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Preface 
CLIVE GAMBLE
Europe is a difficult continent to define. The Atlantic provides a watery trench to the west. In the south, the Mediterranean appears to mark a border. But this inland sea has always been the most porous of boundaries. And to the east there is a tectonic jumble of mountains and plains, rivers and marshes. The boundaries can be drawn at will either by geographical feature or political division. Language, ethnicity and more recently haplogroups have all been used to cut the European cake at its margins.
These definitional conundrums are compounded when Pleistocene changes are added. Sea-levels rise and fall, and ice-sheets expand and shrink. Habitats are transformed from good-to-live-in to must-avoid-at-all-costs. The changes are often lengthy and on occasion rapid; the stability of landscapes overturned in a few centuries during a marine isotope stage (MIS). 
Amidst this Pleistocene flux lived the fisher-gatherer-hunters of deep history. They add another dimension with at least three traditional fossil species known from their anatomy: Heidelbergensis, Neanderthal and Sapiens. Genomic analysis using ancient DNA extracted from those same fossils now reveals further genetically different populations; a number that is certain to increase in the next decade as every last fossil bone and occupation soil is sequenced.
Faced with these analytical breakthroughs, the smart money predicts that the old Palaeolithic model, which wrapped the triad of anatomy, climate and stone industries into a cosy, self-reinforcing explanation, will not survive for much longer. The cracks are already obvious. Heidelbergs established persistent places in the landscape, and Neanderthals had art and artefacts that masked their nature (Pope et al. 2018; Hoffmann et al. 2018). Sapiens did what Sapiens always does, but was less chronologically original about it than once thought (Wragg Sykes 2020), while Mesolithic people, their numbers multiplied by warmer climates, accepted and rejected our imposed egalitarian values as the seasons changed (Wengrow & Graeber 2015). 
These are shifting sands indeed. New questions are raised about the pace and timing of evolving hominin capacities and the interplay between environment and the response of Palaeolithic people. This reset began 20 years ago with, for example, the systematic examination of Neanderthal preferences and tolerances to the changing environmental conditions of MIS3 (Davies & Gollop 2003). It continues in this volume with an in-depth overview of a key region for the study of human movement during the Pleistocene. 
South-eastern Europe has not received until now the attention from archaeologists that it demands; a status that arises from its geographical position. Variously described as the gates to Europe, or alternatively the backdoor to Asia, only recently has its archaeological potential started to be tapped. This is the case particularly for the earliest, Acheulean, occupations, but continues throughout the Middle and Upper Palaeolithic. The sites that have now been excavated in detail are as rich in artefacts and environmental data as any in Europe or South-west Asia. Their sequences are long and cultural complexity is evident among not only the stone tools but also the Palaeolithic ceramics. South-east Europe also tests the limits that islands set on hominin settlement. Just as the tectonics of the region have resulted in the conditions to study the effects of geographical separation on hominin populations, so the constant rise and fall of sea-levels allows a greater understanding of island adaptations.  
The potential of South-eastern Europe to drive Palaeolithic studies forward is well shown by Paraskevi Elefanti and Gilbert Marshall’s (2015) survey of one country, Greece. The Prehistoric Stones of Greece (SOG) database lists 471 Palaeolithic sites, most of which come from 37 field surveys. What SOG shows is not only the richness of the data, but also where future research needs to be directed to reach the goal of a regionally representative sample. We also need detailed site information, but the return is slow at current rates of excavation and publication. For example, the first season at the Klithí Rockshelter in Epirus was in 1983 with full publication 14 years later (Bailey 1997). Twenty years, a human generation, is normal for these time-consuming and complex research projects. Field survey by contrast produces rapid results. As archaeologists working in South-eastern Europe appreciate, and the SOG database shows, survey is the most efficient way to test models of population movement and settlement. Field survey sets research agendas rather than the reactive position that arises from discoveries made during our protracted investigations into caves and rockshelters.
Of course, we need both sources of information and a better-integrated approach to regional analysis, such as demonstrated by this volume.  In particular, the dynamic of movement explored by the authors offers a framework to draw the threads back together, and for South-eastern Europe to assume its rightful position in the continental-scale study of deep human history. 
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Chapter 1
Introduction: Current Relevance and Future Potential of South-eastern Europe for Palaeolithic Research
AITOR RUIZ-REDONDO and WILLIAM DAVIES
[bookmark: CBML_ch01_sec1_001]The origins of Palaeolithic research in South-eastern Europe
The territory known as South-eastern Europe is surrounded by the Adriatic Sea to the west, the Mediterranean Sea and the Marmara Sea to the south, and the Black Sea to the east. There is no consensus about its northern boundary. Although some authors draw it to correspond with current political frontiers, from a geographical point of view, the Danube, Sava and Kupa Rivers constitute a natural border for this region. According to all definitions, it includes the current countries of Greece, Albania, North Macedonia, Montenegro, Bosnia and Herzegovina, Croatia, Serbia, Bulgaria, and the regions of East Thrace (Turkey) and Dobrogea (Romania). The widest definition will also include the remaining Romanian territory and Slovenia. If we stick to the ‘geographic’ definition, South-eastern Europe has a combined area of about 470,000 km2, and it is roughly the region known as the Balkan Peninsula. Its strategic geographical position, at the crossroads between South-west Asia and Central and Western Europe, make this territory a key area for understanding the different human migrations into Europe during the Pleistocene. Both the Adriatic coast and the Danube corridor have been identified as routes of different waves of colonisation into Europe in Palaeolithic times (e.g., Davies 2001; Higham et al. 2014; Chu 2018). This territory is the first area in Europe where Neanderthals encountered Aanatomically Mmodern hHumans (‘AMH’, i.e., Homo sapiens) and, probably, where they interbred (Fu et al. 2015). At a larger scale, South-eastern Europe was the first – and probably ephemeral – stage in a colonisation route in North Eurasia by Homo sapiens (Hublin et al. 2020). Nevertheless, the archaeological record for Upper Palaeolithic human occupations in the Balkans remains fragmentary, with important discontinuities and gaps in the region. Additionally, there is a relative dearth of archaeological sites with long, reliable and securely dated sequences (Mihailović et al. 2011; Dogandžić et al. 2014). This fact may well be due to the limited amount of Palaeolithic research conducted in the Balkans, especially before the last past 25 years. Despite this recent multiplication of research teams and key discoveries, the current extent and intensity of investigations is still scarcely comparable with the traditional ‘core’ areas for Palaeolithic research, such as France or Spain.
Palaeolithic research in southSouth-eastern Europe began at the end of the 19th century, in line with early archaeological and palaeoanthropological discoveries in other European countries, which followed the pioneering work developed in the mid-19th century in places such as France, Britain, Germany, Belgium and Spain. Following this early work, definitive evidence for the existence of the Palaeolithic in southSouth-eastern Europe was yielded by the discovery and excavation of Krapina Cave (Croatia). Dragutin Gorjanović-Kramberger started its excavation in 1899, which would last until 1905. He identified the remains of at least 75 Neanderthal individuals at the site (Radovčić et al. 1988), which still constitute the largest collection of fossils from this species in the world. Gorjanović-Kramberger was immediately aware of the importance of his discovery, presenting his results in many international forums, and applying the latest analytical techniques (according to Radovčić et al. 1988, he was probably the first to use the newly discovered X-rays for the analysis of fossil hominins), and he continued to study these materials until his death in 1936. Krapina is considered one of the major Middle Palaeolithic sites in the world, and one of the main sources of information for reconstructing Homo neanderthalensis anatomy, pathology and social behaviour (Radovčić et al. 1988). The international fame acquired by this site encouraged some amateurs and local archaeologists to survey other caves in northern Croatia. One of them (Stjepan Vuković) was responsible for the second major Palaeolithic discovery in the area, in 1928: Vindija caveCave. He led the early excavations of the site, but its real importance would not be recognised until the work of Mirko Malez, in the 1970s and 1980s (e.g., Malez et al. 1980; Wolpoff et al. 1981).
Prehistoric research in Bulgaria also began in the late nineteenth 19th century, with sites such as Bacho Kiro Cave first noted at that time (Ginter and Kozłowski 1982: 7), and sites such as Temnata Dupka Cave being excavated from 1924 by Rafael Popov (Sirakov 1992). Dorothy Garrod, who would become the first female Oxbridge professor in 1939, had been apprised of the potential of Bulgaria in the winter of 1937 by O.G.S. Crawford and Christopher Hawkes. When her international expedition to Turkey in summer 1938 faltered, she took her team and the remnant American School of Prehistoric Research funding to Bulgaria. While awaiting permits from the Bulgarian government, she investigated the area around Karlukovo (Temnata Dupka Cave and eleven 11 other potential cave sites) on 21–22 July 1938, before deciding to spend fourteen 14 days excavating test-pits in Bacho Kiro Cave (Garrod et al. 1939). Most of the material excavated was attributed to the Upper Palaeolithic: Garrod thought that the Temnata Dupka material showed a “marked resemblance” to the oldest Aurignacian stage in the Levant (Garrod et al. 1939: 76), with the lithic artefacts from Bacho Kiro indicating a slightly more recent phase of the Aurignacian, together with some ‘“Moustero-Lev[allois] long retouched blade-knives’” (Bruce Howe entry, 4 August 1938, in Garrod et al. et al. excavation diary1938). Modern levels of precision in excavation recovery and recording did not reach Bulgarian early prehistoric sites until the 1970s, when multinational and interdisciplinary excavations started at Bacho Kiro Cave (1971–6) and Temnata Dupka Cave (1984 until the early 1990s) (Ginter & Kozłowski 1982; Sirakov 1992). However, these new excavation strategies further developed the framework set out by Garrod of the lower Danube section of the Balkan peninsula Peninsula having demographic connections with the Levant, as well as with sites farther west. The more extensive excavations in Bacho Kiro and Temnata Dupka caves from 1971 onwards allowed more detailed technological definition of their assemblages, with the Initial Upper Palaeolithic technocomplex of the Bachokirian being identified at the eponymous site (Kozłowski et al. 1982Kozłowski 1982).
These four early discoveries are still some of the most important sites for the Palaeolithic archaeology and palaeoanthropology of southSouth-eastern Europe. Despite some amateurs and local researchers continuing during the 1940s and 1950s, the war and post-war periods can be considered as an ‘interregnum’ for the archaeology of these countries. In the 1960s and 1970s, Palaeolithic research was reignited by local teams in the western Balkans. Two scholars were the key actors of this relative flourishing (still ‘poor’ in comparison with Western Europe): Đuro Basler and Mirko Malez. The former would have his first contact with the Palaeolithic in 1951, when he recovered material from the open-air site of Mala Gradina (Bosnia and Herzegovina). Later on, he identified several prehistoric sites in this territory and led the excavations in two major Palaeolithic sites: Badanj (Basler 1976) and Crvena Stijena (Basler 1975). Mirko. Malez developed his research in what is now Croatia, where he was the director of the Institute for Quaternary Palaeontology and Geology in the Croatian Academy of Sciences and Arts. He excavated dozens of localities, mostly in caves. Malez discovered or led the research in some new major Palaeolithic (cave) sites, such as Veternica, Velika Pećina and Šandalja I and II (Malez 1974), and he resumed the excavations at Vindija (Malez et al. 1980). A pPalaeontologist by training, his interest was focused essentially on recovering fossils; thus, his documentation of the Palaeolithic archaeology of these sites is quite fragmentary and limited. Greece was particularly underexplored at the time. In that country, practically lacking in Palaeolithic research before the 1960s, international teams led the early discoveries. Epirus sites were excavated by a British team led by Eric Higgs between 1962 and 1967 (Higgs & Vita-Finzi 1966), and the major Upper Palaeolithic and Holocene sequence of Franchthi Cave (1967–1979) was revealed by the American-led team under Thomas Jacobsen (1976).
In the 1980s we can see a continuing process of ‘internationalisation’ in the Palaeolithic research of southSouth-eastern Europe. In Bosnia and Herzegovina, Zilka Kujundžić and Robert Whallon resumed the excavations at Badanj rockshelter (Whallon 1989), and the former started work at Pećina pod Lipom Ccave (Kujundžić 1989). Anta Montet-White collaborated with Đ. Basler, and led different projects in several Upper Palaeolithic open-air sites in northern Bosnia, such as Kadar and Luščić (Montet-White et al. 1986). In Croatia, palaeoanthropologists from different nationalities returned to the rich human fossil collections from Krapina and Vindija, and started a series of studies (see Karavanić et al. 2018, and references within). Some years before, Janusz Kozłowski (1982) had resumed the works at Bacho Kiro Cave (Bulgaria), started the excavations at Temnata Dupka Cave, and established an international network that had continuity through his former student Nikolai Sirakov. The latter carried on the researches at Temnata and started the excavation of Kozarnika; this last becoming the oldest human occupation documented in southSouth-eastern Europe (Guadelli et al. 2005). But the area that saw the highest intensification of Palaeolithic research in 1980s and 1990s was Greece. Throughout the country, several projects focusing on the excavation of large sequences were developed. This resulted as a combination of the international collaboration and the increasing involvement of Greek archaeologists in the Palaeolithic research (see Bailey et al. 1999). We must highlight the excavations at the rockshelters of Klithí (Bailey 1997), Asprochaliko (Bailey et al. 1983), Boïla (Kotjabopoulou et al. 1997,; 1999) and Megalakkos (Bailey 1997), and the caves of Theopetra (Kyparissi-Apostolika 1999), Kalamakia (Darlas & de Lumley 1999), and Kastritsa (Bailey et al. 1983). On the other hand, in the early 1990s this ‘flowering’ would be drastically interrupted in the countries of the former Yugoslavia, due to the civil war. Teams split, collaborations were interrupted, and the on-going projects were stopped.
[bookmark: CBML_ch01_sec1_002]The emerging area for Palaeolithic research in Europe: aims and origin of the volume
This volume addresses the recent developments in European Palaeolithic research, focusing on the Balkan Peninsula. This region can be considered as the emergent area for the discipline in Europe, especially in the last past 20 years. As in China or Siberia (emergent areas for other parts of the world), archaeological knowledge about the Palaeolithic in South-eastern Europe was poor and fragmentary until recently (and focused on a few ‘key’ sites). As mentioned earlier, until the beginning of the 21st century, some Balkan sites of global importance (e.g., the caves of Krapina, Vindija, Bacho Kiro, Temnata Dupka, Franchthi and Crvena Stijena) appeared as ‘islands’ in the cultural mosaic of the European Palaeolithic. The richness of these sites, and the position of this area as a crossroads between Asia and Europe, pointed to the potential of this territory for understanding the social and cultural dynamics of European Pleistocene populations. As summarised in the preceding section, a first wave of international and interdisciplinary teams set foot in the Balkans in the 1970s to join their local peers in developing Palaeolithic research. Unfortunately, the 1990s conflict in the former Yugoslavia paralysed these projects in a large part of the peninsula. From the 2000s, southSouth-eastern Europe has seen a new flowering of Palaeolithic research, ignited by local scholars who rapidly recognised the need for interdisciplinarity and international collaborations to intensify research. This resulted in a better integration of the region within European Palaeolithic social and cultural dynamics. These two decades of research led to several world-class discoveries for palaeoanthropology: (1) a series of pre-Neanderthal hominins inhabited the area, going back to almost 1 million years ago (Ma) (Sirakov et al. 2010; Roksandicć et al. 2011); (2) Homo sapiens used this route to colonise Europe (Tsanova 2008); (3) interbreeding between our species and Neanderthals in Europe was first confirmed in this area (Fu et al. 2015); (4) complex and figurative Palaeolithic rock art was not only a Western European cultural phenomenon, but has now been found in southSouth-eastern Europe (Ruiz-Redondo et al. 2019,; 2020). These discoveries, integrated into previous archaeological knowledge, are detailed in this volume, mostly presented by their discoverers.
In these two key decades for the study of the prehistory of the Balkans, volumes have integrated some of the research in progress across the whole area (Darlas & Mihailović 2008), on a specific topic (Harvati & Roksandicć 2016) or in a particular region (Mihailović 2014; Whallon 2007; Karavanić & Vukosavljević & Karavanić 2017), or in particular sites (e.g., Whallon 2017). Nevertheless, scholars and interested audiences from this region are just aware of the existence of the sites that provided these ‘key’ discoveries. These few sites are nowadays not isolated places, but part of an increasing number of localities which that offer a broader picture of the hunter-gatherer societies that lived in this part of Europe. From this perspective, South-eastern Europe is still a poorly known area for Palaeolithic research, compared to Central and Western Europe. This volume, at a time when the trend in archaeological research is towards publishing individual short articles, offers an opportunity for its contributors to synthesise their results and to establish general patterns for the evolution of Palaeolithic societies in a broader context (the Balkan Peninsula, from the Pleistocene to early Holocene). Our aim is that these up-to-date syntheses will enable the Balkan Peninsula to be more accurately integrated into the broader Eurasian Palaeolithic.
This broader approach, including both old and new results in the assemblages of South-eastern Europe, has not been essayed since the ‘The Palaeolithic Archaeology of Greece and Aadjacent Aareas’ conference, organised by the British School of Athens in 1994, and published five years later (Bailey et al. 1999). More than twenty-five25 years afterwards, and considering the positive momentum displayed by current research in the Balkan Palaeolithic, we believe that an up-to-date synthesis on the early prehistory of South-eastern Europe is timely and essential. In short, this book is conceived as combining the latest, cutting-edge discoveries and data with pre-existing knowledge, to offer an integrated up-to-date vision of Balkan Palaeolithic archaeology.
Furthermore, the scope of this volume is even more ambitious. By disseminating the relevance and interest of this area for European archaeology to an international audience, we aim to boost public interest in the Palaeolithic research of South-eastern Europe, both in the countries involved and elsewhere. Raising awareness of this importance among the local populations will result in a higher appreciation of their own cultural heritage, an efficient preventive measure against voluntary and unconscious destruction of archaeological sites. Moreover, this could serve to encourage local administrations to increase the investigation of those sites, assuring their more effective protection. This is an issue for which much still remains to be done.
In short, our aim is that this volume will serve to (1) compile current knowledge about the Palaeolithic societies in South-eastern Europe, (2) present the latest discoveries on the subject and their integration with the previous data, (3) disseminate the importance of this area for Palaeolithic research to a non-local audience, and (4) highlight this relevance to the local population and authorities in an attempt to protect and encourage further research on the prehistoric archaeological sites in the Balkans. This volume follows a chronological structure, although some chapters address specific topics that are especially relevant for a period or a particular geographic area, such as symbolic behaviour, hominin skeletal remains or subsistence strategies (Figure 1.1).
Figure 1.1 Here
[bookmark: CBML_ch01_sec1_003]The gate of Europe: first ancient human populations in South-eastern Europe
The oldest evidence of human occupation in the area dates back to at least 0.5 Ma in the most conservative scenario, while some scholars claim that can be as early as >1.5 Ma. The Balkan Peninsula is thought to be a major migration corridor for early hominin dispersal towards Europe (e.g., Bar-Yosef & Belfer-Cohen 2001; Mithen & Reed 2002). This assumption contrasts with the still sparse and fragmentary archaeological evidence documented for the Lower Palaeolithic. Despite this fact, the last past two decades have seen a major shift in knowledge about this period in the Balkans (Chapter 2). These recent discoveries and new data have transformed the picture of the Lower Palaeolithic in South-eastern Europe from a ‘quite isolated’ area (Kozłowski 1992) to a territory with – probably – important biological and cultural interaction with Anatolia and the Levant. The hominin fossil evidence from the Chibanian (i.e., Middle Pleistocene) also endorses this hypothesis (Chapter 3). The globally important site of Krapina yielded the second largest collection of hominin remains in Europe and the largest assemblage of Neanderthal remains. Some of them bear clear similarities with specimens from the Levant. Moreover, the four sites in the Balkan Peninsula that have yielded hominin fossils from the Chibanian period show high variability among them. This points to a diversity of hominin populations interacting and moving through the area, a scenario that contrasts with the static view of Eurasian populations from this period that has dominated since the 1980s. Roksandicć and collaborators offer a comprehensive synthesis of this complex mosaic, and highlight the important role of the Balkans hominin record for understanding the population dynamics of the first ancient hominins in Europe.
The Middle Palaeolithic record in South-eastern Europe is still not comparable in quantitative terms with that of western Western Europe. This impedes reaching the same degree of resolution in defining regional sequences in both territories. Nevertheless, distinctions can be made between the assemblages belonging to (1) pre-MIS 5, (2) MIS 5, and (3) MIS 4 and 3 phases (Chapter 4). Furthermore, in the long period that spans from MIS 7 to MIS 3, Neanderthal groups inhabiting the Balkan Peninsula developed a diversity of techno-typological approaches within the Mousterian technocomplexes. As Karavanić and Banda state, these technologies were probably due to different processes of behaviour and adaptation, some of them probably developed and boosted by the exchanges between East and West European and Near Eastern groups.
[bookmark: CBML_ch01_sec1_004]Between Neanderthals and aAnatomically mModern hHumans: interactions, resilience and replacement
The timing, characteristics and circumstances of the transition between the Middle and Upper Palaeolithic in Europe represent a major debate for current archaeology. South-eastern Europe, as a crossroads of the pathways that led AMH to Europe, is a hotspot for the research in this period; a key area for answering questions about the first colonisation of the continent by our species and the kinds of relationship forged between these groups and the previous inhabitants of Europe, the Neanderthals. Few sites in the Balkans have yielded reliable sequences encompassing both the end of the Middle Palaeolithic and the Early Upper Palaeolithic. Fortunately, some have been recently excavated (with modern methodology), offering high-resolution data about this transition in the area of Europe where these two human species first encountered each other. In Šalitrena Pećina (Serbia), a combination of extensive dating, zooarchaeological and stable isotopic analyses of the macromammals, and the technological analysis of bone tools, provided new insights into the subsistence strategies of both the Neanderthals and AMH that inhabited the site (Chapter 5). The recent dates for the Mousterian layers at this site imply that late surviving Neanderthal populations existed in inaccessible areas of the Central Balkans. This fact, along with the extraordinary rich Aurignacian sequence at Šalitrena Pećina, led Marín-Arroyo and collaborators to establish direct comparisons in the subsistence strategies of both species, revealing interesting differences in key aspects such as prey selection, or the transportation and processing of the carcasses.
Bacho Kiro Cave (Bulgaria) has yielded remains of the earliest AMH in Europe (Hublin et al. 2020). They come from at least three individuals, who even had a Neanderthal ancestor a few generations back in their family history. Together with the Upper Palaeolithic layers from the Bulgarian sites of Kozarnika and Temnata Dupka, it is a key site for defining the characteristics, technology and subsistence strategies of the first Homo sapiens that inhabited the continent. While Marín-Arroyo and collaborators (Chapter 5) define the subsistence strategies and mobility patterns during this transition, Tsanova (Chapter 6) mainly focuses on the lithic technology and resource management of these groups. The first AMH technologies (Initial Upper Palaeolithic, or ‘IUP’) were found in Bacho Kiro layer I and Temnata layer 4, while Kozarnika layer VII represents a later period, known as Early Upper Palaeolithic (‘EUP’), characterised in Europe by Aurignacian or ‘Aurignacoid’ techno-typological features. The comparison between both reveals improvements from IUP to EUP in the exploitation of the cores towards the regularity and standardisation of the blanks (blades and bladelets). This is also linked with an important development in the lithic technology: the use of a soft hammer for obtaining EUP blades and bladelets. Changes are also perceptible in the diagnostic hunting tools, and thus in the associated hunting techniques. In short, the replacement of Neanderthals by AMH populations brought a new panoply of techniques, strategies and tools, but these did not remain static for long, changing ‘rapidly’ towards standardisation and a more efficient use of the available resources from IUP to EUP.
The hominin fossil record for the Middle and Upper Palaeolithic in the Balkan Peninsula is extensive in some areas, but relatively meagre in others (Chapter 7). This record plays an important role in the study of later human evolution. Northern Croatia, for example, provides one of the largest samples in the world of both early and late Neanderthals, while Bacho Kiro (Bulgaria) yielded the earliest definitive evidence of modern humans in Europe. Furthermore, South-eastern Europe has provided the first genomic evidence of interbreeding between European Neanderthals and early modern people (e.g. Peştera cu Oase, Vindija, Bacho Kiro) (Fu et al. 2015; Prüfer et al. 2017; Hajdinjak et al.  2021). Despite some shortcomings in terms of uncertainties and lack of resolution for some site chronologies, it is evident that the human fossil record from the Balkans plays (and will play) a central role in the understanding of later human evolution and the complexity of the relationships between the last Neanderthals and the first AMH in Europe.
A particularly interesting area of study is the southern end of the Balkan Peninsula, modern Greece. With over more than 3,500 islands and a currently inundated coastal shelf, this territory offers major possibilities for studying the relationship between prehistoric hunter-gatherer populations (Homo heidelbergensis, Homo neanderthalensis and Homo sapiens) and the sea. Galanidou and Papoulia (Chapter 8) present the latest research developments on the island, coastal and submerged Palaeolithic, from both marine and, especially, maritime points of view. The chapter offers an interesting perspective on the three-fold role of the sea as (1) resource, (2) water-crossing challenge, and (3) terrestrial route (paradoxically) for Pleistocene human populations. This relation between humans and the sea has been traditionally neglected by scholars, but in recent years the emerging subfield of ‘Continental Shelf Prehistoric Research’ has offered new insights on the topic, and revealed, in the case of the Balkans, that the Aegean Sea was not always a barrier to human dispersals, but was sometimes a corridor for the mobility of groups and also a resource base exploited by early humans.
[bookmark: CBML_ch01_sec1_005]The end of Pleistocene and the start of the Holocene
The development of the Upper Palaeolithic in the Balkan Peninsula brought some changes in the material culture and societies. Vukosavljević (Chapter 9) points out that the Epigravettian was a dynamic period marked by efficient lithic technology, long-distance contacts, novelties in technology (barbed points and baked clay) and flexibility in food procurement. Our knowledge of this period has substantially increased in the last past 20 years, drawing a more precise and detailed scenario of the cultural and social dynamics. Nevertheless, some aspects are still vaguely studied and defined. The Early Epigravettian record is quite sparse in the Adriatic area, as is the preceding technocomplex, the Gravettian, which inhibits a proper assessment of its chronology and technological features. Even our knowledge about the Late Epigravettian, a priori a well-studied period, presents some gaps and imprecisions. While lithic technology is extensively studied, other elements such as bone technology or graphic expressions have been barely addressed. Even the chronology and evolution of this technocomplex lacks precision, often based on old excavations and dating analyses. In this sense, we can picture an optimistic future, as some ongoing research projects are focused on the key sequences of the period (e.g., Badanj, Vlakno, Vela Spila). Their results, when published, will shed new light on most of the above-mentioned shortcomings and issues.
One of these sites (Vela Spila) has yielded an outstanding assemblage of a rarely found type of archaeological material: Palaeolithic ceramics. Farbstein analyses the discovery of 35 ceramic fragments at this site within the broader context of Upper Palaeolithic ceramic technology in Eurasia and North Africa (Chapter 10). She convincingly argues the ‘non-functional’, and, in some cases, overtly representational character of these fragments. Some of them surely are examples of Palaeolithic figurative representations (zoomorphic figurines); unique archaeological remains only found in two (cave) sites in South-eastern Europe: Kozarnika (Bulgaria) and Romualdova Pećina (Croatia) (Ruiz-Redondo et al. 2020). Although the ceramics from Vela Spila (like any ceramics from Palaeolithic archaeological contexts) are a noteworthy discovery, they are far from unique in a wider perspective. Farbstein argues that they may be the result of an innate human curiosity and interest in exploring new materials, rather than an archaeological indicator of cultural exchanges and networks. Finally, she also points to a purported poor preservation and recovery to explain the rarity of these materials in Palaeolithic contexts. In any case, and whatever the reason for this scarcity, the ceramics from Vela Spila are an exceptional archaeological assemblage that shows the first examples of a technological innovation that will play a central role in the culture of later societies in South-eastern Europe, from the Neolithic onwards.
As an ‘epilogue’ for hunter-gatherer societies in the Balkans, the early Holocene brought to that territory extensive transformations in both environments and human societies (Chapter 11). Ecologically, the period started with the expansion of woodlands and a wider availability of potential animal prey. Geographically, the rapid rise of the sea-levels led to a complete reshaping of the coastline, especially noticeable in the shallow Adriatic Sea. Several scholars have suggested a process of depopulation in South-eastern Europe directly influenced by these ecological changes (e.g., Runnels 1995; Gurova & Bonsall 2014). Vander Linden agrees with this view, arguing that the available evidence shows ‘the theoretical biogeographic-based expectations of a depleted local Mesolithic meta-population’. The expansion of domesticates and associated human groups in the Early Neolithic boosted the demography of the area through the migration of exogenous populations, based on ancient DNA (aDNA) and summed probability distributions (SPD) evidence. These new groups spread their new farming economy, assimilating the local hunter-gatherer populations and transforming deeply not only the subsistence strategies, but also the cultures and societies of South-eastern Europe.
[bookmark: CBML_ch01_sec1_006]The future of Palaeolithic research in the Balkans
Recent Palaeolithic research in South-eastern Europe has revealed the outstanding potential of this territory to understand key archaeological issues such as the colonisation of Europe, or early hominin migration routes in Eurasia. In this introduction to the volume, we summarised four recent world-class discoveries from the Balkans that have refined the current knowledge about Palaeolithic societies (see ‘The emerging area for Palaeolithic research in Europe: aims and origin of the volume’ section, above). While the numbers of archaeological investigations and projects are still far from their counterparts in other areas of the globe, this region is seen by scholars as an emergent area for the study of human origins. In a previous publication, we offered an example that clearly illustrates this bias: ‘fewer than 50 Upper Palaeolithic sites have been discovered in the combined area of Croatia, Bosnia-Herzegovina, Serbia and Montenegro (approximately 210,000km2), whereas over 235 sites have been documented in the French region of Dordogne alone –— an area 23 times smaller (approximately 9,000km2)’ (Ruiz-Redondo et al. 2019: 298). Although the current situation may not yet seem optimal, we are optimistic for the future. The reduced funding for archaeological investigations in some of those countries and the consequent disparity in number of specialists and projects have been cleverly tackled by local scholars through the creation of international networks, and by fund-raising from different multinational or external institutions (e.g., the European Research Council, the British Academy). The contributions in this volume summarise the achievements that South-eastern Europe has offered to global Palaeolithic archaeology, and the multinational nature of its contributors and their institutions shows the relevance, interest and strong networks developed in recent decades. How do we see the present and the future of Palaeolithic research in the Balkans? This volume should provide the reader with a comprehensive overview of current international significance and the emerging archaeological potential of this territory. And we are very confident that this potential will continue to be unleashed in the years to come.
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Lower Palaeolithic Ssettlement of the Balkans: Eevidence from Ccaves and Oopen-air sSites
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[bookmark: CBML_ch02_sec1_001]Introduction
The significant role that the Balkans played within the Lower Palaeolithic cultural and demographic trends – serving both as a migration corridor connecting South-West west Asia with Central/Western Europe, and as a glacial biotic refugium – has been already pointed out multiple times (Roksandic et al., this volume). Until recently, the Lower Palaeolithic of the Balkans could only be discussed based on individual finds (choppers, bifaces, etc.) and those collected from uncertain contexts, as stratified sites were almost completely unknown. Lately, however, the situation has changed. Several relevant sites with faunal remains and artefacts attributed to the Lower and Middle Pleistocene have been explored in Romania, Bulgaria, Serbia, and Greece, while numerous surface lithic scatters have been recorded, indicating the possibility that river and lake terraces and locations near raw material deposits were intensively visited not only in the Middle but also in the Lower Palaeolithic.
Several regional syntheses on the Lower Palaeolithic of the Balkans have been published recently, offering critical reviews of earlier interpretations (Doboş 2008; Tourloukis 2010). To avoid repetition, this paper chapter considers the results of previous research not only from the aspect of its reliability, but also from the aspect of archaeological potential. In this context, special attention is devoted to the comparison of the state of research of cave sites and open-air sites. These two types of sites differ significantly in the character of the remains uncovered, and more importantly by the fact that the systematic study on the latter has only recently begun. It is becoming ‘evident’ that the focus of Lower Palaeolithic research in the Balkans should lie in building models for predicting site locations, which would include geoarchaeological and palaeoecological parameters, as well as behavioural factors that could affect the settlement of certain parts of the peninsula (Tourloukis 2016; Dinçer 2016; Bar-Yosef & Belfer-Cohen 2013; Dennell et al. 2011). This research should be aimed at resolving specific issues related to the study of the Lower Palaeolithic of South-east Europe and in more generally of the Eastern Mediterranean region.
[bookmark: CBML_ch02_sec1_002]Cave sites
[bookmark: CBML_ch02_sec2_001]Overview of previous research
Despite the wide distribution of karst relief and the fact that research of Palaeolithic cave sites began relatively early (Basler 1979), the first cave sites with Lower Palaeolithic materials were recorded only in the early 1960s. During this period, the fossil cave of Šandalja I, near Pula (Malez 1979), and Petralona Cave, near Thessaloniki (Darlas 1995), were explored, while in the 1980s, exploration of Gajtan Cave in northern Albania (Fistani 1993) and Yarımburgaz Cave in the European part of Turkey yielded Lower Palaeolithic artefacts (Howell et al. 2010).
The beginning of the 21st century brought about more systematic research at several Lower Palaeolithic (LP hereinafter) cave sites (Figure 2.1). Early Pleistocene strata were examined in Kozarnika Cave, in Bulgaria (Guadelli et al. 2005; Sirakov et al. 2010), and Balanica Cave Complex, in Serbia, which yielded hominin fossils, artefacts and faunal remains from the late Middle Pleistocene (Mihailović & Bogićević 2016), while bones presumed to have been used as tools were found at the palaeontological site of Trlica in Montenegro (Vislobokova et al. 2020). The collapsed rockshelter of Dealul Guran in Romania could also be attributed to this site type, but it will be presented together with the open-air sites, because it was located at the margins of the loess steppe which that was present in the Lower Danube region during the Middle and Late Pleistocene (Iovita et al. 2012).
Figure 2.1 Here
[bookmark: CBML_ch02_sec2_002]Chronology
The ages for most sites were determined based on the associated faunal remains, and there are very few for which absolute dates are available. Lower layers of the Šandalja I palaeocave near Pula contained Early Pleistocene (Late Villafranchian) fauna, as well as archaeological material: one chopper and one pebble with traces of use (Malez 1979; Spassov 2003; Vislobokova & Agadjanyan 2016).
The deepest layers of Kozarnika (13 and 12) were dated, based on large faunal remains, to 1.6–0.9 million years ago (Ma), layer 11b to 800–600 thousand years ago (ka), and layer 11a to 600–400 ka (Guadelli et al. 2005; Sirakov et al. 2010). However, some researchers have argued that the age of the deepest layers is more recent and probably corresponds to the onset of Epivillafranchian (Kahlke et al. 2011; Spassov 2016), as indicated by the analyses of small mammal fauna (Popov & Marinska 2007; Popov 2009). Recent magnetostratigraphic studies have indicated that the age of the deepest layers in this cave does not exceed the early Brunhes (<0.78 Ma) (Muttoni et al. 2017).
The Trlica site in Montenegro was originally attributed to the late Early Pleistocene – later than 1 Ma (Van der Made & Dimitrijević 2015). Bogićević & and Nenadić (2008) attributed it to an earlier phase (biozone MmQ2; 1–1.4 Ma), while recent re-evaluations of the site (Vislobokova & Agadjanyan 2016; Vislobokova et al. 2020) identified the lower strata as Late Villafranchian/Early Pleistocene (MNQ 18), and the upper strata as early Middle Pleistocene (MNQ 19).
Of the Middle Pleistocene cave sites, only Yarımburgaz, Velika and Mala Balanica, and Petralona were radiometrically dated. Based on electron spin resonance (ESR) dating, using the uranium array method and infrared luminescence, it was determined that the minimum age of layer 3b in Mala Balanica, which yielded a partial Homo heidelbergensis mandible, is 397–525 thousand years old (Rink et al. 2013). Both the sedimentological and palaeontological data indicate that the accumulation of the material occurred during an interglacial – MIS 13 or MIS 11. The upper layers of Mala Balanica (2a–2c) were dated via ESR to MIS 7, while the finds from layers 3a–3c in Velika Balanica were dated via thermoluminescence (TL) of burnt flint to MIS 9–7 (Mihailović et al. 2022).
The Lower Palaeolithic layers of Yarımburgaz Cave (Z and W) were dated, using the ESR method (Linear Uptake model), to the interval between 250 and 190 ka, which corresponds to MIS 7 and the end of MIS 8 (Blackwell et al. 2010). The age of the deposits in Petralona Cave was estimated to more than 350 ka, based on the dating of the upper stalagmite floor by the uranium disequilibrium method (Shen & Yokoyama 1986; Darlas 1995), or more than 150–250 ka based on the ESR dates which that were obtained later (Grün 1996). In Gajtan Cave, layers were dated to the late phase of the Middle Pleistocene, that is, to the Holstein interglacial, based on faunal remains (Fistani 1993; Darlas 1995).
[bookmark: CBML_ch02_sec2_003]Taphonomy and human behaviour
The accumulation of faunal remains seems to have been mostly the result of carnivore activity. This is particularly evident in the karst cavity of Trlica, in which the remains of at least 34 mammalian species were found in the deepest layers (11 and 10). The faunal assemblage is dominated by the remains of herbivores (bovines, cervids, and equids), but carnivore (ursids, canids, felids, and hyaenas) remains were also found, including the genera Pachycrocuta, Megantereon and Homotherium. Four bone fragments, which originated from the lower layers, present traces which that ‘suggest their anthropogenic nature’ and could thus represent tools: one ‘percussor’ and one ‘retoucher/smoother’ (Vislobokova et al. 2018), as well as two elongated bone fragments that are thought to have been used for other activities (Vislobokova et al. 2020). Without going into the details of this interpretation, which is indeed based on thorough analyses, it should be noted that the finds from Trlica only suggest, not prove, the human presence in the cave. The faunal remains were accumulated by carnivores; taphonomic factors (which could have caused damage to the bones) have not been fully elucidated, while a single lithic artefact found at the site did not originate from a stratigraphic context.
A similar context is observed in Šandalja I, with rich Early Pleistocene palaeontological material including remains of species such as Canis etruscus, Ursus etruscus, U. mediterraneus (=U. ex gr. minimus), U. cf. deningeri, Stephanorhinus etruscus, Cervus acoronatus and Leptobos stenometapon (=L. elatus) (Malez 1979; Vislobokova & Agadjanyian 2016). However, unlike Trlica (Vislobokova & Agadjanyian 2016), anthropogenic factors of material accumulation have not been analysed in detail. It has been stated that the layer contains, among the fragmentary animal bones, ‘traces of osteodontokeratic culture’ and pieces of charcoal (Malez 1979: 284). These assertions somewhat call into question the stratigraphic context and chronology of the finds from the fossil cave’s deepest layer, since no evidence of the use of fire in such an early period has been recorded elsewhere in Europe (Roebroeks & Villa 2011).	Comment by Victoria Chow: QUERY: The page range given for this source in the References is 195-295, so this p. 84 doesn't fit. Please indicate what needs amending here.	Comment by Microsoft Office User: It is 284
Traces of human presence are much more convincing at Kozarnika, where layers 13, 12 and 11a–11c contain numerous artefacts (Sirakov et al. 2010; Ivanova 2016). Among the lithic finds, artefacts from all production phases were found, which indicate the frequent and perhaps somewhat longer-term occupation of the cave by hominins. For now, there is not enough information about the exact nature of human activities conducted in the cave, but Sirakov et al. (2010) report a marmot phalanx from layer 12 with traces of tool use, which appear to indicate skin working. As for the finds from the deepest layers of Kozarnika, the question arises as to how many represent intentionally knapped artefacts and how many could be classed as geofacts – bearing in mind the fact that the layer also contains material that originates from the natural breakdown of chert nodules from the parent rock. According to the authors, artefacts with convex bulbs and visible impact points appear in higher percentage (70 per cent%) only within layer 11 (Ivanova 2016).
Layer 3b in Mala Balanica, dated to older than 400 ka, contained numerous animal bones, including both herbivores (Cervus elaphus, Dama dama, Capra ibex) and carnivores (Canis sp., Ursus sp., Crocuta spelaea). The faunal material includes bones with carnivore teeth marks, which led to the assumption that the accumulation of remains in layer 3b was mainly due to the activities of carnivores (Roksandic et al. 2011). Now a limited number of artefacts found in the same layer requires us to re-examine this initial conclusion. Excavations of layer 3b, which have so far been carried out on an area of only 8 m2, are still ongoing.
Many more remains were collected in both Petralona and in the cave of Gajtan (Darlas 1995). Numerous remains of horses, cervids and mountain goats were found in Petralona, with a large number of (mostly quartz) artefacts that indicates that the cave was intensively frequented by hominins at least for a period of time. The Gajtan Cave contained warm-loving mammalian fauna including Dicerorhinus cf. mercki (=Stephanorhinus cf. kirchbergensis), Sus scrofa, Cervus elaphus, Capreolus capreolus, Dama dama, Bison priscus, as well as the remains of carnivores. Traces of defleshing, intentional fragmentation and fire were observed on the collected bones.
Like many other caves, the dominant species and the primary occupants of the Yarımburgaz Cave are bears, which predominate among the faunal material (Stiner 2010). However, many lithic artefacts from all phases of production indicate that the cave was frequently, but for short periods, visited and utilised by hominin groups (Kuhn & Stiner 2010).
In the upper layers of Mala Balanica (2a–2c), the most numerous remains are those of Capra ibex and Cervus elaphus, but these layers also record Castor ﬁfiber and Lepus sp., various carnivores such as Crocuta spelaea and a speleoid bear identified as Ursus spelaeus deningeroides (Roksandic et al. 2011; Cvetković & Dimitrijević 2014). Only a small percentage of bones show traces of gnawing, which indicates that carnivores did not decisively influence the accumulation of bones in these layers of the cave (Mihailović et al. 2022). Traces of human presence, however, are clearly recogniszable. In addition to the lithic artefacts, bones with cut marks, and more recently traces of fire, were discovered in the cave, all of which indicate that it served either as a temporary habitation or as one in which specialised activities related to the settlement of Velika Balanica were performed.
A much larger quantity of remains was found in the neighbouring Velika Balanica. Their structure indicates that the cave was not only frequently inhabited, but also that it represented a base camp at least at one point (Mihailović & Bogićević 2016). At the bottom of the sequence at the entrance part of the cave, which has so far been explored over an area of 6 m2, we discovered a combustion feature which that contained many burnt bones and chipped stone artefacts (Plavšić 2015). Artefacts from all phases of production and bones with traces that testify to butchering, skinning, dismembering and defleshing of the captured prey, as well as to bone marrow extraction (Marín-Arroyo 2014), were found in Velika Balanica. Taphonomic analyses have shown that the accumulation occurred due to human activities and not to the activities of carnivores. The hominins that inhabited Velika Balanica mostly hunted deer and ibex, but also large mammals (bovines, horse, rhinoceros), within a few kilometres from the cave.
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Lithic assemblages from cave sites have not been uniformly examined and published, and many sites have yielded only a small number of artefacts. For example, one typical chopper and one pebble with impact traces were found in Šandalja I (Malez 1979), while a single notched tool made on a thick quartz flake and two very small flakes were found in the lower levels of Mala Balanica.
A large number of artefacts were excavated from the deepest layers of Kozarnika (13, 12, 11c–11a). Local raw materials – chert, less often quartz – were used in the production of tools. The lithic industry contains almost no choppers (except for a few pieces which originated from Trench IV), and is dominated by flakes and tools made on flakes. In the earliest phase, the striking of the narrower side of cores was practised, while layers 11b and 11a also contain cores knapped along the longitudinal axis, preferential cores with a prepared flaking surface, and conical cores indicating the application of the discoidal method (Sirakov et al. 2010). In almost all layers, the tools are extremely small, and among them, the most numerous are retouched flakes, denticulated and notched tools, perforators and scrapers (Ivanova 2016). Scrapers and retouched flakes were mostly processed via discontinuous semi-abrupt retouching. Layer 11 contained trihedrals and 14 atypical bifaces.
The assemblage of Gajtan Cave consists of chopping-tools, atypical handaxes and ‘other tools’, mostly made of quartzite. A similar assemblage was recovered from Petralona (Darlas 1995). The lithic industry from Petralona, which has not yet been analysed in detail, is dominated by small tools made mostly on debris, and less often on flakes; pebble tools are underrepresented, and the most numerous tool types are sidescrapers – frequently retouched ‘using a thick retouch’ – and denticulated and notched pieces (Darlas 1995: 54).
A large number of artefacts were found in Yarımburgaz, of which about 1700 were analysed, including chips (Kuhn 2010). In the structure of the industry, cores represented about 14 per cent, and tools about 39 per cent. The high percentage of tools indicates that many were brought to the site. The raw materials used for the production of lithic artefacts were quartz, quartzite and flint, on which different technological procedures had been applied. Choppers were made using quartzite pebbles, and quartz cores were knapped using the bipolar method, while quartz cores were knapped using the discoidal method. Artefacts produced using the Levallois method were not found. The most numerous tools are flakes with irregular or denticulate edges, including tools reminiscent of the ‘Tayac points’. In addition, notched Clactonian flakes were also recorded. About 5 per cent of the tools display edge modifications resembling Quina retouch.
Assemblages from layers 3a–3c in Velika Balanica and layers 2a–2c in Mala Balanica record almost identical lithic industries, although Velika Balanica has a much larger number of artefacts: 1178, compared to only 111 pieces from Mala Balanica (Mihailović et al. 2022). Quartz artefacts predominate at both sites, while flint is less common. In terms of the technological procedures, Quina and discoidal methods were most common, and Clactonian and Kombewa methods were also present, while Levallois artefacts were not recorded. Sidescrapers are the most frequent tool type (>40 per cent%). Among these, a significant number were retouched using Quina and demi-Quina retouch. Denticulated and notched tools are also relatively frequent (>16 per cent%), while other tool categories are much less common. In addition to these, a single Mousterian point and one typical limace were also found in Velika Balanica.
[bookmark: CBML_ch02_sec1_003]Open-air sites
[bookmark: CBML_ch02_sec2_005]Overview of previous research
The majority of Lower Palaeolithic open-air sites were discovered only after the Second World War. In the western Balkans, bifacial artefacts associated with the Acheulean were found at the site of Punikve, near Ivanec in north-western Croatia, and a single ‘handaxe’ was found at Donje Pazarište in Lika (Malez 1979; Karavanić & Janković 2006). Several open-air sites in Bosnia and Herzegovina (Gatačko polje, Kamen, Crkvina) yielded choppers and other artefacts with ‘archaic’ features, which were associated with Clactonian and Tayacian (Kujundžić-Vejzagić 2001, 2005).
A similar situation has been observed in the eastern and southern Balkans. In Romania and Greece, several sites with tools made on pebbles and flakes were attributed to the Lower Palaeolithic, but this attribution was later questioned (Doboş 2008; Tourloukis 2010). Open-air sites were also recorded in Albania, near Gajtan (Fistani 1993; Darlas 1995). However, only a few of these sites were later verified. The site of Rodia in Thessaly records quartz artefacts which are thought to be of Early Pleistocene age, while a single Acheulean handaxe was found in 1991 at Kokkinopilos in southern Epirus (Runnels & van Andel 1993; Tourloukis 2010).
During the 1990s, surface sites with high concentrations of artefacts were recorded in the central and eastern Balkans, some of which were attributed to the Lower Palaeolithic. Within the lithic material collected at the Kremenac site near Niš, Southern southern Serbia, Šarić (2011, 2013) identified choppers, ‘proto-bifaces’ and various tools on irregular flakes, which he chronologically assigned to the middle and late phase of the Early Pleistocene. At the sites of Shiroka Polyana and Kremenete in the western Rhodopes, and Benkovski in the Eastern Rhodopes, Ivanova (2016) singled out artefacts (bifaces and tools with bifacial retouch) which that were tentatively assigned to the Acheulean.
The beginning of the 21st century in Romania, Serbia and Greece saw a systematic search for open-air Lower Palaeolithic sites. In Romania, a detailed field survey of Palaeolithic sites in the south-eastern province of Dobrogea was undertaken, which led to the discovery of the Dealul Guran site (Iovita et al. 2012; Doboş & Iovita 2016). In Serbia, our team conducted a systematic survey of the Pleistocene river terraces of the Zapadna and Južna Morava river valleys (Mihailović et al. 2014, 2015; Mihailović & Bogićević 2016), while Greece saw: (a1) the launching of a field survey project of Lower Palaeolithic sites in fluvial and lacustrine contexts in the Megalopolis Basin in the Peloponnese (Thompson et al. 2018), and (b2) several projects related to the study of human presence on islands (Carter et al. 2014; Runnels et al. 2014; Galanidou et al. 2016).
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Chronologies of artefact-bearing layers have been radiometrically determined only for Dealul Guran and several sites in Greece. The age of the archaeological horizons at Dealul Guran was determined by luminescence dating using the post-infrared infrared-stimulated luminescence (pIRIRSL225) method (Iovita et al. 2012; Doboş & Iovita 2016). Three dates were obtained for the artefact-bearing layers D and E – two of which correspond to MIS 11 (420–360 ka) and one (sample EVA1087) corresponding to MIS 9. However, it is considered that the age of the layers more likely corresponds to MIS 11 since the date for the last-mentioned sample lies within 2σ of the other two samples (Iovita et al. 2012).
In Greece, the earliest date was obtained for the Marathousa 1 site in the Megalopolis Basin (Peloponnese) using the ESR (Blackwell et al. 2018) and pIRIRSL methods. The average age of ESR samples was found to be 503.0 ± 11.8 ka – which corresponds to early MIS 13, while the age based on optical dating (480–420 ka) corresponds to MIS 12 (Jacobs et al. 2018).
The pIRIRSL method was also applied at the site Rodafnidia at Lisvori on Lesbos Island, where unit 1 (streambed deposit), which yielded the artefacts, was dated to 164 ± 33 ka (MIS 6) and 258 ± 48 (MIS 8). Galanidou et al. (2016) indicate that the artefacts were redeposited from older sediments so that these dates are considered as terminus ante quem or minimal ages. At Kokkinopilos, the first TL dates obtained for unit B (from which the Acheulean biface originated) showed that this layer is at least 91 ka (which is the age obtained for the uppermost palaeosol) and is likely 250–150 ka (Zhou et al. 2000; Runnels & van Andel 1920903). These results were confirmed by dates obtained later for unit C (which also contained bifaces) for which a minimum age of 220–207 ka was determined via pIRIRSL (Tourloukis et al. 2015).	Comment by Victoria Chow: QUERY: This does not appear in the References. Should it be 1993? If not, please provide full details of 2003 work.	Comment by Microsoft Office User: It is indeed 1993
At the Stelida site at Naxos, an infrared-stimulated luminescence (IRSL) age of 219.9–189.3 ka was obtained for the lithostratigraphic unit 7 (Carter et al. 2019). However, it is still not clear whether the lithic material from this layer belongs to the Lower or Middle Palaeolithic, due to the lack of diagnostic artefacts.
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The most complete data on the Lower Palaeolithic inhabitation in the Balkans come from the Marathousa 1 site (Peloponnese), where skeletal remains of a straight-tusked elephant (Palaeoloxodon antiquus) were found in association with chipped stone artefacts, in an in situ lacustrine-paludine context. Traces of tool use were recorded on the elephant’s bones, which indicate that the large animal was butchered on the spot (Konidaris et al. 2018). Short-term habitation was also proposed for the Dealul Guran site (Romania). No animal bones were found at the site; however, the structure of the lithic industry (with only five tools found) indicates that workshop activities were performed on the site. Unlike these two sites, Rodafnidia on Lesbos was obviously intensively occupied, as evidenced by the size of the site and the number of collected finds (Galanidou et al. 2016). The hominins at the site are thought to have exploited resources from the fluvio-lacustrine environment near geothermal springs that contained mineral deposits produced in hydrothermal conditions.
Field surveys of open-air Palaeolithic sites in the Central Balkans have shown that the Pleistocene terraces of the Zapadna Morava River (t3 and t4) were intensively inhabited in the Middle and possibly the Lower Palaeolithic. Dozens of lithic scatters (with large or small concentrations of artefacts) were recorded in the lower course of the Zapadna Morava river, on the approximately 70 km stretch from Čačak to Vrnjačka Banja (Mihailović et al. 2014; Mihailović & Bogićević 2016). The majority of the collected lithic materials are Middle Palaeolithic, but artefacts that can be attributed to the Lower Palaeolithic were also recorded at a couple of sites (Kosovska Kosa, Gvozdenac). Most sites are located in the immediate vicinity of primary and secondary mineral deposits. In addition to knapping products, numerous tools were also found at these sites (e.g.,. ~20 per cent at Kosovska Kosa), showing that the settlements did not have a specialised character but rather represented living sites, where various activities were performed.
Once a correlation between the intensity of inhabitation and mineral deposits was established, a systematic survey of Palaeolithic sites in the Vardar geotectonic zone began; this zone is characterised by rich deposits of raw materials of hydrothermal origin (Miladinović et al. 2016). Several Palaeolithic sites were recorded during the course of the survey, both at the mineral deposits themselves (Goč, Lojanik, Radan) and on the river terraces and in the streambeds in their vicinity (Mihailović et al. 2014,; 2015; Bogosavljević Petrović et al. 2018). Traces of presence of Palaeolithic groups have been recorded at these locations, but (as in the case of Kremenac and the Bulgarian sites) it was difficult to separate possible Lower Palaeolithic material from geofacts (Radinović & Jovanović 2019) and finds from later periods. Preliminary results of the analyses indicate that, in addition to the flaking products related to the workshop activity, there are also a number of tools that could have been used in everyday activities.
[bookmark: CBML_ch02_sec2_008]Lithic assemblages
Only three Lower Palaeolithic sites in the Balkans show relatively high concentrations of finds from stratigraphically secure and dated contexts. The locality of Marathousa 1 yielded about 1200 artefacts, of which as many as 741 were chips up to 1.5 cm in length (Tourloukis et al. 2018). In terms of raw materials, most artefacts were made using radiolarites, which came from a deposit located about 4–5 km from the site, but had probably been procured from secondary deposits, closer to the site. The high prevalence of chips and microchips suggests in loco reduction, with the goal of producing blanks for tool making. Not counting tiny flakes and fragments, tools make up about 19 per cent of the lithic assemblage. Maximally exploited cores with alternating surfaces, as well as cores that were secondarily used as tools, were detected. Tools resulting from rejuvenation were also found. The lithic industry has a microlithic character as a whole; the length of the small artefacts varies between 15 mm and 25 mm. Backed, denticulated and notched pieces predominate among tools. The Marathousa 1 industry is categorised as a ‘small tool assemblage’. Two denticulated bone artefacts, produced in the same fashion as the stone tools, as well as one diaphysis fragment thought to have served as a bone percussor, were also recorded at the site.
Slightly fewer artefacts were found at Dealul Guran: 139 pieces larger than 2.5 cm and 422 pieces smaller than 2.5 cm (Iovita et al. 2012). The artefacts were made using Cretaceous–Tertiary flint procured near the site. Cores and flakes dominate the structure of the industry, while no formal tools have been found. The most numerous are single-platform cores, but multiple-platform and Kombewa cores were also recorded. The small size of the artefacts is explained by the fact that frost-cracked and local flint was utilised in production.
A large assemblage of about 700 artefacts was collected during the excavations at Rodafnidia (Galanidou et al. 2016). The artefacts were mostly made using chert and opals of hydrothermal origin. The general structure is dominated by cores and flakes, which, combined, make up more than 85 per cent of the collection. Among tools, 16 bifaces and three artefacts classified as cleavers were found. However, as Levallois cores were also recorded at the site, the question arises whether this is Acheulean with Prepared Core Technology (PCT), or Middle Palaeolithic material that originates from a later stage of the settlement (Galanidou et al. 2016).
Among the stratified sites with somewhat fewer finds, Kokkinopilos, Plakias and Rodia in Greece stand out. Apart from bifaces, products of flaking and tools (mostly denticulated and notched) were found at Kokkinopilos, while no Levallois products were recorded (Tourloukis et al. 2015). Bifaces and various tools made of quartz and other raw materials – large cutting tools (LCTs) and scrapers, denticulates and notches – were found at the Plakias in south Crete (Runnels et al. 2014; Tourloukis & Harvati 2018), while the site of Rodia records a quartz industry with choppers, globular and amorphous cores, and retouched tools dominated by denticulated and notched pieces (Runnels & van Andel 1993; Tourloukis & Harvati 2018).
In regards to the central and eastern Balkans surface assemblages, from which the material was collected selectively, it should be noted that the identification of Lower Palaeolithic tools (choppers, protobifaces, etc.) at Kremenac (sSouthern Serbia) is somewhat questionable due to the large number of geofacts occurring at the site, while only a relatively small number of artefacts which that can be attributed to the Lower Palaeolithic were identified in the material from Bulgarian sites (especially at Shiroka Polyana). Finds from Shiroka Polyana (13 bifacial cores and bifaces) were attributed to the Acheulean (Ivanova 2016), although no typical pieces were found, while 11 chopping tools were identified within the Kremenete lithic assemblage. The character of finds from the surface site of Benkovski will be possible to assess only when they are published in detail.
In Serbia, there are several open-air localities where more or less homogeneous assemblages were collected. Within the assemblage from the site of Kosovska Kosa (with a total of 224 artefacts), near Čačak, 13.6 per cent are cores, choppers and chopping tools, 46.3 per cent flakes larger than 1.5 cm, 10.5 per cent large chunks, and 19.1 per cent are tools (Figure 2.2A), among which sidescrapers, irregular endscrapers, denticulated and notched pieces predominate (Mihailović & Bogićević 2016). A single Levallois flake was also recorded, which (judging by the smoothness and shine) was probably redeposited from another location. In the material collected from the Gvozdenac site, near Vrnjačka Banja (Mihailović et al. 2015), no typical Middle Palaeolithic artefacts were identified, but there are preferential cores, naturally backed and chipped backed knives, and scrapers on massive and irregular flakes (Figure 2.2B).
Figure 2.2 Here
The site of Petrovac 1, on the Radan Mt. in southern Serbia, is set within the raw material deposit on the edge of one of the calderas of the Lece volcanic complex (Miladinović 2012). Thousands of artefacts have been collected from the surface of sector G of this site; while almost no Levallois products were recorded. There are numerous discoidal, single- and multi-platform cores, as well as unstandardised tools on flakes (scrapers, notches, and denticulates). The excavations undertaken in 2020 and 2021 revealed that the site contains three distinct geological layers. Layer 2 yielded lithic material similar to that collected from the surface, while layer 3 contained numerous irregular (mostly unretouched) small flakes, together with massive choppers made of pyroclastic rocks (Mihailović et al. 2021). Based on the lithic material collected so far, it can be assumed that the finds from Petrovac 1 (especially those which originated from layer 3) belong to the Lower Palaeolithic. In order to confirm this, however, it will be necessary to establish the chronology and check the stratigraphic integrity of the artefact-bearing layers. The TL, OSL and palaeomagnetic dating of the artefact-bearing layers is currently under way.
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As shown in this brief overview, the plast two decades have seen a major shift in knowledge about the Lower Palaeolithic in the Balkans. However, our interpretations of this period on this territory still rest mainly on the materials from only a few sites with finds in primary and dated contexts (Marathousa, Balanica, Dealul Guran), including Kozarnika (the age of which has not yet been precisely determined), as well as the materials from sites with finds from secondary contexts, and for which only minimum ages could have been determined (Rodafnidia, Kokkinopilos).
Finds from the end of the Early and the beginning of the Middle Pleistocene have been recorded mainly in caves (Kozarnika, Šandalja I, Trlica). Although not yet proven, due to the numerous chronological and taphonomic issues, large faunal assemblages found in these caves suggest that the Balkan Peninsula might have been inhabited in the Early Pleistocene. This is a distinct possibility, given that finds dating to more than a million years were reported for the neighbouring regions of the Black Sea (Shchelinsky et al. 2016; Spassov 2016) and Anatolia (Slimak et al. 2004; Kuhn 2011).
Given the fact that the oldest remains come from carnivore sites, not much can be said about the mobility and subsistence practice of hominins in this period. The artefacts collected from Kozarnika, however, convincingly demonstrate that in the ‘core-and-flake’ industries, (Sirakov et al. 2010) a knapping method reminiscent of the discoidal and Levallois technologies appears very early (Sirakov et al. 2010). Bifacial artefacts do appear in Kozarnika’s layer 11, but they are not typical and cannot be linked to the Acheulean industries in Central and Western Europe (Ivanova 2016). The Rodia quartz industry could come from the early part of the Pleistocene epoch, but it has not yet been reliably dated (Tourloukis 2010).
Remains from Marathousa, Dealul Guran and the deepest strata (3b) of Mala Balanica are currently the only reliable evidence of settlement in the Balkans in the middle part of the Middle Pleistocene (MIS 13–11). Research at Marathousa 1 has shown that hominin groups inhabited fluvio-lacustrine basins during this period and exploited megafauna, which has been confirmed in neighbouring regions of Central Europe, the Apennine Peninsula (Anzidel et al. 2012; Boschian & Saccà 2015) and the Levant (Ben-Dor et al. 2011; Agam & Barkai 2018). The remains found at these sites were created by short-term occupations, meaning that the artefacts collected could be considered only in the context of more or less generic ‘small tool assemblages.’.
Preliminary results of field surveys of river terraces and localities near the deposits of raw materials indicate that the sites were intensively inhabited in the Middle, and probably in the Lower, Palaeolithic. Lithic scatters with large numbers of artefacts – including choppers, as well as artefacts that can be conditionally attributed to both the Clactonian, or système par surface de debitage alterné (SSDA) method (Forestier 1993), and PCT – have been documented at many sites. As no typical Acheulean artefacts have been found at any of these sites (including Bulgarian ones), it must be stated that the border between the Acheulean and non-Acheulean industries in South-east Europe remains more or less unchanged. However, the clear presence of Acheulean in the extreme south of the Balkans (Kokkinopilos, Rodafnidia, Plakias) certainly represents an important novelty.
The final proof for the breaching of the Movius Line was obtained during the research of Velika and Mala Balanica (Mihailović et al. 2022): the earliest evidence for the appearance of Quina/Yabrudian technology in Europe was found at this site, which dates back to almost 300 ka. Artefacts from layers 3a–3c in Velika Balanica and 2a–2c in Mala Balanica show many similarities with those from the Yabrudian sites in the Levant, but also with the ‘proto-Charentian’ artefacts from Karain Cave on the southern coast of Turkey, that have been dated to the approximately the same period (Otte et al. 1998; Kozłowski 2002). All this indicates that in MIS 9 or 7, and perhaps in MIS 8, when the sea-level was lower (Tourloukis 2010), there was a population shift and/or a cultural transmission on the route between the southern Levant and South-eastern Europe. The findings from Balanica, however, testify not only to technological transformation, but also to changes in mobility pattern, the way resources were exploited and the organisation of life in habitations (with regular use of fire) towards the final shaping of Middle Palaeolithic behaviour (Kuhn 2013). It remains to be seen who the bearers of these changes were. Hopefully, this issue will be resolved soon, since hominin fossil remains were also discovered in layer 3 of Velika Balanica (Roksandic et al. 2019, 2022; Radović et al. 2020; Roksandic et al 2022).
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Unlike previous research, which was mainly focused on the identification of cultural remains and reconstruction of routes of hominin dispersal, recent research has shed light on the chronology of sites, but it also enabled the reconstruction of mobility and behaviour of hominin groups at habitations, including the organiszation of lithic technology. However, there are still numerous gaps in the knowledge on the Lower Palaeolithic in the Balkans, as well as issues related to the context of the finds and the spatial and temporal variability of the industries.
Recent Lower Palaeolithic research in the Balkans has also shown a strong correlation between site density and distribution of mineral resources, as well as between resource availability and variability of the industries. It turned out that the largest number of sites is located near the primary and secondary deposits of raw materials, which, judging by the presence of formal tools, indicates that the availability of mineral resources was one of the decisive factors in choosing locations for settlement.
In regard to technological variability, it should be noted that the inventories of artefacts found in caves are quite different from those found in open-air sites. While artefacts found in caves can be associated with small tool industries (in the early phase) and with Quina methods (in the late phase – i.e., at Balanica), open-air sites record Acheulean industries, simple PCT, and (later) typical Levallois technology as well. In that context, the question began to arise as to how much the variability of industries can be related to behavioural and ecological factors, and how much to the cultural tradition or cultural transmission related to population movements.
It was once thought that the Balkan Peninsula could have been quite isolated during the Pleistocene, due to geographical and environmental barriers (Kozłowski 1992). Recent research, however, has shown that this is probably not the case, and that cultural and biological interaction between the Levant and the Balkans and the Pontic zone likely existed (Spassov 2016; Muttoni et al. 2018; Roksandic et al., this volume). For a more detailed assessment of these interactions, it will be necessary to continue research to provide a better insight into the ‘segmented history’ of the Lower Palaeolithic of South-east Europe (Malinsky-Buller 2016). Only then will it be possible to develop more complex models that would enable understanding of the demographic trends and cultural and social connections between the populations in the entire Eastern Mediterranean area.
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[bookmark: CBML_ch03_sec1_001]Introduction
The Balkan fossil record could play a key role in providing answers to important questions about human evolution in Europe. Three major questions, in particular, remain unanswered, despite a 150-year-long tradition of research and important new methodological developments in the discipline over the last past 20 years. These questions span the entire duration of the Pleistocene and represent the most pivotal points in the peopling of the continent: (1) When and how did the earliest hominin populations reach Europe in the Early Pleistocene? (2) Were European, Asian and African populations in contact during the Chibanian (formerly the Middle Pleistocene), and if so, how often? (3) Did the arrival of early modern humans precipitate the disappearance of Neanderthals, and if so, how? The critical evidence from this crossroads of migratory corridors and important glacial refugium is still largely missing from general discussions, despite the enormous strides that Palaeolithic research in the region has made in the last past two decades. Far less often discussed, the eastward Neanderthal migrations – both towards the Caucasus and Central Asia, and Anatolia and Levant – must have, at least in the Chibanian, proceeded through the Balkan Peninsula, even if later routes included more northern parts of Eastern Europe (Picin et al. 2020). The Balkan Peninsula, at the crossroads of the main migratory corridors both into and out of Europe, with its varied landscapes and several climatic zones, represented an ideal setting for hominin migration, refuge and interaction throughout the Pleistocene.
The last past 20 years of prospection and excavations of Palaeolithic sites have resulted in an increased number of fossil hominins: in Serbia, Dušan Mihailović Mihailović and and Bojana Mihailović Mihailović have surveyed vast areas of the country and excavated a number of important Chibanian and Late Pleistocene sites (Mihailović 2008a, 2008b, 2009a, 2009b, 2014; Marín-Arroyo & Mihailović 2017 ; Roksandic et al. 2011), showing the potential of the area to resolve some of the issues. In Greece, a similar revival of interest in the Palaeolithic archaeology is evident since the 1990s (Darlas & Mihailović 2008; Darlas & Psathi 2016; Harvati 2016; Carter et al. 2019). Croatia, Bosnia and Herzegovina, Romania, Bulgaria, Montenegro and Northern Macedonia have all experienced a revival of interest in the Palaeolithic, with active field projects contributing new archaeological and palaeontological information (Salamanov-Korobar 2008; Jovanović et al. 2014; Doboş & Iovita 2016; Ivanova 2016; Spassov 2016; Whallon 2017; Karavanić et al. 2018; Vislobokova et al. 2020). Sufficient new data were gathered to warrant an edited volume summariszing the state of research in the Balkans and Anatolia (Harvati & Roksandic 2016a).
Four Chibanian sites in the Balkans have yielded hominin fossil remains: Krapina, Petralona, Apidima and Balanica (Figure 3.1). Of the four, only Balanica has been excavated in recent years; nevertheless, the debate on the relevance and meaning of the other three sites is not waning. The discussion these four sites have garnered is disproportionate to their number and testifies to their unique character. However, they have rarely been considered together as part of a regional phenomenon. New research, reconstructions and interpretations offered for each of these sites allow us to examine them in their regional and chronological framework for the first time. After very briefly presenting only the major point of discussion raised by each of the sites, we will offer a regional look at their potential relevance.
Figure 3.1 Here
[bookmark: CBML_ch03_sec1_002]Geographic position and biogeographic relevance of the Balkans
The Balkan Peninsula is bordered by the Alps in the west; the Sava and Danube River valleys represent its northern border with Central Europe. To the south and the east, the peninsula is bordered by the Aegean Sea, the Sea of Marmara and the Black Sea; it is separated from Asia by the Dardanelles Strait, which would have formed a land bridge between Asia and Europe at lower sea-levels during the Pleistocene glaciations (Tsakanikou et al. 2021). The fossil record examined here falls into the Middle Pleistocene, which has recently been renamed as Chibanian Geological Stage/Age by the International Commission on Stratigraphy (Cohen et al. 2020) after a stratigraphic sequence in Chiba, Japan (Hornyak 2020). It is dated from the Matuyama-Brunhes geomagnetic reversal at 774 ka (Haneda et al. 2020) to 129 ka. Therefore, in keeping with current literature, the term ‘Chibanian’ will be used in this paper instead of the more commonly used ‘Middle Pleistocene.’.
Throughout the Pleistocene, the Balkans, together with the other two southern European peninsulas, represented an important refugium during the ice ages when the ice cap expanded across northern parts of Europe. Unlike the Iberian and Apennine peninsulase, the Balkans maintained connections with Asia over the Dardanelles Strait in colder phases, and north of the Black Sea in warmer ones, providing uninterrupted contact between Asia Minor (and through it both Africa and the rest of Asia) and Central Europe throughout the Pleistocene. This unique feature played an important part in determining the biogeographic role of the Balkan Peninsula in the cyclical repopulation of Europe after the ice ages. For many types of organisms, 80 per cent of their post-glacial inhabitants in western Europe and almost 100 per cent in the east were derived from Balkan sources (Hewitt 2000). While the high level of biodiversity and endemism of the Balkans is recognised by the biogeographic research community, the potential role this region played in the repeated repeopling of Europe (as suggested by Dennell et al. 2011) remains rarely discussed. This oversight persists despite the fact that maps depicting purported hominin movements consistently include arrows passing through the Balkans (for a review see Bar-Yosef & Belfer-Cohen 2013; Rolland 2013; Roksandic 2016), and despite the fact that several key finds (Petralona, Krapina), which have been known for more than 60 years, are located in this region. In this paperchapter, we suggest that the major reason for the lack of recognition of the role the Balkans played stems precisely from its rare and non-conforming fossils, and argue that, when viewed from a regional perspective, these non-conforming fossils describe a pattern of hominin interactions in the Chibanian that contradicts the dominant paradigm on the peopling of Europe.
[bookmark: CBML_ch03_sec1_003]Fossil record of the Balkans in the Chibanian
The Chibanian hominin fossil record of the Balkan Peninsula includes a small number of critically important sites: Krapina, Petralona, Apidima and Balanica have all, in their turn, played a pivotal role in changing the perception of human evolution on the continent. As detailed morphological descriptions of the material from these sites have been published and discussed in detail in numerous publications, we shall limit this brief review to outlining the historical role the four sites have played in the discussions and interpretation of human evolution in Eurasia.
[bookmark: CBML_ch03_sec2_001]Krapina
Krapina is the youngest of the four sites, but also the one with the longest history of research and the largest number of specimens. The rockshelter is located on Hušnjakovo brijeg (hill) at 46.161 °N, 15.879 °E in the town of Krapina, 42 km north of Zagreb, Croatia. It was excavated (fully) by Dragutin Gorjanović-Kramberger from 1899 to 1905 (Gorjanović-Kramberger 1906; Radovčić 1988; Janković et al. 2016). With 874 specimens, Krapina boasts the second largest number of hominin remains recovered from a single site in Europe (after the site of Sima de los Huesos, Spain). The remains are fragmentary, but contrary to earlier claims of cannibalism, they are considered to have been buried by natural or human agents soon after death occurred (Trinkaus 1985). Electron Sspin rResonance (ESR) and uranium-series (U-series) dating found that all eight hominin-bearing layers were deposited within the range of 130 ± 10 ka (Rink et al. 1995), confirming Gorjanović-Kramberger’s notion that the sequence was deposited in close succession of no more than 8000 years. The associated faunal assemblage is consistent with the Last Interglacial (i.e., Eemian).
While all the hominins from beds 3–7 are clearly Neanderthal (Minugh-Purvis 1988; Rink et al. 1995), cranial elements of a 6six-to-eight8-year-old juvenile (Krapina 1), notably its pentagonal shape in the occipital view (Minugh-Purvis et al. 2000) and a higher frontal squama, approach the modern human condition. In addition, a partial occipital (Krapina 11) from the same layer lacks a suprainiac fossa, suggesting that the layer 8 hominins might be transitional to anatomically modern humans (Coqueugniot & Minugh-Purvis 2003; Minugh-Purvis et al. 2000). In the 1990s, the Krapina Neanderthals, together with the Saccopastore cranium, served as the basis for proposing the westward movement of Neanderthals towards the Levant (Condemi 1988,; 1991). Less derived and less robust than their ‘classical’ descendants, the Riss-Würm (i.e., Eemian) Neanderthals (Krapina, Saccopastore), were proposed as the ancestors of the more modern-looking Levantine Neanderthals, which were, by the 1980s, found to be contemporaneous with the early modern humans at Qafzeh (Vandermeersch 1981) and Skhul (Mercier et al. 1993). After a new reconstruction of the only relatively well-preserved male skull (Krapina 5), the previously reported smaller cranial size and attenuated Neanderthal morphology – previously considered as a sign of their more primitive status – was explained by the predominance of female and juvenile specimens in the assemblage (Caspari & Radovčić 2006). A recent study estimated the cranial volume from virtual reconstructions of Krapina skulls, and found that ‘Estimates for the relatively complete adults Krapina 3 and 6 range from 1247 to 1310 cm3 and 1135 to 1207 cm3, respectively, while the more fragmentary Krapina 5 averaged 1397 cm3’ (Cofran et al. 2021: 123), which is not substantially smaller than other Neanderthals.
Since the late 1980s, mosaic evolution towards ‘classical’ Neanderthal morphology has been used to account for the variation observed in Krapina, without invoking the presence of another group at the site. More recently, the possibility that a few individuals could have been closely affiliated with modern humans, or could have represented a transitional form, was re-introduced by Schwartz and& Tattersall (2002). Importantly, the high percentage of Krapina mandibles with rotated third premolars (Figure 3.2) indicated to Ackermann (2010) the potential presence of a hybrid population: this trait was found to represent a phenotypic signature of hybridisation in wildebeest (Ackermann 2010; though cf. Janković & Smith, this volume), while rotated maxillary molars have also been observed in hybrid baboons (Ackermann et al. 2014). With such a high prevalence – 36.4 per cent in Krapina, compared to six 6 per cent in Neanderthals and early anatomically modern humans (Rougier et al. 2006) – Krapina could be interpreted as a Neanderthal population in the process of hybridisation (Ackermann 2010: 267). Somewhat smaller cranial size could point in the same direction, as hybrids were found to be of either intermediate (Ackermann 2010) or larger (heterosis) or smaller (dysgenesis) size than either of the parental taxa (Ackermann et al. 2006; Ackermann 2010; Cheverud et al. 1993; Schillaci et al. 2005). Size differences and dental anomalies were observed in the Late Pleistocene early modern humans from Oase 1 and Muierii 1 (Romania), respectively (Trinkaus et al., 2003; Soficaru et al., 2006; for a review of the human fossil record in Romania, see Harvati & Roksandic 2016b); ancient DNA (aDNA) extracted from the Oase 1 individual confirmed interbreeding with Neanderthals (Fu et al. 2015).	Comment by Victoria Chow: QUERY: This does not appear in the References for this chapter. Does it refer to Soficaru, A., Doboş, A. & Trinkaus, E. (2006), ‘Early Modern Humans from the Peştera Muierii, Baia de Fier, Romania’, Proceedings of the National Academy of Sciences USA, 103: 17196–201?
If not, please provide full details.	Comment by Microsoft Office User: Yes, that is the correct reference
Figure 3.2 Here
As no modern human presence was suspected in Europe or the Near East at the time Ackermann’s (2010) paper was published, the question of who the hybrids represented remained open. It is remarkable that Ackermann’s (2010) paper was published concurrently with the first genetic evidence of admixture between Neanderthals and modern humans (Green et al. 2010; Reich et al. 2010), and independently from these changing perspectives in the field of aDNA. Krapina still provides an incredibly rich source of information on Neanderthal morphology (Radovčić et al. 2015, 2020; Caspari & Radovčić 2006; Krueger & Ungar 2012; Hill et al. 2014; Frayer 2006), and more recently, on Neanderthal behaviour (Radovčić et al. 2020), with many questions still open after more than a century of study (Janković et al. 2016).
[bookmark: CBML_ch03_sec2_002]Petralona
Petralona is another critically important fossil site from this area, which has played a major role in the discussion of the origins of modern humans, redefining Homo heidelbergensis and systemising the morphological differences between Neanderthals and modern humans in the fossil record. The cave is located at 40.3749 °N, 23.1680 °E on the Halkidiki peninsula, less than 40 km from Thessaloniki in Greece. The cave was discovered in 1959 by ‘local men searching for a spring’ (Poulianos 1981: 287). According to Poulianos (1981), who started the systematic excavation of the cave in 1968, when the human skull (Figure 3.3b), which adhered to the wall of the cave and was covered with flowstone, was removed, the search for other bones damaged the flowstone and led to the destruction of human bones. Poulianos’ examination of the (very tenuous) association with animal bones provided the date of 700 ka, which was disputed early on (Xirotiris et al. 1982). Henning et al. (1982) established that the brown calcite crust that partially covered the skull had a different elemental composition than the underlying flowstone and that, consequently, the skull was deposited on top of it. Results of numerous analyses that attempted to date the specimen in the late 1980s and 1990s were re-analysed by Grün (1996), who concluded that the speleothem covering the skull was most likely deposited between 250 and 150 ka.
Figure 3.3 Here
The taxonomic classification of the skull was no less contentious. The skull was variously determined to belong to a Neanderthal (Kokkoros & Kanellis 1960; Brose & Wolpoff 1971), Rhodesian Man (Howells 1967), ‘modern man’ (Poulianos 1972), Homo erectus (Poulianos 1982), Homo erectus petralonensis/ rhodesiensis or Homo sapiens petralonensis/rhodesiensis (Murril 1981), and finally, the Homo heidelbergensis lineage (Stringer 1985; Hublin 1985; for an overview see Grün, 1996), emphasiszing its similarities with the Arago/Kabwe group (Schwartz & Tattersall 2002). More recent analyses confirmed similarities with African (Kabwe 1), but also European (Sima de los Huesos), Chibanian specimens (Harvati 2009). Mounier et al. (2016) found that Kabwe 1 and Petralona differ in a number of character states and cannot be grouped together, while Rightmire (2017) considers them to be palaeodemes of a single evolutionary lineage widely dispersed across Africa and Europe. Freidline et al. (2012) found similarities between facial features of the two specimens, while noting that Petralona also shows incipient Neanderthal morphology that places it together with other European Chibanian hominins. Petralona still figures prominently in discussions of the meaning of morphological variability among Chibanian hominins, precisely because of its ambiguous morphology.
[bookmark: CBML_ch03_sec2_003]Apidima	
Apidima is located on the Mani Peninsula of Peloponnesus, at 36.66139 °N, 22.3633 °E 36° 39′ 41″ N, 22° 21′ 48″ E . The site consists of four superimposed cave openings (Α, Β, and Γ, D). In Cave A, two skulls were found in the late 1970s (Harvati et al. 2011, 2019; Pitsios 1999; Bartsiokas et al. 2017). The stratigraphically mixed fauna was composed of warm-loving species from the middle-to-late Chibanian and Late Pleistocene (Tsoukala 1999). Reconstruction of the complex depositional history of the cave sediments indicates that the formation of the layers was strongly influenced by changes in sea-level: sediments deposited during lower sea-levels were subsequently eroded by successive transgressions of the sea (Pitsios 1999). The progressive erosion of the hard breccia layers reached the human skulls LAO 1/S1 (Apidima 1) and LAO 1/S2 (Apidima 2) (Figure 3.3). According to Pitsios (1999), the skulls were deposited purposefully and buried next to each other: interpreted by Otte (2020) to represent a deliberate, ritual treatment of the two human crania. The skulls were removed from the site and prepared in the laboratory (Pitsios 1999). Apidima 2 was dated to a minimum age of 160 ka by U-series (Harvati et al. 2019; Harvati et al. 2011, 2019; Pitsios 1999; Bartsiokas et al. 2017).
The analysis of the ‘skull breccia’ by Harvati et al. (2019) demonstrated that both skulls were older than the solidification of matrix which occurred around 150 ka. Substantial differences in uranium uptake indicated different taphonomic histories, and provided different dates for the two skulls: Apidima 1 was dated to 210 ka and Apidima 2 to 170 ka (Harvati et al. 2019), effectively disputing the notion of simultaneous/purposeful burial. Based on the re-analysis of published data (Harvati et al. 2011), Apidima 2 is a Neanderthal. The recent in-depth analysis (Harvati et al. 2019), based on virtual extraction of the bones from the surrounding matrix and their repeated virtual reconstructions in 3D, confirmed the taxonomic designation of Apidima 2 and provided the first analysis for the Apidima 1 skull.
The morphology of the posterior cranium of Apidima 1 places it among early modern humans. Apidima 1 lacks Neanderthal traits: occipital plane convexity, lambdoid flattening, and a clear suprainiac fossa (contra cf. de Lumley et al. 2020). It shows some attenuated plesiomorphic (i.e., ancestral) characters: maximum cranial width is placed relatively low on the parietal, but without strong angulation of the occipital or the presence of the torus. The neurocranial shape, particularly its rounded midsagittal outline in the lateral view (Harvati et al. 2019, : figure 3figure 3), aligns clearly with Homo sapiens. If this taxonomic designation is accepted, Apidima 1 represents the first instance of early modern humans in Europe, pre-dating their appearance in the Late Pleistocene (Hublin et al. 2020; Fewlass et al. 2020) by some 170 ka.
[bookmark: CBML_ch03_sec2_004]Balanica
Balanica Cave Complex consists of the Mala (small) and Velika (large) Balanica caves located at 43.33917 °N, 22.08639 °E, near the city of Niš, Serbia. The entrances to the two caves are 7 m apart and there is a likely connection between them at their rear. The caves have been excavated in yearly campaigns since 2004 (Mihailović & Bogićević 2016; Roksandic et al. 2011). The mandibular fragment BH-1 was found in Mala Balanica in 2006, three artificial 5 cm spits below the bottom of a clandestine pit excavated by ‘gold diggers’. Fortunately, the mandible was not disturbed by the clandestine excavation. A direct date on BH-1 obtained by U-series technique provided a minimum date of 113 +72, –43 ka (Roksandic et al. 2011). Subsequent ESR determinations, combined with U-series and post-infrared infrared-stimulated luminescence (pIRIRSL), established a more realistic minimum age of 397–525 ka (Rink et al. 2013). The mandible lacks the diagnostic symphyseal region and the ascending ramus, and has only three molars preserved in the left mandibular corpus (Figure 3.2c–d). Nevertheless, the mandibular fragment clearly shows a complete lack of Neanderthal morphology in both its corpus and dentition. The presence of the alveolar planum and overall thickness, exaggerated exomolar sulcus and robusticity indicate a non-modern morphology. In overall morphology, BH-1 is the most similar to Dmanisi D21, followed by Sangiran 1b, Atapuerca ATD6-96 and Tighenif 2. The taxonomic status of the mandible was first determined as Homo sp. (Roksandic et al. 2011). It is interesting to note that in the principal coordinate analysis of character states that could be observed on BH-1, Early and Upper Palaeolithic Homo sapiens plot with Early Pleistocene Eurasian Homo, African and Asian Homo erectus and Tighenif. Neanderthals cluster with Chibanian European Homo. The positions of Mauer, Arago 13, Montmaurin and Bañolas are somewhat intermediate, in keeping with their ambiguous morphology (Roksandic 2016). This is similar to the graphs of posterior cranial features, which show the same general pattern, indicating that in many ways modern humans retained a number of primitive traits, and that Neanderthal traits – as well as those of the Chibanian hominin fossils from Western Europe (such as Sima de los Huesos, Arago, etc.) – are derived.
The analysis of the enamel dentine junction and root morphology of the three preserved molars confirmed the earlier observation that the mandible lacks Neanderthal traits. The principal components analysis of the M1 places BH-1 close to Homo erectus and modern Homo sapiens, and far from Neanderthals. It also places BH-1 close to Mauer in all analyses. The distance from Neanderthals and closeness to Mauer made the designation of Homo heidelbergensis s.l. the most acceptable (Skinner et al. 2016). This designation, however, has the same connotation as Homo sp., namely that the specimen belonged to an undifferentiated Chibanian hominin group. In a series of papers (Roksandic et al. 2011; Rink et al. 2013; Skinner et al. 2016; Roksandic 2015, 2016), we emphasised the difference between Chibanian material from Western Europe, which shows strong morphological affinities with Neanderthals, and Mala Balanica, which shows none of these traits. We redefined the hypodigm of Homo heidelbergensis to exclude specimens that show Neanderthal morphology (Roksandic et al. 2018). Thus redefined, the hypodigm included the hominins from the Chibanian of the Eastern Mediterranean Area (i.e., the Balkan Peninsula, Anatolia, and the Levant). In a recent paper we proposed that the nomen H. heidelbergensis should be abandoned; BH-1 from Mala Balanica was tentatively placed into an African Chibanian group named Homo bodoensis (Roksandic et al. 2022a). As part of the Balanica Cave Complex, Velika Balanica indicates that Neanderthals were present in the region relatively early, at approximately 300 ka (Mihailović et al. 2022): six dental specimens were recovered in 2017 and 2020 (Roksandic et al. 2019; Radović et al. 2020), all displaying traits consistent with Neanderthals. One of the individuals, comprising specimens BH-3 and BH-4, is very similar to Sima de los Huesos and can be confidently assigned to early Neanderthals (Roksandic et al. 2022b).
[bookmark: CBML_ch03_sec1_004]Discussion
This brief review of fossil hominin material from the Chibanian of the Central Balkans emphasises the need to shift from viewing individual sites/fossil finds in isolation, in favour of perceiving them in their regional context. Krapina, Petralona, Apidima and Balanica all point to a much more diverse hominin population(s) moving through, inhabiting and interacting in the Balkans than allowed by the paradigm which that has dominated our understanding of the peopling of Eurasia since the 1980s, in which Neanderthals were the only group inhabiting the continent, and the observed variation was interpreted as reflecting mosaic evolution and accretion (Dean et al. 1998). A newfound awareness of the biogeographic importance of the Balkan Peninsula and its implications for human evolution, new results of ancient DNA studies, a more detailed and open-minded interpretation of morphology, and, more than anything, new systematic excavations and new fossil finds are already shifting how we think about the role of the region in the Chibanian.
[bookmark: CBML_ch03_sec2_005]Why is the Balkan Peninsula critically important?
The geographic position of the Central Balkans places the region directly on the human migration routes into Europe from both the South (Anatolia, Levant) and the East (the Caucasus and the Black Sea). Often overlooked, migrations from Europe eastward (notably by Neanderthals) also moved through the Balkans. The topographically complex landscape of the peninsula would have channelled movement through Greece and the Vardar-Morava (south-–north) and Danube (east–-west) river valleys (Rodić 1970; Miklánek 2012; Djurović 2018). At the same time, local hominin populations could have settled in refugial pockets in the mountains peripheral to these corridors, allowing multiple hominin groups to coexist and interact throughout the Pleistocene.
Since we know the Balkan refugium was an important source for animal and plant repopulation of Northern Europe in periods of glacial retreat (Griffiths et al. 2004; Hewitt 2011), is it reasonable to expect the same for human populations? During the Pleistocene glaciations, human populations declined in size drastically in the two western refugia (the Iberian and Apennine peninsulase). Re-peopling of the nNorth, consequently, could not proceed from these depopulated regions, and necessitated an influx of humans from South-wWest Asia, considered to be the centre of demographic dispersal (Dennell et al. 2011; Bermúdez de Castro & Martinón-Torres 2013). We have already argued that the Balkans should be included within this purported reservoir population (Roksandic 2015; , 2016; Roksandic et al. 2018), as it was never isolated from South-West west Asia.
Characterised by a gradient of climatic and ecological zones in close geographic association (Milovanović & Radovanović 2017; Pavlović et al. 2012), the Balkans were particularly suitable for long-term human occupation. The area could have fostered interactions between eastern and western populations, while at the same time, its varied landscape allowed for population pockets to remain isolated from other groups over extended periods. Negotiating the complex interplay of geography and landscape required social and technological adaptations by both resident and incoming groups (Mihailović & Bogićević 2016; Mihailović, Mihailović, this volume).
Regardless of when ancient humans first arrived in Europe (Carbonell et al. 2008; Pavia et al. 2012; Toro-Moyano et al. 2013; Muttoni et al. 2018), the population movement must have proceeded from Asia via the Balkans, notwithstanding the plausible limited migration directly from North Africa into Iberia (Gibert et al. 2016). Hominins first inhabited Europe during the Early Pleistocene, when changing climate led to the emergence of vast and exploitable ecosystems along the Danube and Po rivers. Early human ancestors could have moved westwards into Europe following the megaherbivores, as an integrated part of the food web (Muttoni et al. 2018). The Meria cooling event and the land bridge over the Bosphorus at the beginning of the late Villafranchian (between 2 and 1.95 Ma) allowed for a faunal dispersal from Asia, as evidenced by the Slivnitsa in Bulgaria (Spassov 2016). Direct dispersal from Africa over the Levant was unlikely, as the Anatolian plateau represented a strong geographical barrier (Dinçer 2016). A remarkable early tool assemblage from the site of Kermek on the Taman Peninsula in Russia, dated to between the Reunion subchron and the beginning of the Olduvai event (2.1–1.9 million years ago (Ma)), has confirmed an early human presence in western Ciscaucasia (Shchelinsky et al. 2016). Together with the somewhat younger hominin-bearing site of Dmanisi (Lordkipanidze 2018; Gabunia & Vekua 1995; Gabunia et al. 2000; Rightmire et al. 2019), this site strongly suggests that the dispersal route from Asia was favoured by early hominins (Spassov 2016). The fate of these early migrants can only be speculated, as the first hominins in Europe are found in the far west of the continent at 1.2 Ma (Carbonell et al. 2008).
Human evolution in Europe is characterised by the development of Neanderthal morphology, which split from that of modern humans (at least dentally) before 800 ka (Gómez-Robles 2019), and is confirmed in Sima de los Huesos in Spain at ~430 ka (Arsuaga et al. 2014; Arnold et al. 2014) and at Fontana Ranuccio in Italy as early as 450–430 ka (Zanolli et al. 2018). The first Neanderthals outside Europe are confirmed at Karain in Turkey, and are dated to between 200 and 250 ka (Otte et al. 1998). Their earliest presence in the Balkans is confirmed only at approximately 300 ka in Velika Balanica (Roksandic et al. 2022b; Mihailović et al. 2022). However, given the ambiguous taxonomic status of fossil hominins from Qesem, which show both Neanderthal and modern human dental traits, and are possibly as early as 400 ka, this negative evidence cannot be taken at face value: Neanderthals could have been present in the Balkans at an earlier date. Either way, the current evidence points to the Balkans as the most likely route of Neanderthal migration out of Europe. The climatic fluctuations that characterise the Chibanian in Europe could have driven these crisscrossing migrations through the Balkans. The same routes that conducted southward migrations in the glacial periods would have been used to repopulate Europe from South-West west Asia and the Balkans when glaciers receded. Steppe-adapted animals and their hominin hunters would have moved westwards through the east-–west corridor. These multiple routes and directions crossing over in the Balkans could have brought multiple hominin groups in contact with each other.
[bookmark: CBML_ch03_sec1_005]What does the Chibanian Balkan hominin fossil record show?
According to the currently accepted dates, the four sites discussed span from older than 400 ka (Mala Balanica), to 300–250 ka (Petralona, Velika Balanica), to 210–170 ka (Apidima), and to ~130 ka at Krapina. Mala Balanica belonged to a primitive, non-diverged non-Neanderthal population that aligns well with other Chibanian non-Neanderthals from the Eastern Mediterranean Area (Roksandic et al. 2018) and could possibly represent Homo bodoensis (Roksandic et al. 2022a). The Petralona cranium shows a combination of primitive, synapomorphic (i.e., shared novel/derived traits) and Neanderthal traits (Freidline et al. 2012). It aligns well with both the African Chibanian hominins (Kabwe 1) and Neanderthals. At least one individual from Velika Balanica (Roksandic et al. 2022b) shows clear Neanderthal dental morphology and morphological similarities with the Late Pleistocene/chronologically younger Neanderthal tooth from the neighbouring Pešturina Cave (Radović et al. 2019). Apidima 1 is an early modern human, while the somewhat younger Apidima 2 is a Neanderthal (Harvati et al. 2019). The Krapina assemblage is decidedly Neanderthal, although some individuals exhibit modern human morphological traits (particularly in the occipital view). More importantly, the Krapina assemblage shows a high prevalence of dental traits associated with hybridisation.
Early modern Homo sapiens was already present in North Africa at least as early as 315 ka (Hublin et al. 2017) and was demonstrably present in Western Asia as early as 180 ka (Hershkovitz et al. 2018). Recently, modern Homo sapiens presence has been postulated for the Balkans more than ~210 ka (Harvati et al. 2019). With the possible earliest recorded presence of Neanderthals in Serbia at ~300 ka in Velika Balanica (Roksandic et al. 2022b), the Central Balkans could have represented a scene for the earliest interactions between modern humans and members of the Neanderthal lineage.
The last past decade has seen the rapid development of palaeogenetics, a field which is painting an ever more complex picture of genetically divergent yet interbreeding hominin lineages. As shown by multiple studies (e.g., Green et al. 2010; Reich et al. 2010,; 2011; Meyer et al. 2012; Prüfer et al. 2014,; 2017; Fu et al. 2015; Kuhlwilm et al. 2016; Browning et al. 2018; Slon et al. 2018), modern humans, Neanderthals and Denisovans exchanged genes with one another. Furthermore, admixtures into Denisovans and Neanderthal-Denisovan ancestors from unknown, phylogenetically much older lineages (so-called ‘superarchaic’ populations), have also been detected (Prüfer et al. 2014; Rogers et al. 2020). A recent genetic analysis of present-day West African populations by Durvasula & and Sankararaman (2020) has recovered signals of introgression from a ‘ghost’ archaic population which that diverged from the ancestors of modern humans before the Neanderthal/modern human split. While most of the recorded admixtures of modern human and Neanderthal lineages occurred in the latter part of the Pleistocene epoch – most likely between 64 and 47 ka (Sankararaman et al. 2012), there is evidence of much older introgression events (Kuhlwilm et al. 2016; Posth et al. 2017; Petr et al. 2020). In particular, evidence for African introgression of archaic and early modern humans into the Neanderthal lineage at around the time represented by the Balkan sites discussed here (Posth et al. 2017) indicates that they indeed interacted and interbred in the Chibanian. Given the current evidence for the presence of both morphologies in the Balkans, and the unique geographic location and geomorphological characteristics of the peninsula, this suggests that the contact, interaction and interbreeding between these two groups was not restricted to the arrival of Upper Palaeolithic humans, but was also happening in the Chibanian, with the Neanderthal movement eastward.
Admixture and hybridisation had been speculated in the human fossil record before the aDNA evidence was available (e.g., Bräuer 1984,; 1992; Smith et al. 1989; Duarte et al. 1999; Trinkaus et al. 2003), but it was difficult to predict what it should look like, since hybrids may fall outside the expected variability of either parent population, or they may be phenotypically identical to one parent (Ackermann 2010). Furthermore, the small available sample sizes of the human fossil record rarely allow the establishment of a ‘normal’ range of variation for any fossil population. Skhul and Qafzeh have figured prominently in this discussion: until recently, they represented the earliest-known modern human excursions outside Africa, and their geographical displacement by Neanderthals millennia later hinted at the possibility of a temporal overlap between populations (Cartmil & Smith 2009). While the fossils from the two Israeli sites are today widely recognised as early members of the modern human lineage, earlier researchers entertained the potential that they were actually transitional between Neanderthals and modern humans (Wolpoff 1980; Trinkaus 1984; Smith 1985), due to the combination of distinct Neanderthal and modern human traits in the same individuals, and further supported by the presence of distinct modern human traits in the Levantine Neanderthals from Amud and Tabun (Kramer et al. 2001). The lack of aDNA evidence from these sites has hindered the discussion of hybridisation, but evidence from other sites confirms that hybrids are present in the human fossil record. A long bone fragment from Denisova Cave, designated ‘Denisova 11’, has been confirmed to be the direct hybrid offspring of a Neanderthal mother and a Denisovan father (Slon et al. 2018). On the outskirts of the Balkan Peninsula, direct evidence of hybridisation between Neanderthals and modern humans is evident in the Upper Palaeolithic Oase 1 mandible from Romania, which has a significantly higher proportion of Neanderthal DNA than any modern human sequenced to date (Fu et al. 2015). The admixture could have occurred as recently as four to six generations – the strongest direct evidence of Neanderthal-modern human hybridisation within the Balkan Peninsula. While these are only two cases, the unambiguous evidence of hybridisation ‘…among the small number of archaic specimens sequenced to date suggests that mixing between Late Pleistocene hominin groups was common when they met’ (Slon et al. 2018: 113). In this context, interpretations of hybrid phenotypes based on morphological evidence in the Chibanian become much more plausible. Dental traits, including rotated premolars (Krapina, Skhul and Qafzeh), crowding (Qafzeh) and abnormal tooth morphology (Amud 1 right M3 is ‘anomalous and tiny’: Schwartz & Tattersall 2003: 312), potential heterosis (‘hybrid vigour’, sensu Ackermann, 2010; Wood 2011: 314) evidenced in the large cranial capacity of Amud 1 (Amano et al. 2015), increased variability in the Qafzeh sample (Schwartz & Tattersall 2003: 312), and craniofacial asymmetry in Skhul V, ‘an indicator of developmental instability’ (Ackermann 2010: 267), all hint at the possibility of Neanderthal-modern human hybrid zones in the Levant and the Balkan Peninsula. Growing evidence of temporal overlap between Neanderthals and modern humans in the Eastern MediteranneanMediterranean forms a solid basis for hypothesising hybridisation in the Chibanian; however, aDNA evidence that could confirm it is still lacking.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Authors also want to include the page number. The full reference is: Wood, B.A. (Ed.) (2011), ‘Wiley-Blackwell Encyclopedia of Human Evolution. Volume I (A–K) and Volume II (L–Z)’. Hoboken (New Jersey): Wiley-Blackwell
The rising field of palaeoproteomics has helped with taxonomic identification of hominin fossil specimens with degraded aDNA (Chen et al. 2019), and has illuminated the problem of the phylogenetic position of H. antecessor, revealing it as a close sister lineage to modern humans, Neanderthals and Denisovans (Welker et al. 2020). It would be interesting to apply palaeoproteomics to specimens such as BH-1, Petralona and Apidima 1 to better constrain their taxonomic positions. In addition, ascertaining how far west the Denisovan population reached would certainly contribute to the debate on the timing of the split and the ‘who’ and ‘when’ of interactions. Although there is no indication that Denisovans were present in the area, the uninterrupted geographic connection of the Eastern Mediterranean Area (including the Balkans) with Asia over the north shore of the Black Sea and the Sea of Azov would have certainly played an important role in that case.
[bookmark: CBML_ch03_sec1_006]Conclusion
In terms of human evolution, the Chibanian is a fascinating period, characterised by a substantial increase in brain size and dental reduction across the three continents, notwithstanding the persistence of small-bodied/small-brained Homo naledi (Berger et al. 2015; Dirks et al. 2017) and likely island isolates (Argue et al. 2006; Détroit et al. 2019), which only serve to emphasise hominin variability. In this process, the Eastern Mediterranean Area, where the three continents meet, should be conceptualised as the place where the hominins from the three continents could have conceivably interacted, and, as already suggested (Dennell et al. 2011), maintained sufficient population densities to repopulate Europe and parts of Asia after the glaciers receded. In this context, it is important to recognise the role of the Balkan Peninsula as part of the Eastern Mediterranean Area (Roksandic 2015,; 2016; Roksandic et al. 2018), as it was never cut off from either Asia or the rest of Europe. Recent finds and reinterpretations of old Chibanian material indicate that the earliest forays of early modern humans into Europe, and the Neanderthal movement eastwards proceeded through the Balkan Peninsula, creating potential for interaction between the groups.
New research in the Balkan Peninsula demonstrates that the area is increasingly recognised as having an important, albeit complex and yet-to-be understood, role in the peopling of Europe, and in the interaction among archaic hominins. A complex geographic patterning and hypothesised interaction among different resident and migrating populations require solid archaeological evidence, and a more detailed environmental record. More than anything, it will require a more open-minded, regional approach to the variation in the peninsula’s existing and future human fossil record.
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Chapter 4
The Middle Palaeolithic of South-eastern Europe
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[bookmark: CBML_ch04_sec1_001]Introduction
Research efforts in the past 30 years have seen the steady growth of studied Middle Palaeolithic assemblages in South-eastern Europe. Furthermore, development and application of continuously refining absolute dating methods have enabled more secure chronological positioning of various occupation phases, which in earlier periods were usually dated by biostratigraphic markers. The combined result of these trends has enabled a more detailed tracking of the technological evolution and variability in South-eastern Europe over the course of the Middle Palaeolithic. Therefore, a new synthesis of the Middle Palaeolithic in this region is needed. Recent syntheses (Mihailović 2014; Mihailović & Bogićević 2016) have mostly focused on the central part of the region, while others have been presented within the framework of specific countries (e.g., Brodar 2009; Doboş 2017; Karavanić et al. 2018.; Tourloukis & Harvati 2018). In our synthesis, we present the South-eastern European Middle Palaeolithic from a diachronic perspective of various technocomplexes. A large territory from Slovenia in the north to Greece in the south, and from Croatia in the west to Bulgaria and Romania in the east is covered by this chapter. We primarily consider aspects of Middle Palaeolithic technology, typology and stone raw-material procurement in chronological (from Marine Isotope Stages 7 to 3) and regional contexts, but aspects of palaeoecology and settlement patterns are also included in our interpretation. The synthesis is based on a selection of well-dated sites with well analysed and reported assemblages. Some assemblages that lack reliable dating were also included in our synthesis, but their chronological and taxonomic classification should be regarded as preliminary in the best-case scenario. However, despite dating improvements and the multiplication of age data, the chronology is still much less detailed than in Western Europe, thus not allowing the arrangement of assemblages on a regional timescale (see Jaubert 2011). Therefore, we decided to make a chronological division of the South-eastern European Middle Palaeolithic into three large units based on the Marine Isotope Stage (MIS) chronology: (1) pre-MIS 5, (2) MIS 5, and (3) MIS 4 and 3 phases (Table 4.1). Data about various assemblages were obtained from the available literature although several issues with this approach exist, most importantly inter-observer variability and differing standards of data publication (Reynolds & Rieeide 2019).
Table 4.1 Here
Previously, Mihailović (2014: 64) has pointed out the confusion stemming from the application of Western European terminology and criteria for defining industrial variants of South-eastern Europe, while also indicating that region-specific terminology has not provided a satisfactory solution. Therefore, we have simplified to some extent the terminology by grouping assemblages into larger technocomplexes based on technological and some typological elements. We continue to use Western European terminology, due to research tradition. However, we do not make a priori assumptions about connections with Western Europe when using different names of industrial variants as appropriate terms for a repeating pattern of technological and typological features. Furthermore, the criteria we state for different technocomplexes may deviate from criteria for those of the same names in other European regions, as we have considered them specifically for South-eastern Europe. Some more detailed taxonomic divisions may have been left out, but we feel that our broader units encompass the essence of technological variability over the course of the Middle Palaeolithic in South-eastern Europe. A recent qualitative-quantitative study of Western European sites (Faivre et al. 2017) suggests that a technological approach can in some manner describe the diachronic variability of the Middle Palaeolithic, whatever the causes of that variability may be.
[bookmark: CBML_ch04_sec1_002]Palaeoclimate and palaeoenvironment of South-eastern Europe during the Late Middle and Upper Pleistocene
The climatic and environmental changes in South-eastern Europe during the late Middle and Late Pleistocene (MIS 6–2; 200–12 ka) generally followed global climatic oscillations. The most robust records for palaeoclimatic reconstructions in the region are long lacustrine pollen sequences in the Mediterranean south of the region (e.g., Tzedakis et al. 2002; Panagiotopoulos et al. 2014) and the loess-palaeosol sequences (LPS), generally located in the Middle and Lower Danube Basin (e.g., Marković et al. 2018). The interplay of the Mediterranean and continental climatic signals over the region influenced long-term climatic trends (Obreht et al. 2016). Interglacial phases became progressively more continental with time, especially in the central part of the region, on the border of the two climatic signals (Lacey et al. 2016; Obreht et al. 2016). Thus, the Last Interglacial (MIS 5e) was more continental, resulting in higher precipitation during the warm seasons, as opposed to the higher precipitation during winter in previous interglacials.
The preceding MIS 6 was the most adverse glacial period in the past c. 350 ka of South-eastern Europe, with maximum glacier extension in the Julian Alps (Bavec & Verbič 2011) and the Dinarides (Hughes et al. 2011). The expansion of glaciers in the mountain chains probably contributed to the continentalisation of the climate, by blocking the warm and moist air coming from the Mediterranean (Obreht et al. 2016). Climatic conditions in the region during the Last Glacial period from MIS 5d to MIS 2 were more favourable than during MIS 6, primarily due to the fact that change in precipitation regimes did not promote glacier growth in the mountains (Obreht et al. 2016), and there is evidence of only relatively small glaciers in South-eastern Europe during the Last Glacial (Hughes et al. 2006). The interchanging MIS 5 warm (5c and 5a) and cold (5d and 5b) phases are seen in the pollen sequences, as well as the deterioration of the climate during MIS 4 (Tzedakis et al. 2002; Panagiotopoulos et al. 2014). During MIS 3 the climate in the region was mostly temperate and warm, but experienced shifts in temperature and precipitation.
The Late Glacial shifts are sometimes correlated with the Northern Atlantic climatic signal, but this seems to be buffered when compared to Western and Central Europe. There is a pronounced environmental diversity during the Last Glacial, as the western part of the region seems to have had a wetter climate, primarily due to north-–south orographic barriers and resulting rain shadows (Tzedakis et al. 2002). This is especially pronounced during major shifts in atmospheric circulation patterns, as during late MIS 3 (after c. 40 ka), when the eastern part of the region came under stronger continental influence (Obreht et al. 2017).
An event during MIS 3 had a profound effect on the environment in parts of the region. The volcanic ash of the Campanian Ignimbrite (CI) eruption at 39.85 ± 0.14 ka (Giaccio et al. 2017) probably devastated the vegetation cover, and might have reduced daylight in much of the southern and eastern parts of the region. Coupled with the Heinrich 4 cold event starting at c. 40 ka, the recovery of the environment was delayed. However, there is no strong evidence that this occurred in the northern and central parts of the region (Lowe et al. 2012). Although CI tephra is detected in Lago di Fimon cores in northern Italy (Hardiman 2012; Lowick et al. 2013), recent search efforts for cryptotephra in the stratigraphy of the caves in northern (Romualdova Pećina in Istria) and central Eastern Adriatic (Velika Pećina in Kličevica and Mujina Pećina, both in Dalmatia) gave negative results (Davies et al., 2015: table 5table 5, a). Furthermore, tephra and cryptotephra were not detected in cores from Lošinj (north-eastern Adriatic) palaeolake sediments (Brunović et al. 2020; S. Miko and I. Razum personal communication). Therefore, it seems that the CI dispersal fan did not reach the northern and central Eastern Adriatic (see Karavanić et al. 2021a: figure 1figure 1), indicating that the eruption and subsequent ashfall cannot be taken as an overarching explanation for Neanderthal extinction in the entirety of South-eastern Europe. Moreover, there are strong indications that, at least in some places, Neanderthals continued to live after the eruption (Vishnevskiy et al. 2019).
[bookmark: CBML_ch04_sec1_003]Overview of the Middle Palaeolithic industries in South-eastern Europe
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The transition from Lower to Middle Palaeolithic in South-eastern Europe is still poorly understood (see also Mihailović, this volume). Given the extremely varied topography and environment in the region, it is reasonable to presume that the transition could have occurred in multiple areas and with different timings. Simple core/pebble and flake industries mark the period of MIS 12–11 in the region, at sites like Dealul Guran in Romania (Iovita et al. 2012) and Marathousa 1 in Greece (Tourloukis et al. 2018), with industries comparable to the Bilzingsleben-Vértesszőlős small flake industries or the so-called ‘Pre-Mousterian complex’ (Doronichev & Golovanova 2010). A similar industry seems to continue well into the late Middle Pleistocene (broadly dating to MIS 9–6) at the site of Yarımburgaz (Turkish Thrace), with an assemblage characterised by simple centripetal and ad hoc reduction of pebbles and a predominance of steeply retouched flakes (Kuhn et al. 1996). On the other hand, dated assemblages with Acheulean bifacial elements are extremely rare in South-eastern Europe, present only at Rodafnidia on the island of Lesvos, the minimum age of which is broadly MIS 8–6 (Galanidou et al. 2013,; 2016), and perhaps at Kokkinopolis Kokkinopilos with minimum pIRIR[footnoteRef:1] ages of >170–200 ka (Tourloukis et al. 2015), both of which are in Greece. In both cases it is probable that the assemblages are much older than the minimum ages reported (Tourloukis et al. 2015; Galanidou et al. 2016). Although they lack absolute dates and stratigraphic context, some bifacial Acheulean handaxes are also known from Punikve in continental Croatia (Vuković 1963; Karavanić 2020). [1:  pIRIR or post-IR IRSL (post-infrared infrared-stimulated luminescence) dating measures the infrared signal of K-feldspar mineral grains at elevated temperatures after low temperature infrared exposure, thus measuring a signal which is less influenced by the anomalous fading phenomena observed for K-feldspar grains (Thomsen et al. 2008).] 

