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Abstract 
Between ~60 and ~25 ka BP two big changes are recognizable in the archaeological 
record of Europe: Modern humans replaced Neanderthals and the Middle Palaeolithic 
was replaced by the Upper Palaeolithic. The Early Upper Palaeolithic across Europe, 
especially before the Aurignacian, is characterized by a huge variability of different 
technocomplexes. The so-called transitional technocomplexes, thought to have been 
produced by Neanderthals, are considered to be either local innovations by 
Neanderthals or the product of cultural transmission of behaviours from incoming 
modern human populations. This study tests whether local innovation or diffusion of 
behaviours are supported by the Early Upper Palaeolithic record of the Middle 
Danube region in Central Europe. The results using eight assemblages from seven 
archaeological sites suggest that the transitional technocomplex of the region, the 
Szeletian, is best explained by diffusion of behaviour from incoming modern humans 
to local Neanderthal populations. 
 
 
1 Introduction 
 
In the western Eurasian archaeological record we observe during Marine Isotope 
Stage (MIS) 3, i.e., between ~60 and ~25 ka BP, the replacement of Neanderthals by 
modern humans, the appearance of the Early Upper Palaeolithic (EUP) and the 
appearance of what is often called behavioural ‘modernity’. In the literature the latter 
two are also referred to the Middle-to-Upper Palaeolithic transition. Most scholars 
agree that these huge changes in the archaeological record relate to the colonization of 
northern latitudes by modern humans, but some argue that the changes in material 
culture at the Middle-to-Upper Palaeolithic transition are happening before modern 
humans dispersed into Europe and hence are unrelated. However, the topic remains 
heavily debated (see discussions in, e.g., Akazawa et al., 2013; Barker et al., 2007; 
Brantingham et al., 2004; Conard, 2006; Klein, 2009; Mellars & Stringer, 1989; 
Mellars et al., 2007; Rabett, 2012; Zilhão & d'Errico, 2003). 



The archaeological record of the Middle-to-Upper Palaeolithic transition throughout 
Western Eurasia is characterized by large differences between Middle Palaeolithic 
and Upper Palaeolithic assemblages (e.g., Klein, 1969a, 1973; Mellars, 1989a) and by 
a complex patterning of various EUP assemblages with huge regional variability (see 
discussions in e.g., Brantingham et al., 2004; Conard, 2006; Zilhão & d'Errico, 2003). 
For the longest time the Aurignacian technocomplex has been considered the 
signature of modern humans dispersing into and within Europe (e.g., Klein, 1973; 
Mellars, 1989a; Davies, 2001). Other technocomplexes at more or less the same time 
as the Aurignacian include the so-called transitional technocomplexes (e.g., the 
Châtelperronian, Szeletian, etc.), and other EUP technocomplexes like the Bohunician 
or the Streletskian .  
The role of the Aurignacian, including the Proto-Aurignacian and Early Aurignacian, 
in the debate of the colonization of Europe by modern humans, the replacement of 
Neanderthals and the appearance of the EUP has changed over the decades (e.g., 
Nigst, 2012; Teyssandier, 2008). The Aurignacian is one of the two EUP 
technocomplexes in Europe that are securely associated with modern human remains 
in Europe (Bailey et al., 2009; Hublin, 2015). The other EUP assemblage associated 
with modern humans is AH IVb of Kostenki 14 (Sinitsyn, 2003, 2010). The potential 
association of the Uluzzian of Grotta di Cavallo with the modern human teeth from 
the same site remains debated due to the lack of information on the site formation 
processes (Benazzi et al., 2001; Banks et al., 2012; Rontichelli et al., 2014; Zilhao et 
al., 2015).  
It is becoming increasingly clear that the Aurignacian (including the Early 
Aurignacian and the Proto-Aurignacian) postdates the first EUP technocomplexes at 
least in some parts of Europe. Nevertheless, the Aurignacian seems to appear not all 
over Europe at the same time (e.g., Davies, 2001, 2007; Conard, 2006; Nigst, 2006, 
2012; Nigst et al., 2014). This debate is dependent studies that combine a strong 
stratigraphy and site formation component with a high-resolution dating program in a 
climatostratigraphic approach (e.g., Nigst et al., 2014; Pirson et al., 2011). Key for 
such approaches are long loess-palaeosol sequences with a rather high palaeo-
environmental resolution, like Willendorf II (Nigst et al., 2014) in the Middle Danube 
region or Mitoc-Malu Galben (Otte et al., 2007) in the East Carpathian region. In the 
Middle Danube region it is known for a long time that there exist other EUP 
technocomplexes besides the Aurignacian: the Szeletain and the Bohunician (e.g., 
Valoch, 1990, 2000; Skrdla, 2003; Svoboda & Bar-Yosef, 2003). Their 
chronostratigraphic position has been debated for a long time, and it has become clear 
that the Aurgnacian is not the first EUP in this particular region (Haesaerts, 1990; 
Valoch, 2000; Svoboda & Bar-Yosef, 2003; see also Nigst, 2012, 2014 for a 
summary).  
In this study, I look at what is known about the EUP technocomplexes before the 
Aurignacian and what their patterning can tell us about population interaction with 
regard of the Neanderthal – modern human replacement. I use primarily examples 
from the Middle Danube region as a case study and put them in a wider picture of the 
colonization process of Europe.  
 
 
2 The Aurignacian, the Early Upper Palaeolithic and the Middle to Upper 
Palaeolithic transition 
 
The on-going debate on the Middle-to-Upper Palaeolithic transition centres on (i) the 



