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CHAPTER I: INTRODUCTION

1.1 CONTRIBUTION OF LANDSCAPE RESEARCH FOR UNDERSTANDING NEANDERTHAL

BEHAVIOR

Gaining knowledge on past human behavior is arguably the essence of archaeological
research (Rapoport, 2008; Reid et al., 1974). In the Middle Palaeolithic period - in
Europe solely associated with Neanderthals (Conard, 2001) - behavioral mannerisms
are mainly concluded from archaeological remains, particularly from lithic artifacts
due to their good preservation. Even though huge progress has been made in the field
of computational artifact analysis in recent years (Archer, 2016; Delpiano and
Uthmeier, 2020; Presnyakova et al., 2015, Weiss, 2020), which furthered our
understanding of their manufacture and usage, the explanatory power of stone tools
is limited, eventually. Thus, they represent biased, i.e. not fully representative records
for human behavior. Apart from lithics, human behavior can also be inferred from
other objects of the material culture. Depending on the site preservation, there is
evidence for wooden tools/weapons (Thieme, 2007), intentional bone cut marks and
bone tools (Culotta, 1999; Gaudzinski, 1999; Van Kolfschoten et al., 2015) or hearth
tfeatures (Goldberg et al., 2012; cf. Pop et al., 2016) from Lower and Middle Palaeolithic
sites in Central Europe. Rare - and strongly debated - are hints that point towards
symbolic or even “artistic’ behavior (Hoffmann et al., 2018; Leder et al., 2021). Possible
funeral practices (Dibble et al., 2015) as well as aspects of mobility and sustenance can
furthermore be inferred from occasional skeletal finds (Germonpré et al., 2013; Hublin,
1984) and the anatomic, isotopic or genetic analysis on those (Bocherens, 2011; Hublin
and Roebroeks, 2009; Pereira-Pedro et al., 2020; Vernot et al., 2021; Weyrich et al., 2017).
While these records can cover important facets of behavioral traits, they need to be put
in context of their timing and contemporaneous natural environments in order to
identify possible adaptations or socially induced decision-making (cf. Goldberg and
Macphail, 2006; Locht et al., 2016; Pederzani et al., 2021). This shall be demonstrated

by the definition of the term behavior as used in this thesis:

DEFINITION OF “behavior”: The term “behavior’ could be defined as a range of actions

and habits displayed by individual organisms or groups in response to internal and



external stimuli, i.e. in conjunction with themselves and their physical environments

(cf. Hull, 1951; Minton and Kahle, 2013).

This definition inevitably leads to the concept of landscapes as manifestations of these

physical environments that are related to human behavior.

DEFINITION OF “landscapes”: Landscapes are the results and the expressions of the

lithosphere, atmosphere, hydrosphere, biosphere, and anthroposphere mutually
influencing and interpenetrating each other to form highly complex (semi-)open
systems of these connected components (Fergusson and Bangerter, 2015; Neef, 1967;

Simensen et al., 2018).

Firstly, that makes landscapes vaguely delimited entities of the physical environments
within a certain area. Secondly, and most crucially, it represents the notion that
landscapes do not exist independently of their observers and users, meaning that
‘environments’ become ‘landscapes’ in the human presence (Kiithne et al., 2019;
Richter, 2006). Because the two terms are so intimately linked, they will be used
synonymously in this thesis. There are three conceivable dimensions to the human-
landscape relationship in the Middle Palaeolithic period, as landscapes can (i) affect,

(ii) be subject to, and (iii) archive human behavior:

(i) Landscapes provide the context and scenery for human occupation. They were used
to procure food, water, raw material, and shelter. The availability and quality of these
resources is influenced by complex and sometimes antithetic fluctuations, mainly
governed by climate changes. Partly because of this complexity, the knowledge of
Neanderthal habitat preference, i.e. the balance of push and pull factors for occupation
and migration is still incomplete (Nielsen et al., 2019). For instance, the temperate and
fully-forested landscapes of the Eemian Interglacial (~MIS 5e), and the cold tundra
steppes of the Early Pleniglacial (~MIS 4) have both variously been regarded as too
unfavorable for Neanderthal presence by different authors (cf. Defleur and Desclaux,
2019; Hublin and Roebroeks, 2009). In contrast, the longstanding Neanderthal
colonization of the European Plain (>300 ka), indicates a high ecological tolerance and
a wide range of exploited environments (Hérisson et al., 2016; Roebroeks et al., 1992)

(see 1.3.3).



(i) Human activities and the exploitation of their environments might have
intentionally or incidentally changed landscape segments in terms of faunal or floral
composition, which in turn, would have affected the sedimentary and hydrological
regimes, as well (cf. Piacente, 1996). This concerns for instance the promotion or
suppression of select plant and animal species that were part of the Neanderthal diet
or not. As an example of how dramatically the introduction of such a top predator can
alter ecosystems may serve the well-documented rewilding of the wolf in Yellowstone
National Park, USA. Wolves created an “ecology of fear” that changed behavioral
patterns among their prey and led to various ripple effects and feedback mechanisms.
Thus, only a few years after the wolf resettled the park, a substantial raise in
biodiversity and increased fluvial dynamics had taken place (Beschta and Ripple,
2016). Possible Neanderthal effects on landscapes also concern the obscure topic of
Neanderthal fire use. It is still a matter of debate, whether Middle Palaeolithic people
could start a fire, but they were surely capable of occasional and opportunistic wildfire
management/scavenging (Allué et al., 2022; Pop et al., 2016; Roebroeks et al., 2015;
Sandgathe et al., 2011). As ethnographic studies demonstrate, hunter-gatherers use fire
not only for cooking and warmth, but also for protection, communication and as a
means for hunting (Scherjon et al., 2015). This includes driving game with fire or
attracting it by fire-stimulated plant growth. Moreover, the use as a kind of landscape
engineering tool is often documented, e.g. to clear pathways or prepare the ground
when re-visiting ephemeral sites (ibid.). Furthermore, Neanderthal birch-tar
production as an adhesive for hafted tools is well-established and related to controlled
fire use (Kozowyk et al., 2017). Although it is still challenging to distinguish natural
from anthropogenic fires in the sedimentary records (e.g. Dibble et al., 2018), the mere
notion of it is intriguing (cf. Bowman et al., 2013; Roos et al., 2014). Large-scale
intentional burning of landscapes would have had significant repercussions on geo-
ecological systems and would have turned landscape segments into artifacts,
informative of human behavior. With the current state of knowledge, however, the

general Neanderthal ecological footprint is hard to account for.

(iii) Because sediments in certain geomorphic positions store the occupational remains,

landscapes serve as important repositories for human behavior. Widely acknowledged



for that are e.g. loess plains (Chu and Nett, 2021; Locht et al., 2016; Valde-Nowak and
Lanczont, 2021), riverine landscapes (Antoine et al., 2007; Basell et al., 2011;
Vandenberghe, 2015; Weber and Beye, 2015), but on the northern European Plain
especially lakelands (Kindler et al., 2020; Thieme and Veil, 1985). Deciphering the (syn-
/non-/post-) depositional developments on sites and their surroundings - including
pedogenic, hydromorphic, cryogenic, and biogenic processes - is invaluable to assess
the integrity of an artifact assemblage and the choice of ‘settlement’ location. And it is
also an indispensable requirement for establishing a luminescence-based
chronological framework. Comprehension of off-site processes is just as important
because they can inter alia provide information on a potential an occupational hiatus

in the archaeological sequence due to extensive erosion or cryoturbation disturbances

(Vandenberghe, 2013).

It has been shown here that palaeoenvironments have played an important role in
Neanderthal behavioral patterns. However, the low resolution and paucity of
ecological, chronological and archaeological data (Chapter 1.3) often still precludes
well-founded conclusions on adaptations or cultural and biological evolution (e.g.
Discamps et al.,, 2011). To unlock the full potential of Neanderthal records, an
integrative combination of archaeological and geoscientific research and precise
dating is needed (cf. Goldberg and Macphail, 2006). This is the intention of the present
thesis, dedicated to the chronology of landscape conditions and processes at or around
open-air sites, using case studies in Lichtenberg, N-Germany and Khotylevo I, W-

Russia (cf. detailed research objectives in Chapter 1.5).
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Figure 1: Map of the European Plain and the Middle Palaeolithic archaeological sites mentioned in the text,
presumed to be Eemian and/or Early Weichselian. 1 — Schalkholz, 2 — Woltersdorf, 3 — Lehringen, 4 — Salzgitter
Lebenstedt, 5 — Steinmiihle/Veltheim, 6 — Konigsaue, 7 — Grobern, 8 — Grabschiitz, 9 — Rabutz, 10 — Neumark
Nord, 11 — Burgtonna, 12 — Ténchesberg, 13 — Wroctaw Hallera Av., 14 — Weimar Parktravertin and Taubach, 15
— Krakoéw-Zwierzyniec, 16 — Caours, 17 — Wallertheim, 18 — Sukhaya Mechetka, 19 — Moldova, 20 — Pikulice, 21
— Orzechowce, 22 — Nehrybka, 23 — Vykhvatinskiy naves, 24 — Rheindahlen Westwand (B1). Study sites
Lichtenberg and Khotylevo I are labelled, instead of numbered. Digital Elevation model based on SRTM-data
(downloaded from  https://earthexplorer.usgs.gov/), national  borders obtained from  Eurostat
(https://ec.europa.eu/eurostat/de/web/gisco/geodata/reference-data). Maximum Saalian glacier extent after Ehlers
et al. (1984), Matoshko (2011) and Velichko et al. (2006) (see Chapter 3).