However, possibly beginning with MIS 9, and certainly by the time of MIS 7, there is an appearance of a variety of new technologies in lithic production, marking the development of the Middle Palaeolithic in the region (Figure 4.1; Table 4.1). The earliest use of the Levallois method is recorded at the site of Mamaia Sat in Romania, within separate assemblages dated to MIS 9 and 7, together with the discoidal method and bifacial leafpoints (Figure 4.2: 1–5). However, Balescu et al. (2015) have commented that the overall appearance of the industry is not characteristic for the Middle Palaeolithic. The Levallois method is also present at Kozarnika in Bulgaria, in layers 10a and 10b, dated between 200 and 130 ka, i.e. MIS 7–6 (Tillier et al. 2017), and it represents the earliest Moustero-Levalloisian or Typical Mousterian with Levallois technology and bifacial leafpoints in the region (Guadelli et al. 2005). The main core reduction mode is recurrent centripetal and bidirectional Levallois, while among the retouched elements, marginally retouched scrapers and denticulates predominate (Figure 4.2: 6–11). The upper assemblage from Velika Balanica in Serbia (layers 2a–b), probably dating to MIS 6, has evidence of Levallois preferential reduction and a tool assemblage dominated by sidescrapers (unifacially and bifacially retouched) and Mousterian points (Mihailović 2014). The MIS 6 assemblage from Mitoc-Valea Izvorului (dated by optically stimulated luminescence (OSL) to 160 ± 17 ka) in north-eastern Romania has traditionally been linked to the Mousterian of Acheulean Tradition, due to the presence of bifacial elements (Doboş 2017). Although not reliably dated, due to the similarity with Mitoc-Valea IzvoruluiIzvoroului, the assemblage from Ripiceni-Izvor layer IV, also in north-eastern Romania, could belong to the same industry and pre-MIS 5 phase (Doboş 2017). It is also possible that the two sites could belong to the Typical Mousterian with Levallois technology and leafpoints (Kozłowski 1992). This is further indicated by the fact that the earlier assemblages from Ripiceni-Izvor (layers I–III) have been ascribed to the Typical Mousterian with Levallois technology (Doboş 2017). Furthermore, it is worth mentioning the Ripiceni-Izvor layer IV assemblage has some Eastern Micoqian Micoquian elements (Doboş 2017).
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The appearance of the so-called ‘Protocharentian’ in the central part of South-eastern Europe is evidenced in the assemblages from Velika Balanica layers 3a–b and Mala Balanica 2a–b in eastern Serbia, perhaps dating to MIS 9, but more probably to MIS 7 (Mihailović & Bogićević 2016). These industries are marked by the predominant use of quartz pebbles as raw materials. Flake production was based on centripetal reduction and the cortical-backed method on pebbles, resulting in naturally backed knives. Among the tools, scrapers and denticulates predominate, and characteristic Quina scrapers and limaces are present (Figure 4.2: 12–20) (Mihailović 2014).
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The various Middle Palaeolithic technological trajectories that started in the Middle Pleistocene continue into the Upper Pleistocene, i.e., the Last Interglacial (MIS 5e) and the Early Last Glacial (MIS 5d–a) periods (Figure 4.3; Table 4.1). However, in the north-western and southern parts of the region, as in Slovenia (Brodar & Osole 1979), Bosnia and Herzegovina (Montet-White et al. 1986; Montet-White 1996; Jovanović et al. 2014) and Greece (Tourloukis 2010), Middle Palaeolithic sites are not yet known before MIS 5. A similar situation is present in Croatia, where the lack of analysis of the assemblages from the Middle and Upper Pleistocene deposits dated to MIS 6 and 5 in Vindija (Wild et al. 2001; Karavanić et al. 2021b) hinders the clarification of the earliest occurrence of the Middle Palaeolithic. This absence of the Middle Palaeolithic record in some parts of South-eastern Europe prior to MIS 5 is explainable in terms of research history and geologic processes (e.g., Tourloukis 2010), but it is also conceivable that some mountainous regions were depopulated during the MIS 6 glacial expansion (Bavec & Verbič 2011), and that the transgression during MIS 5e destroyed sites from the preceding glacial in what is today the Adriatic (Benjamin et al. 2017). The two most widespread industrial variants during MIS 5 in South-eastern Europe are the Typical Mousterian and the South-eastern/Balkan Charentian (hereafter Charentian) (Figure 4.3).
Figure 4.3 Here
Typical Mousterian industries in South-eastern Europe are primarily characterised by the predominant use of the Levallois method. These are known from Kozarnika 9a–c (although these layers may date to a more recent period) in Bulgaria (Guadelli et al. 2005), Theopetra II2 (MIS 6/5) (Karkanas et al. 2015; Tourloukis & Harvati 2018; Valladas et al. 2007) and the Asprochaliko ‘basal’ Mousterian (90–100 ka) (Darlas 2007; Tourloukis & Harvati 2018), both in Greece, Zobište (c. 90 ka) (Baumler 1987,; 1988; Montet-White et al. 1986; Montet-White 1996) in northern Bosnia, and possibly Betalov Spodmol assemblage B from Slovenia (Osole 1991). The lower parts of the Lakonis and Kalamakia sequences in Greece have also yielded Typical Mousterian assemblages, possibly from MIS 5, as both date to <100 ka (Tourloukis & Harvati 2018). There is also a tenuous association of the lithic assemblage from the open-air site of Uzun Mera in Northern Macedonia to this industry, but lacking chronometric data (Stojanovski et al. 2018). If the lower part of the Kozarnika 9a–c sequence dates to MIS 5, then Typical Mousterian industries may also be associated with leafpoints in this period, an association which that continues well into MIS 4 and 3.
Although relatively distinct, the Mousterian industry of the oldest sequence (XXXI–XXV) of Crvena Stijena in Montenegro is nominally placed within the Typical Mousterian (Mihailović 2017). These assemblages are tentatively dated to MIS 5, based on electron spin resonance (ESR) dates from the superimposed layer XXIV (c. 78 ka: Mercier et al. 2017) and the palaeoenviromental palaeoenvironmental characteristics of the fauna from layers XXXI–XXV, but the bottom layers XXXI–XXX may date to MIS 6 (Mihailović 2017). It contains artefacts made by the use of Levallois and discoidal methods, some blades, as well as the special characteristic of a tool assemblage represented by numerous sidescrapers, denticulates, tools with thinned ventral sides and bilaterally retouched Mousterian points (Figure 4.4: 1–14) (Mihailović 2017; Mihailović et al. 2017).
Figure 4.4 Here
During MIS 5, Charentian industries are found in much of the northern and central parts of South-eastern Europe, i.e., in the Middle Danube Basin and its tributaries. They are characterised by a predominance of discoidal/centripetal, informal or specialised pebble reduction strategies. The Levallois method is absent or only sporadically used. Cores and blanks are often made from pebbles found in conglomerates or gravel bars, and among the raw materials used quartz and quartzite occasionally predominate at some sites. Among the retouched tools, various types of scrapers usually predominate, although they are not necessarily made with Quina or demi-Quina retouch, which would be expected from a Western European Charentian industry (Mihailović 2014). The Charentian is present in the Betalov Spodmol assemblages C–D (Osole 1991) from Slovenia, Krapina (Simek 1991; Simek & Smith 1997), Veternica (Banda & Karavanić 2019) from Croatia, and Pešturina 4a–b (Figure 4.4: 15–21) (Blackwell et al. 2014; Mihailović 2014) in Serbia. It is also likely that some of the Charentian assemblages from the Southern Carpathians in Romania also date to MIS 5, but given the lack of reliable radiometric dating (Doboş 2017), this is yet to be confirmed.
A special case is the open-air site of Petrovaradin Fortress in northern Serbia, where layer 2b is dated by OSL (89 ± 9 ka) to MIS 5 (Marković et al. et al. 20210; Mihailović 2009; Mihaliović & Bogićević 2016), while the dating of artefacts from layers 2a and 2a/b to MIS 3 is uncertain (Marković et al. et al. 20210). Its flake production technology was mainly a simplified variant of the Levallois method, but preferential and recurrent Levallois also occur (Mihailović 2014). Other types of reduction are also present, but not well defined. Regional white chert (some 15 kilometres from the site) is the dominant raw material, followed by quartz pebbles. Among the tools, sidescrapers are most frequent, while denticulates and some other types of scrapers also occur. There are also two massive bifacially retouched backed scrapers (Figure 4.4: 22) (Mihailović 2009). Due to the characteristics present, Mihailović (2014) has argued that the site contains a mixture of Charentian, Levallois and Central European elements (bifacial backed knives / Keilmesser).
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Typical Mousterian industries with Levallois technology continue well into MIS 4 and 3 (Figure 4.5; Table 4.1). These sites are primarily distributed in the east and south of the region, i.e., in Serbia, Bulgaria and Greece (Kozłowski 1992; Mihailović 2014). In western Serbia, the Mousterian with Levallois technology from Hadži Prodanova layer 5 (Mihailović 2014) is dated to c. 44–43 ka calBP (Alex et al. 2019). In the Mani Peninsula in Greece, the archaeological sequences with dominant Levallois technology from the sites of Kalamakia and Lakonis continue up until c. 40 ka (Tourloukis & Harvati 2018). The site of Mavri Spilia, also on the Mani Peninsula, may belong to this group, although it is undated (Tourloukis & Harvati 2018). Some Typical Mousterian industries from Bulgaria and eastern Serbia also contain bifacial leafpoints, such as in Kozarnika 9a–b (Guadelli et al. 2005), Samuilitsa II (Tsanova 2012) and Musselievo (Kozłowski 1992) in Bulgaria, Šalitrena Pećina (Mihailović 2020) and possibly Risovača (Mihailović & Zorbić 2017) in Serbia. This type of point is also found at Kamen in northern Bosnia (Basler 1979). Three other open-air Mousterian sites from this region are also known (Visoko Brdo, Lušćić and Lonđa), and one cave site (Rastuša), but none of these sites are chronometrically dated (Rajkovača 2004; Jovanović et al. 2014). As in Kamen, they are characterised by Levallois technology and predominant frequency of sidescrapers, but lack bifacial points.
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The presence of Charentian industries in the northern and central part of South-eastern Europe during MIS 4 and 3 (Figure 4.5) is so far only indicated by newer radiometric dates from the sites of Peştera Muierii and Peştera Curată in the Southern Carpathians (Doboş 2017). Given the similarities in technology, tool assemblages and raw material use to the continental Charentian assemblages securely dated to MIS 5, it is reasonable to assume that the Southern Carpathian Charentian is a continuation of this earlier technocomplex, and even that some of the sites in the Southern Carpathians could be older than MIS 3.
The Charentian is also represented in the Mediterranean part of South-eastern Europe during MIS 4 and 3, although it is currently not clear if any connection between the continental and Mediterranean Charentian existed. Interestingly, the assemblage from Crvena Stijena layer XXIV, probably dating to the end of MIS 5, presents characteristics that are intermediate between the Typical Mousterian of the older sequence (XXXI–XXV) and the Charentian of the younger assemblages (XXII–XX), i.e., the technology of blank production is mainly Levallois. However, scrapers are dominant among the tools, and some of them are made with Quina retouch (Mihailović 2017; Mihailović et al. 2017). The Charentian assemblages from layers XXII–XX (Figure 4.6: 1–10), dated to MIS 4 or the very beginning of MIS 3, are abundant in sidescrapers (including transversal and Quina types). When compared to the earlier Typical Mousterian assemblages from the same site, the proportion of naturally backed knives and pseudo-Levallois points used as tool blanks increases, but the flaking methods are still mainly discoidal and Levallois (Mihailović et al. 2017). The assemblages from the Bioče levels 3 and 4.1 in Montenegro are also determined as Charentian, but the sequence is not radiometrically dated (Derevianko et al. 2017). In these assemblages, the Levallois method is rarely present, and different types of sidescrapers are frequent (Derevianko et al. 2017).
Figure 4.6 Here
The Middle Palaeolithic assemblages from the archaeological sequence of Klissoura Cave 1 (Greece) are distinct in terms of South-eastern Europe. The older part of the sequence could date to some of the substages of MIS 5, while the other part of the sequence was deposited during MIS 4 and 3 (Starkovich 2014). The assemblages of the entire sequence are relatively similar, but with some variation. Centripetal, discoidal and unipolar knapping methods are dominant throughout the sequence. Levallois products are present in all layers, but are relatively rare (Sitlivy et al. 2008). Interestingly, blade technology is more present in the lower layers. On the other hand, among the tool types scrapers are the predominant type throughout the entire sequence, but there is a general decrease of scrapers from the middle of the sequence (from about 80 to 50 per cent) in favour of Upper Palaeolithic tool types, notches and denticulates (Sitlivy et al. 2008). Both the cores and tools are of small dimensions, with larger artefacts present on average in the lowermost layers (Sitlivy et al. 2008). The high percentage of scrapers and the predominance of centripetal and discoidal flaking could point to connections with the Charentian technocomplex of the Eastern Adriatic, in particular those of Crvena Stijena XXIV–XX, which is also sometimes associated with Levallois products. The Middle Palaeolithic assemblage of layer II11 from Theopetra dates to MIS 3, based on the stratigraphic position of the layer between the Y6/Green Tuff cryptotephra (45.7 ka) in layer II12, and the Nisyros Upper Pumice crypotephra in layer II10 (>50 ka) (Karkanas et al. 2015). However, the sample of lithic artefacts is small, due to the erosion of this part of the sequence (Karkanas et al. 2015).
During MIS 3, continental parts of South-eastern Europe are also marked by the development of the Late Mousterian Denticulate and Micromousterian industries (Mihailović 2014) (Figure 4.5). The MIS 3 assemblages from Pešturina layer 3, in Serbia (Mihailović 2014), and Golema Pesht layers 6–5, from Northern Macedonia (Salamanov-Korobar 2008), seem to represent a distinct Late Mousterian industry in the central part of South-eastern Europe. They are characterised by the predominant use of quartz pebbles as raw materials for flake production, and both sites feature the use of the Levallois method and discoidal/centripetal flaking. There is a lack of sidescrapers in both assemblages, the dominant tool categories being denticulates, notches and partially/steeply retouched pieces on small flakes. Some bifacial pieces made from quartz also appear in the Golema Pesht assemblage (Salamanov-Korobar 2008). Given the similarities between the assemblages of Pešturina layers 3 and 4 (Mihailović 2014), the Late Mousterian assemblages of Pešturina and Golema Pesht may have partly evolved from the Charentian tradition in the region, even though the radiometric dating of the Pešturina sequence does not indicate continuity (Blackwell et al. 2014), and the presence of both Levallois technology and bifacial pieces may on the other hand point to connections with the Typical Mousterian. Although in the assemblage of layer G3 in Vindija (Croatia), quartz is also often used as a raw material (Blaser et al. 2002) and notches and denticulates are frequent, there are notable differences in comparison to the above-mentioned sites in significant representation of sidescrapers (23,.3 per cent) and lack of the Levallois method (and any other centripetal method) (Ahern et al. 2004: Table 9Table 9; Karavanić & Smith 2013). Unfortunately, the lack of data from unanalysed lithic material from older layers of Vindija complex G constrains further comparison.
The MIS 3 Middle Palaeolithic assemblages from Divje Babe 1 in Slovenia are characterised by significant presence of different types of retouched flakes, notches and denticulated pieces and Upper Palaeolithic types (Turk & Kavur 1997; Turk 2014), accompanied by some osseous artefacts (Turk & Košir 2017), but do not conform to any of the mentioned technocomplexes.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Ok, added in the ref list
The Micromousterian industries are also found in the Adriatic region (Dogandžić & Đuričić 2017) and Epirus (Papagianni 2000), such as in layer 14 of Asprochaliko, where the assemblage is characterised by the production of tools on small pseudo-Levallois points, but the Levallois method is absent (Darlas 2007). In the Eastern Adriatic, small tools of the Micromousterian are usually made on simple flakes, which are made from local chert nodules and pebbles. Data come from both open-air and cave sites. Open-air sites are represented from surface finds, often in mixed lithic assemblages, while caves provided more relevant information on archaeological context. Many open-air sites are situated in the region of Ravni Kkotari, in the central Eastern Adriatic, but some were found on the Dalmatian islands, which were part of the mainland during MIS 3 (Vujević et al. 2017). Judging by their typology, some of assemblages from these sites represent the Charentian type of Mousterian, but the Denticulate type is also present (Vujević et al. 2017). The former type of Mousterian is also established at the Kaštel Štafilić-Resnik underwater site, located further south, where several centripetal cores and many scrapers (often transversal scrapers) were found (Karavanić & Barbir 2020). These two types of Mousterian (Charentian and Denticulate) are also present at the Mujina Pećina cave site, located north from Kaštel Štafilić-Resnik. The entire Middle Palaeolithic sequence from Mujina Pećina was dated to MIS 3 (Boschian et al. 2017), but recent OSL dates, which will be published elsewhere, show that the oldest layers date to MIS 4. High percentages of scrapers (with a significant presence of transverse scrapers) in the lower layers E3 and, to some extent, E1 suggest a Charentian industry, while in layer E2 notches and denticulates are dominant and point to the Denticulate Mousterian (Šprem et al. 2020), although many sidescrapers are also present in this layer (Figure 4.6: 11–17). In the upper layers of the same site (D2+D1 and C+B), simple retouched pieces are dominant, but notches and denticulates are also frequent. The centripetal method of blank production is common in Mujina Pećina. In Velika Pećina in Kličevica, another cave site in the Eastern Adriatic, the centripetal method is also documented along with the use of the Kombewa method in the lower levels, due to the presence of Janus flakes (Karavanić & Vukosavljević 2019). Among the usually small tools, diverse sidescrapers are also present at this site, among which microlithic transverse scrapers are common (Figure 4.6: 18–19), strongly suggesting assignment to the Charentian. In layer 1 of Bioče, where tools are also small, the presence of centripetal cores and a high frequency of sidescrapers within the industries of several habitation episodes from this lithological stratum conform to the Charentian industry of the region (Vishnevskiy et al. 2019). Retouched flakes and atypical endscrapers are also frequent (Pavlenok et al. 2017; Vishnevskiy et al. 2019). Sidescrapers are dominant, but notches, denticulates and retouched flakes are also frequent at Late Mousterian of Crvena Stijena (layers XVIII–XII) (Mihailović & Whallon 2017; Mihailović et al. 2017). Furthermore, the final Mousterian in Crvena Stijena is characterised by the presence of Uluzzian elements in the lithic assemblage (laminar and microlaminar technology, diverse reduction strategies employed in flaking flakes and splintered pieces, and backed tools, including segments/lunates and arched points) that could be explained as continuity in the evolution of these lithic industries (Mihailović & Whallon 2017).
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In South-eastern Europe the picture of the Middle-Upper Palaeolithic interface from c. 45 to 40 ka is quite complex. The lack of hominin fossil remains in key assemblages sometimes constrains attribution of certain industries to specific groups of humans. The overlap between the Middle Palaeolithic and transitional industries or the Initial Upper Palaeolithic (IUP) chronologically differs between the coastal region of the Adriatic-Ionian Seas and the continental part of South-eastern Europe. Across the continental part (the Danube region and its tributaries), Middle Palaeolithic industries largely disappear before about 43 ka (Mihailović 2020). The only exception is the recent date from Middle Palaeolithic assemblages at Šalitrena Pećina in Serbia, although it comes from insecure contexts (Marín-Arroyo & Mihailović 2017; Mihailović 2020). Furthermore, direct dates obtained on Neanderthal remains from layer G1 in Vindija indicate they are probably older than 44 ka calBP (Devièse et al. 2017). On the other hand, these late Neanderthals could have overlapped with modern humans within the eastern part of South-eastern Europe, where modern human remains are associated with an Initial Upper Palaeolithic industry (previously called the Bachokirian) dated from c. 46 to 43 ka calBP (Fewlass et al. 2020; Hublin et al. 2020).
In the Adriatic-Ionian zone the local Mousterian survived longer, and was perhaps contemporaneous with the IUP Uluzzian industry (Boschian et al. 2017; Vishnevskiy et al. 2019). The Uluzzian is an industry characterised by a bipolar technique that produces splintered pieces. Both small flakes and bladeletes were produced from such cores, and the common tool types are various abruptly backed pieces, some distinctly convex and geometrical (lunates). So far, attributions of this industry to modern humans or Neanderthals are uncertain and it does not necessarily have to be connected with modern human behaviour (Villa et al. 2018). The Uluzzian is mostly spread throughout the Apennine Peninsula, from southern Italy to the foothills of the Alps, but it is also present in Greece (Kaczanowska et al. 2010; Douka et al. 2014; Peresani et al. 2019). The assemblage from layer V in Klissoura Cave 1 in the Peloponnese is attributed to the Uluzzian (Kaczanowska et al. 2010). It is characterised by the use of the bipolar technique and uniplatform cores for blades and flakes. Among the tools, endscrapers and backed pieces predominate, but retouched blades, denticulates and notches are also well represented (Kaczanowska et al. 2010). Another Peloponnese site, Kelaphalari, also possibly yielded an Uluzzian assemblage (Tourloukis & Harvati 2018, and references therein), but has not been studied in detail. The dates of the Uluzzian sites in South-eastern Europe and in Italy in the range of 45 to 39.5 ka calBP (Douka et al. 2014) suggest they are contemporaneous with the Middle Palaeolithic sites on the Croatian and Montenegrian Montenegrin coast. First of all, the sequence from Mujina Pećina in central Dalmatia is dated from 49 to 39 ka calBP, and thus at least partly overlaps with the Uluzzian (Boschian et al. 2017). The ages of Middle Palaeolithic layers from Velika Pećina in Kličevica, likewise in Dalmatia, are in the range of >48–38 ka calBP, but the youngest dates may be problematic due to bioturbation (Karavanić et al. 2018). However, recent uranium-series (U-Th) dating of flowstone that separates two Mousterian layers (C and D) at this site resulted in an age of 39.69 ± 1.89 ka (Karavanić et al. 2021b). Earlier radiocarbon dates from layers C and D (except one which is too recent) correspond well with the U-Th age of the flowstone, suggesting that Mousterian humans were present there until slightly later than 40 ka. Furthermore, in the Bioče rockshelter, a Middle Palaeolithic assemblage found above the CI tephra (eruption dated to 39.85 ± 0.14 ka: Giaccio et al. 2017) exhibits the same technological and typological characteristics as the assemblage immediately bellow the tephra (Vishnevskiy et al. 2019), while at other sites in the wider region (Greece and elsewhere) a contemporaneity of Initial Upper Palaeolithic assemblages is implied by the relative positions of the CI marker (Lowe at al. 2012; Davies et al. 2015).	Comment by Victoria Chow: QUERY: Is this the correct spelling? Google returned no results when I checked it.	Comment by Microsoft Office User: It was not. Now it is.
The current absolute and relative dating presented above suggests that the makers of the final Mousterian and the Uluzzian were contemporaneous. This could explain the mixture of technological elements (Mousterian and Uluzzian) in the assemblages from Crvena Stijena (Mihailović & Whallon 2017) through a process of cultural/stimulus diffusion (Tostevin 2007), a model that is also seen as one of the possibilities in the appearance of some northern Italian Uluzzian assemblages (Peresani et al. 2019). Stimulus diffusion refers here to the partial adoption of technological elements from the Uluzzian by the Mousterian makers, and thus assumes some contact between those groups, but not necessarily social intimacy (sensu Tostevin 2007).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Ok, added in the ref list	Comment by Victoria Chow: See query above.	Comment by Microsoft Office User: Ok, added in the ref list
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The overview we have presented raises certain points that warrant further discussion. The first point is the beginning and origin of the Middle Palaeolithic technologies in South-eastern Europe. Based on the data presented above and in Table 4.1, it seems that the Middle Palaeolithic developed first in the eastern part of South-eastern Europe, i.e., in Bulgaria and Romania, over a period from MIS 9 to MIS 7 (c. 330–200 ka). However, if the oldest assemblage from Mamaia Sat (assemblage II from palaeosol D) is considered mixed or otherwise without a secure context (Balescu et al. 2015), then the origin of Middle Palaeolithic technologies in the region would be dated to MIS 7–6, as exemplified by the upper assemblage from Mamaia Sat (Balescu et al. 2015) and Kozarnika 10a–b (Guadelli et al. 2005; Tillier et al. 2017). This later alternative is more consistent with the appearance of the earliest Middle Palaeolithic during MIS 8 in Central Europe (Kozłowski 2016) and MIS 7 in the Apennine Peninsula (Picin et al. 2013). These oldest Middle Palaeolithic industries contain Levallois technology and leafpoints, both features of the later Typical Mousterian in South-eastern Europe. One of the important questions concerning these industries is where did the Levallois technology originate? It seems that it had a polycentric evolution, and therefore it is difficult to point to a specific source for its origin (Kuhn 2013; Kozłowski 2016). It is likely that the development of Levallois technology is the result of gradual accumulation of technological knowledge through contacts between various European, and possibly Near Eastern, Palaeolithic groups. The origin of bifacial leafpoints is also unknown, but appears broadly contemporaneously in eastern Central Europe during MIS 7 (Kozłowski 2016). Origins of bifacial leafpoint technology may be linked to the area of the late Acheulean, seeing that both Kozarnika and Mamia Mamaia Sat (both Middle Palaeolithic sites) are at 400–500 kilometres km distance from Rodafnidia, in which a well-defined Acheulean bifacial industry occurred no later than MIS 8 (Galanidou et al. 2016). However, seeing that the spatial clustering of early Middle Palaeolithic sites with bifacial leafpoints in Central and South-eastern Europe largely occurs outside the known geographical distribution of late Acheulean sites, convergent evolution of these bifacial tools seems the more likely explanation (Kozłowski 2003,; 2016).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Ok, added in the ref list
Furthermore, Levallois products occur in the same deposits as Acheulean finds at Rodafnidia, but it is not certain if these artefacts come from the same occupation phases or represent distinct Middle Palaeolithic occupations (Galanidou et al. 2013,; 2016). An alternative model would be that the appearance of Levallois technology in South-eastern Europe is linked to the process of Neanderthal speciation and dispersal, as proposed for the appearance of Levallois technology in the Apennine Peninsula (Picin et al. 2013). However, relating the appearance of Levallois technology in South-eastern Europe to population turnover is constrained by the lack of well-dated hominin fossils from the late Middle Pleistocene (Roksandic 2016), and a general lack of sites from that period. Be that as it may, the association of Neanderthal remains and Levallois technology is certain at Krapina during MIS 5e (Simek & Smith 1997), and at Kozarnika layer 10b during MIS 6 (maybe even MIS 7?) (Tillier et al. 2017). At this stage, however, the most secure explanation is that Levallois technology was adopted in South-eastern Europe after MIS 7, as part of wider trends of focus on and diversification of flake industries, as seen throughout Eurasia (Kuhn 2013).	Comment by Victoria Chow: See query above	Comment by Microsoft Office User: Same as previous
The origin of the Charentian industry seems to be related to different processes. Mihailović (2014) has suggested the origin of this tradition is within the Acheulo-Yabrudian technocomplex in the Near East, and its subsequent dispersal towards the west. Already during MIS 9, this technocomplex is present in Karain Cave (sSouth-western Turkey), assemblages B–E, in the form of the ‘Protocharentian’ (Otte et al. 1998). This technocomplex appears in Velika Balanica, 3a–c layers, and Mala Balanica, layers 2a–c, which contain interglacial fauna most probably from MIS 7 (Mihailović 2014; Mihailović & Bogićević 2016), and it is followed by the development of the classic ‘Balkan/South-eastern Charentian’ during MIS 5 in the Middle Danube Basin and its tributaries. Although, according to Mihailović (2014), this industry largely disappears in the Balkans after MIS 4, similar industries continue to exist in the RomainanRomanian Southern Carpathians during MIS 3 (Doboş 2017). It is further argued that the Charentian dispersed through Central Europe and Southsouth-western France, where it developed into the classically defined Quina type of Mousterian (Mihailović 2014; cf. Kuhn 2013).	Comment by Victoria Chow: See query above	Comment by Microsoft Office User: Same as previous
However, an alternative interpretation of formation and dispersal of the Charentian in continental parts of South-eastern Europe is that it might be seen as reflections of ecological and functional circumstances, specifically in the use of quartz pebbles as a raw material for tool production, which could have constrained the technological options available to toolmakers. On the other hand, this is contradicted by the occurrence of Charentian technological and typological elements in the lithic artefacts made from higher quality raw materials at the sites where quartz was also available. For instance, the site of Krapina yielded a Charentian assemblage (Simek & Smith 1997) in which quartz was only used sparsely (about 3 per cent: Zupanič 1970), and therefore it seems that the appearance of Charentian assemblages cannot be solely attributed to raw material acquisition. Furthermore, the appearance of non-Charentian industries during MIS 3 in which quartz is the dominant raw material, such as in Pešturina and Golema Pesht, points to the same conclusion.
We have also noted that some of the industries from the Adriatic zone have been attributed to the Charentian (Mihailović 2017; Karavanić et al. 2018). However, this does not mean that the Adriatic industries must have had connection to the Charentian from continental sites (i.e., those from the Middle Danube Basin). It is possible we are dealing with a case of technical convergence that resulted in similar tool-type frequencies, as the Charentian in the Adriatic is primarily determined on the predominance of scrapers, among which transversal types are common. Furthermore, within the Adriatic Charentian assemblages, the presence of the Levallois method is not uncommon (Mihailović et al. 2017), which is rarely the case in the continental industries. Thus, the Adriatic Charentian sites may be related to a wider central Mediterranean complex, part of which is also the Pontinian in west-central Italy, where tools are also small and the most frequent types are sidescrapers (Kuhn 1995; Mussi 2002). However, dimensions of small tools in Eastern Adriatic sites might be caused by both adaptation to different qualities of local raw material and the needs of Neanderthal groups (Perhoč 2020). At the end of the Mousterian typological patterns change, at least in some parts of Italy like coastal Latium (Grotta del Fossellone, Grotta Barbara) and Liguria (Riparo Mochi, Arma delle MaineManie), where denticulates and notched pieces increase in frequency, while sidescrapers decrease (Mussi 2002). This is similar to some Eastern Adriatic sites, where the high frequency of denticulates and notched pieces was previously considered to indicate the Late Mousterian (Basler 1983). However, this manifestation is no longer a reliable chronological indicator of the Late Mousterian in the Eastern Adriatic (Vujević et al. 2017), as confirmed by the significant presence of these tools in layer E2 of Mujina Pećina that precedes the Late Mousterian (Šprem et al. 2020). Furthermore, the high percentages of denticulate tools at some sites could be caused by mechanical breakage due to post-deposition processes or trampling (Picin et al. 2011), or by poor quality of raw material used for tool production (Vujević et al. 2017). At Mujina Pećina the increased presence of denticulated and notched pieces usually corresponds to colder periods (layers E2, B and C), which could point to functional reasons, and perhaps in part to the effect of the site-formation processes on lithic artefacts.
As already mentioned, many Mousterian tools (and cores) of the Eastern Adriatic are often small, and this phenomenon is called Micromousterian. It is possible that, at least to some extent, size of local raw materials determined the size of artefacts in the Eastern Adriatic (Karavanić 2000; Vujević et al. 2017) and some other sites in South-eastern Europe (e.g., Greece: Papagianni 2000), Central Europe (Svoboda et al. 1996) and Italy (Mussi 2002). Moreover, it seems that in Central Europe small-sized industries appear in temperate climatic periods, rather than in colder periods (Svoboda et al. 1996), which is not the case in the Eastern Adriatic where they appear also in colder phases. However, the small size of the tools may not only be a result of adapting to the quality of local raw materials (Karavanić 2000), but is likely also conditioned by the needs of hunter-gatherers and their mobility (Perhoč 2020), and long-term site-use and re-use of tools (Pavlenok et al. 2017). Furthermore, this phenomenon may also be the result of economisation instead of microlithisation (Mihailović & Whallon, 2017), which is confirmed by the significant frequency of tools on flakes with cortex and small cores with traces of cortex at Mujina Pećina (Karavanić et al. 2008), indicating economising behaviour and the very localised use of raw material, including small nodules, for the production of flakes (Perhoč 2020). No connection is observed between the variability of lithic industries and types of sites. For example, the Charentian is present at both caves and open-air sites in the Eastern Adriatic, and even at the underwater site of Kaštel Štafilić-Resnik, which was on dry land during the lower sea-stand (Karavanić & Barbir 2020). Therefore, it seems that the Micromousterian in the Adriatic-Ionian zone is in fact composed of at least two contemporary and distinct taxonomical units: the Charentian and the Denticulate Mousterian. The Charentian elements in the coastal zone of South-eastern Europe had already appeared during MIS 5 (Crvena Stijena XXIV, and possibly Klissoura 1). During MIS 3, Denticulate Mousterian industries appeared in the coastal zone, a process that is also echoed in the interior of the region. Even in sites that retained high percentages of scrapers, as in Klissoura and Bioče, there is an increase in the number of denticulates, notches and retouched flakes in the upper parts of the sequences (Sitlivy et al. 2008; Pavlenok et al. 2017).
Neanderthals of South-eastern Europe successfully adapted to their environment, hunting local fauna and using local raw materials for tool production, which indicates flexibileflexible adoption of generalised economies. They were still living in south-western and northern parts of South-eastern Europe at the time when anatomically modern humans were already present in the eastern part of the region (Fewlass et al. 2020; Hublin et al. 2020), and in the Apennine Peninsula (Douka et al. 2014; Boschian et al. 2017), which is also indicated by tephrochronology (Lowe et al. 2012; Davies et al. 2015). Their fate is not known, although there are several possible reasons for their disappearance (Cartmill & Smith 2009; Mihailović 2020). The picture that emerges from reliably dated and analysed assemblages is that the Mousterian industries disappeared throughout continental South-eastern Europe several millennia after modern humans appeared in the region. This could indicate that the population dispersals of modern humans are closely associated with the regional acculturation or extinction/emigration of Neanderthals. Mihailović (2020) has argued that the Late Mousterian and Neanderthals could have survived somewhat longer in ecologically unfavourable conditions of hilly-mountainous regions in the peri-Pannonian zone, which would support a displacement of them by modern humans. However, genetic and genomic evidence confirmed biological interactions between these two groups (Fu et al. 2015; Smith et al. 2017; Hajdinjak et al. 2021), and we can assume that some exchange of cultural information might have happened if those encounters occurred in South-eastern Europe. For example, despite the new direct radiocarbon dates on human (Neanderthal) and faunal samples from Vindija Cave, level G1 (Devièse et al. 2017), it is possible that the Neanderthals from both layers (G3 and G1) might overlap in time with the earliest arrival of modern humans in South-eastern Europe (Karavanić et al. 2021b). Specifically, the recent AMS radiocarbon dates from the Bacho Kiro Cave in central Bulgaria indicate an age range between 47 and 43 ka calBP (Fewlass et al. 2020) for the earliest definitive evidence of modern human presence in Europe, which is also encompassed by the lower portion of the ranges for Vindija G1/G3. If the appearance of the Bohunician in Central Europe, during c. 48–46 ka and certainly by 44 ka (Škrdla 2017), is associated with the arrival of modern humans, the Vindija Neanderthals could have been contemporaries of those modern human populations. The possibility of this contemporaneity is also supported by recent dating of the modern human (female) skull from Zlatý kůň (Czech Republic) to about 45 ka or even older (Prüfer et al. 2021). Furthermore, the recent claim that modern humans may have reached Greece (southern Balkans) by ~210 ka (Harvati et al. 2019; cf. de Lumley et al. 2020) could mean that there might have been other early incursions of modern humans into South-eastern Europe (Karavanić et al. 2021b).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Ok, added in the ref list
One of the important reasons for the time gap between Late Middle and Early Upper Palaeolithic occupations on the Eastern Adriatic may be the volcanic eruption of the Campanian Ignimbrite that occurred on the Apennine Peninsula approximately 39 ka (Morley & Woodward, 2011; Mihailović & Whallon 2017; Karavanić & Vukosavljević 2019). Although, as the result of this eruption, a part of the Eastern Adriatic coast might have been covered with ash and have experienced reduced daylight, the tephra dispersal fan covered only the southern part of the Adriatic and may not have caused any significant ecological change in the central and northern parts (see Karavanić et al. 2021a: figure 1figure 1). At Bioče, Mousterian artefacts have been found both above and below the tephra of the Campanian Ignimbrite (CI, or Y5), confirming that Neanderthals continued to live there after the eruption (see Vishnevskiy et al. 2019). These findings, and the results of dating of the Middle Palaeolithic strata from the Dalmatian site of Velika Pećina at Kličevica (Karavanić & Vukosavljević 2019), strongly suggest that Neanderthals still lived in the Eastern Adriatic about 39 ka calBP, and perhaps even later (Vishnevskiy et al. 2019), and therefore join other examples of post-40 ka Neanderthal presence in Europe (Karavanić et al. 2021b). Therefore, in some parts of South-eastern Europe, the Middle Palaeolithic ended before the eruption of the Campanian Ignimbrite, which is clear from both results of chronometric dating and tephrochronology (Lowe et al. 2012; Davies et al. 2015), while in other parts the Neanderthals survived the eruption (Vishnevskiy et al. 2019; Mihailović 2020). Moreover, although typical Upper Palaeolithic industries generally appear after the eruption of the Campanian Ignimbrite it is clear that modern human morphology, Initial Upper Palaeolithic industries and some Upper Palaeolithic bone points appear in South-eastern Europe before this eruption (Lowe et al. 2012; Davies et al. 2015). Therefore, the Middle-Upper Palaeolithic transition in South-eastern Europe is a very complex and mosaic phenomenon, which requires continuous examination from various interdisciplinary perspectives.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Ok, added in the ref list
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In the past 30 years, the study of the Middle Palaeolithic within South-eastern Europe has intensified. The classical orientation towards lithic industrial variability has been accompanied more and more by studies focused on aspects of Middle Palaeolithic behaviour and adaptation. The chronology of the Middle Palaeolithic technocomplexes of South-eastern Europe spans from MIS 7 until their disappearance during MIS 3. Examples of these industries include the Typical Mousterian, Continental South-eastern/Balkan Charentian, Adriatic Charentian, Denticulate Mousterian (Micromousterian) and some other manifestations of Mousterian variability that appeared in the region during this period. Although regionally limited, they are mostly present over long periods of time. The origin and development of Levallois technology can be seen as the result of gradual accumulation of technological knowledge through mutual contacts of European Neanderthals, and possibly between European and Near Eastern groups. However, whether Levallois technology developed locally or was brought by population movement into South-eastern Europe is still unresolvable, due to the general lack of late Middle Pleistocene fossils and a lack of well-dated assemblages from this period. The appearance of bifacial leafpoint technology may be connected to the influence of the late Acheulean, but convergent evolution of bifacial form remains the more parsimonious explanation. The origin of the Charentian industry might have been related to different processes within which the Continental should be distinguished from the Adriatic Charentian. However, variability of these entities demonstrates complexity and diversity of Neanderthal behaviour, often caused by adaptational responses to local environments and functional requirements, but it is also possible that at least some of the recognised industries acquired some aspects of cultural traditions over time. In some parts of South-eastern Europe, the Middle Palaeolithic (Neanderthal) technocomplexes ended before the arrival of modern humans, while in other parts the Mousterian industry overlapped with the arrival of modern humans.
The Middle Palaeolithic technocomplexes in South-eastern Europe are very complex phenomena, which require more interdisciplinary research that will enable better correlation of different technocomplexes with ecological factors, subsistence strategies, land-use and settlement patterns, aiming to achieve more complete reconstructions of the complexity of Neanderthal behaviour in this large and diverse part of Europe.
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[bookmark: CBML_ch04_tab_001]Table 4.1. Summary data for the assemblages referred to in the text. The information includes the site type, age (and if available, chronometric data), the assigned industry, the relevant characteristics of the lithic assemblage, environmental data and references. The sites are organised into the major chronological units as used in the text, and the numbers refer to their numbering on the appropriate maps (Figures 4.1, 4.3 and 4.5).
	