definition of the involved technocomplexes (Late Middle Palaeolithic, 
Bohunician/Initial Upper Palaeolithic, transitional technocomplexes and the 
Aurignacian), (ii) the spatio-temporal patterning of these technocomplexes, and (iii) 
the relationship of these technocomplexes and similarities or differences in hominin 
behaviours. In many regions across western Eurasia these technocomplexes seem (at 
least in part) to overlap in time (for more detailed see discussions in e.g., Akazawa et 
al., 1998; Brantingham et al., 2004; Conard, 2006; Mellars et al., 2007; Zilhão & 
d'Errico, 2003). A good example is provided by the Middle Danube region, for which 
it was argued – based on the radiocarbon dating record - for a long time that there was 
a coexistence of Bohunician, Szeletian, and Early Aurignacian (e.g., Svoboda et al., 
1996; Nigst, 2006, 2010). Other work taking into consideration pedostratigraphy in a 
climatostratigraphic approach (Haesaerts, 1990; Haesaerts et al., 1996; Nigst, 2012, 
2014; Nigst et al., 2014; Nigst & Haesaerts, 2012) or other dating techniques like 
luminescence dating (Richter et al., 2008, 2009) have argued for a chronostratigraphic 
model in which the Aurignacian post-dates the Bohunician and Szeletian. This 
patterns holds true even after the demonstration of an Aurignacian at ~43.5 ka cal BP 
at Willendorf II (Nigst et al., 2014). 
While the age and potential overlap of the EUP technocomplexes across Europe 
might be a matter of debate, all scholars would agree that, in general, the EUP of 
Europe is characterized by a huge variability of lithic and organic technologies. In the 
local sequences we observe a succession of a late Middle Palaeolithic (LMP) 
followed by EUP assemblages assigned to (a) various transitional technocomplexes 
(e.g., Châtelperronian,[e.g., Roussel et al., 2016], Szeletian [Valoch, 1993], etc.), (b) 
the Bohunician or Initial Upper Palaeolithic (e.g., Tostevin, 2000a, 2012; Nigst 2012), 
(c) other EUP technocomplexes like the Streletskian, Spitsynian, and Kostenki 14 
Layer IVb assemblage (which are often known from only one or two sites or site 
clusters) (e.g., Sinitsyn, 2010), and (d) the Aurignacian (including Proto-Aurignacian 
and Early Aurignacian). Most archaeologists would attribute this large variability to 
regionally different cultural traditions. However, genetic data suggest that that these 
(and later archaeologically very diverse populations) belonged to the same 
metapopulation in western Eurasia (e.g., Seguin-Orlando et al., 2014). Some scholars 
have stressed other than cultural factors such as site function (e.g., Klein, 1969b; 
Hoffecker et al., 2010), population dispersal, population density, adaptation to 
particular environmental niches or seasonally different patterns of mobility and 
responses to resource stress (Davies, 2001, 2007; Nigst et al., 2014). The debate is 
ongoing and new data on environmental context but also new approaches to test 
population contact scenarios are strongly needed. 
In the discussion of the population history around the Neanderthal by modern human 
replacement the so-called transitional technocomplexes have played a major role. 
Transitional technocomplexes are characterized by a mixture of Middle and Upper 
Palaeolithic features, including tool types and technological aspects that characterize 
such transitional technocomplexes. Important in order to be classified as a transitional 
technocomplex is the fact that they show similarities with the local LMP (see 
definition criteria of a ’transitional’ technocomplex after Kuhn 2003). Following this 
definition the occurrence of features in these assemblages not observed in the local 
LMP, but in those of other regions, does not allow for them to be classified as 
transitional technocomplexes. The Bohunician, sometimes grouped into the IUP sensu 
Kuhn (Kuhn et al., 1999), does not show this link to the local LMP (e.g., Tostevin, 
2000a, 2003b, 2007, 2012; Nigst 2012, 2014) and should therefore not be classified as 
a transitional technocomplex.  



Of specific interest in current debates is the emergence of so-called transitional 
technocomplexes like the Châtelperronian of Western Europe and the Szeletian of the 
Middle Danube region. In the past several models have been proposed to explain the 
existing spatio-temporal patterns in the human fossil and the material culture records 
in general and the emergence of the transitional technocomplexes in particular (for a 
recent summary see e.g., Nigst, 2012). These include the local evolution model, 
arguing that modern human behaviour evolved locally several times in different 
geographic locations without influence from outside (e.g., Bordes, 2002; d'Errico et 
al., 1998; d'Errico, 2003; Zilhão & d'Errico, 1999a, 2000; Zilhão, 2006b), and the 
"diffusion" (e.g., Bar-Yosef & Pilbeam, 2000; Bar-Yosef, 2006; Davies, 2001, 2007; 
Demars & Hublin, 1989; Harrold, 1989; Hublin et al., 1996; Klein, 1973, 2008, 2009; 
Kozlowski & Otte, 2000; Mellars, 1989b, 2005; Nigst, 2006; Svoboda et al., 1996; 
Svoboda & Bar-Yosef, 2003) and “stimulus diffusion” models (Tostevin, 2000a, 
2003b, 2007, 2012; Nigst, 2012, 2014), stating that the changes in the LMP and the 
development of the transitional technocomplexes are a result of modern humans 
dispersing into western Eurasia and influencing local Neanderthal populations and the 
material correlate of their behaviours. 
Whereas over the last decade we have seen a lot of progress in the provision of more 
accurate age estimations for the various LMP and EUP technocomplexes, there has 
only been little progress in the implementation of new approaches to the study of the 
(mainly) lithic assemblages. Improvements in dating include, in terms of AMS 
radiocarbon dating, more refined sample preparation (e.g., Bird et al., 1999; Higham 
et al., 2006; Haesaerts et al., 2010, 2013) and the subsequent application of these 
sample preparation protocols (e.g., Haesaerts et al., 2013; Higham et al., 2011, 2012; 
Hublin et al., 2012; Richter et al., 2009; Talamo et al., 2012), as well as application of 
TL and OSL dating (e.g., Richter et al., 2008, 2009). Additionally, combining all 
these new age estimations with quaternary geological studies to obtain high-resolution 
chronostratigraphic positions (Haesaerts et al., 2009, 2010, 2013; Nigst & Haesaerts, 
2012; Nigst, 2012, 2014; Nigst et al., 2014; Pirson et al., 2011) for LMP and EUP 
assemblages.  
The lithic assemblages are currently described using various approaches. Most studies 
apply the traditional chaîne opératoire approach (e.g., Bordes, 2002; d'Errico et al., 
1998; Flas et al., 2011; Roussel, 2011, 2016; Teyssandier, 2007, 2008; Zilhão & 
d'Errico, 1999a; Zilhão, 2013; Zwyns, 2012). This approach is problematic because of 
its emic goals and typological nature (Tostevin, 2011, 2012; Nigst, 2014). In such an 
approach the units of analysis are types of reduction sequences and, hence, these units 
change between assemblages. Tostevin (2000a, 2000b, 2007, 2012) has introduced an 
approach designed specifically to test for cultural transmission and is applied in the 
present study in a slightly altered way (for a more detailed description see Nigst, 
2012, 2014).  
 