1.2 CHOICE OF STUDY SITES AND SPATIO-TEMPORAL SCOPE

The European Plain (henceforth: EP) is widely regarded as one of the Earth’s largest
expanses of uninterrupted lowlands, but there is no general agreement on its actual
extent (cf. Encyclopeedia Britannica). For the purposes of this study, the European
Plain is determined as the area largely congruent with the Saalian ice-sheet cover in
MIS 6, stretching from the lowlands of the Benelux in the west to the Ural Mountains
in the east (Figure 1). From a pre-LGM Weichselian point of view, the EP with its rather
homogeneous topographies and recent glacio-geological history, represented an
uninterrupted biome, that facilitated lateral exchanges of the faunal and floral
elements (see 1.3.2). This is also reflected in the Middle Palaeolithic archaeological
remains of this area, which are very similar across the vast dimensions of the EP
(Weiss, 2019). The choice of study areas takes this fact into account by selecting the
open-air sites Khotylevo I-6-2 at the eastern and Lichtenberg at the western periphery
of the EP (Figure 1). Contrasting with the distance that separates them (ca. 1,800 km),
these two sites share an astonishing number of similarities (Otcherednoi et al., 2014;

Veil et al., 1994):

(i) Both are located at approx. 53° N and are among the northernmost undisputed
Middle Palaeolithic sites of their major regions and of the entire European Plain,
respectively (see 1.3.3). This northerly latitudinal location was another key criterion
for choosing these sites. Given the geographic distribution of known Neanderthal
occupations, it seems to be the general consensus that the tentative northern margin of
the Neanderthal habitat was at 55° N, even during times of ameliorating climates
(Hublin and Roebroeks, 2009). In that regard, the present author fully agrees with
Nielsen et al. (2017) about the potential of this extreme boundary to reveal crucial
information on Neanderthal resilience or constraints towards changing environmental
conditions. This kind of information is wusually obtained from combining
environmental, chronological, and archaeological findings, the latter mainly being

based on lithic artifacts.

(ii) Both sites in question show a very consonant and distinctly rich Middle Palaeolithic

stone tool assemblage, associated with the Keilmessergruppen (see 1.3.3).



(iii) Both occupational layers have been numerically dated to MIS 3; Khotylevo 1-6-2
by means of radiocarbon (Otcherednoi et al., 2014) and Lichtenberg using
thermoluminescence on sediments (Veil et al., 1994) (see the particular discussions in

Chapters 2 and 4).

(iv) In both cases, there are thick and highly-resolved sediment sequences available,
either directly on site or in the immediate vicinity. These are key-archives for the

reconstruction of Early Weichselian environments.

(v) This supplemental stratigraphic and environmental data could at both sites justify
to rather assign the occupations to MIS 5, which has indeed previously been suggested

for both sites (Joris, 2004; Velichko, 1988).

In concurrence with these plausible stratigraphic arguments, the MIS 5, i.e. the last
interglacial and subsequent early glacial is the temporal scope of this thesis. For all
those aforementioned similarities, it shall not be concealed that Khotylevo I-6-2 and
Lichtenberg differ in two important respects, namely (1) the raw material procurement
for lithic production and (2) bone preservation: (1) In Khotylevo, along the valley of
the River Desna, Cretaceous chalks and marls crop out that hold primary, high-quality
tabular flints (see Chapter 2). This ubiquity does not exist in Lichtenberg. Middle
Palaeolithic people there had to rely on Baltic flint diluted within the containing
Saalian glacial deposits. Thus, they were likely depending on sediment (re)depositions
providing fresh material (see Chapter 4). (2) Whereas in Khotylevo, the occupation
layer produced a decent faunal spectrum due to good bone preservation in the contact
zone with Cretaceous chalk (Chubur, 2013), in Lichtenberg, evidence for animal

remains is missing so far from the respective layers.



1.3 NEANDERTHALS IN THEIR ENVIRONMENTS DURING THE LAST INTERGLACIAL/ GLACIAL

CYCLE

1.3.1 Climatic development inferred from global palaeoclimate archives

Marine cores

Interpretations of North Atlantic marine palaeoclimate records have substantially
furthered our understanding of how sensitive global climate responded to orbital
changes with different cyclicities between ca. 1,000 and 100,000 years. Based on the
oxygen isotope ratio (8'80) of the calcite shells in benthic foraminifera, alternating
warmer and colder intervals in Earth’s palaeoclimate can be inferred from successive
layers in marine sediment cores. Dating of these sequences is provided by radiocarbon
in the upper section <40 ka, correlation with better-dated palaeoclimate archives (e.g.,
speleothems and ice cores), and tuning to global orbital changes (Lisiecki and Stern,
2016). The established Marine isotope stages (MIS) timescale assigns an odd number
to warm and an even number to cold phases, starting with number 1 for the Holocene
and covering >>100 stages (Emiliani, 1955). Within the Pleistocene, the cycles of this
record were found to be linked with evidence for terrestrial glacials and interglacials
(Shackleton, 1967), making the (globally stacked) benthic 80 records perhaps the
most prominent chronological reference point in Quaternary research, sensu lato, over
the last decades (esp. Lisiecki and Raymo, 2005). Stage 5 in the MIS record, dated to
130 ka - 71 ka (Lisiecki and Raymo, 2005), was divided into 5 substages by Shackleton
(1969; Shackleton et al.,, 2002), realizing that only the first part of this marine
interglacial corresponds to terrestrial ones on the continents. He assigned MIS 5e to
the Eemian Interglacial, whereas MIS 5c and 5a represent subsequent warm intervals,
and MIS 5d and 5b cooler intervals, respectively. For Substages 5e to 5a no clearly
defined boundaries exist, but their maximum 6O-values are ascribed to ages of
123 ka (5e), 109 ka (5d), 96 ka (5c), 87 ka (5b), and 82 ka (5a) (Lisiecki and Raymo,
2005)(Figure 2). In the course of MIS 5, rather temperate conditions prevailed, with an
overall and gradual cooling tendency. This trend was interrupted by brief colder spells
that did not, however, regularly reach values indicative of glacial conditions, such as

in the neighboring Stages MIS 4 and 6 (Lisiecki and Stern, 2016). The timing of MIS 5



is regarded as broadly equivalent to the cumulative Eemian and Early Weichselian,

which is the period under consideration for this thesis.

Northwest European chronostratigraphy | MIS Greenland oxygen isotopes Eustatic sea-level (m)
’ PR ¥ I S & . " %
Holocene 5
10 1
. c Late Glacial
20 4 26s I 2
Lk Late Pleniglacial
S0
30 -
401 £ | Middle Pleniglacial | 3
o 23
50 4 ¢ 59
5 | E2
6 { 2 =3
K = Early Pleniglacial 4
70 4 o
—_— (]
- -1‘-“- c i
2 84 3 © Odderade 5a E
o © ©
> o £ 5 | Rederstall |50 H
9 2 Breru 5¢c |E
100 = 2> P H
> ]
110 & w Herni
. S erning 5d
120 -
Eemian interglacial 5e :
130
. Q
140 2
0 &
150 { £ =
@ S Drenthe no data
) » substage 6
160 4 0o [ glaciation
o ®
b o] |
170 { ©
=
180 -

Figure 2: Climato-stratigraphic subdivision of the last interglacial/glacial cycle in Central and Western Europe
(modified after Peeters et al., 2015).

Greenland ice cores

Another outstanding and extensive palaeoclimatic record is provided by several long
cores, such as GISP, GISP2, GRIP, NEEM, and NGRIP, drilled at the polar ice-cap of
Greenland to depths of up to 3 km and covering the last interglacial/glacial cycle
(Rasmussen et al., 2014). The three ice cores GRIP, GISP2, and NGRIP were correlated

by volcanic and chemo-stratigraphic matching, i.e., comparing tephras, peaks in the



sulfur concentrations (SO4%), dust input (Ca?*), and biomass burning events (NH4*).
The chronology relies on known ages of the contained tephras and on annual layer
countings for certain sections in the different cores (Seierstad et al., 2014). Temperature
reconstructions are based on 6N measurements on air bubbles, entrapped within the
glacier and on 6'80O-values of the ice (Kindler et al., 2014). Within this record,
millennial-scale climatic fluctuations between stadial and interstadial conditions were
detected, known as Dansgard-Oeschger (D-O) events. Every such event cycle is
asymmetric in nature and consists of abrupt warming followed by a gradual decrease
in temperature (Dansgaard et al., 1982). Numbering starts with 1 for the last pre-
Holocene cycle (Younger Dryas) and numbers increase consistently with growing age
up to 26. Later, a revised scheme was proposed, maintaining the numeration but
dividing each D-O cycle into the initial warm and the successive cold phase, i.e., into
a Greenland Interstadial (GI) and a Greenland Stadial (GS) (Rasmussen et al., 2014). It
remains unclear, how these events are triggered (Sanchez Gofii, 2020). However, they
seem to be closely corresponding to changes in strength and a southward shift of the
AMOC (Atlantic meridional overturning circulation, vulgo: Gulf Stream) and likely
also the ITCZ (Intertropical Convergence Zone) (Kindler et al., 2014). The overall
climatic trends for the northern hemisphere are similar to the MIS patterns (see above),
but the ice core records exhibit a distinctly better resolution, because of higher
accretion rates, negligible bioturbation, and a more precise dating (Aitken and Stokes,
1997). Therefore, they are much more sensitive to those short-term events (D-O/ClI,
GS). Relevant to the timescale in question for this thesis is the period from Greenland
Stadial GS-26 (starting at 119 ka) to Greenland Interstadial GI-19 (ca. 71 ka), which
altogether relates to the Early Weichselian, whereas for the last interglacial, no

Greenland Interstadial is assigned (Rasmussen et al., 2014) (Figure 2).