	Site
	Site type
	Age
	Industry
	Lithic assemblage characteristics
	Environmental data
	References

	Pre-MIS 5
	1. Mitoc-Valea Izvorului
	Open-air
	MIS 6 – IRSL age 160 ± 17 ka
	Typical Mousterian with Levallois technology and leafpoints
	Levallois technology,
leafpoints
	Loess deposit – cold conditions
	Doboş 2017; Tuffreau et al. 2009

	
	2. Ripiceni-Izvor
	Open-air
	Ripiceni-Izvor IV: C14 >45.55 ka uncalBP – MIS 6?: bBased on similarities with Mitoc-Valea Izvorului

	Ripiceni-Izvor IV–V: Typical Mousterian with Levallois technology and leafpoints;
Eastern Micoqian elements?
Ripiceni-Izvor I–III: Typical Mousterian with Levallois technology
	Ripiceni-Izvor IV–V: Levallois technology, leafpoints, abundant scrapers, Micoquian bifacial tools?
Ripiceni-Izvor: I–III: Levallois technology, scrapers
	Ripiceni-Izvor IV–V: Pollen – steppe-tundra environment
Fauna – Mammuthus primigenius, Rangifer tarandus,
Coelodonta antiquitatis, Equus transilvanicus, Cervus
elaphus, Bison priscus, Helix lutescens
	Cârciumaru et al. 2007; Doboş 2017; Popescu 2015

	
	3. Mamaia Sat
	Open-air
	Relative dating according to loess stratigraphy of the Lower Danube:
Pedocomplex B & C – MIS 7;
Pedocomplex D – MIS 9
	Typical Mousterian with Levallois technology and leafpoints?
	Levallois technology and leafpoints, but lacks other Middle Palaeolithic characteristics
	Both assemblages linked to interglacial palaeosols
	Balescu et al. 2015

	
	4. Kozarnika
	Cave / Rrockshelter
	Layers 10a–b: MIS 7–6 – 200–130 ka (biostratigraphy) or MIS 6 (for layer 10b) – from 128 ± 13 to 183 ± 14 ka (OSL)

	Typical Mousterian with Levallois technology (and leafpoints?)
	Levallois technology, leafpoints, scrapers, denticulates, retouched flakes
	Fauna: Arvicola cantianus-terrestris, Lagurus transiens, Ursus spelaeus (layer 10a), Ursus deningeri (layer 10b), Equus cf. mosbachensis (layer 10b), Equus hydruntinus, Bovinae,
Caprinae, Cervus elaphus, Mammuthus primigenius – cold to temperate humid conditions
	Guadelli et al. 2005; Tillier et al. 2017

	
	5. Velika and Mala Balanica
	Cave / Rrockshelter
	Velika Balanica – 2a–c: MIS 6 or end of MIS 7 (based on cultural data)
Velika 3a–c, Mala 2a–c: biostratigraphy (MIS 9 or 7)
	Velika 2a–c: Typical Mousterian with Levallois technology
Velika 3a–c, Mala 2a–c: Protocharentian
	Velika 2a–c: Levallois technology, rich in scrapers, Mousterian points and bilaterally retouched tools
Velika 3a–c, Mala 2a–c: non-Levallois pebble cortical back (cobble-wedge) and centripetal production, rich in scrapers, some typical Quina scrapers
	Fauna: Capra ibex and Cervus elaphus predominate
Velika 3a–c, Mala 2a–c: microfauna indicates Middle Pleistocene interglacial conditions (from Mala Balanica 2a–c)
	Mihailović 2014; Mihailović & Bogićević 2016

	
	6. Kokkinopilos
	Open-air
	Minimum pIRIR ages of 172 ± 25 ka (Unit C) and
206 ± 19 ka (Unit B)
	Acheulean?
	LCTs
	Unit C – ephemerally waterlogged environment
Unit B – periodically wet environment, fluctuating water table
	Tourloukis et al. 2015

	
	7. Rodafnidia
	Open-air
	Unit 1: pIRIR ages 164 ± 33 (MIS 6) and 258 ± 40 ka (MIS 8); minimum ages – redeposited artefacts

	Acheulean
	Large flake LCTs, Levallois technology (possibly mixed)
	Unit 1 – fluvial channel conglomerate deposit consistent with glacial erosional processes
	Galanidou et al. 2013,; 2016

	
	8. Yarımburzag
	Cave / Rrockshelter
	ESR dates on cave bear teeth in the range of MIS 9–6
	Core and flake
	Simple centripetral and multidirectional reduction, steeply retouched flakes	Comment by Victoria Chow: QUERY: Should this be centripetal? 	Comment by Microsoft Office User: Yes, it should
	Ursus deningeri remains predominant
	Kuhn et al. 1996

	
	9. Punikve
	Open-air
	n/a
	Acheulean?
	LCTs
	n/a
	Vuković 1963

	MIS 5
	1. Betalov Spodmol
	Cave / Rrockshelter
	Betalov Spodmol C & D (Complex 4): MIS 5 or younger? – (bio)stratigraphy
Betalov Spodmol B (Complex 3): MIS 5e – biostratigraphy
	Betalov Spodmol C & D – Charentian
Betalov Spodmol B – tTypical Mousterian with Levallois technology

	Betalov Spodmol C & D – quartz pebble industry, centripetal reduction, rich in scrapers
Betalov Spodmol B – Levallois technology, laminar flakes, Mousterian points and scrapers

	Betalov Spodmol C & D (Complex 4) – fauna: Ursus spelaeus, Lepus timidus, Marmota marmota, Alces alces
Betalov Spodmol B (Complex 3) – fauna: Ursus spelaeus, Canis lupus, Vulpes vulpes, Hyaena spelaea, Lepus timidus, Marmota marmota, Dicerorhinus kirchbergensis, Sus scrofa, Alces alces, Megaloceros giganteus?
	Brodar 2009; Brodar & Osole 1979; Osole 1991

	
	2. Krapina
	Cave / Rrockshelter
	Layer 1–8: mean ESR date 130 ± 10 ka – MIS 5e
	Charentian
	Cobble/pebble wedge reduction, naturally backed knives, rich in scrapers, rare traces of Levallois technology
	Fauna: Ursus arctos, Dicerorhinus kirchbergensis, Cervus elaphus, Bos primigenius, Castor fiber
	Rink et al. 1995; Simek 1991; Simek & Smith 1997

	
	3. Veternica
	Cave / Rockshelter
	Layers H and I – MIS 5 or younger?
Layer J – biostratigraphy and sedimentology – MIS 5e

	Charentian
	Quartz pebble industry, non-Levallois centripetal, informal and cobble/pebble wedge reduction, rich in scrapers
	Fauna – Ursus spelaeus remains predominate, remaining fauna suggests warm/temperate conditions
	Banda & Karavanić 2019; Miracle et al. 2010

	
	4. Zobište
	Open-air
	Levels A & B (layer 2): MIS 4? – sedimentology

Level C & D (layer 3) – MIS 5a – sedimentology
Level E (layer 5) – MIS 5 – TL dates 97.5 ± 7.0 ka and 85.5 ± 8.5 ka
	Typical Mousterian with Levallois technology
	Recurrent Levallois technology (initially unidirectional, later radial), abundant naturally backed knives rich in scrapers
	Levels A & B (layer 2) – sedimentology – aeolian loess and loam, cold and dry conditions
Level C & D (layer 3) – MIS 5a –sedimentological data – colluvial and pseudogley formation – warm and humid conditions
Level E (layer 5) – MIS 5 – TL dates 97.5 ± 7.0 ka and 85.5 ± 8.5 ka – warm and humid conditions

	Baumler 1987,; 1988; Montet-White 1996; Montet-White et al. 1986

	
	5. Petrovaradin Fortress
	Open-air
	Layers 2a, 2a/b: presence of more recent (MIS 3) Middle Palaeolithic occupation uncertain due to redeposited nature of sediments and disturbances (bioturbation)
Layer 2b: OSL date 89 ± 9 ka – MIS 5
	Typical Mousterian, Charentian, Central European industries
	Levallois technology, quartz pebble industries, bifacial backed knives, scrapers, notches and denticulates
	Malacofauna from nearby loess profiles indicates relatively temperate/warm and dry climate during MIS 3 and 4, survival of forest vegetation
	Marković et al. et al. 20210; Mihailović 2009,; 2014

	
	6. Crvena Stijena
	Cave /r Rockshelter
	Crvena Stijena XXXI–XXV: MIS 5 – ESR age of c. 78 ka of layer XXIV; some lower layers (XXX–XXXI) may date to MIS 6

	Crvena Stijena XXXI–XXV: Typical Mousterian with Levallois technology
	Crvena Stijena XXXI–XXV: Levallois and discoidal technology, some laminar elements, scrapers, denticulates, tools with thinned ventral sides and bilaterally retouched Mousterian points
	Crvena Stijena XXVII–XXV: Fauna – Equus ferus caballus, Bos/Bison, Testudo sp. (XXVII)

	Mercier et al. 2017; Mihailović 2017; Mihailović et al. 2017; Morin & Soulier, 2017; Whallon & Morin 2017

	
	7. Pešturina
	Cave /r Rockshelter
	Pešturina 4a–b: – MIS 5 – mean ESR dates – 93 ± 5 ka (layer 4a); 102 ± 5 ka (layer 4b)
	Charentian
	Quartz pebble industry, centripetal and cortical backed reduction, some evidence of Levallois technology, rich in scrapers (transversal and Quina retouch), notches and denticulates
	Fauna: Equus sp., Bison priscus, Cervus elaphus, Capra ibex, Rhinocerotidae, Mammuthus
primigenius
	Blackwell et al. 2014; Mihailović 2014; Mihailiović & Bogićević 2016

	
	8. Kozarnika
	Cave / Rrockshelter
	MIS 5? – layers 9a–c are dated >46 ka and <130 ka
	Typical Mousterian with Levallois technology and leafpoints
	Levallois technology, leafpoints, scrapers, denticulates, retouched flakes
	Fauna: Arvicola terrestris
Lagurus lagurus, Canis lupus, Ursus spelaeus, Cervus elaphus?, Capra cf. caucasica, Bos primigenius, Bovinae, Mammuthus primigenius, Equus hydruntinus
	Guadelli et al. 2005

	
	9. Uzun Mera
	Open-air
	MIS 5? – Surface finds, tenuous chronological attribution based on technological similarities
	Typical Mousterian with Levallois technology
	Levallois and opportunistic/ informal technology
	n/a
	Stojanovski et al. 20187

	
	10. Theopetra
	Cave /r Rockshelter
	Theopetra II2–4: MIS 6/5 – mean TL ages (129 ± 13 ka for II4 and 124 ± 16 ka for II2) and tephrochronology (overlain by P-11 tephra, 128.1–130.6 ka); II5-9 probably within the Last Interglacial (MIS 5e)
Theopetra II1: MIS 6?

	Theopetra II4: Typical Mousterian? (Transitional character contested on grounds of artefacts and dating)
Theopetra II2: Typical Mousterian with Levallois technology
Theopetra II1: Charentian? (re-evaluation required)
	Theopetra II4: Levallois technology, prismatic bipolar core reduction
Theopetra II2: Levallois technology, various scrapers
	Vegetation:
II5-6: prevalence of temperate taxa (interglacial conditions)
II3-4: more abundant temperate taxa
II2: open vegetation, pioneer species and gallery forests
II1: sparse vegetation

	Darlas 2007; Karkanas et al. 2015; Tourloukis & Harvati 2018; Valladas et al. 2007

	
	11. Asprochaliko
	Cave / Rrockshelter
	Basal levels (layer 18 and 16): MIS 5 – 102 ± 14 ka, 96 ± 11 ka (layer 18, TL ages of burnt flints)
	Typical Mousterian with Levallois technology
	Levallois technology (sometimes laminar), discoidal technology, rich in scrapers
	Fauna: Ursus sp., Bos
primigenius, Capreolus capreolus, Dama dama, Cervus elaphus (dominant), Caprinae, Dicerorhinus
kirchbergensis, Capra ibex, Erinaceus sp., Testudo sp., Rana sp.
	Darlas 2007; Huxtable et al. 1992; Tourloukis & Harvati 2018

	
	12. Lakonis
	Cave / Rrockshelter
	MIS 5? – the entire sequence ranges from 100 (marine rock underlying the sequence dates to either MIS 5c or 5a) to c. 42 ka (mean C14 age for layer Ib)
	Typical Mousterian with Levallois technology
	Levallois technology, scrapers, retouched Levallois points
	Fauna: Dama dama,
Cervus elaphus, Capreolus capreolus, Sus scrofa, Bos primigenius, Rhinocerotidae
	Darlas 2007; Panagopoulou et al. 2002–2004; Tourloukis & Harvati 2018

	
	13. Kalamakia
	Cave /r Rockshelter
	Lowest levels MIS 5? – the entire sequence dates from <100 (U-Th age of the underlying bedrock) to >39 ka (C14 age of the uppermost layer)
	Typical Mousterian with Levallois technology
	Levallois technology, rich in scrapers, notches
	Fauna: Dama dama, Capra ibex, Sus scrofa, Palaeoloxodon antiquus, Stephanorhinus sp.,¸ Testudo – mild conditions
Pollen: Mediterranean taxa – Quercus ilex-coccifera, Artemisia, Ephedra
	Darlas & Psathi 2016; Tourloukis & Harvati 2018

	MIS 4 & 3
	1. Divje Bbabe 1
	Cave /r Rockshelter
	ESR and C14 ages – Facies A and B from 40 to 75 ka (MIS 3 & 4);
Facies C from 75 to 110 ka (MIS 5) – low find yields
	Mousterian
	Discoidal and Levallois technology, retouched flakes, notches, denticulates and Upper Palaeolithic types
	Faunal and pollen data reflect climatic shifts during MIS 3
	Turk 2014; Turk & Kavur 1997

	
	2. Vindija
	Cave /r Rockshelter
	Vindija G1 & G3: MIS 3 – C14 ages 44–50 ka calBP
Lower layers probably also date to MIS 5 and 6, but the assemblages have not been studied
	Vindija G3: Late Mousterian
	Vindija G3: Quartz pebble industry, informal reduction, bifacial and laminar technology, simply retouched tools, notches, denticulates, scrapers
	Fauna indicative of relatively mild climatic conditions during MIS 3
	Ahern et al. 2004; Devièse et al. 2017; Karavanić et al. 2021b; Miracle et al. 2010

	
	3. Velika Pećina in Kličevica
	Cave /r Rockshelter
	MIS 3: C14 ages from 38 to >48 ka calBP (problems with disturbances); flowstone separating MP layers C and D dated to 39.69 ± 1.89 ka (U-Th)
	Adriatic Charentian
	Centripetal reduction, Kombewa method, small-sized tools, rich in scrapers (including transversal)
	n/a
	Karavanić & Vukosavljević 2019; Karavanić et al. 2018

	
	4. Mujina Pećina
	Cave /r Rockshelter
	MIS 3: C14 ages from 40 to >49 ka for the entire sequence (B-E3)
	Mujina Pećina B, C, D1, D2, E2: Micromousterian / Denticulate
Mujna Pećina E1, E3: Adriatic Charentian; E1: Typical Mousterian?
	Mujina Pećina B, C, D1, D2, E2: centripetal reduction, small-sized tools, notches, denticulates, scrapers, and retouched flakes
Mujna Pećina E1, E3: centripetal reduction; rich in scrapers
	Fauna: predominantelypredominantly Cervus elaphus in E complex (steppe rhinocerousrhinoceros and Dama dama in E3), Caprinae gradually predominate in upper levels
Geoarchaeology: warm/temperate conditions during E3, E1 and E2A; colder conditions during E2B, D complex
	Boschian et al. 2017; Karavanić et al. 2021a; Šprem et al. 2020

	
	5. Crvena Stijena
	Cave /r Rockshelter
	Crvena Stijena XVIII–XII: MIS 3 – layer XII overlain by Campanian Ignibrite (>39.85 ± 0.14 ka), 43.2 ± 3.2 ka (layer XII, OSL age); 46–43 ka calBP (layer XII, C14 age), 44.22 ± 3.4 ka (layer XIII, OSL age)
Crvena Stijena XXII–XX: MIS 4/3 – layer XX – 65.5 ± 14 ka (TL age), 48.3 ± 2.4 ka (ESR age)

Crvena Stijena XXIV: end of MIS 5 (MIS 5a/4)? – dates range from c. 78 ka (ESR ages) to c. 52 ka (OSL ages)

	Crvena Stijena XVIII–XII:
Micromousterian / Denticulate; Uluzzian elements in the upper layers

Crvena Stijena XXII–XX: Adriatic Charentian

Crvena Stijena XXIV: Typical Mousterian / Adriatic Charentian

	Crvena Stijena XVIII–XII:
Discoidal and Levallois technology, unipolar and bipolar cores for laminar elements; sidescrapers, notches, denticulates and retouched flakes, backed elements, splintered pieces
Crvena Stijena XXII–XX: discoidal and Levallois technology, increase of naturally backed knives and pseudo-Levallois points as blanks, rich in sidescrapers (including transversal and Quina)
Crvena Stijena XXIV: Levallois technology, rich in scrapers (including Quina)

	Crvena Stijena XVIII–XII: Fauna – Cervus elaphus (predominant), Capra ibex/caucasica, Dama dama, Bos/Bison, Marmota marmota (lower part of sequence), Leporidae (lower part of sequence)
Crvena Stijena XXIV: Fauna – Cervus elaphus (predominant), Equus caballus ferus, Bos/Bison, Capra ibex/caucasica, Dama dama, Testudo sp.
Crvena Stijena XXIV–XII: Wood charcoal – predominance of coniferous species over angiosperms

	Mercier et al. 2017; Mihailović 2017; Mihailović & Whallon 2017; Mihailović et al. 2017; Morin & Soulier 2017; Whallon & Morin 2017

	
	6. Bioče
	Cave /r Rockshelter
	Bioče 1: MIS 3 – interstratified with Campanian Ignimbrite (>39.85 ± 0.14 ka), C14 ages 39–48 ka calBP
	Bioče 1: Adriatic Charentian
Bioče 3.1 and 4: Adriatic Charentian (not radiometrically dated)
	Bioče 1: discoidal and centripetal reduction, Levallois technology, small-sized tools, rich in scrapers, retouched flakes and atypical endscrapers
	n/a
	Derevianko et al. 2017; Pavlenok et al. 2017; Vishnevskiy et al. 2019

	
	7. Šalitrena Pećina
	Cave /r Rockshelter
	MIS 3:
Layer 5b (exterior) – C14 42.82–41.36 ka calBP
Layer 3 (interior) – C14 42.1–39.29 ka calBP
	Typical Mousterian with Levallois technology (and leafpoints?)
	Levallois technology, Mousterian points, scrapers, leafpoints
	Fauna: Dicerorhinus hemitoechus, Bos/Bison sp., Equus ferus, Cervus elaphus, Capra ibex, Ursus spelaeus, Canis lupus, Vulpes vulpes
	Alex et al. 2019; Marín-Arroyo & Mihailović 2017; Mihailović 2020

	
	8. Hadži Prodanova
	Cave /r Rockshelter
	MIS 3 – layer 5 – C14 age 44.31–42.51 ka calBP (age is uncertain due to disturbance)
	Typical Mousterian with Levallois technology
	Levallois technology (blades and flakes), scrapers, Upper Palaeolithic types
	Fauna: Ursus spelaeus, Canis lupus, Caprinae
	Alex et al. 2019; Mihailović 2020

	
	9. Risovača
	Cave /r Rockshelter
	MIS 3 – based on technological similarities with other MIS 3 assemblages (Šalitrena Pećina, Musselievo, Samuilitsa II)
	Typical Mousterian with leafpoints?
	Leafpoints, remaining assemblage small
	n/a
	Mihailović & Zorbić 2017

	
	10. Pešturina
	Cave /r Rockshelter
	Layer 3 – MIS 3 – ESR and C14 dates range from 46 to 38 ka
	Late Mousterian
	Quartz pebble industry, centripetal reduction, notches and denticulates
	Fauna: Equus sp., Bison priscus, Cervus elaphus, Capra ibex
	Alex et al. 2019; Blackwell et al. 2014; Mihailović 2014

	
	11. Golema pesht
	Cave /r Rockshelter
	Layers 5–6 – MIS 3: C14 age of layer 5a 47.1 ± 4.8 ka uncalBP
	Late Mousterian
	Quartz pebble industry, Levallois and discoidal technology, bifacial point, notches, denticulates and small marginally retouched flakes
	Majority of faunal remains: Cervus elaphus
	Salamanov-Korobar 2008

	
	12. Kozarnika
	Cave /r Rockshelter
	MIS 3–4? – layers 9a–c are dated >46 ka and <130 ka
	Typical Mousterian with Levallois technology and leafpoints
	Levallois technology, leafpoints, scrapers, denticulates, retouched flakes
	Fauna: Arvicola terrestris
Lagurus lagurus, Canis lupus, Ursus spelaeus, Cervus elaphus?, Capra cf. caucasica, Bos primigenius, Bovinae, Mammuthus primigenius, Equus hydruntinus
	Guadelli et al. 2005

	
	13. Peştera Muierii
	Cave /r Rockshelter
	MIS 3 – C14 ages 40.85 ± 0.45, 40.95 ± 0.45, 42.7 ± 0.55, 47.5 ± 0.9 ka uncalBP
	Charentian
	Quartz pebble industry, pebble wedge and informal reduction, heavily retouched scrapers (including Quina), notches and denticulates
	Fauna: predominant Ursus spelaeus remains
	Doboş 2017

	
	14. Peştera Curată
	Cave /r Rockshelter
	MIS 3 – C14 ages 40.8 +1.05/-0.93, 44.6 +1.9/-1.5, 45.2 +4.2/-2.7 ka uncalBP
	Charentian
	Quartz pebble industry, pebble wedge and informal reduction, scrapers
	n/a
	Doboş 2017

	
	15. Samuilitsa II
	Cave /r Rockshelter
	MIS 3 – C14 age 42.78 ± 1.28 ka uncalBP (layer 4)

	Typical Mousterian with Levallois technology and leafpoints
	Levallois technology, elements of blade technology (Levallois and non-Levallois), leafpoints
	n/a
	Kozłowski 1992,; 2004; Tsanova 2008

	
	16. Musselievo
	Open-air
	MIS 3 – 45–50 ka – stratigraphy
	Typical Mousterian with Levallois technology and leafpoints
	Levallois technology, leafpoints
	n/a
	Kozłowski 1992; Tsanova 2008

	
	17. Asprochaliko
	Cave /r Rockshelter
	MIS 3 – Upper Mousterian layer (including layer 14): >39.9 ka uncalBP (C14 age)
	Micromousterian / Denticulate
	Production of ‘pseudo-Levallois’ points, small-sized tools, transversal and déjeté scrapers
	Fauna: Ursus sp., Bos
primigenius, Capreolus capreolus, Dama dama (dominant), Cervus elaphus (dominant), Caprinae, Canis lupus, Felis pardus
	Darlas 2007; Tourloukis & Harvati 2018

	
	18. Klissoura 1
	Cave /r Rockshelter
	Klissoura V: MIS 3 – overlain by Campanian Ignimbrite (>39.85 ± 0.14 ka)
Klissoura VI–XX: upper part of the sequence dates to MIS 3 (layer VII C14 age 53.637 ± 3.135 ka calBP). Lower part of sequence may date to MIS 4 and 5?
	Klissoura V: Uluzzian

Klissoura VI–XX: (Adriatic) Charentian?
	Klissoura V: bipolar technique and uniplatform reduction, arched backed pieces and endscrapers predominate, retouched blades, denticulates and notches are also well represented
Klissoura VI–XX: Centripetal, discoidal and unipolar reduction, Levallois technology rare, lower layers display more blade production, rich in scrapers, more abundant Upper Palaeolithic tool types, notches and denticulates in the upper sequence
	Fauna: Lepus europaeus, Equus sp., Cervus elaphus, Dama dama (predominant), Sus
scrofa, Bos/Bison, Capra cf. ibex, Rupicapra rupicapra.
	Darlas 2007; Kaczanowska et al. 2010; Sitlivy et al. 2008; Starkovich 2014

	
	19. Lakonis
	Cave /r Rockshelter
	MIS 3 – at least for layer Ib – mean C14 age for the top of the layer c. 42 ka;
MIS 4? – lower boundary of sequence is <100 ka
	Typical Mousterian
	Levallois technology, scrapers, retouched Levallois points
	Fauna: Dama dama,
Cervus elaphus, Capreolus capreolus, Sus scrofa, Bos primigenius, Rhinocerotidae
	Darlas 2007; Panagopoulou et al. 2002–2004; Tourloukis & Harvati 2018

	
	20. Kalamakia
	Cave / Rrockshelter
	MIS 3 – the entire sequence dates from <100 (U-Th age of the underlying bedrock) to >39 uncal. ka (C14 age of the top of Unit IV);
MIS 4? – lower boundary of sequence is <100 ka
	Typical Mousterian
	Levallois technology, rich in scrapers, notches

	Fauna: Dama dama, Capra ibex, Sus scrofa, Palaeoloxodon antiquus, Stephanorhinus sp.,¸ Testudo – mild conditions
Pollen: Mediterranean taxa – Quercus ilex-coccifera, Artemisia, Ephedra
	Darlas & Psathi 2016; Tourloukis & Harvati 2018


