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ABSTRACT. The paper reports on the results of the pollen, plant macrofossil and
geochemical analyses and the AMS ™C-based chronology of the «Rudersdorf» outcrop
situated east of Berlin in Brandenburg (Germany). The postglacial landscape changed
from an open one to generally forested by ca. 14 cal. kyr BP. Woody plants (mainly birch
and pine) contributed up to 85% to the pollen assemblages ca. 13.4-12.5 cal. kyr BP. The
subsequent Younger Dryas (YD) interval is characterized by a decrease in arboreal pollen
(AP) to 75% but led neither to substantial deforestation nor spread of tundra vegetation.
This supports the concept that the YD cooling was mainly limited to the winter months,
while summers remained comparably warm and allowed much broader (than initially
believed) spread of cold-tolerant boreal trees. Further support for this theory comes from
the fact that the relatively low AP values persisted until ca. 10.6 cal. kyr BP, when the «hazel
phase» of the regional vegetation succession began. The postglacial hunter-gatherer
occupation is archaeologically confirmed in Brandenburg since ca. 13 cal. kyr BP, i.e. much
later than in the western part of Germany and ca. 1000 years after the major amelioration
in the Rudersdorf environmental record.
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INTRODUCTION

In the recent decades of globally docu-
mented climate warming, concern is grow-
ing that it will have widespread impact on
the world’s environments and human pop-
ulations (IPCC 2014). However, these future
impacts are poorly constrained by ecosys-
tem models and direct observations. There-
fore, reconstruction of possible effects
of past climatic changes on vegetation,
animal and human population dynamics
remains one of the key tasks of palaeoenvi-
ronmental research. In particular, multidis-
ciplinary studies of ecosystem transforma-
tions, which occurred in response to global
warming during the Lateglacial-Holocene
transition ca. 15-8 thousand calendar years
before present (cal. kyr BP) and was of com-
parable magnitude to climatic change pre-
dicted for the next hundred years, are of
increasing importance.

The environmental response of European
terrestrial and limnic ecosystems to the
distinct climatic fluctuations at the end of
the last glaciation varied both in time and
space, depending on local and regional
climatic conditions and on the distance to
the Atlantic Ocean and adjacent ice sheets
(Wohlfarth et al. 2007). Palaeoenvironmen-
tal and palaeoecological reconstructions
of the response to these climatic fluctua-
tions remain hampered by problems in-
herent with C dating (de Klerk 2002; Litt
et al. 2009) and limited by the availability
of high-resolution Lateglacial and early
Holocene terrestrial records from many
regions. Although new investigations are
now emerging from different regions offer-
ing the possibility to address these issues in
greater detail, there are many areas (even
within Europe), where understanding Late-
glacial and early Holocene climatic and
environmental conditions requires more
in-depth studies (Tarasov et al. 2018) in or-
der to be robustly correlated with reference
environmental archives across Eurasia (e.g.
Namiotko et al. 2015; Stebich et al. 2009,
2015; Schlolaut et al. 2017).

The landscapes of the Federal States Berlin
and Brandenburg in eastern Germany are
part of the North German plains and low-

lands predominantly formed by Weichse-
lian glacial and periglacial processes. The
area includes many lakes and peatlands,
the deposits of which are important palae-
oecological archives. Palynological studies
into Lateglacial and early Holocene vege-
tation history are numerous (e.g. Behre et
al. 1996 and references therein), however,
would greatly benefit from higher temporal
resolution and better chronological control
(de Klerk 2002). A misbalance in the dat-
ing quality is particularly noticeable when
comparing Lateglacial and early Holocene
environmental archives from the eastern
part of Germany with annually laminated
lacustrine sediments from the Eifel maars
in the southwestern part (Sirocko 2009).