These global or hemispherical palaeoclimate records provide an eminently valuable
reference system for palaeoenvironmental and archaeological research in the Late
Pleistocene. However, those macro-climatic findings cannot directly be transferred to
terrestrial conditions because of complex ecological and meso-climatic responses at the
continental scales (e.g. Shackleton et al., 2003). For that reason, it is inevitable to include

terrestrial archives in order to examine the relationship of global climatic trends and

10



continental developments, and to provide local environmental context for

archaeological sites.

1.3.2 Terrestrial/continental evolution of palaeoenvironments on the European Plain
Preliminary remarks

It is important to note that the functioning of these former, Late Pleistocene ecosystems
is not easily compared to present-day equivalents. Their compartments had unusual
(non-analog) associations and characteristics, resulting from individualistic and
unexpected responses to repeatedly changing climates (cf. Guthrie, 2001). This has
long been realized for the fauna (Bolland et al., 2021; Graham, 2005; Stewart, 2005),
vegetation (Chytry et al., 2019; Pross et al., 2000), and their mutual relationship. It led
inter alia to the introduction of the “steppe-tundra” or “mammoth-steppe” concept for
the Weichselian Pleniglacial (Guthrie, 1990; Zimov et al.,, 2012). But also soil
formations differed from current counterparts in terms of thickness, typology and
associated pedogenic processes (Meszner and Faust, 2018; Stremme et al., 1982; cf.
Velichko and Morozova, 2010). While this was undoubtedly co-determined by climatic
variations, palaeoclimate itself might be regarded as non-analog: Considerable
fluctuations in sea levels, the AMOC, ice extents, and insulation affected the European
Plain in various ways and combinations (e.g. Salonen et al., 2013). And lastly, COz
concentrations of c.280 ppm have been measured for the last interglacial, decreasing
to <200 ppm in late MIS 5 (Fischer et al., 1999). Hence, CO:> values for most of MIS 5
would have been significantly lower than the ditto 280 ppm in pre-industrial times of
the Holocene (Monnin et al., 2001). Lower atmospheric CO2 concentrations would
have had negative physiological effects on plant growth due to reduced
photosynthesis and increased transpiration. It would have also affected floristic
compositions, as COz depletion seems to constrain trees stronger than herbaceous
plants (Harrison and Bartlein, 2012). This non-exhaustive compilation of non-analog
conditions is not meant to overemphasize these factors, but nor should they be
carelessly disregarded when investigating and interpreting palaeoenvironmental

processes.
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Overarching characteristics of the Eemian Interglacial and Early Weichselian Glacial

Information on the Eemian and Early Weichselian palaeoenvironments and -climates
are to a large extent derived from abundant palaeolake basins whose formation is
associated with the Saalian glaciation (Caspers et al., 2002; Helmens, 2014). Apart from
these lacustrine archives, access to meaningful data is very much restricted to coastal
areas (Hofle et al., 1985; Marks et al., 2014) and loess/riverine landscapes which tend
to preserve respective palaeosols and deposits (Antoine et al., 2016; Fuchs et al., 2013;
Turner, 2000; Vandenberghe, 2015). And additionally, deposits of that period can be
found in zones of tectonic subsidence (Knipping, 2008; Schokker et al., 2004). From
these archives it is known, that roughly in congruence with the North Atlantic data
(see 1.3.1), the European Plain saw frequent and high-amplitude climatic changes
during MIS 5. The terrestrial information, mainly based on palynology, reveals rapid
warming in the Early Eemian Interglacial and then an overall deteriorating climate
from the Mid-Eemian to the onset of the first glacial maximum in MIS 4. This is chiefly
expressed by increasing continentality with strong shifts in winter temperatures and
precipitation (Salonen et al., 2013). The general cooling trend in the period in question
was superimposed all across the European Plain by three fully-forested intervals: the
Eemian Interglacial, the Brorup Interstadial, and the Odderade Interstadial (~MIS 5e,
5c and 5a). These were separated by two cooler phases with more open vegetation: the
Herning and Rederstall Stadials (~MIS 5d and 5b) (Behre, 1989; Caspers and Freund,
2001). This variation had significant and poorly understood geo-environmental effects.
It necessitated repeated reconfigurations and redistributions of the vegetation and
fauna but and also similar adjustments within the sedimentary and hydrographic
systems (e.g. Pecl et al.,, 2017). However, such responses often lagged behind the
climatic development and also differed spatially (cf. Brauer et al., 2007; Sier et al., 2015).
Within the former vegetation, there is a general trend, that steppic floral elements
increase toward the east, (sub-)arctic elements enlarge toward the north, and the
continentality gradient was more enhanced in colder stages than in warmer intervals
(Caspers and Freund, 2001; Emontspohl, 1995; Helmens, 2014; Velichko et al., 2005;

Yelovicheva and Sanko, 1999, see also below).
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Without much systematic research on landscape dynamics in this period (i.e. on
geomorphic activity and stability phases) and a scarcity of numerical ages, our
comprehension of how terrestrial sediment systems adjusted to these climatic changes
remains vague. Usually, for the Eemian, stable surfaces are assumed, enabling soil
formation on well-drained positions and humus accumulation in waterlogged basins
(e.g. Menke, 1992). In one of the few studies that cover this topic, Schokker et al. (2004),
confirm this notion for the Eemian optimum, but report increased clastic sediment
redeposition in the early and late phases of the interglacial. This is in agreement with
the ubiquitous occurrence of truncated (i.e. partially eroded) Eemian palaeosols in the
loess belt (Antoine et al., 2016; Jary and Ciszek, 2013; Lehmkuhl et al., 2016). For the
Early Weichselian in NW Germany, Lade and Hagedorn (1982) developed a
depositional model that encompasses soil formation/humus accumulation in the
warmer interstadials and slopewash/solifluction in the colder stadials. Although this
model is not based on numerical dating, it seems to hold true for the loess areas, as
well (e.g. Chu and Nett, 2021; Lehmkuhl et al., 2016). Likewise, the temporal and
spatial coupling of landscape dynamics in the hinterlands and fluvial
discharge/aggradation patterns in the river valleys remains vastly unexplored for MIS
5 (but see Panin et al., 2020; Winsemann et al., 2015). Even so, such knowledge could
vastly enhance our understanding and interpretation of artifact scatters in secondary

contexts of fluvial gravels (Bridgland et al., 2006).

Fluvial dynamics of this period are not easy to assess. Changes in the sedimentary
budget of rivers (i.e. incision/aggradation) usually occur in transitional phases from
warm to cold or vice versa, when the fluvial systems need to rearrange toward a new
equilibrium (Bridgland and Westaway, 2008). However, the specific behavior of any
given river in any given time is highly individual. Fluvial reactions are non-linear and
governed by the interplay of a whole set of influencing factors, such as longitudinal
gradient, sediment supply, and discharge. All of these influences are themselves
depending on various aspects (climate, vegetation, sea level, tectonics)
(Vandenberghe, 2015). During the Eemian, stable floodplains with meandering or
anastomosing rivers are assumed, characterized by low overbank aggradation rates

(Gao and Boreham, 2011). Subsequently, at the Eemian-Weichselian transition (~MIS
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5e/5d), many European rivers in Germany, Belgium, Northern France, and Britain
responded in the form of incision. This eradicated much of the previous Eemian
floodplain along with potential Neanderthal occupation traces within the valley
(Antoine et al., 2007; De Clercq et al., 2018; Gibbard and Lewin, 2002; Winsemann et
al., 2015). For the Russian Plain, no numerical dates have been obtained yet, but a
coincidental development could be assumed because Eemian deposits are extremely
rare in the fluvial archives there (Panin et al.,, 2017). For the Early Weichselian,
chronological information is on thin ground, but Winsemann et al. (2015)
reconstructed incision events during MIS 5d and the MIS 5c for the German Weser-
Leine catchment. In the paleo-Scheldt valley in N-Belgium and the Lower Rhine valley,
stable conditions prevailed throughout the Early Weichselian (Busschers et al., 2007;
De Clercq et al., 2018), but were likely influenced by near-coastal conditions. At the
same time, incipient aggradation occurred in Russia (Panin et al., 2017). Lastly, the
major climatic shift at the MIS 5a/4 transition was accompanied by roughly
simultaneous incisions of the Lower Rhine (Peeters et al., 2015), many smaller rivers
in the Netherlands and Poland (various authers cited in Mol et al., 2000), and the Weser
river in Northern Germany (Winsemann et al., 2015). Again, this fluvial erosion likely
compromised in situ archaeological records of the Early Weichselian in the valleys (cf.

