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1.  Introduction 

 The Acheulean is the longest-lasting techno-complex in prehistory and its 

emergence from the Oldowan is one of the major transitions in human evolution (Clark 

1994; Moncel et al., 2018; de la Torre, 2016). It is widely agreed that the innovation of 

Acheulean technology represents a critical stage in early human development (Issac, 

1986; Wynn, 1989; Stout, 2015). Its success can be measured by its persistence over 

more than 1.5 Myr during the Early and Middle Pleistocene, over the vast geographical 

area of Africa and Eurasia, and the involvement in this techno-complex of at least three 

hominin species—Homo erectus, Homo heidelbergensis, and Homo neanderthalensis. 

The Acheulean was based on the use of longer, more complex operational chains, 

involving centripetal and recurrent knapping, which was adapted to different raw 

materials to create long, functional edges on a versatile tool. The 'Acheulean revolution' 

was the product of two main developments: 1) the production of large flakes that could 

be used as blanks for creating large tools, and 2) the existence of a ‘mental template’, 

prior to the shaping process, an innovation derived from previous technology and 

essential for producing a standardized tool—the handaxe. It has been considered as the 

highest reflection of human cognition during the earlier Pleistocene (Wynn, 2002; Stout, 

2011) and had the advantage of being multifunctional and transportable with tools that 

could be resharpened and readapted for further use.  

 The emergence of the Acheulean in Africa from ca. 1.7 Mya (e.g., Lepre et al., 

2011; Beyene et al., 2013) has been suggested as a behavioral response to changing 

ecological conditions and associated with the evolution of H. erectus (de la Torre, 2016). 

In addition, the technical requirements of handaxe manufacture with improved cognitive 

abilities may have been dependent on the increase in brain size of H. erectus. However, 



the first appearance of this species with a simple core and flake technology in eastern 

Asia from over 2 Myr raises questions about the significance of a simple association of 

H. erectus with handaxe technology and the ‘Out of Africa’ hypothesis (Zhu et al., 2018; 

Luo et al., 2020; Husson et al., 2022). Occupation with similar core and flake 

technologies appears to be later in Europe with sites such as Dmanisi in Georgia at 1.7 

Myr (Ferring et al., 2011), and from 1.4 Myr further west at Pirro Nord (Arzarello et al., 

2015), Orce (Toro-Moyano et al., 2011; Sánchez-Bandera et al., 2020), and Atapuerca 

(Carbonell et al., 2008; de Lombera-Hermida et al., 2015). 

 The earliest handaxe assemblages beyond Africa are currently at Ubeidiya in 

Israel at ca. 1.4 Myr (Bar-Yosef and Goren-Inbar, 1993; Herzlinger et al., 2021), at 

Attirampakkam in southern India with average cosmogenic dates of 1.5 Myr (Pappu et 

al., 2011), and in China from 0.9 Myr (Forestier et al., 2022). Once again there appears 

to be a delay in the use of this technology in Europe. Evidence of the first Acheulean 

industries in Europe has been refined over the last decade through the discovery of new 

sites, new fieldwork at 'classical' sites, and better resolution of dating. La Boella (north-

east Spain), dated to 0.9–1 Myr, is the oldest known Acheulean site in Europe (Vallverdú 

et al., 2014; Mosquera et al., 2016; Ollé et al., 2023). This may have been a one-off 

innovation, but it nevertheless became more widespread from 700–600 kyr with an 

increase in the number of known sites, and especially from 500 kyr, when Europe seems 

to have been widely occupied (Moncel et al., 2015). The period from 1.2 to 0.9 Myr 

corresponds with less stable climatic changes, warmer periods varying in both duration 

and intensity, increasing varieties of habitat, and relatively humid conditions, especially 

in the Mediterranean and south-west Europe (Kahlke et al., 2011; Hosfield and Cole, 

2018). These climatic changes favored human dispersal across this area, while 

dispersals towards the north were probably restricted to favorable interglacials of low 

seasonality and high habitat diversity. The period after 900 kyr was controlled by 

episodes of 100 kyr periodicity, with longer and stable climatic intervals, progressive 

temperature decline and increasing aridity, greater seasonality, and increasingly 



specialized mammal communities, especially after 500 kyr (Moncel et al., 2016; Hosfield 

and Cole, 2018). These environmental changes affected the survival opportunities for 

humans in Europe (Rodríguez et al., 2016), particularly the more oceanic climates of 

western Europe. These Atlantic regions seem to have provided a persistent corridor from 

Iberia to France and Britain, where the earliest sites in northern Europe survive from ca. 

0.9 Myr with core and flake industries (Parfitt et al., 2005, 2010), and those with handaxes 

from ca. 0.7 Myr (Moncel et al., 2015; Antoine et al., 2019; Davis et al., 2021). It is the 

work across this region that has led to the current volume. 