Note: LCT = Large cutting tool = handaxes and cleavers



[bookmark: CBML_ch04_fig_001]Figure 4.1. Map of South-eastern Europe with pre-MIS 5 sites: 1. Mitoc-Valea Izvorului, 2. Ripiceni-Izvor, 3. Mamaia Sat, 4. Kozarnika, 5. Velika and Mala Balanica, 6. Kokkinopilos, 7. Rodafnidia, 8. Yarımburgaz, 9. Punikve. Question marks (?) indicate either insecure dating or uncertain attribution to a given technocomplex. Sites with assemblages attributed to different technocomplexes have more than one symbol, the leftmost symbol indicates the geographic position of the site. SRTM data after Jarvis et al. 2008. Sea-level is at -–120 m, which corresponds to the MIS 6 low-level sea-stand: data after Zickel et al. 2016.
[bookmark: CBML_ch04_fig_002]Figure 4.2. Pre-MIS 5 lithic artefacts from Mamaia Sat assemblage I/Pedocomplex B and C (1–5), Kozarnika 10b and 10b/a (6–11) and Velika Balanica 3a–b (12–18) and Mala Balanica 2a–b (19–20): 1 – bifacial leafpoint fragment, 2 – endscraper/scraper, 3 – bifacially retouched scraper, 4 – discoidal core, 5 – Levallois core, 6 – preferential Levallois core, 7,9 – centripetal Levallois cores, 8 – Mousterian point, 10 – bidirectional opposite Levallois core, 11 – scraper; , 12–17, 19–20 – scrapers, 18 – limace. Modified after Balescu et al. 2015, figure 3; Guadelli et al. 2005, figure 6; Mihailović 2014, figure 12.
[bookmark: CBML_ch04_fig_003]Figure 4.3. Map of South-eastern Europe with MIS 5 sites and assemblages: 1. Betalov Spodmol, 2. Krapina, 3. Veternica, 4. Zobište, 5. Petrovaradin Fortress, 6. Crvena Stijena, 7. Pešturina, 8. Kozarnika, 9. Uzun Mera, 10. Theopetra, 11. Asprochaliko, 12. Lakonis, 13. Kalamakia. Question marks (?) indicate either insecure dating or uncertain attribution to a given technocomplex. Sites with assemblages attributed to different technocomplexes have more than one symbol, the leftmost symbol indicates the geographic position of the site. SRTM data after Jarvis et al. 2008. Modern sea-level data used to simulate the Last Interglacial (MIS 5e).
[bookmark: CBML_ch04_fig_004]Figure 4.4. MIS 5 lithic artefacts from Crvena Stijena XXXI–XXV (1–14) and Pešturina 4a–b (15–21), Petrovaradin Fortress 2b (22): 1–4 – Levallois cores, 5 – discoidal core, 6 – Mousterian point, 7–8 – scrapers, 9–10 – borers, 11–13 – scrapers with thinned ventral sides, 14 – retouched blade,; 15–18 – scrapers, 19 – notch, 20 – Levallois blade, 21 – centripetal core on pebble, 22 – massive bifacially flaked backed scraper. Modified after Alex et al. 2019, figure 3; Mihailović 2009, plate VIII; Mihailović et al. 2017, figures 10.2figures 10.2, 10.310.3, 10.410.4. Note: Artefacts from Crvena Stijena are from layers XXXI (1–4, 6–10), XXVII (11), XXVI/XXVII (12) and XXV (5, 9–10) – Despite being included in the figure, the lower part of this sequence (XXXI) may date to MIS 6.
[bookmark: CBML_ch04_fig_005]Figure 4.5. Map of South-eastern Europe with MIS 4 and 3 sites and assemblages: 1. Divje Babe 1, 2. Vindija, 3. Velika Pećina in Kličevica, 4. Mujina Pećina, 5. Crvena Stijena, 6. Bioče, 7. Šalitrena Pećina, 8. Hadži Prodanova, 9. Risovača, 10. Pešturina, 11. Golema Pesht, 12. Kozarnika, 13. Peştera Muierii, 14. Peştera Curată, 15. Samuilitsa II, 16. Musselievo, 17. Asprochaliko, 18. Klissoura 1, 19. Lakonis, 20. Kalamakia. Question marks (?) indicate either insecure dating or uncertain attribution to a given technocomplex. Sites with assemblages attributed to different technocomplexes have more than one symbol, the leftmost symbol indicates the geographic position of the site. SRTM data after Jarvis et al. 2008. SRTM data after Jarvis et al. 2008. Sea-level is at -–65 m at c. 45 ka (MIS 3): data after Zickel et al. 2016.
[bookmark: CBML_ch04_fig_006]Figure 4.6. MIS 4 and 3 lithic artefacts from Crvena Stijena XXII (1–10), Mujina Pećina E2 (11–17) and Velika Pećina in Kličevica 21–22 (18–19): 1 – Mousterian point, 2–9 – scrapers, 10 – backed knife, 11–13,16 – scrapers, 14 – denticulate, 15 – notch/denticulate, 17 – notch, 18–19 – transverse scrapers. Modified after Mihailović et al. 2017, figure 10.6figure 10.6; Karavanić & Vukosavljević 2019, figure 4; Šprem et al. 2020, figure 7.
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[bookmark: CBML_ch05_sec1_001]Introduction
New evidence of Neanderthal and early modern human occupations in South-eastern Europe is forcing the reassessment of theories about the human presence in this particular region. During the Pleistocene, the Central Balkans, in present-day Serbia, was a strategic location within Europe for hominin populations to spread towards Central and Western Europe throughout the Danubian Corridor (Floss et al. 2016; Chu 2018). However, little is known about the Palaeolithic of this particular region for several reasons, including the lack of systematic archaeological surveys and/or low human population density in the area, also biased by the abundance of palaeontological sites (mostly by cave bear hibernation sites) (Cvetković & Dimitrijević 2014). However, from the beginning of this century, a boost in chronometric, anthropological and archaeological studies is showing that this poorly investigated region is a key area for understanding human dispersals during the Middle and Late Pleistocene (Mihailović 2014a,; 2020). Recently, Pleistocene human presence in the region was confirmed at the Balanica Cave Complex (Mala and Velika Balanica) where a mandibular fragment (BH-1) attributed to Homo heidelbergensis and dated to a minimum age of 397–525 ka (Rink et al. 2013) was found (Roksandic et al. 2011,; 2018 see also Mihailović, this volume; Roksandic et al., this volume). Also, a Neanderthal molar (Pes-3) dated to 102.4 ± 3.2 ka, and a juvenile radius tentatively assessed as Neanderthal (Pes-2), with a wide age range of 38.9–92 ka, were discovered in Pešturina Cave (Lindal et al. 2020; Radović et al. 2019), associated with Mousterian artefacts. The new survey and excavations in Serbia, together with multidisciplinary research teams, are providing insights into the life of ancient humans.
Research findings from nearby regions such as Bulgaria, Romania and Croatia have highlighted the importance of this European region for reconstructing human evolutionary processes and, in fact, indicate the role that the Central Balkans might have played during Late Pleistocene. On the Croatian coast, several Middle Palaeolithic sites were found (Karavanić et al. 2018; Vujević et al. 2017), confirming that Neanderthal groups intensively occupied the Adriatic hinterland at the beginning of MIS 3 (Dogandžić & Đuričić 2017; Mihailović & Whallon 2017; Whallon 2017). Simultaneously, the presence of anatomically modern humans (AMH) in Bacho Kiro (Bulgaria) is dated at 47 ka calBP (Fewlass et al. 2020; Hublin et al. 2020), and in Romania at 42–37 ka calBP in Peștera cu Oase; the Neanderthal ancestral legacy of Oase 1 was no more than four-to-six generations back in their family tree (Fu et al. 2015). In Serbia, a few sites with Aurignacian deposits have been found, such as Baranica dated to around 41 ka calBP (35,780 ± 320 uncalBP: OxA13828), and Tabula Traiana Cave in the Iron Gates Gorge to 41 and 34 ka calBP (Borić et al. 2012,; 2022; Mihailović et al. 2011). However, no human remains have been found so far. Nevertheless, all these recent discoveries and dating (Marín-Arroyo & Mihailović 2017; Alex et al. 2019) suggest an extended period of contact between Neanderthals and H. sapiens in Eastern Europe that was longer than previously thought.
To date, different scenarios have been proposed to explain the rapid dispersal of AMH and the progressive retreat of Neanderthals populations in South-eastern Europe. One scenario suggests that Neanderthals would have been pushed towards more marginal western and central areas of the Balkans, where they became extinct. A second scenario, on the contrary, suggests that Neanderthal groups progressively retreated to the interior of the peninsula when Upper Palaeolithic groups were already in the Eastern Balkans and occupying the most favourable ecological zones (Mihailović 2020). So far, the theory of Neanderthals acculturation in this region is not considered likely, due to the absence of transitional industries (see also Karavanić & Banda, this volume). Nevertheless, there is a limited record of Mousterian sites in Serbia: Smolućka Pećina, Petrovaradin Fortress (Mihailović et al.et al 2011), Pešturina and Hadži Prodanova Pećina (Alex et al.et al 2019 and; Milosević 2020) and Tabula Traiana (Borić et al.et al 2022). Recent chronometric data from Pešturina and Hadži Prodanova Pećina, sites with Middle Palaeolithic artefacts, provided dates older than 39 ka calBP, although with limited human presence and relatively abundant carnivores activities (Alex et al. 2019; Milošević 2020).	Comment by Victoria Chow: QUERY:  This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Milošević, S. (2020). Competition between humans and large carnivores: Case studies from the Late Middle and Upper Palaeolithic of the Central Balkans. BAR International Series 2961, Oxford.	Comment by Victoria Chow: See query above.	Comment by Microsoft Office User: Solved
In this chapter, we present the results of the subsistence activities undertaken by late Neanderthals (Mousterian) and AMH (Aurignacian and Gravettian) found in Šalitrena Pećina. This is the only Serbian site where the Middle to Upper Palaeolithic transition has been evidenced (Marín-Arroyo & Mihailović 2017). The chronometric data of the site reveal a late presence of Neanderthals, after which the site was unoccupied until the first Aurignacian groups arrived for a short period. A few millennia later, Gravettian groups used the cave as a residential site while exploiting the bovine herds located nearby. The technological and functional analysis of the bone tools has allowed reconstruction of the modalities of their production and use, while the stable isotope analysis of herbivore skeletal remains, with evidence of human modification, reveals the environmental conditions at the time both human species occupied the site.
[bookmark: CBML_ch05_sec1_002]Material and methods
Šalitrena Pećina
Šalitrena Pećina is a cave with a large rockshelter located near Mionica, in the canyon of the Ribnica river, around 100 km south-west of Belgrade (Figure 5.1a). Ongoing excavations in the cave started in 2004, led by B. Mihailović (National Museum of Belgrade) (Mihailović et al. 2014; Mihailović 2013, 2008). The excavation focused on two areas: the rockshelter where abundant human presence is documented through time, and the inner cave area, where mostly carnivore activities are recorded.
Figure 5.1 Here
The archaeozoological, technological and stable isotope research presented here is focused on the faunal material documented in the rockshelter during the excavations between 2004 and 2006–2008. Excavations were not undertaken in 2005. The stratigraphic sequence begins in level 3, which, together with level 4, is attributed to the Gravettian (Mihailović & Mihailović 2007). The few finds found in level 3 are related to technologically impoverished industries from the Last Glacial Maximum (LGM) (Mihailović & Mihailović 2007). By contrast, a large number of lithic artefacts was collected from level 4; furthermore, bone tool fragments were also recorded (Mihailović 2008). Based on preliminary analyses, the lithic industry shows a strong Central European affinity, and is very similar to the one which that originated from Willendorf II level 9, dated from 23 to 25 ka uncalBP (Nigst et al. et al. 2008). Aurignacian lithic industries were found in level 5 and Mousterian lithics in levels 6a and 6c. Typical Balkan Mousterian tools, with sidescrapers, Mousterian points, Levallois artefacts and even some leaf-like points, were found, similar to sites in northern Bosnia and western Serbia, confirming their presence in the peri-Pannonian area (Mihailović et al. 2014). Unlike other Aurignacian sites in Serbian Banat, north of Bosnia and Romania, the industry from level 5 is distinctive, with a high presence of carinated endscrapers, burins, and retouched and unretouched bladelets (Mihailović et al. 2011). The technological and typological characteristics of the artefacts are more closely related to the evolved Aurignacian in Central and Western Europe (Hahn 1977). In this level, several bone tools, mineral pigments and a bead of Dentalium sp. were found (Marín-Arroyo & Mihailović 2017; Mihailović & Mihailović 2007).
[bookmark: CBML_ch05_sec2_001]Radiocarbon dating
Seventeen radiocarbon dates were undertaken to provide a chronology for the complete sequence covering the Mousterian, Aurignacian and Gravettian levels located outside and inside the cave. With the exception of a shell from level 5, all the dates were made on bone collagen. Four dates were dated using an ultrafiltration pre-treatment and a shell with phosphoric acid dissolution (Table 5.1). Only one sample failed (from level 6d), due to low yield. A Bayesian age model was built for the site using OxCal4.4.2 software (Bronk Ramsey 2009a), with the INTCAL20 calibration curve (Reimer et al. 2020) and the marine data from Heaton et al. (2020) for the Northern Hemisphere. Beta-237687 was an outlier identified according to the indices method (Bronk Ramsey 2009b), and discarded from the model.
Table 5.1. Here
Considering the stratigraphic information of the site, the dates were modelled in a Sequence model with stratigraphic levels represented as Phases, with start and end Boundaries. The difference between the probability density functions of the start and end boundaries was also calculated to estimate the likely duration of the phase. This identified a hiatus between the Mousterian and Aurignacian occupation, as well as between Aurignacian and Gravettian. All radiocarbon determinations were given a 5 per cent prior likelihood of being an outlier within the General t-type Outlier Model (Bronk Ramsey 2009b), so that the model could test their reliability. Convergence was greater than 95 per cent, and the model agreement index was 91.9 per cent. The results were compared with the Greenland ice-core oxygen isotope record (NGRIP) (Andersen et al. 2006; Svensson et al. 2008), used as a global climatic record to correlate each culture with the different climatic phases. The Bayesian model was run five times and the results compared to check the consistency. They disclosed acceptable reproducibility levels when compared, although key boundary parameters were usually within 50–100 years of one another with repetition of the model. This is the usual accuracy expected when using this approach, and consequently, all dates reported here have been rounded to the nearest century.
[bookmark: CBML_ch05_sec2_002]Archaeozoological analysis
The zooarchaeological analyses focused on the macromammal remains recovered at the cave entrance from those archaeological levels attributed to the Mousterian, Aurignacian and Gravettian periods. Although the Aurignacian and Mousterian faunal results have previously been published (Marín-Arroyo & Mihailović 2017), here we provide a complete zooarchaeological assessment for the entire chronological sequence, and therefore review some of the previous analyses. It is noteworthy to say that from 2009 the stratigraphic nomenclature of the levels excavated between 2004 and 2008 was revised. Thus, since then, level 5a is level 5, level 5b is 6a, and level 5c is 6c. This change did not affect the cultural attribution, though. In this chapter, we have used the updated level nomenclature. The identified bones were quantified by applying the following indices: number of identified specimens (NISP), minimum number of individuals (MNI), minimum number of skeletal elements (MNE) and minimum animal units (MAU), following Marín-Arroyo (2009a). Biomass calculation was made by multiplying values of useable meat (following the methodology applied in Marín-Arroyo & González Morales, 2009) by the MNI. Due to the high fragmentation, the specimens that could not be identified taxonomically by any distinctive landmark were grouped according to their body size into megafauna (Rhinoceros/Megaloceros), large (Bos/Bison/Equus sp.), medium (Cervus/Rangifer/Capra/Sus sp.) and small (Rupicapra/Capreolus sp.) mammals.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Marín-Arroyo, A.B. & González Morales, M. 2009.Comportamiento económico de los últimos cazadores-recolectores y primeras evidencias de domesticación en el occidente de Asturias. La Cueva de Mazaculos II. Trabajos de Prehistoria 66 (11), 47-74.
Every element (over 2 cm long) was examined under a LEICA S8 APO stereoscope with 10x eyepieces in search of visible biostratinomic and diagenetic alterations, such as cut marks (grouped as skinning, dismembering and defleshing, following Binford 1981 and Pérez-Ripoll 1992), hammerstone percussion marks (including conchoidal notches: (Bunn 1981; Capaldo & Blumenschine 1994; Pickering & Egeland 2006)), type and angle of fracturing (fresh/green versus old/dry, following Villa & Mahieu 1991), and thermoalterations. Carnivore and rodent gnaw marks and digestive traces were also identified, as well as other biological and physicochemical alterations, such as weathering (Behrensmeyer 1978), root etching, insect/fungus activity, carbonate deposits, polishing (Fisher 1995; Lyman 1994; Shipman 1981), and dissolution or mineral coatings (mainly mineral manganese, see Marín-Arroyo et al. 2008, 2014). The ungulate mortality pattern (i.e., juvenile, prime or senile individuals) was assessed by both dental eruption and wear stage of pd4, P4 and M3 for ungulates, and upper and lower molars for bear, hyaena and wolf, following Stiner (1991,; 2005). The ratio between juvenile and adult individuals was estimated to measure the pressure on low-return younger prey. The diet breadth and the degree of anthropogenic use of the environment have been evaluated with the Inverse of Simpson’s Index for NISP and MNI, whose maximum value equals the number of consumed species only when they are in the same proportion.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Capaldo SD, Blumenschine RJ (1994) A quantitative diagnosis of notches made by Hammerstone percussion and carnivore gnawing on bovid long bones. American Antiquity 59:724–748	Comment by Victoria Chow: QUERY: The 2014 work does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Marín-Arroyo, A.B., Landete-Ruiz, M.D., eva-Román, R., Lewis, M. 2014.  Manganese coating of the Tabun faunal assemblage: Implications for modern human behaviour in the Levantine Middle Palaeolithic. Quaternary International 330, 10-18.
The transport of the prey was interpreted by applying the Bayesian method, based on a Monte Carlo Markov Chain sampling that uses the available skeletal information to constrain the possible degrees of attrition and carcass-processing strategies (Marín-Arroyo & Ocio 2018). This method builds on previous analyses applied to the Mousterian and Aurignacian assemblages (Marín-Arroyo & Mihailović 2017).
[bookmark: CBML_ch05_sec2_003]Stable isotope analyses
To explore the environmental conditions at the time both human species occupied Šalitrena Pećina, bone collagen δ13C and δ15N analysis of animal bones was undertaken. The species analysed were the most commonly represented, including bovines, horse, red deer and ibex. The aim was to reconstruct past environments and faunal ecologies during the Middle and Upper Palaeolithic, and their implications for Neanderthal and modern human hunting behaviours. Collagen extraction was undertaken at the Dorothy Garrod laboratory at the McDonald Institute (University of Cambridge), following the methodology outlined in Stevens et al. (2013). Extracted collagen was weighed and analysed using a Costech elemental analyser coupled to a Finnigan MAT253 mass spectrometer. All specimens were analysed in duplicate to ensure reproducibility, and an average of these values was used. Carbon and nitrogen results are reported using the delta scale in units of ‘per mil’ (‰) relative to internationally accepted standards VPDB (Vienna Pee Dee Belemnite) and AIR (for atmospheric air), respectively (Hoefs 1997). Based on replicate analyses of international (IAEA: caffeine and glutamic acid USGS-40) and in-house laboratory standards (nylon, alanine and bovine liver), precision is better than ± 0.2‰ for both δ13C and δ15N. In total 49 samples were taken, with 21 samples from the Mousterian (outside cave levels 6a and 6c, and inside cave level 3), 17 from the Aurignacian (outside cave level 5, and inside cave level 2) and 11 from the Gravettian (Outside cave level 4) being analysed.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Hoefs, J. (1997) Stable isotope Geochemistry, 4th edn. Berlin: Springer.

[bookmark: CBML_ch05_sec2_004]Bone tool technological study
Among the bone assemblage from the Middle and Upper Palaeolithic levels of Šalitrena Pećina, 22 artefacts on bone and ivory, which included finished tools, blanks and ornaments, were found. No manufacturing waste was recorded. A total of six osseous tools belong to the Mousterian (level 6), six to the Aurignacian (level 5) and ten to the Gravettian (level 4). A technological and functional analysis to reconstruct the modalities of their production and use was undertaken. The study of archaeological artefacts was based on experimental data (Averbouh & Provenzano 1999Averbouh & Provenzano 1999; David 2000a,; 2000b,; 2005a,; 2005b,; 2009; Campana 19890; Choyke & Bartosiewicz 2001; Patou-Mathis 2002), as well as comparison with the modern reference collection stored at the DANTE – Diet and Ancient Technology laboratory of Sapienza University of Rome (DANTE). Techno-functional traces of Mousterian and Aurignacian tools were analysed using a stereoscope Leica 205 C stereomicroscope with LED lighting (magnifications from 10x to 165x), a Zeiss Axio Zoom stereomicroscope (magnifications from 10x and 178x) and a Scanning Electron Microscope Hitachi T300.	Comment by Victoria Chow: QUERY: 2005a and 2005b do not appear in the References. Please provide full details for both.	Comment by Microsoft Office User: The authors ask to delete both, please	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Choyke A. M. and Bartosiewicz, L. 2001. Crafting Bone: Skeletal Technologies through Time and Space. Proceedings of the 2nd meeting of the (ICAZ) Worked Bone Research Group Budapest, 31 August - 5 September 1999. BAR International Series 937.

[bookmark: CBML_ch05_sec2_005]Catchment areas study
To investigate the relationship between the mammals exploited at each cultural period and their environment, the catchment areas associated with the site were calculated, characterising the local relief, following the methodology described by Marín-Arroyo (2009b). A digital model of the terrain around the site was produced, including the continental shelf (CGIAR-CSI SRTM 3-arc seconds, (http://srtm.csi.cgiar.org) and EMODnet Bathymetry, (https://portal.emodnet-bathymetry.eu/). Travelling times across the territory were estimated with empirical formulae, depending on distance, slope angles, movement direction (uphill or downhill) and the existence of insurmountable barriers. In addition, to define the preferred biotopes for plain and mountain species within the boundaries determined by the catchment area, a threshold value of 30 per cent slope was fixed to differentiate areas related to one or the other group of taxa. Beyond that value, grazing suitability is modelled as depleted (Holechek et al. 1998).
[bookmark: CBML_ch05_sec1_003]Results
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The results of the Bayesian model indicate the Mousterian occupation dates to between 43,900 and 38,560 calBP, the Aurignacian between 37,560 and 32,760 calBP and, for the Gravettian, between 29,720 and 27,650 calBP (95.4%  per cent likelihood) (Figure 5.2). The end date of the phase of the Mousterian occupation goes beyond the limit for the final Mousterian in Europe, which is dated to around 42 ka calBP (Higham et al. 2014). In Šalitrena, further dating of late Mousterian levels will be needed to refine the timing of its disappearance but, so far, it provides the latest dates for the Mousterian presence in Serbia. Both hiatuses show an almost a millennium’s gap between Mousterian and Aurignacian groups, and three millennia between the Aurignacian and the Gravettian groups. At Šalitrena, the Mousterian covers from the start of GS-11 (~42.24–39.9 ka calBP; GS = Greenland Stadial) to the end of GI-9 (~39.9 ka calBP; GI = Greenland Interstadial), finishing before GS-9 and the Campanian Ignimbrite (CI) eruption (~39.3 ka calBP) during Heinrich Event 4. Below level 6a, the chronology goes beyond the limit of radiocarbon, and recent electron spin resonance (ESR) dates on herbivore teeth from levels 6d and 6e correlated with early MIS 4 to MIS 5b (Dakovic et al. 2019). The late Aurignacian starts during the end of GS-8 and continues into GS-6 (~36.6–33.0 ka calBP), whilst while the Gravettian occurs much later, beginning at the end of Heinrich Event 3, and extending from GI-4 to GI-3 (~28.9–27.54 ka calBP). Both hiatuses coincided with glacial stages when the cave was unoccupied by humans. The first hiatus took place during Heinrich Event 4 together with GS-8, and the second one during the first part of GS-5 (~32.5 ka calBP).
Figure 5.2 Here
[bookmark: CBML_ch05_sec2_007]Faunal assemblage and origin of the deposit
From the cave entrance, the five studied levels comprised the Mousterian (levels 6a and 6c), the Aurignacian (level 5) and the Gravettian (levels 3 and 4). In total, all the levels yielded 7411 remains. 11 Eleven per cent of the elements were identifiable to taxa and anatomical elements, 27 per cent to mammal body-size and 62 per cent to non-identifiable elements or species. Due to the state of fragmentation of the assemblage, only a minimum number of 548 elements (MNE) were quantified; the total MNI includes 101 different ungulate, carnivore, rodent, leporid, bird and fish taxa. The data of NISP, MNE and MNI values per level and species are presented in Table 5.2.
Table 5.2 Here
Among the herbivores, based on NISP, Proboscidea appears during the Gravettian, although the few teeth fragments do not imply necessarily their consumption or hunting. Rhinocerotidae is represented by Dicerorhinus hemitoechus during the Mousterian. Two equid species are present: Equus ferus, widely represented throughout the studied levels, and Equus hydruntinus, exclusively identified in the Gravettian level 4 by several teeth. Cervidae is represented by Cervus elaphus, which appears in all the studied levels. Capreolus capreolus appears only in one of the Mousterian levels and in the Gravettian, while Rangifer tarandus appears exclusively in level 4. Among Bovidae, in level 4 it was possible to distinguish between Bison priscus and Bos primigenius, but not in the other levels, where a general category of Bos/Bison sp. was used. Capra ibex appears in all the levels, but Rupicapra rupicapra is only present in small numbers in Mousterian levels and the Gravettian level 4. Sus scrofa is only identified in level 3. Among the carnivores, Ursus spelaeus is highly represented during the three cultural periods. Panthera pardus and Panthera leo both appear, with an element each, in level 5, and P. pardus (leopard) also in level 4, as well as Lynx sp. in level 6c. Felis silvestris is only found in the three Mousterian levels. ThoughoutThroughout the sequence, Crocuta spelaea is represented, although minimally, whereas Canis lupus and Vulpes vulpes appear evenly distributed. Among the mustelids, Martes martes and Mustela sp. are represented during the Mousterian. Leporids appear in the Aurignacian and Gravettian. Several bird elements are represented throughout the sequence.
The taphonomic analyses discerned the origin of the deposit. Previous studies confirmed that large mammals from both the Aurignacian and Mousterian levels were brought to the cave by humans. The large mammals had a more significant amount of butchering marks, while medium mammals showed more gnawing evidence, although still a lower percentage than cut marks. In the Mousterian levels 6a and 6c, medium mammals show evidence of being accumulated first by humans, and later scavenged by carnivores. Overall, the Mousterian and Aurignacian deposits were clearly linked to human activity. During the Gravettian, level 4 shows abundant evidence of human activity. In fact, it is the richest archaeological level of the site, and the percentage of cut marks and patterns of fresh bone fracture indicate intense human exploitation, mostly on large mammals, with limited evidence of carnivore presence (Table 5.3). However, Gravettian level 3 shows very limited evidence of human modifications in the faunal assemblage. When cave bear are excluded, the ratio of carnivores:ungulates in NISP is higher in level 6a, followed by levels 3, 5 and 6c. Level 4 has no carnivore remains.
Table 5.3 Here
[bookmark: CBML_ch05_sec2_008]Palaeoeconomy
Once the taphonomy of the site has been disentangled, the taxa represented can be interpreted economically. Large mammals played an essential role in the diet of the human groups at the site. In terms of MNI, bovines are the most exploited species during the Mousterian and Gravettian, with 26 per cent and 33 per cent, respectively, while during the Aurignacian, red deer is the most common taxon, with 43 per cent (Table 5.2). Apart from bovines hunting, Neanderthals also exploited ibex (22 per cent%), horse (17 per cent%) and red deer (22 per cent%). In addition to red deer, Aurignacian groups consumed ibex (29 per cent%), bovines and horse (both 14 per cent%). The Gravettian groups also consumed red deer (19 per cent%), horse (13 per cent%) and ibex (12 per cent%). Bovids, horse, red deer and ibex encompassed 86 per cent of the Mousterian assemblage, and 100 per cent of the Aurignacian and 78 per cent of the Gravettian ones. Other mammals, such as megafauna, are represented by a few fragments of Proboscidea teeth in the Gravettian, and some rhinoceros bones and teeth from the Mousterian. Reindeer and wild ass are only found in the Gravettian. This is the first time both taxa have been recorded in the Serbian Palaeolithic. Small mammals, such as roe deer and chamois, appear in low percentages, and neither of them during the Aurignacian (Table 5.2). During the Gravettian, roe deer increased to 9 per cent from 4.5 per cent during the Mousterian. Chamois decreased to 1.5 per cent from 4.5 per cent during the Mousterian. Wild boar appears exclusively during the Gravettian, comprising 7 per cent of the level 3 faunal assemblage.
In terms of biomass, bovines are the most important species providing the maximum input of proteins, followed by horse and red deer, as shown in Figure 5.3. Rhinoceros, which appears only during the Mousterian, has been excluded from this biomass calculation despite half of the few identified bones having cut marks and breakage fractures, as it was represented by only two individuals. During the Aurignacian, although red deer is the most abundant taxon in terms of MNI, when it comes to biomass, it is exceeded by bovines. The contribution of ibex and small mammal biomass is limited in all the levels where it appears. These taxa profiles of large mammals (bovines and equids), together with red deer, would reflect exploitation of the nearby fluvial plain biotopes and forested areas, located less than 1.5 hours from the site, as reflected in Figure 5.3.
Figure 5.3 Here
Comparatively, the Inverse of the Simpson index is slightly higher when calculated with MNI than NISP, as seen in Table 5.4. The results indicate a similar diet breadth during the Aurignacian (level 5) and Gravettian (level 4), reflecting the exploitation of bovines, followed by equids and red deer. On the contrary, during the Mousterian, a sawtooth pattern is seen through the levels. The values in Gravettian level 3 and Mousterian level 6a are similar, probably reflecting both short-term human occupations and carnivore accumulation of most of the prey. In addition, these results correlate with the representation of ungulates’ body sizes.
Table 5.4 Here
[bookmark: CBML_ch05_sec2_009]Ungulate mortality profiles and seasonality
During all three cultural periods, there is a predominance of prime-age individuals, followed by juveniles. However, the high percentage of foetal and neonatal bovine individuals is remarkable during the Gravettian, which indicates the massive hunting of pregnant female bovines or just-born calves. Among the 17 bovines individuals identified, six of them belong either to foetal and/or neonatal age classes. This indicates late spring mass-hunting by Gravettian people, as seen at the Gravettian site of Buda in Romania (Dumitraşcu & Vasile 2018). Within the Aurignacian level 5, some evidence suggested a possible autumn occupation, while during the Mousterian seasonality is uncertain. By looking at the ratio between juvenile and adult individuals, the results show the following values: Mousterian 0.41, Aurignacian 0.25 and Gravettian 0.61 or 0.94 if foetal/neonatal specimens are considered.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Dumitrascu, Ş., Vasile, Ş. 2018. Steppe bison hunting in the Gravettian of Buda (lower Bistriţa Valley, eastern Romania). L’Anthropologie 122(2), 168-182.  DOI: 10.1016/j.anthro.2018.03.004

[bookmark: CBML_ch05_sec2_010]Skeletal profile representation
For the analysis of the skeletal profiles, a Bayesian method following Marín-Arroyo and Ocio (2018) was applied, to disentangle the prey’s transport and the attrition that occurred at each level. This new method is more robust than the previous one, used for the Mousterian and Aurignacian levels and published in Marín-Arroyo and Mihailovićc (2017). From the Mousterian and Aurignacian levels, the mammals were grouped by body size due to the limited sample size of individual taxa. In the Mousterian, the results suggested that appendicular and, probably, head and trunk transport was undertaken for large and medium mammals. However, the possibility of an initial butchering process of some body parts at the kill-site cannot be discarded. Yet, the attrition is higher for medium mammals than for large ones. During the Aurignacian, large mammals were processed more extensively at the kill-site than during the Mousterian; by contrast, medium mammals were less processed in the Aurignacian than the Mousterian. For the Gravettian level 4, it was possible to consider the bovines (excluding the foetal remains), red deer, horse and ibex species separately. The results indicate that among the different species, the horse was highly processed at the kill-site, with an exclusive transport of limbs to the site. The alpha values (α, in Table 5.5) are the highest of the cultural sequence. Red deer was also intensively processed, although not as intensively as the horse. Ibex was transported, almost complete, and bovines were minimally processed at the kill-site, suggesting transport of mainly entire carcasses. Regarding the attrition, it was higher in ibex and horse, followed by red deer, and the lowest attrition was found in bovines, the most bone-dense individuals. Nevertheless, these results must be considered with caution, due to the small sample size for some of them, as shown in Table 5.5. Outcomes related to small mammals were not considered, due to the small sample available.
Table 5.5 Here
There were abundant signs of marrow extraction in all levels. The degree of fragmentation (measured as the quotient between NISP and MNE) correlates positively and significantly with the Marrow Index (Binford 1981) for medium mammals in Mousterian levels 6a and 6c and Gravettian level 4. For large mammals, there was also a positive and significant correlation during the three cultural periods, as previously demonstrated (Marín-Arroyo & Mihailović 2017). Also, there is evidence of grease exploitation. In the taxa found in the Gravettian level 4 (red deer, ibex, bovines and equids), the Spearman’s correlation coefficient between Grease Index and per cent MAU shows a positive and significant correlation with bovines (0.76), horse (0.67), red deer (0.69) and ibex (0.67). In the four taxa, the p was statistically significance (<0.001).
[bookmark: CBML_ch05_sec2_011]Mobility patterns
To discern the mobility patterns that could have operated from the cave site, it is important to understand human environmental exploitation. Disentangling hominin mobility patterns allows assessment of how the different human groups exploited the available resources according to the climatic conditions at each stage, and thus ensuring their survival possibilities. The topographic characterisation of catchment areas adjoining Šalitrena Pećina, and their comparison with the type of animals consumed in each cultural phase, were achieved following the methodology of Marín-Arroyo (2010). Table 5.6 shows the percentage of areas below and above 30 per cent slope calculated for 1.2 hours and 2.15 hours travel from the cave. Figure 5.4 shows the catchment areas corresponding to different travel times around Šalitrena Pećina.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Marín-Arroyo, A.B. 2010. Arqueozoología en el Cantábrico Oriental durante la transición Pleistoceno/Holoceno. La cueva del Mirón. Ediciones Universidad de Cantabria, Santander
Figure 5.4 Here
Table 5.6 Here
As can be seen in Figure 5.4, the presence of fluvial plains in the vicinity of the cave, surrounded by small hills, and suitable for development of forests, would have been a favourable environment for the large mammals, such as bovines and horses, widely represented through the sequence (Figure 5.5). The cave location might explain the low carcass processing at the kill-site, which is suggested by the mainly complete transport of those prey during the Gravettian. Within 1.2 hours from the site, the catchment area below 30 per cent slope would have provided access to chamois and ibex, although chamois might have lived above that slope, depending on the season. In summary, within a radius of 1.2 hours from the cave, all types of ungulate taxa adapted to open, forested and mountain landscapes would have been available to both hominin taxa. By looking at the MNI of ungulate taxa, grouped by environmental habitat, grassland animals (41%)  per cent) are predominant during the Mousterian, followed by rocky (32 per cent%) and forested (27 per cent%) ones. During the Aurignacian, by contrast, woodland species predominate (43 per cent%), and open-landscape and rocky-area species are represented by 29 per cent each. During the Gravettian, forested animals show the lowest proportion (16 per cent%) in the stratigraphic sequence, probably linked to the cold environmental conditions at that time, as reindeer and wild ass appear exclusively in this period. Grassland animals show the highest percentage (51 per cent%) in all three technocomplexes, as well as rocky species (34 per cent%) (Figure 5.5). These results suggest that hunting decisions were adapted in response to the MIS 3 climatic conditions. The sources of the raw materials near the site will also contribute to our knowledge of human mobility patterns at Šalitrena Pećina (results are expected soon).
Figure 5.5 Here
[bookmark: CBML_ch05_sec2_012]Technological features of the lithic assemblage
The Middle Palaeolithic industry of Šalitrena Pećina provided 589 artefacts (Mihailović, 2017). The industry is dominated by the products of flaking from discoidal cores. Levallois artefacts are also present, while the Quina component is poorly represented. The tool assemblage is dominated by sidescrapers, denticulated and notched pieces and retouched flakes, while other types are less represented. The upper level (6a) yielded Mousterian points, massive borers and typologically differentiated denticulated tools, while in one of the deepest levels (6d), a bifacial sidescraper was found. On the terrace outside the Šalitrena Pećina, a bifacial Szeletian point was discovered in a stratigraphic context (Mihailović et al. 2014). The level 5 Aurignacian industry includes about 2,000 artefacts. Most were produced on the spot, using low-quality local flint (Mihailović 2013). Various core types were found, including bladelet cores resembling carinated and nosed endscrapers. Among the tools, scrapers, burins, Aurignacian and pointed blades were recorded. Spatial analysis showed the artefacts to be concentrated around combustion zones (Plavšić et al. 2020). A slightly larger number of bladelets were found in the fireplaces, indicating retooling or tool manufacture, while the zones that could be associated with workshops and other types of activities were confirmed beyond the fireplaces. Several tens of thousands of artefacts were excavated from the Gravettian levels (Mihailović 2008). Various types of flint were used in the lithic production, as well as magnesite from nearby deposits. The assemblage structure records artefacts from all phases of production. Massive single-platform, double-platform prismatic and burin-type cores, as well as cores used for the production of micro-bladelets were found. The variability of tools is very pronounced, especially when it comes to endscrapers, burins and backed tools. Backed bladelets and points with thinned base, backed, double-truncated bladelets resembling rectangles and shouldered points are represented among the backed tools. A significantly narrower artefact repertoire comes from level 3; it includes simple, backed points and bladelets, endscrapers on flakes, and other not so characteristic tools.
[bookmark: CBML_ch05_sec2_013]Technological features of the bone tools and ornaments
During the Mousterian, six bone diaphyses of large ungulates show aggregations of stone knapping marks on their dorsal surfaces, suggesting their use as retouchers. Given the homogeneous nature of the lithic traces on the surface in the used areas, the retouchers were probably used for a short episode of retouching activity. In the Aurignacian level 5, the bone artefacts recovered were three perforating tools (two symmetrical awls and one distal fragment of a point) and one proximal bevelled fragment. All the specimens are fragmentary, with deep longitudinal grooving marks and characteristics ‘“chattermarks’” (Figure 5.7: 12), which suggest that the longitudinal grooving technique was used to extract regular blanks from bone diaphysis, and later regularised through scraping. Functional traces are developed on all the tools. Their nature suggests that both awls were used in longitudinal motions on vegetal material, while on the point fragment, an invasive hinge fracture is visible. The bevelled piece shows developed rounding and faceting, changes in colours and compression marks, all suggesting its insertion into a haft. Besides, in the same level, two entire beads made from segments of Dentalium sp. were found. Developed rounding was identified on both extremities of one specimen, which might indicate the utilisation of this ornament.
The osseous artefacts recovered from the Gravettian level 4 include an osseous blank, a blank on a rib, an entire point, a proximal end of a point, three awls, an expedient tool on a diaphyseal flake, an ivory plaquette and one fragment of ivory, as shown in Figures 5.6 and 5.7. Except for the osseous point and the long blank, all the artefacts are fragmentary. No manufacturing traces related to the blank extraction were identified on the points, while longitudinal lithic striations are well-represented on osseous surfaces. Both the complete and the fragmentary points show developed traces of use. In particular, impact fractures have been documented on their tips, while compression marks and rounding affect the basal parts. On the meso-proximal part of the complete specimen, the developed rounding, the outline modification, the presence of fungal activity and the change of colour on the vicinity of the base could suggest the existence of an organic hafting. The awls were produced on expedient diaphyseal flakes, and their tips were created through flint scraping. No diagnostic traces have been recorded on the tools. On the unfinished rib blank, small impact side cones suggest that indirect percussion was used for extracting the blank from the rib. The same technique was utilised to split the rib longitudinally. Within the Gravettian osseous artefact production, of particular interest are two ivory fragments. The first is a small fragment in a bad preservation state. The other is a flat black ivory plaquette, also fragmentary. One extremity is missing, and the other is well-rounded. Given the fragmentary state of the artefact, it is difficult to understand its function and its implications in terms of subsistence. However, the homogeneous black colour and shiny appearance suggest the item underwent a controlled thermal treatment.
Figure 5.6 Here
Figure 5.7 Here
[bookmark: CBML_ch05_sec2_014]Stable isotopes results
Except for the reindeer found in level 4, the recovered macromammals reflect a landscape typically consisting of open forest and grassland environments, which is consistent with the temperatures and the palaeoenvironmental reconstructions of the glacial MIS 3 for Eastern Europe (for example, climatic simulations of GS-12, (~44.28–43.34 ka) using an RCA-3 model coupled with LPJ-GUESS dynamic vegetation model, shows that the region was then dominated by semi-open areas, with a tree cover c. 50–70 per cent (Kjellström et al. 2010). The stable isotope results are presented here for each species, and full results are provided in Table 5.7.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Kjellström, E., Brandefelt, J., Näslund, J.-O., et al. 2010. Simulated climate conditions in Europe during the Marine Isotope Stage 3 stadial. Boreas, 39, 436–456.
Table 5.7 Here
[bookmark: CBML_ch05_sec3_001]Bos/Bison sp.
The Bos/Bison sp. δ13C and δ15N isotope results have a relatively wide range indicating isotopic diversity in the plants habitually consumed by this taxon. Between the Mousterian and the Gravettian, there was no notable change in the δ13C values of Bos/Bison sp., and no statistically significant differences were seen between levels 4 and 6a for either δ13C or δ15N. Within Mousterian level 3 (located inside the cave), there is a notably broader inter-individual range of 5‰ in the δ15N values, larger than seen in any other level. The three bovines from Aurignacian level 2, also inside the cave, have higher δ15N values (min 7.2‰, max 9.3‰) than those seen in the Aurignacian level 5 outside (min 5.0‰, max 6.1‰) (Figures 5.8 and 5.9, Table 5.8).
Figure 5.8 Here
Figure 5.9 Here
Table 5.8 Here
Bone collagen δ13C and δ15N isotope values reflect long-term, average diet consumed, meaning that δ15N difference seen in those inside levels reflects differences in the habitual diet of those individuals. There is a range of factors that can affect the δ15N values in plants and their consumers. Baseline shifts in δ15N values can occur due to larger-scale climatic processes, such as a change in temperature (Martinelli et al. 1999; Amundson et al. 2003; Pardo et al. 2006), rainfall and moisture (Austin & Vitousek 1998; Handley et al. 1999; Amundson et al. 2003). If these differences in Bos/Bison sp. δ15N values at Šalitrena were due to large scale climatic effects, we might expect a shift in δ15N reflected in other contemporary species, and an associated change in δ13C values, which might impact the δ13C values of plants (Diefendorf et al. 2010; Farquhar et al. 1989; Kohn, 2010; Stewart et al. 1995). Only Bos/Bison sp. species show this trend, suggesting that factors specific to these herbivores’ niche may be responsible.
Environmental factors can cause geospatial variations in δ15N values. Key factors that can affect plant nitrogen isotopic variation spatially include the types of nitrogen-fixing mycorrhiza present (Craine et al. 2009; Hobbie & Högberg 2012), soil acidity (Mariotti et al. 1980), and openness of the nitrogen cycle, amongst others (see Szpak 2014). The presence of isotopically different δ15N zones within site catchment areas has been observed in Middle and Upper Palaeolithic contexts, thought to be due to animal populations being separated by geographical boundaries such as valley systems or mountain ranges (Jones et al. 2018,; 2019). At Šalitrena, Bos/Bison sp. could potentially have been hunted by humans from isotopically diverse locations within the landscape. Alternatively, they may have been accumulated by two different agents that targeted prey from other areas in the landscape and probably from different periods. The inner parts of the cave, where both levels 2 and 3 were situated, contained greater carnivore activity and presence: mostly hyaenas and cave bear. Even though the two Bos/Bison sp. with higher δ15N values from level 3 were metatarsal fragments, without evidence of gnawing marks, the abundance of carnivore activity is notable within the inner part of the cave (Marín-Arroyo & Mihailović, 2017), and could reflect their potential agency in the accumulation of some of these remains.
Alternatively, it cannot be discounted that the inter-individual δ15N value differences represent temporally different environmental conditions, such as flooding instances. Open fluvial plains surrounding the site were the most likely habitat for them. Water table heights within fluvial plains can affect nitrogen availability in soil, with regions of lower water tables typically having higher δ15N values than areas with higher water tables (Hefting et al. 2004).
[bookmark: CBML_ch05_sec3_002]Cervus elaphus
Within the internal Mousterian level 3 and ref level 6c there are two deer with δ13C values of -–22.5‰, and –-22.9‰, respectively (Figures 5.8 and 5.9), potentially indicative of them regularly feeding in mixed forest environments, under the influence of the canopy effect (van der Merwe & Medina, 1989,; 1991). This suggests that woodland habitats were present within the catchment areas of the site at the time both assemblages were accumulated. Roe deer, a forest-dwelling species (Tufto et al. 1996), found in Mousterian level 6a (Marín-Arroyo & Mihailović 2017) also supports this possibility. The absence of a canopy effect signature within other red deer from the same levels demonstrates that some red deer lived in open spaces, and suggests a mosaic of environments in the region. However, the temporal formation of the archaeological level must also be considered. In the Aurignacian and the Gravettian, all individuals have δ13C values consistent with feeding in predominantly open landscapes. It is possible that there was either a decline in forest areas during the Aurignacian, or that AMH were not exploiting the woodland regions that their Neanderthal predecessors were occasionally doing. This might be related to the longer distances travelled to select prey by AMH at the site. Further archaeobotanical work will be needed to confirm this interpretation.
[bookmark: CBML_ch05_sec3_003]Equus sp.
In all levels, there is an overlap in the δ13C and δ15N values of the horses and large bovines (Figures 5.8 and 5.9). Horses are thought to preferentially select low quality vegetation that is poor in protein (Gwynne & Bell 1968; Janis 1976), and might be expected to have lower δ15N values than other herbivores, as seen in some Palaeolithic contexts (Britton et al. 2012; Fizet et al. 1995). This is not consistently observed throughout Palaeolithic Europe, and similarities in the niches of horse and large bovines are seen in other sites (Bocherens et al. 2014; Richards et al. 2008). Recent big data studies have shown that the niches of horses and bison vary geographically and temporally and that the two species commonly overlap (Schwartz-Narbonne et al. 2019). The similarity of the niches for horses and large bovines at Šalitrena indicates that there was sufficient food in this habitat for both species to co-exist successfully.
[bookmark: CBML_ch05_sec3_004]Capra ibex
The ibex have δ13C values within the higher range for ungulates analysed at the site, as shown in Figures 5.8 and 5.9. Higher altitudes can produce elevated δ13C values in plants and their consumers (Kohn 2010). Modern-day ibex populations show a habitat preference for altitudinous rockier escarpments (Grignolio et al. 2004; Parrini et al. 2009). The Šalitrena ibex appear to have been living in higher altitudinous environments relative to the other herbivores studied. The closest suitable habitats are within the limits of the calculated 1.2- hour catchment area from the site.
[bookmark: CBML_ch05_sec1_004]Discussion
New evidence of the subsistence strategies of human groups that occupied Šalitrena Pećina has been revealed through the taphonomic and archaeozoological study of the complete macrofaunal assemblage located outside the cave, which spans the Mousterian to the Gravettian. These results, in combination with a Bayesian model of the available radiocarbon dates at the site, the lithic and bone technology studies, and the palaeoenvironmental data derived from stable isotopes, provide new insights into the activities carried out at the site, the use of the cave by both human species, and the type of landscape present when late Neanderthals and AMH occupied Šalitrena Pećina. The assemblage from Šalitrena also provides the first evidence for the use of osseous technology from the Mousterian to the Gravettian in the Central Balkans.
The chronometric data of the site cover the Middle to Upper Palaeolithic sequence (Table 5.9), and show the latest presence of Neanderthals in this particular region, between 43.9 and 38.5 ka calBP. They were present at the site during GS-11 to the end of GI-9 (~ 42.24–39.9 ka calBP), leaving the site unoccupied during GS-9 (~39.9–38.22 ka calBP), just before the Campanian Ignimbrite and HE 4. It has been hypothesised that Neanderthals groups may have survived longer in these inaccessible areas, where they were likely relegated after the dispersal of AMH along the Sava and Danube rivers around 42 ka calBP (Conard & Bolus 2003; Conard et al. 2006; Jöris et al. 2010; Mihailović 1998,; 2004,; 2020). Our new dates at Šalitrena Pećina, together with dates from Mousterian sites such as Mališina Stijena (Radovanović 1986), Smolućka Pećina (Kaluđerović 1985) and Pešturina (Blackwell et al. 2014; Alex et al. 2019), may confirm this hypothesis.	Comment by Victoria Chow: QUERY: None of these appears in the References. Please provide full details for each.	Comment by Microsoft Office User: -Conard N. J., and M. Bolus. 2003. Radiocarbon dating the appearance of modern humans
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Table 5.9 Here
Neanderthals were probably at Šalitrena repeatedly, for short-time episodes, as indicated by the faunal and lithic assemblages during late MIS 3, and even during MIS 4. After humans left the site, carnivores played a role as secondary scavengers. Differences in the spatial use of the cave between the outside and the inside were observed. Most human activities were concentrated outside the cave, while mainly carnivores used the inside as a regular habitat. Cave bears regularly hibernated in the cave, evidenced by several old and infantile individuals found, along with some rounded bed-shapes identified during excavation and claw marks on the walls (Ruiz-Redondo 2014: table 1table 1). Modifications recorded on the bone assemblages from levels 3 and 2 indicate that hyaenas were also present in the inner part of the cave. The large inter-individual ranges in δ15N values between Bos/Bison sp. in Mousterian level 3, and the higher δ15N values within Aurignacian level 2 may reflect factors specific to the niche of this species, indicating isotopically distinct zones being exploited at different times and temporal changes in their habitats. However, the high carnivore activity recorded in those levels might be reflecting diverse landscapes at the time carnivores were roaming at the site. The zooarchaeological study from the inner cave will provide more data.
Neanderthals mainly exploited prime-age bovines, followed by ibex, horse and red deer, although red deer was not identified in the lower Mousterian sequence. This implies broad and efficient exploitation of the areas surrounding the site. In fact, the stable isotope results potentially indicate the presence of some woodland areas when Neanderthals inhabited the site. However, the isotope values during the occupation of AMH indicate an open environment. This is broadly consistent with environmental reconstructions from the wider region (Panagiotopoulos et al. 2014). Both horse and large bovines overlap in δ13C and δ15N values, suggesting that they occupied similar niches, and the plains surrounding the site were able to support both species throughout the Middle and Upper Palaeolithic.
Concerning bone technology, retouchers are predominant within the Mousterian levels. They are well-known within Middle Palaeolithic osseous technology, particularly for their low degree of transformation in Western Europe (Costamagno et al. 2018, and references therein) and northern Asia (Baumann et al. 2020, and references therein). At Šalitrena Pećina, they were produced on flakes extracted from dense long bones of large mammals through direct percussion.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Baumann, M., Plisson, H., Rendu, W., Maury, S., Kolobova, K., Krivoshapkin, A. 2020. The Neandertal bone industry at Chagyrskaya cave, Altai region, Russia. Quaternary International 559, 68-88
Before Šalitrena Pećina, the presence of Early Upper Palaeolithic humans was restricted to the northern Serbian border, along the Sava and Danube rivers, a fluvial corridor commonly proposed to explain how early modern humans arrived in Swabia around 42 ka calBP (Mihailović & Mihailović, 2014). However, the Mousterian sites of Mališina Stijena (Radovanović 1986) and Smolućka Pećina (Kaluđerović 1985) dated to before 40 ka calBP (Hedges et al. 1990), and along with the new dates from Šalitrena Pećina, indicating that late-surviving Neanderthal populations existed in inaccessible areas of the Central Balkans (Mihailović 1998,; 2020; Mihailović et al. 2011; Karavanić & Banda, this volume).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Hedges, R.E.M., Housley, R., Bronk Ramsey, C., Klinken, J. van. 1994.  Radiocarbon dates from the Oxford AMS System: Archaeometry Datelist 18. Archaeometry, 36, 337-374
The presence of modern humans in the Bulgarian site of Bacho Kiro (between 47 and 43 ka calBP: Hublin et al. 2020), the Italian Uluzzian (between 45 and 40 ka calBP: Douka et al. 2014Douka et al. 2014), the German site of Geißenklösterle (between 43 and 41 ka calBP: Higham et al. 2012), the Aurignacian of northern Iberia (c. 42 ka calBP: Marín-Arroyo et al. 2018Marín-Arroyo et al. 2018), and the KC4 maxilla of Kent’s Cavern in the United Kingdom (possibly between 44 and 41.5 ka calBP: Higham et al. 2017Proctor et al. 2017), together suggest that the spread of modern humans throughout Europe was rapid. Their period of coexistence with the preceding Neanderthals is currently estimated to be around 7000 years (Fewlass et al. 2020). From Ust’-Ishim in Siberia (Fu et al. 2014Fu et al. 2014), the first Homo sapiens expanded rapidly into Western Siberia and Eastern Europe at Bacho Kiro, approximately 47–45 ka calBP. These early dispersals suggest rapid movements from South-western Asia into Eurasia by groups that seem unrelated to present-day European populations (Fu et al. 2014; Hublin et al. 2020). Therefore, an earlier contact of these AMH with Neanderthals would have taken place earlier in Eastern Europe than in Western Europe (Hublin et al. 2015; Marín-Arroyo et al. 2018). In this scenario, the hypothesis of the Danube valley proposed as a major colonisation route into central and western Europe from the Near East would be evidenced by the sites of Baranica and Tabula Traiana, which provided the first radiocarbon dates for early Aurignacian in Serbia, dated to between 41.5 and 34.5 ka calBP (Borić et al. 2012,; 2022; Mihailović et al. 2011). Thus, the late Mousterian dates in Šalitrena Pećina would confirm a likely withdrawal of Neanderthal groups from the fluvial Danube plains into the more mountainous territories of the Central and Western Balkans (Mihailović 2020). Our data confirm all these hypotheses in a still poorly investigated area during the Late Pleistocene.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User:  Douka, K., Higham, T., Wood, R., Boscato, P., Gambassini, P.,  Karkanas, P., Peresani, M., Ronchitelli, A. 2014. On the chronology of the Uluzzian. Journal of Human Evolution 68, 1-13.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Higham. T., Basell, L., Jacobi, R., Wood, R., Bronk Ramsey, C., Conard, N. 2012. Τesting models for the beginnings of the Aurignacian and the advent of figurative art and music: The radiocarbon chronology of Geißenklösterle. Journal of Human Evolution 62, 664-676
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The archaeological evidence and radiocarbon dates reveal one of the richest Aurignacian sites in the Central Balkans. The results indicate brief human occupations during the Aurignacian. The spatial distribution of the combustion features detected, one in the front cave in level 5 and another likely in level 2, indicates that in the front of the cave, the hearth was relatively small and probably not used very intensively or for an extended period. It was proposed that no more than five people could have been performing activities around the combustion area (Plavšić et al. 2020). The limited lithic and faunal assemblage also confirms this. Concerning the subsistence strategies, a shift in the diet is observed compared to the previous period. Red deer played an important role in AMH diet, although bovine biomass is also relevant.
Regarding the transport of those carcasses, AMH processed large mammals at the kill-site more intensively than Neanderthals, while, by contrast, they less intensively processed medium mammals than did Neanderthals. During the Aurignacian and Gravettian, similar diet breadth and use of the cave is observed, unlike during the Mousterian. The woodland species predominate, followed by open-landscape species and those typical of rocky areas. However, during the Aurignacian and also the Gravettian, all individuals have δ13C values consistent with feeding in predominantly open landscapes. It is possible that there was either a decline in forest areas at that time, or that AMH were travelling long distances to select those woodland prey. Despite the short temporary occupations, new manufacturing techniques were introduced to produce osseous tools. Longitudinal grooving is one of the methods widely documented during this period across Europe, and generally applied to extract regular blanks from antler and bone shafts, later transformed into points (Tartar 2012; Tejero 2016). At Šalitrena, regular striations identified on all the tools’ surfaces suggest they were carefully shaped through scraping. However, the absence of manufacturing waste or unfinished artefacts makes it challenging to reconstruct whether osseous tool production was carried out at the site.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Tejero, J.M. 2016. Spanish Aurignacian projectile points. An example of the first European Palaeolithic hunting weapons in osseous material. In: M. Langley (Ed.), Osseous projectile weaponry. Towards an Understanding of Pleistocene Cultural Variability, Springer, Dordrecht (2016), pp. 55-69


Very little is known about Aurignacian osseous technology in the Balkan Peninsula (Tartar 2015). Yet several osseous points found in the Aurignacian levels of Potočka zijalka in Slovenia (Odar 2011) are particularly relevant for discussing osseous technology at Šalitrena. At Potočka zijalka, several lanceolate and spindle-shaped points and one split-based type have been directly AMS-dated to the Late Aurignacian (Moreau et al. 2015). Unfortunately, no assumptions can be made about the original shape of the fragmentary point from Šalitrena. Its chronological attribution, through direct AMS dating (Marín-Arroyo & Mihailovićc 2017), is Late Aurignacian, and its morpho-technological features (e.g., thickness, symmetry, specific use-damage of the preserved part, as well as the technique of blank extraction and surface shaping) allow a comparison with the massive projectile osseous points from Potočka zijalka cave. Osseous points, including some split-based specimens, have also been identified in level G1 of Vindija Cave, in Croatia (Devièse et al. 2017). Bone technology from this cave is, however, problematic, as it is associated with Neanderthal human remains and perturbation in the archaeological sequence (Devièse et al. 2017). While a recent attempt to (re-)date one split-based point from Vindija has failed due to insufficient collagen (Devièse et al. 2017), the age of split-based points from the site likely falls somewhere between 35–37 ka calBP, when such tools are also documented in other regions of Europe. Šalitrena Aurignacian levels also yielded a fragmentary bevelled specimen, extracted with longitudinal grooving and carefully shaped through scraping. Bevelled implements are not uncommon within the Aurignacian osseous tool repertoire of Europe and Western Asia (Tartar 2015). Although less abundant than the split-based, spindle-shaped and lozenge-shaped points, bevelled points are also known during the Late Aurignacian (Clark & Riel -Salvatore 2005; Tartar 2015). At Šalitrena, functional modifications on the bevelled artefact suggest its prolonged insertion in a handle. Hence, the possibility that this fragmentary specimen might have been part of a bevelled point cannot be excluded a priori. Last, the recovery of two Dentalium shell ornaments testifies to such shells’ role for the production of personal adornments during the Aurignacian in this region, similarly to many other areas in Europe (Clark & Riel- Salvatore 2005; White 2007), and suggest contact with other groups. These shells might indicate long-distance mobility, as the Adriatic Sea is almost 400 km away.
When it comes to the Gravettian, the results of research at Šalitrena Pećina and other Serbian sites from the same technocomplex seem to support the hypothetical refugial role of the Balkans during this period. The dates obtained for levels 3 and 4 (29,720–27,650 calBP) coincided mostly with GI-4 and lasted into GS-3 (~28.9–27.54 ka calBP; Rasmussen et al. 2014). GS-3 marks the beginning of the LGM in this particular region, which lasted until 22.7 ka calBP (NGRIP curve) (Scrapozza Scapozza et al. 20149). This indicates that Šalitrena Pećina was probably intensively inhabited during the interstadials (GI-4 and GI-3) just before the beginning of GS-3, at a time when the ecological conditions in the Balkans were still relatively favourable. Level 4 shows a residential use of the cave by AMH, where many bovines were exploited, some of them being foetal or neonatal specimens, and suggesting a communal mass kill, where selection of individuals by sex and age was planned by the Gravettian groups. This archaeological population reflects predatory exploitation during late spring-–early summer in the vicinity of the cave at the time of calving. The similar exploitation of large bovines is documented in contemporaneous sites, such as Buda in Romania and Aitzbitarte III in Spain (Altuna et al. 2011; , 2017).	Comment by Victoria Chow: QUERY: 2017 work does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Altuna, J.; Mariezkurrena, K.; Rios-Garaizar, J. & San Emeterio, A. 2017: Ocupaciones humanas en Aitzbitarte III (País Vasco), 26.000-13.000 BP (Zona  profunda  de  la  cueva).  Vitoria: Servicio  Central  de  Publicaciones  del  Gobierno  Vasco.  