Bridgland et al., 2006).

Similarly, the reconstruction of specific faunal elements suffers from low spatio-
temporal resolution and a shortage of reliable data (Finlayson and Carrion, 2007). In
the Eemian, a warm-adapted forest fauna was present, including large species such as
straight-tusked elephant (Elephas antiquus), the narrow-nosed rhinoceros
(Stephanorhinus hemitochus), and the giant deer (Megaloceros), but also woodland
ungulates, such as red and fallow deer (Cervus elaphus and Dama dama) and aurochs
(Bos primigenius). The widest spectrum of this Eemian fauna was obtained at the
archaeological sites of Neumark Nord (Kindler et al., 2020; Strahl et al., 2010), Grobern
(Litt and Weber, 1988), and Lehringen (Thieme and Veil, 1985). This warm fauna
disappeared from the European Plain before the end of the Early Weichselian. As to
when that happened there is no real consensus. This transition process might have

started as early as the Mid-Eemian (Richter, 2016) and was definitely completed before
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the onset of the Pleniglacial (~MIS 4) (Defleur and Desclaux, 2019; Finlayson and
Carrién, 2007). In the cooler spells of the Early Weichselian, a less varied spectrum of
cold-adapted open woodland and steppe fauna surfaced and later on dominated. It
was characterized by reindeer (Rangifer tarandus), steppe bison (Bison priscus) and
horse (Equus) (Finlayson and Carrién, 2007; Locht et al., 2014; Roebroeks et al., 1992).
Finally, by no later than MIS 5a, the woolly mammoth (Mammuthus primigenius) and
woolly rhinoceros (Coelodonta antiquitatis) appear in the sequences (Chubur, 2013;
Richter, 2016). This cold-adapted faunal association prevailed through much of the

later Weichselian as an inseparable part of the mammoth steppe biome (Guthrie, 2001).

Eemian Interglacial (~MIS 5e)

For the Eemian Interglacial a typical vegetation succession can be observed throughout
the European Plain (Turner, 2002; Velichko et al., 2005) and in southern Scandinavia
(Bjorck et al., 2000; Salonen et al., 2013). The uniformity of the diagnostic tree species
development in the area allows for low-effort correlations between several archives.
In Northern Germany, according to the dominant arboreal taxa, the Eemian is
subdivided into seven pollen assemblage zones, PAZ E1 to E7 (Caspers et al., 2002;
Menke and Tynni, 1984). The succession is as follows: birch = pine/birch >
thermophilous mixed oak forests = admixture of hazel-yew-lime = hornbeam-spruce
- boreal type forests with pine-spruce-fir = pine. For neighboring regions, such as
France, the Netherlands, Poland, and Russia, very similar and correlatable
classification schemes exist (de Beaulieu and Reille, 1992; Grichuk, 1961; Mamakowa,
1989; Zagwijn, 1961). This progression is descriptive of a rapid warming period
followed by an extensive thermal optimum and finally a temperature deterioration

towards the end of the interglacial.

The rather small longitudinal variation in the floral compositions of different regions
was facilitated by a more oceanic climate even in Eastern Europe. This effect is
connected to the generally higher eustatic sea levels in the Mid-Eemian, which
surpassed the current stands by 5 to 9 meters (Dutton and Lambeck, 2012). More

regionally, these raised levels caused the separation of the Jutland peninsula from the
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Central European landmass and also formed a direct connection between the Baltic

and the White Sea through Karelia (Miettinen et al., 2014).

Palaeoclimatic parameters, derived from pollen, botanical macro remains, but also
from different faunal assemblages (Behre et al., 2005; Caspers et al., 2002; Kiihl et al.,
2007; Kupryjanowicz et al., 2018; Russell Coope, 2000; Zagwijn, 1996) indicate that the
temperatures were similar or up to 2-3 degrees higher than today in the Eemian
optimum all across the European Plain. Especially the winter temperatures exceeded
present-day values by several degrees. Notably, in different studies, there are
contradictory gradients of continentality towards south-eastern Europe (Brewer et al.,
2008; Kaspar, 2005). Precipitation values are even more difficult to reconstruct but
assumed to be comparable to, yet more variable than today, especially in the eastern

region (Pidek et al., 2021).

Recently, there is a lot of debate on the duration and timing of the Eemian.
Traditionally, the Eemian is correlated with MIS 5e and thought to have lasted from
128 to 117 ka (cf. Tzedakis, 2003). This was in good agreement with varve countings at
the site of Bispingen (Northern Germany) that implied a duration of 10,000 to 11,000
years (Miiller, 1974). However, marine cores off the coast of Iberia suggested a
considerable time offset between MIS 5e and the terrestrial interstadial (Shackleton et
al., 2003). For Central Europe, Sier et al. (2015, 2011) recognized a delayed onset of the
Eemian with respect to MIS 5e by as much as 10,000 years. Conversely, Brauer et al.
(2007) determined a simultaneous beginning with MIS 5e but a much longer duration
of 17,000 years, based on varves in Southern Italy. This diachroneity indicates a time-
transgressive onset of the Eemian throughout Europe with a noticeable delay in
Central Europe. The discussion of possible reasons for that is not within the scope of
this thesis. However, these seemingly contradicting estimates for the Eemian
chronology point out, that caution should be exercised when interpreting MIS Se-

equivalent numerical ages in the absence of biostratigraphical control.

Early Weichselian (~MIS 5d - 5a)

Herning Stadial (WF I): Temperatures dropped after the Eemian (mean of 10°C and -

15°C for July and January) and low sea levels (ca. 40m lower than today) caused a
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higher continentality (Helmens, 2014; Zagwijn, 1983). Therefore, most tree taxa had
retreated to the south, and open vegetation, comprised of heath (Calluna vulgaris) and
grasses (Poaceaea) dominated on the European Plain, with some admixture of juniper
(Juniperus) (Behre, 1989; Helmens, 2014). Much of the European Plain was likely
situated in the forest/tundra ecotone, a transitional zone between tundra and taiga,

where boreal tree pollen amount to max. 50% (Emontspohl, 1995).

Brorup Interstadial (WF II): The Herning was followed by a climatic amelioration.
Mean July and January temperatures increased to 15to19°C and -8 to -14°C,
respectively (Caspers and Freund, 2001; cf. Kiihl et al., 2007). Compared to the Eemian,
this development shows the advancing degree of continentality, comprising low
winter temperatures and low precipitation values, due to much lower sea levels.
According to Behre (1989) and Caspers and Freund (2001), this distinct seasonality is
the major reason, why temperate forests species did not fully re-immigrate during the
Early Weichselian interstadials on the European Plain. Instead, this interval saw the
dominance of birch and pine forests, with the admixture of spruce, larch, and alder.
Birches were determining the first half (WF Ila) and pines were more abundant in the
second half (WF IIb) of the Brorup Interstadial. To the north, the forest/tundra ecotone
was situated approximately in central Jutland (Bjorck et al., 2000; Caspers and Freund,
2001, Emontspohl, 1995). To the east, tree species composition remained similar to
Central Europe, only the abundance of moisture-loving taxa decreased (e.g. Calluna
vulgaris, Sphagnum), while the percentage of steppe species was higher (e.g. Artemisia,
Chenopodiaceae) (Helmens, 2014). Also, the values for the relatively thermophilous
deciduous trees, such as alder (Alnus) seem to be even lower in Eastern Europe
(Caspers and Freund, 2001; Yelovicheva and Sanko, 1999). By contrast, in the western
part of the European Plain (e.g. Amersfoort, NL), oceanic conditions have fostered
higher Alnus-, Calluna- and Sphagnum-percentages and even the more demanding
oaks, that did not clearly colonize Central and Eastern Europe (Emontspohl, 1995;
Zagwijn, 1989). Based on annual varves in the diatomite at the Rederstall site, a
duration of 5,800 to 10,500 years was estimated for the Brorup Interstadial (Griiger,
1991). This appears too short in comparison with the North Atlantic palaeoclimate

records, which seem to suggest a time interval closer to 15,000 years (see below).
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Rederstall Stadial (WF III): Rederstall deposits only occur infrequently, especially
pollen-bearing sequences. This is why, only the beginning and end of this stadial are
usually documented, if at all (Caspers and Freund, 2001). The records indicate open
heliophile vegetation, dominated by Poaceaea, steppe taxa and Juniperus (juniper)
(Behre, 1989; Helmens, 2014). Thicker sediments and first evidence of (discontinuous)
permafrost imply a stronger climatic deterioration than in the Herning (Caspers, 1997).
Even so, fossil beetle evidence indicates comparable temperatures to the Herning
Stadial (-9 to -12°C and 11°C for January and July) (Walkling, 1997). Furthermore, an
increased seasonality compared to the Herning is inferred from the more western

distribution pattern of Artemisia (Emontspohl, 1995; Helmens, 2014).