To contribute in filling this gap, we per-
formed a multi-proxy palaeoenvironmen-
tal study of a Lateglacial to early Holocene
sedimentary section from Riudersdorf near
Berlin (Fig. 1a, b). The area is best known
for its unique Triassic limestone deposits,
which represents the largest geological
outcrop of the Mesozoic in northern Ger-
many (Schroeder 2015). The limestone
exploitation in the Rudersdorf quarry (Fig.
1c) requires removal of relatively thin We-
ichselian glacial and postglacial sediments
covering the Triassic layers. These works
allow rescue of well-preserved sections
composed of Lateglacial-early Holocene
limnic-telmatic sediments (Fig. 1d). The
outcrop “Paddenluch” (Fig. 1c) has been
intensively studied for faunal and macro-
botanical remains and '“C-dated using Ac-
celerator Mass Spectrometry (AMS) to the
Lateglacial and Holocene intervals (Kossler
2010). Our current study reports results
of the pollen, plant macrofossil and geo-
chemical analyses and the AMS "C dating
of the "Rudersdorf” outcrop situated ca. 650
m west of the Paddenluch (Fig. 1¢). In the
accompanying discussion we address the
following issues: (i) the local and regional
environments during the Younger Dryas
(YD) interval (ca. 12.7-11.6 cal. kyr BP); (i)
the onset of the “hazel phase” in the veg-
etation development; and (iii) the post-
glacial environments and hunter-gatherer
occupation.
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Fig. 1. a) Location of the Riidersdorf site in central Europe; b) topographic map of
northern Germany indicating positions of the key sites discussed in the text; c) aerial
image of the Riidersdorf limestone quarry and locations of the Riidersdorf (arrow

A) and Paddenluch (arrow B) outcrops; d)

photo of the Riidersdorf outcrop and the

sampled section (white column) representing the Lateglacial-early Holocene interval

SITE SETTING AND REGIONAL
ENVIRONMENTS

The study site (52°29'N, 13°48'E, ca. 30 m
as.l) is located in the northern part of the
active limestone quarry in Ridersdorf op-
erated by the CEMEX OstZement GmbH
Werk Ridersdorf. The quarry is situated ap-
proximately 30 km southeast of Berlin on
the ground moraine of the Barnim Plateay,
just north of the Warsaw-Berlin glacial val-
ley (Schroeder 2015). The major Weichse-
lian ice extent in the study area occurred
during the Brandenburg Phase prior to ca.
21 cal. kyr BP (Hardt and Bose 2018). The re-
treat and melting of the glaciers left sandy
soils and a complex system of rivers and
lakes. The end moraines of the Frankfurt
Stage are documented north of Riidersdorf
suggesting that the area was already free

of permanent ice after ca. 184 cal. kyr BP
(Schroeder 2015). Although exact dates
are still under debates (e.g. Hardt and Bose
2018), the AMS-dated remains of Armeria
maritima (sea thrift) from the Paddenluch
outcrop show that the area was undoubt-
edly ice-free (including dead ice in kettle
holes) and vegetated by ca. 15 cal. kyr BP
(Kossler 2010). The Rudersdorf outcrop
analyzed here likely represents one of the
shallow water lakes that appeared in topo-
graphic depressions on the fluvio-glacial
surface of the Barnim Plateau at about the
same time.

The modern climate of the area is sub-con-
tinental within an oceanic-continental
transitional zone (Behre et al. 1996). It is
characterized by a mean January tempera-
ture of —0.7°C, a mean July temperature of
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18°C, and an annual precipitation of about
580 mm (ca. 65% of this sum falls during the
vegetative period). The study area is situat-
ed within the temperate deciduous forest
biome zone, although located very close
to the western margin of the cool mixed
forest zone (Prentice et al. 1996). Therefore,
vegetation cover of the Barnim region con-
sists of diverse temperate deciduous and
cool mixed forest taxa, with Pinus sylvestris
(Scots pine), Fagus sylvatica (beech) and
Quercus spp. (0ak) being dominant.

MATERIALS AND METHODS

The Rudersdorf outcrop (Fig. 1d) was sam-
pled on Sunday April 9, 2017. The limited
amount of time allowed for sampling in this
area of the quarry to which access is usually
prohibited, the steep slope of the outcrop
and groundwater outflow complicated the
fieldwork. The samples (each consisting
of 4-cm-thick sediment sequences) were
continuously taken from the lower 156 cm
of the cleaned sedimentary section (Fig.
2a), packed in plastic bags and stored in
the refrigerator. The sampled section con-
sists of a minerogenic lower part with fine
sand (156-132 cm) and an upper part with
partly laminated calcareous gyttja, silt and
clay (132-124 cm), organic gyttja (124-103
cm), peaty gyttja (101-66 cm) and black
peat (above 66 cm). The interval between
101 and 103 cm contains a 1-2 cm thick
yellowish sediment layer, the Laacher See
Tephra (LST) that has been also identified
in the Paddenluch section (Kossler 2010).
This ash is named after a caldera lake in the
Eifel region in western Germany (Fig. 1b),
about 500 km southwest of Rudersdorf.
The last eruption of the Laacher See Volca-
no has been securely dated to 12,937+23
cal.yr BP (Bronk Ramsey et al. 2015) and the
LST is an important chronological marker
of supra-regional importance. Visible plant
macrofossils (i.e. small twigs) were also
hand-picked from the cleaned surface of
the section for AMS dating.