 The papers in this Virtual Special Issue emerged directly from a one-day 

conference held at the British Museum in October 2019. This was the final event of the 

Western European Acheulean Project, funded by the European Commission by a Marie 

Skłodowska Curie IF-EF-ST Project (Grant Agreement ID: 748316), led by Paula García-

Medrano and supervised by Nick Ashton. The main aim of the project was to characterize 

the occupational pattern of the Western side of Europe from 700 to 300 kyr during the 

Middle Pleistocene (MP) through the study of handaxes and cleavers from 10 Acheulean 

sites across the UK, France, and Spain.  

 One of the most significant problems for comparing handaxe assemblages from 

different countries has been the various traditions of lithic analysis (e.g. Bordes, 1961; 

Roe, 1968; Wymer, 1968; Wenban-Smith, 1989; Boëda, 1990; Carbonell et al., 1992). 

The analyses have been focused on varying aspects of typology, technology, or 

operative chains, with different ways of categorizing or organizing information, all of 

which have made it very difficult to compare results. Thus, the first outcome of the project 

was the development of a unified protocol for technological analysis, overcoming the 

particular characteristics of each site and with a focus at a regional/continental scale 

(García-Medrano et al., 2020a, b). This new technological approach has been 

complemented by the use of three dimensional models to enable in-depth geometric 

morphometric analyses of the final shapes of tools. The unified method, combining 



technology with morphometry and statistical analysis, has allowed us to define the 

technological similarities and differences of handaxes through Western Europe. 

 Having refined our understanding of the typological and technological variation in 

the Acheulean across Western Europe, we adopted a multidisciplinary approach to 

understand the evidence in the context of the complex, volatile changes in climate and 

environment which undoubtedly affected population dynamics through this period. This 

was the subject of the one-day conference 'Humans in Transition'. The multidisciplinary 

approach for the conference was covered by 13 talks from some of the leading 

specialists on these topics (Fig. 1), with an audience of more than 100 people from 

different disciplines and career stages from postgraduate students to professors. The 

multidisciplinary approach led to excellent brain-storming discussions and the idea that 

it would be an ideal topic for a VSI in JHE. 

 

2.  New research on Humans in Transition in Western Europe 

  The resulting VSI, “Humans in Transition”, explores the dynamics of the Middle 

Pleistocene occupation in Western Europe to address questions surrounding when, 

where, and how Europe was occupied, and by whom. The VSI comprises 11 papers 

divided into four themes. The first theme explores the distribution of hominins through 

modeling and mapping the environmental conditions for occupation with the perspectives 

of paleogeography and the ecological constraints of temperature, rainfall, and humidity. 

The second theme concerns the hominin species that inhabited Europe through this 

period; whether there was one or more species or subspecies is investigated through a 

comparison of the Boxgrove and Sima de los Huesos human remains. The third theme 

focuses on Acheulean technology and the cultural connections through Western Europe, 

while the fourth theme evaluates the technological innovations from the Acheulean to 

Middle Paleolithic industries, with two studies: the key sequence of Orgnac and the 

regional perspective of changes in flake tool usage at British sites. 



 The climatic conditions under which hominins lived in Western Europe during the 

Middle Pleistocene are explored and contextualized using two different approaches. The 

first two papers use micro-vertebrate data as the basis of analysis. López-García et al. 

(2021) apply a bioclimatic model to study rodent remains through the Mediterranean 

region, integrating the climatic parameters of mean annual temperature, mean 

temperature of the coldest month, and mean temperature of the warmest month. It is the 

first time that an analysis has included all the data from deposits with human and rodent 

fossils from the MP. Hominins were well adapted to diverse environmental conditions 

and, as a part of the ecosystem, were distributed in the region in a mosaic of 

microenvironments during glacial phases. The authors conclude that whereas in Iberia 

mild climate conditions prevailed, in southern France and northeastern Italy weather 

conditions were more severe. Blain et al. (2021) use statistical and geographical 

techniques to analyze the amphibian and reptile-based paleoclimate and habitat 

reconstructions to investigate if temperature, precipitation, and/or forest cover may have 

impacted the hominin occupation of the territory during the Early and Middle Pleistocene. 

Their results indicate the existence of climatic constraints associated with rainfall and 

humidity. The Early Pleistocene and the first half of the Middle Pleistocene were 

dominated by the occupation of relatively humid, wooded areas, whereas during the 

second part of the Middle Pleistocene, a broadening of the earlier ecological niche is 

clearly observed toward the occupation of more open arid areas.  