 
3 Methodology 
 
3.1 Models of Modern Human and Neanderthal interaction 
 
For the Middle Danube region it has been argued that the Szeletian is a transitional 
technocomplex because it shows some similarities with the local LMP, i.e. roots in 
and a development out of the local LMP are considered as the most viable scenario 
(regardless of the cause for this development) (Valoch, 1990, 1993, 2000; see also 



Svoboda et al., 1996; Svoboda, & Bar-Yosef, 2003; Tostevin, 2000a, 2000b, 2003a, 
2006, 2012; Nigst, 2006, 2010, 2012, 2014).  
Scholars have proposed two contrary explanations for the changes in human 
behaviour that result in the development of the Szeletian. The first one explains the 
Szeletian as the result of independent innovative processes within the local LMP 
Neanderthal groups (e.g., d'Errico et al., 1998; d'Errico, 2003; Zilhão & d'Errico, 
1999b, 2000; Zilhão, 2006a, 2006b), thus without any influence from modern 
humans; this model has also been labelled the ‘local evolution’, ‘independent 
evolution’, ‘no contact’, or ‘indigenist’ model. The second explanation proposes the 
Szeletian is the result of changes in late Neanderthal behaviours caused by the 
diffusion of behaviour or ideas from modern humans dispersing into Europe 
(diffusion and stimulus diffusion models). This explanation is often also called the 
‘acculturation’ model (e.g., Allsworth-Jones, 1986; Bar-Yosef, 2002, 2006, 2007; 
Demars & Hublin, 1989; Hublin et al., 1996; Hublin, 2000, 2007, 2012; Klein, 1973, 
1995, 2008, 2009; Mellars, 1989b, 2004, 2005). It roots in Klein’s (1973) proposal for 
the development of the Châtelperronian out of the Mousterian under influence of an 
allochthonous Early Upper Palaeolithic. While the diffusion model assumes direct 
contact between the ‘acculturator’ and the ‘acculturated’ (diffusion of behaviour), the 
stimulus diffusion model (Kroeber, 1940; for the introduction in archaeology see 
Tostevin, 2000a, 2007, 2012) does not require direct contact; as described by Kroeber 
(1940), stimulus diffusion works over larger distances without direct contact between 
‘innovator’ and ‘recipient’ groups.  
Testing for local evolution, diffusion and stimulus diffusion can be aided by utilizing 
a theoretical framework for assessing scenarios of culture contact and their material 
results preserved in the archaeological record. Such a framework has recently been 
proposed by Tostevin (2000a, 2007, 2012) and uses the concepts of social intimacy 
and taskscape visibility for the analysis of culture contact scenarios among hunter-
gatherer societies. Central to this approach is that visibility of lithic artefacts, and of 
their production and use, are dependent on the location and social intimacy of contact. 
Following Tostevin, this means that we can expect that individuals will be exposed to 
different parts of a lithic technology, depending on whether the contact between two 
populations happens in residential sites or on pathways in the landscape. Tostevin 
formulated testable models of the material results of population contact at different 
levels of social intimacy (see Table 28.1 in Tostevin, 2007).  
 
In order to test the models of local evolution, diffusion and stimulus diffusion, one, 
therefore, has to test for contact between populations and the diffusion of behaviours 
or ideas from one population to another – or alternatively to demonstrate that this did 
not happen. The argumentation has to be two-fold: (1) On the one hand comparing 
assemblages and showing that they are different or similar with regard to learned 
behaviours, and, (2) showing that diffusion (or local evolution) is possible or 
impossible due to the age and chronostratigraphic position of the assemblages.  
Here, I use Tostevin’s framework outlined above, the definitions of the models (local 
evolution, diffusion and stimulus diffusion), and incorporating arguments related to 
stratigraphic and chronological position. For each model a number of model 
expectations can be formulated and are listed below and summarized in Table 1. The 
models are based on several assumptions or expectations that have to be rejected in 
order to disprove the model. Some of these expectations are interrelated.  
 



Table 1: Expectation of the models of the Middle-to-Upper Palaeolithic transition in 
the Middle Danube region. Abbreviations: EUP: Early Upper Palaeolithic, LMP: late 
Middle Palaeolithic. 
 

 
Local evolution 
model (no 
contact) 

Diffusion model 
(direct/socially 
close contact) 

Stimulus diffusion 
model 
(indirect/socially 
distant contact) 

Similarity in core 
reduction with 
contemporary EUP 
populations’ 
material culture 
 

No Yes 

No 
(but for parts of 
core reduction 
possible) 

Similarity in tool 
production with 
contemporary EUP 
populations’ 
material culture 
 

No Yes Yes 

Continuity/similarity 
with local LMP 

Yes, continuity 
can be expected 

Yes, continuity is 
possible 

Yes, some 
continuity can be 
expected 

Contemporary EUP 

No contemporary 
EUP populations 
in the same or 
other regions 

Contemporary 
EUP populations 
in the same or 
other regions 

Contemporary 
EUP populations 
in same or other 
(even more distant) 
regions 

Interstratification No Possible, but not 
necessary 

Not to be expected, 
but possible 

 
 
Expectations of the local evolution model:  
* No similarity in production modes and/or final products with contemporary EUP 
populations’ material culture. If similarity in either production modes or final 
products (or both) can be shown, this would make diffusion of behaviour/ideas 
between Neanderthals and modern humans highly likely. 
* No contemporary EUP populations are present. The presence of any other (whether 
local or not) EUP population - and therefore contact between the two groups - makes 
diffusion of behaviour/ideas between Neanderthals and modern humans highly likely.  
* No interstratification of Szeletian and other EUP (mainly Bohunician and 
Aurignacian) assemblages exists. Interstratification of the local transitional 
technocomplex and another EUP technocomplex would demonstrate the use of the 
same territory by these groups in more or less the same time window and therefore 
make contacts between these groups extremely likely.  
* Similarity with local LMP material culture exists. For the local evolution model it is 
key that there exists similarity with the local LMP and not with a non-local LMP (see 
the definition of a ‘transitional technocomplex’ by Kuhn, 2003). 
 