The eight AMS ™C dates on short-lived ter-
restrial plant macrofossils were generated
in the Poznan Radiocarbon Laboratory and
used together with the known age of the
LST to construct a robust age model for the

analyzed sediment sequence. All obtained
14C dates (Table 1) were converted into cal-
endar ages using the OxCal v.4.3.2 software
package (Bronk Ramsey 1995) and the Int-
Cal13 calibration curve (Reimer et al. 2013).
We adopted a Poisson process Bayesian
depositional model (Bronk Ramsey 2008)
to investigate the sequence’s age-depth
relationship using information from these
“C dates, the known age of LST layer, the
key lithological boundaries (LBs) and the
estimated minimum age (ca. 11,500 cal. yr
BP) for the Lateglacial-Holocene transition
(ca. 74 cm) based on pollen and geochem-
istry data (Fig. 2). The OxCal command
Boundary() was used to model the selected
LBs. The critical values for the agreement
index and convergence index in the mod-
el were set to, respectively, 60% and 95%
(Bronk Ramsey 1995). The reconstructed
curve was further smoothed by a quadratic
regression between the two variables (i.e.
modelled calibrated age and depth), in or-
der to minimise influences by individual “C
dating anomalies and to focus on the over-
all rate of deposition.

A multi-disciplinary approach, including
palynological, geochemical and plant mac-
rofossil analyses, was applied to the sedi-
ment samples in order to reconstruct local
to regional environmental dynamics.

Basic geochemical parameters such as
elemental analysis of TIC (total inorganic
carbon), TOC (total organic carbon) and TN
(total nitrogen) as well as determination
of major elements (Fig. 3) by ICP-OES (in-
ductively coupled plasma optical emission
spectrometer) on the base of an aqua regia
extraction (DIN EN 2001) were conducted
for all collected samples. The main miner-
alogic components were determined by
XRD (X-ray diffraction). The XRD-results (Fig.
3) are expressed in counts per second (cps),
which reflects semi-quantitatively the pro-
portion of the minerals. These common
analyses are described in detail in Vogel et
al. 2016).

Extraction of pollen, fern spores and oth-
er non-pollen palynomorphs (NPPs) was
performed according to the protocol de-
scribed in Leipe et al. (2018). The protocol
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Fig. 2. a) Lithology column and b) age-depth model of the Riidersdorf section based
on the “C dates (Table 1) and key lithological boundaries (LBs)

Table 1. *C dates and calibrated ages for the Riidersdorf section

Sample Nr./ Dated | Composite “C Date, Calibrated age (unmodelled),
Lab. Nr. material | depth,cm uncal. yr BP cal.yr BP (OxCal v4.3.2)
68.2% probability
RU-I-9/ twig 14257BP (68.2%) 14025BP
Poz-91180 | fragment 147 12240+ 70 8P 95.4% probability
14563BP (95.4%) 13927BP
68.2% probability
RU-1-20-24/ twig 14711BP (68.2%) 14279BP
+
Poz-96975 fragment 134 12420+ /08P 95.4% probability
14948BP (95.4%) 14162BP
68.2% probability
i 136968BP (2.2%) 13685BP
Pig_‘é‘f]]g |9 | 105 | 11740£60BP | 13610BP (66.0%) 134658P
9 95.4% probability
13725BP (95.4%) 13452BP
Laacher See 12937+ 23 cal. yr BP (after Bronk
Tephra (LST) tephra 101-103 - Ramsey et al, 2015)
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68.2% probability
RU-1-60-64/ twig 12984BP (68.2%) 12811BP
Poz-96669 | fragment o 11030 +60BP 95.4% probability
13044BP (95.4%) 12744BP

68.2% probability
12518BP (6.5%) 12488BP
12425BP (16.0%) 12366BP
70 10430 £+ 60 BP 12358BP (33.6%) 12227BP
12213BP (12.2%) 12160BP

95.4% probability
12541BP (95.4%) 12089BP

68.2% probability
10156BP (13.9%) 10114BP
10088BP (54.3%) 9921BP
58 8890 + 50 BP 95.4% probability
10191BP (88.7%) 9883BP
9878BP ( 1.4%) 9861BP
9849BP ( 5.3%) 9785BP

68.2% probability
9430BP (68.2%) 9295BP

RU-II-19/ twig 95.4% probability
Poz-91183 fragment 4 8330+ 508P 9473BP (90.4%) 9237BP
9222BP ( 1.3%) 9205BP
9176BP (3.7%) 9142BP

