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When dealing with the northern boundary of Neanderthals (Homo neanderthalensis) and the question of
whether or not they dispersed into Southern Scandinavia, two contradictory hypotheses can be identi-
fied. The first, and also the most widely endorsed, hereafter, hypothesis A, argues primarily that Nean-
derthals did not occupy regions above 55�N because of 1) climatic constraints and 2) dispersal barriers.
The second, hypothesis B, argues that they possibly occasionally dispersed above 55�N, but that factors
such as 1) research- and/or 2) taphonomic bias are responsible for their archaeological invisibility. Here,
we report an evaluation of these competing hypotheses. To this end, we reconstruct the environment for
the time period and region of interest (the Last Interglacial Complex and Northern Germany and
Southern Scandinavia), based on three lines of evidence: palaeoenvironmental reconstruction combined
with a novel habitat modelling approach, a review of relevant archaeological localities, and a discussion
of the possible impacts of both research biases and the taphonomic effects on the archaeological data.
We focus particularly on the climatic and geological explanatory factors relevant to the two hypotheses.
Our results are inconsistent with the claim that climatic constraint and/or a lack of suitable habitats can
fully explain the absence of Neanderthals in Southern Scandinavia during the Eemian Interglacial and
Early Weichselian Glaciation. We do, however, find evidence that a geographic barrier may have impeded
northerly migrations during the Eemian. The evidence reviewed here suggests that both research bias
and taphonomy e consistent with hypothesis B e could account for the archaeological invisibility of
Neanderthals in Southern Scandinavia, highlighting the need for further strategic survey and/or exca-
vation efforts in the region.

© 2015 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction and definition of the spatiotemporal frame

Defining and understanding the northern boundary of the
Neanderthal range has the potential to provide key information
about their adaptive capabilities and environmental constraints. As
such, defining this boundary has attracted the attention of several
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studies (Roebroeks et al., 1992; Holm and Larsson, 1995; Roebroeks
and van Kolfschoten, 1998; Larsson, 2000; Hoffecker, 2005). Based
on the distribution of Neanderthal sites, the general consensus is
that 55�N constitutes their tentative northern boundary, even
during times of climatic amelioration. Recent claims of a Mouste-
rian assemblage found as far north as 65�N at Byzovaya in the Ural
Mountains (Russia) potentially challenge this assumption (Slimak
et al., 2011), but critics argue that the typology of the assemblage
does not unequivocally support a Neanderthal affiliation (Zwyns
et al., 2012). The North European Plain usually denotes the most
northerly region of the Neanderthal's core occupation area, as the
Plain is naturally bordered by the North and Baltic Seas. Just north
of this however, lies the Jutland Peninsula/Southern Scandinavia,
derthal dispersal above 55�N in Europe during the Last Interglacial
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with direct terrestrial access through SchleswigeHolstein in
Northern Germany (Fig. 1a). The North European Plain can there-
fore be considered the most likely geographical source, but
although Neanderthals regularly exploited this area during the Last
Interglacial Complex (Roebroeks and Speleers, 2002), secure evi-
dence for one or several substantive and demographically viable
dispersals into Southern Scandinavia is still lacking. Claims for
Middle Palaeolithic finds from Denmark have been made (Møhl-
Hansen, 1955; Holm and Larsson, 1995; Johansen and Stapert,
1995; Holm, 2000, 2001) but are all highly contested (see map of
sites in Fig. 1b). The focus of this paper is to discuss the two existing
and contradictory explanatory models inherent within the debate
of a possible hominin presence in Southern Scandinavia and to
assess the degree to which they are empirically supported.

The temporal focus of this paper is the Last Interglacial Complex,
comprising the warm Eemian Interglacial and the Brørup and
Odderade Interstadials of the Early Weichselian Glaciation at the
transition from the late Middle-to early Late Pleistocene (Ziegler
et al., 2010). This choice of chronological frame is driven by the
empirical corpus available for this period (archaeological and
ecological), as well as the underlying notion that climatic amelio-
ration (with the accompanied glacial contraction) would have
enabled high latitude expansions of hominins. By the time of the
Middle Weichselian (~MIS4) Southern Scandinavia is likely to have
been too cold for human occupation (to what degree opportunities
for occupation arose in the MIS3 warming are outside the scope of
this paper). Although the term Eemian is occasionally paired syn-
chronously with Marine Isotope Stage (MIS) 5e, studies have
convincingly shown that the climatic amelioration defining the
onset of the interglacial across terrestrial Europe is spatio-
temporally transgressive and does not coincide fully with MIS 5e
(Sier et al., 2011, 2015b). Delayed onsets of the interglacial
(compared to the onset in the type area in the Central Netherlands)
are observed both in Southern and Northern Europe in the order of
5e10 ky, respectively (Sier et al., 2015b). This difference is impor-
tant and has implications for the numerical timing of the Last
Interglacial Complex and its position within a global chronological
frame (Ziegler et al., 2010).

Recent efforts, such as the identification of the paleomagnetic
Blake event within the pollen succession of archaeological sites,
have shown great potential in providing high resolution chrono-
logical control at Interglacial sites like Neumark-Nord 2 and Caours
(Sier et al., 2011, 2015a), and provide clear evidence that the onset
of the Interglacial warming is spatially variable. According to Sier
et al. (2015b), the onset of the Eemian in NW Europe takes place
c. 10,000 years after the beginning of MIS 5e and continues into MIS
5d, pointing to an overall correspondence between the onset of the
Eemianwarming and the Blake event from around 121 ka BP in NW
Europe. Defining the timing and duration of the Eemian Interglacial
in Europe is, however, not completely straightforward and is still
the subject of some debate. Most researchers agree that the onset of
the Eemian can be observed locally with the spread of birch in
pollen zone (PZ) 1 and that the climatic optimum occurs in PZ IVb
and PZ V with the spread of hazel, yew, lime and hornbeam and
that the duration of the Interglacial in Northern Europe is in the
range 8000 to 11,000 years (Müller, 1974; Kukla et al., 2002; Turner,
2002; Caspers et al., 2002; Tzedakis, 2003; Sier et al., 2015b)
compared to the longer duration of 17,700 ± 200 years for southern
Italy (Brauer et al., 2007). At the end of the interglacial warming,
the climate shifts and the transition to the Early Weichselian
Glaciation begins. Although a general decline in temperature and
precipitation (Kühl et al., 2007) can be observed for the Early
Weichselian, this period in NW Europe is also characterised by two
pronounced Interstadials which can be observed in the pollen di-
agrams obtained from the sediment cores from Gr€obern, Oerel in
Please cite this article in press as: Nielsen, T.K., et al., Investigating Nean
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Northern Germany and from the Brørup bog in Denmark
(Andersen, 1965, 1966; Averdieck, 1967; Kühl et al., 2007; Helmens,
2014). These Interstadials are here referred to as the Brørup and
Odderade Interstadial after the type sites in Denmark and Northern
Germany respectively, but have been suggested to correspond to
the St. Germain I and St. Germain II temperate Interstadials
observed in the Grande Pile core from eastern France and MIS 5c
and 5a, respectively (Behre and van der Plicht, 1992). The absolute
timing of these Interstadials is difficult to determine but their
occurrence can be constrained by a lower 14C-date from the Oerel
core, Northern Germany, indicating the end of the Odderade
Interstadial by 61 uncal BP (Behre and van der Plicht, 1992;
Helmens, 2014). Varve counts from the Rederstall diatomite,
Northern Germany, have given an estimated duration of the Brørup
Interstadial around 7600 years (minimum 5800 and maximum
10,500 years) and sediment thickness suggests that the Odderade
Interstadial can be considered to be of a similar duration (Grüger,
1991; Behre and van der Plicht, 1992; Litt et al., 2007).
1.1. Outlining the contradictory hypotheses

Currently, two contradictory hypotheses concerning dispersals
of Neanderthals beyond 55�N can be identified: Hypothesis A ar-
gues that Neanderthals did not venture above 55�N, hypothesis B
contends that they did. The former is the one most widely accepted
by archaeologists because no unambiguous finds have been
detected above this latitude. Under this hypothesis, the explana-
tions for this absence are often connected to climatic reasoning,
arguing that the north was too cold and that a lack of adaptation,
push/pull factors or geographical barriers would have prevented
such northern dispersals. Hypothesis (B), in contrast, holds that
northern dispersals were ephemeral and short-lived. Short occu-
pations combined with research bias and preservation issues have
resulted in very lowarchaeological visibility, which accounts for the
absence of unambiguous archaeological and palaeoanthropological
remains. According to supporters of this second hypothesis, evi-
dence that Neanderthals indeed ventured north of 55�N derives
from archaeological finds that represent or at least resemble
Palaeolithic artefacts from a number of northern localities,
including Vejstrup Forest and other sites of surface scatter in
Denmark, Susioloula Cave in Finland and Byzovaya in Russia (Holm
and Larsson, 1995; Holm, 2000, 2001; Schulz and Rostedt, 2008;
Schulz et al., 2010; Slimak et al., 2011).
1.2. Material and methods