Diffusion model expectations:  



* Similarity in production modes or in both production modes and final products with 
contemporary EUP population’s material culture.  
* Local contemporary EUP populations are present. The presence of any other EUP 
population makes diffusion of behaviour/ideas between modern humans and 
Neanderthals highly likely.  
* Some continuity with local LMP can be observed. Transitional technocomplexes are 
characterized by some similarity with the local LMP.  
* Interstratification of Szeletian and other EUP assemblages is possible, but not 
necessary for the model to be accepted. In this regard the absence of interstratification 
does not allow rejection of the diffusion model, but on the other hand the presence of 
interstratification allows rejection of the local evolution model.  
 
Stimulus diffusion model expectations:  
* The idea of a final product (e.g., shape) but with different production mode is the 
same as in contemporary assemblages in the same or another region. This can 
involve the same tool-kit or the merely the idea of a product. As an example hafted 
composite projectile technology as a concept - rather than a specific type of it - is 
diffused.  
* Contemporary EUP populations are present. The presence of any other, local or 
non-local EUP population makes diffusion of ideas between Neanderthals and 
modern humans extremely likely. Ii is important to mention here that stimulus 
diffusion works over huge distances and the ‘innovator’ and the ‘receiver’ do not have 
to be in direct contact.  
* Some continuity with local LMP can be observed.  
* Interstratification of Szeletian and other EUP assemblages is not to be expected and 
not necessary for the model to be accepted. Nevertheless, interstratification is possible 
within this model.  
 
 
3.2 Lithic and chronostratigraphic analyses 
 
The approach to lithic technology utilized here can be described as a reduction 
sequence approach based on an attribute analysis (for a full description see Nigst, 
2012). Attribute analysis (e.g., Auffermann et al., 1990; Hahn, 1982, 1988; Nigst, 
2012, 2014; Schäfer, 1987; Tostevin, 2000a, 2012) is rooted in a detailed piece-by-
piece analysis of the entire assemblage or a random selection of it. One of the 
advantages of such an approach is that it does not make assumptions about potential 
end products already at the data-recording step. The goal is to explore the variability 
within and between assemblages by identifying, describing and comparing central 
tendencies in knapping behaviours. This methodology was adopted from Tostevin 
(2000a, 2003a, 2003b, 2007, 2012) and focuses on independent behavioural domains 
or steps during any lithic knapping/reduction process. Each of these steps is located in 
the reduction sequence at a point where the knapper has to make a decision from 
various available options, e.g., how to control the angle between the platform and the 
blank release surface (i.e., the exterior platform angle). The assessment of 
similarities/differences between the studied assemblages utilizes a pair-wise 
comparison. To do so, a measure of difference in calculated in order to quantify 
similarities/differences between pairs of assemblages. 
The approach used here differs slightly from the one of Tostevin (2000a, 2012). 
While Tostevin focuses on five independent behavioural domains (core modification, 



platform maintenance, direction of core exploitation, dorsal surface convexity system, 
and tool manufacture; see Tostevin, 2000a, 2003a, 2003b for more details), this 
research uses nine domains (direction of cortex removal, core types, platform 
treatment, core surface treatment, direction of blank removal, bladelets, blank shapes, 
tool types, blank selection), which are organised along an idealized reduction 
sequence for the comparison between assemblages (see Nigst, 2012 for details). The 
idealized reduction sequence is a build up of a number of individual steps. The steps 
can be divided into sub-steps. Most importantly, such an approach allows comparison 
of the assemblages of different technocomplex and period attribution (e.g., Middle 
and Upper Palaeolithic ones) because it is based on comparable units of analysis 
between the assemblages. A good example for a comparable unit of analysis is the 
exterior platform angle. Two examples of non-comparable units of analysis are the 
Micoquian chaîne opératoire and Early Aurignacian chaîne opératoire, both are 
typical examples of units of analysis in studies applying a chaîne opératoire 
approach.  
 
This study uses an attribute analysis based on 72 attributes of which approximately 10 
are recorded on each lithic object, about 35 on all unretouched debitage pieces and the 
remaining ones on special pieces like retouched pieces or cores. The attributes 
comprise quantitative and qualitative ones. Each attribute is well defined (for a 
detailed list including definitions and drawings see Nigst, 2012). Data analysis 
employs standard descriptive and frequency statistics. The comparison between the 
assemblages is a pair-wise comparison. Statistical tests are used to assess whether 
differences are significant or not. Depending on the type of variable the t-test, 
Pearson’s χ2-Test, Fisher’s Exact Test or likelihood-ratio test are used (Nigst, 2012, 
2014).  
In order to describe the difference (or similarity) between two assemblages and to 
quantify the differences in knapping behaviours preserved in these assembalges a 
measure of difference is calculated. To do so, the value ‘1’ is attributed to each 
different sub-step (attribute value) and the value ‘0’ to non-different sub-steps (Table 
2). These values are then added up and divided by the number of sub-steps to provide 
a measure of difference for each step. The values for the steps are subsequently added 
up and divided by the number of steps (domains). This measure of difference can 
potentially range between 0 (which means ‘no difference’ or ‘identical knapping 
behaviour’) and 1 (which means ‘maximum possible difference’ or ‘totally different 
knapping behaviour’).  
 
Table 2: Example of the comparison of the knapping behaviours and calculation of 
the measure of difference using the assemblages of Vedrovice V (Szeletian) and 
Stránská skála IIIc (Bohunician). Abbreviations: UP: unprepared, P: prepared, sd: 
standard deviation, cre: crested, deb: debordant, lent: lenticular, tra: trapezoidal, tri: 
traingular, L: length, W: width, EPA: exterior platform angle, PT: paltform thickness. 
For details on core types A to F and definition of steps/substeps see Nigst (2012). 
 
step/substep Vedrovice V Stránská skála IIIc difference measure of 

difference 
B1: cortex removal     
B1.1: direction of 
cortex removal (> 
66% cortex) 

unidirectional unidirectional 
changing to crossed 

yes 1 

Measure of difference   1/1 1 



of step B1 
C1: core type     
C1.1: core types A: 2, B: 1, C: 1, 

D: 3, F; 1 
A: 9, C: 8, D: 29, F: 
3 

no  

Measure of difference 
of step C1 

  0/1 0 

C2: platform 
treatment 

    

C2.1: platform types UP: 233; P: 119; 
n=352 

UP: 444; P: 323; 
n=767 

yes, p=0.008 (chi-
square) 

 

C2.2: EPA 80.73; sd=12.37; 
n=365 

84.93; sd=15.05; 
n=664 

yes, p=0.000 (t-
test) 

 

