may be used as a proxy. Highest
mean annual air temperatures of 9.5‡C are re-
corded at Satu Mare and Baia Mare, while tem-
peratures range slightly lower at 7.8 and 8.5‡C
east and north of the mountain chain. Mean an-
nual precipitation is lowest in Satu Mare (ca. 600
mm). It rises towards the east to ca. 850 mm
around Baia Mare, and then decreases slightly
to ca. 700 and 750 mm towards the east and north.
Geologically, the area represents the northwest-

ern termination of a volcanic arc, situated in the

inner part of the Eastern Carpathian Mountains.
The volcanic activity in this region took place
during the Late Pliocene, generating a large range
of intermediary and acidic rocks, including da-
cites, andesites, and rhyolites (Borcos et al.,
1979). Primary bedrock in the study area is an-
desite. There is no published information about
the Quaternary deposits, but our own ¢eld obser-
vations of, for instance, road cuts indicate that
most of the soil cover is derived from slope pro-
cesses. It is also assumed that alpine glaciers did
not reach below 1800 m a.s.l. in the Carpathian
Mountains during the Last Glacial Maximum
(Balteanu et al., 1998). The low elevation of the
Gutaiului Mountains makes it unlikely that the
area was glaciated during the Weichselian,
although periglacial conditions may have been
widespread during the Last Glacial Maximum.
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Fig. 2. Topographic map of the surroundings of the coring site in the Gutaiului Mountains. The position of the investigated site,
Steregoiu, is shown by a ¢lled dot. Contour lines show intervals of 20 m.
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3. Methods

Sediment cores were taken in the centre of the
basin in May 1999, where the organic-rich depos-
its were thickest (Table 1). Coring was performed
with a strengthened Russian corer (diameter :
5 cm, length: 1 m), and each core was taken
with an overlap of 50 cm to obtain enough mate-
rial for analysis. The cores were described in the
¢eld, wrapped in plastic ¢lm, and placed in half
PVC tubes. Subsequently they were transported
to the Department of Geology in Lund, Sweden,
where they were stored at 4‡C. Prior to sub-sam-
pling all cores were cleaned carefully, re-de-
scribed, and visually correlated with each other.
The pro¢le was continuously subsampled at ca.

2.5-cm intervals for pollen analysis. The prepara-
tion of the samples (1 cm3) followed standard
methods (Berglund and Ralska-Jasiewiczowa,
1986; Moore et al., 1991). To enable the calcula-
tion of the pollen concentrations, tablets with a
known content of Lycopodium spores were added
to each subsample (Stockmarr, 1971). Microscope
slides were prepared from the residue and scored
for pollen. At least 450^500 grains were counted
in each subsample; when pollen concentration
was low, a minimum of 300 grains was accepted.
Pollen counts were made at 400U magni¢cation,
but 1000U was used for some critical determina-
tions. Pollen keys and illustrations in Moore et al.
(1991) and Reille (1992, 1995) were used for pol-

len identi¢cation. Pollen slides in the reference
collection at the Department of Geology, Lund
University, were used to check some pollen types.
Microscopic charcoal particles have not been
counted. Pollen nomenclature largely follows
Moore et al. (1991) except for the subfamilies
within Asteraceae, which in this paper are referred
to as Liguli£orae and Tubuli£orae. The pollen
diagrams were constructed using the TILIA and
TILIA-GRAPH computer programmes (Grimm,
1992).
AMS 14C measurements were carried out on

terrestrial plant macrofossils (Table 2). The sam-
ples were treated with 1% HCl (6 h below boiling
point) and 0.5% NaOH (1 h at 60‡C), then dried
at 100‡C overnight in small glass bottles and sent
to the AMS facility in Uppsala, Sweden. In all 17
samples were dated.

4. Results and interpretations

4.1. Lithostratigraphy

A simpli¢ed stratigraphy for the analysed pro-
¢le (0^5.92 m) is presented in Table 1 (see also
lithology column in the pollen diagram, Fig. 4).
The bottom part of the pro¢le, below 5.44 m,
comprises siliciclastic materials. These were prob-
ably deposited by slope processes or washed in by
streams originating at higher altitudes. The ¢rst
slightly organic sediments (gyttja clay), which
mark the beginning of the lake, start at 5.44 m.
The contact with the overlying clayey gyttja at
5.26 m is erosive and points to a hiatus. The suc-
cession clayey gyttja, gyttja, and coarse detritus
gyttja implies that the basin was a lake until it
became overgrown at 2.80 m; subsequently, carr
peat started to accumulate (Fig. 4) and the site
became a mire. Fen peat started to develop at
1.25 m, showing that the site had become an
open fen.

4.2. Chronology

The AMS 14C measurements from the site re-
sult in reasonably concordant ages with respect to
depth and sediment types (Table 2). However,

Table 1
Simpli¢ed lithostratigraphic description of the analysed pro-
¢le from Steregoiu

Depth Description
(m)

0^1.25 Fen peat, gradual lower boundary
1.25^2.80 Carr peat, gradual lower boundary
2.80^4.28 Coarse detritus gyttja, gradual lower boundary
4.28^4.57 Gyttja, gradual lower boundary
4.57^5.225 Clayey gyttja, gradual lower boundary
5.225^5.26 Silty, slightly sandy clayey gyttja, sharp lower

boundary
5.26^5.44 Gyttja clay, gradual lower boundary
5.44^5.70 Silty clay (partly laminated) with gravely,

sandy layers, gradual lower boundary
5.70^5.84 Clayey sandy silt with gravel, sharp lower

boundary
5.84^5.92 Silty clay with sand and gravel
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some of the dates fall within a complicated part of
the radiocarbon calibration curve (Stuiver et al.,
1998). For instance, there is a long plateau at ca.
12 600 14C yr BP, as well as several other smaller
plateaus. These make it di⁄cult to obtain good
calibrated dates. Consequently, calibration of
these dates will result in large standard errors,
which do not allow for the development of a re-
liable chronology with respect to the vegetation
development.
To avoid the problem with large standard er-

rors, an age^depth curve was constructed (Fig. 3).
However, the use of such a curve assumes that the
sedimentation rate is fairly uniform, which is not
always the case (hiatuses may be a problem, and
at least one hiatus is present in the pro¢le at 5.26
m, see above). However, the curve for total pollen
concentration is an independent test for this as-

sumption (Fig. 4). The curve for Steregoiu is rea-
sonably smooth and does not indicate any large
deviations from an overall uniform accumulation
rate, except for the bottom part of the pro¢le
where pollen concentrations are low, and around
1.20 m where concentrations are exceptionally
high. The high values around 1.20 m may indicate
a prolonged phase with low peat accumulation
rates, or drier conditions resulting in decomposi-
tion of peat.
The age^depth curve was established on base of

dates falling in uncomplicated parts of the calibra-
tion curve, and dates that have relatively small
standard errors (Table 2). Using these dates, it
is possible to calculate an accumulation rate of
ca. 41 yr/cm for the clayey gyttja sequence be-
tween 5.25 and 4.67 m, and of ca. 14 yr/cm for
the gyttja and carr peat sequence between 4.67

Table 2
AMS 14C dates from Steregoiu.

Depth Laboratory
number

Dated material 14C age BP Calibrated years BP Date used to construct
a chronology

(m) (cal yr BP)

0.12^0.084 Ua-16782 Mosses (indet.) 50T 75 280^170 (31.7%), 150-T. (63.7%) 225 at 0.102 m
0.44^0.39 Ua-16781 Mosses (indet.) 1180T 75 1270^950 1110 at 0.415 m
0.66^0.614 Ua-16780 Mosses (indet.) 2100T 75 2310^1890 1900 at 0.637 m
1.114^1.07 Ua-16779 Bark, twig (indet.) 3130T 75 3550^3510 (1.3%), 3480^3140

(94.1%)
3310 at 1.092 m

1.32^1.274 Ua-16778 Wood (indet.) 3680T 70 4240^3830 4100 at 1.297 m
1.804^1.754 Ua-16777 Wood (indet.) 6425T 75 7480^7200 7340 at 1.779 m
2.55^2.50 Ua-16776 Bark (indet.) 7560T 80 8520^8490 (1.5%), 8480^8170 8250 at 2.525 m
2.73^2.684 Ua-16775 Picea needles 7655T 85 8610^8290 (92.6%), 8270^8210

(2.8%)
8450 at 2.707 m

2.96^2.91 Ua-16774 Picea needles, leaf
fragments (indet.)

7870T 75 9000^8450 8725 at 2.935 m

3.28^3.23 Ua-16329 Picea needles 8300T 85 9490^9030 9200 at 3.255 m
3.464^3.414 Ua-16773 Picea needles 8215T 85 9430^9000 9400 at 3.439 m
4.05^4.004 Ua-16328 Picea needles, twigs, leaf

fragments (indet.)
9130T 95 10 600^9900 10 250 at 4.03 m

4.36^4.32 Ua-16327 Picea needles 9530T 85 11 200^10 550 10 700 at 4.34 m
4.544^4.50 Ua-16326 Wood (indet.) 9665T 110 11 250^10 600 11 100 at 4.52 m
4.694^4.64 Ua-16325 Charcoal, leaves, wood

(indet.)
10 325T 150 12 850^11 350 11 400 at 4.67 m

5.164^5.12 Ua-16324 wood fragments 10 910T 105 13 200^12 800 (80.6%),
12 750^12 600 (14.8%)

13 150 at 5.14 m

5.324^5.274 Ua-16323 leaves, Picea needle, wood 12 365T 115 15 450^14 050 14 000 at 5.30 m

Calibrated ages at T 2c are given as derived by the OxCal 3.5 computer programme (Bronk Ramsey, 1995). The date used to
construct a chronology for the pollen diagrams (Fig. 4) is either a mid-point of the calibrated interval (at T 2c) or an adjusted
date which takes into account the calibration curve and the most probable interval (at T 2c), and the stratigraphic position of
the sample.
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and 1.78 m. The upper part of the carr peat se-
quence between 1.78 and 1.30 m, where pollen
concentration is signi¢cantly higher, has a marked
lower accumulation rate of around 67 yr/cm. The
topmost fen peat sequence between 1.30 and 0.10
m, instead, has an accumulation rate of approx-
imately 32 yr/cm. The accumulation rate for the
bottommost part (below 5.40 m) with siliciclastic
deposits is unknown, as it was not possible to ¢nd
any datable plant macrofossils.
The second step in constructing a reliable age^

depth curve for the site was to plot the ‘compli-
cated’ dates on the curve, and then to assign ages
that better ¢t the age^depth curve than the earlier
obtained calibrated ages (cf. curve for adjusted
dates in Fig. 3; Table 2). Thus, the method used
in this study allows calibrated years BP to be as-
signed to all the individual AMS 14C measure-
ments and to all zone boundaries.