Each of these hypotheses offers a set of predicted circumstances
that can be tested against the archaeological, ecological and
geological records. If, for example, Neanderthals did not venture
north of 55�N (hypothesis A) because of paleogeographical, climatic
and/or ecological constraints, we would expect this to be identifi-
able in the environmental signal, showing a marked difference
between the area north of 55�N compared to Neanderthal sites
below 55�N (synchronically and/or diachronically). In order to
address this, we evaluate the ecological and climatic record for the
time period and region in focus as well as incorporate a novel
methodological approach in the form of a model reconstructing
Neanderthal habitat suitability in Northern Europe and Southern
Scandinavia. If, however, Neanderthals continuously occupied the
immediate source area (the North European Plain), but never
expanded north into Southern Scandinavia (sink area) despite
suitable environments and accessibility, it suggests that other fac-
tors were at play that could be critical for understanding their
cultural, behavioural and biological adaptations.
derthal dispersal above 55�N in Europe during the Last Interglacial
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Fig. 1. Map showing the study area in focus (a) and the main sites mentioned in the text (b).

T.K. Nielsen et al. / Quaternary International xxx (2015) 1e16 3

Please cite this article in press as: Nielsen, T.K., et al., Investigating Neanderthal dispersal above 55�N in Europe during the Last Interglacial
Complex, Quaternary International (2015), http://dx.doi.org/10.1016/j.quaint.2015.10.039



T.K. Nielsen et al. / Quaternary International xxx (2015) 1e164
In contrast, if Neanderthals did venture north of 55�N (hy-
pothesis B), we need to explain why the archaeological signal is so
weak (or possibly non-existent) in this area. If the archaeological
absence is due to research bias in the region above 55�N, we would
expect that little archaeological and geological attention has been
given to the area historically. However, even if the area has been
systematically surveyed, taphonomic issues and geological distur-
bances may be of high explanatory power. These issues will be
addressed by means of historical studies and an evaluation of
Pleistocene geological situation in Southern Scandinavia.

Fig. 2 schematically outlines these two opposing hypotheses.
Both of these explanatory models assume that Neanderthal
mobility was characterised by a high degree of residential mobility
with low central camp investment which, compared to more
sedentary societies, would have produced a generally low archae-
ological visibility (Macdonald et al., 2009; Snodgrass and Leonard,
2009). Before discussing the specifics of hypothesis A and B, an
evaluation of the relevant environmental and archaeological evi-
dence for the time period and geographic region in focus will be
presented.

2. Paleoecology and Neanderthal site distribution in
Southern Scandinavia and adjacent area

2.1. Eemian interglacial

During the maximum Saalian Glaciation (>140 ka), Southern
Scandinavia and parts of Northern Europewere completely covered
by the Scandinavian ice sheet and therefore did not present suitable
habitats for Neanderthals (Svendsen et al., 2004). During the
Eemianwarming, the Scandinavian ice sheet retreated, leaving first
an open and barren till-dominated landscape. Deep permafrost
persisted for some time, but warming lead to annual solifluction
events as the topsoil thawed and became saturated with water.
Increased precipitation and meltwater from the ice sheet created
braided river systems on the Saalian till that washed the surface
and formed large lake-, mire- and bog areas on the newly exposed
surface (Menke and Tynni, 1984; Houmark-Nielsen, 1994; Hub-
berten et al., 2004; Helmens, 2014). During the Eemian, global sea
levels are estimated to have risen to 5.5e9 m above modern ones
(Dutton and Lambeck, 2012). These sea level rises changed the
shoreline of Northern Europe considerably and, based on marine
sediments found in terrestrial bore-samples in Schles-
wigeHolstein, it is likely that a marine transgression connected the
North and Baltic Sea during the Interglacial optimum (Larsen et al.,
2009). This transgressionwould effectively have caused the Jutland
peninsula to become temporally cut off from the continent (Konradi
et al., 2005; Knudsen and Gibbard, 2006; Larsen et al., 2009) and
may have formed a northern boundary for approaching Neander-
thals comparable to the situation in Britain (although narrower).
Pollen from the Oerel core (53.59�N, 9.04�E) suggests that, by the
climatic optimum (pollenzone IV and V), Northern Europe was
occupied by tree species such as: elm (Ulmus), oak (Quercus), hazel
(Corylus) and hornbeam (Carpinus) indicating a mixed deciduous
forest (Caspers and Freund, 2001; Caspers et al., 2002; Helmens,
2014). This forest extended into Northern Jutland as indicated by
pollen data from the Hollerup lake basin (Andersen, 1966; Zagwijn,
1996) but would have been interspersed with more open wetland
areas (Menke and Tynni, 1984; Heesch, 1988). Temperature esti-
mates from the Oerel core indicates average temperatures of the
warmest month between 16 and 19 �C (Otto-Bliesner et al., 2006;
Helmens, 2014) and the presence of holly (Ilex) in the Hollerup
lake basin indicates warm winters in Southern Scandinavia with
minimum temperatures around 0 �C during the climatic optimum
(Zagwijn, 1996). For comparison, the minimum January
Please cite this article in press as: Nielsen, T.K., et al., Investigating Nean
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temperature today for Southern Scandinavia is around �5 to�6 �C,
meaning that when the warming reached its maximum the climate
was milder than today and all of Northern Europe and most of
Scandinavia was completely ice free (see Egeland et al., 2014:54 for
further comparison of modern and Eemian climate in southern
Scandinavia). Data from Southern and Northern Europe show that
the forest succession during the Eemian is in fact rather similar over
most parts of Europe (Zagwijn, 1989). The representation of the
Eemian fauna in the fossil record is rather poor in Southern Scan-
dinavia (c. six species identified) compared to the continental part
of Northern Europe (c. 28 species identified; see discussion of this
in Egeland et al., 2014). To what degree this represents the actual
biodiversity in these regions at the time is uncertain since research
bias, industrial activity and preservation could equally be respon-
sible for this pattern.

2.1.1. Modelling Eemian habitat suitability
To further evaluate if the area above 55�N presented envi-

ronmental limitations during the Eemian, we modelled the
distribution of suitable Neanderthal habitats (sensu Guisan and
Zimmermann, 2000) across the study area. The underlying
premise of the approach is that reliable Neanderthal presences
and palaeoclimatic maps can be used to model an ecological
profile for Neanderthals. This profile can then be used to map
regions with ecological conditions similar to those in which
Neanderthals, according to the archaeological record, were
present. The approach requires high quality distribution data for
the species in focus, a reliable palaeoclimatic reconstruction,
and data concerning other environmental factors linked with
species distributions (topography, vegetation, etc.). The current
model was based on a collection of 33 Neanderthal presences (SI
Table 1) dated to the Eemian Interglacial from all over Europe,
Eemian palaeoclimatic maps (Hijmans et al., 2005; Otto-Bliesner
et al., 2006; available at www.worldclim.com) and a topo-
graphical slope map derived from the SRTM digital elevation
model (USGS, 2004; Farr et al., 2007) The palaeoclimatic simu-
lation by Otto-Bliesner et al. (2006) was generated with the
Community Climate System Model (CCSM) coupled with a
three-dimensional ice and heat flow model, and represents the
climate during the start of the last Interglacial (~130 ka BP).
According to the authors, “a comparison between proxy-based
reconstructions for the Arctic LIG and those simulated with
the CCSM climate model shows a good agreement” (Otto-
Bliesner et al., 2006). We applied a variance inflation factor
analysis (Heiberger and Robbins, 2014) to select a set of uncor-
related climatic and topographic predictors. The final set of
predictors comprised: slope, maximum temperature of warmest
month, and minimum temperature of coldest month. All the
variables were resampled at 0.33� resolution (~37 km) with the
“aggregate” function of the “raster” R package (Hijmans, 2015).
To generate the habitat suitability map we fitted a generalized
linear model (GLM) with binomial error structure, weighted
background data (Barbet-Massin et al., 2012), and second degree
polynomials (with the exception of minimum temperature of
coldest month, which fitted better with a one degree poly-
nomial) to allow Gaussian response curves. We evaluated the
ability of the model to predict presence by applying a leave-one-
out approach to compute the average Area Under the Roc Curve
(Fielding and Bell, 1997) and the average adjusted explained
deviance (Guisan and Zimmermann, 2000). To evaluate the
importance of the predictors, we computed the standardized
coefficients with the lm.beta function of the QuantPsyc R library
(Fletcher, 2012). Finally we projected the final model over the
study area (Fig. 3) to discuss the habitat suitability values of the
different archaeological records available for the Eemian.
derthal dispersal above 55�N in Europe during the Last Interglacial
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Fig. 2. Model showing the two hypotheses dealt with in this paper, their usual set of explanations and the signal they are predicted to produce.
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2.1.2. Modelling results
According to the area under the ROC Curve (AUC ¼ 0.8104,