68.2% probability
RU-I24-28/ | twig 91228P (68.2%) 9009BP
Poz-01186 | fragment | -0 813050 8P 95.4% probability
92558P (95.4%) 89928P
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Fig. 3. Riidersdorf sediment geochemistry for the main components discussed in the
text. The XRD-results are expressed in counts per second (cps)
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includes treatment of 0.5 gram of sediment
with 10% HCl, 10% KOH, dense media sepa-
ration using sodium polytungstate (SPT) at
a density of 2.1, and acetolysis. Dense me-
dia separation using non-toxic SPT serves
for isolating the pollen fraction from sili-
ceous and other heavier sediment particles
and is particularly recommended instead of
extremely dangerous HF treatment often
utilized by palynologists to digest siliceous
matter. In order to estimate pollen concen-
trations, we added a known quantity of ex-
otic Lycopodium clavatum marker spores to
each sample prior to lab preparation follow-
ing Stockmarr (1971). Pollen and NPPs were
counted using a light microscope with
magnification x400-600 and taxonomically
identified with the help of regional pollen
atlases (Beug 2004; Demske et al. 2013 and
references therein) and the institute’s refer-
ence collection. For all analyzed fossil pol-
len samples, calculated pollen percentages
refer to the sum of terrestrial pollen grains.
Other counted taxa percentages, including
pollen of aquatic plants, spores of ferns and
algae remains were calculated using the
total terrestrial pollen sum plus the sum of
palynomorphs in the respective group. Tilia
version 1.7.16 software (Grimm 2011) was
used for calculating pollen and NPP taxa
percentages and drawing the diagrams.

Plant macrofossils (i.e. remains of plants that
are visible by naked eye with a median size
of 0.5 to 2 mm) were selected and used for
AMS '“C dating and for palaeoecological
interpretations. Sediment samples were
treated with 10% H,O, over night and then
washed through a 125 um sieve. Plant mac-
rofossils were picked from the residue using
a binocular microscope. Identification was
performed using published literature (van
Geel 1978; Kossler 2010 and references
therein) and a reference collection at the
Alfred Wegener Institute for Polar and Ma-
rine Research (Potsdam). Specimens were
photographed using a Keyence VHX-1000
digital microscope and a ZEISS SUPRATM
40 VP Ultra Scanning Electron Microscope
(SEM). To examine oospores of Characeae at
the SEM, specimens were dehydrated in a
graded ethanol series (10%, 30%, 50%, 70%,
100%), dried on a metal stage and coated.

RESULTS AND INTERPRETATONS
Age-depth model

The age-depth model for the analyzed
Rudersdorf section (Fig. 2a) is presented
in Fig. 2b. In general, estimated ages for
the uppermost peat section (66-0 cm)
and lowermost sand/silt section (156-132
cm) fit well with the determined “C dates.
There seems to be, however, a certain level
of mismatch between ™C dates within the
gyttja section (132-66 cm) and the adopt-
ed model. Fortunately, the LST layer pro-
vides a unique control point to determine
the mismatch. It turns out that the “C dates
in the section are probably older than their
depositional contexts. Anomalies are not
rare in "“C dating (Long et al. 2016) and one
in twenty radiocarbon dates can be ex-
pected to be either younger or older than
its age of deposition (Bronk Ramsey 2009).
In any case, introducing quadratic regres-
sion to focus on the overall rate of deposi-
tion helped establishing a model in which
the influence of single anomalous datings
is minimized.

Sediment geochemistry

The sediment geochemistry (Fig. 3) reveals
four sediment units/zones that are main-
ly reflected by changes in the contents of
the organic substance (TOQ), calcite (TIC,
Ca concentration), iron and sulfur (Fe, S)
as well as in varying mineralogical com-
ponents (mainly quartz, calcite, pyrite, and

gypsum).

SZ-1 (156-128 cm, ca. 15,030-13,970 cal.
yr BP) reflects almost organic-free pure
siliclasts (quartz, feldspars, and partly clay
minerals) that represent the Lateglacial
sands and silts deposited at a time when
the water table had not yet inundated the
Rudersdorf topographical depression. High
C/N values (up to 28) also point to low in-
put of mainly terrestrial organic matter.