4.3. Pollen stratigraphy and vegetational
development

The pollen data are presented in a percentage
diagram with all terrestrial pollen types included
in the calculation sum (Fig. 4). To facilitate

description and interpretation of the pollen dia-
gram with respect to vegetational changes, 19 Lo-
cal Pollen Assemblage Zones (LPAZ S1^19) were
established (Table 3; Fig. 4). These zones have
been established visually, and each zone boundary
denotes signi¢cant changes in pollen deposition
and, hence, represents major changes in vegeta-
tion cover. This zonation is mostly based on
changes in the dominant pollen taxa (i.e. trees,
Corylus, Juniperus, Poaceae undi¡. 6 40 Wm, Ar-
temisia, and Chenopodiaceae), but also changes in
minor, but highly indicative, pollen taxa (i.e.
Acer, Salix, Poaceae undi¡. s 40 Wm, Plantago
lanceolata, and Rumex acetosa/R. acetosella) are
taken into account, as well as changes in litholo-
gy. The validity of the zonation has been con-
¢rmed by CONISS (Grimm, 1987) (Fig. 4B),
which shows that most zones are statistically sig-
ni¢cant. The local site development and the on-
site vegetation are presented in detail in Table 3.
A summary of the Late-Glacial and Holocene
vegetational development, based on a synthesis
of the pollen zones, is given below. The general
vegetational development is described according
to 15 time periods (A^O). These periods also are
presented in a diagram with selected tree, shrub,

Fig. 3. Calibrated AMS radiocarbon dates and suggested age^depth curve for the site Steregoiu (see also Table 2).
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and herb pollen taxa drawn on a linear timescale
(Fig. 5).

4.3.1. (A) s 14 700 cal yr BP (S1): open patchy
vegetation consisting of a mosaic of shrubs, herbs,
and un-vegetated ground
The upland vegetation surrounding the basin

before 14 700 cal yr BP had probably an open
structure. Most likely it can be characterised as
a mosaic with areas dominated by low shrubs,
e.g. Salix and Juniperus (and possibly also Betu-
la), and areas dominated by grasses, sedges and
herbs, e.g. Artemisia, Chenopodiaceae and Heli-
anthemum, and several species from the Astera-
ceae, Caryophyllaceae and Ranunculaceae fami-
lies. Areas with more or less ungrown grounds
also occurred, which is indicated by the siliciclas-
tic sediments. The percentages for Pinus are com-
parably high and di⁄cult to interpret. Pinus may
have been present in the region, but it was cer-
tainly not forming a local tree cover. Instead, it
may have been growing in valleys with favourable
microclimate, or it could have formed more or
less dense forests in the lowlands west of the study
area.

4.3.2. (B) 14 700^13 750 cal yr BP (S2, S3):
open Pinus^Betula forest
The vegetation during this time period may

have been composed of rather open forests dom-
inated by Pinus and Betula. Pinus has very high
percentages and reaches its highest values of the
entire pro¢le, while total pollen concentration and
Betula percentages have increased and many herb
pollen types display low values. This may indicate
a regional and local expansion of Betula and Pi-
nus and a decrease of the open vegetation. This
development is supported by macrofossil analyses
from the nearby site Preluca Tiganului (Wohlfarth
et al., 2001). Around 14 150 cal yr BP Alnus seems
to have expanded, most likely becoming a domi-
nant tree in the carr forest which surrounded the
lake. The presence of Juniperus pollen and the
fairly high values for Poaceae undi¡. 6 40 Wm
and Artemisia probably indicate that areas with
open vegetation occurred, however, most likely
at higher altitudes.

4.3.3. (C) 13 750^12 950 cal yr BP (S4): open
forest dominated by Betula, Picea, Pinus, and
Ulmus
At the beginning of this time interval the

open Betula and Pinus forest was replaced by an
open Betula and Picea dominated forest. Pinus
was probably still common although its pollen
values are considerably lower than before. Most
likely Picea had not been present locally before,
but it must have become established rather early
and then expanded rapidly. Around 13 400 cal yr
BP Ulmus attains remarkably high values, which
may imply that it formed a considerable popula-
tion in the area. Quercus appears in low per-
centages around 13 000 cal yr BP, which may
indicate that it was present in the region. The
seemingly rapid expansion of initially Picea, and
subsequently Ulmus, shows that these trees must
have been present in the region already, but
with very low populations, otherwise they
would not have become established so rapidly.
If they had to immigrate from areas much
farther away, they would not have responded so
quickly. The upland forest probably had a rather
open structure, which is suggested by the seem-
ingly high percentages of herbaceous pollen types.
Juniperus pollen and the comparatively high val-
ues for Poaceae undi¡. 6 40 Wm, Artemisia, and
Chenopodiaceae indicate that areas with open
vegetation occurred, most likely at higher alti-
tudes.

4.3.4. (D) 12 950^12 600 cal yr BP (S5): open
forest dominated by Betula, Picea, and Pinus;
expansion of open vegetation
The forest was rather open and dominated by

Betula, Pinus, and Picea. Ulmus seems to have
diminished at the beginning of the period. Also,
Betula, Pinus, and Picea seem to have decreased
rapidly. At the same time particularly Artemisia
and Chenopodiaceae expanded their representa-
tion. At the end of the period probably only Be-
tula and Picea locally formed an open forest. The
strong expansion of Artemisia and Chenopodia-
ceae implies that open vegetation had started to
spread regionally, although probably mainly at
higher elevations.
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Fig. 4. (A,B) Percentage pollen diagram with all identi¢ed pollen and spore taxa presented on a linear depth scale (covering the pro¢le between 0 and 5.92 m). Radiocarbon dates (black bars) and a non-linear
timescale in calibrated years BP are shown to the left of the diagram, as well as a simpli¢ed stratigraphy. The pollen diagram covers roughly the time interval between ca. 15 500 cal yr BP and the present
(AD 1950).
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Fig. 4 (Continued).
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Table 3
Summary of the pollen stratigraphy, chronology and vegetation history of Steregoiu (see Fig. 4 for pollen diagram)

Depth
(m)

Age
(cal yr BP)

Description Inferred on-site vegetation
and site development

Inferred local
upland vegetation

S1, Pinus^Poaceae^Artemisia LPAZ
5.92^5.43 s 14 700 Characterised by high pollen percentages for Pinus (40^55%), fairly high

percentages for Poaceae undi¡. 6 40 Wm (10^20%), Artemisia (5^15%)
and Cyperaceae (5^10%), and low but signi¢cant values for Betula (ca.
5%), Juniperus (3^5%) and Chenopodiaceae (ca. 3%). Among other
pollen types, Salix, Apiaceae, Asteraceae Liguli£orae and Asteraceae
Tubuli£orae have signi¢cant occurrences. In the upper part of the zone
Filipendula and Thalictrum occur more regularly than before. There is
also a noteworthy presence of scattered pollen grains of Ephedra,
Caryophyllaceae, Helianthemum, Ranunculaceae undi¡., Galium-type,
Centaurea cyanus-type and C. nigra-type. Additionally, there is a slight
presence of Polypodiaceae undi¡. and Potamogeton in the topmost
samples, and of Selaginella selaginoides in the botton samples. The total
pollen concentration is low, reaching just above 50 000 grains/cm3 in a
few samples.

Mainly siliciclastic material was
accumulating, probably transported
to the basin with streams coming from
higher elevations and by slope processes
and strong winds. The on-site vegetation
probably was scarce as is suggested by
the low pollen concentration. It may
have been dominated by grasses, sedges,
Ranunculaceae, Thalictrum, Galium and
Selaginella selaginoides.

Open vegetation,
most likely a
mosaic with low
shrubs, grass,
sedges and herbs.

S2, Pinus^Poaceae^Betula LPAZ
5.43^5.32 ca. 14 700^

14 150
Characterised by very high pollen percentages for Pinus (60^70%), fairly
high percentages for Betula and Poaceae undi¡. 6 40 Wm, and low but
signi¢cant values for Cyperaceae and Artemisia. Among other pollen
types, Alnus, Salix, Juniperus, Asteraceae Tubuli£orae and Filipendula
have signi¢cant occurrences. There is also a presence of single, or
scattered pollen grains of Caryophyllaceae, Ranunculaceae undi¡.,
Thalictrum, Centaurea nigra-type and Chenopodiaceae. Compared to S1,
Betula, Pinus, and Alnus have increased, while Salix, Juniperus, Poaceae
undi¡. 6 40 Wm, Cyperaceae, Artemisia, and Chenopodiaceae-have
decreased. The total pollen concentration is higher than in S1, and
reaches values above 100 000 grains/cm3.

Slightly organogenic sediments were
deposited (a gyttja clay), indicating that
the site had become a lake, but the
organic production was still low and
in£ow of siliciclastic material continued.
The lake may have been surrounded by
a rim with some Betula and Alnus trees
and Salix shrubs. Sedges and grasses may
also have been common around the site.

Open vegetation
with scattered
Pinus and Betula
individuals.

S3, Pinus^Alnus^Betula LPAZ
5.32^5.25 14 150^

ca. 13 750
Characterised by very high pollen percentages for Pinus, fairly high
percentages for Betula and Alnus, and low but signi¢cant values for
Poaceae undi¡. 6 40 Wm, Cyperaceae, and Filipendula. Among other
pollen types, Salix, Juniperus, and Galium-type have signi¢cant
occurrences. Single or scattered pollen grains of Picea, Ephedra,
Ranunculaceae undi¡., Helianthemum, and Chenopodiaceae are present.
Additionally, Polypodiaceae undi¡. occurs. Compared to S2, Alnus,
Filipendula, and Galium-type have increased, while Pinus, Poaceae undi¡.
6 40 Wm, and Cyperaceae have decreased.

Gyttja clay was deposited in the lake,
signalling that organic production was
low and that in£ow of siliciclastic
material was still important. The lake
was probably surrounded by carr forest
in which Salix, Betula, and particularly
Alnus were common. It also had a rim
with an open fen vegetation with grasses,
sedges, Filipendula, and Galium.

Open forest
dominated by
Pinus and Betula.
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Table 3 (Continued).

Depth
(m)

Age
(cal yr BP)

Description Inferred on-site vegetation
and site development

Inferred local
upland vegetation

S4, Betula^Pinus^Picea LPAZ
5.25^5.09 13 750^12 950 Characterised by high pollen percentages for Betula (15^25%) and

Pinus, fairly high percentages for Picea (5^15%), Alnus, Poaceae undi¡.
6 40 Wm, and Artemisia, and low but signi¢cant values for Ulmus (has
a top at 5.3% in the middle of the zone), Chenopodiaceae, Cyperaceae,
and Filipendula. Among other pollen types, Apiaceae, Rosaceae undi¡.,
and Thalictrum have signi¢cant occurrences. Conspicuous is also the
presence of single, or scattered pollen grains of several tree pollen types,
e.g. Fraxinus, Quercus (around 1% in the topmost samples), and Tilia.
Additionally, there is also a signi¢cant presence of Polypodiaceae undi¡.
Compared to S3, Betula, Quercus, Ulmus, Picea, Apiaceae,
Chenopodiaceae, and Polypodiaceae undi¡. have increased, while Pinus,
Alnus, and Juniperus have decreased.

The clayey gyttja indicates decreased
input of siliciclastic material and an
increase in the organic production
during the latter part of the zone.
Potamogeton was common in the lake.
The lake was probably surrounded by
carr forest in which Salix, Betula, and
Alnus were common. It also had a rim
with fen vegetation in which grasses,
sedges, Apiaceae, and Filipendula were
common.

Open forest
dominated by
Betula and Picea.
Pinus was
probably also
common.
Establishment and
expansion of
Ulmus.