Odderade Interstadial (WF IV): The Odderade Interstadial is considered more or less
analogous to the Brorup regarding vegetation patterns and their distribution (Behre,
1989; Zagwijn, 1989). As a slight difference to this previous interstadial, boreal pine-
birch forests did not reach as far north and Alnus is generally less represented. Both
indicates marginally cooler and more continental conditions (cf. Emontspohl, 1995;
Zagwijn, 1989). Mean temperatures of 12 to 17°C and -11 to -22°C have been
established for summer and winter in this period (Helmens, 2014; Kiihl et al., 2007).
Quick readvances of forests after the Rederstall suggest, that the boreal tree species
survived the preceeding stadial phases in the wider region and/or in favorable
topographic positions (Caspers and Freund, 2001). In the absence of varved sediments,
the duration of the Odderade has been assessed to 5,000 and 10,000 years, leaning on
the sediment thickness and the general comparability with the Brorup Interstadial
(Behre and van der Plicht, 1992). After the Odderade and before the onset of the first
glacial maximum, there are one or two short climatic amelioration phases, in which
boreal forests briefly reappeared in France and the Alpine Foreland in Germany and
Switzerland (de Beaulieu and Reille, 1992; Miiller and Sanchez Goiii, 2007). For the
European Plain, there is no palynological evidence for such fluctuations in this

transitional period, so far (see Chapter 4).

The timing of the Early Weichselian Interstadials is not officially determined.
Conventionally, Brorup and Odderade are correlated with MIS 5c and 5a, respectively

(Behre and van der Plicht, 1992) and with GI-23/22 and 21 (Rasmussen et al., 2014;
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Richter, 2016). Accordingly, the Herning and Rederstall Stadials are assigned to MIS
5d and 5b (Behre and van der Plicht, 1992). In the Alpine Foreland and the loess belt
of central and western Europe, this congruence has been confirmed (Antoine et al.,
2016; Boch et al., 2011, see also discussion in Chapter 4), whereas in the type region of
these (inter)stadials - the NW European Plain - no conclusive chronology has been

established, yet.

1.3.3 Neanderthal population dynamics

In the foregoing sections, palaeoclimatic and palaeoenvironmental background
information was provided which may serve as a mental framework to assess
Neanderthal occupation on the European Plain in the Late Pleistocene. In this section,
the focus lies on the geographical distribution of archaeological remains in different
temporal phases and some aspects of subsistence. It is not within the scope of this
thesis to review and address specific tool production methods or nomenclatorial,
typological, or even “cultural” issues. For an overview of these complex and in some
cases ambiguous questions, see e.g., Rolland & Dibble (1990), Soressi (2005), Joris
(2006), and Richter (2016).

The geographic map of the Middle Palaeolithic ecumene in the Eemian and Early
Weichselian is rather vague and low in content, and it suffers from (1) a research bias

and (2) a geological or preservation bias (cf. Nielsen et al., 2017).

(1) Conceivably, just a very low percentage of human occupations through time has
been discovered yet (cf. Roebroeks, 2014; Speleers, 2000). Sites seem to cluster in
regions, where artificial exposures of the aggregate industry enabled regular surveys
(Kels and Schirmer, 2011; Richter, 2016; Valde-Nowak and tanczont, 2021) or where
rescue excavations related to large-scale construction and infrastructure projects have
been conducted, e.g. in northern France (Locht et al., 2016, 2014). Apart from that,
systematic search for new sites has been rather patchy, and only recently,
commendable endeavors to locate unknown occupations have started in the form of
geodata-based predictive modeling (Nielsen et al., 2019, for SW-Scandinavia).

Furthermore, the sites that exist mostly lack a precise dating (e.g. Wisniewski et al.,
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2019), so that their chronological allocation often remains disputable (Joris, 2004; cf.

Richter, 2016).

(2) Following the disintegration of the Saalian ice sheet, natural processes have been
persistently working towards a leveling of the undulating late glacial landscape,
employing erosion and deposition (e.g. Franzle, 1988; Zagwijn and Paepe, 1968). These
processes are bound to have jeopardized the archaeological record, especially in (but
not restricted to) sloping positions. Since the geomorphological dynamics of the period
in question are also largely unspecified (see 1.3.2), the extent of the occupational
records being endangered or eradicated cannot even be estimated. To give an example,
numerous sedimentary archives across the European Plain bear witness to an
extensive and severe erosion event at the late Eemian/Early Weichselian transition
(see 1.3.2). In loess-palaeosol sequences, the uppermost ~50 cm, i.e. the E-horizons of
the Eemian luvisol soils are always missing (e.g. Antoine et al., 2016 see also above),
so likewise is the entire Eemian occupation surface (cf. Uthmeier et al., 2011). As
already mentioned, in river valleys, more often than not, fluvial downcutting at the
Eemian-Weichselian transition has caused the predominant eviction of the previous
Eemian sediment suites (Ehlers, 1990; Gibbard and Lewin, 2002; Vandenberghe, 2015;
Winsemann et al., 2015). During the following stadials Herning and Rederstall (~MIS
5d and 5b), increased slope erosion has to be assumed on account of lighter vegetation
cover (Lade and Hagedorn, 1982). Posterior cryoturbation mainly in MIS 4 and 2
would have had additional disturbing effects on the stratigraphic integrities in shallow
sediment suites (e.g. Bertran et al., 2014). This leaves us with topographic depressions
as reliable repositories for human occupation in that period (esp. palaeolake basins,
see 1.3.2). These special geomorphological situations inhibit erosion and can preserve
Eemian and Early Weichselian deposits, and - by extension - also the archaeological
remains. So if a large share of the MIS 5 sites on the European Plain is associated with
palaeolakes of various dimensions (see below), it is difficult to decide, whether this is
due to the selective preservation of these (closed-depression) landforms or rather the

attraction of the former watering places.
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Eemian (~MIS 5e)

For the Eemian Interglacial, sites are overall very sparse on the European Plain, except
for a cluster in Germany, which displays a considerable record compared to the
neighboring regions (see Wenzel, 2007 for a compiled map). Among those sites are
Lehringen (Thieme and Veil, 1985), Neumark-Nord 2/2 (Kindler et al., 2020), Grobern
(Mania et al., 1990), Grabschiitz, and Rabutz (Weber, 1990) all discovered in open-cast
mines for lignite or aggregates and preserved in palaeolake basins associated with the
Saalian Glaciation (cf. Chapter 3). A rather unknown site in Woltersdorf (ca. 3 km from
Lichtenberg) falls in the same category as the artifacts are contained in a mid/late
Eemian peat of a small palaeolake (Breest, 1992). Furthermore, some sites are
preserved in travertines, e.g. Steinmiihle/Veltheim, Burgtonna, Weimar Parktravertin
(Wenzel, 2007), and Taubach (Bratlund, 1999), or more rarely in fluvial sediments, e.g.
Wallertheim (Adler et al., 2003). In adjacent Northern France, although many decades
of intensive research in the loess area were carried out, only a handful of sites has been
discovered from that time period (Locht et al., 2014). And in the loess belt of Southern
Poland, just the two sites of Orzechowce and Krakéw-Zwierzyniec are tentatively
assigned to the Eemian for stratigraphical reasons (Valde-Nowak and fanczont, 2021).
In SW Scandinavia (Jutland) and on the British Isles, confirmed occupations lack
altogether (Lewis et al., 2011; Nielsen et al., 2017), in spite of climatically favorable
conditions (see 1.3.2). Similarly, from the vast Russian Plain, no Eemian sites have been

reported so far (Velichko, 1988).

The low number of sites resulted in the assumption of particularly low population
densities in the Eemian (e.g. Roebroeks et al., 1992). This decline is attributed to rather
challenging environmental conditions in the densely-forested landscapes with a
presumed lower carrying capacity (esp. abundance) for ungulate biomass compared
to open landscapes (Hublin and Roebroeks, 2009). Coupled with the higher energetic
costs of Neanderthals for sustenance and mobility (Roebroeks and Soressi, 2016) this
could have led to dietary stress compromising human reproduction, and even to
Neanderthals resorting to cannibalism in the interglacial (Defleur and Desclaux, 2019
present evidence from the Moula Guercy cave in S-France). However, it is highly

probable that the number of currently known sites is far from representing a realistic
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record for the actual Neanderthal occupation (cf. Locht et al., 2014), so that the causal

reasoning of Defleur and Desclaux (2019) might be premature.

Alternatively, the geographic asymmetry and also the general scarcity of Eemian sites
are possibly best explained by different research histories/intensities and geological
or topographical factors (e.g. Speleers, 2000). Examples for the latter would be marine
channels barring the dispersal to Britain and Scandinavia, or the large-scale erosion
after the Eemian, or the scarcity of accommodating landforms outside of the Saalian

Glaciation area (cf. Nielsen et al., 2019).