standard error ¼ 0.0324) and the adjusted explained deviance
(adjusted D ¼ 0.298, standard error ¼ 0.004), the model discrimi-
nated effectively between presences and random points, and
explained around the 30% of the presence pattern. The standard-
ized coefficients revealed that the most important predictor was
the second polynomial of the average temperature of the warmest
month (coefficient ¼ �106809.694, p-value < 2e-16) followed
by the second polynomial of the topographic slope
(coefficient ¼ �9.265, p-value ¼ < 2e-16). The effect of the
average temperature of the coldest month was negligible
(coefficient¼ 0.002, p-value < 2e-16). The habitat suitability model
showed a gradual eastward decrease in predicted habitat suit-
ability, with an approximate transition to values below 0.6 around
10� E and below 0.4 around 13� E. The model demonstrates that at
least three of the secure Eemian Neanderthal localities (Rabutz,
Grabschutz and Gr€obern) are located in areas with relatively low
predicted habitat suitability (below 0.4). Neumark-Nord, Lehringen,
Veltheim-Steinmühle, Taubach and Weimar Parktravertine on the
other hand showed habitat suitability between 0.4 and 0.54. The
model indicates that habitat suitability values are around 0.5 in
SchleswigeHolstein, decreasing gradually (and within the range
observed at Rabutz and Grabschutz) to values just below 0.45 in
southern Jutland.

2.2. Early Weichselian Glaciation

As the Eemian terminated, boreal-typewoodland including pine
(Pinus), spruce (Picea) and fir (Abies) expanded, indicating the
transition to the Herning Stadial, during which a heather-rich scrub
tundra and grassland developed in Southern Scandinavia. Average
July temperature dropped to below 10 �C (Emontspohl, 1995;
Caspers et al., 2002). SchleswigeHolstein was covered by a forest/
Please cite this article in press as: Nielsen, T.K., et al., Investigating Nean
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tundra ecotone (Emontspohl, 1995). The cooling that started with
the Herning Stadial defines the traditional chronostratigraphic
onset of the Weichselian Glaciation. The sea level during the early
Weichselian is estimated to be approximately 40 m below current
sea-level in the Stadial periods (Herning and Rederstall) and 20 m
below during the Interstadials (Brørup and Odderade) (Helmens,
2014, but see discussions in; Caspers et al., 2002; Lambeck and
Chappell, 2001; Lambeck et al., 1998). These declining sea levels
would have enabled increases in landmass and caused a widening
of the terrestrial corridor to Southern Scandinavia.

The first Weichselian Interstadial in Northern Europe is named
Brørup after a locality in South-Central Jutland, Denmark. Accord-
ing to the Oerel core (Helmens, 2014), this period is characterised
by the northern expansion of boreal forest including birch (Betula),
pine (Pinus), spruce (Picea) and larch (Larix). Menke and Tynni
(1984) argue that Jutland and the adjoining SchleswigeHolstein
area were particularly dominated by birch forest with juniper
scrubs. Pollen from the Brørup bog in Jutland confirms this and
shows that, during the climatic amelioration, waterplants, birches
and junipers increase; while pine and spruce dominate the later
part of the Interstadial (Andersen, 1965). In contrast to the Eemian,
the climate and vegetation of the Brørup is more continental and
shows a greater variation along the north-south and west-east
gradients that could be the result of locally persisting land-ice
(Zagwijn, 1989). During the Brørup Interstadial, the boundary be-
tween the middle boreal forest vegetation zones (including Picea,
Pinus, Betula) and the southern boreal forest vegetation zones
(including some deciduous trees) coincides with 55�N. During the
Odderade, this boundary is estimated to have been around 50�N
and today is placed above 60�N (Emontspohl, 1995). Also important
to note is that a redirection of ocean currents due to the lowering
sea-level would have forced the Gulf Stream further south. The
moderating effect of the warm ocean water on the Northern Eu-
ropean climate would therefore have declined, further enhancing
derthal dispersal above 55�N in Europe during the Last Interglacial
int.2015.10.039



Fig. 3. Habitat suitability model of the study area including the secure Eemian Neanderthal occupations (squares) as well as the ambiguous sites from southern Scandinavia
(crosses).
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the continental development created by the growing terrestrial
landmass (Caspers and Freund, 2001). Since Southern Scandinavia
was part of the middle boreal forest, modern averages for this type
of habitat can be used to indicate temperatures around �6
and �12 �C during the winter and 14e16 �C during the summer
(Emontspohl, 1995). Pollen from the Oerel core in Northern Ger-
many suggest similar temperature estimates between 15 and 19 �C
during the warmest month and �8 to �14 �C during the coldest
(Caspers and Freund, 2001; Caspers et al., 2002; Helmens, 2014).
This suggests that a major reduction in winter temperatures is one
of the defining differences between the Interglacial- and Intersta-
dial climate in Southern Scandinavia.

The Brørup Interstadial is followed by the Rederstall Stadial (MIS
5b, 92e84 ka BP), which is significantly colder and dryer than the
previous Herning Stadial. Only during this cold period does the
Weichselian Scandinavian ice sheet expand below 67�N (Helmens,
2014).

During the following amelioration in the Odderade Intersta-
dial, the presence of aquatic hornwort (Ceratophyllum demersum)
in the Oerel core suggests July temperatures of up to 15 �C
(Zagwijn, 1989) and average summer temperatures between 8
and 12 �C (Helmens, 2014). Winter temperatures were initially
mild, but dropped significantly to �11 to �22 �C during the latter
part of the Interstadial, indicating the onset of the severe
Weichselian Glaciation in MIS 4 (for comparison: �1 to �5 �C in
the Eemian, �8 to �14 �C in the Brørup). The vegetation and sea
Please cite this article in press as: Nielsen, T.K., et al., Investigating Nean
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level during the Odderade Interstadial are roughly analogous to
the Brørup Interstadial, except for a slight southern shift of the
northern boundary of the Pinus and Picea isopollen zones, coin-
ciding with the modern day Danish/German border (Caspers and
Freund, 2001).

2.3. Northern Neanderthal presence during the Last Interglacial
Complex (50e55�N)

2.3.1. North European Plain (50e53�N)
The area between 50 and 53�N represents the most northern, in

which secure and widely accepted Neanderthal sites are present.
Since the archaeological record of the central part of the North
European Plain has been extensively published (e.g. Wenzel, 2007;
Gaudzinski-Windheuser and Roebroeks, 2011) it will suffice to only
give a brief outline of the distribution and timing of sites. During
the optimum Eemian Interglacial, a Neanderthal presence on the
North European Plain between 50 and 53�N is well established by a
number of well-provenienced sites such as: Taubach, Wallertheim
(horizon A), Weimar Parktravertine, Neumark-Nord, Rabutz,
Grabschütz, Gr€obern, Lehringen, Veltheim-Steinmühle, and Stutt-
gart-Untertürkheim (Conard et al., 1995; Wenzel, 1998; Roebroeks
and Speleers, 2002; Wenzel, 2002, 2007; Gaudzinski, 2004;
Gaudzinski-Windheuser et al., 2014) (Table 1). The sites form a
rather dense cluster in Central East Germany compared to the
general rarity of Eemian sites e a noticeable exception being the
derthal dispersal above 55�N in Europe during the Last Interglacial
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site of Caours (50.13�N, 1.87�E) in North France (Locht et al. 2010;
Sier et al., 2015a). These asymmetries in site cluster density are
probably linked to variation in site preservation processes,
exposure of deposits and length and research intensity of the
particular regions (Roebroeks,1996; Speleers, 2000); theymay also,
in part, represent genuine patterns of hominin-environment
interactions.