 The Oscillayers dataset (Gamisch et al., 2019) is the basis of the analyses of the 

next two studies. Rodríguez et al. (2021) review the distribution of archeological 

assemblages in Western Europe from MIS 14 to MIS 11 and obtain estimates of the 

climatic conditions. Their results show that hominins tolerated cold exposure not only 

during the glacial stages but also during the interglacials, with winter temperatures 

estimated below 0 °C at many localities. They propose that Middle Pleistocene European 

populations were able to endure the low temperatures of those glacial stages by 



combining anatomical and physiological adaptations with behavioral responses, such as 

the use of shelter and simple fur clothes.  By contrast, Hosfield (2022) explores the major 

transformation in the hominin occupation of Europe from MIS 13 to MIS 11, pointing out 

that climate may only be a partial factor behind the smaller-scale occupations. The 

increase in hominin activity during MIS 13 contrasts with the relatively severe conditions 

of late MIS 13, and probably reflects significant physiological and/or behavioral 

adaptations. The author also shows that the expanded occupation of north-western 

Europe during MIS 11 is probably related to the extended mild conditions of MIS 11c. 

Site-specific conditions in south-western Europe suggest milder winters, warmer 

summers, and reduced seasonal variability compared to north-western Europe. Finally, 

comparisons between north-western and north-central European sites indicate relatively 

small differences in seasonal temperatures, suggesting that climate only partially 

contributed to the reduced number of sites in north-central Europe during MIS 13–11. 

 The complexity of Middle Pleistocene settlement patterns and population 

diversity is reflected in the study by Lockey and colleagues (2022). They carried out an 

in-depth study of some of the classic human remains in Western Europe by comparing 

the tibia and incisors from Boxgrove (UK) with those from Sima de los Huesos 

(Atapuerca, Spain). The authors conclude from the analysis of the incisors that there is 

no justification for assigning the Boxgrove and Sima de los Huesos to distinct 

paleodemes. By contrast, based on the tibial data, the Boxgrove and Sima de los Huesos 

samples show greater differences, suggesting these two samples are unlikely to 

represent the same population. Thus, if the Boxgrove incisors and (one) tibia represent 

a single population, their combination of traits suggests distinct paleodemes as the result 

of complex population dynamics with varying levels of isolation and genetic flow between 

groups. 

 Variation in lithic technology during the MP of Western Europe reflects the human 

record, with diverse populations adapted to a wide range of environmental conditions. 

The abundant lithic record can be used to help track population distribution and 



movement. The third theme draws together three different studies that focus on some of 

the key sites in Western Europe (e.g., la Noira and Menez Dregan) as well as on regional 

approaches to Acheulean variability from MIS17 to MIS11. Moncel and colleagues 

(2021) present an in-depth technological analysis of the la Noira site (France) comparing 

its two archaeological levels, strata a, dated to ca. 700 ka, with strata c, dated to ca. 450 

ka. Given the significant time gap between the two levels, the site poses the question of 

whether there is evidence at this site of continuity or discontinuity in lithic technology. 

The climatic evidence would suggest that during this period there would have been, if 

not a depopulation of Europe, significant shifts in population distribution and perhaps a 

decrease in occupational intensity, particularly during the intense cold of MIS 12. The 

archaeological evidence from la Noira indicates that populations returned to the area at 

the end of MIS 12 or the beginning of MIS 11, having maintained some technological 

traditions, but also show several technological innovations and wider landscape use.    

 From MIS 12–11, the occupation of Europe shows both an increase in the 

archaeological evidence and a strong adaptation to localized territories, with longer 

periods of continuous occupation and a greater variety of technological adaptations. 

Menez-Dregan I is one of the few sites with a long sequence of Middle Pleistocene 

occupation from MIS 12 to MIS 5. Ravon et al. (2022) offer a detailed diachronical 

assessment of the complete sequence of the site, showing the persistent use of the same 

lithic raw materials and technologies, including fire use, through the sequence. The 

results suggest the development of a material culture that reflects the local resources 

and environment and sustained hominin occupation of the area, despite varying climate. 

To complement this scenario, Ashton and Davis (2021) present a regional analysis of 

the British record between MIS 15 and MIS 11, where hominin occupation was more 

sporadic and driven by cyclical climate change. They use the British data to examine the 

implications for Europe and propose the 'Cultural Mosaic Model.' Their findings suggest 

that the Acheulean reflects a range of expressions, which is unlikely to be caused purely 

by raw material constraints or functional variation, but rather reflects regional populations 



with different material cultures. They suggest that these regional signatures were 

maintained through stable climate, but that environmental disruption through climate 

change caused increased population movement, but with the benefits of increased 

knowledge transfer and gene exchange.  