Eemian sites are commonly described as short-term but occasionally recurring
occupations relating to lithic production, hunting, and butchering, indicating a highly
mobile land use strategy (Wenzel, 2007). However, for Neumark-Nord 2/2 it could be
shown that this high mobility is rather local compared to mobility in open landscapes,
inferred from the more locally roaming prey. This led to frequent and repeated site
occupations and intensive site use (Kindler et al., 2020). Humans exploited ungulates
like aurochs (Bos primigenius) and cervids (Cervus elaphus and Dama dama) as well as
big game, such as rhino (Dicerorhinus kirchbergensis) and elephant (Palaeoloxodon
antiquus) (Kindler et al., 2020). Lithic assemblages are dominated by small-sized,
discoid and levallois artifacts, produced on simple blanks, whereas bifacial technology
is rare (Pop, 2014; Richter, 2016; Wenzel, 2007). Therefore, an opportunistic, rather
unselective raw material procurement and exploitation from local sources were
proposed, presumably constrained by the limited accessibility of flint on the densely-
vegetated and stable surfaces (Locht et al., 2014; cf. Pop and Bakels, 2015; Richter,
2016).

Early Weichselian (~MIS 5d - 5a)

Just like for the Eemian, there is merely a very small number of open-air sites from the
Early Weichselian on the European Plain (Figure 1). In Germany, only four sites seem
to be uncontested: (1) Tonchesberg 2B, thought to correspond to MIS 5d or 5c (Conard,
1992; Roebroeks et al., 1992), (2) Wallertheim D, E, F, correlated with MIS 5c¢ (Conard
and Adler, 1997), (3) Rheindahlen-Westwand B1, stratigraphically related to the Early
Weichselian (Bosinski, 2008; Schmitz and Thissen, 1998), and (4) Neumark Nord 2/0
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(Laurat and Briihl, 2021; Richter and Krbetschek, 2014), dated to MIS 5c or 5a based on
luminescence dating. Apart from that, Middle Palaeolithic artifacts at the site of
Schalkholz on the Jutland peninsula are contained within a peat deposit from the
Brorup Interstadial (~MIS 5¢) (Arnold, 1978; Nielsen et al., 2017). In Southern Poland,
the two sites of Pikulice (dated to MIS 5c) and Nehrybka (associated with Early
Weichselian soil formation) fall in this time period (Valde-Nowak and Lanczont, 2021).
On the Russian Plain, a couple of sites have the potential to be of Early Weichselian
antiquity for their stratigraphic situation, such as Sukhaya Mechteka, Khotylevo I,
Vykhvatinskiy naves, and Moldova I and V (Velichko, 1988) (Figure 1), but reliable

numerical dates have not yet been obtained.

This shortage of sites is in stark contrast to the neighboring region of northern France
where numerous occupations (n > 40) from the Early Weichselian have been
discovered in recent decades in the course of targeted infrastructure activities (Locht
etal., 2016). This contrast suggests, that just like for the Eemian, a pronounced research
bias exists that strongly distorts the occupation geography (cf. Nielsen et al., 2017).
Another important point is the vagueness of chronologies for the majority of Middle
Palaeolithic sites: In contrast to the MIS 5 record, there is an unevenly larger share of
Middle Palaeolithic occupations on the European Plain that is placed into MIS 3, but
mainly due to typological considerations and not based on numerical dating. This is
particularly true for assemblages of the Keilmessergruppen (Mania et al., 1990; Veil et
al., 1994), also called MMO-assemblages (Mousterian with Micoquian Option)
(Richter, 2016, 1997). However, at least for a couple of these sites, there are good (bio-
)stratigraphic arguments to assign them to MIS 5a, instead of MIS 3 (e.g. Joris, 2004;
contra Richter, 2016). This applies, for instance, for the sites of Konigsaue (Mania,
2002), Lichtenberg (Veil et al., 1994) and Salzgitter Lebenstedt (Hublin, 1984; Pastoors,
2001; Tode, 1982). The present author fully endorses this alternative notion after
reviewing the published environmental information (Mania and Toepfer, 1973;
Pfaffenberg, 1991; Veil et al., 1994). Therefore, these three sites appear in Figure 1
tagged as “Early Weichselian”, acknowledging that the occupations of Salzgitter
Lebenstedt and Lichtenberg might even have happened at the MIS 5a/4 transition (cf.
Joris, 2004). For the period of this MIS 5a/4 boundary, elsewhere also the site of
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Wroclaw Hallera Av., Complex B, Poland (Wisniewski et al., 2013) and more than 10

sites in Northern France have been documented (Locht et al., 2016).

The artifacts of Early Weichselian sites are usually contained within shallow colluvial
or solifluction sediments (Locht et al., 2016; Valde-Nowak and tanczont, 2021),
limnic/peaty deposits at palaeolake shores (Caspers and Freund, 2001; Laurat and
Briihl, 2021), or fluvial deposits (Wisniewski et al., 2013). In the Central European
assemblages, a certain typological continuity from the Eemian is displayed (Laurat and
Briihl, 2006; Locht et al.,, 2016; Richter, 2016), with “microlithic” tools made on
Levallois or - less frequently - discoidal blanks. In some assemblages occur small
blades with backed or retouched points (Hublin and Roebroeks, 2009). Especially sites
west of the Rhine, like Tonchesberg 2B, Wallertheim D, and Rheindahlen Bl have a
large blade component. Contemporaneous Early Weichselian blade assemblages are
also known from sites in northwestern France and Belgium (Bosinski, 2008; Conard,
2012; Locht et al., 2016). As a tendency, more diversified reduction strategies with co-
existing systems can be observed. Compared to the Eemian, this relative diversification
implies a slightly improved, but still difficult raw material procurement, with less
dense forests allowing some minor sediment redeposition and better access to lithic
resources (Locht et al., 2014). If the mentioned Keilmessergruppen sites are considered
to be (late) MIS 5a, then at the end of the Early Weichselian, a clear shift in the
assemblages has to be noted towards larger, bifacial, and less variable tools made from
large-sized, high-quality raw material (Keilmesser, handaxes, leaf-shaped scrapers)
(Weiss, 2019; Weiss et al., 2018). Interestingly, this typological shift would have
happened in parallel with the gradual disappearance of the woodland fauna and the

emergence of the steppe species (cf. Locht et al., 2014; Richter, 2016).

Pleniglacial (~MIS 4 and early MIS 3)

During the first glacial maximum of the Weichselian (~MIS 4), Neanderthals seem to
have avoided the European Plain, i.e., the “northern” realms of Europe, where
periglacial conditions prevailed (Richter, 2016, Wisniewski et al., 2013). Hublin and
Roebroeks (2009) make a convincing point, that this apparent desertion might have

been caused by regional extinction, rather than migrations to the south. Either way,

24



after this void, a recolonization can be observed, starting from the more southern parts
of the European Plain and neighboring areas in late MIS 4 (Locht et al., 2014;
Wisniewski et al., 2019). Albeit, there are two notable exceptions to this pattern: (1) The
Garzweiler open-cast mine in western Germany yielded numerous artifacts and as
many as eight sites in the MIS 4 loess, thought to relate to gelic Gleysols (Kels and
Schirmer, 2011; Uthmeier et al., 2011). (2) The site of Havrincourt in N-France features
an occupation associated with an arctic brown soil that can credibly be correlated with
GI-18 (ca. 64 ka) in mid-MIS 4 (Antoine et al., 2014; Guérin et al., 2017; Locht et al.,
2016). This evidence sheds new light on the MIS 4 “settlement” geography. At least in
the western part of the European Plain and the adjoining northern France region, the
more oceanic conditions seem to have allowed for ephemeral occupations. Hence,
these landscapes were possibly “far away from being [...] hostile cold desert(s)”
(Uthmeier et al., 2011). Further claims for MIS 4 occupations in northern France and
thus a relative settlement continuity cannot be chronostratigraphically substantiated

yet in the present author’s opinion (Banks et al., 2021; Locht et al., 2016).

The assemblages of early MIS 3 all across the European Plain constitute the richest
Middle Palaeolithic ecumene and are mostly assigned to the Keilmessergruppen/ MMO
(Richter, 2016). Only recently, increased efforts have been made to gradually establish
chronologies for these open-air records (Weiss, 2019, 2015; Winsemann et al., 2015;
Wisniewski et al., 2019). Yet, with many sites remaining undated and a large share of
surface finds with ambiguous stratigraphic context, an uncertain portion of these
occupations could likely have occurred in MIS 5a, as well (see Joris, 2004; cf. Richter,

2016, for discussions on the “long” vs. “short” chronology of the Keilmessergruppen).
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1.4 METHODS

In the following section, the main methods of palaeoecological and chronological
analysis used for this work are described with respect to the gain of knowledge they
can provide. More detailed technical aspects and also archaeological methods in a
stricter sense can be found in the respective paragraphs of Chapters 2 to 4 and the

related supplementary information.

Apart from the methods outlined below, the present author also actively took part in
sampling and discussion of the results for micromorphology and phytolith analysis
(Chapter 4). Sampling and interpretation of values for soil organic carbon and total
nitrogen has been done by the author, and he was an integral part in the seismic
measurements and their interpretation (Chapter 3). Furthermore, he jointly planned,
organized and conducted the excavations in Lichtenberg with Dr. Marcel Weiss, i.a.

operating the mechanical excavator (Chapter 4).

The only aspects, the present author did not directly contribute to, are the preliminary
statistical analysis of the Lichtenberg lithic artefacts and the traceology on this material

(Supplementary Information 1 for Chapter 4).