At the onset of the early Weichselian cooling with the accom-
panied opening of the landscape, at least four sites between 50 and
53�N indicate that a Neanderthal presence persisted on the central
part of the North European Plain during the change to a boreal
environment. These are the sites Wallertheim (horizon C),
K€onigsaue (layer AeC), Salzgitter-Lebenstedt (although some
debate about the dating of this site, see (Gaudzinski and Roebroeks,
2000) and T€onchesberg (2B), Germany (Bosinski et al., 1985, 1986;
Van Kolfshoten, 1990; Conard, 1992; Roebroeks et al., 1992;
Gaudzinski, 1995; Z€oller, 1997; Conard and Prindiville, 2000;
Adler et al., 2003) (Table 1). Middle Palaeolithic lithic assem-
blages from Mander, Conversbos and Assen in Northern
Netherlands also suggest that this area was used by groups of Ne-
anderthals in the Early or Middle Weichselian (MIS 5c, MIS 5a or
MIS3), however, since these are mostly surface finds, the exact date
is difficult to ascertain (Niekus et al., 2011, 2015). Interestingly,
Britain seems to be devoid of Neanderthals during the entire span
of the Eemian and Early Weichselian. This has been linked to a
combination of climatic constraints (during the cold phases) and
the island status of Britain during the warm phases. Neanderthals
were present here in late MIS8 and early MIS7 (prior to the late
Saalian ice advance) and only seem to have returned in the warm
MIS3 when a combination of terrestrial access and environmental
suitability allowed (Ashton and Scott, 2015).

2.3.2. Northern Germany/SchleswigeHolstein (53e55�N)
Between 53 and 55�N, lithic surface finds from Schles-

wigeHolstein have been tentatively placed in the Eemian Inter-
glacial or the early transition to the Weichselian. These include the
Drelsdorf and Schenefeld assemblage. The Drelsdorf complex
(54.60�N, 9.05�E) consists of five individual low-density artefact
scatters named: J€agerhook, Schmallacker, Schiil, Bredacker and
Bihook, located around a now-covered Eemian lake, just southeast
of the town of Drelsdorf on the west coast of SchleswigeHolstein.
The artefacts were likely re-deposited in this depression as part of a
periglacial solifluction event. The assemblage comprises approxi-
mately 400 pieces, including around 300 flakes and blades made
with hard hammer percussion as well as at least 30 flint cores, eight
formal tools including two bifacials (i.e. the J€agerhook hand axe)
and various scrapers and signs of Levallois technique (Hartz, 1986;
Hartz et al., 2012). The Middle Palaeolithic age of the assemblage,
hinted at by the presence of Levallois-like flaking, is supported by
the natural surface modification, showing signs of periglacial
exposure, i.e. wind gloss, pitting, rounding of edges and natural
retouch caused by cryoturbation (Stapert, 1976). The exact date of
the assemblage is uncertain due to the low frequency of
typologically-distinct artefacts, but it must at least postdate the
Saalian and predate themaximumWeichselian glaciation. Based on
the J€agerhook hand axe, Hartz (1986, 2012) has estimated an age of
c. 100 ka BP, but he also points to the possible connection to the
adjacent Eemian lake.

Less known is the assemblage from Schenefeld (53.60�N,
9.83�E), located just north of the Elbe River and northwest of
Hamburg. This locality is only represented by a small and some-
what ambiguous flake assemblage. According to Heesch (1988), the
assemblage displays clear Middle Palaeolithic characteristics, with
production features and post-depositional surface modification
comparable to the Drelsdorf material. However, the assemblage has
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only been analysed and published by Heesch, an autodidact, who
himself even stresses that he cannot rule out that the pieces could
be geofacts, a possibility that may be supported by the absence of
formal tools and lack of secondary reduction (i.e. retouch).

In Western SchleswigeHolstein, artefacts from the site Schal-
kholz (54.24�N, 9.27�E) were found in a quarry located between the
towns of Schalkholz and Breitenberg. Schalkholz represents the
only site above the Elbe River (and the most northern) where ar-
tefacts have been identified within stratified deposits (Arnold,
1978). The locality was once part of a palaeo-valley basin that
was successively filled by stratified layers of Interglacial/Intersta-
dial soil-development and meltwater sand and gravel. The valley
was completely filled by the time of the maximum Weichselian
Glaciation and is not visible in the surface landscape today (except
in the now partly inactive quarry). The artefacts were discovered in
1977 within a black organic soil horizon placed above an Eemian
organic layer by archaeologist Volker Arnold (director of the
archaeological museum in Heide) while visiting the quarry to ac-
quire a geological profile (sediment-peel) for the museum exhibi-
tion. Arnold reports how he detected a white flake in the exposed
dark sediment approximately 5m fromwhere the profile was being
taken; he then excavated a c. 1 mwide and c. 30 cm deep part of the
section inwhich he recovered the 11 pieces. Unfortunately, a breach
of communication occurred and the possible importance of the
finds was not passed on to the quarry workers who subsequently
(within the two following days) dug away the entire find-bearing
profile (Arnold, pers. comm., 07.04.2015). It is therefore uncertain
if the finds were part of a much larger assemblage. Despite this
unfortunate event, the material can be relatively securely placed
within the stratigraphy because of the associated profile, and sug-
gests that the artefacts were deposited during an intermediate
climatic amelioration following the Eemian interglacial, most likely
during the Brørup Interstadial. Based on botanical remains, the
surrounding environment can be characterised as boreal with a
pine-forest vegetation including birch (Betula), larch (Larix), spruce
(Picea) and possibly alder (Alnus) (Arnold, 1978), also supporting a
chronological affiliation to the Brørup Interstadial. According to
Arnold (1978), the finds may have been deposited in the basin as
part of a solifluction event, but refitting of two pieces from the
assemblage suggest that they were only exposed to minor distur-
bances. The lithics consist mainly of regular flakes made by hard
hammer technique, but at least one piece shows distinctive features
of prepared-core technology (Arnold, 1978). Despite the research-
historical caveats associated with the Schalkholz locale, its rela-
tively secure chronological context and the presence of a Levallois-
like flake does at least imply a hominin presence.

At Hahn€ofersand (53.54�N, 9.71�E) a human frontal bone frag-
ment with ‘archaic’ features and a high degree of patination was
found by an amateur archaeologists in 1973 on the bank of the river
Elbe and subsequently dated with the radiocarbon method to
36,300 ± 300 uncal BP (Fra-24) (Br€auer, 1980). According to the
original finder, the cranium fragment was found together with
Pleistocene faunal remains showing a similar degree of patination.
This led Braüer to argue that the fossil represented the oldest and
most northern human remains found in Europe and he even sug-
gested that the specimen represented a mixture between a Nean-
derthal and anatomically modern human (Br€auer, 1984). However,
recent re-evaluation of the specimen and a new radiometric date
(7500 ± 55 uncal BP, OxA10306) puts serious doubt on the earlier
interpretation and rather suggest a Holocene age (Terberger et al.,
2001; Street et al., 2006). Unfortunately, the associated Pleisto-
cene faunal remains have since disappeared, making it difficult to
establish their possible relationship with the human bone frag-
ment, but it is now considered more likely that it came from a
derthal dispersal above 55�N in Europe during the Last Interglacial
int.2015.10.039



Table 1
Sites mentioned in the text, listed in increasing order of latitude.

Locality Lat Long Period Country Context Dating method Reference

Wallertheim (A, C, D) 49.83 8.05 Eemian (A) and Early
Weichselian (C and D)

Germany Fluvial Palynology, biostratigrapy, terrace
stratigraphy, TL, paleomagnetism
(Blake event identified),
c. 114 ka BP

Gaudzinski, 1995;
Bosinski et al.,
1985; Adler et al., 2003;
Z€oller,
1997; Conard et al.,
1995; Conard
and Prindiville, 2000

T€onchesberg (2B) 50.33 7.36 Early Weichselian Germany Humic colluvium Paleomagnetism (Blake event
identified), min. age 90 ka BP

Reinders and Hambach,
1995; Conard and
Prindiville, 2000; Van
Kolfshoten, 1990;
Conard, 1992

Taubach 50.95 11.38 Eemian Germany Travertine U-TH on the upper section
of the travertine, palynology

Kahlke, 1977;
Brunnacker et al., 1983;
Heinrich, 1994;
Bratlund, 2000

Weimar Parktravertin 50.98 11.32 Eemian Germany Travertine Stratigraphy, palynology,
biostratigraphy

Gaudzinski, 2004;
Gaudzinski-
Windheuser and
Roebroeks 2011;
Sch€afer, 1987

Neumark-Nord 2 51.32 11.90 Eemian Germany Lacustrine Palynology, palaeomagnetism
(Blake event
identified within find horizon),
c. 120 ka BP

Gaudzinski-
Windheuser et al.,
2014; Pop and Bakels,
2015; Sier et al., 2011

Rabutz 51.45 12.17 Eemian Germany Lacustrine (limnic) Palynology, biostratigraphy Weber, 1990
Grabschütz 51.48 12.28 Eemian Germany Lacustrine Palynology PZ VIa (Carpinus-Abies,

Pinus-Larix-Abies phase)
Litt, 1990; Weber, 1990

Gr€obern 51.70 12.45 Eemian Germany Lacustrine Palynology, PZ IVb (Corylus-Taxus-Tilia)
and PZ V (Carpinus-Larix)