Several Gravettian sites have been explored and dated recently in the Central Balkans, chronologically corresponding to the interval between 31 and- 29 ka calBP. These include Pešturina (level 2), Hadži Prodanova (level 2) and Meča Dupka (level 3) caves; a Gravettian age (29 ka calBP) was also confirmed for the finds from level X of Crvena Stijena (Alex et al. 2019; Mercier et al. 2017; Plavšić & Popović 2020). Research at these sites has provided a somewhat more precise picture of the presence of Gravettian communities in the Balkans, previously confirmed only at the sites of Temnata Dupka (Drobniewicz et al. 1992) and Kozarnika in Bulgaria (Tsanova 2003), but also at Asprochaliko in Greece (Adam 19898).
Compared with the lithic industries from the sites in the neighbouring areas, the Šalitrena Pećina level 4 industry displays a much stronger affinity with Central European industries (Mihailović, 2008), primarily to the material which that originated from level 9 at Willendorf II, which records numerous backed points, tools with retouched truncations and backed tools (Otte 1985; Otte et al. 1996; Valoch 1996). Parallels to Šalitrena Pećina can also be found at Gravettian sites in Hungary (Bodrogkeresztúr, Hidasnémeti, Nadap), which are associated with the Pavlovian tradition (Dobosi 2000; Lengyel 2016). All this could indicate that the populations that inhabited Šalitrena Pećina were closely connected with the Willendorfian and Pavlovian communities in the Pannonian Basin, or that the beginning of GI-4 marked an expansion of the Gravettian communities towards the south.
As with the Aurignacian, osseous production in the Gravettian in this part of Europe is still poorly known. Only a few sites in the Eastern Adriatic region and its hinterlands are chronologically assigned to the LGM, or the period immediately preceding this dramatic climatic deterioration, and yielded bone implements (e.g., Šandalja II in Istria; Badanj in Bosnia and Herzegovina; Vela Spila on the island of Korćula) (Karavanić 1999; Vukosavljević & Karavanić 2017). A thorough technological analysis of such an osseous industry is still not available (see Borić et al. 2020). In the south of the Italian Peninsula, at Paglicci Cave, 24 osseous artefacts are documented in the Gravettian levels (from levels 23 to 18B) (Borgia et al. 2016; Mezzena 1975). Such an ensemble is primarily characterised by awls, some of which still have their articular epiphysis preserved. Perfectly symmetrical fusiform points, comparable in shape and dimensions to the ones documented in the Gravettian level 4 of Šalitrena, appear at Paglicci only later, during the Early Epigravettian (Borgia et al. 2016), when shouldered pieces are also making their first appearance at the site, i.e., at Paglicci.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Karavanić, I. 1999, Gornji paleolitik Šandalje II u okviru Jadranske regije, Unpublished PhD Thesis, Sveučilište u Zagrebu, Zagreb.
At Šalitrena, during the Gravettian, long bones of large mammals continued to be chosen to produce perforating tools, such as points and awls. Awls are fragmentary, yet documented in the Gravettian assemblage, while unfinished tools indicate that different phases of osseous chaîne opératoire were carried out at the site. Fusiform points are well-documented, and regular blanks used for point production were extracted and shaped using techniques already documented at the site during the Aurignacian, i.e., longitudinal grooving and scraping. Functional modifications were developed on the Gravettian points because organic spearpoints can remain undamaged even after several impacts (Pétillon 2006). Interestingly, at Šalitrena, fusiform points are documented in association with shouldered pieces in the Gravettian levels (Mihailović 2008). Although shouldered points are mostly associated with the Early Epigravettian in Italy as well as in the Balkans, such tools appeared in the Eastern Adriatic area (e.g., at Vrbička Cave in Montenegro) and the Balkan hinterlands (at Šalitrena Cave) already before 23 ka uncalBP (Borić & Cristiani & Borić 2016). The early association of shouldered pieces and fusiform points in the Gravettian horizons of Šalitrena would further sustain a hypothetical diffusion of hafting/hunting technological innovations – represented by the osseous points and shouldered pieces – from Gravettian cultures of Central Europe as a possible adaptive response to climatic deterioration during the beginning of the LGM, already suggested by Borić & Cristiani and Borić (2016). A bone shaft bearing developed traces of use as a wood wedge is of particular interest, and indicates the use of expedient tools. Finally, two mammoth ivory artefacts document the processing of such material during the Gravettian at the site. Of particular interest is one fragmentary plaquette, which shows clear traces of controlled exposition to fire, carried out to give the object an even, dark colour. Unfortunately, the fragmentary state of such an artefact does not allow its functional interpretation.
Unlike the Gravettian sites, which are mainly grouped in the central parts of the Balkans, the LGM sites are concentrated mainly on the coasts of the Adriatic (Karavanić et al. 2015), Ionian and Aegean seas (Darlas & Psathi 2016; Kaczanowska et al. 2010; Perlès 1987), indicating that there was an aggregation of the population at the height of the LGM in the Palaeo-Adriatic plain (Miracle 2007). Relatively modest lithic industries, with very limited repertoires of artefacts, have been recorded at the majority of these sites. Finds from level 3 of Šalitrena Pećina testify to the very beginning of the technological decline that was recorded in the early Epigravettian of South-eastern Europe. A loss of technological complexity in the early Epigravettian could probably be related to local population extinctions during the advance of the LGM (Maier & Zimmermann 2017).
[bookmark: CBML_ch05_sec1_005]Conclusions
In summary, the data obtained in this research has provided a more expansive knowledge about the latest Neanderthal populations and the emergence of early modern human presence in the Central Balkans. Šalitrena Pećina has been proved to be a significant site to unravel the organisation of Mousterian, Aurignacian and Gravettian human groups in this particular region. The stable isotope signatures of the macromammals consumed by both hominin species provide the environmental conditions and changes that occurred at the time the site was occupied by humans, which mostly took place during interglacial stages (from GS-11 to the end of GI-9 by Neanderthals, between the end of GS-8 until GS-6 by the Aurignacian, and between GI-4 and GS-3 by Gravettian groups). The technological studies indicate similarities to Central European and Italian Gravettian assemblages. Furthermore, this is the first time that an Aurignacian and Gravettian bone industry of Serbia has been documented in detail. Nevertheless, further survey and research on recently discovered and excavated Serbian sites will provide new information about this replacement period for human evolutionary studies.
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[bookmark: CBML_ch05_tab_001]Table 5.1. Radiocarbon dates from Šalitrena Pećina. Calibrated dates and modelling results are given in Table 5.9.
	Excavation year
	Lab reference
	Area
	Cultural period
	Level
	Species
	Material
	14C age
	±
	Method
	Yield (mg)
	%Yield
	%C
	δ13C
	δ15N
	C:N

	2006
	Beta-224716
	outside
	Gravettian
	Layer 3
	Mammal
	Bone
	24360
	150
	AMS
	-
	-
	-
	-20.0
	-
	-

	2006
	Beta-224715
	
	
	
	Mammal
	Bone
	24060
	150
	AMS
	-
	-
	-
	-19.6
	-
	-

	2007
	Beta-237682
	
	
	
	Mammal
	Bone
	24800
	160
	AMS
	-
	-
	-
	-20.1
	-
	-

	2006
	Beta-224719
	
	
	Layer 4
	Mammal
	Bone
	23840
	150
	AMS
	-
	-
	-
	-20.0
	-
	-

	2007
	Beta-237686
	
	
	
	Mammal
	Bone
	24220
	140
	AMS
	-
	-
	-
	-19.8
	-
	-

	2006
	Beta-224717
	
	
	
	Mammal
	Bone
	24380
	150
	AMS
	-
	-
	-
	-19.8
	-
	-

	2007
	Beta-237685
	
	
	
	Mammal
	Bone
	25050
	160
	AMS
	-
	-
	-
	-20.0
	-
	-

	2009
	OxA-27975
	
	Aurignacian
	Layer 5
	Mammal
	Worked bone
	29700
	340
	UF
	12.3
	2.1
	42.7
	-19.7
	8
	3.3

	2006
	OxA-27683
	
	
	
	Antalis sp
	shell
	30150
	150
	PAD
	2.5
	9.6
	106
	0.92
	-
	-

	2006
	Beta-224720
	
	
	
	Mammal
	Bone
	30190
	400
	AMS
	-
	-
	-
	-20.8
	-
	-

	2007
	Beta-237688
	
	
	
	Mammal
	Bone
	31980
	360
	AMS
	-
	-
	-
	-19.1
	-
	-

	2007
	Beta-237687
	
	
	
	Mammal
	Bone
	37990
	750
	AMS
	-
	-
	-
	-19.5
	-
	-

	2007
	Beta-237690
	
	Mousterian
	Layer 6a
	Mammal
	Bone
	37760
	520
	AMS
	-
	-
	-
	-19.8
	-
	-

	2006
	OxA-27829
	
	
	Layer 6a
	Mammal
	Bone
	>45700
	-
	UF
	18.9
	3.1
	40.4
	-19.9
	2.6
	3.2

	2006
	OxA-27682
	
	
	Layer 6c
	Bos/Bison sp
	Bone
	>50200
	-
	UF
	16.3
	2.7
	43.8
	-21.1
	4.5
	3.3

	2007
	Beta-237684
	inside
	Aurignacian
	Layer 2
	Large mammal
	Bone
	29980
	280
	AMS
	-
	-
	-
	-19.5
	-
	-

	2007
	OxA-27948
	
	Mousterian
	Layer 3
	Megaloceros sp
	Tooth
	36150
	750
	AMS
	-
	-
	-
	-19.8
	-
	-


[bookmark: CBML_ch05_tab_002]Table 5.2. NISP, MNE and MNI values of the faunal assemblage from each archaeological level at Šalitrena Pećina.
	
	Mousterian
	Aurignacian
	Gravettian
	Total

	
	LEVEL 6C
	LEVEL 6A
	LEVEL 5
	LEVEL 4
	LEVEL 3
	

	
	NISP
	NME
	MNI
	NISP
	NME
	MNI
	NISP
	NME
	MNI
	NISP
	NME
	MNI
	NISP
	NME
	MNI
	NISP
	MNE
	MNI

	Proboscidea
	
	
	
	
	
	
	
	
	
	2
	1
	1
	
	
	
	2
	1
	1

	Dicerorhinus hemitoechus
	
	
	
	2
	2
	1
	
	
	
	
	
	
	
	
	
	2
	2
	1

	Bos/Bison sp.
	45
	22
	1
	20
	16
	2
	24
	16
	1
	320
	141
	15
	1
	1
	1
	410
	196
	20

	Bos primigenius
	
	
	
	
	
	
	
	
	
	13
	13
	1
	
	
	
	13
	13
	1

	Bison priscus
	
	
	
	3
	3
	1
	
	
	
	12
	12
	1
	
	
	
	15
	15
	2

	Equus ferus
	2
	2
	1
	12
	7
	1
	2
	2
	1
	38
	30
	4
	2
	2
	1
	56
	43
	8

	Equus hydruntinus
	
	
	
	
	
	
	
	
	
	4
	4
	1
	
	
	
	4
	4
	1

	Rangifer tarandus
	
	
	
	
	
	
	
	
	
	23
	14
	2
	
	
	
	23
	14
	2

	Cervus elaphus
	2
	2
	1
	8
	7
	2
	8
	7
	3
	50
	37
	3
	3
	3
	2
	71
	56
	11

	Capreolus capreolus
	
	
	
	2
	2
	1
	
	
	
	1
	1
	1
	1
	1
	1
	4
	4
	3

	Capra ibex
	16
	4
	1
	7
	6
	2
	7
	6
	2
	74
	56
	3
	2
	2
	1
	106
	74
	9

	Rupicapra rupicapra
	
	
	
	5
	3
	1
	
	
	
	2
	2
	1
	
	
	
	7
	5
	2

	Sus scrofa
	
	
	
	
	
	
	
	
	
	
	
	
	2
	2
	1
	2
	2
	1

	Crocuta spelaea
	
	
	
	
	
	
	
	
	
	1
	1
	1
	1
	1
	1
	2
	2
	2

	Ursus spelaeus
	1
	1
	1
	8
	8
	2
	7
	6
	3
	21
	19
	4
	6
	6
	3
	43
	40
	13

	Canis lupus
	1
	1
	1
	3
	3
	1
	3
	2
	1
	
	
	
	1
	1
	1
	8
	7
	4

	Vulpes vulpes
	5
	5
	1
	19
	19
	1
	5
	5
	1
	
	
	
	3
	3
	1
	32
	32
	4

	Panthera leo
	
	
	
	
	
	
	1
	1
	1
	
	
	
	
	
	
	1
	1
	1

	Panthera pardus
	
	
	
	
	
	
	1
	1
	1
	1
	1
	1
	
	
	
	2
	2
	2

	Felis silvestris
	2
	2
	1
	2
	2
	1
	
	
	
	
	
	
	
	
	
	4
	4
	2

	Lynx lynx
	2
	2
	1
	
	
	
	
	
	
	
	
	
	
	
	
	2
	2
	1

	Martes martes
	1
	1
	1
	2
	2
	1
	
	
	
	
	
	
	
	
	
	3
	3
	2

	Mustela sp.
	
	
	
	1
	1
	1
	
	
	
	
	
	
	
	
	
	1
	1
	1

	Lepus sp.
	
	
	
	
	
	
	3
	3
	1
	8
	8
	3
	5
	5
	1
	16
	16
	5

	Birds
	1
	1
	1
	
	
	
	6
	4
	1
	12
	
	
	
	
	
	19
	5
	2

	Fishes
	
	
	
	
	
	
	
	
	
	4
	4
	
	
	
	
	4
	4
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Megafauna
	
	
	
	4
	
	
	
	
	
	10
	
	
	
	
	
	14
	
	

	Large mammal
	109
	
	
	166
	
	
	57
	
	
	977
	
	
	18
	
	
	1327
	
	

	Medium mammal
	9
	
	
	56
	
	
	105
	
	
	283
	
	
	87
	
	
	540
	
	

	Small mammal
	1
	
	
	5
	
	
	11
	
	
	43
	
	
	19
	
	
	79
	
	

	Large carnivore
	
	
	
	2
	
	
	1
	
	
	3
	
	
	2
	
	
	8
	
	

	Medium carnivore
	2
	
	
	10
	
	
	2
	
	
	5
	
	
	
	
	
	19
	
	

	Small carnivore
	1
	
	
	6
	
	
	2
	
	
	3
	
	
	
	
	
	12
	
	

	Indeterminate
	133
	
	
	322
	
	
	476
	
	
	3073
	
	
	556
	
	
	4560
	
	

	Total
	333
	43
	11
	665
	81
	18
	721
	53
	16
	4983
	344
	42
	709
	27
	14
	7411
	548
	101


[bookmark: CBML_ch05_tab_003]Table 5.3. Taphonomic information related to human and carnivore activity in each archaeological level at Šalitrena Pećina. Data are provided in percentages per level.
	
	% NISP

	
	Cut marks
	Spiral fracture
	Impact scar
	Burnt
	Tooth marks
	Digestion

	LEVEL 3
	5.4
	21.7
	4.7
	10.1
	5.4
	0.0

	LEVEL 4
	10.2
	20.2
	6.9
	0.8
	1.0
	0.3

	LEVEL 5
	10.1
	19.7
	10.6
	6.6
	2.5
	1.5

	LEVEL 6ª
	17.6
	26.8
	11.9
	5.7
	3.8
	0.4

	LEVEL 6C
	19.7
	51.3
	12.5
	2.0
	14.5
	0.0


[bookmark: CBML_ch05_tab_004]Table 5.4. Inverse Simpson Index results showing species diversity at Šalitrena Pećina, calculated using NISP and MNI.
	Calculated with
	Gravettian
	Aurignacian
	Mousterian

	
	Level 3
	Level 4
	Lv. 5
	Lv.6
	Lv.6a
	Lv.6c

	NISP
	5.3
	2.6
	2.4
	5
	4.3
	1.8

	MNI
	5.4
	3.8
	3.3
	5.4
	5.8
	4


[bookmark: CBML_ch05_tab_005]Table 5.5. α and β parameters for the different taxa/species grouped by individual taxon or mammal size. MNE values lower than 40 must be considered with caution.
	
	Mousterian Large mammal
	Aurignacian Large mammal
	Gravettian Bovids
	Gravettian Equids
	Mousterian Medium mammal
	Aurignacian Medium mammal
	Gravettian Cervus
	Gravettian Ibex

	Parameter alpha median
	0.22
	0.25
	0.12
	0.63
	0.21
	0.14
	0.37
	0.05

	Parameter beta median
	3.09
	6.66
	2.78
	6.36
	5.54
	2.15
	5.14
	6.67

	MNE
	71
	24
	48
	8
	46
	20
	17
	21

	
	
	
	
	
	
	
	
	
	

	Type of transport
	> Axial
	Complete
	Appendicular

	α value
	-1
	-0.75
	-0.5
	-0.25
	0
	0.25
	0.5
	0.75
	1

	Head
	
	
	
	
	
	
	
	
	

	Neck
	
	
	
	
	
	
	
	
	

	Trunk
	
	
	
	
	
	
	
	
	

	Pelvis+sacrum
	
	
	
	
	
	
	
	
	

	Upper limb
	
	
	
	
	
	
	
	
	

	Hind limb
	
	
	
	
	
	
	
	
	

	Feet
	
	
	
	
	
	
	
	
	


[bookmark: CBML_ch05_tab_006]Table 5.6. Topographic areas in km2 and their percentage below and above 30 per cent slope calculated for 1.2- hour and 2.15- hour walking distances from Šalitrena Pećina.
	Type of areas
	Slope <30
	Slope >30
	Total
	% Slope <30
	% Slope >30

	Area at 1.2h from Šalitrena
	66.32
	0.61
	66.93
	99.09
	0.91

	Area at 2.15h from Šalitrena
	250.43
	1.02
	251.45
	99.60
	0.40


[bookmark: CBML_ch05_tab_007]Table 5.7. Results from the bone collagen δ13C and δ15N isotopic analysis and quality indicators from faunal specimens analysed from Upper and Middle Palaeolithic levels at Šalitrena Pećina.
	Sample number
	Excavation year
	Culture Period
	Area
	Level
	Species
	%C
	%N
	δ13C
	δ15N
	Atomic C:N

	
	
	
	
	
	
	
	
	
	
	

	SAL24
	2006
	Mousterian
	outside
	6c
	Bos/Bison sp.
	24.5
	9.1
	-–21.1
	4.1
	3.1

	SAL25
	2006
	Mousterian
	outside
	6c
	Cervus elaphus
	38.8
	14.5
	–-21.5
	2.1
	3.1

	SAL26
	2006
	Mousterian
	outside
	6c
	Cervus elaphus
	33.6
	12.6
	–-22.9
	2.8
	3.1

	SAL27
	2006
	Mousterian
	outside
	6c
	Capra ibex
	32.5
	12.0
	–-19.5
	7.1
	3.2

	SAL29
	2006
	Mousterian
	outside
	6c
	Bos/Bison sp.
	36.7
	13.7
	–-21.3
	5.0
	3.1

	SAL30
	2006
	Mousterian
	outside
	6c
	Bos/Bison sp.
	36.8
	13.7
	–-18.6
	4.4
	3.1

	SAL32
	2006
	Mousterian
	outside
	6c
	Bos/Bison sp.
	27.9
	10.4
	–-19.8
	4.8
	3.1

	SAL33
	2006
	Mousterian
	outside
	6c
	Capra ibex
	43.0
	16.0
	–-20.4
	4.6
	3.1

	SAL11
	2008
	Mousterian
	outside
	6a
	Bos/Bison sp.
	34.0
	12.5
	–-21.6
	5.1
	3.2

	SAL12
	2008
	Mousterian
	outside
	6a
	Bos/Bison sp.
	28.0
	10.0
	–-21.9
	6.5
	3.3

	SAL14
	2008
	Mousterian
	outside
	6a
	Bos/Bison sp.
	33.3
	12.3
	–-20.1
	3.4
	3.2

	SAL15
	2008
	Mousterian
	outside
	6a
	Capra ibex
	32.7
	11.9
	–-19.0
	4.1
	3.2

	SAL16
	2008
	Mousterian
	outside
	6a
	Bos/Bison sp.
	40.3
	15.0
	–-20.9
	3.8
	3.1

	SAL17
	2008
	Mousterian
	outside
	6a
	Bos/Bison sp.
	34.8
	12.8
	–-19.5
	6.8
	3.2

	SAL18
	2008
	Mousterian
	outside
	6a
	Bos/Bison sp.
	36.4
	13.6
	–-18.9
	4.6
	3.1

	SAL19
	2008
	Mousterian
	outside
	6a
	Equus sp.
	35.7
	13.2
	–-21.0
	6.1
	3.2

	SAL20
	2008
	Mousterian
	outside
	6a
	Bos/Bison sp.
	35.0
	13.2
	–-20.5
	5.5
	3.1

	SAL21
	2008
	Mousterian
	outside
	6a
	Cervus elaphus
	18.2
	6.7
	–-21.6
	4.1
	3.2

	SAL22
	2008
	Mousterian
	outside
	6a
	Cervus elaphus
	34.5
	12.7
	–-19.9
	2.7
	3.2

	SAL23
	2008
	Mousterian
	outside
	6a
	Cervus elaphus
	16.5
	6.0
	–-21.7
	4.0
	3.2

	SAL53
	2007
	Mousterian
	inside
	3
	Bos/Bison sp.
	36.9
	13.9
	–-21.8
	5.6
	3.1

	SAL54
	2008
	Mousterian
	inside
	3
	Bos/Bison sp.
	31.3
	11.7
	–-20.1
	9.8
	3.1

	SAL55
	2009
	Mousterian
	inside
	3
	Bos/Bison sp.
	38.3
	14.2
	–-20.9
	9.9
	3.1

	SAL56
	2008
	Mousterian
	inside
	3
	Bos/Bison sp.
	39.6
	14.8
	–-19.3
	4.9
	3.1

	SAL58
	2007
	Mousterian
	inside
	3
	Capra ibex
	39.2
	14.8
	–-19.8
	5.2
	3.1

	SAL59
	2007
	Mousterian
	inside
	3
	Cervus elaphus
	38.7
	14.4
	–-19.8
	6.6
	3.1

	SAL60
	2007
	Mousterian
	inside
	3
	Cervus elaphus
	38.3
	14.6
	–-22.5
	5.5
	3.1

	SAL49
	2009
	Aurignacian
	inside
	2
	Bos/Bison sp.
	38.0
	14.2
	–-20.5
	7.2
	3.1

	SAL46
	2009
	Aurignacian
	inside
	2
	Bos/Bison sp.
	36.5
	13.7
	–-20.4
	9.3
	3.1

	SAL47
	2009
	Aurignacian
	inside
	2
	Equus sp.
	39.3
	14.8
	–-19.9
	5.8
	3.1

	SAL51
	2008
	Aurignacian
	inside
	2
	Cervus elaphus
	34.7
	13.0
	–-19.9
	5.7
	3.1

	SAL52
	2008
	Aurignacian
	inside
	2
	Cervus elaphus
	43.7
	16.4
	–-20.3
	5.4
	3.1

	SAL50
	2009
	Aurignacian
	inside
	2
	Bos/Bison sp.
	34.1
	12.6
	–-19.3
	8.6
	3.1

	SAL48
	2009
	Aurignacian
	inside
	2
	Cervus elaphus
	38.6
	14.3
	–-20.1
	7.7
	3.1

	SAL45
	2009
	Aurignacian
	inside
	2
	Cervus elaphus
	36.7
	13.7
	–-19.9
	6.2
	3.1

	SAL1
	2006
	Aurignacian
	outside
	5
	Bos/Bison sp.
	37.4
	13.8
	–-19.9
	6.0
	3.2

	SAL2
	2007
	Aurignacian
	outside
	5
	Bos/Bison sp.
	21.4
	7.0
	–-20.2
	5.2
	3.6

	SAL4
	2008
	Aurignacian
	outside
	5
	Bos/Bison sp.
	38.7
	14.1
	–-21.5
	5.0
	3.2

	SAL5
	2006
	Aurignacian
	outside
	5
	Bos/Bison sp.
	35.3
	13.1
	-–19.5
	6.1
	3.2

	SAL6
	2006
	Aurignacian
	outside
	5
	Capra ibex
	41.7
	15.4
	–-21.1
	4.4
	3.2

	SAL7
	2007
	Aurignacian
	outside
	5
	Capra ibex
	38.8
	14.2
	–-20.6
	5.9
	3.2

	SAL8
	2006
	Aurignacian
	outside
	5
	Capra ibex
	34.6
	12.5
	–-19.6
	7.3
	3.2

	SAL9
	2006
	Aurignacian
	outside
	5
	Cervus elaphus
	23.1
	8.4
	–-19.7
	4.1
	3.2

	SAL10
	2006
	Aurignacian
	outside
	5
	Equus sp.
	35.4
	13.1
	–-19.9
	7.5
	3.2

	SP01
	2004
	Gravettian
	outside
	4
	Bos/Bison sp.
	41.1
	14.4
	–-19.7
	5.7
	3.3

	SP02
	2006
	Gravettian
	outside
	4
	Bos/Bison sp.
	42.9
	15.3
	–-19.7
	6.7
	3.3

	SP03
	2004
	Gravettian
	outside
	4
	Bos/Bison sp.
	39.1
	13.7
	–-20.8
	5.0
	3.3

	SP04
	2004
	Gravettian
	outside
	4
	Bos/Bison sp.
	36.4
	13.2
	–-19.9
	6.2
	3.2

	SP05
	2004
	Gravettian
	outside
	4
	Bos/Bison sp.
	35.4
	12.6
	–-20.0
	6.1
	3.3

	SP06
	2004
	Gravettian
	outside
	4
	Bos/Bison sp.
	37.0
	13.4
	–-20.4
	5.6
	3.2

	SP07
	2004
	Gravettian
	outside
	4
	Bos/Bison sp.
	40.8
	14.8
	–-19.7
	6.9
	3.2

	SP08
	2004
	Gravettian
	outside
	4
	Bos/Bison sp.
	30.4
	10.8
	–-19.8
	5.9
	3.3

	SP14
	2004
	Gravettian
	outside
	4
	Equus sp.
	36.0
	13.1
	–-19.6
	6.1
	3.2

	SP15
	2004
	Gravettian
	outside
	4
	Equus sp.
	27.0
	9.4
	–-21.0
	5.2
	3.4

	SP16
	2004
	Gravettian
	outside
	4
	Equus sp.
	34.6
	12.5
	–-20.7
	5.2
	3.2


[bookmark: CBML_ch05_tab_008]Table 5.8. Summary statistics for the Bos/Bison sp. bone collagen δ13C and δ15N values analysed at Šalitrena Pećina.
	Bos/Bison sp.

	Δ13C

	Cultural period
	Level
	Area
	N
	Mean
	Min
	Max
	1σ
	Range

	Gravettian
	4
	outside
	8
	–-20.0
	–-20.8
	–-19.7
	0.4
	1.1

	Aurignacian
	5
	outside
	4
	–-20.3
	–-21.5
	–-19.5
	0.9
	2.0

	
	2
	inside
	3
	–-20.1
	–-20.5
	–-19.3
	0.7
	1.2

	Mousterian
	3
	inside
	4
	–-20.5
	–-21.8
	–-19.3
	1.1
	2.5

	
	6a
	outside
	7
	–-20.5
	–-21.9
	–-18.9
	1.1
	3.0

	
	6c
	outside
	4
	–-20.2
	–-21.3
	–-18.6
	1.3
	2.7

	δ15N

	Cultural period
	Level
	Area
	N
	Mean
	Min
	Max
	1σ
	Range

	Gravettian
	4
	outside
	8
	6.0
	5.0
	6.9
	0.6
	1.9

	Aurignacian
	5
	outside
	4
	5.6
	5.0
	6.1
	0.6
	1.1

	
	2
	inside
	3
	8.4
	7.2
	9.3
	1.1
	2.1

	Mousterian
	3
	inside
	4
	7.6
	4.9
	9.9
	2.7
	5.0

	
	6a
	outside
	7
	5.1
	3.4
	6.8
	1.3
	3.4

	
	6c
	outside
	4
	4.6
	4.1
	5.0
	0.4
	0.9


[bookmark: CBML_ch05_tab_009]Table 5.9. Results of the Bayesian model for Šalitrena Pećina. The Bayesian age model was run using OxCal4.4.2 software (Bronk Ramsey 2009a) and dates were calibrated against INTCAL20 calibration curve (Reimer et al. 2020) and the marine data from Heaton et al. (2020) for the Northern Hemisphere. Agreement model 90. Agreement overall 91.9.
	Šalitrena Pećina
	Unmodelled (BP)
	Modelled (BP)
	Indices

	
	from
	to
	%
	sigma
	median
	from
	to
	%
	sigma
	median
	Agreement
	Parameters
	Convergence

	Boundary end Gravettian
	
	
	
	
	
	28500
	27240
	95.45
	340
	27940
	
	
	96.9

	Gravettian
	
	
	
	
	
	29720
	27650
	95.45
	530
	28670
	
	
	99.8

	R_Date Beta-224719
	28450
	27710
	95.45
	190
	27980
	28580
	27780
	95.45
	220
	28180
	74.9
	95.2
	99.6

	R_Date OxA-224715
	28630
	27830
	95.45
	220
	28220
	28670
	27890
	95.45
	210
	28310
	100
	96
	99.8

	R_Date Beta-237686
	28750
	27940
	95.45
	210
	28410
	28770
	28000
	95.45
	200
	28440
	105.8
	96.2
	99.8

	R_Date OxA-224716
	28980
	28060
	95.45
	220
	28590
	29000
	28120
	95.45
	210
	28600
	104
	96.1
	99.8

	R_Date Beta-224717
	29030
	28100
	95.45
	220
	28620
	29030
	28160
	95.45
	210
	28620
	103.5
	96.2
	99.8

	R_Date Beta-237682
	29280
	28680
	95.45
	160
	29020
	29240
	28700
	95.45
	150
	28990
	102.2
	96.1
	99.8

	R_Date Beta-237685
	29870
	28960
	95.45
	240
	29340
	29650
	28770
	95.45
	210
	29170
	97.1
	94.5
	99.8

	Phase Gravettian
	
	
	
	
	
	
	
	
	
	
	
	
	

	Boundary Hiatus/Gravettian
	
	
	
	
	
	30300
	28830
	95.45
	400
	29360
	
	
	99

	Phase Hiatus
	
	
	
	
	
	
	
	
	
	
	
	
	

	Boundary End Aurignacian/hiatus
	
	
	
	
	
	34610
	31570
	95.45
	870
	33800
	
	
	98.3

	Aurignacian
	
	
	
	
	
	37560
	32760
	95.45
	1140
	34980
	
	
	99

	R_Date OxA-27975
	34830
	33340
	95.45
	340
	34210
	35050
	33660
	95.45
	310
	34320
	105.1
	95.8
	99.7

	R_Date Beta-237684
	35150
	33990
	95.45
	270
	34460
	35150
	34040
	95.45
	260
	34480
	104.5
	96
	99.8

	R_Date OxA-27683
	35040
	34250
	95.45
	170
	34550
	35040
	34250
	95.45
	170
	34550
	102.2
	96.2
	99.9

	R_Date Beta-224720
	35460
	33970
	95.45
	380
	34670
	35440
	34050
	95.45
	360
	34660
	105
	95.9
	99.4

	R_Date Beta-237688
	37120
	35500
	95.45
	400
	36350
	37010
	34270
	95.45
	610
	36050
	79.7
	86.5
	98.9

	Phase Aurignacian
	
	
	
	
	
	
	
	
	
	
	
	
	

	Boundary Hiatus/Aurignacian
	
	
	
	
	
	38720
	34410
	95.45
	1050
	36510
	
	
	97.6

	Phase Hiatus
	
	
	
	
	
	
	
	
	
	
	
	
	

	Boundary End Mousterian/Hiatus
	
	
	
	
	
	42220
	37330
	95.45
	1370
	40680
	
	
	98.5

	Mousterian
	
	
	
	
	
	43900
	38560
	95.45
	1230
	41710
	
	
	99.7

	R_Date OxA-27948
	42190
	39910
	95.45
	590
	41160
	42330
	40310
	95.45
	530
	41500
	100
	95.6
	99.7

	R_Date Beta-237690
	42640
	41560
	95.45
	250
	42170
	42540
	41380
	95.45
	290
	42070
	90.5
	95.3
	99.7

	Phase Mousterian
	
	
	
	
	
	
	
	
	
	
	
	
	

	Boundary Start Mousterian
	
	
	
	
	
	45320
	41310
	95.45
	1260
	42490
	
	
	96

	Sequence Mousterian
	
	
	
	
	
	
	
	
	
	
	
	
	

	U(0,4)
	#####
	4
	95.45
	1.143
	2
	5.38E-17
	3.74
	95.45
	1.123
	2
	100
	
	99.2

	T(5)
	-2.65
	2.65
	95.45
	1.291
	2.05E-12
	
	
	
	1.217
	-0.18
	
	
	98.6

	Outlier_Model General
	
	
	
	
	
	-2280
	850
	95.45
	700
	0
	
	
	99.9



[bookmark: CBML_ch05_fig_001]Figure 5.1. Location of Šalitrena Pećina in Central Serbia and several views of the outside and front cave excavation area.
[bookmark: CBML_ch05_fig_002]Figure 5.2. A: Radiocarbon dates for the Mousterian, Aurignacian and Gravettian assemblages of Šalitrena Pećina calibrated against IntCal20 in OxCal v.4.4, assuming each sample has a 5% prior probability of being an outlier within the general t-type outlier model. B: Chronological model of each cultural phase. Only ORAU dates have been obtained using the ultrafiltration protocol. Aoverall = 91.9. Modelled dates in Table 5.9.	Comment by Victoria Chow: QUERY: Unsure what this means.	Comment by Microsoft Office User: “Average overall”. It’s terminology for Bayesian statistic analysis. It is correct but ‘overall’ must be subscript

[bookmark: CBML_ch05_fig_003]Figure 5.3. Percentage of biomass estimates of the most commonly represented species in each archaeological level at Šalitrena Pećina.
[bookmark: CBML_ch05_fig_004]Figure 5.4. Catchment areas for 1.2- and 2.15- hours walking distance from Šalitrena Pećina. A: Over topography B: Over terrain slope.
[bookmark: CBML_ch05_fig_005]Figure 5.5. Representation of mammals in MNI for habitat biotopes across the Mousterian, Aurignacian and Gravettian in Šalitrena Pećina.
[bookmark: CBML_ch05_fig_006]Figure 5.6. Examples of bone tools found in the Mousterian, Aurignacian and Gravettian levels at Šalitrena Pećina. 1–6. Retouchers (Mousterian); 7–11. Perforating tools and one proximal bevelled fragment (Aurignacian); 12–17. Pointed tools and blanks (Gravettian).
[bookmark: CBML_ch05_fig_007]Figure 5.7 . Technological and functional traces on osseous tools. Mousterian retouchers (a,b,c): (1–6) Superimposition of traces of damage (scores and pits). Aurignacian perforating tools (d,e) and proximal bevelled fragment (f): (7,8) longitudinal grooving; (9) longitudinal grooving; (10) functional modifications (rounding, compression) on the beveled bevelled artefact. Gravettian entire point (g) and proximal fragment of a point (h): (11) scraping marks; (12) chat-marks and longitudinal grooving; (13) functional modifications (rounding, compression) on the beveled bevelled artefact.
[bookmark: CBML_ch05_fig_008]Figure 5.8. The δ13C (left) and δ15N (right) values from the Mousterian, Aurignacian and Gravettian levels in Šalitrena Pećina.
[bookmark: CBML_ch05_fig_009]Figure 5.9. Biplots of δ13C and δ15N Values for Bos/Bison sp., Deer, Horse and Ibex from the Mousterian, Aurignacian and Gravettian levels in Šalitrena Pećina.

Chapter 6
Preliminary Comparison and Chronology of the Lithic Blade and Bladelet Assemblages at the Onset of the Upper Palaeolithic from Bacho Kiro, Temnata and Kozarnika Caves in the Eastern Balkans (Bulgaria)
TSENKA TSANOVA
[bookmark: CBML_ch06_sec1_001]Introduction
The replacement of Neanderthal populations by Homo sapiens occurred during the transitional Middle to Upper Palaeolithic (MP-UP) period (about 50 to 39 thousand years ago (ka)) in western Eurasia (Hublin et al. 2015; Devièse et al. 2021). Major biological, technological and cultural changes during this period can be traced within the archaeological data and assemblages. The initial arrival of UP Homo sapiens in Europe is represented by several Initial Upper Palaeolithic (IUP) industries (between c. 46–39 ka calBP). The IUP term conventionally refers to ‘the set of early Upper Palaeolithic assemblages, from Eurasia, with features of Levallois technology in blank production and essentially Upper Palaeolithic retouched tool inventories’, according to Kuhn and Zwyns (2014: 31). The only IUP industries in the Eastern Balkans are found on the northern slopes of the Balkan Mountains, at the sites of Bacho Kiro Cave (BK), Temnata Dupka (TD) Cave, and to a limited extent in Kozarnika Cave. Recent excavations in BK Cave have uncovered new human remains attributed to Homo sapiens in direct association with IUP artefacts (Hublin et al. 2020). The newly excavated material from Layer layer I corresponds to a previously known lithic industry, named Bachokirian, from layer 11, which for decades was considered the earliest UP in Europe (Kozłwowski 1982; Kozłowski & Otte, 2000). The dates for these UP occupations are among the oldest in Europe (46 ka calBP for BK), supporting the hypothesis that UP Homo sapiens entered Europe through this territory. In TD Cave, layer VI, from sector II of the entrance talus, is covered by Campanian Ignimbrite (CI)/Y-5 tephra, and is thus older than 39 ka calBP (Tsanova et al. 2021). It is the lowermost laminar UP (i.e., IUP), which is found together with a Levallois component. In the entrance chamber from sector I, layer 4, which was deposited on CI/Y-5 tephra and is younger than 39 ka calBP, comprises a blade assemblage consistent with other IUP industries and that lacks Levallois technology. Layer 6/7 in Kozarnika Cave includes the lowermost UP occupations, directly deposited on MP layers. Layer 6/7 contains a technological component corresponding to IUP blade technology, and another one consistent with the bladelet technology from the overlying layer 5c (called Early Kozarnikian, and viewed by some as a variant of the Protoaurignacian, e.g., Falcucci et al. 2018). Revising existing information will allow for discussion of the emergence of IUP technologies, their chronologies, and the link between these assemblages, including cultural significance and possible hominin association.	Comment by Victoria Chow: QUERY: Does this refer to 2021a or 2021b? Or, as only one reference to Devièse et al 2021 is made in the chapter, should one of these references be removed?

Devièse, T., Karavanić, I., Comeskey, D., et al. (2021a), ‘Direct Dating of Neanderthal Remains from the Site of Vindija Cave and Implications for the Middle to Upper Paleolithic Transition’, Proceedings of the National Academy of Sciences, 114(40): 10606–11.

Devièse, T., Abrams, G., Hajdinjak, M., et al. (2021b), ‘Reevaluating the Timing of Neanderthal Disappearance in Northwest Europe’, Proceedings of the National Academy of Sciences, 118(12): e2022466118.	Comment by Microsoft Office User: 2021b can be removed
The emergence of bladelet technologies at the onset of the UP in the Eastern Balkans is presented at the key site of Kozarnika Cave (Sirakov et al. 2007), and chronologically follows the IUP from BK Cave. The original bladelet technocomplex from western Eurasia and its geographic variants (Ahmarian, Baradostian, Protoaurignacian, including the regional version named Early Kozarnikian) are denominated here as Early Upper Palaeolithic (EUP) (Tsanova 2008). The EUP assemblages are united by the technical concept of the bladelet and the pointed bladelet, often assumed to be a technical solution for projectile weapons (i.e., Bazile 2005; Bon 2006; Shea & Sisk 2010; Teyssandier & Bordeset al. 2010; Tsanova et al. 2012). The technological transition from blades to bladelets and differences in the range of technical knowledge are observed in the archaeological record of the IUP and EUP assemblages. It is argued that this transition could reflect a change in hunting techniques, from IUP pointed blades used in ‘simple’ projectiles as thrusting spears or lances (Shea 2006; O’Driscoll & Thompson 2018), to pointed bladelets used as ‘“complex’” or ‘“mechanically delivered projectiles’” (using spear-throwers) in the EUP (Sano et al. 2019). These lithic assemblages reflect the know-how, environmental adaptations and level of information exchange (i.e., van der Leeuw 20189) of their Palaeolithic makers.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: It is now in the ref list
The origin of bladelet technologies is uncertain and appears to emerge from the subsequent IUP only in the Levant (Boëda & Bonilauri 2006; Kadowaki & Henry 2019; Kadowaki et al. 2021). In Europe, IUP and EUP appear sequentially, and are not equally distributed for various reasons (preservation and conservation conditions, state of research in the different countries, etc.). In North Bulgaria, the EUP Early Kozarnikian starts at c. 43 ka calBP. All new and previously published radiocarbon dates discussed in this paper chapter have been calibrated or re-calibrated with the most recent IntCal20 calibration curve (Reimer et al. 2020), and are also available in Tsanova et al. (2021). In the Balkans, sites with EUP assemblages are concentrated mainly on the northern and southern edges of the peninsula. The northern sites are not far from the Danube-Sava corridor (Alex et al. 2019; Borićc et al. 2012; Marín-Arroyo et al., this volume), while the southern ones are located in the Peloponnese, Greece (Tourloukis & Harvati 2017). In the northern group, the Eastern Balkans sites are the key region for understanding the period of Homo sapiens early dispersals. The IUP industries at BK and TD caves were followed by Aurignacian and Gravettian ones. The site of Kozarnika Cave preserves a different EUP lithic assemblage in layer 5c (level VII), called the Early Kozarnikian industry, which is characterised by abundant straight retouched bladelets with two main morphologies: pointed by direct retouch or lateralised by direct and inverse retouch. The EUP Early Kozarnikian presents an overlapping chronology with the IUP (Table 6.1). The bladelet technology from Kozarnika has been compared to both the European Protoaurignacian and the Levantine Ahmarian (Tsanova 2008), and could be, therefore, a reflection of social networks covering either regions and/or a secondary dispersal of modern Homo sapiens into Europe from the Levant, at c. 43 ka calBP.
Table 6.1 Here
[bookmark: CBML_ch06_sec1_002]Material and methods
This paper chapter reframes and discusses the position of the lithic assemblages of two consecutive techno-cultural complexes produced by the earliest Homo sapiens groups in South-eastern Europe during the period of Neanderthal extinction. The archaeological context and characteristic features of three IUP assemblages from BK Cave (Layers I, J) and TD Cave (sector II, layer VI; sector I, layer 4), and of one EUP assemblage from Kozarnika Cave (layer 5c (level VII)), are assessed. One of the assemblages from TD Cave (sector II, layer VI) includes IUP blade technologies and a Levallois component. The contextual information for these assemblages includes data about the volume of excavated areas, the stratigraphic position and thickness of the geoarcheologicalgeoarchaeological layers, size and density of the lithic and faunal assemblages, preservation of hearth and combustion features, taphonomy/alteration of surfaces (patina), burnt artefacts, human remains, special finds (i.e., personal ornaments and bone industries, symbolic manifestations), other taphonomic observations (see Table 6.2), and radiocarbon dates (see Table 6.1). Campanian Ignimbrite (CI)/Y-5 tephra identified within the stratigraphic sequences from TD and Kozarnika caves is used as a crucial chronological marker in addition to calibrated radiocarbon ages.
Table 6.2 Here
The goal is to assess the similarities and differences between the assemblages and within the two techno-cultural complexes, IUP and EUP, and to discuss their techno-economic and typological trends. Was there technological, typological, economical and behavioural continuity between IUP and EUP? Can they be connected to other, synchronous, assemblages? This chapter is based on a techno-typological and techno-economic analysis of the lithic assemblages using a chaîne opératoire approach (e.g., Bon 2000; Pelegrin 1995; Pigeot et al. 1991; Tixier 2012). The lithic artefacts were orientated and analysed according to the techno-typological and lithic economic approaches described in Inizan et al. (1995). Attention is given to availability and initial shape of the lithic raw material, blades and bladelet production: the concepts, schema and the objectives (final products) of the chaîne opératoire (reduction sequences) and the retouched tools. Blade technology is reconstructed through a technical ‘“reading’” of blades and their recording: cortical and crested blades; scar patterns (the directions of the scars left from previously removed blades); platform type and exterior platform angle (flaking angle), according to Inizan et al. (1995: 136); curvature is qualified according Bon (2002); blade shape and regularity are measured according to the delineation of the lateral edges and transversal sections; distributions of blade/bladelet lengths are examined with histograms for the unbroken specimens, and distributions of width and thickness are also analysed for fragmented items preserving the wider portion of the blade. For tracking tendencies in laminar blank choice, the mean values of retouched versus non-retouched blades/bladelets are examined.
The most widely applied metrics criteria for bladelets were proposed by Tixier (1963): length:width ratios of equal or greater than 2:1, width less than 12 mm, and maximum length of 50 mm. In the Kozarnika layer 5c assemblage, the small blades have widths from 10 to 20 mm and lengths from 30 to 60 mm, due to the small size of the flint nodules and slabs. Layer 5c’s bladelets have widths up to 10 mm and lengths up to 30 mm. This subdivision is preliminary, and will be further measured by statistical tests to distinguish the relevant dimensions of these categories for each site. Most of the non-retouched blades and bladelets have slightly curved and twisted profiles, a morphological pattern that differs from those seen in the other assemblages.
Retouched tools are classified by typological categories following Sonneville-Bordes and Perrot (1954), Demars and& Laurent (19891992) for the UP and F. Bordes and Vaufrey (1961) for the MP. Common ‘domestic’ tools (e.g., Tartar et al. et al. 20056) and their blank economies are discussed. Special attention is given to the pointed ‘diagnostic’ tools presumably connected to subsistence hunting activities, and which probably drove the technological evolution from blades (IUP) to bladelets (EUP) (e.g., Bon 2006; Teyssandier et al. & Bordes 2010). The data from TD and Kozarnika caves are from Tsanova (2008), while the data from BK Cave are taken from the recent excavations (e.g. Hublin et al. 2020).
[bookmark: CBML_ch06_sec1_003]Palaeolithic site locations and research history
The landmark sites are located on the North slope of the Stara Planina (today’s North north Bulgaria). Palaeolithic excavations in Bulgaria started in the first half of the 20th20th  century in TD, BK and other caves (ПоповPopov 1929; 1931; 1938; Garrod 1939).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Answer from the author: “Yes it is in the reference but in Bulgarian language Попов, Р. (1929). So, I add in Cyrillic alphabet, Finally I cite Попов (Popopv. R.) all the year here, as it was the pioneer research in Bulgarian Paleolithic”
[bookmark: CBML_ch06_sec2_001]Bacho Kiro Cave
The cave is located 5 km west of Dryanovo, and about 70 km south of the River Danube (Figure 6.1). The site formed at the mouth of a large karstic system, and its deposits encompass late MP and early UP occupations. It was excavated by D. Garrod in 1938, but is best known from more extensive excavations (1971–75) by a Polish-Bulgarian team (Ginter & Kozłowski 1982). The assemblage from layer 11 was first interpreted as initial Aurignacian because of the various UP tool types and presence of blades (Kozłowski & Otte 2000). RevisonRevision of the lithic collection contested the link with the Aurignacian (Rigaud & Lucas 2006), and the assemblage was redefined as transitional MP to UP, based on the blade technology with Levallois technological elements (Tsanova & Bordes 2003; Teyssandier 2005).
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In 2015, re-excavation in the cave was established in a project between the National Archaeological Institute with Museum (NAIM-BAS), Sofia, and the Department of Human Evolution at the MPI-EVA, Leipzig. The newly excavated Layer layer I at BK Cave is attributed to the IUP, and dated to the interval from 45,040 to 43,280 calBP (95.4 per cent% probability) (Fewlass et al. 2020; Table 6.1). The lithic assemblage was found in secure archaeological context, with clear contextual information and a high density of finds (Table 6.2) accumulated by human activities. Directly dated human remains discovered in Layer layer I, and attributed to Homo sapiens (Hublin et al. 2020), are for the moment the earliest evidence of their arrival in South-eastern Europe at the onset of the UP.
[bookmark: CBML_ch06_sec2_002]Temnata Dupka Cave (TD)
The Karlukovo karst area in North Bulgaria (Figure 6.1), comprising the western part of the Pre-Balkans, preserves evidence of human occupation since at least 200 ka from Marine Isotope Stage (MIS) 7 (Tsanova 2012). The well-known TD Cave on the right bank of the River Iskar contains a long and rich archaeological sequence spanning the MP to Late UP (Kozłowski 1982; Ginter et al. 1996; Kozłowski et al. 1989), and includes a detailed record of the MP-UP transition (Tsanova 2008).
At TD, the layers which that correspond to the earliest laminar UP technology (i.e., IUP) are from sector II (TD-II) layer VI, and from sector I (TD-I) layer 4. TD-II layer VI, which is in a secondary position, is overlain by the CI/Y-5 tephra (Ferrier & Laville 1992; Ferrier 2000), and is thus earlier than 39 ka calBP. The sedimentation of layer VI, together with the assemblage redisposition, occurred between the Mousterian and the CI tephra level (ibid.). The excavators described this assemblage as homogeneous from a techno-typological point of view, and consistent with transitional MP-UP assemblages (Drobniewicz et al. 2000a: 249). Nevertheless, the layer VI assemblage has two technologically distinct components, Levallois and prismatic blade (IUP) technologies, which could not be securely associated (Tsanova 2008). The layer does not have a stratigraphic correspondence with the two other sectors of the cave entrance.	Comment by Victoria Chow: QUERY: The page range given for this source in the References is 81-116, so this p. 249 doesn't fit. Please indicate what needs amending here.	Comment by Microsoft Office User: Apparently there are two chapters from the same authors, the author has change them in the citations (a & b) and in the ref list
In TD-I, the earliest laminar UP is recorded in layer 4, and overlies the CI tephra level (layer 5) and the Mousterian layers (layer 6). Here, the Levallois component is missing (see below) (Drobniewicz et al. 2000b). The layer is about half a metre thick, and contains hearths along with an extremely rich lithic assemblage (Table 6.2). When calibrated, age- ranges span from 47,650 to –40,840 calBP (OxA-5169) (95.4 per cent% probability) (Table 6.1) (Ginter et al. 2000).
[bookmark: CBML_ch06_sec2_003]Kozarnika Cave
Other regional Balkan cave records with significant Pleistocene deposits and stratified Palaeolithic occupations are those from Kozarnika (Guadelli et al. 2005; Sirakov et al. 2010). The archaeological sequence from Kozarnika Cave is 6–7 m deep, and is located near the River Danube in North Bulgaria; it is the most extensive cave sequence in the area. It has yielded lithic and bone assemblages spanning the Lower Palaeolithic (LP), MP and UP. The LP assemblage is characterised by a non-Acheulean core-and-flake industry (Mihailović, this volume), and contains one of the earliest traces of hominin presence in the Balkans; it has been dated by palaeomagnetism to between ~0.6 and ~0.75 million years ago (Ma) (Muttoni et al. 2017). The MP Mousterian layers are associated with Neanderthal fossil remains (Tillier et al. 2017) and a typical Levallois technology (Sirakov et al. 2010). The lower layers from the MP are dated by OSL to 183–128 ka (Tillier et al. 2017), the end of the Middle Pleistocene during the MIS 6 to MIS 6/5 transition (ibid.). Similar luminescence age ranges have recently been reported for MP occupation levels in caves from the Eastern Carpathians (Veres et al. 2018; Cosac et al. 2018).
The UP sequence is around 1.5 m thick. At the base, layer 6/7 divides the UP and the MP, and is not represented throughout the entire excavated surface. Layer 6/7 is from 3 to 15 cm thick, and contains two archaeological levels. The sediment of layer 6/7 is light yellow, lenticular silt, more or less rich in limestone fragments, small frost-cracked pebbles, and a lamellar microstructure reflecting an increase in aeolian sediment, as well as primary and secondary gelifraction of the limestone pebbles. The interpretation of cold and dry periglacial climate is similar for the underlying Mousterian levels (Ferrier & Leblancet al.  2009). The lithic assemblage from layer 6/7 (identical to level VIII) preserves two technological components: one laminar, very likely corresponding to the IUP, and the other is lamellar, corresponding to the assemblage from the overlying layer 5c (level VII). Layer 6/7 (level VIII) is dated to 49,110–44,320 calBP (GifA-101051), and to 47,780–43,950 calBP (GifA-101052) (Guadelli et al. 2005; see also Tables 6.1 and 6.2).
Layer 5b, containing the assemblage of level VII, is subdivided into two archaeological levels that are homogeneous from a techno-typolological point of view. The sediment of layer 5b is mostly aeolian. The dominant geological process is locally marked by cryoturbation (deformation of the layers). The layer 5b sediment is brown silt with limestone gravels rich in burnt bones and wood charcoals. The aggregate microstructure and cryoturbation, similar to the upper deposits, reflect a cold climate, but more humid than the underlying layer 6/7 (Guadelli et al. 2005). Layer 5c contains the earliest bladelet assemblage at Kozarnika, known as Early Kozarnikian, and is the earliest bladelet industry currently known in the Eastern Balkans. The local chronological boundaries for the Early Kozarnikian at Kozarnika Cave span between 42,920 and 40,360 calBP (GifA-99662) (Table 6.1). This corresponds to the earliest bladelet technocomplexes, known in South-western Asia as Levantine Ahmarian and Zagros Baradostian, and in Western Europe as Protoaurignacian (Tsanova 2008). The Early Kozarnikan is a part of the variability of these early bladelet technologies and represents a geographical link between South-western Asia and Europe. It is characterised by the production of small pointed bladelets and straight Dufour bladelets, presumably used also for arming projectile weapons (e.g., O’Farrell 2005; Normand et al. 2008). The early UP layers at Kozarnika, and in particular the EUP Early Kozarnikian, are most likely attributable to Homo sapiens (Guadelli et al. 2005).
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[bookmark: CBML_ch06_sec2_004]Chronology of the IUP blade and EUP bladelet assemblages
Comparing new radiocarbon ages from BK Cave with the previous dates from TD and Kozarnika caves is problematic, due to the large standard errors of the old 14C dates, made before recent improvements in the radiocarbon method. For this reason the chronology is roughly modelled here by comparing the stratigraphic position of the CI tephra, dated at c. 39 ka calBP (Giaccio et al. 20108)7), in relation to the position of the layers of the IUP and EUP assemblages. The new chronology of BK Cave, which includes human fossils, allows us to precisely reconsider the beginning of the IUP in South-eastern Europe, with a possible start at 45,990 and ending at 43,280 calBP (Figure 6.2a).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Author’s reply: “Giaccio, B., Isaia, R., Fedele, F.G., et al. IS IN in the reference list but here the year was wrong, it is 2008!”