C2.3: core tablet no no no  
C2.4: platform 
thickness 

3.62; sd=3.12; 
n=461 

4.55; sd=2.52; 
n=741 

yes, p=0.000 (t-
test) 

 

Measure of difference 
of step C2 

  4/3 0.75 

C3: core surface 
treatment 

    

C3.1: crested blanks, 
debordant flakes, etc. 

cre: yes; deb: yes cre: yes, deb: yes no  

Measure of difference 
of step C3 

  0/1 0 

D1: direction of blank     
D1.1: orientation of 
dorsal scars  

unidirectional 
more, concentric 
less, bidirectional 
less or same 

bidirectional 
changing to 
unidirectional 

yes  

Measure of difference 
of step D1 

  1/1 1 

D2: blank types – 
bladelets 

    

D2.1: bladelet 
production? 

no no no  

Measure of difference 
of step D2 

  0/1 0 

D3: blank shapes     
D3.1: cross-section lent: 30; tra: 156; 

tri: 639; n=825 
lent: 90; tra: 341; tri: 
293; n=724 

yes, p=0.000 (chi-
square) 

 

D3.2: L/W-ratio 1.18; sd=0.44; 
n=219 

1.82; sd=0.80; 
n=731 

yes, p=0.000 (t-
test) 

 

D3.3: W/T-ratio 3.90; sd=1.42; 
n=219 

4.15; sd=1.84; 
n=731 

yes, p=0.034 (t-
test) 

 

Measure of difference 
of step D3 

  3/3 1 

E1: tool types     
E1.1: MP or UP types 
dominating 

MP UP yes  

E1.2: unique retouch 
type? 

leafpoint: bifacial 
retouch 

no yes  

Measure of difference 
of step E1 

  2/2 1 

E2: blank selection     
E2.1: blank selection 
- L/W-ratio 

no diff., p=0.302 
(t-test) 

no diff., p=0.154 (t-
test) 

no  

E2.2: blank selection 
– Length 

no diff., p=0.441 
(t-test) 

longer, p=0.001 (t-
test) 

yes  

E2.3: blank selection 
– Width 

no diff., p=0.096 
(t-test) 

wider, p=0.000 (t-
test) 

yes  

E2.4: blank selection thicker, p=0.022 thicker, p=0.001 (t- no  



– Thickness (t-test) test) 
E2.5: blank selection 
– dorsal scars 

no diff., p=0.085 
(likelihood ratio) 

no diff., p=0.236 
(likelihood ratio) 

no  

E2.6: blank selection 
- cross-section 

no diff., p=0.678 
(two-tailed) 
(Fisher’s Exact 
Test) 

no diff., p=0.236 
(likelihood ratio) 

no  

E2.7: blank selection 
- platform type 

no diff., p=0.816 
(two-tailed) 
(Fisher’s Exact 
Test) 

no diff., p=0.362 
(likelihood ratio) 

no  

E2.8: blank selection 
- EPA/PT-ratio 

no diff., p=0.944 
(t-test) 

smaller, p=0.000 yes 
(t-test) 

  

Measure of difference 
of step E2 

  3/8 0.375 

Total measure of 
difference 

  5.125/9 0.569 

 
 
As mentioned above, we need to address the question of stratigraphic and 
chronological position of the assemblages in order to test the model of local 
evolution, diffusion and stimulus diffusion. This is key as some expectations of the 
models (see Table 1) can only be assessed by stratigraphic and chronological data. 
The stratigraphic position of the studied assemblages at the selected sites and the 
chronological data (e.g., radiocarbon dates) available are not the only elements to be 
considered, so are the positions of the assemblages in a regional chronostratigraphic 
framework. For the Middle Danube region such a framework exists in rather good 
resolution due to the long loess-palaeosol sequences like Willendorf II in Austria 
(e.g., Haesaerts et al., 1996; Nigst & Haesaerts, 2012; Nigst et al., 2014; see also 
summary in Nigst, 2012, Chapter 7). Data used include stratigraphic data as well as 
pedo-sedimentary signatures (e.g., soil types, erosion interfaces, etc.), palynological 
and malacological data, and radiocarbon dates on high quality conifer charcoals. 
Details on methodology and datasets used can be found in Haesaerts et al., (2010; see 
also references therein). This chronostratigraphic framework is further correlated to 
other climate proxies (like the Greenland ice-core data).  
 
 
4 The Middle Danube region as a case study area 
 
The Middle Danube region is an ideal case study area to investigate the Middle to 
Upper Palaeolithic transition because of several factors. First, the region’s EUP 
archaeological record is very rich, and, second, the region is characterized by long 
loess-palaeosol sequences with rather high palaeoclimatic resolution (e.g., Willendorf 
II, Austria; Nigst et al., 2014). In this study eight assemblages from seven sites have 
been included. The sites are Willendorf II, Stratzing 94 (both in Austria); Vedrovice 
V, Stránská skála IIa, IIIa, and IIIc, and Kůlna cave (all in the Czech Republic) (Table 
3). In the case of the two archaeological horizons (AH) at Willendorf II and the one 
AH at Stratzing 94, the entire assemblages were studied. From the much larger 
Vedrovice V collection a sample of 4098 artefacts was analysed. The data of Stránská 
skála IIa, IIIa, and IIIc, and Kůlna cave were taken from Tostevin (2000a, 2003a).  
 
Table 3: Assemblages used in this research. Abbreviations: AH: archaeological 
horizon, n: number of studied lithics. 



 
Site Assemblage Technocomplex n Reference 
Large and small 
fraction studied 

    

Willendorf II AH 3 Aurignacian 500 Nigst, 2012 
Willendorf II AH 4 Aurignacian 2452 Nigst, 2012 
Vedrovice V – Szeletian 4098 Nigst, 2012 
Stratzing 94 AH 2 Aurignacian 326 Nigst, 2012 
Large fraction from Tostevin (2003a), 
small fraction studied 

    

Stránská skála IIIc – Bohunician 4506 Tostevin, 2003a; 
Nigst, 2012 

All data from 
Tostevin (2000a) 

    

Stránská skála IIIa Layer 4 Bohunician 581 Tostevin, 2000a; 
see also Nigst, 
2012 
 

Stránská skála IIa 
and Stránská 
skála IIIa 

Layer 4 (IIa) 
and Layer 3 
(IIIa) 