Litt and Weber, 1988;
Weber, 1990;
Gaudzinski, 2004

K€onigsaue (A-C) 51.83 11.41 Early Weichselian Germany Lacustrine Biostratigraphy Mania and Toepfer,
1973; Gaudzinski,
1999; Gaudzinski and
Roebroeks, 2000

Salzgitter-Lebenstedt 52.18 10.33 Early Weichselian Germany Fluvial Stratigraphy, palynology, radiocarbon,
min. age 50 ka BP

Gaudzinski, 1999;
Gaudzinski and
Roebroeks, 2000, Behre
and van der Plicht, 1992

Veltheim-Steinmühle 52.21 10.69 Eemian Germany Travertine Stratigraphy, biostratigraphy Richter et al., 2005,
Wenzel 1993

Corversbos 52.23 5.14 Middle Palaeolithic Netherlands Surface scatter No direct dating, typology Niekus et al., 2011
Mander 52.45 6.82 Middle Palaeolithic Netherlands Surface scatter No direct dating, typology Niekus et al., 2011
Lehringen 52.88 9.50 Eemian Germany Lacustrine Palynology, PZ IVb (Corylus-Taxus-Tilia) Deibel-Rosenbrock,

1960; Thieme and Veil,
1985; Litt 1990;
Houben, 2003

Assen 52.99 6.56 Middle Palaeolithic Netherlands Surface scatter
þ boulder sand

Stratigraphy, typology Niekus et al., 2011,
Niekus et al. 2015

Hahn€ofersand 53.55 9.72 Mesolithic Germany Secondary position,
river bank

Radiocarbon, 36,300 ± 300 uncal
BP (Fra-24)

Terberger et al., 2001,
Br€auer 1980

Schenefeld 53.60 9.84 Early Weichselian (?) Germany Surface scatter No direct dating Heesch, 1988
Schalkholz 54.24 9.27 Early Weichselian (?) Germany Humic colluvium Stratigraphy, palynology Arnold, 1978; Bock

et al., 1985
Drelsdorf complex 54.60 9.05 Early Weichselian (?) Germany Surface scatter No direct dating Hartz, 1986; Hartz

et al., 2002
Vejstrup Ådal 55.12 10.68 ? Denmark Surface finds along

active stream
No direct dating Holm, 2000; Holm and

Larsson, 1995; Larsson,
2000

Vejstrup Skov 55.38 9.51 ? Denmark Fluvial No direct dating Excavation report:
FHM-1689, Moesgaard
Museum, Århus,
Denmark; Holm and
Larsson, 1995; Larsson,
2000

Fænø 55.49 9.69 ? Denmark ? No direct dating Holm and Larsson,
1995; Larsson, 2000

Seest 55.49 9.41 ? Denmark Quarry No direct dating Holm and Larsson,
1995; Larsson, 2000

Ejby Klint 55.69 11.84 ? Denmark Surface/beach finds No direct dating Holm and Larsson,
1995; Larsson, 2000
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Mesolithic peat layer exposed by dredging activity in the river
valley (Terberger et al., 2001).

2.3.3. Southern Scandinavia (>55�N)
If we move even further north, the ambiguity of the proposed

archaeological assemblages increases. The only purported stratified
Neanderthal site reported historically from Scandinavia is the site
Hollerup (56.40�N, 9.83�E) in Northern Jutland. Here, Møhl-Hansen
(1955) proposed to have found evidence for marrow-extraction on
at least one fallow deer carcass found in Eemian deposits; however,
although the site is securely placed in the Eemian, the anthropo-
genic interference has recently been rejected, and the site can no
longer be securely associated with Neanderthal behaviour (Egeland
et al., 2014). Apart from this, the main body of evidence from
Southern Scandinavia consists of a small group of lithic artefacts/
assemblages with poor contextual and typological control. These
include single finds of five hand axe-like implements (Villestrup-,
Fænø-, Skellerup-, Alrø-, Karskov Klint hand axe), one blade (Seest
blade) and three flake assemblages (Vejstrup Skov, Vejstrup Ådal,
Ejby Klint; (see Holm and Larsson, 1995; Larsson, 2000). Johansen
and Stapert (1995) analysed the natural surface modification of
these artefacts and concluded that only two of the formal tools
showed the natural surface modification expected for Middle
Palaeolithic implements. These were the Fænø hand axe (approx.
55.48�N, 9.69�E) found on the Fænø Island in the Little Belt and the
Seest blade (55.48�N, 9.40�E) found in a quarry near Kolding in
Southern Jutland. The specific location on the island fromwhich the
Fænø hand axe was recovered is unknown but, based on iron stains
on the surface, it likely came from a ploughed field. Since the island
has produced large quantities of worked Neolithic flint with vary-
ing patina, we cannot exclude the possibility that the hand axe
could in fact also be an unfinished preform.

The blade from Seest was found among mixed sediments in a
wheelbarrow by a workman during extraction in the quarry.
Amateur archaeologist Erik Westerby was a frequent visitor to the
quarry and was also present the day the blade was found, but only
became aware of the find when the workman showed it to him. He
could therefore not confirm its exact stratigraphic position but
argued that sand particles stuck on the surface of the piece indi-
cated that it came from the pre-Weichselian deposits rather than
the topsoil. Westerby's focus on this particular quarry was driven
by the discovery of Eemian faunal remains there (Aaris-Sørensen,
1998), although, unfortunately, all of these were detected after
secondary re-deposition (in sorting piles or at the foot of slopes
after soil slides) and none of them seem to contain cut-marks
(Westerby, 1956; Johansen and Stapert, 1995; Eriksen, 2012).
There is little doubt that this piece is in fact an intentionally pro-
duced blade; however, it could have fallen into the quarry from the
surface and the association with the Eemian is therefore highly
tentative. Although the surface patina may suggest great antiquity,
it remains to be established whether the conditions in the topsoil
could have produced similar staining/surface modification.

The actual lithic assemblages are equally ambiguous. The easily
confused locales of Vejstrup Skov (Vejstrup Forest; 55.38�N, 9.51�E)
and Vejstrup Ådal (Vejstrup River Valley; 55.11�N, 10.68�E) are
located in Jutland and on Funen, respectively. Vejstrup Skov was
excavated in 1971e1972 and was initially thought to be rather
sensational as the assemblage showed features consistent with
Palaeolithic production methods and was found in a fluvial deposit
overlain by morainic till. A post-excavation re-evaluation of the
geological setting, however, led the archaeologists to argue that the
find-bearing layer in fact represents a postglacial deposit that was
later covered by redeposited glacial till. The assemblage consists
mainly of crude flakes with varied patination. Furthermore, a small
part of the assemblage differs slightly from the other pieces in their
Please cite this article in press as: Nielsen, T.K., et al., Investigating Nean
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freshness, having sharper edges and showing features suggesting a
later prehistoric connection. The association of this assemblage is
therefore uncertain, and can only be resolved by establishing a
secure chronological frame for the formation of the find-bearing
layer (excavation report FHM1689, Moesgård Museum).

Vejstrup Ådal is a valley system surveyed repeatedly by
archaeologist Jørgen Holm (Holm, 2000). He reports finding at least
800 crude flakes and two possible hand axes over a one kilometre
stretch along a stream at the valley basin. Holm tentatively pro-
poses that the artefacts are eroding out of the deposits exposed by
the active river and suggests a typological affiliation with the
Acheulean industry and a dating of the assemblage to the Holstein
interglacial. He stresses the uncertainty of this interpretation
(Holm, pers. comm., 09.04.2015) e notably, younger artefacts are
found along the river (i.e. a polished Neolithic axe). A small test
trench dug in the 1980s revealed no artefacts in situ, so the origin of
the assemblage remains difficult to identify. At Ejby Klint (55.68�N,
11.83�E), situated at the bay of Isefjord in the northern part of
Zealand, amateur archaeologist Erik Madsen found hundreds of
what he categorised as “humane flint” on the beach stretching
below a cliff containing a securely dated Eemian layer (Holm, 2001;
Madsen, 1965, 1968). A small excavation of that Eemian layer led by
Erik Madsen took place in the 1960s, but revealed only three nat-
ural flint pieces within the sediment (Holm, 2001). This cast sig-
nificant doubt on the anthropogenic origin of the beach
assemblage, since flint commonly occurs naturally along southern
Scandinavian beaches and is often characterised by a high degree of
natural breakage (Glob, 1963).