S5, Betula^Pinus^Alnus LPAZ
5.09^4.99 12 950^12 600 Characterised by high pollen percentages for Betula (15^25%) and Pinus,

fairly high percentages for Alnus (has a peak around 20% at the top of
the zone), Picea, Poaceae undi¡. 6 40 Wm, and Artemisia (increases
strongly, from ca. 10% at the bottom to ca. 20% at the top), and low
but signi¢cant values for Cyperaceae, Filipendula, Thalictrum, Rosaceae
undi¡., and Chenopodiaceae. Among other pollen types, Salix, Apiaceae,
and Asteraceae Liguli£orae have signi¢cant occurrences. Noteworthy is
also the occurrence of Quercus and Ulmus pollen in the bottom sample
of the zone. Additionally, there is also a signi¢cant presence of
Polypodiaceae undi¡. and Potamogeton. Compared with S4, Betula,
Alnus, and Artemisia have increased while Pinus, Picea, Ulmus, and
Polypodiaceae undi¡. have decreased.

The clayey gyttja deposited in the lake
shows that some siliciclastic material
was still transported into the basin,
probably by small streams from higher
elevations where open vegetation had
started to spread. The lake was
surrounded by carr forest in which
Salix, Betula, and in particular Alnus
were common. (Alnus has peak values
at the end of the zone.) The lake had a
rim with fen vegetation in which grasses,
sedges, and Filipendula were common.

Open forest
dominated by
Betula, Pinus, and
Picea. Ulmus
diminished at the
beginning of the
zone. Expansion
of open
vegetation,
particularly
Artemisia and
Chenopodiaceae.

S6, Pinus^Artemisia^Poaceae LPAZ
4.99^4.69 12 600^11 500 Characterised by high pollen percentages for Pinus (30^40%), fairly high

percentages for Artemisia (ca. 20%), Alnus, Betula, and Poaceae undi¡.
6 40 Wm, and low but signi¢cant values for Chenopodiaceae and
Cyperaceae. Among other pollen types, Picea, Salix, Juniperus,
Asteraceae Tubuli£orae, Filipendula, and Thalictrum have signi¢cant
occurrences. There is also a noteworthy presence of single or scattered
pollen grains of Quercus, Ulmus, Ephedra, Typha angustifolia-type,
Caryophyllaceae, Helianthemum, Ranunculaceae undi¡., Galium-type,
Centaurea cyanus-type, and C. nigra-type. Additionally, there is a
continuous presence with low values of Polypodiaceae undi¡. Among
aquatic pollen types, Potamogeton is represented with low values.
Compared to S5, Pinus, Juniperus, Poaceae undi¡. 6 40 Wm, Asteraceae
Tubuli£orae, Ranunculaceae undi¡., Chenopodiaceae, Artemisia, and
Cyperaceae have increased while Betula and Picea have decreased.

The clayey gyttja indicates that
siliciclastic material was transported
into the basin, probably by streams
coming from unstable ground. The lake
was probably surrounded by carr forest,
with Salix, Betula, and Alnus, and had
a rim with open fen vegetation in which
grasses, sedges, Sparganium, Filipendula,
and Galium were common.

Open vegetation,
most likely a
mosaic with low
shrubs, grass,
sedges, and herbs.
Scattered Betula
individuals.
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Table 3 (Continued).

Depth
(m)

Age
(cal yr BP)

Description Inferred on-site vegetation
and site development

Inferred local
upland vegetation

S7, Pinus^Betula^Alnus LPAZ
4.69^4.59 11 500^11 250 Characterised by high pollen percentages for Pinus (35^40%), fairly high

percentages for Betula (ca. 15%), Alnus (10^20%), Poaceae undi¡. 6 40
Wm, and Artemisia, and low but signi¢cant values for Ulmus, Cyperaceae,
and Chenopodiaceae. Among other pollen types, Picea, Salix, Apiaceae,
Filipendula, and Thalictrum have signi¢cant occurrences. There is also a
conspicuous presence of single or scattered pollen grains of Quercus,
Juniperus, Typha angustifolia-type, Ranunculaceae undi¡., Ranunculus-
type, and Centaurea nigra-type. In addition, there is a slight presence of
Polypodiaceae undi¡. Compared to S6, Betula, Alnus, and Ulmus have
increased while Pinus, Juniperus, Artemisia, and Chenopodiaceae have
decreased. Noteworthy is also that Ulmus shows increasing values
throughout the zone (has very low values in the bottom samples and
ends with ca. 10% in the top), while Pinus and Artemisia show
decreasing values.

Deposition of clayey gyttja shows that
siliciclastic material was still transported
into the lake, which was surrounded by
carr forest in which Salix, Betula, and
particularly Alnus were common. It
probably also had a rim with fen
vegetation, consisting of, among others,
grasses, sedges, Sparganium, and
Filipendula.

Open forest
dominated by
Betula and Pinus.
Establishment and
expansion of
Ulmus.

S8, Ulmus^Pinus^Betula LPAZ
4.59^4.36 11 250^10 750 Characterised by very high pollen percentages for Ulmus (20^45%), fairly

high percentages for Pinus, Betula, and Picea, and low but signi¢cant
values for Alnus, Poaceae undi¡. 6 40 Wm, and Artemisia. Among other
pollen types, Fraxinus, Quercus, Tilia, Salix, Cyperaceae, Filipendula,
Rosaceae undi¡., and Potentilla-type have signi¢cant occurrences.
Scattered pollen grains of Corylus, Ephedra, Juniperus, and Cannabis-
type occur. Additionally, Polypodiaceae undi¡. have fairly high values,
while Potamogeton and Equisetum only have slight occurrences.
Compared to S7, Quercus, Ulmus, Tilia, Fraxinus, Picea, Rosaceae
undi¡., Potentilla-type, Cannabis-type, and Polypodiaceae undi¡. have
increased while Alnus, Pinus, Juniperus, Poaceae undi¡. 6 40 Wm,
Cyperaceae, Artemisia, and Chenopodiaceae have decreased. Several
tree pollen types, in particular Fraxinus, Picea, Quercus, and Tilia, are
showing increasing values throughout the zone.

Deposition of gyttja shows that the
siliciclastic input to the lake had ceased
and that upland soils were stable and
covered with vegetation. The lake was
surrounded by carr forest in which
Salix, Betula, and Alnus probably were
common. It also had a rim with fen
vegetation in which grasses, sedges,
Equisetum, and several herbs, such as
Filipendula and Potentilla, occurred
frequently.

Dense forest
dominated by
Ulmus, but Picea,
Betula, and Pinus
were also
common.
Establishment of
Quercus, Tilia,
and Fraxinus.
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Table 3 (Continued).

Depth
(m)

Age
(cal yr BP)

Description Inferred on-site vegetation
and site development

Inferred local
upland vegetation

S9, Ulmus^Picea^Fraxinus LPAZ
4.36^3.98 10 750^10 200 Characterised by very high pollen percentages for Ulmus (40^45%),

fairly high percentages for Picea, Pinus, Betula, Fraxinus, Tilia, and
Quercus, and low but signi¢cant values for Alnus, Corylus (has a low
occurrence around 0.2% at the bottom, but increases to about 4% at
the top), Poaceae undi¡. 6 40 Wm, and Artemisia. Among other pollen
types, Salix, Cyperaceae, Filipendula, Thalictrum, Rosaceae undi¡.,
Potentilla-type, Thalictrum, and Chenopodiaceae have signi¢cant
occurrences. There is also a presence of scattered pollen grains of Acer.
Additionally, Polypodiaceae undi¡. have fairly high values, while
Potamogeton has signi¢cant values. Compared to S8, Fraxinus, Tilia,
Quercus, and Corylus have increased, while Pinus, Betula, Poaceae undi¡.
6 40 Wm, Cyperaceae, Artemisia, and Chenopodiaceae have decreased.

The site was a shallow lake where
coarse detritus gyttja was deposited.
It was surrounded by carr forest in
which probably Salix and Betula were
common. Instead, Alnus seems to have
disappeared from the site. The lake
probably had a rim with fen vegetation
in which grasses, sedges, and several
herbs, such as Filipendula and Potentilla,
were common.

Dense forest
dominated by
Ulmus, but Picea,
Quercus, Tilia,
and Fraxinus were
also common.
Establishment of
Corylus and Acer.

S10, Ulmus^Corylus^Picea LPAZ
3.98^3.35 10 200^9300 Characterised by high pollen percentages for Ulmus (25^30%) and

Corylus (10^25%), fairly high percentages for Picea, Fraxinus, Tilia, and
Quercus, and low but signi¢cant values for Pinus, Cyperaceae, and
Poaceae undi¡. 6 40 Wm. Among other pollen types, Betula, Lysimachia
vulgaris-type, Artemisia, and Alnus have signi¢cant occurrences. There is
also a regular presence of pollen grains of Acer, Typha angustifolia-type,
and Chenopodiaceae. Among the aquatic pollen types, Potamogeton is
fairly well-represented. Noteworthy are the comparatively high values for
Equisetum. Compared to S9, Corylus, Cyperaceae, Lysimachia vulgaris-
type, and Equisetum have increased while Pinus, Betula, Alnus, Ulmus,
Poaceae undi¡. 6 40 Wm, Artemisia, and Chenopodiaceae have
decreased. Conspicuous are the gradually increasing values for Corylus,
and the gradually decreasing values for Ulmus.

The site was a shallow lake where
coarse detritus gyttja was deposited.
Betula and Salix have low values, which
may suggest that there was no carr
forest surrounding the lake. However,
a few Betula individuals may still have
occurred near the site. The lake
probably had a well-developed rim with
open fen vegetation dominated by
sedges, Sparganium, Lysimachia vulgaris,
and Equisetum.

Dense forest
dominated by
Ulmus, Corylus,
and Picea, but
Quercus, Tilia,
Fraxinus, and
Acer were also
common.
Expansion of
Corylus.

S11, Corylus^Ulmus^Picea LPAZ
3.35^2.82 9300^8600 Characterised by very high pollen percentages for Corylus (ca. 45%),

fairly high percentages for Ulmus, Fraxinus, Picea, Quercus, Tilia, and
Cyperaceae (only in the topmost samples), and low but signi¢cant values
for Alnus, Pinus, Lysimachia vulgaris-type, and Poaceae undi¡. 6 40 Wm.
Among other pollen types, Acer, Artemisia, Potentilla-type, and
Thalictrum occur more or less regularly, but with very low values.
Additionally, Polypodiaceae undi¡. and Equisetum have a low presence.
Compared to S10, Corylus has increased while Ulmus, Tilia, Artemisia,
Polypodiaceae undi¡., and Equisetum have decreased. Cyperaceae have
also decreased, but at the top of the zone a strong increase up to values
around 10% can be observed. Noteworthy is also that Ulmus is showing
slightly decreasing values throughout the zone.

The site was a very shallow lake where
coarse detritus gyttja was deposited.
Betula and Salix have very low values,
which may suggest that there where no
carr forests surrounding the lake. It
probably had a well-developed rim with
open fen vegetation dominated by
sedges (particularly at the end of the
zone when the lake was almost
overgrown), Lysimachia vulgaris,
Potentilla, and Equisetum.

Dense forest
dominated by
Corylus and
Ulmus, but Picea,
Quercus, Tilia,
Fraxinus, and
Acer were also
common.
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Table 3 (Continued).