Aurignacian 497 Tostevin, 2000a; 
see also Nigst, 
2012 
 

Kůlna Cave Layer 7a late Middle 
Palaeolithic 

294 Tostevin, 2000a; 
see also Nigst, 
2012 

 
 
6 Results 
 
The pair-wise comparison of the eight assemblages attributed to the late Middle 
Palaeolithic and the EUP resulted in a large range of the measure of difference values, 
from 0.255 to 0.921 (Table 4 and Figure 1). The lowest measure of difference values 
are – as expected - those of the assemblages showing similar knapping behaviours. 
These assemblages are also those that are traditionally assigned to the same 
assemblage type (i.e., a specific technocomplex like the Bohunician or the 
Aurignacian). The measure of difference shows the largest values, i.e. different 
knapping behaviours, when one compares those assemblages, which are 
chronologically most distant (i.e., late Middle Palaeolithic and Aurignacian). Among 
all pair-wise comparisons involving assemblages of two different technocomplexes, 
the Szeletian to Bohunician comparisons show the lowest measure of difference 
values (Figure 1 and Table 4, IDs 8 and 9). This suggests more similar knapping 
behaviours between the producers of the Szeletian and Bohunician than between the 
producers of any other two techncomplexes, e.g., the Szeletian and Aurignacian.  
 
Table 4: Measure of difference of the assemblages of Willendorf II-AH 3, Willendorf 
II-AH 4, Stratzing 94-AH 2, Stránská skála IIIc, Vedrovice V, Kůlna Cave-Layer 7a, 
Stránská skála IIIa-Layer 4, and the grouped assemblages of Stránská skála IIa-Layer 
4 and Stránská skála IIIa-Layer 3. Abbreviations: Aur: Aurigncian, LMP: late Middle 
Palaeolithic, Sz: Szeletian, Boh; Bohunician, ID: assemblage pair identity number 
used in Text and Figure 1.  



 

Compared 
assemblages 

Compared 
techno-

complexes 

Measure 
of 

difference 

Tool product
ion measure 
of difference 

Core reduction 
measure 

of difference 

ID 

WII-AH3 vs. 
SSIIa-4 & 
SSIIIa-3 

Aur-Aur 0.255 0.188 0.274 1 

SSIIIc vs. 
SSIIIa-4 

Boh-Boh 0.255 0.313 0.238 2 

WII-AH4 vs. 
Stra94-AH2 

Aur-Aur 0.280 0.679 0.167 3 

WII-AH3 vs. 
Stra94-AH2 

Aur-Aur 0.296 0.250 0.310 4 

WII-AH4 vs. 
SSIIa-4 & 
SSIIIa-3 

Aur-Aur 0.333 0.250 0.357 5 

Stra94-AH2 
vs. SSIIa-4 
& SSIIIa-3 

Aur-Aur 0.335 0.465 0.298 6 

WII-AH3 vs. 
WII-AH4 

Aur-Aur 0.375 0.438 0.357 7 

VedV vs. 
SSIIIc 

Boh-Sz 0.569 0.688 0.536 8 

VedV vs. 
SSIIIa-4 

Boh-Sz 0.574 0.875 0.488 9 

VedV vs. 
Kulna 7a 

LMP-Sz 0.639 0.125 0.786 10 

VedV vs. 
Stra94-AH2 

Sz-Aur 0.652 0.643 0.655 11 

VedV vs. 
SSIIa-4 & 
SSIIIa-3 

Sz-Aur 0.736 0.563 0.786 12 

WII-AH3 vs. 
VedV 

Sz-Aur 0.741 0.625 0.774 13 

Kulna 7a vs. 
Stra94-AH2 

LMP-Aur 0.828 0.643 0.881 14 

WII-AH4 vs. 
VedV 

Sz-Aur 0.847 0.813 0.857 15 

Kulna 7a vs. 
SSIIa-4 

& SSIIIa-3 

LMP-Aur 0.866 0.688 0.917 16 



 
 
[insert Figure 1 about here] 
 
Based on the measure of difference the differences between the Szeletian and the late 
Middle Palaeolithic are slightly greater than between the Szeletian and Bohunician 
suggesting more different knapping behaviours. This is especially interesting with 
regard to the argued origin of the Szeletian in the local late Middle Palaeolithic (e.g., 
Valoch, 1993). More research on this is needed. The difference between the 
individual measures of difference values of the Szeletian-Bohunician and Szeletian-
LMP comparisons is minimal and cannot be regarded as significant.  
Measure of difference values for Aurigancian and Szeletian comparisons are also 
greater than those of Bohunician and Szeletian assemblage comparisons. Hence, the 
knapping behaviours of Bohunicians and Szeletians are more similar than those 
between Aurignacians and Szeletians. When considering scenarios of Aurignacian or 
Bohunician influence of the producers of the Szeletian – as proposed in the past - this 
allows us to argue that the Szeletian emerged under the influence of the Bohunicians 
rather than under that of the Aurignacians. This statement can be further re-enforced 
using the chronostratigraphic position of these assemblages in our chronostratigraphic 
framework of the EUP assemblages across the Middle Danube region (see below).  
 
Evaluating the chronostratigraphic position of the studied assemblages involves 
making use of the chronostratigraphic framework mentioned above. The assemblages 
studied here are marked in Figure 2. The Aurignacian assemblages (black triangles in 
Figure 2) occur in several chronostratigraphic positions, with Willendorf II-AH3 
being the oldest and attributed to the onset of Greenland Interstadial (GI) 11, i.e. 
before 43,500 cal BP (Nigst et al., 2014). The Szeletian assemblage of the site 
Vedrovice V in Moravia occurs in the so-called Bohunice soil, a brownish forest soil, 
and is correlated with GI 12 (Haesaerts, 1990; Nigst & Haesaerts, 2012; Nigst, 2012, 
2014). The Bohunician assemblages of Stránská skála IIIa (Layer 4) and IIIc are both 
assigned to the lower palaeolsol in the Stránská skála sequence. Unfortunately, it is 
currently unclear how the Stránská skála sequence can be securely correlated to the 
chronostratigraphic framework used here (Haesaerts et al., 2009; Nigst & Haesaerts, 
2012; see also Nigst, 2012, 2014). The radiocarbon dates produced for Stránská skála 
suggest they belong to GI 11 or they are younger (Svoboda & Bar-Yosef, 2003; 
Richter et al., 2008, 2009). The radiocarbon dates from Stránská skála were produced 
using charcoal samples, which, however, have not been subjected to the same strong 
selection and sample cleaning protocols (e.g., Haesaerts et al., 2013; Nigst et al., 
2014) nor to ABOx-SC pretreatment (Bird et al., 1999; Haesaerts et al., 2013). 
Therefore, we need to keep in mind that the reported ages for Stránská skála might be 
underestimations of the true ages. Similarly, the non-ABOx-SC pretreated set of 
charcoal samples from Bohunice-Kejbaly (sites I to IV) has been shown to 
underestimate the age by several thousand years (Valoch, 2008; Richter et al., 2009). 
Due to the similarities between the assemblages of Bohunice-2002 excavation 
(essentially the same site as Bohunice-Kejbaly, closest to Kejbaly IV) and Stránská 