Two sites have even been proposed from as far north as central
Scandinavia (>60�N): Susiluola Cave in Finland (62.30�N, 21.66�E;
(Schulz, 2007; Schulz and Rostedt, 2008) and the small island of
Laduholmen in the lake Orsasj€on, Sweden (61.09�N, 14.60�E;
(Heimdahl, 2006). At Susiluola Cave, the excavation team, led by
Hans-Peter Schulz (National Board of Antiquities, Helsinki), argues
that implements found in Eemian-age deposits within the cave are
worked by Neanderthals (Schulz, 2007; Schulz et al., 2010). Others
have expressed convincing criticism towards this interpretation
and reject the alleged anthropogenic formation of the assemblage
(Pettitt and Niskanen, 2005; Donner, 2007; Nú~nez, 2007). As
Finland is practically devoid of naturally occurring flint (Manninen,
2007), the implements are made on a sandstone/siltstone raw
material (see debate about raw material designation in Kinnunen,
2007; Schulz and Rostedt, 2008) that complicates the interpreta-
tion of an anthropogenic versus natural formation process. The
advocates of a natural formation of the assemblage point to the fact
that the fracture mechanics of the material are poorly known and
that the breakage is most likely the result of natural kinetic events
(Pettitt and Niskanen, 2005). Others doubt the flake status of the
assemblage entirely and argue that they are in fact natural shaped
pebbles (Donner, 2007). The controversy surrounding this specific
assemblage is by no means settled, but a connection to hominin
presence remains very tentative.

On the small island Laduholmen (former Island of Mårtens€on) in
Orsasj€on, Sweden (61.09�N,14.60�E) a possible hearth, was found in
1938 during the digging of a well. Radiocarbon dating on a partly
charred stick from the feature provided a date beyond the limit of
the method (then >40 ka BP). In 1964, geologist G€osta Lundqvist
(Swedish Geological Survey) excavated at the site and in the
following report he describes how one of the sticks from the
possible hearth feature seemed to be humanlymodified (Lundqvist,
1964; Lundqvist and Sweden, 1967). Pollen analysis of sediment
samples retrieved during this excavation suggests that the feature
was deposited during the Holstein Interglacial (Heimdahl, 2006).
Unfortunately, the collected material (including the possible hu-
manly modified stick) has not been seen since 1964; only
derthal dispersal above 55�N in Europe during the Last Interglacial
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Lundqvist's description is available, and it is therefore difficult to
assess the reliability of his interpretation.

Table 1 lists the sites discussed above in increasing order of
latitude. As a general pattern within the framework of a northern
gradient, it is clear that site validity decreases with increasing
latitude. All of the assemblages/localities above 53�N can be
considered ambiguous, and even more contested are the sites
above 55�N. Most of the Eemian and Early Weichselian sites be-
tween 50 and 53�N seem to represent short-term albeit occasion-
ally recurrent events related to hunting, butchering and/or lithic
production and indicate that the Neanderthals of the North Euro-
pean Plainwere employing a highlymobile land-use strategy at low
population density. This land-use strategy may suggest that
50e53�N indeed are at the “edge of the Neanderthal world”, and
that excursions further north may have been even more sporadic.
To what degree the presence and preservation of sites can be
directly linked to the impact of the glacial expansion and contrac-
tion will be discussed in section 3.2.
Fig. 5. Model showing to what degree the observations presented in this paper sup-
ports the underlying explanations of the main hypotheses.
3. Discussion

In this section, we discuss the two competing hypotheses
regarding whether it is plausible that Neanderthals ventured above
55�N on the basis of the palaeoecological reconstructions and site
distribution patterns reviewed above as well as a study of the
research historical context and significance of geological dynamics.
The main findings are summarised in Fig. 5.
Fig. 4. Map showing the approximate coastline and landmass during the Eemian interglacial (light grey) and early Weichselian glaciation (dark grey), after Larsen et al., 2009.
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3.1. Hypothesis A: “Neanderthals did not disperse above 55�N”

The distribution of sites evaluated above provides a foundation
for discussing the validity of hypothesis A. The basic premise of this
hypothesis is that Neanderthals did not disperse above 55�N. In
accordance to the arguments of this proposal, we would expect the
record to show that 1) the climate above 55�N is significantly
different from that below 55�N; 2) there are physiographic features
that could have impeded dispersals.

Beginning with the first prediction, we argue that this is not
supported by the paleoecological reconstruction for the area. The
climate changes gradually along a north-south gradient, but the
environment and vegetation seem to present a continuation of the
northern German habitat in at least part of the study area (Southern
Jutland). The seasonal temperature estimates for the Eemian ranges
between 0 �C and 19 �C and, with the presence of a mixed decid-
uous forest, the environment in Southern Scandinavia is compa-
rable to that Neanderthals would have encountered at, for instance,
Lehringen. During the Brørup Interstadial, summer temperatures in
Northern Germany and Southern Scandinavia reach almost Eemian
standards (15e19 �C) but winters are cold (�8 to�14 �C). Although
Southern Scandinavia was part of the middle boreal forest vege-
tation zone, the presence of later Neanderthals at Salzgitter-
Lebenstedt suggests that they were indeed capable of exploiting
fully boreal environments. Early Weichselian pulses of Neanderthal
occupations in Central Europe also suggest that they occupied
highly continental regions with an estimated mean annual tem-
perature of 6.8 �C (Skrzypek et al., 2011). Naturally, local phe-
nomena (snow cover, yearly fluctuations and biomass/diversity)
may be highly significant in defining the suitability of a specific
habitat. As such, large scale diachronic comparisons may be of only
limited utility. Nonetheless, palaeogeographically and palae-
oenvironmentally, many comparisons can be drawn between
Britain and Southern Scandinavia. They were both situated at the
“edge of the Pleistocene world” (White and Pettitt, 2011) and were
extensively exposed to alterations caused by advancing and con-
tracting glaciers and sea-level changes following the Pleistocene
climatic oscillations. The major difference is the archaeological re-
cord showing that Neanderthals colonised Britain at least two
times, as shown by their presence in the early Middle Palaeolithic
(late MIS8 and early MIS7) and return in the late Middle Palae-
olithic (MIS3). However, the presence in MIS3 seems to be char-
acterised by seasonal (summer) hunting trips rather than long term
settlements, and that the groups most likely returned to the source
area (France) during the cold winter months (Ashton and Scott,
2015). Considering that Southern Scandinavia was part of the
wider Neanderthal landscape (between Doggerland and the North
European Plain) during the Early Weichselian and that the envi-
ronmental signal suggests that warm summers persisted here, it is
possible that this area was equally the target of seasonal hunting
trips, but that the evidence is missing either because these excur-
sions were extremely scarce or because they have simply not been
recognised yet.

This possibility is further supported by the results of the habitat
suitability model, which indicates, in light of the ecological pre-
dictors applied, that Neanderthal presence in Southern Jutland
would have been ecologically feasible during the Eemian Intergla-
cial and therefore possibly also during the summers in the Early
Weichselian Interstadials. On the other hand, the model also shows
low suitability in the northern part of Jutland, which could indicate
that the area presented an environmental “dead-end” preventing at
least more permanent occupations during this period. The method
show great potential to address levels of suitability in “peripheral”
areas of the Neanderthal range, but the results here should be
considered preliminary, since it has not yet been possible to
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produce explicit models for the early Weichselian Interstadials for
comparison.

The second prediction regarding physical geographic barriers
finds partial, episodic support in the paleo-reconstruction. The
marine Eemian deposits detected in the inland cores from Schles-
wigeHolstein could suggest that access to the area above 55�N was
temporally obstructed by the formation of a marine channel (Larsen
et al., 2009). However, since the exact width, depth, timing and
duration of this transgression are unknown, it is not clear to what
degree it would have stopped dispersers such as in the case of
Britain. On the other hand, access improved during the beginning of
the Weichselian Glaciation when continentality increased and
Southern Scandinavia became part of the larger terrestrial landmass
formed by the emerging North Sea floor (see reconstructed land-
mass and coastline in Fig. 4). The finds of Pleistocene fauna, lithic
artefacts and a Neanderthal fossil from the bottom of the North Sea
indicate that this area was indeed once part of the Neanderthal
range (although re-deposition and/or glacial transport impede
reconstructing the exact provenance) (Hosfield, 2007; Hublin et al.,
2009; Roebroeks, 2014). Based on accessibility, it is reasonable to
suggest that Neanderthal dispersal ismore likely to have taken place
during the period of lowering sea-level prior to the maximum
advance of the Scandinavian Ice Sheet during the early Weichselian
period, a suggestion supported by the finds at Schalkholz.