SZ-2 (128-96 cm, ca. 13,970-12,560 cal. yr
BP) is characterized by increasing TOC (up
to 34,4%), calcite (up to 24%) and lowered
quartz and feldspar proportions but peak-
ing Fe and S contents due to the appear-
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ance of pyrite. The rising groundwater table At SZ-4 (64-0 cm, ca. 10,570-7540 cal. yr
reached the depression and a lake formed, BP) the Rudersdorf depression reached a
as shown by the production of organic  state when peat was formed as shown by
substance. As the C/N value decreases to- TOC contents between 46.4-48.8%, that
wards the top, an increase in water plants  would represent organic substance well
and algae contribute to the organic sub-  above 80%. Minerogenic components are
stance produced in the lake. The relatively ~ almost absent and also gypsum shows
high gypsum peaks in the XRD-diagrams  only low contents reflecting low input
reflect the local geology including gyp-  of groundwater. However, the C/N ratios
sum deposits. The parallel trend of Fe and  around 14 represent a mixture between or-
S throughout the entire section points out  ganic matter produced by subhydric algae
that pyrite formed authigenically. Calcite  and terrestrial plants — typical for a lowland
probably formed during summer when  fen/moor.

temperature and biological production

were highest. Micro- and macrofossil remains

SZ-3 (96-64 cm, ca. 12,560-10,570 cal. yr ~ Results of the palynological investigation
BP) is characterized by high TOC (26.3 to  are shown in a simplified pollen diagram
37.3%) and phosphate contents, but miss- (Fig. 4). Five local pollen zones (LPZ) ob-
ing presence of calcite. Probably the or-  jectively defined with the help of CONISS
ganic production increased with lowered represent most important changes in the
water depth and the high organic con-  pollen assemblages and in regional and
tent dissolved formerly present calcite in local environments between ca. 15 and 8
the sediments (Dean 1999). The increased cal. kyr BP.
quartz and clay mineral (chlorite and hal-
loysite) contents point to an increased aeo- The lowermost LPZ-1 (156-128 cm, ca.
lian detrital input from the catchment. This 15,030-13,970 cal. yr BP) reveals very low
sediment zone represents a shallowing  pollen concentration suggesting quick
lake that steadily transforms into a lowland ~ sedimentation and/or sparse vegetation
fen/moor. cover. Arboreal pollen (AP) taxa percent-
ages are low indicating a generally open
landscape. The most distinctive taxa are
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Fig. 4. Percentage diagram showing simplified results of the palynological analysis of
the Riidersdorf section
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Betula, Salix and Hippophde, suggesting
that riparian tree and shrub communities
with birches, willows and sea buckthorn
grew close to the site. Low percentages
of Pinus likely represent air transport from
more distant region to the south. Among
the non-arboreal pollen (NAP) taxa, Poace-
ae, likely representing coastal grass vegeta-
tion, absolutely predominates. Hydrocharis
(frogbit) and Pediastrum green algae colo-
nies represent relatively shallow and quiet
aquatic environments. Identifiable plant
macrofossils were not found in this zone
but twig fragments collected from 147 and
134 cm (Table 1) likely represent willow or
sea buckthorns growing near the site.

LPZ-2 (128-96 cm, ca. 13,970-12,560 cal.
yr BP) is characterized by a noticeable in-
crease in pollen concentrations and high
AP contents (up to 85%) indicating a dense
vegetation cover and high proportions of
woody plants in the study area. Pines and
birches are major pollen contributors. The
NAP taxa composition is relatively rich
representing meadow vegetation. Virtual
disappearance of Hydrocharis pollen and
higher proportions of fern spores likely
indicate a shallow lake or pond. The mac-
rofossil assemblage from 128-124 cm (ca.
13,970-13,800 cal. yr BP) reveals remains of
Gasterosteus aculeatus (three-spined stick-
leback). This small fish prefers slow-flow-
ing water bodies (fresh, brackish or saline)
with areas of emerging vegetation. Hippuris
vulgaris (mare’s tail) fruits also suggest sub-
merged or littoral growth in carbonate-rich
stagnant or slow-flowing water and sum-
mer temperatures above 13°C. Poorly pre-
served Betula sp. seeds indicate presence
of birches in the local vegetation. Daphnia
pulex (the most common species of water
flea) ephippia remains stand for a winter or
dry-season resting stage and may indicate
stress associated with the Lateglacial cli-
mate and small-pool environments.

LPZ-3 (96-64 cm, ca. 12,560-10,570 cal. yr
BP) reveals a small-scale decrease in the
pollen concentrations and AP values (to
75%), which coincides with a relative in-
crease in Poaceae and Artemisia percent-
ages, suggesting a decrease in the regional
tree cover and local spread of grass and

wormwood communities, which may in-
dicate climate deterioration and season-
ally drier environments, particularly ob-
vious in the lower part of this zone, prior
to ca. 11,650 cal. yr BP. The sediment from
68-64 cm (ca. 10,830-10,570 cal. yr BP)
reveals fruits of Groenlandia densa (oppo-
site-leaved pondweed). It occurs in flow-
ing and stagnant waters, but prefers warm
summer conditions, in agreement with the
early Holocene dates. Betula seeds were
also found in the sediment.