1.4.1 Prospection and Fieldwork

Particular emphasis was put on the geomorphological and stratigraphic settings of the
two sites investigated. Prior to fieldwork, a simple GIS-based terrain analysis has been
conducted, in order to preliminarily assess the temporal relationship of different
depositional processes and to better locate positions for future fieldwork (cf. Cook et
al., n.d.; Garrison, 2016). This analysis encompassed topographical, geological and
historical maps, as well as aerial photographs and digital elevation models (DEMs) in
horizontal resolutions between 25 and 1 m (cf. Otto et al., 2018) (see supplementary
information for Chapter 3). For Khotylevo, this was only possible to a limited extent,
unfortunately, as high-resolution data were more difficult to access. Building on this,
artificial exposures of the study region were examined, and for Lichtenberg, an
extensive coring campaign was planned and carried out. The latter started with
dispersed probing in the wider area to gain a profound overview of the depositional

variety and it led to the targeted coring transect across the excavation site as reported
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in Chapters 3 and 4. Mechanical coring using a motor hammer and open gouges is a
versatile and well-established prospection method, both in geomorphology and
archaeology and it allows for quick and cost-effective stratigraphic assessment and
correlation. Therefore, coring can serve to localize unknown occupations or give
environmental context for find layers (Canti and Meddens, 1998; Frew, 2014). With
that kind of stratigraphic knowledge, more costly coring activity with truck-mounted
systems could be arranged in good conscience. The results of which have already been
partly incorporated into this thesis (Chapter 3). Again, because of logistic reasons, in
this case, retrieving cores was not feasible for Khotylevo - nor was it strictly necessary.
Huge natural exposures and large-scale Paleolithic excavations on the raised bank of
River Desna provided a satisfactory insight into the regional sediment suites even
beyond the investigated site (Gavrilov et al., 2015; Otcherednoi et al., 2014). All
available stratigraphies on- and off-site were described in the field according to
German soil mapping standards (AG Boden, 2005), comprising texture, color, bedding,
admixtures, as well as carbonate and organic matter contents. Special care was taken
to identify disconformities, as well as pedogenic and cryogenic features
(Vandenberghe, 2013a). Descriptions of lacustrine and organic sediments followed
Meier Uhlherr et al. (2015). That way, the qualitative understanding of sedimentary
processes and even a notion of their spatial distribution preceded any quantitative
analysis. In fact, the present author considers this kind of comprehension a
prerequisite for establishing the sampling design for any further palaeoenvironmental

method.

1.4.2 Luminescence dating

Constraining the ages of deposits and identifying the sequence of events driving
archaeological site formation and landscape development is essential for the study of
palaeoenvironments and Palaeolithic occupations alike. Numerical dates are utilized
to establish and to test theoretical models and concepts (cf. Garrison, 2016; Richter and
Wagner, 2015). With the Middle Palaeolithic period being mostly outside of the
radiocarbon range (< ca. 50 ka) (Wood, 2015), luminescence techniques are frequently
chosen for chronological control. Luminescence dating can estimate the time that has

elapsed since a burning event or the burial of sediment (Aitken, 1998). While the
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application of luminescence on heated artifacts is constantly evolving and returns
remarkable results (e.g. Richter et al., 2017), the scope for this thesis only comprises
sedimentation events. The basic principle relies on the phenomenon that certain
minerals (called “dosimeters”, esp. quartz and feldspar), due to defects in their crystal
lattice, can store energy produced by omnipresent ionizing background radiation

within the sediment and from cosmic rays (Aitken, 1998).

Upon stimulation of the mineral by light or heat, the accumulated energy therein is
released as luminescence, i.e. visible light. In nature, this procedure of resetting the
dosimeters (called “bleaching”) is activated by exposure to sunlight during sediment
transport, whereby different transportation processes have disparate bleaching
potentials (Murray et al., 2012; Wallinga, 2002). After deposition and burial of the
mineral grains, energy accumulation starts again, only discontinued by the sampling
and measuring activity. In the laboratory, resetting is achieved by stimulating the
grains with artificial light at specific wavelengths under above-ambient temperature
conditions. The resulting natural luminescence signal is detected and documented. In a
following sequence of applying known radiation doses and measuring the respective
luminescence intensities, the distinct radiation dose value is estimated, required to
evoke a luminescence intensity, which is equivalent to the measured natural one
(Murray and Wintle, 2003). Hence, this value is called equivalent dose, with the SI unit
Gy. To calculate the burial age, the equivalent dose is divided by the energy deposited

in the mineral per year owing to background radiation, expressed as the dose rate
(Gy/a):

Equivalent dose (Gy)

Age (a) = Dose rate (Gy a™1)

The amount of energy that can possibly be stored in the minerals is obviously not
indefinite which sets the upper limit to the ages that can be obtained. The actual point
of saturation is specific to the type of dosimeter. Quartz is reported to have average
saturation values of ca. 150 Gy (Wallinga and Cunningham, 2014; Wintle, 1997), which
depending on the dose rates usually correspond to ages of <150,000 years. Feldspar
saturates at higher doses of up to 1,000 Gy and is therefore particularly attractive for

older deposits of up to 600 ka (Buylaert et al., 2012). Additional benefits and drawbacks
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of using quartz or feldspar are e.g. summarized in Preusser et al. (2008). Luminescence
dating has been successfully applied to Neanderthal sites and a wide range of settings
and palaeoenvironments, which are time-equivalent to the Middle Palaeolithic
(Bateman and Van Huissteden, 1999; Fuchs et al., 2013; Guérin et al., 2015; Lauer et al.,
2020; Mercier et al., 2003; Strahl et al., 2010; Thrasher et al., 2009; Wisniewski et al.,
2019).

For the research within this thesis, the luminescence signal of quartz could not be
exploited. Pre-tests had shown that the quartz at both study sites either saturates too
early to give a reliable account of the depositional ages (Khotylevo), or has
unpredictable luminescence characteristics (Lichtenberg). Instead, dating was based
on potassium feldspar, using state-of-the-art protocols and methods (Buylaert et al.,
2012; Thiel et al., 2011). The present author conducted sampling, equivalent dose
estimation, as well as calculation and interpretation of the ages at the Max Planck
Institute for Evolutionary Anthropology. The dose rates were determined for all
samples by D. Degering at the VIKA laboratory in Dresden. In cases of very thin
sediment layers, additional in-situ measurements took place, using a portable high-

resolution germanium gamma spectrometer (Arnold et al., 2012).

1.4.3 Grain size analysis

Sediments are traditionally regarded as the most integral and thus most informative
element of landscapes. Their deposition and alteration processes are linked to climate,
biological factors, as well as geological, hydrological, and geomorphological dynamics
(Blott and Pye, 2001; Folk and Ward, 1957). During their entrainment, transport and
aggradation, sediments are affected by the energy and the endurance of their
transporting media - such as wind, water or glaciers - resulting in characteristic grain-
size distributions. These distributions, in turn, can be used to infer transport processes
(e.g. fluvial, aeolian, limnic, glacial) and distances, but also source areas and post-
depositional modifications by pedogenic, cryogenic or biogenic factors (Cordier et al.,
2012; Farrell et al.,, 2012; Flemming, 2007; King et al., 1998; Meszner et al., 2014;
Vandenberghe, 2013b). Classically, three major grain size classes or fractions - sand,

silt and clay - were distinguished, divided into ‘coarse’, ‘medium’ and ‘fine’
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subfractions, respectively. They were formed through mechanical sieving and
sedimentation from a suspension (Beuselinck et al., 1998). With the more recent advent
of laser diffractometry, high-resolution (>100 fractions) measurements on large sample
sets became possible. This enabled the enhanced identification of multiple,
overlapping transportation processes and complex scenarios of redeposition (Dietze
and Dietze, 2019; Vandenberghe et al., 2018), reinforcing and renewing the worth of
the method. Thus, in their function as key properties of soils, deposits and entire
environments, grain size distributions are among the standard analyzed parameters
in various disciplines, studying the subsurface of the Earth (e.g. quaternary geology,
geomorphology, sedimentology, pedology, and palaeoenvironmental research). But
also in archaeology, grain size analysis is increasingly acknowledged as a valuable tool
and applied in various contexts (Antoine et al., 2016; Garrison, 2016; Goldberg and
Macphail, 2006). Lastly, pore water content and the depositional process are
indispensable information for luminescence dating. Since these sediment properties
can be derived from grain size distributions, their analysis also supports the correct

interpretation of luminescence ages (Nelson and Rittenour, 2015).

The present author conducted sampling and is responsible for processing,
interpretation and discussion of the results. Measurements were done by S.

Riemenschneider at the Leibniz Institute for Applied Geophysics in Hannover.