Figure 6.2 Here
Within TD-II of the cave entrance talus, CI tephra was identified above layer VI, while the CI tephra in TD-I in the cave entrance hall was identified (sector II) at the base of layer 4 (Figure 6.2). This allows us to conclude that the layer VI assemblage is older than c. 39 ka calBP, and the CI eruption is in agreement with the unique radiocarbon date (Table 6.1). The assemblage contains two technological units: an IUP blade component and a Levallois one. The IUP component is not securely associated with the Levallois component because of post-depositional movement of the sediments (Ferrier & Laville 1992,; 2000; Ferrier 2000), although both laminar technologies produced final products of similar shapes from prismatic blade cores and blade Levallois cores (Tsanova 2008: 232). Even given the questionable integrity of this assemblage(s), it can be argued that the IUP component from layer VI was present before the deposition of the CI tephra (Figure 6.2d), and would represent perhaps a component of the early IUP phase.
The location of the CI tephra at the base of IUP layer 4 from sector I suggests that the layer 4 assemblage is younger than 39 ka calBP. This means that the IUP in the area had at least two phases: an older phase, in BK Cave, starting from 46–45 ka calBP, and in TD-II layer VI, and a younger IUP phase in TD-I layer 4, dating to after 39 ka calBP.
In Kozarnika, the IUP assemblage is poorly represented. It is located above the MP in layer 6/7, together with a bladelet component similar to the overlying EUP Early Kozarnikian layer 5c (level VII) (Figure 6.2b). The IUP blade and EUP bladelet assemblages in layer 6/7 (level VIII) require a taphonomic analysis to clarify the stratigraphy. The position of the CI cryptotephra in Kozarnika is also problematic because it is located among the EUP layers (Lowe et al. 2012): precisely above layer 5c, which contains the bladelet EUP Early Kozarnikian assemblage (N. Sirakov, personal communication). The location of the CI tephra in Kozarnika and TD suggests that the EUP bladelet assemblage from Kozarnika is older than the CI eruption at c. 39 ka, and that the late IUP blade assemblage from TD-I is younger, persisting after the CI/Y-5 eruption. These observations imply an extended presence or later re-establishment of the IUP technocomplex in the Balkans (c. six to seven millennia), and local coexistence of two different technological traditions: the EUP and the late IUP phase.
[bookmark: CBML_ch06_sec2_005]Contextual, techno-typological and economic assessment of the lithic assemblages
All assemblages are located stratigraphically in the lower part of the UP sequences, and chronologically within MIS 3, between 46 ka calBP and c. 39 ka calBP, after eruption of the CI (Table 6.1, Figure 6.2.) The thickness of the levels, the density and spatial distribution of artefacts, which are most often connected to hearths (TD-I layer 4; BK Cave, Layer layer I; the Early Kozarnikian), suggest the sites could have functioned to some extent as multiply occupied base-camps. This likelihood is further supported by the presence of common tools (scrapers, burins, etc.) and hunting activities that are related to subsistence practices. The presence of various raw materials with different origins in Layer layer I of BK Cave suggests more mobile lifeways, and extended knowledge and exploitation of the territories.
The four faunal assemblages from the three sites indicate that large- to medium-size herbivores are common (Table 6.3). In BK Cave, across the IUP layers, dietary exploitation of species was from a range of habitats, including wild cattle, deer, horse and caprines, with high proportions of cave bear, red deer and bison (Smith et al. 2021). Cave bear remains systematically preserve traces of human modifications, associated with exploitation for pendants, and probably for furs and skin. Overall, species represented indicate a mix of environmental settings characteristic of Ssouth-eastern Europe during MIS 3 (ibid.). Generally, the regional sites containing IUP layers (or IUP components with Levallois in the case of TD-II layer VI) illustrate similar species representations; with a high proportion of human modifications across a range of herbivore and carnivore taxa (ibid.).
Table 6.3 Here
Only TD-II layer VI lacks a hearth (Table 6.1), which is consistent with the secondary position of the assemblage. Shaped bone tools and objects are associated with both technocomplexes: the Early Kozarnikian includes worked teeth, pendants and perforated shells (Guadelli Гуадели 2011), and the IUP in BK Cave Layer layer I contains pendants and a rich bone tool industry (Table 6.2; Hublin et al. 2020). Bone tools are rare in TD-II layer VI, and in TD-I layer 4 (Table 6.2).	Comment by Microsoft Office User: Apparently the original for this one is in cyrillic. Both references are in the ref list, you can delete the one that is not kept.	Comment by Microsoft Office User: Author asks to replace this citation by: “Martisius et al. 2022”
All three cave sites have produced substantial lithic (Table 6.4) and faunal assemblages, together with numerous archaeological features (Table 6.2). All assemblages comprise different proportions of the conventional techno-typological groups of cores, blades (and laminar flakes), small laminar products (counts for IUP assemblages include those products with bladelet dimensions), small blades, bladelets sensu stricto (counted only in the EUP assemblage), flakes, retouched tools, chips and retouch flakes, and debris and indeterminate waste (Figure 6.3, Table 6.4).
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The composition of assemblages was influenced by site function, which can be inferred from contextual features (Table 6.2) and from post-depositional processes affecting the geoarchaeological layer. All three cave sites are interpreted as base camps with knapping, butchering and hunting activities on site (Tsanova 2012). The integrity of the lithic assemblage from layer VI, from TD-II in the talus, is uncertain, because of the sedimentological context, low density of finds, association of two technological components (Levallois and prismatic blades) and missing stratigraphic correspondence with the other excavation sectors located in the cave entrance chamber. Current work is focused on the blade and bladelet productions, and the techno-evolutionary trends, of the chronologically sequential lithic assemblages at all three sites.
[bookmark: CBML_ch06_sec3_001]Raw material economy
In terms of raw material, the IUP assemblage from Layer layer I at BK Cave is made on different types of allochthonous, fine-grained flint from five different sources, and attributable to Lower Cretaceous (Aptian) and Upper Cretaceous (Campanian) limestone formations located between 90 and 180 km north-east of the cave (Figure 6.4; Delvigne 2019). Initial dimensions of the largest nodules used for blade production were more than 12 cm in length, and probably correspond to the Lower Cretaceous flint sources in south-eastern Bulgaria, also used in Holocene assemblages (e.g., Natchev 2008; Delvigne 2019). The largest blades were probably imported, as indicated by low percentages of cortical products and almost no crested blades (Table 6.5).
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At TD Cave, the most commonly employed raw material in layers VI and 4 are coarse-grained grey flint nodules, locally available and used for the production of the large prismatic blades up to 14 cm for layer VI and up to 12 cm for layer 4. Less common in both assemblages is fine-grained imported flint (Figure 6.4).
In Kozarnika, the local flint used throughout the entire sequence has a different shape and quality compared to that used in the two other sites. The fine-grained grey flint originates in an Upper Jurassic limestone formation in small 4–6 cm nodules (Natchev 2008). In the cave walls, the flint is slab-shaped and gelifracted. This type of flint is appropriate for the production of small blades and bladelets, but not for large blades like in TD or BK caves.
[bookmark: CBML_ch06_sec3_002]Techno-economic and typological assessment
At BK Cave, the tool-to-blank ratio (0.52) is highest of all the assemblages (Table 6.6), as is the blank-to-core ratio (58.0). Together these indicate intensive core reduction and tool production. The imported largest blades were fragmented and probably retouched on site, as indicated by the high number of chips and retouch flakes (Table 6.4). There is a high frequency of artefacts being reworked as wedges using bipolar on-anvil percussion, and also as cores for small blanks (Horta et al. 2020).
Table 6.6 Here
In TD-II layer VI, the assemblage is rich in cores, mostly Levallois (N=41), and prismatic (N=33) cores abandoned in various reduction stages. The low ratio of tools to blanks (0.14) and blanks to cores (7.9) is in accordance with the secondary position of the assemblage. In the layer 4 assemblage in TD, the lowest ratio of tools to blanks (0.06) and the highest blanks to core ratio (84.1) imply knapping activities on site (Table 6.6). The composition of Kozarnika layer 5c is quite different, with the highest quantity of debris due to raw material shape and quality (Figure 6.3). The primary blade debitage (identical to imported products) in BK Cave Llayer I is characterised by certain Levallois features and a robust blade shape, like those from both layers in Temnata. Based on the negatives of the dorsal surfaces of the blades, the dominant technology in all assemblages is unidirectional with parallel laminar removals and, less often, bidirectional blade removals. Bipolar blade reduction is more systematically employed in the youngest IUP assemblage from TD-I layer 4, followed by the TD-II layer VI assemblage. A unipolar convergent reduction schema was equally employed in the blade assemblage from TD-I layer 4, and in the bladelet assemblage from layer 5c in Kozarnika (Figure 6.5a). All blade and bladelet assemblages are mainly characterised by unprepared (i.e., plain) platforms; however the IUP blades assemblages often exhibit facetted platforms (Figure 6.5c). Linear platforms (Figure 6.5b) are more frequent in the assemblage from BK Cave.
Figure 6.5 Here
The exterior platform angle, which is related to the knapping technique of the BK Cave IUP blade assemblage, is most often 85° to 90° (Figure 6.5c), indicating use of hard hammer direct percussion (Figure 6.5d). Small laminar products in the IUP were obtained using bipolar anvil percussion (Horta et al. 2020). EUP small blade-bladelets from layer 5c in Kozarnika Cave have an acute platform angle of 60°–70° (the angle between striking and knapping platforms, Figure 6.5c). The EUP assemblage from Kozarnika Cave (layer 5c) exhibits the earliest evidence of systematic use of soft organic hammer direct percussion distinguishable with platform morphology: absent, diffused bulb ‘“like a lip’”, very fine platform, blunt exterior platform angle (e.g., Pelegrin 2000).
Blades with straight profiles prevail in the IUP assemblages, in contrast to the EUP assemblage from Kozarnika where the occurrence of slightly curved blades and bladelets is common (Figure 6.6a). Interestingly, slightly twisted and twisted laminar products are found in the IUP (TD-I layer 4) and in the EUP (Kozarnika layer 5c) assemblages (Figure 6.6a).
Figure 6.6 Here
Most of the IUP blades and the EUP small blades/bladelets have parallel lateral edges, while blades with convergent edges are less frequent (Figure 6.6b). Levallois and IUP blades with convergent edges have straight profiles, and are larger than the EUP small blade-bladelets with slightly curved or twisted profiles (Figure 6.6a). Blades with triangular cross-sections are found more often than those with trapezoidal cross-sections in all assemblages (Figure 6.6c).
[bookmark: CBML_ch06_sec3_003]From blades to small blades and bladelets
There is considerable blade size variability between the four assemblages. The distribution of blade lengths and widths shows that there is a size continuity, indicating integrated reduction from large to small blades in TD Cave (both layers), and from small blades to bladelets in BK and Kozarnika caves (Figure 6.7). Bladelets in the IUP assemblages have a different techno-economic significance from ones in the EUP, due to their different production techniques, methods and probable use. The EUP specimens, generally thought to be part of hunting projectile weaponry (e.g., Tsanova et al. 2012; Demidenko et al. 2020), were produced from pyramidal/prismatic cores by soft hammer direct percussion. The EUP bladelet chaîne opératoire from Kozarnika (layer 5c) includes the detachment of intercalated blades. Those types of blades have convergent edges with multiple bladelet negatives (N=44) on the dorsal surface (Figure 6.8: 17).
Figure 6.7 Here
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The IUP bladelets, also called small laminar products (e.g., Zwyns et al. 2011), were used unretouched or hafted (Boëda and Bonilauri 2006). In the regional IUP assemblages from TD and BK caves, the small laminar products are mostly unretouched and produced by various technological modalities: on the edge of a blank, on an anvil using bipolar shaping, by thinning of flake-scar ridges on thicker flakes and blades prior to their removal (Figure 6.9: 4).
Figure 6.9 Here
In the assemblage from TD-II layer VI, the heaviest blades were produced in a local coarse-grained flint, and reach a length up to 140 mm and a width of 50 mm. The Levallois and prismatic blade specimens are most often 100 to 80 mm long, and 30 mm thick (Figure 6.7). The blade lengths from TD-I layer 4 vary between 120 and 30 mm, with the highest frequency of blades being between 40 and 50 mm long (Figure 6.7d), which corresponds to the size of the small EUP blades from Kozarnika (Figure 6.7d). Therefore, small blades are frequent in both EUP and IUP assemblages, independent of the raw material type (fine- or coarse-grained flint). Interestingly, the distribution pattern of blade widths in the TD assemblages is similar: most specimens are 30 mm to 20 mm wide (Figure 6.7: b1, c1).
In BK Cave, the IUP blade sizes are more comparable to the EUP from Kozarnika than to those from TD. In the BK and Kozarnika caves, small blades, bladelets and laminar products vary in length between 20 and 60 mm (Figure 6.7a, d). In BK Cave, this is due to the systematic fragmentation and reduction of the assemblage (reusing the blanks as cores). The distribution of blade widths in the BK Cave assemblage (Figure 6.7a1), between 10 and 50 mm, shows that the sizes fall within the variability of the IUP assemblages from TD Cave (Figure 6.7b1, c1). Therefore, the heavy blades in BK Cave were fragmented and reworked as small cores or secondary tools. This economical behaviour, which is specific to the fine-grained flint, is very likely linked to logistical issues of importing good quality flint from distant sources. The metric values of the laminar product widths show differences between IUP assemblages, where blades are more robust compared to the EUP small blades, and this is due to the initial shape of the raw material.
[bookmark: CBML_ch06_sec3_004]Retouched tools and blank economy
All assemblages consist of various MP and UP tool types (Table 6.7). The richest and most diverse retouched tool assemblage (26.3 per cent%) is the IUP Llayer I from BK Cave (Figure 6.3, Table 6.7). The diagnostic tools, probably used as projectiles, are retouched pointed blades with two clear examples of possible impact fractures, according the classification of complex fractures of Fischer et al. 1984  (Figure 6.8: 1, 3). The most frequent tool types are retouched blades, flakes and endscrapers. The retouched pointed blades are morphologically and metrically varied: from large and straight symmetrical examples to narrow and fine small blades (Figure 6.8: 1, 5), sometimes asymmetrical (Figure 6.8: 2, 3), and often with a slightly oblique truncation that is always on the left edge (Figure 6.8: 1, 5). Retouch is also varied, from large semi-covering forms (like MP retouch types: Figure 6.8: 4) to semi-abrupt ones and finer covering at the apex (Figure 6.8: 5). Use-wear analysis demonstrates the multifunctional use of pointed blades as scrapers, knives (Marreiros et al. 2019), and most likely as projectile points (Figure 6.8: 1, 3). Two groups of tools could be also classified as core-tools: some of the splintered pieces and the burins. Burin-cores and splinter-burins with a detached lateral edge (like a large burin spall) are typical for the assemblage of lLayer I. Splintered bipolar pieces (Figure 6.8: 9–11) were probably produced from fragmented blades, which were reduced and reused when free-hand knapping was insufficient for small artefacts. The splintered pieces, of various typological origins (made on various tool types), were continuously re-used as wedges for working hard organic material (bone and antler) and extracting small blanks (Horta et al. 2020).
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The assemblage from layer VI in TD-II contains 8.6 per cent retouched objects, and exhibits greater Middle Palaeolithic techno-typological characteristics and diversity compared to other assemblages. Pointed retouched tools were manufactured on Levallois blanks (N=1) (Figure 6.9: 6), blades (N=3) (Figure 6.9: 1), and elongated blanks (N=2). The pointed tools are typologically diverse: two have unifacial retouch and a proximal part thinned by inverse and direct retouch, reminiscent of the Emireh point typology (Copeland 2000), and likely to be hafted (Figure 6.9: 2, 3). Blade tools (44.5 per cent%) are typologically similar to the flake tools, but with more endscrapers and retouched blades, although truncated tools are only on blade blanks. The burin core-tools are counted among the retouched tools.
The IUP layer 4 assemblage from TD consists of a proportionately low percentage (2.6 per cent%) of retouched items. Tools on blades are more abundant (63.2 per cent%) than tools on flakes (23.7 per cent%). Pointed diagnostic tools (N=13) are typologically comparable to those from the IUP of BK Cave and TD-II layer VI (Figure 6.10: 1–4). In TD-I layer 4, only two pointed tools are complete, but have a fractured apex (Figure 6.10: 1–2). The majority are retouched blades (N=9), but elongated flakes are also present (N=2). Blade blanks are considerably thicker (mean 11.4 mm) and larger (mean 29.9 mm) compared to the unretouched blades (mean thickness 9.25 mm, mean width 26.9 mm) (see Table 6.8). Retouch is bilateral, direct semi-abrupt, and invasive to scalariform. Pointed tools, although they are few and fragmented, show high variability, from robust examples similar to MP Mousterian points, to finer pointed blades more typical for the UP.
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The retouched tools in the EUP assemblage from Kozarnika are drastically different from the other assemblages, due to the presence of new tool types made from bladelets. The diagnostic tools manuifactured on local flint, such as pointed bladelets, those with alternate retouch and fragments of retouched bladelets, represent nearly 30 per cent of all lithic tools. The retouch of the pointed bladelets is direct, bilateral, and short, marginal to semi-abrupt (Figure 6.11: 1–8). These objects correspond conceptually to the pointed bladelets from the Levant (el-Wad points), South-western Europe (Font-Yves points), and Central Europe (Krems points) (Tsanova et al. 2012). The bladelets with alternate retouch from Kozarnika are consistent with Dufour, sub-type Dufour (Demars and & Laurent, 1992), and are referred to as straight Dufour bladelets (Figure 6.11: 10–13). Both retouched pointed bladelets and straight Dufour bladelets correspond to the production schema described previously. The bladelets with direct retouch always have the latter on the lateral, left edge, while the inverse retouch is always positioned on the straight, right edge (Figure 6.11: 10–13). Of the common tool types (Table 6.7), only a few endscrapers and retouched blades are made of non-local flint (Figure 6.11: 14,18). Two bifacial tools are consistent with MP types: bifacial leafpoints manufactured from local raw material (Figure 6.11: 19).
Figure 6.11 Here
The blank economy from the IUP at BK lLayer I and the IUP/Levallois assemblage from TD-II layer VI follow a similar pattern of flake and blank selection for tools (Figure 6.12). The IUP from BK Cave demonstrates a unique economic pattern, with the systematic use of cores and tool fragments as blanks for tools due to the cost of importing high-quality flint. The two youngest assemblages, the IUP from TD-I layer 4 and the EUP from Kozarnika, show a distinct economic pattern of choice for tool blanks. In layer 4 from TD-I, the blades were preferred to flakes for tool blanks, while in Kozarnika layer 5c, bladelets and small blades were mostly used as blanks for tools (Figure 6.12). Tools on flakes are common in all assemblages. When comparing the mean dimensions of non-retouched and retouched blades and bladelets, there is a general tendency for deliberate selection of the largest blanks to be transformed into tools (Table 6.8). The mean length (27 mm) of the retouched bladelets is much greater than the mean length value of the non-retouched bladelets (17.5 mm), which suggests that the longest bladelets were deliberately selected to be retouched. The mean width and thickness of retouched versus non-retouched bladelets shows that narrower and thinner bladelets were transformed into tools (Table 6.8).
Figure 6.12 Here
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The IUP lithic assemblages from BK and TD caves are comparable, as they reflect a grade of technological, economic, cultural development and environmental adaptation of the human groups that inhabited South-eastern Europe from 46.0 to 43.3 ka calBP at BK Cave, and after 39 ka calBP at TD Cave. The EUP bladelet assemblage from Kozarnika Cave represents a different bladelet technology, which began about three millennia after the establishment of the IUP at BK Cave (Figure 6.13). The chronological range of the EUP bladelet technocomplex in this part of the Balkans spans from 42.9 to 40.6 ka calBP (95.4 per cent% probability) (Table 6.1). A similar chronology for EUP occupation is reported in Tabula Traiana Cave (on the Serbian side of the River Danube and c. 150 km NW from Kozarnika Cave). In Tabula Traiana Cave, a small lithic assemblage of a non-local flint is identified as EUP (close to Protoaurignacian), with the presence of Dufour and pointed bladelets (Borićc et al. et al. 2021). The IUP and EUP represent at least two distinct human dispersal waves from the Levant into Europe.
Figure 6.13 Here
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Based on the recent radiocarbon ages from BK Cave and the calibrated original dates from TD and Kozarnika caves, two phases of the IUP in the Balkans are present: early and late. The early IUP phase at c. 45 ka calBP is found at BK Cave in lLayer I, and began c. 46 ka calBP in the underlying Layer layer J. The late IUP phase is re-introduced c. five millennia later in TD-I Cave, shortly after 40 ka calBP and the CI eruption.
According to J.K. Kozłowski, the IUP blade technologies in the Eastern Balkans derived from a Levallois-Mousterian technology similar to those in sSouth-eastern Asia and the Levant (Kozłowski 2004). In the Levant, where the IUP was originally defined, it co-existed and emerged from late MP Levallois technology at c. 50 ka calBP at the site of Boker Tachtit (the Emiran, in Boaretto et al. 2021). There, the IUP transformed gradually, based on the MP Levallois-Mousterian tradition: from a Levallois laminar technology to a UP prismatic blade technology (Marks & Volkman 1983).
In the Eastern Balkans it is still unclear how the IUP was introduced. A Levallois-Mousterian assemblage, probably preceding the early IUP phase, is known from Samuilitsa II Cave (Dzžambazov 1981; Sirakov 1983), close to TD Cave. The Samuilitsa II Cave sequence only contains the MP-UP transitional period, with assemblages of Levallois-Mousterian technology in the lower part, and IUP prismatic cores and blades coexisting with Levallois technology in the upper part (Tsanova 2012). An old radiocarbon date from the middle part of the sequence spans from 48,420 to 43,280 calBP (GrN-5181 in Sirakov 1983). Another possible assemblage that could precede the early IUP phase from BK Cave is TD-II layer VI. However, the TD-II transitional MP-UP assemblage lacks a secure spatial association of Levallois and IUP components. Despite this, there appears to be technological continuity between Levallois and UP prismatic blade products and reduction sequences (Tsanova 2008).
If the regional Eastern Balkans assemblages follow synchronous development similar to the Levant, a chrono-stratigraphic assemblage with Levallois and IUP blade technologies older than 45 ka calBP is expected. Such an assemblage may possibly correspond chronologically to Layer layer J from BK Cave. A potential assemblage with these characteristics comes from the sequence of Samuilitsa II Cave, but the precise contextual and stratigraphic information is insufficient for further interpretations (Sirakov 1983).
Another technologically distinct assemblage with bifacial leafpoints, which are usually assigned to Neanderthals, is known from Musselievo. The open-air site of Musselievo, located in the loess of the Danube valley, has an estimated occupation between c. 60 and 45 ka, which belongs to the first half of MIS 3 (Sirakova 1990; , 2020). An isolated group of bifacial tools that are consistent with the techno-typology of the Musselievo assemblage has been identified in the middle part of the sequence at Samuilitsa II Cave (Sirakov 1983).
Based on the CI tephra stratigraphic position, the late IUP phase from TD-I layer 4 began after 39 ka (i.e. above the CI/Y-5 tephra level), while the EUP from layer 5c in Kozarnika Cave was formed before that event. The radiocarbon chronologies from the EUP and late IUP overlap (Figure 6.13), but the stratigraphic evidence of the IUP from TD-I layer 4 (after CI/Y-5 tephra) and the EUP Kozarnika layer 5c (before CI/Y-5 tephra) imply that the latter (EUP) preceded the former (late IUP). If the stratigraphic location of the CI cryptotephra within the EUP layers at Kozarnika is correct, the EUP would precede the late IUP phase from TD-I, making both assemblages contemporaneous in the Eastern Balkans.
Lastly, a similar chronological schema of development is observed in the Negev, where the later IUP phase overlaps with the EUP Ahmarian of the Mediterranean woodland region, between 47 and 44 ka calBP (Boaretto et al. 2021). The co-existence of IUP and EUP industries in the Levant precedes the processes in the Eastern Balkans by a few millennia, and probably led to the dispersals of human groups and the spread of knowledge from South-western Asia and the Levant to Europe (e.g., Mellars 20046; Bosch et al. 2015; Hublin 2015).
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The most prominent difference between the IUP assemblages from BK and TD caves is of an economic character (Table 6.9), most likely related to raw material availability and choice. The BK assemblage and its heavy blades are very fragmented and reworked, as the fine-grained Aptian and Campanian flint sources are distant, while the TD assemblages made of local coarse-grained flint are less reduced. Nevertheless, there are several aspects of BK, TD-I and TD-II blade productions that suggest they are affiliated.
Table 6.9 Here
In the TD assemblages, blades manufactured from coarse-grained local flint are always larger in size and morphology. Also, they are most often found within the oldest assemblage with a Levallois component (Table 6.8), and have parallel and convergent lateral edges, and mostly straight profiles (Figure 6.6a, Figure 6.5: 4–5, Table 6.5). Levallois and IUP blades from TD-II layer VI and the IUP are more robust, while the late IUP assemblage from TD-I layer 4 has smaller blades (Figure 6.7).
If the IUP in BK Cave is intrusive in relation to the preceding local MP (made on metamorphic rocks), the situation is different in TD Cave, where the IUP assemblage from layer VI contains Levallois and IUP blades from local coarse-grained flint. The local coarse-grained grey flint was used in the lower MP Mousterian assemblages (presumably by Neanderthals). Levallois blade and flake technology from TD-II layer VI appears to connect this assemblage to the previous local MP. Levallois laminar products and blades from volumetric cores are present in the MP layers from TD Cave. Blade technologies are associated with Levallois and discoidal flakes in lithostratigraphic layers 8 and 9 (level VII and VIII), located in the upper part of the MP sequence (Drobniewicz et al. 2011). This implies that a technological transition to blades started gradually from the MP.
There is a gradual emergence of small blades and bladelets in the IUP assemblages from TD Cave. If the BK IUP assemblage is reduced and reworked to economise the fine-grained flint from distant sources, it is different in the late IUP in TD-I and in the EUP from Kozarnika. In TD-I layer 4, independent of the local flint properties, the frequency of small blades clearly increases (Figure 6.7b). The EUP blade-bladelet technology from layer 5c (level VII) in Kozarnika Cave is technically different compared to IUP blade technology, but conceptions of core volume (prismatic and pyramidal), core maintenance (crested blades) and debitage progression (semi-turning) link these two technologies. The dimensions of EUP blades in Kozarnika correspond to the small size of the local flint nodules, and, as in the IUP assemblages, there was a continuous reduction of blade cores for obtaining small blades and bladelets (Figure 6.7). The production of small blades and bladelets was integrated in one chaîne opératoire, which is attested by the intercalated blades obtained during the reduction of bladelets (Figure 6.11: 7).
Such a continuous reduction from blades to small blades (Figure 6.10: 6, 7) draws a parallel between the late IUP from TD-I and the EUP Kozarnikian assemblages. Based on these observations, it appears that the continuous production of blades and bladelets in the EUP assemblage derived from the IUP (as observed in some Levantine sites, in Kadowaki et al. 2021). This ‘“microlithisation’” is viewed by some not as emergence of bladelet technology, but rather as the miniaturisation of blades produced by continuous core reduction in the IUP (ibid.). In the case of Kozarnika, small flint nodules were the reason for bladelet production. The more prominent difference between IUP and EUP blade and bladelet production lies in the morphology of the small blades and bladelets, together with the regularity and standardised shape seen in the EUP Kozarnika assemblage. The implementation of a soft hammer for blade and bladelet production is an important technological improvement, which differentiates this assemblage from the IUP. Such reduced blades were produced in the IUP (Demidenko et al. 2020), but in lower frequency and with a different techno-economic role within the lithic assemblage. Small blades in the IUP assemblages are not identified as hunting projectile weaponry (ibid.). This technological change from blades in the IUP to a more reduced shape of bladelet in the EUP assemblages probably relates to ecological adaptation (availability and quality of the flint resources), and to functional needs (subsistence), duration of occupation (seasonality) and activities (hunting, gathering, tool-making, cooking, etc.). The retouched bladelets from Protoaurignacian and EUP assemblages suggest that they were used as hunting weapon armatures (Bachellerie et al. 2011) and complex projectile technology (Shea & Sisk 2010). Based on ethnographic comparisons and morphological analyses of the retouched points, it is identified that Levallois-Mousterian points were used as a ‘simple’ thrusting or throwing spears (e.g., Villa & Lenoir 2009).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Added to the list	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Added to the list	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Added to the list
The ‘“diagnostic’” tools for both assemblages are typologically variable retouched points, which in TD-II layer VI were made on Levallois elongated flakes and blades shaped by low invasive scalariform retouch typical for sidescrapers (Figure 6.5: 1; Figure 6.6: 1). The points with unifacial retouch (Figure 6.4: 4; Figure 6.6: 4), bilateral semi-abrupt retouch (Figure 6.4: 1, 3) and bases shaped by inverse retouch (Figure 6.5: 2, 3) are closer to the concept of a hunting tool. In BK Layer layer I, pointed tools are comparable to those from TD, and seem to be used for domestic purposes (at BK Cave), and also for hunting activities (presence of diagnostic impact fractures: Figure 6.4: 1, 3). Other similarities between the IUP assemblages are the large blade sizes: the imported blades in BK (all fragmented) are of similar morphology as in TD (Figure 6.7: b–b1).
Burin-cores and the reduction of a blank edge for expedient and fast production of small blanks (bladelets of rectangular shape) are typical for BK Cave Layer layer I and TD layers VI and 4 assemblages. Such a blank edge reduction was also used in the Kozarnika layer 5c assemblage, but with a different technique (soft-hammer direct percussion). Other opportunistic production modalities are observed in the assemblages from BK Cave and TD-I layer 4. Small bipolar on-anvil percussion cores in BK Cave are linked to the distant flint sources (Horta et al. 2020); however in TD, where the flint is locally available, the reworking of the blanks and tools on anvils encompassed both flint types (fine-grained and coarse-grained) (e.g., Tsanova 2008: 123–141). Bipolar anvil reduction (redébitage) was used for expedient production of small splintered blades and flakes at BK and TD.
[bookmark: CBML_ch06_sec2_008]Implication for hominin association with the transitional MP-UP and IUP assemblages
The IUP assemblage at BK is securely linked to the earliest known Homo sapiens in Europe (Hublin et al. 2020). We infer that the makers of the assemblage from layer 4 in TD-I, corresponding to IUP, and the assemblage from Kozarnika layer 5c, corresponding to EUP (Table 6.3), were also various Homo sapiens groups. Yet, the makers of the layer VI assemblage from TD-II remain unknown, because of the uncertain stratigraphic association of the assemblage and the presence of two technological components (Levallois and UP blade technologies), which could have been produced by different groups. The IUP component is likely to be the work of UP Homo sapiens. However, the Levallois technological component of layer VI may have been produced by a separate occupation of Neanderthals, or likely resulting from older Homo sapiens occupation. Nevertheless, Levallois laminar and elongated blank debitage are also found together in other transitional MP-UP Levantine and Eastern European sites (e.g., Kadowaki et al. 2021; Demidenko & Usik, 1993), and East Asian sites (Boëda et al. 2013). There is a phylogenetic technological link between Levallois laminar and IUP blade technologies, which co-exist in some assemblages, and which are described as ‘“two distinct technical solutions, mastered and complementary within a single area by a single human group’” (Boëda et al. 2013: 200). If this association is valid for the UP assemblages in East Asia, the MP-UP transition in Europe may differ, and reflect the coexistence of two human types. The Levallois blade and elongated blank debitage from TD-II layer VI and from Samuilitsa II differ from the regional MP Mousterian assemblages from BK, TD and Kozarnika that are older than 50 ka. We assume that Mousterian assemblages older than 50 ka and the transitional MP-UP leafpoint assemblage from Musselievo were most likely produced by Neanderthals. However, the Levallois-Mousterian laminar assemblages appear in the transitional MP-UP period (50–45 ka calBP) in Samuilitsa II and TD-II layer VI, and could reflect an even older H. sapiens presence, or the result of interactions between Neanderthals and H. sapiens.
Concerning the chronological evidence that the EUP at Kozarnika Cave was established prior to the late IUP phase at TD Cave, one possible scenario implies that they were ‘“culturally’” independent groups of UP Homo sapiens with different hunting strategies and applications of blade and bladelet technologies related to different dispersal groups. In this case, the IUP groups could have left the area (evidence from Bacho Kiro is that last occupations ended at c. 43 ka calBP) for some millennia (push and pull dispersal models), and then returned while new EUP groups arrived. A second scenario suggests that if the EUP and the late IUP phase chronologically overlap, they could be the result of nearby Homo sapiens groups which could have used (switched) both technologies in relation to available resources and subsistence planning. In the future, human remains from both caves and palaeogenetic studies could help us to evaluate whether those groups were connected. Both types of IUP and EUP assemblage indicate a presence of bone technology, and production and use of personal ornaments. The pendants from BK Cave (early IUP phase) were made mainly on cave bear teeth, while the pendants in Kozarnika Cave (EUP) were manufactured from fox teeth, together with the occurrence of perforated shells (Guadelli 2011). Since both IUP (BK) and EUP (Kozarnika) osseous assemblages preserve cave bear and fox remains, the difference in the personal ornaments could be indicative of a cultural selection or ‘signature’: cave bear (IUP) versus fox (EUP). Moreover, in Kozarnika layer 6/7, which corresponds chronologically to the early IUP phase from Bacho Kiro Cave, two pendants made on fox canines are found (ibid.: 116). The appearance of personal ornaments is unknown in the preceding MP assemblages. The establishment of the IUP and the EUP indicate more mobile lifeways (based on evidence of imported fine-grained flint in Bacho Kiro Cave, and artefacts made on allochthonous flint from Temnata and Kozarnika caves), and personal ornaments show that they were probably components in shared systems of communication to manifest social or group identity in the visited areas. The fact that IUP traditions persist in the area from 45 ka calBP, and after 39 ka calBP coexist in the late phase with the EUP, favours a scenario of ‘“culturally’” distinct groups that established a communication system in the area.
[bookmark: CBML_ch06_sec1_006]Conclusion
The initial movements of H. sapiens at the onset of the UP can be traced by the distributions of blade assemblages in South-eastern Europe. One of the most important sites is BK Cave, located in the central Balkan Mountains (Stara Planina), which preserves a rich IUP assemblage (Layer layer I) linked to H. sapiens, suggesting an intensive settlement in the area from 45 to 43 ka cal BP. According to contextual information from other regional sites (from the nNorth slopes of the Balkan Mountains), there are two IUP phases: Early IUP, present in BK Layer layer I and starting at 45 ka calBP, and possibly shortly before in Layer layer J, and Late IUP, at TD-I Cave in layer 4, stratified above the CI/Y-5 tephra level (i.e., starting after 39 ka calBP). This implies that the IUP persisted in the area from 45 to 43 ka calBP (BK Cave), and after 39 ka calBP (TD Cave). In Kozarnika Cave, layer 6/7 corresponds chrono-stratigraphically to the IUP (c. 49–44 ka calBP), but is poorly preserved and contains at least two technological components: blades (similar to the IUP) and bladelets (conform to the overlying EUP bladelet assemblage from layer 5c: Early Kozarnikian). Taphonomic and techno-typological analyses are needed to differentiate the possible IUP from EUP assemblages in Kozarnika Cave.
The blade volumetric IUP technology appeared in the late MP occupations in TD, coexisting with Levallois blade and flake technologies in layers 8 and 9 (Drobniewicz et al. 2011). The assemblages from Samuilitsa II, and from TD-II Cave layer VI, indicate that volumetric blade technology was previously introduced and probably coexisted with Levallois technology. The Levallois method was entirely replaced by volumetric blade production in the IUP; however, the IUP large blades are reminiscent of Levallois shapes. It is unclear if the assemblages with Levallois and IUP blade technologies, such as in Samuilitsa II Cave, were introduced by earlier H. sapiens groups, or whether they resulted from the interaction of the two human types or distinct occupations. If bifacial leafpoint technology at this time was made by Neanderthals (site of Musselievo), perhaps the Levallois-Mousterian laminar assemblages from Samuilitsa II Cave were produced by H. sapiens? At the same time, the last Mousterian assemblages (assigned to Neanderthals) are quite early in the Eastern Balkans (at BK Cave, the last MP occupation in Layer K is >51 ka calBP: Fewlass et al. 2020) compared to the radiometric dates of those in the Western Balkans and on the Adriatic coast (Mihailović 20192020; Dogandžić & Đuričić 2017et al. 2014), where the Mousterian is synchronous with the IUP and EUP from North Bulgaria.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: This corresponds to the cited publication
DNA analysis of human remains from BK Cave shows that these H. sapiens specimens have Neanderthal ancestry a few generations back (Hajdinjak et al. 2021). Therefore, it is necessary to assess old collections, and establish new field projects aimed at assessing the makers of the assemblages with Levallois and IUP blade technologies.
The bladelet EUP technology from Kozarnika Cave (layer 5c) appeared c. 43 ka calBP, and prior to the late IUP phase from TD-I Cave, which possibly indicates that both technological traditions co-existed in the area. There are consistent technological links between IUP and EUP general blade shapes (straight to slightly curved, pointed and with parallel edges), as well as the continuous core reduction system integrating the blades and bladelets in one chaîne opératoire. Small blades began to appear in Levallois-Mousterian assemblages, and intensified in the IUP assemblages independently of flint properties (TD-I layer 4). In the EUP Kozarnika assemblage, the miniaturisation of blades is preconditioned by the relatively small size of flint nodules, which were continuously reduced to small bladelets. The requirement for technical solutions to produce mini-blades for arming projectile weapons could have been the stimulus for this technological evolution. One of the fundamental technical improvements in EUP blade-bladelet production is the change of knapping technique: direct percussion by soft hammer, which enables more efficient use of the flint and extraction of long, rectangular bladelets of more standardised morphology.
Future excavations are needed for collecting new contextual information to establish a precise chronology of the archaeological assemblages and occupations at the onset of the UP, and will also help us understand the interactions between Neanderthals and H. sapiens during this pivotal period of technological development, and human movements and adaptation.
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[bookmark: CBML_ch06_tab_001]Table 6.1. Chronological records of IUP and EUP layers in North Bulgaria from Bacho Kiro, Temnata and Kozarnika caves: published radiocarbon (calibrated and non-calibrated) and thermoluminescence dates, presence and position of Campanian Ignimbrite (CI/Y-5) tephra layer (c. 39 ka).
	
	Bacho Kiro Cave
	Temnata Cave
	Kozarnika Cave
	

	Layer/level
	Layers
11, 11a
	Layers
I, J
	Layer
VI
	Layer 4
	Layer 5c
Level VII
	Layer 6/7
Level VIII

	Year of excavation,
Sector name
	1971–1975
	2016–19
Niche 1
	1983–1994
Sector II
	1983–1994
Sector I

	2001
Row 9–10
Squares
F-G-H
	2002
Row 5–6
Squares
F-G-H

	Calibrated radiocarbon dates*
	
	Layer I: 45,040 and 43,280 calBP (95.4% probability) (Fewlass et al., 2020)
Layer J: 45,990 calBP (95.4% probability)
all dates on bone
	
	top layer 4:
41,060–33,820 calBP (Gd-2354)

middle layer 4:
47,650–40,840 calBP (OxA-5169) (95.4% probability)
	42,920–40,360 calBP (95.4% probability) (GifA-99662, GifLSM-10994, GifA-101050, GifA-99706) (probability 95.4%)
	49,110–44,320 calBP (GifA-101051)
47,780–43,950 calBP (GifA- 101052) (95.4% probability)

	Non- calibrated radiocarbon dates
	Original > 43,000 BP (GrN-7545) on charcoal
33,750 ± 850
BP (OxA-3184,
AMS bone); 34,800 ± 1150 BP (OxA-3212, AMS tooth);
37,650 ± 1450 BP (OxA-3183,
AMS charcoal);
38,500 ± 1700 BP (OxA-3184,
AMS charcoal)
	

	> 38,700 BP
(Gd-4687, bone)
	top layer 4:
31,900 ± 1600 BP (Gd 2354, charcoal)
middle layer 4:
38,200 ± 1500 BP
(OxA 5171, AMS charcoal);
38,800 ± 1700 BP (OxA 5170,
AMS charcoal);
39,100 ± 1800 BP
(OxA 5169, AMS charcoal)

	36,200 ± 540 BP
(GifA-99706, 14C charcoal);
37,170 ± 700 BP (GifA-101050,
14C charcoal);
38,700 ± 140 BP
(GifLSM-10994, charcoal);
39,310 ±
100 BP (GifA-99662,
14C charcoal)
	42,700 ± 1000 BP (GifA-101052); 43,600 ± 1200 BP (GifA-101051)
(Guadelli et al. 2005)

	TL dates
(thermo-luminescence)
	
	
	
	base layer 4: 45,000
± 7000 BP
(Gd-TL-256)
46,000 ± 8000
(Gd-TL-255)
	
	

	CI/Y-5 tephra
	none
	none
	CI/Y-5 above layer VI
	CI/Y-5 below layer 4
	Above layer 5c (level VII)
	


* Original radiocarbon dates calibrated by S. Talamo
* All new and previously published radiocarbon dates discussed in this paper have been calibrated or re-calibrated by H. Fewlass with the most recent IntCal20 calibration curve (Reimer et al. 2020) in OxCal v.4.4 (Bronk Ramsey 2009)	Comment by Victoria Chow: QUERY: This doesn't appear in the References. Please provide full details.	Comment by Microsoft Office User: It is now corrected and added
[bookmark: CBML_ch06_tab_002]Table 6.2. Archaeological control features and stratigraphic context of the reviewed IUP and EUP assemblages from Bacho Kiro Cave (layer I, Layer layer J), Temnata Cave (sector II layer VI, and sector I layer 4) and Kozarnika Cave (layer 5c, idem level VII).
	
	Bacho Kiro Сave
	Temnata Cave
	Kozarnika Cave

	Layer/Level
	Layers
11, 11a
	Layers
I, J
	Layer
VI
	Layer 4
	Layer 5c
(Level VII)

	Year of excavation,
Sector name
	1971–75
	2016–19
Niche 1
	1983–1994
Sector II
	1983–1994
Sector I

	2001
Row 9–10
Squares
F-G-H

	Technocomplex attribution
	Bachokirian
	IUP
	Transition MP-UP
	IUP
	Early Kozarnikian

	Excavated areas
	58 m²

	13 m²

	25 m²
	20 m²
	18 m²
(from 6 m²)

	Stratigraphic position
	Top: layer 10
(Bachokirian)
Below: Mousterian layer 12
	Top: layer H (sterile)
Below:
Mousterian layer K
	Top: Gravettian,
CI Tephra
Below: base not reached
	Top: Gravettian, Aurignacian?
Below: CI tephra
	Top: layer 5b (level VI): (Kozarnikian)
Below: layer 6/7 (level VIII) Kozarnikian and IUP

	Stratigraphic peculiarities,
finds concentration levels


	4 phases
	Undistinguishable
Starting in the upper part of the underlying layer J
	Slope 25º,
2 concentration levels of finds
	3 phases A, B, C corresponding to finds concentration levels
	2 phases
(levels VIIa and VIIb)
corresponding to finds concentration levels

	Layer thickness
	L. 11 ~30 cm
L. 11a ~ 40 cm
	L. I ~10 cm
L. J~20 cm
	Upper part 10cm
Low part
150 cm
	110 cm
	Between
10–25 cm

	Size of lithic assemblage
	19 834 (only 2945 are > 20 mm)
	2 290 (only lithics
> 20 mm)
	3 338
	10 692
	3 447 (on 6 m²)

	Taphonomy/alteration of surfaces (patina)

	51.1%

	84.5%

	
	
	

	Size of fauna assemblage

	No available quantitative data
	16 402
	1214
	~600
	No quantitative data available

	Alteration of bone surfaces
	No data
	
	34% fauna with carnivore marks
	
	Weathering 1.09%
Carnivores 1.68%
Anthropic 12,3%
(Miteva, 1999)	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Author asked to please delete the citation

	Density of lithic finds
	High
341 lithics per 1 m²
(incl. sieves)

	High
14.1 bones per 1 litre of sediment
1.2 lithics per 1 litre of sediment
(excl. finds <20 mm)

	Low
1 finds per 15 litre of sediment
	High
534 per 1 m²
(incl. tamis)

	High
574 per 1 m²
(incl. tamis)


	Preservation of hearth and combustion features
	14 hearths with high concentration of finds
	No clear shapes of hearths, but deposit composed of a jumble of charcoals
	No presence
	Charcoal level 8–20 cm thick in the middle part of the layer (phase B)
	2 hearths corresponding to two successive concentration finds levels

	Burned artefacts
	2.2%

	14.9%

	0.67%
	2.77%
	5.89%

	Human remains
	1
	1 molar tooth, 4 fragments (by ZooMS) (Hublin et al. 2020),
	none
	none
	not published

	Special finds
	Personal ornaments, bone tools

	12 pendants, mostly on cave bear teeth; beads, bone tools, incised bones.
	2 bone tools; 2 retouchers; retouched bones
	1 bone tool; 1? Awl
	Pendants; perforated shells; 15 decorated objects; 7 retouchers;
15 awls.


[bookmark: CBML_ch06_tab_003]Table 6.3. Faunal material in IUP and EUP layers in North Bulgaria from Temnata Cave (sector II layer VI, and sectors I and V, layer 4), Bacho Kiro Cave (layers I and J), and Kozarnika Cave (level VII in layer 5c, level VIII in layer 6/7).
	
	
	Temnata
	Kozarnika
	Bacho Kiro Cave

	Taxon
	Common name
	TD-II layer VI
	TD I & V layer 4
	Level VII, layer 5c
	Level VIII, layer 6/7
	Layer I
	Layer J

	fish sp.
	
	
	
	
	
	+
	

	Aquila chrysaetus
	golden eagle
	
	
	
	
	+
	

	bird sp.
	
	
	
	+
	+
	+
	

	Leporid sp.
	
	
	
	
	
	+
	+

	Castor fiber
	beaver
	
	
	+
	
	
	

	Panthera leo spelaeus
	cave lion
	
	
	
	
	+
	

	Panthera pardus
	leopard
	
	
	
	
	+
	+

	Felis silvestris
	wild cat
	
	
	+
	
	
	

	Crocuta spelaea
	cave hyaena
	+
	+
	+
	+
	+
	+

	Hyaena sp.
	
	
	
	
	
	+
	+

	Mustela putorius
	European polecat
	+
	
	
	
	
	

	Mustela sp.
	
	
	
	+
	
	
	

	Gulo gulo
	wolverine
	
	
	
	
	
	+

	Meles meles
	badger
	+
	
	+
	
	
	

	Canis lupus
	wolf
	+
	
	
	+
	+
	+

	Canis sp.
	
	
	
	
	
	+
	

	Cuon alpinus
	dhole
	
	
	
	
	
	+

	Vulpes vulpes
	red fox
	
	
	+
	+
	+
	+

	Ursus spelaeus
	cave bear
	+
	+
	+
	+
	+
	+

	Ursus arctos
	brown bear
	
	
	
	
	+
	+

	Ursus sp.
	
	+
	+
	+
	+
	+
	+

	Sus scrofa
	wild boar
	
	
	+
	
	+
	

	Cervus elaphus
	red deer
	+
	+
	+
	+
	+
	+

	Capreolus capreolus
	roe deer
	+
	
	+
	+
	+
	+

	Rangifer tarandus
	reindeer
	
	
	
	
	
	+

	Alces alces
	European elk
	+
	
	
	
	
	

	Megaloceros sp.
	giant deer
	+
	+
	+
	
	+
	

	Cervid sp.
	
	
	
	+
	+
	+
	+

	Rupicapra rupicapra
	chamois
	+
	+
	
	
	+
	+

	Capra ibex
	ibex
	+
	+
	
	
	+
	+

	Capra caucasica
	west caucasian tur
	
	
	+
	+
	+
	

	+
	
	
	
	
	
	+
	+

	Bos primigenius
	wild aurochs
	+
	
	
	
	+
	+

	Bison sp.
	bison
	+
	+
	+
	
	
	

	Bos/Bison sp.
	
	
	
	
	
	+
	+

	Bovinae
	
	+
	+
	
	
	
	

	Coelodonta antiquitatis
	woolly rhino
	
	
	
	+
	
	

	Rhinocerotidae
	
	+
	
	
	
	+
	

	Equus caballus cf. germanicus
	wild horse
	+
	+
	+
	+
	+
	+

	Equus hydruntinus
	European wild ass
	+
	+
	+
	+
	+
	+

	Equus sp.
	
	+
	+
	+
	+
	+
	+

	Homo sapiens
	modern human
	
	
	+
	+
	+
	+


[bookmark: CBML_ch06_tab_004]Table 6.4. Counts of revisited Initial Upper and Early Upper Palaeolithic lithic assemblages in North Bulgaria from Bacho Kiro Cave (layers I), Temnata Cave (sector II layer VI, and sectors I and V, layer 4), and Kozarnika Cave (level VII in layer 5c).
	
	Bacho Kiro
	Temnata -Trench II,
	Temnata -Trench I,
	Kozarnika

	
	Layer I
	%
	Layer VI
	%
	Layer 4
	%
	Level VII
	%

	Cores
	20
	0.87
	93
	7.62
	41
	0.5
	37
	1.1

	Blades (and laminar flakes)
	188
	8.23
	279
	22.88
	1731
	21
	31
	0.93

	Small laminar products, small blades
	185
	8.1
	49
	4.02
	115
	1.4
	93
	2.78

	Bladelets
	
	
	
	
	
	
	238
	7.1

	Flakes
	787
	34.5
	404
	33.15
	1602
	19.44
	309
	9.2

	Retouched tools
	601
	26.34
	103
	8.46
	215
	2.6
	104
	3.1

	Chips (and retouch flakes)
	289
	12.66
	97
	7.96
	2927
	35.5
	126
	3.77

	Debris/undetermined
	213
	9.3
	194
	15.91
	1613
	19.56
	2414
	72.02

	Total:
	2283
	100
	1219
	100
	8244
	100
	3352
	100


[bookmark: CBML_ch06_tab_005]Table 6.5. Cortical products (upper table) and maintenance core reduction products (lower table) from Bacho Kiro Layer layer I, Temnata-II layer VI, Temnata-I layer 4, and Kozarnika layer 5c (level VII).
	
	Cortical
	% cortical
	Non-
	aAssemblage
	Rratio cortical to

	Assemblage
	products
	products
	cortical
	total N
	non-cortical

	Bacho Kiro, Layer layer I
	204
	8.9
	2079
	2283
	0.09

	Temnata-II, layer VI
	161
	13.2
	1058
	1219
	0.15

	Temnata-I, layer 4
	579
	7
	7665
	8244
	0.07

	Kozarnika, level VII
	393
	11.7
	2959
	3352
	0.13

	
	
	
	
	
	

	Assemblage
	Tablet
	Crested blade
	Debordant
	Natural back
	Plunging flake

	Bacho Kiro, Layer layer I
	2
	4
	
	
	1

	Temnata-II, layer VI
	
	69
	47
	
	23

	Temnata-I, layer 4
	2
	180
	
	97
	61

	Kozarnika, level VII
	6
	53
	
	
	13


[bookmark: CBML_ch06_tab_006]Table 6.6. Comparison of the ratio of tools to blanks and blanks to cores between the assemblages of Bacho Kiro Layer layer I, Temnata-II layer VI, Temnata-I layer 4, and Kozarnika layer 5c (level VII).
	
	Tool-to-Blank
	Blank-to-core

	Bacho Kiro, Layer layer I
	0.52
	58.0

	Temnata-II, layer VI
	0.14
	7.9

	Temnata-I, layer 4
	0.06
	84.1

	Kozarnika, level VII
	0.15
	18.13


[bookmark: CBML_ch06_tab_007]Table 6.7. Typological classification and counts of revisited IUP and EUP lithic assemblages in North Bulgaria from Bacho Kiro Cave (layer I), Temnata Cave (sector II layer VI, and sectors I and V, layer 4), and Kozarnika Cave (layer 5c, idem level VII).
	

Tool types
	Bacho Kiro,
Layer layer I
	Temnata-II,
Layer layer VI
	Temnata-I,
Layer layer 4
	Kozarnika,
Level level VII

	
	N
	%
	N
	%
	N
	%
	N
	%

	Endscrapers
	32
	6.27
	22
	17.88
	77
	35.65
	11
	8.2

	Composite tools
	0
	0
	3
	2.44
	0
	0
	0
	0

	Burin core tools
	2
	0.39
	8
	6.5
	5
	2.34
	9
	6.72

	Burins
	0
	0
	0
	0
	3
	1.39
	0
	0

	Bec
	0
	0
	0
	0
	1
	0.46
	0
	0

	Perforators
	2
	0.39
	0
	0
	5
	2.31
	1
	0.75

	Truncated tools
	1
	0.19
	5
	4.06
	7
	3.24
	6
	4.47

	Retouched blades
	100
	19.6
	9
	7.31
	26
	12.04
	10
	7.46

	Retouched bladelets
	0
	0
	0
	0
	0
	0
	24
	17.91

	Dufour bladelets (alternate retouch)
	0
	0
	0
	0
	0
	0
	8
	5.97

	Pointed bladelets
	0
	0
	0
	0
	0
	0
	8
	5.97

	Pointed blades
	38
	7.45
	1
	0.81
	9
	4.16
	1
	0.75

	Levallois points
	1
	0.19
	3
	2.44
	0
	0
	0
	0

	Unifacial points
	0
	0
	2
	1.62
	1
	0.46
	0
	0

	Bifacial points/tools
	1
	0.19
	0
	0
	0
	0
	2
	1.49

	Pointed flakes
	3
	0.58
	3
	2.44
	3
	1.39
	0
	0

	Sidescrapers
	6
	1.17
	15
	12.2
	6
	2.76
	0
	0

	Raclettes
	2
	0.39
	2
	1.62
	3
	1.4
	1
	0.75

	Splinters
	128
	25.1
	4
	3.25
	5
	2.3
	1
	0.75

	Retouched flakes
	140
	27.5
	21
	17.09
	13
	6
	20
	14.93

	Notched, denticulated tools
	0
	0
	11
	8.95
	25
	11.6
	20
	14.93

	Tool fragments
	54
	10.59
	14
	11.39
	27
	12.5
	12
	8.95

	Total:
	510
	100
	123
	100
	216
	100
	134
	100


[bookmark: CBML_ch06_tab_008]Table 6.8. Mean dimensions of the retouched blades and bladelets versus non-retouched blades and bladelets in IUP and EUP assemblages from Bacho Kiro Cave (lLayer I), Temnata Cave (sector II layer VI, and sector I layer 4) and Kozarnika Cave (layer 5c, idem level VII).
	
	Blades/bladelets NR non retouched
	Blades/bladelets retouched tools

	Site, layer/level, effective
	Length (mm)
	Width (mm)
	Thick (mm)
	Long (mm)
	Width (mm)
	Thick (mm)

	Bacho Kiro, Layer layer I, Blades NR=257, Tools=109
	35.32
	18.29
	7.65
	54.02
	22.05
	7.5

	Temnata-II, layer VI, Blades NR=40, Tools=10
	86.4
	30.1
	12.8
	102.5
	34.2
	13.8

	Temnata-I, layer 4, Blades NR=180, Tools=33
	69.51
	26.94
	9.25
	91.85
	29.99
	11.45

	Kozarnika, level VII, All blades & bladelets NR=232, Tools=83
	29.28
	12.25
	3.62
	36.58
	11.78
	4.1

	Kozarnika. level VII, Blades, small blades NR=79, Tools=43
	41.06
	14.51
	4.74
	46.16
	17.57
	6.2

	Kozarnika. level VII, Only bladelets NR*=153, Tools=40
	17.5
	10
	2.5
	27
	6
	2


* NR –- non-retouched.
[bookmark: CBML_ch06_tab_009]Table 6.9. Techno-economic features of IUP and EUP lithic assemblages in North Bulgaria from Bacho Kiro Cave (Layer layer I), Temnata Cave (sector II, layer VI, and sectors I and V, layer 4), and Kozarnika Cave (level VII).
	
	Initial Upper Palaeolithic (Temnata-II, layer VI IUP and Levallois)
	EUP before CI Y-5 eruption >39 Ka BP

	Site
	Bacho Kiro, layer I
	Temnata-II, layer VI
	Temnata-I, layer 4
	Kozarnika, layer VII

	Raw material
	Non-local (imported) fine-grained Aptian and Campanian flint
	Local, coarse-grained, grey flint: 76.5%;
Fine-grained non-local flint: 22.1%.
	Local, coarse-grained grey flint: 77.7%;
Fine-grained flint: 19.4%
	Local, fine-grained grey flint: 86.9%;
Non-local, fine-grained yellow flint: 6.99%.


	Raw material blanks
	Unknown, probably nodules > 12 cm
	Nodules local flint >10 cm and gelifracted slabs
	Nodules local flint >10 cm and gelifracted slabs
	Nodules local flint 4–8 cm; gelifracted slabs


	Main production
	Blades to small blades, flakes
	Elongated flakes and blades to small blades
	Blades to small blades
	Small blades-Bladelets


	Methods
	Levallois?,
on broad flaking surface, on a broad and narrow flaking surface
	Levallois,
Prismatic
bipolar blade technology

	Prismatic
bipolar and unipolar blade technology
	Pyramidal unipolar bladelet and prismatic bipolar bladelet technology; Semi-circular debitage progression

	Reduction for small laminar blanks (redébitage)
	Splintered pieces
Kombewa type, Kostienki type,
Core-burins

	Core-Burins
	Kombewa type,
Core-burins,
Splintered pieces
	Burin-like cores: debitage on the long edge of the blank

	Techniques
	Direct hard hammer,
Bipolar on anvil percussion

	Direct hard hammer
	Direct hard hammer, anvil percussion
	Direct soft hammer,
Direct hard hammer

	Blade Economy and blades/bladelet tools
	Endscrapers, retouched and pointed blades
	Endscrapers,
sidescrapers,
retouched blades
	Endscrapers,
Retouched and pointed blades

	Endscrapers,
Retouched and pointed bladelets



[bookmark: CBML_ch06_fig_001]Figure 6.1. Map of Bulgaria showing the location of the Palaeolithic sites mentioned in the text: Bacho Kiro, Temnata, Samuilitsa II and Kozarnika caves, and Musselievo open-air site located close to the River Danube. On the bottom right corner: map of western Eurasia with the location of Bulgaria.
[bookmark: CBML_ch06_fig_002]Figure 6.2. Archaeological context of the revisited assemblages: (a) Bacho Kiro Cave: stratigraphic position and chronology of the IUP layers I and J and the Middle Palaeolithic layer K (layers are prefixed N1- indicating the sector) (after Sirakov et al. 2016;, Fewlass et al. 2020); (b) Kozarnika Cave: lithological log of the stratigraphic section with location and chronology of the EUP level VII (modified from Muttoni et al. 2017, and updated after Sirakov et al. 2010); (c) Temnata Cave, sector I: stratigraphic position and chronology of the IUP layer 4 (after Ferrier and & Laville, 2000, modified by Tsanova 2008); (d) Temnata Cave, sector II: stratigraphic position and chronology of the transitional MP-UP layer VI (Levallois and IUP technological components) (after Ferrier and & Laville, 2000, modified by Tsanova 2008). The lines connecting the two profiles from Temnata Cave indicate the position of the CI/Y-5 tephra layer V from sector II, with layer 5 (below the IUP layer 4) from sector I, which both contain the same tephra.
[bookmark: CBML_ch06_fig_003]Figure 6.3. Distribution of the techno-typological groups for the IUP assemblages from Bacho Kiro Cave (Layer layer I) and from Temnata Cave (sector II layer VI, and sectors I and V, layer 4), and the EUP assemblage from Kozarnika Cave (level VII in layer 5c).
[bookmark: CBML_ch06_fig_004]Figure 6.4. Distribution of flint raw material in the assemblages from Bacho Kiro Cave, Layer layer I (analysed sample by V. Delvigne, N=248); Temnata-II layer VI (N=1219); Temnata-I layer 4 (N=8244); Kozarnika layer 5c (N=3352).
[bookmark: CBML_ch06_fig_005]Figure 6.5. Comparison of the technical attributes and interpretation of the knapping techniques of the blades and bladelets between the IUP assemblages from Bacho Kiro Cave (Layer layer I) and from Temnata Cave (sector II layer VI, and sectors I and V, layer 4), and the EUP assemblage from Kozarnika Cave (level VII): (a) distribution of the removal direction on the dorsal surfaces, cortical and crested by-products (from shaping the core volume); (b) Types of blade and bladelet platforms; (c) Exterior platform angle (angle between knapping and striking platforms) (available data only for Bacho Kiro and Kozarnika); (d) knapping techniques, based on the recognition and count of diagnostic knapping features marking the bulb and the platform (e.g. Pelegrin 2000; Le Brun-Ricalens 2006 for anvil percussion).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.
[bookmark: CBML_ch06_fig_006]Figure 6.6. Comparison of the blade and bladelet shape attributes in the IUP assemblages from Bacho Kiro (Layer layer I) and Temnata caves (sector II layer VI, and sectors I and V, layer 4), and the EUP assemblage from Kozarnika Cave (level VII): (a) longitudinal profile curvature, (b) lateral edge shapes, (c) blade transversal cross-sections.
[bookmark: CBML_ch06_fig_007]Figure 6.7. Histograms of lengths and widths of blades and bladelets from the IUP assemblages from: a–a1 Bacho Kiro Cave (Layer layer I), b–b1 Temnata Cave (sector II layer VI), Temnata Cave (sector I layer 4), and the EUP assemblage from Kozarnika Cave (layer 5c). Definition of metrical category for bladelets is critical for the EUP Kozarnika assemblage (light blue). Because of the small size of the flint (frequently up to 6 cm), the bladelets are preliminarily defined: lengths of up to 3 cm are bladelets, while those from 3 to 6 cm are small blades. The laminar products from the IUP assemblages, falling in the metric category of the bladelets (light blue), were not produced in the same way as the EUP bladelets. IUP bladelets are rather small laminar products, obtained during the reduction of blades or opportunistically on an edge of a flake.
[bookmark: CBML_ch06_fig_008]Figure 6.8. Lithic artefacts from Bacho Kiro Cave. Layer I: 1. Long distal fragment of pointed blade with a step terminating a bending fracture on the apical ventral surface (negative of the fracture precedes the burnt alteration); 3. Pointed blade (distal fragment) with pseudo-burin blow damage on the apex and on the proximal left edge fracture; 4. Pointed blade (distal fragment) with unifacial covering retouch; 5. Pointed light blade; 6. Blade proximal long fragment; 7. Trapezoidal blade fragment with glossy sharped edge by low retouch and two symmetrical notches (probable hafting); 9. Bipolar on-anvil core for small laminar blanks (splinter), 10–11. Bipolar (splintered) small laminar blanks. Layer I/J: 2. Pointed blade (predetermined shape). Layers I/J and J: 8. refitted cortical retouched blade; Layer H/I: 12. Blade with bidirectional dorsal scar pattern and edge damage. Note the asymmetrical delineation of the pointed blades 1–3, 5: the left edge always has convex delineation, while the right edge is straight.
[bookmark: CBML_ch06_fig_009]Figure 6.9. Lithic artefacts from Temnata Cave, sector II layer VI: 1. Pointed blade with low invasive retouch on the left edge is reminiscent of a sidescraper with discontinued low retouch on the right edge; 2–3. Unifacial points on fine-grained flint with inverse base truncation (probable hafting). Note the distal fractures on the no.o 2 (on lower apex surface) and no.o 6 points (on dorsal apical surface); 4. Burin core-tool on blade (heavy overshoot); 5. Crested blade with alternating dorsal scars; 6. Levallois retouched point.
[bookmark: CBML_ch06_fig_010]Figure 6.10. Lithic artefacts from Temnata Cave, sector I layer 4: 1–4. Retouched pointed tools with blunted edges (no.o 2 with distal fracture on lower apical surface, no.o 3 and 4 fragments with broken apical parts); 5. Endscraper with notch on the distal end, manufactured on a large, straight blade showing a bidirectional dorsal scar pattern and the negatives of previously detached small blades; 6–8. Blades (no.o 8 is a splintered bipolar blade).
[bookmark: CBML_ch06_fig_011]Figure 6.11. Lithic artefacts from Kozarnika Cave (level VII): 1–8. Pointed bladelets with direct bilateral marginal retouch; 9. Bladelet with direct unilateral marginal retouch; 10–13. Bladelet with alternate retouching (direct on the left edge, inverse on the right edge); 14. Pointed blade (distal fragment) with micro-retouch and glossy on the left lower surface edge; 15. Burin on blade mesial fragment; 16. Pointed asymmetrical flake from centring the flaking platform of the bladelet core (éclat de citrate); 17. Blade (intercalated) detached during bladelet reduction and showing bladelet negatives on the dorsal surface. 18. Endscraper on entirely retouched blade; 19. Bifacial tool.
[bookmark: CBML_ch06_fig_012]Figure 6.12. Line chart displaying tool blank types in the IUP (Bacho Kiro Cave Layer layer I; Temnata sector II layer VI, and sector I layer 4), and the EUP (Kozarnika Cave, layer 5c).
[bookmark: CBML_ch06_fig_013]Figure 6.13. Plotted calibrated radiocarbon dates from Kozarnika, Temnata, Bacho Kiro and Samuilitsa II caves. The original dates from Kozarnika and Temnata caves are on charcoal (see Table 6.1), while those from Bacho Kiro Cave are on bone. The single date from Samuilitsa II Cave, made on bone, is 42,780 ± 1270 uncalBP (GrN-5181). All dates are recalibrated, using Oxcal v.4.4 with IntCal20 curve (Reimer et al. 2020).