WII-AH3 vs. 
Kulna 7a 

LMP-Aur 0.889 0.625 0.964 17 

WII-AH4 vs. 
Kulna 7a 

LMP-Aur 0.921 0.938 0.917 18 



skála IIIc (Tostevin & Škrdla, 2006), the Bohunician assemblages of Stránská skála 
are in this study assigned the same chronostratigraphic position as those of Bohunice-
2002 (i.e., in GI 12). Interestingly, the Bohunician assemblage of Bohunice-Kejbaly is 
located at the bottom of the Bohunice soil, which is well correlated with GI 12 
(Haesaerts et al., 2009; Nigst & Haesaerts, 2012; Nigst, 2012, 2014; Nigst et al., 
2014). Artefacts stratigraphically located at the bottom of the Bohunice soil were not 
deposited there when the soil formed (i.e., when the soil was active), but were already 
in the sediment before soil formation. Consequently, the Bohunician occupation of 
Bohunice-Kejbaly is most probably older and must predates GI 12 (Nigst, 2012, 
2014). Here, I position it in the rather cold Greenland Stadial (GS) 13.  
 
[insert Figure 2 about here] 
 
The exact chronostratigraphic position of Layer 7a in Kůlna cave is difficult to 
establish. The only available chronometric age estimations are different to all other 
assemblages used in this research. Current age estimations include radiocarbon dates, 
which most probably underestimate the true age of the samples significantly, and ESR 
and OSL ages (Rink et al., 1996; Nejman et al., 2011), suggesting a 
chronostratigraphic position in at least GI 12, but most likely older.  
Taking into account the position of all studied assemblages in the chronostratigraphic 
framework, it is evident that Bohunician and Szeletian occur in the same palaeosol, 
the so-called Bohunice soil, at several locations and therefore were present in the 
same interstadial event (GI 12). But we need to keep in mind that the Bohunician at 
least at the Bohunice type-site occurs prior to GI 12 in the cold GS 13 (e.g., Nigst 
2012; 2014). A potential contact between the two populations is therefore possible 
from a chronostratigraphic point of view. This is congruent with the data on lithic 
technology presented above.  
The Aurignacian occurs in the regional chronostratigraphic framework later; it is 
documented for the first time at the onset of GI 11 (Nigst et al., 2014). A contact of 
the Aurignacians and the Szeletians (as has been argued by, e.g., Valoch, 2000; 
Mellars, 1989a) is therefore highly unlikely as the Szeletian is only documented for 
GI 12 (in the Bohunice soil).  
 
 
7 Discussion 
 
7.1 Local evolution, diffusion or stimulus diffusion? 
 
The results presented above require a more detailed discussion of the local evolution, 
diffusion and stimulus diffusion models. The lowest measure of difference value of all 
inter-technocomplex comparisons for the Szeletian-Bohunician comparisons and the 
occurrence of both technocomplexes in GI 12 are two factors, which violate the 
expectations listed for the local evolution model, while they do not violate those of 
the diffusion and stimulus diffusion models. Therefore support of both these models is 
justified, while the local evolution model for the emergence of the EUP has to be 
rejected in its current definition.  
Can we distinguish direct from indirect contact – or diffusion and stimulus diffusion 
models? Following an approach proposed by Tostevin (2007), we can argue that with 
stimulus diffusion we expect similarities only in the tool kit (cultural transmission 
through socially distant contact scenarios) while with diffusion we expect similarities 



also in the core reduction, so the blank production (cultural transmission through 
socially intimate contact scenarios). Following my earlier work (Nigst, 2012, 2014) 
this can be achieved by dividing our heuristic tool, the measure of difference, in a 
‘core reduction measure of difference’ and a ‘tool kit measure of difference’ (Table 
4). Using such an approach, one can reassess the dataset and study at the values for 
core reduction and tool kit measures of difference separately (Table 4 and Figure 3). 
The values clearly show that the similarity of the Bohunician and Szeletian is routed 
in the similarity of the core-reduction-related knapping behaviours, rather than in the 
tool kit morphology. Hence, it is likely that in the Middle Danube region diffusion 
rather than stimulus diffusion is the best explanation for the patterns in the 
archaeological record, and, in turn, implies direct contact between the Szeletians and 
Bohunicians, which most probably also led to interbreeding events. It should be 
possible to detect such interbreeding events in future genetic studies on human or 
Neanderthal remains of that time and region. Unfortunately, we currently do not have 
any human remains from the Middle Danube region and dated to the GI 12 at 
disposal. 
 
[insert Figure 3 about here] 
 