LPZ-4 (64-32 cm, ca. 10,570-8790 cal. yr BP)
demonstrates a return to very high pollen
concentrations and AP percentages reach-
ing 95%. Corylus (hazel) dominates this
zone together with Pinus and Betula sug-
gesting that regional climate became sig-
nificantly warmer. Appearance of Quercus,
Ulmus, Tilia, Alnus and some other temper-
ate deciduous taxa supports this interpre-
tation and indicates the development of
species-rich temperate deciduous forests
with oak, elm, lime and alder trees and
abundant hazel shrubs in the understory
layer. Noticeable increase in Polypodiaceae
spores in this zone suggests development
of a fern cover and mire environments. The
macrofossil assemblage from 52-48 cm
(ca. 9850-9600 cal. yr BP) reveals remains
of submerged plants, e.g. Nymphaea alba
(white water lily) and Ceratophyllum de-
mersum (rigid hornwort) preferring slowly
flowing to stagnant warm and eutrophic
waters, and littoral community members,
e.g. Carex pseudocyperus (cyperus sedge)
and Scirpus lacustris (lakeshore bulrush).
This suggests that the site was flooded, at
least seasonally or periodically. On the oth-
er hand, needles and bark of Pinus sylvestris
and catkins of Betula pendula and B. pubes-
cens indicate the presence of tree birch and
pine in the near vicinity during the entire
telmatic phase.

LPZ-5 (32-0 cm, ca. 8790-7540 cal. yr BP)
differs from the previous LPZ-4 by high-
er proportions of temperate deciduous
trees and a moderate decrease in hazel
percentages. This change may indicate
the development of canopy trees leading
to a relatively sparsely vegetated under-
story. Abundant fern spores indicate local
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mire environments. On the other hand, the
presence (even in low quantities) of pollen
of aquatic plants may indicate proximity of
the sampled site to a shallow water body.

DISCUSSION

The Younger Dryas landscape
at Rudersdorf

The YD palynozone in Germany is dated to
ca. 12,680-11,590 cal. yr BP based on varve
counting in the sediment cores from the
Eifel maar lakes (Litt et al. 2007). As the most
recent and longest of several interruptions
of the gradual warming of the Earth's cli-
mate since the end of the Last Glacial Maxi-
mum, the YD signifies a last return to glacial
conditions before the onset of the Holo-
cene. The YD cold oscillation is named af-
ter the indicator alpine-tundra herbaceous
plant Dryas octopetala (white dryad), as its
leaves were typically found in the Lategla-
cial sediments of Denmark and southern
Sweden. Due to the scarcity of annually
laminated lake sediments precise alloca-
tion (and dating) of the YD in the lacustrine
sequences across the world proved to be
a non-easy task (e.g. Stebich et al. 2009;
Tarasov et al. 2018 and references therein).
The long-year discussion of presence/ab-
sence of woods in different parts of Europe
during the YD and the role of woody plants
in the Lateglacial vegetation cover cannot
be adequately resolved without secure
chronological control. In eastern Germany,
the reference pollen record from Tegeler
See (Berlin), for example, has been reported
as representing the entire Lateglacial-Holo-
cene interval (Behre et al. 1996). However,
this assumption is based on three conven-
tional '"C age determinations, with the old-
est dating within the Boreal phase of the
Holocene. Noticeably for the Lateglacial
chronology issue, of the 12 '“C dates from
the five palynologically investigated sec-
tions in the Endinger Bruch, northeastern
Germany, 10 revealed either too young or
too old ages (de Klerk 2002).

Kossler (2010) reported a series of 10 AMS
'“C age determinations based on seeds and
leaves of terrestrial plants from the Padden-
luch and reliably established the chrono-