Depth
(m)

Age
(cal yr BP)

Description Inferred on-site vegetation
and site development

Inferred local
upland vegetation

S12, Corylus^Picea^Ulmus LPAZ
2.82^2.50 8600^8200 Characterised by very high pollen percentages for Corylus (ca. 40%),

high or fairly high percentages for Quercus, Ulmus, Picea (15^25%),
Cyperaceae, Filipendula, and Lysimachia vulgaris-type (only in lowermost
samples), and low but signi¢cant values for Alnus, Tilia, Fraxinus,
Poaceae undi¡. 6 40 Wm, and Ranunculus-type. Among other pollen
types, Betula, Pinus, Rosaceae undi¡., and Artemisia occur regularly,
but with very low values. Additionally, Polypodiaceae undi¡. have a low
presence. Compared to S11, Picea, Cyperaceae, Filipendula, Lysimachia
vulgaris-type, Ranunculus-type, and Polypodiaceae undi¡. have increased
while Pinus, Quercus, Ulmus, Tilia, Fraxinus, Corylus, Potentilla-type,
and Artemisia have decreased.

Carr peat started to accumulate when
the lake had become completely
overgrown. The tree cover was probably
rather scant as several herb pollen types
have high values. Some Alnus and Picea
individuals may have grown at the site.
Some parts of the site probably had an
open fen vegetation dominated by
sedges, Filipendula, Lysimachia vulgaris,
and Ranunculus.

Dense forest
dominated by
Corylus, Picea,
and Ulmus, but
Quercus was also
common. Decrease
of Tilia, Fraxinus,
and Acer.

S13, Corylus^Picea^Ulmus^Filipendula LPAZ
2.50^1.89 8200^7500 Characterised by very high pollen percentages for Corylus (30^45%) and

Picea (20^55%), fairly high percentages for Quercus, Ulmus, Cyperaceae
(topmost samples), and Filipendula, as well as low but signi¢cant values
for Pinus, Alnus, Tilia, Fraxinus, and Poaceae undi¡. 6 40 Wm. Among
other pollen types, Betula, Typha angustifolia-type, Lysimachia vulgaris-
type, and Artemisia occur regularly, but with low values. Conspicuous is
also the presence of single or scattered pollen grains of Acer, Carpinus-
type, Fagus (has an isolated peak value of around 5%), and Cannabis-
type. Additionally, Polypodiaceae undi¡. have comparatively high values.
Compared to S12, Pinus, Quercus, Tilia, Fraxinus, Fagus, Picea, Typha
angustifolia-type, and Polypodiaceae undi¡. have increased, while Ulmus,
Poaceae undi¡. 6 40 Wm, Cyperaceae, Lysimachia vulgaris-type, and
Ranunculus-type have decreased.

Carr peat was deposited at the site,
which had a denser tree cover than
previously. Apparently, Picea was the
dominant tree at the site. Some parts
of the site probably had open fen
vegetation dominated by sedges,
Filipendula and Lysimachia vulgaris.
Pteridophytes also seem to have been
common on the site.

Dense forest
dominated by
Corylus, Picea,
and Ulmus, but
Quercus, Tilia,
Fraxinus, and
Acer probably
also occurred in
the area. Local
expansion of
Picea. Fagus failed
to become
established locally.

S14, Corylus^Picea^Ulmus^Quercus LPAZ
1.89^1.41 7500^4800 Characterised by very high pollen percentages for Corylus (25^45%) and

Picea (20^35%), fairly high percentages for Alnus, Quercus, Ulmus,
Poaceae undi¡. 6 40 Wm (topmost samples), and Cyperaceae, and low
but signi¢cant values for Betula, Pinus, Asteraceae Liguli£orae, and
Filipendula. Conspicuous is also the presence of scattered pollen grains
of Acer, Fagus, and Artemisia. Additionally, Polypodiaceae undi¡.,
Pteridium aquilinum, Equisetum, and Sphagnum occur with relatively
high values. Compared to S13, Alnus, Quercus, Poaceae undi¡. 6 40 Wm,
Asteraceae Liguli£orae, Polypodiaceae undi¡., and Equisetum have
increased, while Picea, Filipendula, and Lysimachia vulgaris-type have
decreased. The total pollen concentration is exceptionally low and hardly
reaches above 50 000 grains/cm3 in the samples.

Carr peat was deposited at the site,
which probably had a tree cover
dominated by Picea, but some Alnus
individuals probably also occurred.
In the ¢eld layer pteridophytes were
common. A minor part of the site may
have had an open fen vegetation with
grass, sedges, Filipendula, and Equisetum.
The low pollen concentration may imply
a higher rate of peat accumulation.

Dense forest
dominated by
Corylus, Picea,
Ulmus, and
Quercus. Tilia,
Fraxinus, and
Acer probably
also occurred in
the area.
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Table 3 (Continued).

Depth
(m)

Age
(cal yr BP)

Description Inferred on-site vegetation
and site development

Inferred local
upland vegetation

S15, Corylus^Picea^Fagus LPAZ
1.41^1.11 4800^3400 Characterised by high pollen percentages for Corylus (20^30%) and

Picea, fairly high percentages for Alnus, Quercus, Ulmus, Carpinus
(5^15%), and Fagus (5^20%), and low but signi¢cant values for Betula,
Tilia, Fraxinus, Poaceae undi¡. 6 40 Wm, and Filipendula. Among other
pollen types, Pinus, Acer, Cyperaceae, Apiaceae, Asteraceae Liguli£orae,
Rosaceae undi¡., and Artemisia occur regularly, but with low values.
Conspicuous is also the regular presence of scattered pollen grains of
Hedera helix, Ranunculaceae undi¡., and Anemone nemorosa.
Additionally, Polypodiaceae undi¡. have high values. Compared to S14,
Betula, Acer, Carpinus-type, Fagus, Asteraceae Liguli£orae, Filipendula,
and Rosaceae undi¡. have increased while Pinus, Fraxinus, Picea,
Corylus, Poaceae undi¡. 6 40 Wm, and Cyperaceae have decreased. The
total pollen concentration is remarkably high, reaching above 500 000
grains/cm3 in most samples.

Initially, carr peat was deposited, but
later fen peat started to accumulate.
The accumulation of fen peat may have
been rather slow in the beginning as the
pollen concentration is very high.
However, it is also possible that the fen
peat has been highly decomposed due
to drier conditions. The tree cover may
have been rather dense when carr peat
was deposited, but later the site became
more open. The tree cover may have
been dominated by Picea, but some
Alnus and Betula individuals probably
also occurred. Some parts of the site
may have had an open vegetation
dominated by Filipendula, Apiaceae and
Asteraceae Liguli£orae.

Dense forest
dominated by
Corylus, Picea,
Ulmus, Quercus,
Tilia, Acer,
Carpinus, and
Fagus. Local
establishment of
Carpinus and
Fagus.

S16, Fagus^Picea^Carpinus LPAZ
1.11^0.73 3400^2200 Characterised by very high pollen percentages for Fagus (30^50%), fairly

high percentages for Alnus, Quercus, Ulmus, Carpinus-type, Picea (has
high values only in bottom samples), Corylus, and Cyperaceae, as well
as low but signi¢cant values for Betula, Pinus, Poaceae undi¡. 6 40 Wm,
Filipendula (only in bottom samples), and Lysimachia vulgaris-type.
Among other pollen types, Tilia, Fraxinus, Salix, and Artemisia occur
regularly, but with low values. Additionally, Polypodiaceae undi¡. have
high values. Compared to S15, Pinus, Alnus, Fagus, Cyperaceae, and
Lysimachia vulgaris-type have increased while Ulmus, Tilia, Fraxinus,
Acer, Picea, Corylus, Apiaceae, Asteraceae Liguli£orae, Filipendula, and
Rosaceae undi¡. have decreased. The total pollen concentration has
decreased to values around 200 000 grains/cm3 in most samples.

Fen peat was deposited at the site,
which now had become dominated by
open fen communities, particularly by
sedges. Pteridophytes were probably
also common. Some scattered Alnus
and Picea individuals may have
occurred on the peat land.

Dense forest
dominated by
Fagus. Quercus,
Ulmus, Carpinus,
Picea, and Corylus
also occurred but
they were less
common. Marked
expansion of
Fagus. Local
decreases of Picea
and Corylus. Tilia
and Fraxinus may
have disappeared
from the local
forests.
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Table 3 (Continued).

Depth
(m)

Age
(cal yr BP)

Description Inferred on-site vegetation
and site development

Inferred local
upland vegetation

S17, Fagus^Poaceae^Carpinus LPAZ
0.73^0.39 2200^1050 Characterised by very high pollen percentages for Fagus (55^75%), fairly

high percentages for Alnus, Quercus, Carpinus, and Poaceae undi¡. 6 40
Wm, and low but signi¢cant values for Betula, Ulmus, Picea, Corylus,
and Cyperaceae. Among other pollen types, Pinus, Galium-type, and
Artemisia occur regularly, but with very low values. Conspicuous is also
the presence of scattered pollen grains of Tilia, Fraxinus, Acer, and Abies.
Additionally, Polypodiaceae undi¡. have low values, while Sphagnum has
relatively high values in the bottom part. Compared to S16, Fagus,
Poaceae undi¡. 6 40 Wm, Galium-type, and Artemisia have increased
while Pinus, Alnus, Quercus, Ulmus, Carpinus, Picea, Corylus, Lysimachia
vulgaris-type, and Polypodiaceae undi¡. have decreased.

Fen peat was deposited at the site,
which was dominated by open fen
vegetation, particularly by grasses,
sedges, and Galium.

Dense forest
dominated by
Fagus. Quercus
and Carpinus also
occurred but they
were less common.
Ulmus, Picea, and
Corylus disappear
from the local
forests.

S18, Fagus^Quercus^Carpinus LPAZ
0.39^0.14 1050^300 Characterised by very high pollen percentages for Fagus (65^75%), fairly

high percentages for Alnus, Quercus, Carpinus-type, Poaceae undi¡. 6 40
Wm, and Cyperaceae (bottom sample), and low but signi¢cant values for
Betula, Corylus, and Potentilla-type. Among other pollen types, Pinus,
Ulmus, Picea, Apiaceae, Filipendula, and Artemisia occur regularly, but
with very low values. Conspicuous is also the presence of scattered pollen
grains of Tilia, Fraxinus, Acer, Salix, Rosaceae undi¡., and Plantago
lanceolata. Additionally, Sphagnum has relatively high values in the
bottom samples, while Polypodiaceae undi¡. have low values. Compared
to S17, Fagus, Apiaceae, Filipendula, Potentilla-type, and Plantago
lanceolata have increased while Quercus, Ulmus, Picea, Corylus, and
Poaceae undi¡. 6 40 Wm have decreased. The total pollen concentration
has increased to values above 300 000 grains/cm3 in most samples.

Fen peat was deposited at the site,
which was dominated by open fen
vegetation, particularly by grasses,
sedges, Apiaceae, Filipendula, and
Potentilla.

Dense forest
dominated by
Fagus. Some
Quercus and
Carpinus
individuals
probably also
occurred locally.
Forest grazing
may have been
introduced in the
area.
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Table 3 (Continued).