1.4.4 Palynological analysis

The analysis of pollen and spores (palynomorphs) is one of the most widely-applied
methods in quaternary science and palaeoecology (e.g. Beug, 2004). This is due to their
abundance, explanatory power, and preservation (Behre, 1989; Faegri et al., 1989;
Moore et al.,, 1991): Palynomorphs are the most frequent botanical remains in
quaternary deposits. Grains differ in shape, size, surface features, and concerning the
position and number of apertures (=germination openings, only in pollen grains). The
different combinations of these main characteristics result in a large number of pollen
and spore types. Up to which taxonomic rank the palynomorphs can be determined,
varies substantially. For some types, only the identification of the family is possible

(e.g. Chenopodiaceae, Poaceae), whereas the great majority of types allow the
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determination of the genus (e.g. Pinus, Corylus). Only in exceptional cases,
differentiation of single species is feasible (e.g. Sanguisorba officinalis, Myriophyllum
alterniflorum). In spite of their minuscule sizes (ca. 2-100 um), pollen and spore grains
preserve exceptionally well over millions of years (e.g. Labandeira et al., 2007). This is
because their cell walls contain sporopollenin, one of the most chemically inert
biological substances on Earth (Brooks and Shaw, 1978). Preservation is particularly
good under anoxic conditions (peat, lake deposits), while palynomorphs tend to
decompose much quicker in better-aerated sediments and soils, except for very acidic
members (Dimbleby, 1961; Havinga, 1968). Pollen and spores are used to draw
conclusions about former vegetation conditions and -developments. Typical time
sequences can be correlated between different archives to create supra-regional pollen
zones (e.g. Zagwijn, 1989), making palynology a powerful biostratigraphic tool
especially in periods of sparse numerical age information (Velichko et al., 2005). For
that reason, the whole stratigraphic framework of the last interglacial and early glacial
on the European Plain largely relies on pollen zones (Caspers and Freund, 2001;
Helmens, 2013), whereby type localities of pollen archives lend their names to specific
intervals. For example, the Eemian, the Brorup and the Odderade are named after
locations in the Netherlands, Denmark and N-Germany, respectively (Menke, 1976;
Sier et al., 2015). Apart from its undisputed biostratigraphic value for the subdivision
of the Quaternary, palynology is also a quantitative tool for palaeoclimatic
reconstructions (Kihl et al.,, 2007; Pidek et al., 2021; Salonen et al., 2013). Several
existing techniques to deduce former temperature and precipitation on a site level,
based on known climate sensitivities of plant species and associations are summarized
in Chevalier et al. (2020). Furthermore, their worldwide prevalence makes pollen and
spores important proxies for understanding global climate dynamics (Masson-

Delmotte et al., 2013).

Both sites presented in this thesis have been sampled for palynological analysis.
However, due to poor preservation, the samples from Khotylevo could not be reliably
interpreted, whereas the palynological results for Lichtenberg can be found in
Chapters 3 and 4 and their respective supplementary information. The samples were

prepared and analysed by B. Urban at the Institute of Ecology at the Leuphana
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University Liineburg. The present author conducted sampling and shared the

interpretation and discussion of the results with B. Urban.
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1.5 RESEARCH OBJECTIVES
Problem statement

Using this set of methods, the overall aim of this thesis is to contribute to a better
understanding of Neanderthal behavior. To facilitate that understanding, numerous
case studies investigating diachronic occupational environments, manifested in
palaeo-landscapes, are required. The foregoing sections, however, illustrate (i) various
biases impeding this objective and (ii) a general scarcity of sites, at which the
availability of reliable chronological and palaeoenvironmental data coincides. This
results i.a. in (iii) many undated or unsatisfyingly dated Neanderthal open-air sites,
especially in sequences or areas where stratigraphic marker horizons, such as
palaeosols or tephras, are ambiguous or missing. On a methodological level, this is

vastly caused by the facts, that:

1. Most open-air Neanderthal occupations may have occurred at a time-period outside

of the radiocarbon dating range.

2. At many sites, state of the art luminescence dating techniques have not yet been

applied.

3. Depositional environments at open-air sites may be challenging for luminescence
dating, because of poor bleaching, redeposition and deformation of sediments,
especially in non-aeolian settings. Thus, these sediments can hardly be unraveled on a
site-level alone. However, the surrounding landscapes are often not incorporated into
the research protocol, by default. This situation can affect the quality of luminescence

dating and the understanding of site-formation, alike.
Approach of the research

Therefore, this thesis is aiming at the improvement of the standard research design,
applied at Middle Palaeolithic open-air sites (see Figure 3), using Khotylevo I and
Lichtenberg as case studies, and eventually increasing the chronostratigraphic

robustness. This is trying to be achieved by:

e Extending the investigations of the sites to a landscape-level utilizing Digital

Elevation Models, geophysics and all available outcrops within the closer area
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and/or auxiliary sediment cores to better understand the sediment dynamics
and fluxes than can be done on a site-level. This may also help to competently
determine the locality of an excavation. Detailed off- and on-site macroscopic
sediment descriptions, supported by on-site micromorphological and grain size
analyses can further promote the comprehension of depositional environments
and site-formations, but may also provide evidence as to the choice of site
locations.

Taking the obtained knowledge on depositional environments and sediment
characteristics into account for luminescence dating. This encompasses: (i) a
more educated identification of optimal sampling locations, (ii) taking a
comparably high number of samples, (iii) using very small aliquot sizes of 0.5
mm with 10 to 100 individual grains per aliquot retrieved from the dominant
grain size fraction, so as to better resolve the equivalent dose distribution within
each sample (for more details and potential drawbacks, see Chapter 5.2.1), and
(iv) choosing the equivalent dose with the highest likelihood to refer to the
depositional process (also Chapter 5.2.1).

Using landscape-level stratigraphic findings to better assess the position of the
closest related off-site archive for palaeoecological information (esp. pollen), if
on-site preservation does not allow for a direct determination. Moreover,
stratigraphic relationships in the surroundings of a site may help to assign
definite biostratigraphic units. For instance, the pollen zones of the late Eemian,
as well as the Brorup and Odderade Interstadial have similar pollen spectra, so
that disjoint samples can be difficult to classify. However, in many cases, certain
options can reliably be ruled out due to the stratigraphic position of the samples
(more details in Chapter 5.2.1). Furthermore, lithostratigraphic information on
a landscape level can hold evidence for sediment reworking, which is relevant
for palynological interpretation, but this evidence can also be provided in the
opposite direction.

Amalgamating the biostratigraphic and palaeoenvironmental data with the
obtained sedimentary and chronological information, and putting the resulting
framework in a wider (supra)regional chrono-/climatostratigraphic context to

test for possible coincidences or discrepancies.
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In turn, the obtained findings of these more detailed analyses can then be used to
enhance the comprehension of the landscape-scale processes (Figure 3). The present
author believes that this top-down, integrative and eventually iterative, landscape-
oriented approach can result in improved chronostratigraphies, where the precision
and robustness of the luminescence ages may be less affected by the error ranges of

the dating method.

Chronostratigraphic robustness is considered here as the concurrence and mutual
support of chronological and palaeoenvironmental data, creating an added value for
both individual contributors and the overall framework. What degree of robustness
and precision can be achieved, depends on respective site conditions and applicable
methods. In any case, this framework is intended to offer a solid foundation for future

investigations and findings at those sites.

Benefit for archaeological research

The field of Middle Palaeolithic archaeology can profit from establishing a firm
chrono-, bio- and lithostratigraphic structure at and around occupational sites in
multiple ways. Knowledge on the timing of occupations allows for synchronizing
archaeological remains with climatic and environmental data - the latter is partly also
provided by the research approach delineated above - in order to investigate possible
technological and/or behavioral adaptations to changing conditions. Additionally, if
robust chronostratigraphies become increasingly available in the spatial dimension,
this will facilitate comparisons and correlations of occupations over longer distances.
And it also enables theoretical models on migration and population geographies to be
(re)formulated and tested. As a concrete application example, which is also an
important subject of the thesis, the Keilmessergruppen shall serve here. Evidence for
their occurrence is spread all across Central and Eastern Europe. Yet their temporal
emergence and duration remain as unclear as the catalyst for their technology (cf. Joris,
2006; Richter, 2016). Conceivably, this can best be resolved with a concerted synopsis
of sedimentological, palaeoenvironmental and chronological methods, applied at and

around the individual sites.
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Figure 3: Stepwise and iterative, landscape-oriented research approach to increase chronostratigraphic robustness
at Middle Palaeolitic open-air sites. Consecutive numbering of the working steps in the graph does not directly
relate to the bullet points given in the text above.
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Research questions

In the subsequent Chapters 2 to 4, the outlined approach and methods will be applied
to the two Middle Palaeolithic open-air sites Khotylevo I in western Russia and
Lichtenberg in northern Germany. The investigations were broadly oriented towards

the following research questions (RQ):

RQ 1: Is the inclusion of investigations within the surroundings of the sites a helpful
tool to strengthen the chronostratigraphies and obtained palaeoenvironmental data
of the occupational layers, and to improve the understanding of site formation

processes?

RQ 2: Can the previous numerical dates at both sites and their correlation with MIS
3 be confirmed? Or will the results show that the occupations rather occurred at an

earlier period (e.g., MIS 5), as already suggested by some authors?

RQ 3: Is the short or the long chronology for the Keilmessergruppen (sensu Joris, 2004)

to be favored, based on the findings of the investigations?

RQ 4: Can a systematic landscape-oriented and chronostratigraphic approach, even
for a few consecutive years, support the discovery of new Middle Palaeolithic

occupations?
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