If we accept that Southern Scandinavia was temporally both
suitable and accessible during the early Weichselian Glaciation e

and that Neanderthals were present in the source area (The North
European Plain) e alternative explanations for their archaeological
invisibility above 55�N are needed. It may be a matter of a general
range contraction towards the Mediterranean related to migration
towards the south and/or regional extinction in the north when the
climate began to deteriorate (Hublin and Roebroeks, 2009). Yet, the
long chronological frame at play here (at least 20,000 years) as well
as the two phases of climatic amelioration should have allowed
ample time and opportunity for at least some Neanderthal groups
to have attempted a, possibly seasonal, northern strategy.

Despite the climatic deterioration amplified by the increased
continentality during the early Weichselian Glaciation, the evi-
dence presented here suggests that Neanderthal absence from the
study area in the focal time period cannot be explained solely by
reference to climatic constraints or physiographic barriers. This
warrants further research into alternative explanations for their
absence, including the role of resource availability, behavioural
adaptations, mobility patterns and habitat/topographic preference.
Alternatively, this evidence could even be used to challenge the
underlying premise of hypothesis A and to offer tentative support
to hypothesis B.

3.2. Hypothesis B: “Neanderthals did disperse above 55�N”

As hypothesis B argues that Neanderthals did occasionally
disperse into Southern Scandinavia, we need to explain why the
region is so poorly represented in the archaeological record e

discounting, for the time being, the highly ambiguous and con-
tested artefact claims from Southern Scandinavia reviewed above.
The usual explanatory framework draws on arguments claiming
that 1) research- and 2) taphonomic bias combined with a general
low northern Neanderthal population is responsible for the low
archaeological visibility of hominins north of 55�N during the
Pleistocene.

For research bias to account for the apparent invisibility of
Neanderthals in the region, we would expect that little historical
attention has been given to the Pleistocene archaeology of
Southern Scandinavia. A review of the relevant historical literature
reveals that the topic has attracted sporadic attention from
derthal dispersal above 55�N in Europe during the Last Interglacial
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professional and amateur archaeologists since the early 1920s
(Montelius, 1921; Mathiassen, 1935), with peaks in public aware-
ness and discussion in the 1950s following the finds at Hollerup
and Seest (Møhl-Hansen,1955;Westerby, 1956; Eriksen, 2012) and
in the 1970s surrounding the activities of amateur archaeologists
Eli Jepsen (Jepsen, 1973) and his heated public debate with the
influential archaeologist P.V. Glob over the interpretation of the
former's private flint collection. Eli Jepsen was dedicated to
proving that he had acquired legitimate, and therefore sensational,
Neanderthal tools from Danish soil. P.V. Glob (along with most
other professional archaeologists) on the other hand, was less
convinced by Eli Jepsen's artefacts. The discussion between Jepsen
and Glob was characterised by an aggressive tone and grew to
represent the conflict between amateur and professional archae-
ologists. The distrust that grew out of this debate can inmany ways
still be identified in the relationship between the amateur and
professional archaeologists in Denmark. Today and throughout the
last two decades, the topic has been discussed internationally only
on rare occasions (Holm and Larsson, 1995; Larsson, 2000).
Perhaps not surprisingly, the amateur archaeologists seem to be
generally more supportive of the argument that Neanderthals
visited Scandinavia than the professional community. So, despite
the occasional announcements of possible artefacts (Møhl-
Hansen, 1955; Westerby, 1956; Madsen, 1965, 1968; Jepsen, 1973;
Noe-Nygaard, 1982; Holm, 2000, 2001), no finds to date have
survived the rigorous scrutiny required for artefacts of such po-
tential antiquity (however, see discussion in Johansen and Stapert,
1995). In fact, the lack of constructive communication within and
between amateur and professional archaeologists seems to have
played a significant role in enforcing the idea that arguing for a
Neanderthal presence in Scandinavia is comparable to being a
“dilettante” or believing in “flying saucers” (Glob, 1963). The ulti-
mately unproductive reproduction of this null-hypothesis is partly
fuelled by the history of adversarial discourse and partly fuelled by
the facts that Southern Scandinavia today is a narrow peninsula,
geographically detached from the core Neanderthal area;
furthermore, its connection to Scandinavia denotes a harsh, un-
friendly environment. But as shown above, these environmental
predicates are not fully applicable to at least the southern-most
part of Scandinavia during transitional climatic phases. Yet, as a
result of this persistent underlying assumption, amateur archae-
ologists today focus primarily on prehistoric periods more likely to
yield finds and that allow the use of technical equipment like
drones and metal detectors (i.e. Rasmussen, 2014). Despite this, a
small group of amateur archaeologists and private collectors of
varying levels of commitment to the argument that Neanderthals
ventured into Southern Scandinavia can be identified historically
and today, but finding secure evidence has proven elusive. This
could lead to potentially questioning the geological target zones
and survey strategies employed during these attempts, although
archaeological identification skills and pure luck could also be of
significance. The importance of the latter can be exemplified by the
“sudden” identification of a find bearing layer in the Cromer Forest
Bed formation, despite at least a decade of regular surveying ef-
forts in this particular deposit (Roebroeks, 2005). The last argu-
ment presented in hypothesis B is therefore potentially the one
with the strongest explanatory power and will therefore be elab-
orated. Since most of Scandinavia was indeed covered by the
Scandinavian Ice Sheet during the Weichselian, the absence of
Neanderthal finds could be the result of poor preservation
prompted by the destructive glaciogenic dynamics or the absence
of natural outcrops of relevant geological deposits.

When the Weichselian Glaciation was at its maximum around
20 ka BP, the Scandinavian Ice Sheet covered most of Scandinavia e
leaving only the southwestern part of Jutland and Western
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SchleswigeHolstein free (Houmark-Nielsen, 2007). East of this, the
ice-cover can be traced in the stratigraphy as the glacier trans-
ported large amounts of till that were subsequently deposited
below the ice, sometimes destroying the former interglacial sur-
face, sometime covering it. Sediments in front of the ice were
compressed and pushed, forming ridges and valleys at its periph-
ery. While the glaciation persisted, the periglacial landscape would
have been exposed to severe aeolian erosion and transport, leading
to the relocation of fine sand particles to the large loess belts of
Central Europe. As the glacier thawed, fluvial processes lead to
major alluvial activity impacting the exposed surface in the west,
relocating sediments and possibly leading to some loss of the
Eemian surface. Large solifluction events also may have caused
major soil shifts and mass movement. Except for the remaining
Saalian morainic hill islands, the west was left relatively flat and
nutrient-poor, exposing the large Saalian outwash plain that is still
visible today in the western part of the study area. The force of the
expanding glaciers pushed, moulded, mixed, folded and smoothed
the underlying sediments in various ways, depending on the un-
derlying landscape. These dynamics have produced an extremely
complex geological situation, marked by substantial local and
regional variability. Some deposits have been pressed vertically
upwards forming wave-like features when viewed in profile, and
occasionally this has led to the complete reversal of sediment order
(Houmark-Nielsen, 1994). As such, Pleistocene deposits in Southern
Scandinavia do not follow the traditional chronostratigraphic
template of horizontal and temporally succeeding layering. It also
means that deposits are fragmented units, making broad-scale
correlation difficult. This presents a major challenge when
searching for (and dating) deposits containing potential Pleistocene
archaeology in and around the former glacial edge (Ehlers et al.,
1984; Grube et al., 1986; Houmark-Nielsen, 1994, 2007; Hub-
berten et al., 2004; Svendsen et al., 2004; Stephan et al., 2014). The
severity of these glaciogenic dynamics could be paramount to the
identification of archaeological features. As such, a discussion of the
geoarchaeology of Southern Scandinavia will facilitate the evalua-
tion of the predicted glacial impact on and the overall potential of
the region's Pleistocene archaeological record. Since the area un-
derlying the expanding ice sheet would have allowed till to be
deposited above interglacial deposits in natural depressions and
since the area west of the ice would have been exposed to fluvial
activities, interglacial/interstadial deposits are occasionally pre-
served in both areas, albeit by different means. Based on the nature
and impact of the different erosive processes, the area beyond the
maximum extent of the ice (i.e. Southwest Jutland) may be rela-
tively more likely to contain preserved, accessible, and archaeo-
logically interesting deposits.