Depth
(m)

Age
(cal yr BP)

Description Inferred on-site vegetation
and site development

Inferred local
upland vegetation

S19, Fagus^Poaceae^Quercus LPAZ
0.14^0.005 300^present

time
Characterised by very high pollen percentages for Fagus (60^75%), fairly
high percentages for Alnus, Quercus, Poaceae undi¡. 6 40 Wm, and
Potentilla-type, and low but signi¢cant values for Betula, Corylus, and
Cyperaceae. Among other pollen types, Pinus, Carpinus, Artemisia,
Cannabis-type, and Plantago lanceolata occur regularly, but with low
values. Conspicuous is also the presence of single or scattered pollen
grains of Acer, Juglans-type, Calluna, Poaceae undi¡. s 40 Wm, Hordeum-
group, Secale, Centaurea cyanus-type, Chenopodiaceae, Plantago major/
P. media, and Rumex acetosa/R. acetosella. Additionally, Polypodiaceae
undi¡. have relatively high values. Compared to S18, Corylus, Poaceae
undi¡. 6 40 Wm, Potentilla-type, Cannabis-type, Plantago lanceolata,
Rumex acetosa/R. media, and Rumes acetosa/R. acetosella. Additionally,
Polypodiaceae undi¡. have relatively high values. Compared to S18,
Corylus, Poaceae undi¡. 6 40 Wm, Potentilla-type, Cannabis-type,
Plantago lanceolata, Rumes acetosa/R. acetosella, and Polypodiaceae
undi¡. have increased while Ulmus, Carpinus-type, Apiaceae, and
Filipendula have decreased.

Fen peat was deposited at the site,
which was dominated by open fen
vegetation, particularly by grasses,
sedges, Apiaceae, and Potentilla.

Rather open
forest dominated
by Fagus. Some
Quercus
individuals
probably also
occurred locally.
Carpinus had
disappeared from
the local forests.
The grazing
pressure in the
forests had
increased. Some
arable ¢elds were
established at
lower altitudes in
the area, where
Secale, Hordeum,
and Cannabis
sativa were grown.
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Fig. 5. Percentage pollen diagram from the site Steregoiu showing selected tree, shrub and herb pollen taxa on a linear timescale.
The time periods A^O represent a summary of the vegetational development reconstructed from the pollen data and are dis-
cussed in the text (Fig. 4; Table 3).
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4.3.5. (E) 12 600^11 500 cal yr BP (S6): open
patchy vegetation consisting of a mosaic of shrubs,
herbs, and ungrown grounds
The local vegetation may be characterised as a

mosaic with areas dominated by low shrubs, e.g.
Salix and Juniperus (and possibly also Betula),
and patches dominated by grasses and herbs,
e.g. Artemisia, Chenopodiaceae, and Helianthe-
mum, and several species of Asteraceae, Caryo-
phyllaceae, and Ranunculaceae. Areas with more
or less ungrown grounds probably were also
present in the region, particularly at higher alti-
tudes. The percentages for Betula and Pinus are
comparably high and suggest that these trees oc-
curred regionally, but that they were not forming
a tree cover near the site. Instead, they may have
formed more or less dense stands in valleys with a
favourable microclimate (Bjo«rkman et al., 2002).
Picea has low but signi¢cant values throughout
the period, which may indicate that it, too, was
present regionally, but probably only at favour-
able sites. Alnus probably occurred in the local
carr vegetation close to the site.

4.3.6. (F) 11 500^11 250 cal yr BP (S7): open
Betula^Pinus forest; establishment of Ulmus and
Picea
The beginning of this time period is character-

ised by an expansion of Betula and Alnus while
herb pollen values decrease. Initially, Betula prob-
ably dominated the rather open forest, which also
may have had some Pinus. Ulmus may not have
occurred in local stands at the very beginning of
the period, but seems to have become established
rather early. It quickly expanded and replaced
Betula as the dominant tree at the end of this
time interval. At about the same time, Picea
seems to have become established and also started
to expand. The upland forest near the site had
initially probably a rather open structure, which
is suggested by the seemingly high percentages for
herb pollen types, mainly Poaceae undi¡. 6 40
Wm, Artemisia and Chenopodiaceae. However,
this open structure diminished rapidly when Betu-
la and Ulmus started to expand and areas with
open vegetation became most likely restricted to
higher altitudes.

4.3.7. (G) 11 250^10 750 cal yr BP (S8):
dense forest dominated by Ulmus, Betula,
and Picea; establishment of Quercus, Tilia,
and Fraxinus
Dense forests dominated by Ulmus, but also

with abundant Betula, Picea, and Pinus, become
widespread now. Broad-leaved trees, e.g. Quercus,
Tilia, and Fraxinus, possibly had become estab-
lished regionally, but probably they did not yet
occur in stands close to the site. Ulmus and Picea
seem to expand signi¢cantly in the local, as well
as regional forest stands. The local forest most
likely had a dense structure, as herb pollen types
generally have low values. The ¢eld layer in the
forests may have been dominated by pterido-
phytes, as Polypodiaceae undi¡. occur with com-
parably high values. The occurrence of pollen
grains of Cannabis-type may suggest that Humulus
was present in the area. The presence of Juniperus
pollen and the signi¢cant values for Poaceae un-
di¡. 6 40 Wm and Artemisia probably indicate
that some areas with open vegetation still oc-
curred in the region, most likely at higher alti-
tudes.

4.3.8. (H) 10 750^10 200 cal yr BP (S9): dense
mixed forest dominated by Ulmus, Picea, Quercus,
Tilia, and Fraxinus; establishment of Corylus
The forest surrounding the site was of a dense,

mixed type dominated by Ulmus, Picea, Quercus,
Tilia, and Fraxinus. The presence of Acer pollen
grains in low numbers suggests that Acer also had
become established locally. Betula and Pinus were
now rather rare in the regional forests, and likely
absent from the local stand. A low presence of
Corylus pollen suggests that it had started to ex-
pand regionally, but was probably not present
locally until the latter part of the period. Quercus,
Tilia and Fraxinus seem to have expanded signi¢-
cantly, locally as well as regionally. The ¢eld layer
in the forests may have been dominated by pter-
idophytes, as Polypodiaceae undi¡. occur with
fairly high values. The low, but signi¢cant values
for Poaceae undi¡. 6 40 Wm and Artemisia prob-
ably indicate that some areas with open vegeta-
tion occurred in the region, but most likely rather
far from the cored site.
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4.3.9. (I) 10 200^8600 cal yr BP (S10, S11):
dense mixed forest dominated by Ulmus,
Corylus, Picea, Quercus, Tilia, Fraxinus,
and Acer
The forest close to the site was dominated by

Ulmus, Corylus, and Picea, but Quercus, Tilia,
and Fraxinus were probably also abundant. The
regular presence of Acer pollen suggests that Acer
was common locally. Betula and Pinus were rare
in the regional forests, and likely absent from the
local stand. An important change in composition
of the vegetation is indicated by the gradually
increasing values for Corylus and the gradually
decreasing ones for Ulmus, which implies an ex-
pansion of Corylus at the expense of Ulmus. Other
trees seem to have had quite stable populations
during the period. The forest most likely had a
dense structure, as herb pollen types have low
values and the ¢eld layer may have been dominat-
ed by pteridophyts. The low values for Poaceae
undi¡. 6 40 Wm and Artemisia show that some
areas with open vegetation occurred, but most
likely far from the site.

4.3.10. (J) 8600^4800 cal yr BP (S12, S13, S14):
dense Picea^Corylus forest with some Ulmus,
Quercus, and Tilia
The dense forest in the area was dominated by

Corylus and Picea. Ulmus, Quercus, and Tilia
probably also occurred, but were less common.
There were probably fewer areas with open vege-
tation in the region, except for locally on the wet-
lands and higher elevated grounds. Locally, Picea
seems to have expanded around 8600 cal yr BP,
while Fraxinus, Quercus, and Acer diminished.
The seemingly major expansion of Picea may
have been caused by its establishment in the local
carr vegetation at the site, which at the beginning
of the period had become completely overgrown.
Around 7900 cal yr BP Fagus appears to have
become established locally, as it shows rather
high pollen percentages in a few consecutive sam-
ples, but it seems to have failed to expand further
as it soon disappears. It may, however, have be-
come established in the regional forests, since
scattered Fagus pollen grains occur regularly
throughout the stratigraphic interval.

4.3.11. (K) 4800^3400 cal yr BP (S15): dense
mixed Picea^Corylus^Fagus^Carpinus forest with
some Quercus, Ulmus, Tilia, and Acer;
establishment and expansion of Fagus and
Carpinus
At the beginning of this period Fagus and Car-

pinus became established in the local stand. They
expanded rapidly and were soon important forest
constituents. The forest seems to have been of a
dense and highly mixed type, with mainly Fagus
and Carpinus, Picea, and Corylus, although Quer-
cus, Ulmus, Tilia, and Acer were also common. In
the local stand Hedera helix became probably also
established.

4.3.12. (L) 3400^2200 cal yr BP (S16): dense
Fagus^Carpinus^Quercus forest with some
Corylus, Picea, and Ulmus
During this period Fagus expanded, at the same

time as Ulmus, Tilia, Acer, Picea, and Corylus
diminished. The result of these changes was a for-
est type dominated by Fagus, although Carpinus
and Quercus were probably still important com-
ponents. Some Ulmus, Picea, and Corylus individ-
uals remained in the area, but were not important
in the local stand. The forest was probably dense,
as is indicated by the rather low values for herb
pollen types. Most likely there were fewer areas
with open vegetation in the region, except for wet-
lands. By this time the studied site, for instance,
had evolved into an open fen, dominated by
sedges.

4.3.13. (M) 2200^1050 cal yr BP (S17): dense
Fagus forest with some Quercus and Carpinus
A dense forest dominated by Fagus became

widespread in the area. Quercus and Carpinus
also occurred, but were less common. Ulmus, Pi-
cea and Corylus seem to have disappeared from
the local stand at the beginning of the period.
Poaceae undi¡. 6 40 Wm is showing compara-
tively high values, which could be interpreted as
indicating rather open vegetation in the area.
However, these high values are not followed by
increases for other herbs, except for some wetland
taxa, which means that the grasses most likely
were dominant only at the studied site.

PALBO 2514 21-3-03

L. Bjo«rkman et al. / Review of Palaeobotany and Palynology 124 (2003) 79^111 101



4.3.14. (N) 1050^300 cal yr BP (S18): rather
dense Fagus forest with some Quercus and
Carpinus; introduction of forest grazing
The forest in the area during this period was

dominated by Fagus, but some Quercus and Car-
pinus individuals also occurred. Most other tree
species were absent from the area. The forest
probably had a slightly more open structure
than previously due to the introduction of forest
grazing in the area. This is possibly indicated by
the regular presence of scattered pollen grains of
Plantago lanceolata.

4.3.15. (O) 300 cal yr BP to present (S19):
rather dense Fagus forest with some Quercus;
regular use of the area for forest grazing, some
arable ¢elds at lower altitudes
The forest in the area during the past 300 years

can be characterised as a rather dense type dom-
inated by Fagus, but with some Quercus individ-
uals. There were only few other tree species
present in the area during this period. Carpinus
had probably disappeared from the local forest.
There is strong evidence for regular use of the
area for forest grazing, which is shown by the
particularly high values for Plantago lanceolata.
This rise in grazing pressure is probably also in-
dicated by the high values for Poaceae undi¡.
6 40 Wm, but these pollen grains may as well
have originated from the local wetland. Several
human impact indicators are present in the pollen
data, indicating arable ¢elds and fallow land (e.g.
Hordeum-group, Secale, Cannabis-type, Centaurea
cyanus-type, Rumex acetosa/R. acetosella). How-
ever, the values for these indicators are relatively
low, which may indicate that these ¢elds were not
located close to the site. No traces of arable ¢elds
are found near the site, but ¢elds are numerous in
the Talna valley below 400 m a.s.l. Thus, an ex-
pansion of agriculture in the Talna Valley may
have started around 300 cal yr BP.