logical frame of the YD in the analyzed
section. The macrofossil analysis of the YD
sediments in the Paddenluch provided re-
sults, which do not support a treeless char-
acter of the surrounding landscape. The
presence of tree birches (Betula pubescens
and B. pendula), Scots pine, aspen (Populus
tremula) and willow remains, on the one
hand, and the absence of the characteris-
tic tundra elements in the macrofossil re-
cord, on the other hand, disagree with the
reconstruction of tundra or a park-tundra
landscape in Brandenburg during the YD
(see Kossler 2010, for discussion and refer-
ences). The pollen record from the Ruders-
dorf section presented here corroborates
the plant macrofossil record, suggesting
that pine and birch woods were rather
common in the Brandenburg area during
the YD. This, in turn, indicates rather warm
summer temperatures in mid-latitude Cen-
tral Europe and supports climate model
simulations suggesting mean July tem-
peratures in the study region as high as
15-16°C during the YD (Renssen and Isarin
1997 ;: Schenk et al. 2018). The results from
Rudersdorf and from other areas across
northern Eurasia (e.g. Stebich et al. 2009;
Werner et al. 2010) demonstrate that the
pronounced YD cooling was mainly limit-
ed to the winter months, while summers
remained comparably warm, thus promot-
ing growth and much broader (than initial-
ly believed) spread of cold-tolerant boreal
summergreen and eurythermic conifer
tree and shrub taxa (Kossler 2010; Werner
etal. 2010).

The onset of the “hazel phase”in the
records from western and eastern
Germany

Corylus avellana (common hazel) is a spe-
cies of hazel native to Europe and charac-
teristic for the cool temperate deciduous
tree/shrub plant functional type, contrib-
uting to a number of forest biomes in the
temperate climate zone. Wind-pollinated
hazel is one of the great pollen producers;
therefore, Corylus is a common constituent
of European pollen diagrams. In the pollen
records from Germany it shows a well-rec-
ognized maximum during the early Holo-
cene (e.g. Behre et al. 1996). However, an

GES 022019

11

1




GES 02[2019

42

1

GEOGRAPHY, ENVIRONMENT, SUSTAINABILITY

02 (12) 2019

asynchronous onset of the Corylus phase
in the southern (southwestern) and north-
ern (northeastern) parts of Germany has
been presented (Sirocko 2009) suggesting
substantial differences in climatic/environ-
mental conditions and in availability of this
important economic plant for Mesolithic
hunter-gatherers. In the most accurately
dated pollen records from Holzmaar and
Meerfelder Maar (Fig. 1b) in the Eifel region
(Litt et al. 2009) the Corylus percentages
grow from a few to almost 80% of the total
pollen sum between ca. 11,000 and 10,500
varve yr BP and maximal values persist until
ca. 9000 varve yr BP. In the Ridersdorf pol-
len record, the maximum values are much
lower (i.e. 25%) and similar to other pollen
records from Brandenburg, i.e. 30% in the
Tegeler See diagram (Behre et al. 1996).
As approved by the AMS dates from the
Rudersdorf section, the maximum values of
Corylus pollen occurred ca. 9800-9300 cal.
yr BP, i.e. much later than in the Eifel. How-
ever, the first rapid increase in Corylus pol-
len percentages up to 15% in the Ruders-
dorf section dates to around 10,500 cal. yr
BP. Bearing this in mind, the early Holocene
pattern of hazel spread in the two regions
becomes much more similar.

Postglacial environments and
hunter-gatherer occupation
of Brandenburg

The retreat of the Weichselian ice sheet
and the development of a sparse vege-
tation cover in the Ridersdorf area by ca.
15 cal. kyr BP have been proved with the
help of palaeobotanical data and AMS C
dating (Kossler 2010). Since then, the area,
rich in lakes, ponds and rivers, was a po-
tential summer grazing ground for herds
of migrating herbivores (i.e. reindeers and
horses) and numerous water birds. Thus,
it would have been also attractive for the
hunter-gatherers of that time, at least
during the summer months. However,
presence of Late Paleolithic people in Bran-
denburg has been archaeologically proved
only since ca. 13 cal. kyr BP (Bonisch 2014),
i.e. much later than in the western part of
Germany (Sirocko 2009) and ca. 1000 years
after the major amelioration in the Riders-
dorf environmental record. Investigations

reported by Oppenheimer (2011) suggest
that the initial eruption of the Laacher See
Volcano took place in late spring or early
summer, but volcanic activity continued
for several weeks or months leaving near
the crater over 50-m-thick tephra deposits
exterminating all plants and animals within
a distance of ca. 60 km to the northeast and
ca. 40 km to the southeast. Tephra depos-
its from the eruption dammed the Rhine,
creating a lake ca. 140 km? in areal extent
(Schmincke et al. 1999). Riede (2008) sug-
gested that the eruption also had a dramat-
ic impact on forager demography all along
the northern periphery of the Lateglacial
settlement area and precipitated archae-
ologically visible cultural change. The area
most affected by the fallout, the Thuringian
Basin, appears to have been largely depop-
ulated, whereas populations in southwest
Germany and France increased. Whether
the hunter-gatherer population move-
ment to the area of northeastern Germany
was (at least partly) stimulated by the cat-
astrophic explosion of the Laacher See Vol-
cano remains an interesting topic for future
studies.