At least four different scenarios for deposition of artefacts left
during the Eemian or Early Weichelian can be outlined for the
periglacial area: Firstly, artefacts left on an inclining terrain during
the interglacial are likely to subsequently have been moved
downhill by either fluvial activities, soil erosion and/or solifluction
events as the climate deteriorated (Heesch, 1988). Such artefacts
could therefore be found within palaeo-basins in, for example,
lacustrine/fluvial sediments. This scenario fits rather well with the
observations at Schalkholz. A second scenario can be sketched for
the Saalian plateaus: These flat, elevated areas would have been
less exposed to solifluction and fluvial movement, but rather to
wind-erosion, through which smaller soil particles (sand and
dust) would have been moved more easily than larger ones. This
process would have left a compact, stone-rich horizon comprising
the larger rocks from the Saalian till. Here, humus/soil-
development during periods of warming would have built up on
top of the stone-horizon, including potential artefacts left behind
during these warm-periods. Periglacial soil erosion during the
derthal dispersal above 55�N in Europe during the Last Interglacial
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following cold phases would primarily have affected the newly
developed topsoil by covering, mixing and/or replacing it (Heesch,
1988; Niekus et al., 2015). Artefacts could therefore principally still
be expected on the Saalian plateaus, however greatly weathered
(e.g. windgloss Stapert, 1976) only only moderately in situ; sites
such as Drelsdorf in Germany and Assen in the Netherlands
exemplify this scenario. A third scenario is also feasible, wherein
artefacts left on the surface or in natural depressions in the
landscape could have been covered by rapid sedimentation events
(e.g. solifluction, aeolian sand cover) instead of being moved and/
or destroyed by them. Within such paleosols, we could potentially
find artefacts in situ. Alternatively, artefacts left on exposed paleo-
surfaces could have been washed into the North Sea by Weich-
selian meltwater.

In Southern Scandinavia, Eemian deposits are primarily identi-
fied in boreholes, beach cliffs or quarries and are often of lacustrine
origin, found within Saalian basins and/or valleys covered by either
Weichselian till, fluvial- or aeolian sediment or by the natural for-
mation of topsoil (Andersen, 1966; Menke, 1976; Menke and Tynni,
1984; Kronborg and Mejdahl, 1989; Gabriel et al., 2003; Jørgensen
and Sandersen, 2006; Litt et al., 2007; Stephan et al., 2014). Because
of the varying glaciogenic impact, sedimentation and postglacial
isostatic uplift, these interglacial/interstadial deposits can be found
at varying depths ranging from immediately below the topsoil on
the flat Saalian moraine in Southwestern Jutland, to below a couple
of meters of outwash sediment, to below 180 m of stratified Plen-
iglacial and Holocene sediment in the northern part of Jutland
(Knudsen and Larsen, 2009). This pattern stresses that it is more
likely to access relevant deposits in the southern part of the study
area. Preserved surfaces, or palaeosols, have also been recognised in
the region (Sjørring, 1977). These are usually represented by pod-
sols, which is a soil-development associated with boreal and
coniferous vegetation containing a high sand content and a poor
nutrient value (Stephan et al., 2014). Identified deposits from early
Weichselian Interstadials in Southern Scandinavia and Schles-
wigeHolstein consist mainly of peats, organic/mineral lacustrine
muds, mire development and raised bogs (Andersen, 1965, 1966;
Caspers and Freund, 2001). Of these, only Schalkholz has yielded
archaeological material. Currently exposed interglacial/interstadial
outcrops are known from beach cliffs such as: Emmerlev Klev
(Eemian bog deposits), Mommark (marine Eemian deposits), Trelde
Næs (lacustrine deposits from Holstein interglacial), and from
aggregate profiles such as in the Oksbøl (Eemian paleosol) and
Vejlby-Egum diatomite quarries (lacustrine deposits from Holstein
Interglacial and Saalian Interstadial; however, this quarry is no
longer active and vegetation now covers the old profiles). Although
not from Southern Jutland, it is also worth mentioning the Eemian
lacustrine deposits from Hollerup (Northern Jutland) containing
the fallow deer bones mentioned above (2.3.3). Known and
potentially interesting deposits, but currently not exposed, include
the Brørup Interstadial bog deposits from the type-locality of this
particular interstadial and buried palaeo-valley systems (Gabriel
et al., 2003; Sandersen and Jørgensen, 2003; Jørgensen and
Sandersen, 2006). The predominance of lacustrine deposits is of
course connected to the potential of these deposits as palaeo-
ecological archives, and they have therefore been intensely stud-
ied. However, as the archaeological potential of fluvial-,alluvial as
well as boulder sand deposits has been proven in areas with a less
controversial Pleistocene archaeological past (Bridgland, 2000;
Mishra et al., 2007; Basell et al., 2011; Hosfield, 2011; Niekus
et al., 2015), this could perhaps serve as inspiration for future sur-
vey strategies in Southern Scandinavia.

However, the dynamic geological history of Scandinavia leads to
a different set of problems, concerning the correct differentiation
between manmade artefacts and naturally produced geofacts.
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Geofacts are formed when stones/pebbles of varying raw material
(i.e. flint and quartz) are exposed to different kinetic- and/or high
energy processes causing them to shatter and flake, creating shapes
that can have strong similarities to finished stone tools (e.g. hand
axes) or production debris (e.g. flakes). As a result, deposits exposed
to and created by high-energy activities (such as those presented by
succeeding glaciations and/or fluvial movement) are more likely to
contain geofacts than sediments with a relatively “calm” geological
history. Unfortunately, even though rigorous attribute analyses are
the best way to evaluate the specific production features, they do
not always provide unambiguous results. This has occasionally led
to heated debates on the ‘geofact-’ vs. ‘artefact’ status of proposed
Middle Palaeolithic assemblages (see i.e. Manninen, 2007; Pettitt
and Niskanen, 2005; Schulz and Rostedt, 2008; Slimak et al.,
2011; Zwyns et al., 2012). Such debates are known from many re-
gions (Saville, 1995; Baales et al., 2000) but they are particularly
acute in the case of Southern Scandinavia, where the natural
abundance of flint and the geological history of the region have led
to an abundance of geofacts. Most archaeologists therefore argue
that the crude and archaic-looking flake assemblages found here
(e.g. Vejstrup, Skov, Vejstrup Ådal, Ejby Klint, Schenefeld) are the
result of such natural processes (Glob, 1972). However, some of the
pieces from the study area clearly are humanly modified (e.g. Fænø
hand axe and the Seest blade), but as context-less finds they are
difficult to date, and may in fact be unfinished pieces or quickly
produced tools for singular tasks during later prehistory as opposed
to finished Middle Palaeolithic artefacts. This is, for example, the
case with a collection of very crudely produced flint implements
found in shallowwater along the Danish coast, originally suggested
a pre-Weichselian age, but later interpreted as Late Mesolithic tools
produced on the spot for oyster-harvesting (Mathiassen, 1935;
Troels-Smith, 1995).

From these geological observations, it becomes clear that
finding in situ artefacts in the study region is challenging, and
that surveys should therefore target sediments with particular re-
deposition histories to potentially find contextualised (but
probably re-deposited) find-bearing layers. The region is also
more likely to produce geofacts and all finds should therefore be
analysed with this in mind. Also, the development of survey
strategies inspired by, for example, The Ice-Age Network in
Britain (Buteux et al., 2009) could possibly improve the rela-
tionship between amateur- and professional archaeologists and
increase both knowledge and interest in the Pleistocene of
Southern Scandinavia and thereby produce new evidence. The
observations presented here support the argument that the
absence of reliable archaeological evidence of a pre-Weichselian
hominin occupation in Southern Scandinavia compared to re-
gions with calmer geological histories could be due to its pro-
found taphonomic complexity.

4. Conclusion

Regarding hypothesis A, we did not find evidence supporting
the view that climatic constraint can fully explain the absence of
Neanderthals during the Eemian and early Weichselian. However,
we did find evidence consistent with the prediction that a
geographic barrier during the Eemian may have prevented migra-
tion into Southern Scandinavia. Both set of explanatory trajectories
within hypothesis B (research- and taphonomic biases) are to a
high degree consistent with the observations presented here, and
can only be further resolved by increasing the empirical corpus by
means of survey and or excavations.

Regrettably, these observations still do not allow us to un-
equivocally answer the underlying question of whether or not
Neanderthals dispersed above 55�N. Yet, they provide a much-
derthal dispersal above 55�N in Europe during the Last Interglacial
int.2015.10.039



T.K. Nielsen et al. / Quaternary International xxx (2015) 1e1614
needed foundation for evaluating the validity of current and
competing hypotheses and for avoiding uncritically reproducing
assumptions. Against this background, we argue that it is possible
for Neanderthals to have exploited areas in Southern Scandinavia,
and if such northern expansions took place it is more likely to have
been during the early Weichselian Interstadials when access to the
area co-occurred with accommodating climatee perhaps as part of
summer hunting trips e rather than during the warmer Eemian
Interglacial where access would have been impeded. Future eval-
uation of this argument could include modelling the habitat suit-
ability for the early Weichselian as well as widening the temporal
scope to include Interstadials in the Saalian Glaciation (e.g. MIS7)
and later phases of the Weichselian Glaciation (e.g. MIS3). In
addition, renewed fieldwork should target sediments of early
Weichselian rather than Eemian age.
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