5. Discussion

5.1. Pinus

The most abundant pollen type at the bottom

of the pro¢le is Pinus (Figs. 4A and 5). Until the
beginning of period H (10 750 cal yr BP) its per-
centages never fall below 15%. They decrease rap-
idly from then on, and from about 9000 cal yr BP
until present Pinus never reaches percentages
higher than 3%. The pollen data clearly indicate
that Pinus was an important forest constituent in
the area only during the Late-Glacial and the ear-
liest part of the Holocene.
During period A (s 14 700 cal yr BP) Pinus

shows very high percentages (40^65%), but these
values are di⁄cult to interpret. Total pollen con-
centration is generally low and the other pollen
types are indicative of an open patchy vegetation.
Thus, the high values for Pinus may be an e¡ect
of long-distance transport, which becomes signi¢-
cantly more pronounced in an environment with a
sparse vegetation cover. During the last part of
the Full Glacial, which roughly corresponds to
period A (Bjo«rkman et al., 2002), Pinus was an
abundant tree in the lowlands west of the study
area, particularly on the Hungarian Plain (Willis
et al., 1995, 2000; Rudner and Su«megi, 2001).
These widespread forests may have been the
source for the Pinus pollen deposited at Steregoiu
before 14 700 cal yr BP. However, Pinus may have
grown closer to the site as well, i.e. in nearby
valleys where favourable microclimatic conditions
may have prevailed. The presence of Pinus at low-
er altitudes in the Gutaiului Mountains may ex-
plain the rapid expansion of the species at about
14 700 cal yr BP, when total pollen concentration
increased and Pinus pollen percentages reached
values between 60 and 70%. That Pinus really
did expand in the area at this time is corroborated
also by the occurrence of macrofossils at a nearby
site, Preluca Tiganului (Wohlfarth et al., 2001).
The expansion of Pinus and the establishment of
an open forest type occurred at the same time as
organic-rich sediments started to accumulate. This
probably correlates with the beginning of the ¢rst
deglacial warming phase (GI-1e) in the GRIP ice
core event stratigraphy (Bjo«rck et al., 1998;
Walker et al., 1999; see also Bjo«rkman et al.,
2002).
Around 13 750 cal yr BP the Pinus percentages

drop markedly, and around 12 700 cal yr BP a
minimum value close to 20% is reached. This
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gradual decrease of Pinus is followed by an ex-
pansion of several other tree pollen types. During
this period the open forest was dominated by Pi-
cea and Betula. Pinus was probably also common,
although its pollen values are lower than during
previous periods. The in£uence of long-distance
transport of Pinus pollen may have decreased
when the forest structure became denser. This de-
velopment strongly indicates warmer climatic con-
ditions, particularly during period C (13 750^
12 950 cal yr BP), which most likely corresponds
to the Aller5d, or GI-1c^GI-1a in the GRIP event
stratigraphy (Bjo«rck et al., 1998; Walker et al.,
1999).
During period E (12 600^11 500 cal yr BP)

the Pinus percentages increase again (up to 30^
40%). The re-expansion of Pinus is followed
by higher values for many herbaceous pollen
types, and lower values for Betula and Picea.
This development points towards the re-estab-
lishment of an open patchy vegetation and
colder climatic conditions. These changes may
correspond to the Younger Dryas or GS-1 in
the GRIP event stratigraphy. The climatic con-
ditions during this period seem, however, not
to have been as severe as before s 14 700 cal yr
BP, because several tree species still have com-
paratively high pollen values. This may indicate
that these trees, and probably also Pinus, re-
treated into more favourable sites at lower alti-
tudes.
At around 11 500 cal yr BP Pinus, Betula, and

Alnus expanded and several herbaceous pollen
types occur in lower proportions. These changes
coincide with the beginning of the Holocene and
the rapid replacement of open vegetation with
forest communities. Pinus probably was rather
widespread in the stands during the earliest phase
of the Holocene, but later, when the woodlands
became denser as a result of the expansion of
Ulmus and Picea during period G (11 250^10 750
cal yr BP), Pinus became less abundant. The
dense forest type prevailing during the Early Ho-
locene probably prevented a regeneration of Pi-
nus. From period I (10 200^8600 cal yr BP) on-
wards, Pinus has had a very restricted occurrence
in the area, and probably was absent from the
local forest stand.

5.2. Betula

Betula is an abundant species only at the bot-
tom of the pro¢le (Figs. 4A and 5). It reaches
percentages above 15% only during two phases:
the ¢rst during periods C and D (13 750^12 600
cal yr BP), and the second during periods F and
G (11 500^10 750 cal yr BP). Values above 5^7%
are reached during periods B (14 700^13 750 cal yr
BP), E and F (12 600^11 250 cal yr BP), as well as
H (10 750^10 200 cal yr BP). Around 10 000 cal yr
BP its percentages decline below 3%, and higher
values are seldom reached until the present time.
During period A (s 14 700 cal yr BP) the val-

ues for Betula are around 5%. The pollen assem-
blages for this period indicate an open patchy
vegetation with shrubs, herbs, and ungrown
grounds. Betula shrubs may have been present
during this period, which is believed to correlate
to the Full Glacial (Bjo«rkman et al., 2002). At the
beginning of period B (14 700 cal yr BP) the Be-
tula percentages increase to 8^10%, which may
indicate a local expansion of the species. This ex-
pansion coincides with an increase of Pinus and
the development of an open Pinus^Betula forest.
This expansion most likely corresponds to the ¢rst
deglacial warming phase (GI-1e) documented in
the GRIP ice core stratigraphy (Bjo«rck et al.,
1998; Walker et al., 1999). The rapid response
of Betula to this climatic amelioration may indi-
cate that it had been present in glacial refugia in
the area, most likely located at a lower altitude
than the site.
An expansion of Betula is registered at the be-

ginning of period C (13 750 cal yr BP). At this
time an open forest with Betula, Pinus, and Picea
was becoming established in response to the
warmer climatic conditions (Aller5d, or GI-1c^
GI-1a in the GRIP event stratigraphy). During
period D (12 950^12 600 cal yr BP), the Betula
values decrease rapidly in response to the colder
conditions, which can be correlated to the onset
of the Younger Dryas, or GS-1 in the GRIP event
stratigraphy. At this time an open patchy vegeta-
tion became re-established in the area. However,
the percentages for Betula remain between 7 and
13% during period E (12 600^11 500 cal yr BP),
which probably indicates that Betula still occurred
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in the area, perhaps around the lake, or that it
was rather abundant in valleys at lower altitudes.
Around 11 500 cal yr BP Betula, Pinus, and

Alnus expanded and, according to the pollen dia-
gram, many herbaceous species decreased in
abundance. This change in vegetational type co-
incides with the climatic warming at the beginning
of the Holocene. Betula was common in the
stands during the earliest phase of the Holocene,
but later, when Quercus, Tilia, and Fraxinus ex-
panded during period H (10 750^10 200 cal yr
BP), Betula diminished. From period I (10 200^
8600 cal yr BP) to the present time, it has had a
very restricted occurrence in the area.

5.3. Ulmus

The most abundant pollen type in the middle
part of the pro¢le is Ulmus (Figs. 4A and 5).
During periods G and H (11 250^10 200 cal yr
BP) Ulmus represents around 30^45% of the as-
semblages. During period I (10 200^8600 cal yr
BP) Ulmus decreases in proportion, from about
30% at the beginning to 15% at the top. Ulmus
is well represented in the pro¢le until the end of
period L (2200 cal yr BP). From this point to the
present it was probably more or less absent from
the area. Ulmus was also signi¢cant (1^5%) during
a short phase at the end of period C (13 750^
12 950 cal yr BP).
The ¢rst local establishment of Ulmus appears

to have taken place around 13 200 cal yr BP dur-
ing the latter part of period C (13 750^12 950 cal
yr BP). In this episode an open forest dominated
by Betula, Pinus, and Picea expanded in the area
in response to the warmer climatic conditions dur-
ing the Aller5d, or GI-1c^GI-1a in the GRIP
event stratigraphy (Bjo«rck et al., 1998; Walker
et al., 1999). The late arrival of Ulmus during
this phase may indicate that it had been present
in refugia, which were located not too far from
the area. These refugia may have occurred in
Northwest Romania, or on the Hungarian Plain.
Macroscopic remains of several tree genera in-
cluding Pinus, Picea, Larix, Betula, and Carpinus
have been found in Full Glacial deposits in Hun-
gary (Willis et al., 2000), but the existence of Ul-
mus has not yet been con¢rmed. However, Ulmus

is represented by low pollen values at several
Hungarian sites covering the Late-Glacial, for in-
stance at Ba¤torliget and Sa¤rre¤tt in westernmost
and central Hungary (Willis et al., 1995, 2000).
These values may indicate that Ulmus also oc-
curred at Full Glacial refugia on the Hungarian
Plain.
During period D (12 950^12 600 cal yr BP) the

Ulmus percentages in the pollen diagram drop to
almost zero, and until period F (11 500^11 250 cal
yr BP) only scattered pollen grains are found. The
decline of Ulmus coincides with the re-expansion
of open vegetational communities and can be cor-
related to the onset of the colder conditions dur-
ing the Younger Dryas, or GS-1 in the GRIP
event stratigraphy. Most likely, the local Ulmus
population was extirpated during this period.
A re-establishment of Ulmus occurred during

period F (11 500^11 250 cal yr BP). However, its
establishment and expansion did occur somewhat
later than Betula, Pinus, and Alnus, which appar-
ently responded immediately to the rapid warm-
ing at the beginning of the Holocene. Ulmus ex-
panded during the latter part of period F, which
means that its appearance at the site was delayed
by ca. 150^200 years when compared to Betula,
Alnus, and Pinus. Thus, Ulmus had to re-invade
the site from refugia located somewhere in the
region, but obviously these refugia cannot have
been situated too far from the area. We speculate
that Ulmus survived the Younger Dryas period in
refugia in Romania. An early expansion of Ulmus
during the Holocene is also shown at other re-
cently investigated sites in Romania (Farcas et
al., 1999).
Until 10 200 cal yr BP Ulmus appears to have

been the local forest dominant, but from then to
the present time its dominance was seemingly bro-
ken. Corylus became locally established around
10 500 cal yr BP and seems to have expanded
much at the expense of Ulmus. During period I
(10 200^8600 cal yr BP) Ulmus gradually declined
at the same time as Corylus expanded. Other tree
pollen types show more or less constant values
during this period, which may indicate that Ulmus
became less important in the local stand through-
out the period. However, Ulmus seems to have
been an important forest constituent in the area
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until at least period L (3400^2200 cal yr BP), and
appears to have decreased at about the same time
as Fagus started to expand. Thus, the local disap-
pearance of Ulmus is probably connected to the
expansion of Fagus, which may have out-com-
peted Ulmus within the local forest stand.