Chapter 7
Late Pleistocene Human Fossils from East Central and South-eastern Europe
IVOR JANKOVIĆ and FRED H. SMITH
[bookmark: CBML_ch07_sec1_001]Introduction
Sites preserving fossil human remains from the Late Pleistocene (~130,000 – 11,700 years ago) in South-eastern Europe (i.e., the Balkans) are less abundant than are sites where evidence of human habitation in the form of cultural remains is found. However, there are a number of sites in Bulgaria, Croatia, Greece, Romania, and Serbia that yielded either Neanderthal or anatomically modern human (AMH) specimens (Tables 7.1 and 7.2). Some of these are well known, and results of various types of analyses have been published in numerous papers and volumes, while others have been studied less extensively. Several of these specimens have been found in recent years, and new advances and results from the field of palaeogenomics have provided new insights on Late Pleistocene human evolution. Presented here is an update and overview of the finds in the context of recent research, theoretical developments and state of the debate on modern human origins.
Table 7.1 Here
Table 7.2 Here
[bookmark: CBML_ch07_sec1_002]Geographical overview of the Late Pleistocene fossil record
[bookmark: CBML_ch07_sec2_001]Bulgaria
Three Bulgarian sites yielded human fossils from the Late Pleistocene. Bacho Kiro Cave preserves remains of early modern humans and Early Upper Palaeolithic tools. Kozarnika Cave preserves a long archaeological sequence and postcranial remains of a Neanderthal infant and Upper Palaeolithic people. The third site, Temnata Dupka Cave, has yielded some later Upper Palaeolithic specimens.
Excavations at Bacho Kiro started as early as 1938, but it was excavations from 1971 through 1975 that yielded several, largely fragmentary hominin remains from various layers (Kozłowski 1982). These remains were associated with the eponymous Bachokirian and Aurignacian cultural complexes (Kozłowski 1982). From layer 11/IV comes the oldest skeletal specimen, a small segment of a left mandibular corpus with a dm1 (BK 1124). This tooth is heavily worn, obscuring occlusal features, but its dental dimensions are slightly larger than a recent modern human sample used for comparison (Gleń & Kaczanowski 1982). It was originally dated to ˃43 thousand years ago (ka) and associated with the Bachokirian industry, but a subsequent series of dates for layer 11 range from 38,500 to 33,750 ka uncalBP (Kozłowski 1982; Mook 1982; Hedges et al. 1994; Strait et al. 2016). Stratigraphically later specimens from layers 6a/7 include a right mandibular fragment with dm2 and M1 (BK 559), several adult teeth (right upper canine, right P4, and a right I1 and I2) and a non-diagnostic fragment of right parietal (Gleń & Kaczanowski 1982). The 6a/7 teeth also tend to be more Neanderthal-like in size but not in morphology (Gleń & Kaczanowski 1982; Kozłowski 1982; Bailey et al. 2009). There is nothing in the morphological details that would exclude the Bacho Kiro sample from the range of variation seen in AMH; however, the unfortunate loss of these specimens prevents both further anatomical analyses and direct dating, as well as possible genetic analysis.
Excavations in 2015 resulted in additional human remains, additional archaeological material and clarification of the stratigraphy and chronology of Bacho Kiro (Fewlass et al. 2020). In general, the new excavations confirm the general interpretations based on the excavations from the 1970s. A human M2 was found in the upper part of level J; level I and the upper portion of level J are archaeologically, sedimentologically and chronologically equivalent to layer 11 from the earlier excavations (Fewlass et al. 2020). This tooth is also large but is generally most similar to modern humans in morphology (Hublin et al. 2020). However, Hublin and colleagues also note the presence of a moderately expressed (but divided) middle trigonid crest, a feature more common in Neanderthals but also found in about 10 per cent of early modern Europeans. Level I is dated by 25 AMS radiocarbon measures that yield a Bayesian modelled age of 45.82–43.65 cal BP (95.4 per cent% probability) for I, with J argued to be essentially the same age (Fewlass et al. 2020). Four undiagnostic human bone fragments, identified on the basis of results of ZooMS analysis, were found in a level equivalent in age to I. These specimens yielded modern human mtDNA and were dated to 46.79 to 42.81 ka calBP at 95.4 per cent probability (Hublin et al. 2020). The combined evidence from the early levels at Bacho Kiro establish the site as the earliest, archaeologically associated modern human fossil site in Europe. AMS radiocarbon dating places level 7 at 42.11–36.34 ka calBP and level 6a at 39–34.97 ka calBP (Fewlass et al. 2020). This chronology makes these levels relatively early as well. Little information is available for the teeth and small parietal fragment from this period. These levels are associated with the Aurignacian (Ginter & Kozłowski 1982Kozłowski 1982).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Added to ref list
Kozarnika Cave has a long sequence of human habitation at the site. Unfortunately, relatively recent episodes (e.g., use of the site as goat shed) have partially destroyed or truncated the Pleistocene levels (Tillier et al. 2017). Archaeological finds range from the Lower Palaeolithic (layers 13 to 11a) to Middle and Upper Palaeolithic (layers 10c to 3) (Tillier et al. 2017). Human fossil material has been found in both Middle and Upper Palaeolithic sequences and includes an almost complete shaft lacking the distal metaphyseal surface of a left radius of a juvenile. This specimen comes from the Mousterian layer 10c that is preliminarily dated to between 128 ± 13 ka and 183 ± 14 ka (Tillier et al. 2017). Based on developmental and morphometric analysis, it belonged to a Neanderthal infant of between three3 and six6 months of age (Tillier et al. 2017). Level 5b at the same site (dated to approximately. 26.5 ka uncalBP) yielded a phalanx, while a second phalanx was found in level 6/6 (dated to approximately approx. 43 ka uncalBP) (Guadelli et al. 2005; Strait et al. 2016), with associated Upper Palaeolithic tool types. A deciduous central maxillary incisor from the much earlier level 13 has been reported as human by Guadelli and colleagues (2005), but later authors (Sirakov et al. 2010) cast doubt on its hominin affinities. If human, this tooth would be one of the earliest pieces of evidence for humans in Europe, at 1.2–1.4 million years ago (Ma) (Strait et al. 2016).
The third Bulgarian site of interest is Temnata Dupka. Like Kozarnikova Kozarnika Cave, this site has a long occupational history, covering a period between 120 and 13 ka (Kozłowski & Ginter 2000). During excavations, three human bones were uncovered in the Pleistocene sequence: a left mandibular di2 (Temnata 1) from the Epigravettian layer, a right mandibular di1 (Temnata 2) and one left parietal fragment (Temnata 3), both from the Gravettian layers (see Gambier 1992). However, although the archaeological industries from the site have been extensively studied (especially the Upper Palaeolithic: see Kozłowski & Ginter 2000, and references therein), the hominin specimens yet await a detailed analysis (Strait et al. 2016).
[bookmark: CBML_ch07_sec2_002]Croatia
Croatia has a long history of human evolutionary research, starting with the work of one of the fathers of palaeoanthropology, Dragutin Gorjanović-Kramberger, the discoverer of the Krapina Neanderthals from Hušnjakovo (1899–1906), in the Hrvatsko Zagorje. The Krapina NeandertaalNeanderthal sample is still one of the largest single assemblages of Neanderthal Neandertal fossils with more than 1200 skeletal fragments, and over 100 lithic finds and numerous faunal remains. Due to the fragmentary nature of the remains, estimates of the mMinimum nNumber of Iindividuals (MNI) range from 24 (Gardner & Smith 2006) to 82 (Wolpoff 1978). The importance of the assemblage, besides the high number of individuals present, is the demography of the sample (with different age groups and both sexes present – see Janković et al. 2016 and references therein). At present, the fossils are dated to around 130 ka (i.e., Marine Isotope Stage (MIS) 5e, see Rink et al. 1995), but there are some indications the site might be considerably older (C. Stringer and R. Grün, personal communication). Overall, the Neanderthal sample from Hušnjakovo shows typical Neanderthal traits (for more details see Gorjanović-Kramberger 1906; Smith 1976), and is among the earliest Neanderthal sites known. While some have argued that certain specimens, especially those higher in the stratigraphic sequence like the subadult A skull (Krapina 1), represent early modern humans or hybrids, none of these specimens fall out of the anatomical and metric range of Neanderthals (Minugh-Purvis et al. 2000; Ahern et al. 2013). The presence of abnormalities (e.g., the presence of rotated P4 in some specimens) has been cited as evidence of possible hybridisation (Ackermann 2010), but are is more likely the result of relatively close biological relationship among the Krapina people, as is shown by the presence of other unique features in the sample (Cartmill & Smith 2022), including the anomalous internasal suture present in all specimens preserving this area (see Figure 7.1). Additionally, because there are no definitive modern humans known from Europe at this time, hybridisation would seem difficult. All of the lithic remains from the site are considered Mousterian (Karavanić et al. 2016), and traces of cut marks on eight white eagle talons from the site indicate their use in non-utilitarian ways (Radovčić et al. 2015,; 2020). This is very early evidence of possible symbolic or personal adornment use of natural materials, and occurs at a time when modern humans are not present in Europe.
Figure 7.1 Here
Vindija Cave is located in the same region of Hrvatsko Zagorje as Krapina, and is the second site where the Neanderthal bones were found in Croatia. During the excavations by M. Malez in the 1970s and 1980s, a large sample of Neanderthal remains, various lithic and bone tools, and faunal remains were uncovered (see Malez 1979; Malez et al. 1980; Wolpoff et al. 1981; Smith et al. 1985). Ever since its discovery, the Vindija sample has been rather controversial, as several authors argued for the presence of ‘“transitional’” morphology in the remains. Indeed, evidence for facial reduction is seen in the form of the supraorbital torus, nasal breadth, alveolar height, and features of the mandibular symphysis (Smith & Ranyard 1980; Wolpoff et al. 1981; Smith 1984,; 1992,; 1994; Ahern & Smith 1993; Ahern 1998; Ahern et al. 2002,; 2004; Janković et al. 2006; Smith et al. 2015), and this complex of features clearly approaches the modern human condition more than in most other Neanderthals. Likewise, some argued that these late Neanderthals were behaviourally more ‘“modern’”, both in some typological aspects of their tool production and the choice of raw materials (Karavanić 1995; Karavanić & Smith 1998; Blaser et al. 2002; Ahern et al. 2004; Janković et al. 2011; Karavanić et al. 2016).	Comment by Microsoft Office User: Citation added
Because of these claims, the chronology of the Vindija sample has received extensive attention. Initial direct radiocarbon dating of the stratigraphically younger layer G1 Neanderthals to around 28–29 ka uncalBP suggested that the sample was likely the youngest Neanderthal fossil assemblage (Smith et al. 1999). Dates for the G1 specimens were later revised to around 32 ka uncalBP. However, the recent revised dating yielded results of 42.7 ± 1.6 to 43.9 ± 2 ka uncalBP for the layer G1 specimens, and of 44.3 ± 1.2 ka uncalBP for the stratigraphically older G3 Neanderthal fossils (Devièse et al. 2017). Calibrated ages for these specimens all pre-date ~44 ka calBP (Devièse et al. 2017), and those for the two dated Neanderthals from level G1 are 54,610–43,420 calBP (95.4 per cent% probability) for the Vi-207 mandible, and 49,980–42,910 calBP (95.4% per cent probability) for the Vi-208 parietal.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Added to ref list
Re-dating of the timing of late Neanderthals and the earliest AMH, as well as the appearance of specific behavioural innovations, is one of the most important issues in Late Pleistocene palaeoanthropology. However, the conclusions of Devièse and colleagues that there was no temporal overlap between the Vindija Neanderthals and AMH in the region is far from definitive (see Discussion). Ultimately what is needed is a larger set of dates for both hominin groups, obtained by the same methods, before the issue of overlap and interbreeding here can be fully settled.
Although there are some Croatian sites that yielded assemblages and artefacts from the Early Upper Palaeolithic (e.g., Aurignacian), unfortunately there are no human remains in direct association with them. The only securely dated sample from the Upper Palaeolithic in Croatia comes from the site of Šandalja II in Istria, excavated at several times between 1962 and 1989 (Malez 1979; Janković et al. 2012). The Aurignacian layers did not yield any hominin material, but the upper sequence, first attributed to the Gravettian by M. Malez (1979) and later to the Epigravettian by Karavanić (1999,; 2003), did. Partially described by Malez (1972; , 1987), and later in detail by Janković and colleagues (2012), the fragmentary remains belong to a minimum of two adults and one subadult. All come from the layer B/s that was radiometrically dated to 12,532 ± 369uncalBP (Malez & Vogel 1969). Some fragmentary remains that have been reported as Upper Palaeolithic come from the sites of Ljubićeva Pećina and Romualdova Pećina, both in Istria (Janković et al. in prep.).
[bookmark: CBML_ch07_sec2_003]Greece
The Greek human fossil record, although relatively small, covers a period from Middle to Late Pleistocene, with an isolated maxillary M3 from Megalopolis possibly being from the Early Pleistocene (Sickenberg 1975; Xirotiris et al. 1979). The well-known Petralona cranium was a chance find discovered on the cave floor surface in 1960 (Kokkoros & Kanellis 1960), and although the site was later excavated, starting from 1968, the research did not provide reliable chronology for the fossil. Without a reliable direct date, and based on morphological analysis and comparisons with other available fossil hominin data, the majority of scholars consider it to pre-date the Neanderthal occupation in the region (for a more detailed description, see Roksandic et al. Roksandic et al.in, this volume).
The Apidima Cave A yielded two important specimens: Apidima 1 (posterior part of the neurocranium and cranial base) and Apidima 2 (a more complete cranium damaged by post-depositional processes: see Figure 7.2), both discovered in 1998 (see Harvati et al. 20200916; , 2019, and references therein). Apidima 1 dates to >210 ka, and Apidima 2 to >170 ka (Harvati et al. 2019). Interestingly, a study by Harvati and colleagues (2016Harvati and colleagues (2011) suggests Apidima 2 is a (early) Neanderthal. This Neanderthal attribution is clearly borne out by the specimen’s morphology (Figure 7.2), and supported by a second morphometric study (Bräuer et al. 2019). The older fossil, Apidima 1, interestingly clusters with an early anatomically modern group in a detailed study, leading to the interpretation that it represents a very early incursion of modern humans into Europe (Harvati et al. 2019). However, although the Apidima 1 lacks typical ‘“Neanderthal traits’” (such as an oval or ‘“en bombe’” posterior profile of the skull or a pronounced suprainiac depression, among others), it has a number of plesiomorphic (i.e., ancestral) traits (e.g., the widest part of the cranium is relatively low on the parietals). Further, as Apidima 1 lacks the facial region, no comparison between the two Apidima fossils, nor with other pre-Neanderthal and Neanderthal fossils can be made. Whether the Apidima 1 is an example of an early ‘“anatomically modern’” human lineage, and as such the oldest example of such a lineage to reach Europe, as proposed by Harvati et al. (2019), a part of the morphologically variable pan-European group of fossils that predate Neanderthals, or something else entirely is still unclear. Considering the available evidence, even if the first scenario proves to be correct, it likely belongs to an ‘“early traveller’” that left no visible morphological legacy in later modern human groups in Europe.	Comment by Victoria Chow: QUERY: Harvati et al. 2016 doesn't appear in the References. There's Harvati 2016 or Harvati & Roksandic 2016, but no et al. Please indicate what needs amending her, providing the full details of Harvati et al. 2016 if necessary. 	Comment by Microsoft Office User: It was Harvati et al. 2009	Comment by Victoria Chow: See query above.	Comment by Microsoft Office User: The author found the appropriate ref (2011) and added to the ref list
Figure 7.2 Here
Several sites in Greece have yielded Neanderthal remains in association with Mousterian and Initial Upper Palaeolithic industries. Excavations at the Lakonis Cave took place between 1997 and 2011, and yielded a rich series of faunal remains and Mousterian stone tools. Interestingly, a left lower third molar (LKH1) was found in the upper layer, associated with an industry described as Initial Upper Palaeolithic that contains elements of both the Mousterian and Upper Palaeolithic (Elefanti et al. 2008; Harvati 2016). This stratigraphic source of the molar is dated to between 48 and 42 ka calBP (Panagopoulou et al. 2002–2004; Elefanti et al. 2008). Analysis of the tooth shows several Neanderthal features, including an enlarged pulp cavity, a mid-trigonid crest, and relatively thin enamel (Harvati et al. 2003; Harvati 2016).
The human fossil record from the site of Kalamakia is somewhat richer. As many as twelve 12 isolated fragments were found in unit IV, and one in unit II at the site. These include ten 10 isolated teeth (left maxillary P3, left maxillary M3, one maxillary P4, left mandibular P4, right maxillary M2, right mandibular p4, right maxillary I2, left maxillary I1, left maxillary di2, maxillary di1), an occipital fragment, a right fibular shaft fragment, a subadult lumbar vertebra, and a left navicular (Harvati 2016). According to Harvati and colleagues (2009;13; Harvati 2016), these collectively represent a minimum of eight individuals, among which are two juveniles. Most anatomical details that are taxonomically relevant show a Neanderthal morphological pattern (e.g., shovelling, lingual tubercles and labial convexity on the maxillary incisors, multiple lingual cusps, a transverse crest and asymmetric crown on mandibular premolars) (Harvati et al. 200913; Harvati 2016). No direct dates are available for the specimens, but an AMS 14C determination on charcoal and uranium-thorium (U-Th) dating on a marine shell provided a range of ˃40–100 ka for the sample (de Lumley et al. 1994). Layers also contain numerous Mousterian artefacts (de Lumley et al. 1994; Darlas & de Lumley 2004), further supporting the taxonomic assessment of the sample as Neanderthals.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: It is 2009	Comment by Victoria Chow: See query above.	Comment by Microsoft Office User: It is 2009
The post-Neanderthal Pleistocene human fossil record from Greece is even scarcer. There are three reported finds from supposedly Upper Palaeolithic settings: a skeleton from Apidima Cave Г, fragmentary human remains from Theoptera Cave, and fragmentary human remains from Franchthi Cave (see Jacobsen 1981; Pitsios 1995; Stravopodi et al. 1999; Stravopodi & Manolis 2000; Harvati et al. 2009). The association of the Apidima skeleton with the Aurignacian (Darlas 1995) is uncertain, as no direct dates nor a detailed study of the remains has yet been published (Harvati 2016). The context of the cranial vault fragments and several postcranial remains from the Theoptera Cave is problematic. The remains come from a reportedly disturbed Upper Palaeolithic layer, and the association of cranial and postcranial elements is uncertain (Stravopodi et al. 1999; Stravopodi & Manolis 2000; Harvati et al. 2009). However, a published direct date on a postcranial element (13,723 ± 60 uncalBP) suggests it may be from the latest phases of the Palaeolithic occupation of the site. Similar circumstances apply to the human skeletal remains from the supposedly Palaeolithic occupation levels at Franchthi Cave. It has to be noted that the site is well known for its Neolithic occupation that includes numerous burials. There are earlier, Upper Palaeolithic levels (Aurignacian, as well as Epigravettian) at the site, but whether the reported human skeletal fragments (a mandibular fragment, an adult molar fragment, two deciduous teeth and two postcranial elements; see Harvati et al. 2009) can be assigned to the Late Pleistocene is unclear. No direct dates are available for these, and a detailed morphological study has not yet been published.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Delete it, please
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Romanian fossils have recently proven to play a central role in understanding the initial colonisation of Europe by anatomically modern humans. Of particular importance are the cranial and mandibular specimens from Peştera cu Oase, Peştera Muierii, and Peştera Cioclovina Uscată. In addition to these specimens, several other supposedly Aurignacian (or possibly older) specimens have been reported from the territory of Romania. These are the 2nd right pedal phalanx from the Bordul Mare Cave at Ohaba Ponor, a molar germ from the La Adam Cave, a frontal fragment from the Malu Roşu site, and a femoral diaphyseal fragment from the Peştera Mică (Nicolăescu-Plopşor 1968; Necrasov 1971a,; 1971b; Păunescu 2001). The Bordul Mare specimen was discovered during excavations in 1923/24, and first described as Neanderthal (Gaál 1928; Necrasov 1971a,; 1971b). However, considering the lack of stratigraphic data and the fact that both Mousterian, as well as Aurignacian, tools are present at the site (Rainer & Simionescu 1942), it is uncertain to which group the phalanx belongs. The unerupted molar germ of an upper right M1 was discovered in La Adam Cave in 1958 (Necrasov 1962). Unfortunately, as in the case of the Bordul Mare specimen, the La Adam tooth cannot be located. The specimens from Peştera Mică and Malu Roşu are also missing (A. Soficaru, personal communication).
However, fortunately for the Romanian fossil record, new discoveries in recent years have enriched our knowledge of the earliest modern humans in Europe. Of these, the most interesting are the three specimens from Peştera cu Oase, discovered in 2003: the Oase 1 mandible (Figure 7.3), the Oase 2 cranium (Figure 7.4) and the Oase 3 temporal bone. The Oase 1 mandible has been directly dated to between 36 and 34 ka uncalBP (Trinkaus et al. 2003a), calibrated to 42–37 ka calBP (see Fu et al. 2015). Unfortunately, no artefacts are associated with the Oase human remains, but their age clearly places them toward the beginning of the Upper Palaeolithic in Europe. The Oase 1 mandible’s overall morphology aligns it securely with modern humans, as does the morphology of the relatively complete Oase 2 cranium (Trinkaus & Rougier 2013; Rougier & Trinkaus 2013). Trinkaus and colleagues (2003a,; 2003b; Rougier et al. 2007; Rougier & Trinkaus 2013; Trinkaus & Rougier 2013) have noted several morphological details in the sample – such as the presence of medial pterygoid tubercle, horizontal-oval mandibular foramen, flat frontal bone, a ‘“hemibun’”, upper facial projection and a prominent juxtamastoid eminence – that could suggest interbreeding with local Neanderthal groups in which these features appear in higher frequencies.

Figure 7.3 Here
Figure 7.4 Here
Recently, results of DNA analysis showed that the Oase 1 genome has between 6 and 9 percentage of Neanderthal ancestry, resulting from interbreeding only a few generations prior to the time the Oase 1 individual lived (Fu et al. 2015). However, Fu and colleagues also note that none of these Neanderthal genes made it through to recent people. This result indicates the complexity of human evolution following the establishment of modern humans in Europe during the Upper Palaeolithic. Specifically, the Oase 1 genome demonstrates the extent of change in the European gene pool from the Early Upper Palaeolithic timeframe to the Holocene.
Peştera Muierii (Baia de Fier) is a complex karstic system consisting of several chambers, in which the first excavations were undertaken in 1929, and then again in the 1950s (Soficaru et al. 2006). During the later excavations, a total of six human bones belonging to at least three individuals, some faunal remains and stone tools (both Mousterian and Aurignacian types) were discovered (Doboşs et al. 2010). Four of the human bones come from the Galeria Musteriană (discovered in 1952; Gheorghiu et al. et al. 19514; Nicolăescu-Plopşlor 1968; Soficaru et al. 2006), and are referred to as Muierii 1 (cranium, mandible, scapula and tibia). In addition, two other human specimens, Muierii 2 (temporal bone), and Muierii 3 (fibular diaphysis) were recovered in the cave, but the exact provenience for these is unknown (Soficaru et al. 2006). Several direct dates are available for the Muierii 1 specimens (29,000 ± 700 uncalBP, 29,930 ± 170 uncalBP, and 28,510 ± 170 uncalBP for the cranium: see Olariu et al. 2005; Soficaru et al. 2006, 2007; and 30,150 ± 800 uncalBP for the scapula and tibia: see Soficaru et al. 2006). The calibrated age for Muierii is 34–35 ka calBP for Muierii 1 (Harvati & Roksandic 2016). Although not found in direct association with the Muierii 1 assemblage, direct dating of the Muierii 2 specimen yielded a contemporaneous date (29,110 ± 190 uncalBP: see Soficaru et al. 2006) to the uncalibrated dates for Muierii 1. Similarly to the Oase specimens, although the overall morphology of the Muierii 1 specimen(s) is modern, there are several archaic features that are common in Neanderthals. These include large interorbital breadth, relatively flat frontal arch, several mandibular traits, occipital bunning, and narrow scapular glenoid fossa (Soficaru et al. 2006; Doboşs et al. 2010). Unfortunately, the association of archaeological industries with the hominin skeletal remains is unclear.
Archaic (Neanderthal) traits on the otherwise modern partial cranium from the Peştera Cioclovina Uscată have been noted as early as 1924 (Rainer & Simionescu 1942). For example, the supraorbital region is very robust and there is a hemibun and a weak suprainiac fossa on the occipital bone (Smith 1984; Churchill & Smith 2000; Trinkaus 2005; Soficaru et al. 2007). The stratigraphic position and association of the find with stone artefacts have been a matter of debate for some time, but luckily two direct dates on Cioclovina 1 cranium provided results of 29,000 ± 700 and 28,510 ± 170 uncalBP, respectively (Olariu et al. 2005; Soficaru et al. 2007), calibrated to 33.21 ± 0.69 ka calBP (Harvati & Roksandic 2016). Interestingly, there are reports that a human cranium was found at the site in 1911 in association with cave bear remains (Soficaru et al. 2007), but all traces of the specimen are lost.
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The territory of the Republic of Serbia has seen a revival in Palaeolithic research in recent years, and new excavations at several sites have yielded new hominin fossils. The important Middle Pleistocene specimen from Mala Balanica is discussed elsewhere in this volume (Roksandic et al.; Roksandic et al.; Marín-Arroyo et al.), and here we will focus our attention on specimens discussed as Late Pleistocene. These include both recently found Neanderthal and AMH specimens from the Pešturina Cave, located about 20 km from the centre of the town of Niš. Also, extensive fieldwork by Mihailović and colleagues resulted in the discovery of new specimens (e.g., at Mala Pećina and Kozja Pećina, both in the Majdanpek municipality near the village of Blizne) that are yet unpublished. A detailed description will be necessary to put them into a wider context. Several specimens that have previously been discussed as being of possible Pleistocene age (e.g., the calotte found in the Old Town of Belgrade in the late 19th century, the frontal part from Žitište, the calotte from Bački Petrovac and the mandibular fragment from Belgrade) have either been lost or misplaced, therefore precluding direct dating of these specimens, or proven to be of Holocene age (as in the case of the mandibular fragment). Analyses by Roksandicć (2016) and Radović and colleagues (2014) demonstrate their anatomically modern affinities, but no more than that can be said at this time.
Recent excavations at Pešturina Cave near Niš in Serbia provided interesting archaeological samples dating from about 117 ka to the Holocene, and demonstrating both Neanderthal and AMH presence at the site (Radović et al. 2019; Lindal et al. 2020). Layer 4b, dated to 102.4 ± 3.2 ka, yielded a Mousterian assemblage as well as a nicely preserved permanent right M1 (Pes-3) of a young (late childhood stage) individual (Radović et al. 2019). A comprehensive analysis of the specimen clearly shows its Neanderthal affinities (Radović et al. 2019). Further up the sequence, a proximal to middle portion of a juvenile radial shaft (Pes-2) was found in the contact zone between layers 3 and 4a (bracketed between 38.9 and 92 ka, see Alex et al. 2019 and Lindal et al. 2020). The juvenile age and partial preservation of the specimen preclude a reliable taxonomic assessment, but the stratigraphic position and association with a Mousterian assemblage strongly suggest it is a Neanderthal. In the Upper Palaeolithic (Gravettian) layers at the same site (layer 2, dated to 31–29 ka calBP), a left lateral part of an atlas (C1) (Pes-1) of a (likely) adult individual was found (Radović et al. 2019). Essentially modern morphology and stratigraphic association suggest this is an anatomically modern human, and thus that this specimen can be tentatively added to the list of the Upper Palaeolithic specimens of East Central Europe. Considering the stratigraphy, cultural sequence and radiocarbon dating of the layers in which the three hominin specimens from Pešturina Cave have been discovered, the site may have an even more important role in future discussions on possible Neanderthal and modern human interactions. A reliable direct dating of the specimens and aDNA analysis could go a long way towards this.
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The hominin fossil record in South-eastern and East Central Europe is extensive in some areas, but relatively meagre in others. The Hrvatsko Zagorje region of northern Croatia, for example, provides a large, albeit fragmentary, sample of both early (Krapina) and relatively late (Vindija) Neanderthals. The regions surrounding the Danube river valley’s eastern tributaries have yielded the earliest definitive evidence of modern humans in Europe (Bacho Kiro) and the earliest well-preserved crania, mandibles, and a few postcranial pieces (Peştera cu Oase, Peştera Cioclovina Uscată, and Peştera Muierii) of these early modern Europeans. Other hominin-bearing sites are more scattered in this region throughout the Late Pleistocene, but it is clear that both Neanderthals and Upper Palaeolithic-associated modern people were capable of adapting to a wide variety of geographic settings during this period.
Neanderthal remains are found along the rugged coastlines of the Mani Peninsula (Greece) and caves overlooking tributaries of the Danube (Bulgaria, and Romania) and southern peripheries of the Pannonian Basin (Serbia, Croatia). There are no Neanderthal fossil remains known from open-air sites in this region, but this is likely due to the destruction of sites by millennia of farming and weathering in the valleys and in the open areas of the basin. Neanderthals appear to exploit a wide range of faunal resources, including the hunting of large vertebrates such as rhinoceros (Miracle 2007). All of the Neanderthal specimens with archaeological association are found with some variant of the Mousterian (Table 7.2), except for the Lakonis M3 which appears to derive from an Initial Upper Palaeolithic association. The Lakonis tooth is likely also the latest dated Neanderthal from this part of Europe, as its age could be as young as 42 ka calBP. New dating suggests that the Vindija G3 and G1 levels may be fundamentally the same age as each other, and the new calibrated dating places them at c. 48 ka calBP (Karavanić et al. 2021). Thus the Vindija Neanderthals are not as late as once thought, but are still towards the later end of the Neanderthal time-span in Europe. The other Neanderthal sites are likely older than Lakonis and Vindija (Table 7.2), with the oldest being the Apidima 2 cranium at >170 ka. New dates show that Vindija layer M (Mousterian tools but no hominin fossils) correlates to MIS 6, also around 160–170 ka (Karavanić et al. 2021), and the Kozarnika radius might be of similar age. However, it is possible that the Krapina Neanderthals may date to c. 250 ka, which would place these specimens among the very oldest Neanderthals known anywhere. Despite the uncertainties associated with some dates, it is clear that Neanderthals occupied East Central and South-eastern Europe for much of the Late Pleistocene, and likely back into the Middle Pleistocene.
Although the Lakonis tooth is somewhat late, Harvati (2016) argues that there is no evidence for a Neanderthal refugium in Greece. The redating of Vindija, once dated to <40 ka, to closer to 48 ka, would tend to suggest the same is true for the Hrvatsko Zagorje region farther to the north. A recent assessment of the Hrvatsko Zagorje also concluded that the fauna did not support a refugium argument (Karavanić et al. 2022). However, in the Adriatic region of Croatia, Velika Pećina in Kličevica preserves Mousterian tools (but no fossil hominins) just below a flowstone dated by U-Th to 32.7 ka, and well above a level dated to at least 47.7 ka (Karavanić et al. 2021). This dating suggests Neanderthals may have existed here after 40 ka, which is the case in other regions of Europe as well (see discussion in Karavanić et al. 2021).
The Upper Palaeolithic-associated early moderns from this part of Europe play a crucial role in establishing the morphological pattern of the earliest modern Europeans. These sites reflect adaptations to the same geographic areas as was the case for the Neandertals. In all cases, with the possible exception of the Lakonis molar, the hominin remains associated with the Upper Palaeolithic, including the Initial Upper Palaeolithic, are fundamentally modern. The dating from Bacho Kiro and the Romanian sites make a solid case that modern humans likely entered Europe via this region. The relately relatively early date of 43–45 ka calBP for two probable Uluzzian-associated deciduous molars from the Grotta del Cavallo, Italy (Benazzi et al. 2011), lends support to this possibility. Benazzi and colleagues demonstrate the teeth are modern in morphology and structure, and this is confirmed by further analysis (Moroni et al. 2018). Moroni and colleagues convincingly counter the argument that these teeth may not be associated with the Uluzzian (Zilhão et al. 2015). As the Uluzzian is an Initial Upper Palaeolithic technocomplex, the identity of its maker is significant. The Cavallo teeth are the only diagnostic evidence of that authorship to date, and more corroboration of this identity would be very useful. If we assume early modern humans produced the Uluzzian, then we also have evidence for them at the sites of Klissoura (Greece), perhaps >40 ka (see Harvati 2016), and possibly at the site of Crvena Stijena in Montenegro (Mihailović & Whallon 2017).
In addition to the identity of the Uluzzian makers, there are other controversies in which the East Central European/South-eastern European early modern humans assume considerable importance. First there is the question whether these early modern humans preserve any morphological indication of Neanderthal introgression. Ancient DNA certainly demonstrates interbreeding (see review in Smith et al. 2017), but the morphological evidence is still vigorously debated. For example, Neanderthal retentions in the form of occipital bunning and suprainiac fossae in the Romanian early modern specimens discussed above are not accepted by all (Harvati & Roksandic 2016), but have also been defended (Smith 2013; Ahern et al. 2013, ; Rougier & Trinkaus 2013). The earlier arguments of Neanderthal-like features at Bacho Kiro were based largely on tooth size (Churchill & Smith 2000). While this argument is no longer compelling, there are some features of the teeth (e.g., presence of a moderately expressed – but divided – middle trigonid crest: see Hublin et al. 2020) that might suggest Neanderthal biological influence. Additionally, in our opinion, the morphological pattern of facial reduction exhibited by the Vindija Neanderthals also reflects interbreeding between early modern humans and Neanderthals in East Central Europe.
A second controversy is intimately connected to the first one. This is the question of temporal overlap between Neanderthals and early modern humans in this region. It has been argued that all Neanderthals and the Middle Palaeolithic are gone by between 41 ka and 39 ka calBP (Higham et al. 2014). No Neanderthal fossil remains in East Central and South-eastern Europe are dated after this time-span, but evidence for the presence of early modern humans does extend back beyond this date. Most significant is the material from Bacho Kiro, but the Oase remains likely date before 39 ka calBP as well. In addition to archaeological overlap between Middle and early Upper Palaeolithic, an argument can be made for overlap between hominin fossil-bearing sites. For example, calibrated ages for the Vindija specimens all pre-date ~44 ka (Devièse et al. 2017), and those for two dated Neanderthals from level G1 are 54,610–43,420 calBP (95.4 per cent% probability) for the Vi-207 mandible, and 49,980–42,910 calBP (95.4 per cent% probability) for the Vi-208 parietal. These probability ranges overlap at their lower end with the upper probability range of the older Bacho Kiro and Oase early moderns. If modern humans were in this general region during this time-span, then sharing of morphology is distinctly probable.
The third controversy involves the intriguing interpretation that the Greek specimen Apidima 1 represents the presence of an early intrusion of a modern human lineage into South-eastern Europe at >210 ka (Harvati et al. 2019). Some issues with this interpretation are discussed above, but the age over 210 ka is an additional concern in our opinion. Although there are examples of the lineage leading to modern humans in North Africa (Jebel Irhoud) at an earlier date, the age attributed to Apidima 1 is far older than the evidence for such a lineage anywhere in western Eurasia. This interpretation of so early an incursion of this lineage in Europe is certainly not impossible. Modern humans are present in the Near East possibly by between 177 and 194 ka at Misliya Cave (Hershkovitz et al. 2018), and certainly at Skhūl Cave between 90 and 120 ka (Franciscus & Holliday 2013); both these sites are in Israel. It would not be difficult to accept the possibility that modern humans tried to enter Europe earlier, but were unable to adapt to the challenging climate or effectively deal with the indigenous Neanderthals. However such an early date for a European modern human lineages like Apidima 1 is difficult to envisage. Corroboration in the form of more complete and diagnostic specimens would be required for this interpretation to gain broad acceptance. Thus, there is no definitive evidence of a modern presence that would be early enough to lead to a situation of hybridisation in the Krapina Neanderthals as has been suggested.
[bookmark: CBML_ch07_sec1_004]Conclusion
Fossil hominins from East Central Europe have long played an important role in the interpretation of later human evolution. Specifically, the Krapina site was among the very first Neanderthal sites discovered, and was instrumental in establishing the non-pathological nature and antiquity of the Neanderthals. Discoveries of other significant specimens have trickled into the record, but recent years have seen a renewed interest in research on the European human fossil record from the Late Pleistocene. This is due to several factors. First, new discoveries, such as those from Serbia (e.g., Pešturina, and the as yet unpublished specimens from Mala Pećina and Kozja Pećina), Bulgaria (new fossils from Bacho Kiro and Kozarnika), Romania (Oase) and the Mani Peninsula of Greece have provided a fuller picture of Late Pleistocene human habitation of East Central and South-eastern Europe. Additionally, new radiometric dates for several specimens have provided new interpretations of some sites (e.g., Vindija) and challenging new perspectives, particularly as regards Apidima 1. Recent dating at sites like Bacho Kiro and Oase have established the earliest presence of definitively modern humans in Europe. Finally, new genomic analyses have provided clear evidence of interbreeding between Neanderthals and early modern people (e.g., Vindija, Oase). However, there are problems that still limit our understanding of variable dynamics of hominin interaction patterns in this region of Europe. For example, although there are more radiocarbon dates published using new and improvededimproved techniques, we are still lacking reliable chronological datasets for some important sites in the region, and for many sites the association of the archaeological industries and hominin remains is either lacking or uncertain. Despite these problems, it seems clear that this region, particularly the Danube and its tributary valleys, is the gateway to Europe for modern humans, and that the interaction between these modern migrants and the indigenous Neanderthals was anything but simple and unidimensional. If recent years are any indication, we should look forward to many more important discoveries from the five countries highlighted here.
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[bookmark: CBML_ch07_tab_001]Table 7.1. Chronometric dates, archaeological context, and list of skeletal elements for the early AMH remains mentioned in the text.
	Site (cCountry)
	Chronometric date1
	Skeletal material
	Associated culture

	Apidima (Greece)
	>210 ka (U-series)2
	Posterior calvaria (Apidima 1)
	None

	Bacho Kiro (Bulgaria)
	43.65–45.82  ka calBP
	Two mandibular fragments, isolated teeth, parietal fragment
	Initial Upper Palaeolithic (or Bachokirian), Aurignacian

	Pešturina (Serbia)
	31–29 ka calBP
	Atlas fragment (C1)
	Gravettian

	Cioclovina (Romania)
	28.51 ± 0.17, 29 ± 0.7 ka uncalBP, 33.21 ± 0.69 ka calBP
	Calvaria
	None. Mousterian and Aurignacian are known from the cave

	Muierii (Romania)
	34–35 Kya (cal)
29.11 ± 0.19 to 30.15 ± 0.8 kya (uncal)
	Cranium, mandible (Muierii 1), temporal (Muierii 2), fibula (Muierii 3), scapula, tibia.
	None. Aurignacian found in other part of cave.

	Oase (Romania)
	34.95 +0.99 /-0.89 ka uncalBP, 40.4 ka calBP – Oase 1; 28.89 +ꝏ /-/–0.17 ka uncalBP = minimum age, Oase 2
	Mandible (Oase 1), cranium (Oase 2)
	None


Notes: 1 All dates are radiocarbon, including ultrafiltered AMS, unless otherwise indicated. Bold type indicates direct dates on the fossil specimens. References for the dates and other information in this table are given in the text. 2 Date on matrix adhering to the fossil specimens.
[bookmark: CBML_ch07_tab_002]Table 7.2. Chronometric dates, archaeological context, and list of skeletal elements for the Neanderthal specimens mentioned in the text.
	Site (country)
	 Chronometric date1
	Skeletal material
	Associated culture

	Apidima (Greece)
	>170 ka (U-series)2
	Partial cranium
	None

	Kalamakia Greece)
	>39–100 ka
	10 teeth, cranial fragment,  three postcranial elements
	Mousterian

	Kozarnika (Bulgaria)
	128 ± 0.13 to 183 ± 0.14 ka (OSL)
	Infant radius
	Mousterian

	Krapina (Croatia)
	130 ± 10 ka 3
	>1200 fragmentary specimens from almost all parts of the body
	Mousterian

	Lakonis (Greece)
	42–48 ka
	M3
	Initial Upper Palaeolithic

	Ohaba Ponor (Romania)4
	39.2 +4.5/– -2.9 to  43.6 +2.8 /–-2.1 ka calBP
	2ndnd pedal phalanx 
	Likely Aurignacian (maybe Mousterian)

	Pešturina (Serbia)
	102.4 ± 3.2 ka
	M1 , radius shaft
	Mousterian

	Vindija (Croatia)
	G1: 54.6–43.4 ka calBP – Vi-207; 50.0–42.9 ka calBP – Vi-208

	~80 fragmentary specimens from level G3; seven from G1
	Mousterian (G3); Mousterian with Upper Palaeolithic elements (G1)


1 See note 1 in Table 7.1. 2 Date on matrix adhering to the fossil specimens. 3 Unpublished data suggest these specimens may be ~250 ka (C. Stringer and R. Grün). 4 Stratigraphic /cultural association uncertain. Specimen currently not locatable.
[bookmark: CBML_ch07_fig_001]Figure 7.1. Krapina 3 (skull C). Note the well-developed supraorbital torus and the anomalous nasal suture (Photo by F.H. Smith).
[bookmark: CBML_ch07_fig_002]Figure 7.2. The Apidima 2 cranium. Right: the actual specimen. Left: Computer- generated individual cranial bones without adhering matrix. Note the typical Neanderthal facial features (Photo © courtesy of K. Harvati, University of Tübingen, originally published in Harvati et al. 2019).
Figure 7.3. The Oase 1 mandible exhibiting the relatively vertical mandibular symphysis and lack of a retromolar space. (Photo by E. Trinkaus. Copyright by Emil Racovita Institute of Speleology).
Figure 7.4. Oase 2. Note the fundamentally modern contours of the cranium (Photo by E. Trinkaus. Copyright by Emil Racovita Institute of Speleology).

Chapter 8
Between the Aegean and the Adriatic: The Balkan Palaeolithic and the Sea
NENA GALANIDOU and CHRISTINA PAPOULIA
[bookmark: CBML_ch08_sec1_001]Introduction
The Balkan Peninsula is bordered by the Black Sea to the north-east, the Aegean Sea to the south-east, the Ionian Sea to the south-west, and the Adriatic Sea to the north-west. Lying at the crossroads of three continents and in the heart of Eurasia, it can fairly be treated as a prehistoric ‘laboratory’ of biological processes and cultural expression during the Quaternary. The southern end of the peninsula, Greece, includes about 3,500 islands that represent the mountain tops of an inundated coastal shelf, and vast areas of prehistoric activity lie today beneath the sea (Figure 8.1). Notwithstanding its importance in the geography of Greece, however, the sea has only recently become a major focus of Palaeolithic research, marking a shift of interest to island, coastal, and submerged geographies that has been going hand-in-hand with advanced reconstructions of Quaternary sea-level changes within the emerging subfield of Continental Shelf Prehistoric Research. Originally a European initiative for collaboration among archaeologists, geologists, marine scientists, and heritage institutions who recognised the importance of submerged landscapes to the archaeology of human origins, this has now become a wider international endeavour with far-reaching implications (Bailey & Flemming 2008; Bailey & Sakellariou 2012; Flemming et al. 2014; Bailey et al. 2017,; Bailey et al. 2020b).
Figure 8.1 Here
The prehistoric archaeology of the continental shelf has altered the way in which the often-fragmentary Palaeolithic record is approached. Under the influence of the geosciences, several studies of this subfield tackle the sea by emphasising its natural element (marine) rather than the specific culturally shaped relationship formed by prehistoric peoples’ activities in relation to the sea (maritime) (Benjamin & Hale 2012). Informed by a new paradigm seeking to include both the marine and the maritime perspective in the archaeology of hunters and gatherers (Galanidou 2014a; , 2018), the present study brings together new research designs and new findings to examine the role of the sea in shaping Greek Palaeolithic studies. Founded on the observation that fluctuating sea-levels have profoundly affected the way in which Pleistocene archaeological, palaeoanthropological, and palaeontological remains have been recovered and interpreted, the study addresses the role of the sea as a resource, as a water-crossing challenge, and as a terrestrial route serving mobility and dispersals to new grounds.
[bookmark: CBML_ch08_sec1_002]Where sites are found
Palaeolithic research in Greece began in the inter-war years, intensified from the 1950s onwards and continued into the late 20th century, with numerous explorations targeting inland river terraces and karstic formations in limestone country (Galanidou 2004; , 2014b). It returned an impressive archaeological record and a sparse palaeoanthropological record, dated from the second half of the Middle Pleistocene to the last millennium of the Upper Pleistocene. Within this time frame at least three hominins associated with numerous traditions in lithic, bone, and antler technologies, Homo heidelbergensis, Homo neanderthalensis, and Homo sapiens, are present.
At the end of the 20th century, the spatial distribution of Palaeolithic sites exhibited a clear mainland gradient. The Aegean and Ionian rims and the numerous islands were rarely included in Palaeolithic investigations. The only notable exceptions were the work of Sordinas on Corfu and Zakynthos (1969; , 1970a,; 1970b; , 1983), and Cubuk on Kefalonia (1976) in the Ionian Sea (Figure 8.1). The seas of Greece remained peripheral to the Palaeolithic research programmes, which prioritised mainland caves over other locales. These naturally constrained places, highly visible in the landscape, trap anthropogenic deposits and offer good prospects for recovery of lithic and organic remains from stratified contexts. Caves were therefore deemed of superior interpretative potential compared to open-air sites, which return abundant, rarely stratified, almost exclusively lithic remains. At the time, perhaps the most identifiable type of open-air site was associated with prehistoric wetlands, such as the highly visible terra rossa formations on karstic basins that further underscored the importance of the karst to both Palaeolithic adaptations and archaeological visibility. The same paradigm of a twofold mainland/karst focus drove Palaeolithic explorations in other Balkan countries with extensive coastlines, such as Albania, Bulgaria, and Croatia (see Karavanić & Banda, this volume; Vukosavljević, this volume).
The dawn of the 21st century witnessed a broadening of the spectrum of Palaeolithic explorations from the inland regions close to the Aegean and Ionian seas (and also the Adriatic and the Black seas) to cover a variety of contexts on islands, coasts, and the sea floor. Investigations were driven by new models offering valuable geographical breadth and temporal depth in the Palaeolithic record of Greece. This new focus has led to the identification of a multitude of archaeological sites associated with the sea, classified into two broad, not mutually exclusive types: insular, and littoral and/or partly inundated.
Palaeolithic sites and find-spots have been identified on islands of the north Aegean (Panagopoulou et al. 2001; Efstratiou et al. 2013; Galanidou et al. 2013; , 2016a; Sampson 2018), Crete and Gavdos in the south Aegean (Kopaka & Matzanas 2009; Strasser et al. 2010; Runnels et al. 2014a,; 2014b), and the Cyclades in the central Aegean (Carter et al. 2014; , 2019) (Figure 8.1). In the Ionian Sea, new data from excavations and diachronic survey projects (Randsborg 2002; Darlas et al. 2006; van Wijngaarden, Kourtessi-Philippakis & Pieters et al. 2013; Galanidou 2015; , 2018; Galanidou et al. 2022) were coupled with the publication of earlier finds (Galanidou et al. 2016b). A meticulous re-examination of published records from the Aegean and Ionian islands has refined the picture of the island Palaeolithic (Papoulia 2017,; 2018). The question that emerges for both archipelagos is which islands were reached by hominins via sea routes requiring some kind of sea crossing, and which were reached via terrestrial routes opening when sea-levels dropped (Galanidou 2014b; Papoulia 2016,; 2017,; 2018).	Comment by Victoria Chow: QUERY: Does this refer to 2016a or 2016b?

Galanidou, N., Athanassas, C., Cole, J., et al. (2016a), ‘The Acheulian Site at Rodafnidia, Lisvori, on Lesbos, Greece: 2010–2012’, in K. Harvati & M. Roksandic (eds), Palaeoanthropology of the Balkans and Anatolia: Human Evolution and its Context (Dordrecht, Springer), 119–38.
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Over the last past two decades, the Palaeolithic record of the mainland and the islands has been augmented by a good number of cave and open-air sites on the coastline, some of which extend underwater or are bounded and sometimes eroded by the sea. It is often the case that the most productive parts of the site catchments lie underwater today. Littoral caves on Greek and other Mediterranean coasts are often situated on rocky shorelines and steep slopes that have marginally survived inundation. When the steep profile continues offshore, the cave site would have been relatively close to the shoreline, allowing Palaeolithic groups to take advantage of the coastal resources of the plain fronting them and the sea beyond it. Yet again, apart from residues surviving at the back of the cave, traces of littoral and marine resource extraction would remain invisible on the now submerged shores. If there were any open-air activity, only the lithic artefacts would perhaps be preserved, offering a narrow view of the range of activity at the site.
In west Achaia in the north-west Peloponnese, an array of Middle and Upper Palaeolithic open-air sites and find-spots is situated on three marine terraces dominating the Patras Gulf coast (Darlas 1999,; 2018). The elevation range, with the highest terrace in the east of the study area and the lowest in the west, has been tentatively assigned to either different marine transgressions of Pleistocene interglacials, with the earliest terrace attributed to Marine Isotope Stage (MIS) 9 (see Figure 1.1) (Darlas 2018), or tectonic activity uplifting blocks from a single terrace associated with the MIS 5e transgression (Dufaure 1970). At Kalamaki five sites and several find-spots were discovered at 20 m above (modern) sea-level (asl) across a coastal strip of land 200 m wide and several kilometres long (Figure 8.1). The stratigraphic sequence consists of four layers: A and B contain finds with Neolithic and Upper Palaeolithic affinities, while C and D contain finds with Middle Palaeolithic affinities, namely Mousterian with a strong presence of the Levallois technique (Darlas 2018: 185). Further west at Mavri Myti hill is another marine terrace, probably corresponding to the latest Tyrrhenian transgression of 80 thousand years ago (ka) (MIS 5a), where Middle Palaeolithic artefacts, some of them refitted, were found in situ (Darlas 1995,; 2018) (Figure 8.1).	Comment by Victoria Chow: QUERY: The 1995 work does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Darlas, A. (1995), ‘The Earliest Occupation of Europe: The Balkans’, in W. Roebroeks and T. Von Kolschoten (eds), The Earliest Occupation of Europe (Leiden, University of Leiden), 51–9.