 
7.2 Modern human colonization of Europe 
 
The findings reported and discussed here are in good agreement with the hypothesis 
that the Bohunician is the material culture correlate of a dispersal of modern humans 
into Central Europe (Bar-Yosef, 2006, 2007; Tostevin, 2000a, 2003b, 2007, 2012; 
Nigst, 2012, 2014; see also Hoffecker (2009) for a summary). Valoch (1976) 
recognized for the first time similarities between the Central European Bohunician 
and the Near Eastern Emirian, this was further studied by Skrdla (2003) using 
refitting analysis. Svoboda & Bar-Yosef (2003) and Tostevin (2000a, 2003a, 2003b, 
2007, 2012) have shown systematically that the knapping behaviours observed in 
assemblages assigned to the Bohunician in the Middle Danube region are very similar 
to those of assemblages assigned to the Emirian or Initial Upper Palaeolithic (IUP) 
sensu Kuhn (Kuhn et al., 1999) in the Near East. While Tostevin (2012) studied the 
Near Eastern assemblages of Boker Tachtit, Levels 1, 2 and 4, and Kebara Cave, 
Units VI and IV to I, the assemblages of Ksar Akil (Lebanon), Layers XXV to XXI, 
and Üçağızlı 1 Cave (Hatay, Turkey), Layers F to I (e.g., Kuhn et al., 2008), can also 
be assigned to the Bohunician/IUP, although at this stage we are missing a detailed 
comparison to the assemblages studied with a methodology congruent with the one 
used by Tostevin (2000a, 2012) and my work (Nigst, 2012, 2014). While no human 
remains are known from the Bohunician in the Middle Danube region, the IUP in the 
Near East is associated at Ksar Akil (Lebanon), Layer XXV/XXIV (Bergman & 
Stinger, 1989; Metni, 1999), and at Üçağızlı 1 Cave (Hatay, Turkey), Layers F to I 
(Kuhn et al., 2009), with modern human remains, hence the assumption that the 
Bohunician in the Middle Danube region was also produced by modern humans is 
well justified.  
Age estimations of the IUP in the Near East are only available from Ksar Akil, where 
the base of the IUP remains undated, and Üçağızlı 1 Cave. At Ksar Akil the IUP 
layers are at least 44,900 to 43,600 cal BP old (Bosch et al., 2015) and the IUP at 
Üçağızlı 1 Cave is dated to 45,900-38,400 cal BP (Kuhn et al., 2009). These age 
estimations – keeping in mind that the base of the IUP sequence at Ksar Akil in 



currently undated – are in agreement with the Bohunician ages of the Middle Danube 
region. If true, this would also suggest a rather rapid dispersal of these modern 
humans into Central Europe. In the future more work is needed to increase the quality 
and quantity of age estimations for IUP assemblages in the Near East and in 
Southeastern Europe. 
 
 
8 Conclusion 
 
This study - presenting a case study on population contact using the datasets from the 
Middle Danube region - does not support a local evolution model for the emergence 
of the EUP. On the contrary, all data are in good agreement with current models of a 
diffusion of behaviours through direct contact between Neanderthals and modern 
humans. Therefore, it can be argued that the historical process of the so-called 
Middle-to-Upper Palaeolithic transition in Central Europe is best explained by contact 
of incoming modern human populations with local Neanderthal ones. The diffusion of 
behaviours should not necessarily be viewed as a one-way process. The results 
showing similarities in core reduction related knapping behaviours suggest diffusion, 
i.e., direct or socially intimate contact, rather than stimulus diffusion, i.e., indirect or 
socially distant contact. The proposed pattern of modern human dispersal into Europe 
prior to GI 12 in GS13 has to be tested in the future with new data including material 
culture remains and new human fossils from modern excavations with a good 
understanding of stratigraphy and site formation processes.  
Future studies will have to (i) use a methodology that is suited to test for cultural 
transmission, like for example the one used here, (ii) investigate the variability within 
and between technocomplexes against a high-resolution environmental record, and 
(iii) make use of high-resolution chronostratigraphic frameworks, which currently are 
only provided by the long loess-palaeosol sequences of the Eurasian loess belt. Long 
loess-palaeosol sequences of sites in a bottom slope situation as sediment trap and 
with a rather high palaeoenvironmental resolution are key in such an endeavor. Mitoc-
Malu Galben is one of the few of such sites in the East Carpathian region, although its 
sequence currently starts after the period discussed in this study. Future work trying to 
expand the base of the Mitoc-Malu Galben sequence either at the site itself or in 
neighbouring locations will contribute new and necessary data to the debate of the 
Neanderthal-modern human replacement and Middle-to-Upper Palaeolithic transition 
outside the case study area presented here. 
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Figures 
 
Figure 1: Comparison plot of measure of difference values of the assemblages of 
Willendorf II-AH 3, Willendorf II-AH 4, Stratzing 94-AH 2, Stránská skála IIIc, 
Vedrovice V, Kůlna Cave-Layer 7a, Stránská skála IIIa-Layer 4, and the grouped 
assemblages of Stránská skála IIa-Layer 4 and Stránská skála IIIa-Layer 3 sorted from 
lowest to highest values. The technocomplexes involved in the comparisons are 
shown in the legend. Abbreviations: Aur: Aurignacian, Boh: Bohunician, LMP: late 
Middle Palaeolithic, Sz: Szeletian. For the compared assemblage pairs IDs see Table 
4. 
 
Figure 2: Chronostratigraphic framework of the Middle Danube region and 
chronostratigraphic position of the assemblages mentioned in the text (Symbols: 
Triangle (upwards): Aurignacian; Diamond: Szeletian; Square: Bohunician; Triangle 
(downwards): late Middle Palaeolithic). Shown is also correlation with the East 
Carpathian region (Molodova V, Mitoc-Malu Galben and Cosautsi) and the GRIP 
ss09sea records. For the GRIP ss09sea and Eastern Carpathian region correlations see 
Haesaerts et al. (2003, 2005; see also Haesaerts et al., 1996, 2004, 2009, 2010; Nigst, 
& Haesaerts, 2012; Nigst et al., 2014). Correlation of Stránská skála sequences with 
Haesaerts’ chronostratigraphic framework is limited due to stratigraphic resolution of 
the Stránská skála sequences, hence the uncertainty of exact chronostratigraphic 
position of the assembalges. Abbreviations: Stratigr.: Stratigraphy; Palaeoenviron.: 
Palaeoenvironment; P: periglacial, with deep frost or permafrost; A: arctic; SA: 
subarctic; B: boreal; Interstad: Interstadial; Mol: Molodova V; MG: Mitoc-Malu 
Galben; GI: Greenland Insterstadial; H4: Heinrich Event 4. Stratigraphy, Correlations 
and Drawings: P. Haesaerts; Archaeology: Ph. Nigst.  
 
Figure 3: Scatterplot of the tool production measure of difference (horizontal axis) 
and the core reduction measure of difference (vertical axis) for the 18 assemblage 
pairs of Table 4. If there are three or more assemblages pairs per compared 
technocomplex combination convex hulls are used to visualize the group boundaries 
and the overlap (solid line: LMP-Aur, dashed line: Aur-Aur, dash-dot line: Sz-Aur). 
The technocomplexes involved in the comparisons are shown in the legend.  



Abbreviations: Aur: Aurignacian, Boh: Bohunician, LMP: late Middle Palaeolithic, 
Sz: Szeletian. 
 