5.4. Picea

Picea and Corylus are the two dominant pollen
types in the middle part of the pro¢le (Figs. 4A
and 5), but the abundance of Picea starts some-
what earlier than that of Corylus and, in addition,
Picea is represented by high values during a short
phase in the lower part of the pro¢le. Picea is well
represented during periods C and D (13 750^
12 600 cal yr BP), where values of around 10^
15% are reached. It was also important during
an extended phase from the beginning of period
G (11 250 cal yr BP) up to around 3000 cal yr BP
in period L. Maximum values of more than 30%
are reached during period J (8600^4800 cal yr BP).
The ¢rst local establishment of Picea occurred

during an early phase of period C (13 800^12 950
cal yr BP). In this period an open forest with
Betula and Pinus expanded in response to the
warmer climatic conditions in the Aller5d, or
GI-1c^GI-1a in the GRIP event stratigraphy
(Bjo«rck et al., 1998; Walker et al., 1999). That
Picea really did expand in the area at this time
is con¢rmed by the presence of macrofossils at a
nearby site, Preluca Tiganului (Wohlfarth et al.,
2001). The early date for the expansion of Picea
strongly suggests that it had been present in ref-
ugia located not too distant from the study area.
Otherwise, it would have responded much later,
as, for instance, Ulmus did. Picea is known to
have occurred in Hungary during the Full Glacial
(Willis et al., 2000; Rudner and Su«megi, 2001),
and this area may have acted as a refugium
from where Picea could expand its range into
Romania when climatic conditions improved dur-
ing the warmer phases of the Late-Glacial.
In period D (12^950^12^600 cal yr BP) the pol-

len values of Picea decreased, which continued
during the earliest phase of period E (12 600^
11 500 cal yr BP). During this phase the local
woodland disappeared and open vegetation be-

came re-established in response to the harsher cli-
matic conditions during the Younger Dryas, or
GS-1 in the GRIP event stratigraphy. However,
the percentages for Picea do not drop to values
close to zero; instead, these low values may indi-
cate a restricted occurrence of the species in the
region at favourable sites in valleys at lower alti-
tudes.
A re-expansion of Picea did not occur until the

earliest part of the Holocene. It appears to have
become locally re-established around the begin-
ning of period G (11 250 cal yr BP). For some
time, Picea had a rather restricted occurrence in
the area, but from about the beginning of period
H (10 750 cal yr BP), it became an important for-
est constituent. From the time when the site be-
came overgrown by carr vegetation at ca. 8600 cal
yr BP until that when carr peat accumulation
ceased, Picea probably also was an important
tree in the carr forest at the site. This local dom-
inance may explain partly its high pollen values
during period J (8600^4800 cal yr BP). However,
Picea remained a dominant species locally until
about 3000 cal yr BP when it appears to have
diminished rapidly at the same time as Fagus
seems to have expanded. Thus, Picea appears to
have been replaced by Fagus. During the last ca.
3000 years Picea probably had a rather restricted
presence in the local forest. At present some small
Picea stands are to be found in close vicinity to
the site, but Picea is not recorded in the upper-
most pollen samples, which may point to a quite
recent origin of the present trees.

5.5. Quercus, Tilia, Fraxinus, and Acer

The broad-leaved trees Quercus, Tilia, and
Fraxinus are important forest constituents in the
middle part of the pro¢le (Figs. 4A and 5). Indi-
vidually, their pollen percentages reach around
10% at most, but together they make up around
25^30% of the pollen sum during periods H and I
(10 750^8600 cal yr BP). This certainly implies
that they were important in the local stand during
phases of the Early Holocene. After 8600 cal yr
BP Tilia and Fraxinus decreased signi¢cantly, and
at the end of period K (3400 cal yr BP) they seem
to have almost disappeared from the area. In con-
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trast, Quercus appears to have been nearly as
abundant until the present as during the Early
Holocene.
Another broad-leaved tree-pollen type in the

diagram is Acer, but this is di⁄cult to interpret
as it only occurs in low percentages. Acer is an
insect pollinated species which is rarely repre-
sented with high values in pollen diagrams. A
regular occurrence of scattered Acer pollen grains
normally can be indicative of a local presence of
the species. Acer pollen grains are found more or
less regularly throughout the pro¢le starting at
about 10 400 cal yr BP. It is well represented,
particularly during periods I (10 200^8600 cal yr
BP) and K (4800^3400 cal yr BP), which implies
that it was important in the forest at least during
these periods.
A regional expansion of Quercus, Tilia, and

Fraxinus probably started during period G
(11,250^10,750 cal yr BP). During this period
their presence increased from single pollen grains
up to values of around 1%. The local establish-
ment most likely occurred around the beginning
of period H (10 750 cal yr BP) when their percen-
tages started to increase to values around 5%. The
late expansion of these trees, compared to Ulmus
and Picea which expanded locally nearly 500
years earlier, must indicate that Quercus, Tilia,
and Fraxinus did not occur in local refugia during
the Late-Glacial. They seem, instead, to have im-
migrated into the area from refugia located fur-
ther away. The timing of their establishment at
Steregoiu is in accordance with other recent stud-
ies in Romania (e.g. Farcas et al., 1999), but these
trees occurred slightly later in the Carpathian
Mountains of Poland, at around 10 400 cal yr
BP (Ralska-Jasiewiczowa and Latalowa, 1996).
However, at Ba¤torliget on the Hungarian Plain
west of the study area, their establishment ap-
pears to have occurred at around 11 500 cal yr
BP, at the beginning of the Holocene (Willis et
al., 1995, 2000). Taken together, these data sets
indicate that their refugia cannot have been situ-
ated very far from the study area, otherwise the
expansion would have occurred much later. Most
likely, these refugia were located in the southern
part of Romania, or on the Hungarian Plain.
The decline of Tilia started around 9000 cal yr

BP, apparently at about the same time when Co-
rylus increased and reached maximum values. The
decline of Fraxinus occurred somewhat later, i.e.
at the beginning of period J (8600 cal yr BP), and
appears to have been more abrupt than the de-
cline of Tilia, which was more gradual. At the
same time that Fraxinus more or less disappeared
from the local stand, Picea expanded. Fraxinus
usually prefers wet soils, and its habitat may
have been taken over by Picea. At about this
time the site had become completely overgrown
by carr forest, and it may be suggested that Picea
had become a dominant species at the site and
around it, completely out-competing Fraxinus in
the local vegetation.

5.6. Corylus

Corylus is one of the most abundant pollen
types in the middle part of the pro¢le (Figs. 4A
and 5). From the beginning of period I (10 200 cal
yr BP) until the end of period K (3400 cal yr BP),
it dominates the pollen samples together with Pi-
cea and Ulmus. From about 9500 until ca. 4200
cal yr BP it is continuously present with percen-
tages above 20%. Maximum values of around
45% are reached at about 9000 cal yr BP. It prob-
ably became locally established during period H
(10 750^10 200 cal yr BP), but it was not until
period I (10 200^8600 cal yr BP) that it expanded
and became a dominant forest constituent. Dur-
ing period L (3400^2200 cal yr BP) Corylus de-
creased, and from the beginning of period M
(2200 cal yr BP) until the top of the pro¢le it is
only present with low values around 1^2%.
The late date for the regional Corylus establish-

ment at Steregoiu ^ compared to those of Quer-
cus, Tilia, and Fraxinus ^ at around 10 750 cal yr
BP may indicate that it was not present in local
refugia in North Romania during the Late-Gla-
cial. Whereas the date of establishment is in ac-
cordance with other recent studies in Romania
(e.g. Farcas et al., 1999), it is somewhat earlier
than what is known from the Carpathian Moun-
tains in Poland, where Corylus was present 300^
500 years later (Ralska-Jasiewiczowa and Latalo-
wa, 1996). However, at Ba¤torliget on the Hungar-
ian Plain its establishment already occurred at the

PALBO 2514 21-3-03

L. Bjo«rkman et al. / Review of Palaeobotany and Palynology 124 (2003) 79^111106



beginning of the Holocene around 11 500 cal yr
BP (Willis et al., 1995). However, other dates for
the establishment/expansion of Corylus in Hun-
gary provide a more complex picture. For in-
stance, at the site of Kis-Mohos To¤ in North
Hungary Corylus appears to expand at about
9500 cal yr BP, and at Sa¤rre¤tt in Central Hungary
it may have been present in low numbers around
11 500 cal yr BP but did not expand much until
9000 cal yr BP (Willis et al., 2000). It seems un-
likely that Corylus was present in Northwest Ro-
mania during the Late-Glacial, and the late ex-
pansion date most likely indicates that it had to
immigrate into the area from distant refugia,
probably located in South Romania, or in low-
land areas further to the west on the Hungarian
Plain.
During the Corylus expansion phase at Stere-

goiu, values increase from about 10% around the
beginning of period I (10 200 cal yr BP) to above
40% around 9300 cal yr BP. The only tree pollen
type showing a marked decrease during this phase
is Ulmus, which decreases from percentages of
above 30% to values below 20%. These changes
in pollen deposition may indicate that Corylus
expanded in the local stand mainly at the expense
of Ulmus.
The decline of Corylus started at about the

same time as Fagus and Carpinus became estab-
lished, around 4800 cal yr BP. During period K
(4800^3400 cal yr BP) Corylus still is an important
constituent of the local forest, but during period
L (3400^2200 cal yr BP) it declines successively at
the same time as Fagus becomes dominant. Dur-
ing the last ca. 2000 years, when Fagus was the
main forest dominant, Corylus had a very re-
stricted occurrence and it probably was absent
from the local forest stand.

5.7. Fagus and Carpinus

The most abundant pollen type in the upper
part of the pro¢le is Fagus (Figs. 4A and 5). Its
percentages are beyond 60% from the beginning
of period M (2200 cal yr BP) until the present.
Fagus became locally established at the beginning
of period K (4800 cal yr BP), but it was not until
period L (3400^2200 cal yr BP) that it expanded

and became the local forest dominant. The only
pollen taxon showing a similar occurrence as Fa-
gus in the pro¢le is Carpinus-type; however, this
type is represented by much lower values. Carpi-
nus appears to have become established locally at
about the same time as Fagus, at around 4800 cal
yr BP, and during period K (4800^3400 cal yr BP)
Carpinus may have been as abundant as Fagus.
But from about 3400 cal yr BP onwards Carpinus
did not expand further, and during period O (300
cal yr BP to the present) it seems to have almost
disappeared from the area.
The local establishment of Fagus around 4800

cal yr BP and the development of Fagus dominat-
ed stands around 3400 cal yr BP occur at a re-
markably late date, when considering that this
taxon is believed to have survived the Full Glacial
in refugia in Southeast Europe (e.g. Huntley and
Birks, 1983). Other broad-leaved trees, for in-
stance Quercus, Tilia, and Fraxinus, expanded at
an early phase of the Holocene (see above). How-
ever, the late establishment and expansion of Fa-
gus at Steregoiu is in accordance with other stud-
ies made at sites in di¡erent countries of
Southeast Europe (e.g. Farcas et al., 1999; Willis
et al., 2000), where dates for its establishment
usually range between 4500 and 5700 cal yr BP
(Table 4). However, some earlier dates are known
from the westernmost part of the Balkans in Slov-
enia (e.g. Willis, 1994), where expansion occurred
around 8000^7800 cal yr BP.
The establishment of Fagus and Carpinus at