 The technological innovations of the Middle Paleolithic, particularly the use of 

Levallois technology, are the key to understanding the end of the Acheulean. Recent 

research has established that the oldest Neanderthal fossils and the first signs of their 

technologies and behavior appear from MIS 11 or possibly earlier. But did the new 

technological complexity of the Middle Paleolithic represent an abrupt change or was it 

a gradual process? Bahain et al. (2021) provide a new chronological framework for the 

Orgnac 3 sequence, using TL and ESR/U-series data. Their research confirms the 

attribution of the Orgnac 3 archaeological sequence to MIS 10–8. Although the earliest 

Levallois core technology is sporadically recorded earlier than at Orgnac 3, the transition 

of an interglacial/glacial period (MIS 9/8) marks the first persistent and prevalent use of 

Levallois technology. The authors conclude that Levallois debitage at Orgnac 3 appeared 

progressively rather than suddenly. The Lower to Middle Paleolithic transition was 

examined from a different angle by Rawlinson et al. (2022) through the analysis of the 

flake tool component from 25 British sites attributed to MIS 9. The authors demonstrate 

more continuity than change in relation to earlier periods. Contrary to the perception that 

there is an increase in flake tool use prior to the Middle Paleolithic, the British evidence 

shows little increase in the flake tool component or in the elaboration of scrapers. They 

also conclude that the presence of more elaborate flake tools in MIS 9 does not appear 

to be linked to the prepared core technology.  

 The last paper of the volume presents a regional interpretation of Acheulean 

technology. García-Medrano and colleagues (2023) present a technological and 

morphometrical analysis of handaxes and cleavers from 10 Middle Pleistocene sites in 

Western Europe. The authors highlight the existence of two main technological groups 

in the sampled record: 1) northwestern and central France and Britain, from MIS 17/16 



to MIS 11, and 2) the Atlantic edge, from MIS 12/11 to MIS 8. The authors show that 

shaping of large tools was developed as a continuum of accumulative actions, with 

longer and more complex shaping strategies over time. In addition, shaping technology 

shows traditions of manufacture over both time and across geographical areas, which 

indicate cultural diffusion. Moreover, the geometric morphometric analysis helped to 

identify not only general trends but also local adaptations in handaxe forms. García-

Medrano et al. (2023) concluded there were no apparent sudden innovations, but rather 

the application and development of specific techniques to refine size and shape. 

 

3.  Conclusions 

 “Humans in Transitions” explores the dynamics of the Middle Pleistocene occupation in 

Western Europe from a multidisciplinary perspective, linking discussion about 

environmental conditions, ecological constraints, hominin species, variability of 

Acheulean technology and the transition towards the Middle Paleolithic.  

A period of complex changes in climate and environment should affect population 

dynamics. According to the compiled studies, rainfall and humidity meant a clear 

constraint, displacing the occupation from humid and wooded areas during the early 

Middle Pleistocene to more open arid areas during the second part of this period. 

Nevertheless, temperature had a partial effect on Middle Pleistocene human 

occupations. Those populations were adapted to lower temperatures through a 

combination of physiological adaptations and innovations. The population complexity, 

the apparent co-existence of different human lineages/species, and the taxonomically 

mosaic anatomies found in some of the fossils is attested when comparing Boxgrove 

and Atapuerca-Sima de los Huesos fossils. Their morphological differences show two 

different paleodemes in Western Europe. 

The diverse populations adapted to different environmental conditions are 

reflected in technological variations. Technological analysis points to a clear connection 

between France and Britain, from MIS17/16 to MIS11. This technology remained stable 



as an accumulative process of knowledge, with increments in the degree of complexity 

and the production of increasingly standardized tools. But from MIS12, increased 

population, its diversity and adaptation to different scenarios is in part reflected in the 

use of new raw materials through simpler technological approaches in southwest 

Europe, compared to northwest Europe, and with a strong regionalization of technology, 

which resulted in different material cultures. 

 

The multidisciplinary approach to the archaeological record supports the regional 

interpretation of data. Nevertheless, to understand the particularities of each site is the 

only way to get a fruitful discussion about population dynamics on a wider canvas. The 

archaeological register always offers an incomplete scenario. We should continue 

adding sites, compiling knowledge and filling spatial and chronological gaps to 

understand how Humans transited through Europe during the Middle Pleistocene.   
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Figure caption 
 
Figure 1. Participants in the 'Humans in Transition' one-day Conference at the British 

Museum. From right to left: Matt Pope, Chris Stringer, Juan Luis Arsuaga, Hugues-

Alexandre Blain, María Martinón-Torres, Robert Hosfield, Jesús Rodríguez, Paula 

García-Medrano, Anne-Lyse Ravon, Andreu Ollé, John Gowlett, Marie-Hélène Moncel 

and Nick Ashton. 
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