The first traces of postglacial hunter-gath-
erers in Brandenburg fall within the Allerad
interstadial (13,350-12,680 varve yr BP; Litt
et al. 2007) and postdates the onset of the
Lateglacial warming during the Meiendorf
interstadial (14,450-13,800 varve yr BP; Litt
et al. 2007). The environmental situation
during the second part of the Lateglacial
must have been not much different from
that of the end of the penultimate Saale
glaciation, about 130 kyr BP, which the old-
est Neanderthal stone tools recently dis-
covered in Janschwalde, Brandenburg (Fig.
1b), have been assigned to (Bonisch 2014).
Animal bones and plant remains associated
with the finds show that at that time (i.e. ca.
2 kyr before the onset of the penultimate
Eemian interglacial) there was a water-rich
valley covered by open boreal forest veg-
etation inhabited by large mammals such
as wolf, horse, elk and bison (Bonisch 2014).
The Late Paleolithic people living in Bran-
denburg by the end of the Lateglacial
could also rely on a rich fauna, as revealed
by the abundant fossil vertebrate remains
from the archaeological site Wustermark
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22 (Fig. 1b) west of Berlin (Gramsch et al.
2013). The list of identified species dated
to ca. 13.6-11.5 cal. kyr BP includes elk and
reindeer (abundant bone remains), but also
wild horse, roe deer, aurochs, beaver, brown
bear, wolf and wild boar. However, bones
of pike are the most numerous indicating
that fish was also an important component
of the human diet (Gramsch et al. 2013). A
further evidence of fishing as a part of the
subsistence strategy of the Late Paleolith-
ic groups comes from the fishhooks made
of bone material found in the YD layers of
Wustermark 22 (Gramsch et al. 2013). Pike,
which is also present in the macrofossil as-
semblage of the Paddenluch dated to ca.
14-13 cal. kyr BP (Kossler 2010), has been
the most frequent fish species in the Late
Paleolithic to Early and Late Mesolithic ar-
chaeological sites in northern Central Eu-
rope (Cziesla 2004).

Early to Late Mesolithic hunter-gatherer oc-
cupation in Brandenburg was reconstruct-
ed in detail by excavating the multilayered
site Friesack 4 northwest of Berlin (Fig. 1b).
During the entire period from ca. 11 to 7.8
cal. kyr BP hunter-gatherers repeatedly vis-
ited this lake shore site, as documented by
approximately 100 archaeological layers,
about 140,000 Mesolithic and 18,000 Neo-
lithic stone artifacts, thousands of animal
bones and plant remains (Gehlen 2009).
Bone and antler artifacts, the remains of
Mesolithic fishing nets and abundant shells
of hazelnut indicate a very broad subsis-
tence strategy, including hunting of a great
number of forest and water animals, birds
and turtles, but also fishing and collecting
edible nuts and berries during the early Ho-
locene (Gramsch 2000).

CONCLUSIONS

The results of the multi-proxy study of the
limnic-telmatic sedimentary section from
RUdersdorf near Berlin presented in the
current study allow the following con-
clusions. The postglacial landscape in the
study area changed from predominantly

open and sparsely vegetated to general-
ly forested by about 14 cal. kyr BP, as sug-
gested by a high proportion of AP (mainly
birch and pine) contributing up to 85% to
the pollen assemblages ca. 13.4-12.5 cal.
kyr BP. A minor decrease in AP (75%) and
a more pronounced one in pollen concen-
tration occurred during the YD. This open-
ing of the vegetation cover corroborates
the higher aeolian detrital input suggested
by the sediment geochemistry. However,
pollen and plant macrofossils do not sug-
gest either substantial deforestation or
spread of tundra. This corroborates recent
dendrochronological records from Bran-
denburg and suggests relatively warm YD
summers that allowed much broader than
initially believed spread of cold-tolerant
and drought-resistant boreal trees, such as
pines. The relatively low AP values persisted
until ca. 10.6 cal. kyr BP, i.e. the early Holo-
cene, when the climate improved signifi-
cantly and promoted major spread of hazel
in the regional forests. The postglacial hunt-
er-gatherer occupation in Brandenburg is
archaeologically confirmed since ca. 13 cal.
kyr BP, i.e. much later than in the western
part of Germany and ca. 1000 years after
the major amelioration observed in the
Rudersdorf environmental record.
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