Steregoiu around 4800 cal yr BP appears to
have occurred without any major disturbance of
the existing forest. In Northern Europe, particu-
larly in Scandinavia, the Late Holocene establish-
ment of Fagus is usually connected to the distur-
bance of the previous forest community (e.g.
Bjo«rkman, 1996, 1999). In many cases, distur-
bance of the forest was caused by human in£u-
ence (e.g. changes in land-use, grazing pressure,
forestry, etc.), but natural factors were sometimes
also important (e.g. wild¢res, storms, climatic
change). An undisturbed forest may withstand
an invasion of Fagus for a long time (e.g. Aaby,
1986), because seed beds favourable to its regen-
eration usually are not created without any exter-
nal disturbance factor (e.g. Bjo«rkman, 1996). At
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Steregoiu, but probably also at many other local-
ities in Southeast Europe, Early and Middle
Holocene woodlands were not favourable for the
expansion of Fagus. The dense woodlands domi-
nated by broad-leaved trees and shrubs, e.g. Quer-
cus, Ulmus, Tilia, Fraxinus, and Corylus, and by
conifers, e.g. Picea, probably did not have a dis-
turbance regime (wild¢res, storms, etc.) that en-
abled Fagus to become established.
If Fagus was present in refugia of Southeast

Europe, it did not expand much beyond these
areas until ca. 5700 cal yr BP. The distribution
of Fagus at several sites spread over Southeast
Europe during an interval between 5700^4500
cal yr BP is puzzling, and certainly does not de-
scribe a successive expansion of Fagus northwards
from distant refugia located in Greece and Bulga-
ria (see Willis, 1994). Instead, this pattern rather
points towards the occurrence of Fagus within
several refugia, which may have been distributed
evenly across Southeast Europe, or that Fagus
had been expanding its range for a long time,
but with densities too low to be detectable with
standard pollen analysis counting only 500^1000
pollen grains (Bennett, 1986). If Fagus was
present in the study area before 4800 cal yr BP,
it certainly had a very restricted presence. During
period J (8600^4800 cal yr BP) Fagus is present in
low, but nearly continuous proportions. Around
7900 cal yr BP it has rather high percentages in a
few consecutive samples, which might indicate a
local presence but, for some reason, Fagus seems
to have failed to expand further. This event may
prove that Fagus did occur in the area before the

local establishment around 4800 cal yr BP, but
that it certainly was very rare in the area until
the main expansion phase.
The expansion phase of Fagus, which starts at

most sites in Southeast Europe at about the same
time, certainly must have been triggered by an
external factor. This factor may have been cli-
matic change or human in£uence, which at this
time had started to increase, at least in lowland
areas (e.g. Willis, 1994). At Steregoiu, which is a
mid-altitude site, human in£uence was probably
not the triggering factor. During period J (8600^
4800 cal yr BP), which preceded the local estab-
lishment of Fagus, no apparent changes in pollen
deposition can be convincingly attributed to hu-
man in£uence. A clue to the establishment of Fa-
gus at Steregoiu may be the curve for total pollen
concentration, which starts to increase around
5000 cal yr BP and reaches peak values around
3500 cal yr BP (Fig. 4B). The high pollen concen-
tration during this period could be explained by
reduced accumulation of peat or by the fact that
the peat became partly decomposed following a
period with drier climate. In any case, this event
must have been caused by a change in regional
climate, which might have been the ultimate trig-
ger in disturbing the existing forest community,
eventually leading to the local establishment of
Fagus (and Carpinus).

5.8. Late Holocene human in£uence on the
vegetation

Today, the area close to the site is used for

Table 4
The establishment of Fagus at selected sites in Southeast Europe

Site and country Establishment Reference
(cal yr BP)

Lake Maliq, Albania ca. 5000 Dene'£e and Le¤zine, 2000
Lake Sedmo Rilsko, Southwest Bulgaria ca. 5700 Bozilova and Tonkov, 2000
Kis-Mohos To¤, North Hungary ca. 5500 Willis et al., 2000
Puscizna Rekowianska, South Poland ca. 5150 Ralska-Jasiewiczowa and Latalowa, 1996
Tarnawa Wyzna, Southeast Poland ca. 5700 Ralska-Jasiewiczowa and Latalowa, 1996
Steregoiu, Northwest Romania 4800 This study
Iezerul Calimani, East Romania ca. 4450 Farcas et al., 1999
Taul Zanogutii, Southwest Romania 5700^3200 Farcas et al., 1999

The dates generally describe the time when Fagus started to be locally abundant. It can, however, have been present in the region
earlier, but then only in a very low abundance.
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forestry, but in the recent past it probably was
used also for grazing by cattle and sheep. At low-
er altitudes in the Talna Valley (Fig. 2), the land
is used for grazing and quite large areas exist with
open vegetation. At higher altitudes the grazing
pressure probably has decreased radically during
the last few decades. The forest surrounding the
site is mostly of a very young age, and it has
probably become much denser only quite recently.
Pollen evidence for human in£uence on the local
vegetation is very scarce except for period O (300
cal yr BP to the present). During this period the
area was likely used for forest grazing, which is
indicated by notably high values of Plantago lan-
ceolata. The presence of several human impact
indicators (e.g. Secale, Cannabis-type, Centaurea
cyanus-type, Plantago lanceolata, and Rumex ace-
tosa/R. acetosella) indicates arable ¢elds and fal-
low land. However, the values are comparatively
low (usually single pollen grains, or values below
1%), which means that these ¢elds were not lo-
cated close to the site. Furthermore, no traces of
¢elds are found near the site, but they are rather
abundant at lower altitudes in the Talna valley,
particularly below 400 m a.s.l. Therefore, an ex-
pansion of agriculture most likely occurred in the
valley around 300 cal yr BP. Previous to this date,
the area close to the site may have been grazed, at
least since the beginning of period N (1050 cal yr
BP), as indicated by scattered pollen grains of
Plantago lanceolata, but the grazing pressure
was low. The disappearance of Carpinus and Ul-
mus from the area around 300 cal yr BP possibly
can be attributed to human in£uence, but other
changes in the tree composition prior to this date
are more di⁄cult to interpret as having been
caused by human impact.

6. Conclusions

The present study is the ¢rst investigation from
Romania where the Late-Glacial and Holocene
vegetational development is reconstructed with
high temporal resolution. The study has revealed
that the Full Glacial vegetation in the Gutaiului
Mountains in Northwest Romania was character-
ised by an open patchy mosaic of shrubs, herbs,

and ungrown grounds. Forests dominated by Pi-
nus probably existed on the lowlands west of the
area.
Around 14 700 cal yr BP an open forest domi-

nated by Pinus and Betula expanded at the site,
most likely in response to the ¢rst deglacial warm-
ing phase at the beginning of the B5lling period,
or GI-1e in the GRIP event stratigraphy. Between
13 750 and 12 950 cal yr BP an open forest dom-
inated by Betula, Picea, and Pinus developed in
the area. Around 13 200 cal yr BP Ulmus also
became established locally. The forest composi-
tion implies rather warm climatic conditions,
which probably correspond to the Aller5d period,
or GI-1c^GI-1a. Around 12 950 cal yr BP the for-
est started to retract and at the same time open
vegetation communities expanded. At 12 600 cal
yr BP an open patchy vegetation became re-estab-
lished locally, and forest vegetation was restricted
mainly to favourable sites at lower altitudes.
These changes in vegetational cover imply a re-
turn to signi¢cantly colder conditions, which
likely correspond to the Younger Dryas period,
or GS-1.
At 11 500 cal yr BP Betula, Pinus, and Alnus

quickly responded to the rapid temperature rise
that characterises the onset of the Holocene.
Within a few hundred years, around 11 300 cal
yr BP, Ulmus and Picea became re-established
and a mixed forest type developed. Quercus, Tilia,
and Fraxinus became established locally around
10 750 cal yr BP. From about this time a dense
mixed forest type dominated the area. Betula and
Pinus populations started to diminish when the
forests became denser. Corylus became established
around 10 500 cal yr BP and about 10 200 cal yr
BP its values increased strongly. Tilia and Frax-
inus were important forest constituents until 8600
cal yr BP, when Picea gained renewed impor-
tance. Between 8600 and 4800 cal yr BP the local
forest was dominated by Picea and Corylus, but
Quercus, Ulmus, and Tilia were also important.
Around 4800 cal yr BP the forest composition
changed radically when Fagus and Carpinus ap-
peared. The local forest became more diverse
when the earlier dominance of Picea and Corylus
was broken. Between 4800 and 3400 cal yr BP the
forest was of a highly mixed type in which Picea,
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Fagus, Corylus, Carpinus, Quercus, Ulmus, Tilia,
and Acer were important constituents. Around
3400 cal yr BP Fagus expanded and a dense Fa-
gus-Carpinus-Quercus forest became established.
From about 2200 cal yr BP onwards Fagus has
been the local forest dominant, but some individ-
uals of Quercus and Carpinus also have been
present. Ulmus, Tilia, Fraxinus, Picea, and Cory-
lus have been rather rare in the area during the
last 2000 years. Fagus has been the local forest
dominant from 300 cal yr BP until the present
day.
During the later part of the Late-Glacial the

pollen data indicate that beside Pinus and Betula,
Alnus, Ulmus and Picea also occurred in the area.
The increased representation of Alnus at ca.
14 150 cal yr BP and that of Picea and Ulmus
between 13 750 and 13 200 cal yr BP may indicate
that these trees immigrated from nearby refugia,
most likely located in Northwest Romania. Be-
tween 12 600 and 11 500 cal yr BP Ulmus and
Picea may have survived the Younger Dryas peri-
od regionally in sheltered places. Otherwise it is
probable that these taxa would not have become
locally re-established within a few hundred years
after the beginning of the Holocene. The late ex-
pansion of Quercus, Tilia, Fraxinus, Acer, and
Corylus between 10 750 and 10 200 cal yr BP
may indicate that these trees and shrubs did not
occur in local refugia in the study area during the
Late-Glacial. Instead, they had to immigrate into
the area from refugia further away. However,
these refugia cannot have been situated very far
from the investigated area; otherwise the expan-
sion of these tree species would have occurred
much later. It seems most likely that these refugia
were located further to the south in Romania, or
in lowland areas further to the west (e.g. on the
Hungarian Plain).
The establishment of Fagus around 4800 cal yr

BP appears to have occurred without any major
disturbance of the existing forest. However, the
establishment probably was in£uenced by a
change in the regional climate. The late expansion
of Fagus in Southeast Europe during an interval
between 5700 and 4500 cal yr BP is puzzling, and
certainly does not describe a successive expansion
of the species from distant refugia in Greece and

Bulgaria. Instead, this pattern points towards the
existence of several refugia evenly distributed over
Southeast Europe. Alternatively, Fagus may have
been expanding its range for a long time from the
south but with very low population densities.
Pollen evidence for human in£uence on the lo-

cal vegetation is scant except for the last few hun-
dred years. The area may have been used for for-
est grazing by cattle and sheep since 1050 cal yr
BP, but the grazing pressure probably was low
until about 300 cal yr BP when an expansion of
agriculture took place in the Talna Valley west of
the study area. From about this time the forests
close to the site may have been used more regu-
larly for grazing.
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