On the Mani Peninsula in the south Peloponnese, karstic cavities that were once on dry land are today fully or partly inundated due to the Holocene sea transgression. The many caves in the intertidal and subtidal zones are a result of the hydrogeological conditions of the Taygetos mountain chain, favouring coastal and submarine groundwater discharges and karst development (Sakellariou & Galanidou 2016). Karstic features occur at very high densities all along the coastline at low altitudes and at least 12 are found at depths between 8–12 m below (modern) sea-level (bsl) and 20–25 m bsl off the shores of the west Mani (Basiakos 1993; Giannopoulos 2000).
On the east coast of the Mani, a cluster of five karstic cavities extends over a distance of 200 m along the intertidal zone of the Sellinitsa valley coast near Gytheio. Lakonis I, a collapsed cave, is part of a larger complex that is now submerged (Figure 8.1). The archaeological deposits span the Middle and Upper Palaeolithic (Panagopoulou et al. 2002–2004), while Middle Palaeolithic deposits are also preserved on the seabed off the present-day coast. The seabed fronting the site has been declared a protected heritage zone (Galanidou et al. 2020). A transitional lithic industry from the site has been associated with a Neanderthal molar (Harvati et al. 2003; Elefanti et al. 2008).
Another case of a Middle–Upper Palaeolithic transitional industry is represented at Kolominitsa Cave on the west coast of the Mani Peninsula, now 100 m from the waterline at 22 m asl (Figure 8.1). While heavily eroded, the deposits yielded Middle and Early Upper Palaeolithic assemblages. In this part of the west Mani, a dense concentration of Upper Palaeolithic cave sites is reported, including four more shallow caves at Cape Skini. Skini 1 is totally eroded by the sea. Skini 3 and Skini 4, both exhibiting Gravettian cultural remains, are today 60–100 m from the waterline at an altitude of 27 m asl (Darlas & Psathi 2016) (Figure 8.1). Further north, on the littoral zone from Prosilio, north of Kardamyli, to Trachila, stratified sites yielding Palaeolithic finds, mainly Middle Palaeolithic, are found at elevations below 50 m asl and less than 500 m from the coast (Tourloukis et al. 2016).
On the same west coast of the Mani, Kalamakia Cave is situated on a Tyrrhenian marine terrace, and the cave talus is eroded by the winter waves that reach the base of the fill (Darlas & de Lumley 2004) (Figure 8.1). A rich and diverse Middle Palaeolithic archaeological assemblage and the largest sample of Neanderthal remains in Greece originate from the site (Harvati et al., 2013). The stratigraphic sequence and the spatial distribution of anthropogenic deposits suggest that although the Neanderthals recurrently occupied the cave during glacial periods, this was impossible during interglacials, when Kalamakia was inundated. The periodical flooding of the cave wiped out material deposited earlier than the Last Interglacial (MIS 5e) and Last Glacial (MIS 5d–2) periods, which were protected by the talus cone sealing its entrance (Darlas, 2012).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User:  Harvati, K., Darlas, A., Bailey, S.E., Rein, T.R., El Zaatari, S., Fiorenza, L., Kullmer, O., & Psathi, E. (2013). New Neanderthal remains from Mani peninsula, Southern Greece: The Kalamakia Middle Paleolithic cave site, Journal of Human Evolution, 64 (6): 486-499. https://doi.org/10.1016/j.jhevol.2013.02.00
South of Kalamakia, the Apidima Cave Complex (A, B, C, D, E), at the foot of a coastal cliff below the Areopolis Plateau, was able to survive total inundation (Pitsios 1999) (Figure 8.1). Apidima A, at 5 m asl, is known for two hominin skulls, Apidima 1 and Apidima 2, although opinion is divided on which species they belong to (Harvati et al. 2011,; Harvati et al. 2019; de Lumley et al. 2020; Rosas & Bastir 2020; Roksandic et al., this volume). The fossils, originating from a terrestrial breccia block, have been dated by U-series, to 210–170 ka (Bartsiokas et al. 2017; Harvati et al. 2019; de Lumley et al. 2020). It is estimated that karstic formations situated above c. 40 m asl would have been unaffected by the Last Interglacial marine transgression, while in the lower parts of the present coastal zone, newly- revealed landscapes and karstic features would have become available for exploitation during post-regression episodes of human occupation.	Comment by Victoria Chow: QUERY: The 2011 work does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Harvati, K., Stringer, C. & Karkanas, P. (2011), ‘Multivariate Analysis and Classification of the Apidima 2 Cranium from Mani, Southern Greece’, Journal of Human Evolution, 60(2): 246–50.
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The sea is incorporated in discussions of Palaeolithic lifestyles relatively late in human evolutionary history, towards the end of the Pleistocene, primarily as a resource and secondarily as a route toward new territories. For the most part, the open sea is regarded as a challenge to pre-human mobility. Palaeolithic life in relation to the sea is envisioned only in respect of dietary purposes, involving the exploitation of aquatic resources from the shallow or deep sea and the coastal environments. These included dry land, wetlands, lakes, rivers, estuaries, swamps, and riparian zones that offered a wide variety of natural resources, as well as challenges to foragers (Galanidou & Bailey 2020). Many of these environments have undergone dramatic changes, as evidenced by sea-level fluctuation and the various dynamic geomorphological processes affecting the coastlines. Yet again, the intensive and systematic exploitation of aquatic resources is an activity principally discernible in the Upper Palaeolithic or the Late Stone Age record, and is usually associated with modern human behavioural repertoires.
On a global scale, it is argued that Homo sapiens developed systematic pelagic fishing in Indonesia since at least 42 ka, and colonised Australia much earlier than previously thought (O’Connor et al. 2011; Clarkson et al. 2017; Norman et al. 2018). Moreover, although largely ignored, aquatic resources were an important component of an expanded diet in Early Pleistocene hominins of Africa from 1.95 million years ago onwards (Archer et al. 2014).
But what about the Neanderthals and the sea? Contrary to the earlier canon, there is growing evidence from riverine and littoral sites of the Mediterranean coasts that the Neanderthals had a broad-based diet including seabirds, freshwater fish, clams, crabs, mussels, and marine mammals (seals, dolphins) dating to approximately 125–250 ka (Stringer et al. 2008; Colonese et al. 2011; Cortés-Sánchez et al. 2011; Hardy & Moncel 2011; Villa et al. 2020; Zilhão et al. 2020). The modification of shells for use as ornaments or tools is an activity shared by Homo sapiens and the Neanderthals (Vanhaeren et al. 2006; Bar-Yosef Mayer et al. 2009; Romagnoli et al. 2014).
In Greece, although systematic fishing is archaeologically visible from the Mesolithic onwards (Mylona 2014), a growing body of evidence suggests that familiarisation with the sea through the exploitation of its resources must have deeper roots into at least the Upper Palaeolithic. Fish remains are present at Kephalari Cave since the late Upper Palaeolithic, around MIS 2/3 (Starkovich & Ntinou 2017) (Figure 8.1). Kephalari and Franchthi attest to the adoption of new technological gear that allowed Palaeolithic groups of the north-east Peloponnese to exploit the marine ecosystem of the Aegean coasts after the Last Glacial Maximum (LGM); an activity that intensified and led to open-sea fishing during the Mesolithic (Stiner & Munro 2011). The Upper Palaeolithic layers of the littoral cave site of Melitzia yielded edible sea shells (Darlas & Psathi 2016), while personal ornaments made on a large number of different marine shell species have been found at Franchthi (Perlès 2018) (Figure 8.2) and Klissoura Caves (Stiner 2010) (Figure 8.1). Furthermore, the over more than 200 marine shells introduced at Klithí as decorative items (rather than as food resources) (Figure 8.3) from a distance of at least 60 km are indicative of their value in the Upper Palaeolithic symbolic cosmos (Adam & Kotjabopoulou 1997). A mixed diet consisting of a range of terrestrial fauna together with avifauna and marine resources is testified at a number of Middle Palaeolithic coastal and littoral cave sites around the Mediterranean. This pattern is also present at Kalamakia Cave, at the southern end of the Peloponnese (Darlas 2007; Roger & Darlas 2008). Kalamakia is one of the few cases where the shells of edible clams (Callista chione) (Figure 8.4) were also occasionally modified into scraping tools by the Neanderthals (Douka & Spinapolice 2012).
Figure 8.2 Here
Figure 8.3 Here
Figure 8.4 Here
The above evidence notwithstanding, reconstructions of Palaeolithic adaptations and narratives of niche construction based predominantly on terrestrial evidence tend to ignore a substantial element of marine-related subsistence and behavioural patterns. In other words, traces of Palaeolithic activities on coastal rims are hidden below the current sea-level. Taking into account the preservation of shell middens and their very limited ‘window of visibility’ (Bailey & Flemming 2008: 2155), it is easy to imagine the amount of information that is potentially forever lost. Furthermore, coastal routes must have been one of the most favourable ways to disperse out of Africa and into Eurasia (Bailey 2009; Beyin 2006; , 2011; Lambeck et al. 2011), yet present-day coastlines tell us little about the matter. Besides, in terms of the prehistory of seafaring, it is telling that had archaeologists not explored underwater, the numerous (Mesolithic) sea-vessels preserved in intertidal zones across Europe would have escaped attention (e.g., Andersen 2011; Bailey et al. 2020a).
[bookmark: CBML_ch08_sec1_004]The sea as a water-crossing challenge
Until very recently, the Aegean Sea with its numerous islands, islets, and archipelagos was one of the best case studies for the investigation of the prehistory of seafaring. It still remains the location where some of the oldest widely accepted marine crossings took place. Obsidian artefacts found in the Upper Palaeolithic layers of Franchthi Cave testify to the trip from Melos to the north-east Peloponnese at about 14 ka (Laskaris et al. 2011) (Figure 8.1). Obsidian geochemical characterisation has opened up an important methodological path in contemporary archaeological discourse since its first application in the 1960s (Cann & Renfrew 1964; Renfrew et al. 1965). Obsidian’s idiosyncratic geochemical characteristics and its limited sources in particular volcanic locales provide clues to mobility and procurement networks including sea crossings.
Palaeolithic sea crossings are also explored in the Inner Ionian, a semi-enclosed sea defined to the east by mainland Greece, to the west by Lefkas and Kefalonia, and to the south by Ithaca. Intensive surface survey in the islands of the Inner Ionian Archipelago (Figure 8.5), conducted between 2010 and 2012, has brought to light a rich and diverse Middle Palaeolithic record from stratified cave sites and unstratified open-air sites and find-spots (Galanidou 2015,; 2018; Galanidou et al. 2022). The survey results, coupled with studies of the local bathymetry and physical geography, prompted a comprehensive reconstruction of the coastline history to explain the presence of Middle Palaeolithic archaeology on islands and islets offering a limited range of resources, and to explore possible Neanderthal small-scale sea crossing. To this end, offshore work to map the seabed and the submerged caves of the central Ionian Sea was conducted in 2014. The project focused on the coastal and inundated landscape of the semi-enclosed marine area between the west coast of Central Greece (Akarnania) and the islands of Lefkas, Kefalonia, and Ithaca (Figure 8.1). A seismic reflection survey and diving work in selected areas provided information on the palaeogeographic evolution of the region during the Late Quaternary low-sea-level periods of MIS 2, MIS 6 and MIS 8, and on the history of insularity (Zavitsanou et al. 2015; Zavitsanou 2016).
Figure 8.5 Here
This work suggested that while most of the islands and islets formed part of a terrestrial landscape during the periods under study, Atokos was detached yet close to, probably less than 2 km during glacials, and clearly visible from the neighbouring coasts (Galanidou et al. in prep.) (Figure 8.1). A lithic collection with Middle Palaeolithic affinities, including the Levallois technique, comprising points, flakes and cores, was recovered from the karstic wetlands of the Atokos plateaux (Galanidou 2018) (Figure 8.6). The study opens a new window to the relationship between Middle Palaeolithic hominins and the sea. Did they reach Atokos by swimming or using a floating device, and what was the motivation behind these short crossings? The socio-cognitive implications of such an activity in the central Ionian Sea surpass the borders of the north-east Mediterranean and add to the discussion of the prehistory of seafaring on a global scale (Papoulia 2018).
Figure 8.6 Here
The Atokos findings, together with the deep-sea channels separating the islands of Kefalonia and Zakynthos from the mainland even at times of low sea-level, imply that the archaeological finds attributed to the Middle Palaeolithic may be the result of a series of short sea-crossings of less than 5–7 km (Ferentinos et al. 2012; Papoulia 2017,; 2018). The differences in character and scale between such rudimentary acts seen in the archaeology of the Inner Ionian Sea, and the subsequent fully organised trips of the late Pleistocene, trace the long-term process of gradual familiarisation with the sea and its perils that culminated in open-sea voyages and explorations of the most distant places on earth (Papoulia 2016; , 2017; Fischer & Papoulia 2018).
The material recovered from the Plakias survey in south Crete, which was an island throughout the Pleistocene, is claimed to have Acheulean affinities and a Middle Pleistocene date (Strasser et al. 2010; Runnels 2014a). As such it has been interpreted as evidence for early hominin long-distance sea crossings. However, the dating, the cultural affinities and the associated palaeogeography that would support long-distance sea-voyaging remain a matter of ongoing debate requiring further investigation (e.g., Broodbank 2014; Galanidou 2014a; Leppard 2014; Phoca-Cosmetatou & Rabett 2014; Runnels 2014; Howitt-Marshall & Runnels 2016).
Lithic artefacts of presumed Middle Palaeolithic affinities and seashells were found at Alonitsi on Agios Efstratios in the north Aegean (Sampson 2018) (Figure 8.1). While these findings are preliminary and require geochronological corroboration, the site may prove relevant to the discussion of Middle Palaeolithic navigation, as palaeogeographic reconstructions imply long-term detachment of the island from the continental coasts to the east, west, and north (Sakellariou & Galanidou 2017: figure 22.5).
Last but not least, Stelida on the island of Naxos in the Central Aegean Island Chain has yielded artefacts made with Middle Palaeolithic Levallois and discoidal core technologies (Carter et al. 2019) (Figure 8.1). A refined palaeogeographical analysis of inter-island and mainland-island visibility from MIS 12 to MIS 2, taking account of tectonic and sea-level change shows that at least small-scale sea-crossings were necessary to reach Naxos, from whichever direction (Ferentinos et al. 2022).
The evidence from the Cyclades along with the evidence recovered from Atokos in the Inner Ionian Sea and possibly Agios Efstratios in the north Aegean Sea strengthens the hypothesis that Homo sapiens was not necessarily the first or the only species able to make sea-crossings, at least over relatively short distances, and that other large-brained Middle Pleistocene species may also have had these abilities. This notwithstanding, and given that no one-to-one association between artefacts and hominins can be made, the question of which hominin species first travelled to these Aegean and Ionian islands remains enigmatic. Fossils of many different hominin species are recorded from late Middle Pleistocene contexts, including anatomically modern Homo sapiens, the earliest example of which is from Morocco dated at ~300 ka in association with Middle Stone Age technologies (Hublin et al. 2017; Scerri et al. 2018).
[bookmark: CBML_ch08_sec1_005]The sea as a terrestrial route
In west Greece, tectonics caused progressive uplift of the Pindus Mountain Range and submergence of the large basins along the Ionian coastline. The islands of Lefkas, Paxoi, and Corfu were connected to the mainland by coastal lowlands during most of the Palaeolithic (Sordinas 1983; Lykousis 2009; Sakellariou & Galanidou 2017) (Figure 8.1). The many artefacts collected from the seabed – ranging from 200 to 700 m off Agios Georgios and between north-west Corfu and the islets of Mathraki, Othonoi, and Errikousa, as well as the submerged cave at Linodoros Point at a depth of 8–9 m bsl (Flemming & Kazianis 1987; Galanidou et al. 2020) – testify to the inundation of an undivided terrestrial space inhabited by hunters and gatherers (Figure 8.1). This observation has had an impact on Palaeolithic research design; for instance, the Middle Palaeolithic archaeology from Corfu has been comparatively studied alongside the numerous assemblages from Epirus on the opposite mainland (Papagianni 2000; Darlas et al. 2006), since the sea that now separates the two was then a landscape connecting them.
The central Ionian Sea is yet another region with a strong Middle Palaeolithic signal coming from a karstic landscape dotted with numerous open wetland and cave sites, near the coast, on the coastline, and on the sea floor (Figures 8.7–8.8). During most of the Palaeolithic, Lefkas, Meganisi, Kythros, and their satellite islets were accessed via terrestrial bridges. The Middle Palaeolithic sites of what is now a striking marine setting (Figure 8.5) are part of an extensive network of coterminous sites originally situated on the mainland west of the Pindus Mountain Range (Papoulia 2018). Since 2015 the Panthera Cave, a collapsed cave on the rocky shore of Kythros islet (Figure 8.9), has been excavated in order to establish the sedimentary sequence and date the associated Middle Palaeolithic remains (Galanidou 2018; Galanidou et al. forthcoming) (Figure 8.1). Work is ongoing to gain insights into the temporal and spatial dimensions of human behaviour, the range of hunting and gathering activities, and the responses to the fluctuating sea-levels. Although the Panthera Cave was not far from the coast, the game brought to the site consisted of medium-sized ungulates, suggesting a clear orientation to terrestrial resource acquisition.
Figure 8.7 Here
Figure 8.8 Here
Figure 8.9 Here
Beyond the Ionian, in the Eastern Adriatic, karstic landscapes with a number of submerged caves are also found on the western coasts of Albania and further north on the Croatian and Slovenian coasts (Benjamin et al. 2011; , 2017; Rossi et al. 2020). The present-day Dalmatian islands would have been part of the Adriatic mainland for most of the Pleistocene (Markovic-–Marjanovic 1971; Shackleton et al. 1984; Surić et al. 2009). The now-submerged landscapes of the Eastern Adriatic and the northern Ionian Sea formed parts of Pleistocene plains connecting many of the islands to the Balkan mainland. It is not by chance that Kaštel Štafilić-Resnik, the first systematically explored submerged Middle Palaeolithic open-air site, was found at 4 m bsl and 150 m off the Eastern Adriatic coast in the Kaštela Bay of Croatia (Figure 8.1). Systematic underwater work on the site (2008 and 2010–2014) yielded a Mousterian assemblage with centripetal cores and a remarkably uniform tool component consisting of sidescrapers (Karavanić & Barbir 2020).
In east Greece, palaeogeographic reconstructions suggest that during the second half of the Middle Pleistocene, the land-locked Aegean was not a barrier but a terrestrial landscape, at least during MIS 8 and MIS 10–12 (Lykousis 2009; Sakellariou & Galanidou 2016,; 2017; Sakellariou et al. 2016). The now heavily fragmented Aegean region was a large basin that connected Anatolia and the Balkans via a number of land bridges across the margins of the lakes remaining at the deepest points. The crucial biogeographic role of the now-submerged landscapes and the idea of potential trans-Aegean dispersal routes between Anatolia and the Balkans is further explored through the development of suitability models of hominin movement and occupation on the north Aegean Shelf and the Central Aegean Island Bridge (Tsakanikou et al. 2021) (Figure 8.10). The completely new spectrum of opportunities for dispersal and settlement that opened up during low sea-level stands is becoming ever clearer (Galanidou & Bailey 2020), but more offshore work is certainly needed to obtain a more nuanced understanding of this general model.
Figure 8.10 Here
Long-known archaeological evidence can now be better incorporated in the ‘Terrestrial Aegean’ model. For instance, the Middle Palaeolithic stone artefacts from the west Aegean shelf around the Sporades Islands may have originated from inundated caves now at depths of 40 m bsl, off the shores of Kyra Panagia (Efstratiou 2001) (Figure 8.1). Even though more detailed palaeogeoraphic palaeogeographic reconstructions need to be produced, the available evidence suggests that during the long extent of the Middle Palaeolithic, the Sporades islands, situated very close to the present-day mainland coast, formed an elongated land bridge connected to the mainland (Sakellariou & Galanidou 2016: figures 8figures 8, 1010; 2017).
Excavation at Rodafnidia, on Lesbos in the North-eastern Aegean, began in 2012, bringing to light the first extensive and stratified Acheulean site in South-eastern Europe and Western Anatolia (Figures 8.11–8.12). The site setting combines thermal springs, proximity to a large palaeolake (the Kalloni Basin), a hydrological network of rivers and smaller streams, and volcanic rock outcrops (Figure 8.1). The lithic assemblage includes large cutting tools (LCT), amongst which are bifaces, picks and an unprecedented for a Balkan site number of cleavers. The technology of LCT production shows obvious affinities to Levantine and African Large Flake Acheulean (LFA) assemblages (Galanidou et al. 2013,; 2016). The LFA artefacts are stratified in a sequence of fluvial deposits (stratigraphic Units 1–6) with alternating coarse- and fine-grained sediments associated with high and low energy events of deposition and fluctuating sea levels. When the sea-level rose, the Kalloni Basin was transformed into a floodplain with deposition of fine clastic material (stratigraphic Units 2, 4 and 6). When the sea-level fell, river channels cut down through the floodplain and deposited coarse sediments (Units 1, 3 and 5). Stratified archaeological material is associated with the coarse-grained sediments of Units 1, 3 and 5. P-IRSL (post infrared stimulated luminescence) dates of 164–258 ka for Unit 1 and 272–476 ka for Unit 2 provide minimum dates for the archaeological sequence. These dates are consistent with relative archaeological dating of the deposits.
Figure 8.11 Here
Figure 8.12 Here
The presence of Middle Pleistocene hominins and Early Pleistocene fauna on Lesbos (the latter also on Rhodes Island of the East Aegean Sea) offers indirect evidence on sea-level fluctuations already from the early Quaternary. The Early Pleistocene fauna of Lesbos, found at seven fossiliferous sites, can be characterised as continental (Lyras & van der Geer 2007), reflecting Lesbos’ proximity to the mainland. Acheulean hominin groups and animal packs must have reached Lesbos from the Asian mainland via land bridges opened during low-sea-level stands and now re-submerged (Galanidou et al. 2013; , 2016). Lesbos is separated from the Asian coast by two sea straits. The northern strait is a faulted trough more than 150 m deep, while the eastern strait is mostly shallow, under 50 m, with an even sea floor (Figure 8.13). A glacial sea-level drop of only 50 m would be enough to expose the eastern strait, connecting the island with the Asian mainland, and allowing hominin and terrestrial animal migration.
Figure 8.13 Here
In tune with this rationale, and as part of the Lower Palaeolithic explorations of Lesbos, a second systematic seismic reflection survey was carried out in the Kalloni Gulf and off the south coast of the island in 2018. The aim was to reconstruct the palaeoenvironment of the Kalloni Basin and the palaeoshoreline configuration of south Lesbos during the low-sea-level periods of the last past 500 ka. The information collected is now being analysed to unlock key information on the palaeogeography of the wider region of the Lower Palaeolithic site and the terrestrial expansion of Lesbos southwards at the time of the Acheulean settlement.
[bookmark: CBML_ch08_sec1_006]Discussion
Research into the role of the sea in shaping human evolutionary history has opened a brand-new path in the Palaeolithic investigation of Greece and the Balkans. It is now clear that the sea has profoundly affected the way in which Palaeolithic remains are recovered and mobility and dispersals are approached. This new way of envisioning the Palaeolithic world in relation to the sea and the coastal zones has expanded both the theoretical and the empirical foundation of the archaeological investigation. The response of the academic community to the resulting challenges has now become dynamic and vibrant. Archaeology’s collaboration with marine geoscience offers effective palaeogeographic reconstructions and more complete interpretations of the deep past than hitherto obtained. Eustatic (sea-level changes), isostatic (equilibrial changes in the earth’s crust elevation), and tectonic activity affect archaeological visibility and, thence, the formation of research agendas. By revealing and elaborating on the various windows of opportunity for migration pathways and settlement opening with the retreating sea at times when the sea-level dropped, Palaeolithic life in relation to the sea, the coastal zone, and the exposed terrestrial terrain is fruitfully approached. Furthermore, the scrutiny of the Palaeolithic origins of seafaring must develop further, based on solid cultural affinities, palaeogeographical reconstructions and absolute dating, if it is not to remain largely speculative.
Within this context, the investigations of the University of Crete in the central Ionian Sea and the North-eastern Aegean Sea have arisen from questions about the ways in which Palaeolithic groups responded to climate change and the fluctuating sea-levels, and their initial attempts to cross the sea or the land bridges that emerged during times of low-sea-level stands. Explorations on land were the starting-points for offshore investigations. The Palaeolithic of Greece is geared today to refined palaeoshoreline reconstructions tied to new data on the relationship between hunter-gatherers and the sea. These reconstructions support the hypothesis that the sea separating west Eurasia from east Eurasia was not always a barrier to human dispersals. They also show that the Aegean and the North Ionian shelves not only acted as land bridges for dispersal and mobility eastwards or westwards, but were lands with diverse aquatic resources inviting to settlement and subsistence. This broad picture awaits to be fine-tuned by further island and coastal explorations and offshore work. As our research demonstrates, the sea is no longer a barrier to Palaeolithic investigations.
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Chapter 9
Epigravettian in the Eastern Adriatic and its Hinterland: An Overview of Settlement Dynamics, Chronology, Subsistence Strategies and Material Culture
NIKOLA VUKOSAVLJEVIĆ
[bookmark: CBML_ch09_sec1_001]Introduction
In this chapter we will give an overview of various aspects of material culture left by Late Upper Palaeolithic hunter-gatherers in the Eastern Adriatic, together with chronological and settlement dynamics. Late Upper Palaeolithic refers here to the Epigravettian technocomplex that encompasses the time frame from approximately 25,000 until 11,500 calBP (Ruiz-Redondo et al. 2022). It covers the second part of the Last Glacial Maximum (LGM) and Late Glacial (LG). The Pleistocene-Holocene boundary is taken here as the upper limit for the Epigravettian technocomplex, despite the fact that certain elements of material culture are also present during the early Holocene. With the onset of the Holocene, the Adriatic Plain, which once connected the Balkan and Apennine peninsulaes, was significantly reduced due to sea transgression, and eventually completely flooded. With its disappearance, Palaeolithic hunter-gatherers lost vast areas that were probably rich in resources and played an important role in their lifeways (Shackleton et al. 1984; van Andel 1989; Whallon 1999; Boschian & Fusco 2007; Miracle 2007).
This overview includes Epigravettian archaeological evidence for modern-day Croatia, Bosnia and Herzegovina, Montenegro and Albania. Farther to the south in the Ionian region, in Epirus in north-western Greece, several Epigravettian sites (Klithí, Megalakkos, Boïla, Kastritsa) are also known, but they will be omitted from this overview as they have been published in detail and discussed in many papers in the past (e.g., Bailey et al. 1986; Bailey 1992; , 1999; Kotjabopoulou et al. 1999; Adam 1989; , 1999; see also papers in Bailey (ed.) 1997).
The Epigravettian is the best-documented period of human presence in the Eastern Adriatic during the Palaeolithic. At the same time, it is highly fragmented because the region experienced significant palaeogeographic changes across the Pleistocene-Holocene transition, when the Pleistocene Adriatic Plain was flooded and thus disappeared (Peresani et al. 2021). For this reason, the current overview represents only a partial picture that does not cover the whole space that Epigravettian groups used to exploit or all the aspects of their everyday life during the LGM and LG.
Epigravettian archaeological evidence primarily comes from caves and rockshelters, while open-air sites are extremely rare and none of them were systematically excavated up to now. Such bias towards caves and rockshelters is not surprising; they attracted scholars’ research interest almost exclusively as caves are numerous in the Eastern Adriatic karst environment, and also offer certain advantages in comparison to open-air sites. These advantages include better preservation of organic matter, long stratigraphies that give insight into diachronic changes and restricted space that offers potential for spatial analysis of intra-site activities (Walthall 1998). On the other hand, restricted space and frequent long and intense use of caves could form palimpsests and interpretative problems (Bailey & Galanidou 2009). In our opinion, such a bias does not reflect prehistoric reality, but instead the focus of researchers in the past and up until recently. Certain progress should be expected with the recently discovered Late Upper Palaeolithic / Epigravettian stratified open-air site of Konjevrate in the central Eastern Adriatic (Kačar 2019; Podrug and Kačar in press). Despite all mentioned biases and constraints, the Epigravettian archaeological record is by far the best-known Upper Palaeolithic technocomplex in the Eastern Adriatic and its hinterland.
Three discoveries are of particular importance for the history of research of the Eastern Adriatic Epigravettian. The first is the discovery and systematic research of Crvena Stijena Rockshelter during the 1950s and 1960s (Benac & Brodar 1958; Basler 1975; Benac 1975). This site, with the longest stratigraphic sequence in the Eastern Adriatic, enabled the study of Middle Palaeolithic, Upper Palaeolithic and Mesolithic industries, together with material remains from later periods. It was, and still is, one of the most important reference points for studying the Palaeolithic of the Balkan Peninsula. The second is the discovery of Šandalja II Cave in 1962 that also yielded rich deposits from the Early and Late Upper Palaeolithic (Malez & Vogel 1969). While the Crvena Stijena Epigravettian sequence was dated only recently (Mercier et al. 2017), Šandalja II was radiometrically dated during the course of long-term systematic research (Malez & Vogel 1969). Radiometric dates and a long stratigraphic sequence rich in lithics allowed Šandalja II to become a regional reference point for studying the Eastern Adriatic Epigravettian industry and its chronology (Basler 1983; Karavanić 1999). Finally, the third stepping stone was the discovery of Epigravettian rock art in Badanj rockshelter (Basler 1976), which for decades was the only recorded Epigravettian site in the Eastern Adriatic with rock art, until recently (Ruiz-Redondo et al. 2019,; 2020).
The period from the 1990s onwards should be considered as the modern era of Epigravettian technocomplex studies in the Eastern Adriatic, when significant improvements have been achieved through zooarchaeological analyses (e.g., Miracle & Sturdy 1991; Miracle 1996,; 2001; Dimitrijević 1996,; 1999; Bogićević & Dimitrijević 2004; Radović 2015), stable isotope analyses (Richards et al. 2015), lithic raw material provenance studies (Perhoč 2009a,; 2009b,; 2020; Vukosavljević et al. 2014,; 2015,; 2022; Vukosavljević and Perhoč 2017), techno-typological analyses of lithic assemblages from certain sites (Karavanić et al. 2013; Vukosavljević et al. 2011,; 2014,; 2015,; 2022), anthropological analyses (Janković et al. 2012), new discoveries of Late Upper Palaeolithic parietal and mobiliary art, and synthesis and reinterpretations of older examples (Vujević & Parica 2011; Farbstein et al. 2012; Farbstein, this volume; Vujević 2018; Ruiz-Redondo et al. 2019,; 2020), analyses of personal ornaments (Cristiani et al. 2014; Vukosavljević & Karavanić 2015; Cvitkušić et al. 2018), and through geoarchaeological analyses (Boschian & Gerometta 2015; Šošić Klindžić et al. 2015a). Significant improvements can also be seen in radiocarbon chronology, primarily in the availability of more radiocarbon dates (see Vukosavljević & Karavanić, 2017).
[bookmark: CBML_ch09_sec1_002]Scanty archaeological evidence pre-dating the Epigravettian
Eastern Adriatic Mid-Upper Palaeolithic record that pre-dates the Epigravettian is extremely rare. There are only three 14C-dated sites that are older than 25,000 calBP and younger than the Aurignacian technocomplex, which is also barely known in this region (Karavanić 2003; Karavanić & Janković 2008; Richards et al. 2015; Karavanić & Vukosavljević 2018). These sites are Abri Kontija rockshelter and the cave near Rovinjsko Selo 1 (both in Istria), and Vrbička Cave (western Montenegro). If radiocarbon dates from these sites are taken at face value, these three sites could belong to the Gravettian technocomplex. Abri Kontija, in the Istrian Peninsula, has deposits dated around 30,000 calBP (Ivor Janković personal communication, September 2020). Vrbička Cave has been investigated recently, revealing layers dated to around 28,000–27,000 calBP (Borić & Cristiani 2016), while those from Cave the cave near Rovinjsko Selo 1 are around 31,000–30,000 calBP (Peresani et al. 2021). The above-mentioned caves have lithic assemblages that are still unpublished, but according to available 14C dates they should be considered as Gravettian-age sites. In the future, lithic analyses will provide conclusions about the cultural taxonomy of these assemblages.
There are no other Gravettian-age sites in between the north Adriatic, where Abri Kontija and Cave the cave near Rovinjsko Selo 1 are located, and the south Adriatic hinterland where Vrbička Pećina is located. Such a distribution of sites is at least partly the result of past research activities, but we cannot exclude the possibility that some parts of the Eastern Adriatic were unpopulated during the Gravettian.
[bookmark: CBML_ch09_sec1_003]The spatio-temporal distribution of Epigravettian sites
The distribution map of Epigravettian sites shows uneven evidence along the Eastern Adriatic coast and its hinterland (Figure 9.1). The northern Adriatic, and the Istrian peninsula in particular, should be marked as an area with the highest number of Epigravettian sites. This is probably connected with the discovery of rich Epigravettian deposits in Šandalja II Cave and intensive cave surveys during the 1950s in Istria (Malez 1960;, 1964). These early works spearkedsparked the impulse for systematic research and surveys conducted from the mid-1990s onwards that resulted in further discoveries (Miracle 2001,; 2005,; 2006; Komšo 2008). Two smaller clusters of sites could be seen in the central Eastern Adriatic (including hinterland sites from the Herzegovina region) and Montenegro. Sites in the central Eastern Adriatic are the result of long-term separate efforts by different researchers (Basler 1976; Whallon 1989; Čečuk 1996), while the majority of Montenegrin sites were discovered and subsequently excavated through intensive planned archaeological works during the 1980s (Radovanović 1986; Mihailović 1996; Srejović 1996). There is currently one reliably dated Epigravettian site in Albania, i.e., Blazi Cave (Hauck et al. 2017), but in the future we can expect more sites to be discovered there, given the numerous Epigravettian sites in surrounding regions of Montenegro and Greece.
Figure 9.1 Here
The temporal distribution of Epigravettian sites suggests only a marginal presence of hunter-gatherers in the Eastern Adriatic and its hinterland during the Early Epigravettian and LGM (a list of radiocarbon dates is provided in Table 9.1). Vukosavljević and& Karavanić (2017) interpreted such weak evidence of human presence as a possible indicator of low population density in comparison to the Late Epigravettian, or alternatively as a result of erosion of cave sediments. An additional explanation could be that a significant share of LGM human settlements in the Adriatic Plain was flooded by sea transgression. The number of sites rises between 15,000 and 14,000 calBP, and reaches its peak between 14,000 and 13,000 years calBP (Figure 9.2), roughly coinciding with the duration of Glacial Interstadial 1, i.e., c. 14,670 to c. 12,890 calBP (Blockley et al. 2012). Such a temporal distribution of sites could be due to several reasons: changes in physical environment that are connected with climate change, population increase, changes in settlement systems, etc. In our opinion, it seems reasonable to consider changes in physical environment, i.e., flooding of the Adriatic Plain, as an important, if not the main, agent for changing the temporal distribution of sites. The reduction in size of the Adriatic Plain during the LG could have caused the retreat of hunter-gatherers to its margins. This possibility is acceptable only if the Adriatic Plain were inhabited during and after the LGM. There are different opinions about this issue, but several lines of evidence suggest human presence in the Plain (e.g., the composition of faunal assemblages at some sites, and lithic raw material origins) (Miracle 2007; Oros Sršen et al. 2014; Vukosavljević & Perhoč 2017; Peresani et al. 2021). The number of Epigravettian sites in the Eastern Adriatic decreases after 13,000 calBP to the levels seen in the LGM. At the moment, we cannot provide a meaningful explanation for this change. We can only observe that it coincides with Glacial Stadial 1 (Blockley et al. 2012), which brought harsher climatic conditions that could have potentially affected human settlement.
Figure 9.2 Here
Table 9.1 Here
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[bookmark: CBML_ch09_sec2_001]The evolution and chronology of Epigravettian lithic industries
Classification of the Epigravettian in the Eastern Adriatic and its hinterland (see Basler 1983; Karavanić 1999) has traditionally relied on the Italian system differentiating between Early, Developed and Late Epigravettian, with the Romanellian as the final phase of the Late Epigravettian (Bartolomei et al. 1979). This Italian chronostratigraphic division was later debated, and eventually abandoned (Bietti 1990; Broglio 1997). Such reliance on Italian periodisation of the Epigravettian was mainly a result of more intense research and better knowledge of the Epigravettian in the Apennine Peninsula (i.e., Western Adriatic), where a lot of energy has been invested into seriation of Epigravettian lithic assemblages (Bietti 1990; Mussi 2002; Naudinot et al. et al. 2014). Contrary to this, Eastern Adriatic scholars did not develop as detailed a periodisation of the Epigravettian, as for a long time there were only a few known such sites. To make the matter worse, lithic assemblages from these sites were not systematically and comprehensively researched, therefore leaving the Eastern Adriatic and its hinterland without a detailed Epigravettian chronology.
The state of research of the Epigravettian lithic industries in the Eastern Adriatic has developed in recent years, with the discovery of several sites with long stratigraphic sequences (Vela Spila Cave on Korčula island, and Vlakno Cave on Dugi Island, both in Dalmatia), and with renewed excavation of Badanj rockshelter in the Adriatic hinterland (Herzegovina region).
Taking Šandalja II as the reference site, I. Karavanić (1999) proposed a regional Eastern Adriatic chronology, based on technological and typological analyses of lithic assemblages in which he differentiates early and late phases. This attempt supported earlier observations made by Đ. Basler (1983), who also heavily relied on the Šandalja II stratigraphic sequence. According to I. Karavanić (1999: 113–14), the Early Epigravettian (layer C/d) is marked by a high incidence of microgravettes and backed bladelets, and low incidence of segments/lunates, while these trends are reversed in the Late Epigravettian (layers B/d, B/s and B/g). Furthermore, blade production during the Early Epigravettian is more intense than the bladelet production, while in the Late Epigravettian it is the opposite. More recent work on the radiocarbon chronology of Šandalja II (Miracle & Brajković 2013) showed that mixing of different layers occurred, which brings into question the subdivisions proposed by I. Karavanić and Đ. Basler. Comprehensive understanding of the evolution of Epigravettian lithic assemblages from Šandalja II is also blurred by the presence of long hiatus of nine millennia between successive layers C/d and C/s, which could have been caused by an erosional episode (Montet-White 1999). This periodisation has usually considered shouldered points as indicators of the Early Epigravettian, and association of thumbnail endscrapers and backed bladelets as the main type fossils of the Late Epigravettian. At the subregional level, in his analyses of Montenegrin Epigravettian assemblages, D. Mihailović (2009) proposed a distinction of earlier industries with straight- backed bladelets without geometric tools from later industries with arched- backed bladelets and geometric tools. This distinction is based on techno-typological grounds and stratigraphic observations on certain rockshelter and cave sites (Medena Stijena, Mališina Stijena, Crvena Stijena and Trebački Krš), without any available radiocarbon dates that could give precise temporal frame for each phase.
Vukosavljević & and Karavanić (2017) recently challenged the interpretation that shouldered points are the fossile directeur of the Eastern Adriatic Early Epigravettian, and proposed a much wider time-span for their presence as part of Epigravettian toolkits. Their overview of published data (and fallacies therein), recent discoveries and radiocarbon dates showed that shouldered points were part of hunter-gatherer toolkits from approximately 26,000 until 15,000 calBP.
The long Epigravettian stratigraphic sequence from Vela Spila Cave, which covers the period between c. 20,000 and 14,000 calBP (Dean et al. 2020), offers the possibility of following diachronic changes in the appearance of different diagnostic tool types (Table 9.2). During the Early Epigravettian (LUP-B horizon), backed bladelets are the only diagnostic tools. Moving towards younger phases of the Late Epigravettian, toolkits are becoming typologically more diverse, reaching a peak in the LUP-G horizon, when intensity of human occupation in the cave was the highest (for radiocarbon dates, see Table 9.1). In this paper chapter we accept the chronological model that differentiates Early and Late Epigravettian phases. It is convergent with the model used for division of the Italian Epigravettian (Peresani et al. 2021, and references therein).
Table 9.2 Here
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Early Epigravettian assemblages are few and far between, but from the available 14C dates they could be dated to approximately between 25,000 and 17,000 calBP. Only four sites have layers dated to the Early Epigravettian (see Table 9.1), namely Šandalja II layer C/d (Karavanić et al. 2013Karavanić et al. 2013), Vlakno Cave horizon II (Malnar 2017; Cvitkušić et al. 2018), Vela Spila LUP-A and LUP-B horizons (Vukosavljević 2012; Vukosavljević et al. 2022), and Vrbička Cave (Borić et al. 2014). Early Epigravettian assemblages are usually small and come from small excavated areas. Referring to the much wider region of the Balkan Peninsula, D. Mihailović (2014) noticed that there is a problem of distinction between the Late Gravettian and Early Epigravettian, as the lithic assemblages from these technocomplexes are not differentiated enough. Early Epigravettian tools are very often made on blade and bladelet blanks that were produced from single- and double-platform cores. Bipolar cores are also present, and some of them were single- or double-platform cores during earlier stages of reduction. When these became too small to handle, they were smashed by bipolar percussion. Among the tools, backed bladelets, microgravettes, endscrapers and retouched blades are present, together with retouched flakes and a small number of burins (Figure 9.3) (Vukosavljević 2012; Malnar 2017; Vukosavljević et al. 2022;). None of these Early Epigravettian assemblages, except Vrbička Cave with one shouldered piece, have shouldered points.[footnoteRef:2] For Šandalja II (layer C/d), Karavanić et al. (2013) report presence of segments among the tools. For the other Eastern Adriatic sites, like Badanj (Whallon 1989), Vela Spila (Vukosavljević 2012; Vukosavljević et al. 2022), Kopačina Cave (Vukosavljević & Perhoč 2017) and Crvena Stijena (Mihailović et al. 2017), this tool type is present in lithic assemblages that are dated after 16,000 calBP, i.e., to the Late Epigravettian. For this reason, and because of problems with the stratigraphic integrity of Šandalja II that were mentioned earlier in this section, we suppose that segments in layer C/d of Šandalja II are the result of mixing layers. Therefore, layer C/d from Šandalja II is not a reliable reference point for Early Epigravettian lithic technology. Horizon II of Vlakno Cave and horizon LUP-A from Vela Spila Cave are both dated around 19,500 calBP (Malnar 2017; Cvitkušić et al. 2018; Dean et al. 2020). Horizon LUP-B from Vela Spila is undated, but older than 17,500 calBP. Layer 3b1 from Mališina Stijena and layers X and IX from Medena Stijena (all Montenegrin sites) lack radiocarbon dates, but according to Mihailović & and Mihailović (2007) and Mihailović (2009) these could be attributed to the Early Epigravettian. The same was supposed for layer X from Crvena Stijena before the radiocarbon dates were available. Recent dating of samples from old excavations from Crvena Stijena showed that layer X could have been deposited at the beginning of the LGM, around 28,000 calBP, and should be identified as Gravettian (Mercier et al. 2017; Mihailović et al. 2017). Another sample from the same layer, dated around 13,500 calBP, still leaves some uncertainties about the age of this layer. [2:  One shouldered point has been discovered in the small lithic assemblage of Romuald’s cave in Istria, but radiocarbon dates are lacking.] 
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[bookmark: CBML_ch09_sec3_002]Late Epigravettian
Late Epigravettian assemblages could be dated approximately between 17,000 and 11,500 calBP (see Table 9.1). The main typological features of these assemblages are high incidence of backed bladelets and endscrapers (thumbnail endscrapers are often the most numerous), low incidence of burins and truncations, as well as geometric microliths (segments, triangles, and trapezoids) (Figures 9.4 and 9.5) (Mihailović 1996; Whallon, 1999,; 2007; Mihailović 1999; , 2009; Komšo & Pellegatti 2007; Vukosavljević et al., 2011, 2022; Vukosavljević 2012; Karavanić et al. 2013Karavanić et al. 2013; Vukosavljević & Perhoč 2017; Vukosavljević et al. 2022). The relative frequency of burins in some Istrian sites is high, and similar to that of endscrapers (Nugljanska, Vešanska and Pupićina caves) (Komšo & Pellegatti 2007). In many assemblages, linearly retouched pieces are numerous, and they represent products of ad hoc lithic production. The relative frequency of these above-mentioned types varies from site to site. Flakes represent the dominant technological category at all sites, with different portions of bladelets and blades. The latter (blades and bladelets) were flaked from single- and double-platform cores. Splintered pieces are common at all sites (but with different frequencies), and indicate the application of bipolar technology (Mihailović 1996; , 2009; Whallon 1999; , 2007; Komšo & Pellegatti 2007; Vukosavljević et al. 2011; , 2014). Microburins are almost entirely unknown, except for in Istria and one example in Montenegro (Đuričić 1996; Komšo & Pellegatti 2007). Therefore, it seems that microburin technology on the Eastern Adriatic coast and in its hinterland was geographically limited only to Istria during the Late Upper Palaeolithic.
Figure 9.4 Here
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Early Holocene industries in the region are marked by clear technological tradition coming from the preceding Epigravettian (e.g., Vlakno Ccave and Abri Šebrn, Crvena Stijena and Trebački Krš rockshelters) (Kozłowski & Kozłowski 1979; Mihailović 1999; Miracle et al. 2000Miracle et al. 2000; Vukosavljević et al. 2014). Consequently, some authors use the term Epigravettian or Early Holocene Epigravettian for early Holocene industries, to stress this continuity (Kozłowski 2009; Kaczanowska & Kozłowski 2018). S. Kačar (2019) noticed the lack of Sauveterrian sites in Istria, and stressed that such sites are recognised in the neighbouring Slovenian Karst. For this reason, she called for the revision of available regional lithic assemblages to define the relationship between Epigravettian and Sauveterrian.	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Miracle, P.T., N. Galanidou and S. Forenbaher. 2000. ʽPioneers in the hills: early Mesolithic foragers at Šebrn Abri (Istria, Croatia)ʼ. European Journal of Archaeology 3: pp. 293-329.
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The pioneering work of Zlatko Perhoč on lithic provenance studies started c. 15 years ago and continued up to now, including both intensive fieldwork in the circum-Adriatic area and laboratory analyses. His results enable us to see the diachronic changes in lithic raw material procurement from Late Upper Palaeolithic to Early Neolithic (Perhoč 2009a,; 2009b,; 2020; Perhoč & Altherr 2011; Vukosavljević & Perhoč 2017; Forenbaher & Perhoč 2017), and draw conclusions about provisioning areas and human movements across the landscape. There was also some previous work on the sources of lithic raw material, but they were done in a less systematic and comprehensive manner (e.g., Pamić 1975; Zupanič 1975; Mihailović 2009; Pellegatti 2009). Only three Epigravettian assemblages, from Vlakno, Kopačina and Zala caves, have been analysed in detail so far, and these results will be presented in this section (Vukosavljević et al. 2014; , 2015; Vukosavljević & Perhoč 2017). These analyses encompass both fieldwork and microscopic analyses. Vlakno and Kopačina caves are located in Dalmatia, on the islands of Brač and Dugi otok respectively, while Zala Cave is in the north Adriatic hinterland. Radiocarbon dates for these sites are presented in Table 9.1. The Vlakno and Kopačina lithic assemblages show that Epigravettian groups exploited different cherts, radiolarites, devitrified tuffs and Triassic silicified claystone. Locally and regionally available chert sources from Upper Cretaceous, Lower and Middle Eocene limestones account for the majority of raw materials used, while radiolarites, cherts from Scalia Rossa limestone, and devitrified tuffs and silicified claystone have much lower frequencies. Radiolarites could have been collected in the continental hinterland in gravels of the Neretva and Kupa rivers, while devitrified tuffs and silicified claystone were collected in the continental region of Lika. The likely origin of Scaglia Rossa limestone cherts from Vlakno Cave could have been in the Marche region of the Apennine Peninsula, just across the Adriatic from that cave. In the Early Epigravettian layers of Vlakno Cave, cherts from the same source are also found together with those from the Venetian Prealps (Perhoč 2020; Peresani et al. 2021). Use of these cherts shows contacts between the eastern and western sides of the Adriatic Plain. Additional evidence for human movements across the Plain comes from Šandalja II, layer C/d, and Romualdova caves. Raw materials from the Friulan Plain and more distant Umbria-Marche Apennines were used in Šandalja II Cave, while inhabitants of Romualdova Cave sourced raw material from Umbria-Marche Apennines (Peresani et al. 2021). Very high incidence of extra-regional raw materials is documented in Epigravettian assemblage from Zala Cave, where more than 50 per cent of all artefacts are made of cherts from the Venetian Prealps; these sources are c. 300 km away from the cave (Vukosavljević et al. 2015; Perhoč 2020). Together with these raw materials, Epigravettian groups from Zala Cave also used exogenous cherts and devitrified tuffs from northern Dalmatia and the Lika region, respectively. Only a small portion of used raw material is radiolarite, which is locally available in the River Kupa.
The distant sources of raw materials from the above-mentioned assemblages contribute to the discussion about the role of the Adriatic Plain in the lives of Epigravettian hunter-gatherers, in that they support the notion about human presence on it. Exogenous raw materials show that human groups were crossing the Plain (Figure 9.6), and we can suppose that at least some short-term camps were established there during these expeditions. As the Plain is now flooded, our interpretations rely exclusively on such indirect evidence. The origins of lithic raw materials, together with faunal evidence (Miracle 2007; Oros Sršen et al. 2014; Cvitkušić et al. 2018), support interpretations that the Adriatic Plain was an important environment for hunter-gatherers during the Last Glacial Maximum and Late Glacial.
Figure 9.6 Here
With the onset of the Holocene, Early Mesolithic hunter-gatherers significantly reduced their provisioning areas, and focused almost exclusively on exploitation of local and regional sources (Vukosavljević et al. 2014; , 2015; Vander Linden, this volume). Such a change in the coastal areas is certainly connected with palaeogeographic changes that transformed the westernmost parts of the Dinarides into islands.
[bookmark: CBML_ch09_sec1_006]Subsistence strategies
Interpretation of the subsistence strategies of Epigravettian hunter-gatherers is based on recent taphonomic studies on faunal remains, while older analysis, which focused on taxonomic determination of species at sites, will be intentionally omitted due to the insufficient information it provides (Miracle 1991).
Hunter-gatherers’ diet during the Late Upper Palaeolithic in the Eastern Adriatic and its hinterlands was based on the exploitation of different resources, mainly large and mid-size ungulates, with some carnivores and small mammals, such as hare. Stable isotope analyses point to the importance of freshwater fish in the Epigravettian diet. However, there are some differences between the sites which are probably a result of local geographic conditions and choices of the groups that inhabited certain sites and used local food sources. P. Miracle (1996), in his zooarchaeological analyses of the Šandalja II, Kopačina and Badanj assemblages, noticed different trends in expansion and contraction of diet breadth. In Badanj he found expansion of diet breadth from older to younger layers, while in Šandalja II and Kopačina trends are reversed (Miracle 1996: 50–56). Dietary habits during the Late Epigravettian gradually started to include molluscs, both terrestrial and marine.
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Subsistence strategies in Pupićina Cave are based on red deer, followed by wild boar and roe deer (Miracle 1997; , 2001,; 2002). Strategies were different in Šandalja II, where species characteristic of open biotopes dominated, i.e., wild horse and aurochs. The frequency of these species shows different temporal trends, where wild horse decreases from earlier to later layers, while the aurochs increases. Other, less frequent but still important, ungulate resources are red deer, roe deer, European elk, giant deer and wild boar. Carnivores and small mammals are less frequently present, but comprise a large number of species, among which cave bear, badger, fox and hare are most numerous (Miracle 1996).
Bird bones with cut marks from Šandalja II suggest the hunting of grouse, partridge, wildfowl, great and small bustard, and rail. Falcon, barn owl and chough could also have been hunted for other purposes. Feather removal is one possibility, as could be concluded from the presence of cut marks on ulna diaphyses of the latter three species (Oros Sršen et al. 2014).
In Zala Cave, red deer and European elk were the most important prey, but aurochs was less significant. A small number of bear and wolf faunal remains with cut marks suggests also the hunting of large carnivores. Marten remains with anthropic modifications could be indicative of their hunting for fur (Radović 2015).
Red deer is the main prey in Kopačina Cave, followed by steppe ass (Equus hydruntinus) and hare (Lepus sp.). There are also remains of other hunted species like such as aurochs, wild boar, chamois/ibex and carnivores, but these are less frequent. Bird and fish remains are almost non-existent (Miracle 1996).
Epigravettian faunal assemblages from Vela Spila Cave are dominated by red deer remains, followed by European ass and aurochs. Hare and bird remains are also present, but their accumulation on the site is mainly the result of non-human predators’ activities (Mauch Lenardić et al. 2018).
The lower layers of Badanj are dominated by red deer and chamois/ibex, while the upper layers are dominated by red deer and roe deer, followed by chamois/ibex and wild boar. Aurochs, European ass and hare are present throughout the sequence, but in small numbers (Miracle & Sturdy 1991; Miracle 1996). Carnivores such as wildcat, lynx, wolf, fox and badger are less common in the faunal assemblages, but in higher frequencies in the upper layers. Remains of birds and fish are very rare. Numerous remains of edible land snails are present in the upper layers. Small mammals and carnivores were probably used for dietary purposes as well, as they were treated equivalently to the ungulates, which were the staple food (Miracle 1996).
Land snails are also found in the Late Epigravettian layers of Vlakno Cave together, with small amounts of marine molluscs (Vukosavljević et al. 2014; Barbir et al. 2020). Malacofaunal remains from the Epigravettian layers anticipate more intensive harvesting of marine molluscs during the early Holocene, when the sea got closer to the cave. Besides the presence of malacofaunal remains, the most important prey of Epigravettian groups from Vlakno Cave was red deer. However, other less important prey like equids, large bovids, and small-to-medium-sized carnivores were also hunted (Cvitkušić et al. 2018).
The faunal assemblage from Trebački Krš Rockshelter rockshelter is characterised by its small size and high fragmentation, leading V. Dimitrijević (1999) to conclude that chamois and ibex were hunted, while different taphonomic processes were responsible for accumulation of other faunal remains. Avifaunal remains are believed to have resulted from consumption by owls (Dimitrijević et al. 2000).
Epigravettian hunter-gatherers from Mališina Stijena Rockshelter hunted roe deer and large bovids; however, some remains of fish and birds could also have been human prey. Some fish remains could be prey of otters, whose remains were also found at the site (Bogićević & Dimitrijević 2004). Bird bones show no signs of cut marks that would unequivocally suggest human exploitation of these resources (Gál et al. 2003). Accumulation of carnivore and small mammal remains is not related to human activities (Bogićević & Dimitrijević 2004). In Medena Stijena rRockshelter, subsistence strategies were based on red deer, ibex and chamois, with the addition of wild boar, bison and wild horse (Dimitrijević 1996).
All the above-mentioned sites show generalised subsistence strategies that targeted diverse prey, while only Zemunica Cave in continental Dalmatia, Vrbička Cave in western Montenegro, and Blazi Cave in the Mat region of northern Albania are sites whose faunal remains point to specialised hunting. In Zemunica Cave, almost 90 per cent (NISP) of all mammal bones from the Epigravettian layers come from red deer (Radović & Oroš Sršen 2017). This specialised hunting (Radović & Oros Sršen 2017) can potentially be seen as a reflection of palaeoenvironmental changes in the region at the end of Late Glacial, which caused the retreat of large herbivores from the open coastal plains that were being gradually flooded. According to these authors, this could have pushed hunter-gatherers to hinterland uplands and to specialised red deer hunting. In Blazi Cave, specialised hunting strategies are directed towards ibex, whose remains account for almost 90 per cent (NISP) of all recovered mammal bones. This resembles the specialised ibex/chamois hunting camp of Klithí rRockshelter, in the uplands of the Epirus region of northwest Greece (Gamble 1997). While in Blazi and Zemunica caves specialised hunting is directed towards large and mid-size ungulates, Borić et al. (2014) briefly report on specialised hunting of small game in the mountainous environment of the Dinaric Alps at Vrbička Cave. In the Early Epigravettian layers, 90 per cent of identifiable mammalian bone fragments are from marmots (Borić et al. 2014). Marmot hunting is also documented in Crvena Stijena (layer X), but not in a specialised way (Morin & Soulier 2017).
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Stable isotope analyses of human remains from Šandalja II (layer B/s) revealed the importance of freshwater fish in subsistence strategies of Late Epigravettian hunter-gatherers (Richards et al. 2015). High nitrogen isotopic values (d15N) suggest that majority of dietary proteins likely came from freshwater fish. However, only a small number of fish remains have been recovered from Late Epigravettian layers, among which common pike was the most common species (Paunović 1984; , 1987). The discrepancy between the very important role of freshwater fish in the diet, as seen from stable isotope analyses, and its inferred diminutive role, as seen from faunal remains, could be the result of biased recovery of fish remains due to unsystematic sieving of sediments (Richards et al. 2015). The stable isotope evidence contrasts with zooarchaeological analyses that stressed the dietary importance of large terrestrial herbivores (Miracle 1996).
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Osseous technology of the Eastern Adriatic Epigravettian is barely known. It is briefly reported only from several sites, i.e., Šandalja II, Kopačina and Vlakno caves and Badanj rRockshelter. The bone tool assemblage from Šandalja II is the only one studied in some detail, primarily from typological point of view (Karavanić et al. 2013Karavanić et al. 2013). Technological and functional studies are completely missing for all known assemblages.
In the Šandalja II assemblage, several types of bone tools are recorded, i.e., awls, bone and antler points, spatula, and one harpoon fragment. Some bone points and awls have incised parallel lines (Karavanić et al. 2013Karavanić et al. 2013; Čujkević- Plečko & Karavanić 2018). Bone points and awls are also found in Kopačina Cave (Čečuk 1996). Some of these are very regular sagaie points with circular, ellipsoid and plano-convex cross-sections (Figure 9.7), and these could potentially have served as projectile tips. A rich osseous assemblage was discovered in recent research at Vlakno Cave (Malnar 2017; Vujević 2018). Several unilateral harpoons are also found among the points. These could be the oldest examples of barbed point technology in the Eastern Adriatic, appearing around 15,000 calBP (Vujević 2018). Several antler harpoons (Figure 9.7) were also found in the upper layers of Badanj rockshelter (Whallon 1989; Kujundžić 1990), and direct dating has put them in the Epigravettian (Borić et al. 2019: 20). Bone awls and needles are found throughout the whole sequence (Whallon 1989). Unfortunately, this important assemblage still remains unanalysed. The position of Badanj rockshelter, just above the Bregava river valley (Figure 9.8), and its harpoon assemblage could support the dietary importance of freshwater fish and the use of harpoons for fishing. On the other hand, fish bones in the Badanj faunal assemblage are very rare, and limited to the upper part of the sequence (Miracle 1995). Barbed points are an Epigravettian novelty in the Eastern Adriatic osseous technology. After its establishment and use during the Late Glacial, it disappeared during the Early Mesolithic, and reappeared during the Late Mesolithic (Borić et al. 2019)
Figure 9.7 Here
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Epigravettian harpoons from Šandalja II, Vlakno and Badanj could potentially stress the importance of fishing as a subsistence strategy, and support the results of stable isotope analyses that suggested high protein intake from freshwater fish. As detailed analyses of harpoons are missing, it is still an outstanding question whether they were used for fishing or hunting. The morphology of these artefacts demonstrates the high technical skills of the Epigravettian individuals who made them. Their geographic distribution shows that barbed point technology was well-known along the Eastern Adriatic, from Istria in the north down to the southern Adriatic hinterland.
Vlakno Cave is the most promising site for future studies of bone assemblages, because its rich assemblage covers a long time-span, including both Early and Late Epigravettian phases.
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Human remains in the Eastern Adriatic Epigravettian sites are few and fragmented, as for now we have no documented burials. Interestingly, this is totally opposite to the situation in the Western Adriatic and Apennine Peninsula in general, where there are numerous graves that can be dated to the Epigravettian (Pettitt 2011).
Šandalja II is an exception to the Eastern Adriatic pattern, as relatively numerous human remains (MNI=3) were discovered in layer B/s (Janković et al. 2011; , 2012). These numerous fragments of human bones were found scattered near the hearth (Malez 1972). Remains include teeth, and fragments of cranial and postcranial elements of the skeleton (Janković et al. 2011). Although Malez (1972) provisionally described these remains, detailed revised study was done only recently to find the skeleton attribution of individual bones and reclassify the sex of certain fragments, often reaching different conclusions from the original ones of Malez (Janković et al. 2012). Malez was inspired by bone fragmentation, and its proximity to the hearth where such fragments were deposited, to conclude that this was a case of cannibalism (Malez 1972). However, since there are no cut marks or traces of burning on the bones, this hypothesis was rejected as not very probable (Janković et al. 2012). Due to high fragmentation, it is not very likely that these bones are related to burials (Janković et al. 2012: 109).
Isolated human bones were found in the Epigravettian layers of Kopačina Cave (Čečuk 1996), Badanj rockshelter (Malez 1979) and Pupićina Cave (Miracle 2005). Several fragmented human remains were also found in Vergotinova Cave in Istria, and these remains are attributed to the Late Upper Palaeolithic (Malez 1979; , 1987). In his revision excavation of the same cave, D. Komšo (2004) also found human remains, but his attribution is more cautious. Due to the lack of radiocarbon determinations, he roughly dated them to the Late Upper Palaeolithic / Mesolithic.	
We mentioned earlier that there were connections between the eastern and western Adriatic coasts during the Epigravettian, which are visible by the presence of different west-coast cherts on east-coast sites. Despite this, and despite similarities in lithic technology between eastern and western Adriatic coasts, the lack of burials in the Eastern Adriatic suggests different mortuary practices on opposite sides of the Adriatic Plain.
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Epigravettian personal ornaments are discovered on a dozen Eastern Adriatic sites (the caves of Šandalja II, Romualdova, Pupićina, Vešanska, Ljubićeva, Zala, Vlakno, Kopačina and Vela Spila; the rockshelters of Badanj, Crvena Stijena and Mališina Stijena). Bead assemblages are generally small, ranging from single finds up to a couple of dozen ornaments (Bogićević & Dimitrijević 2004; Komšo 2007; Vukosavljević & Karavanić 2015; Cvitkušić & Komšo 2015; Cvitkušić 20197; Cvitkušić et al. 2018). The only exception is a large assemblage from Badanj rockshelter that has almost 800 beads (Borić & Cristiani 2019), which represents the largest Late Upper Palaeolithic assemblage in the Eastern Adriatic, as well as in South-eastern Europe (Figure 9.9). All ornaments are found in occupational layers of the above-mentioned sites. A wide variety of raw materials were used for bead production: marine and freshwater snail shells, Dentalium and bivalve shells, as well as mammal teeth and bones. Marine snail shells are the most common raw material, encompassing specimens of Tritia neritea, Tritia gibossula, Columbella rustica and Nassarius sp. Beads from freshwater snail shells were made of Lithoglyphus naticoides and Thedoxus danubialis. Among scaphopods and bivalves, Dentalium and Gylcimeris shells were used, respectively. Teeth came almost exclusively from herbivores, mainly red deer, while carnivores’ teeth were used only exceptionally, as shown by one lynx canine in Šandalja II (Vukosavljević & Karavanić 2015; Cvitkušić et al. 2018; Cvitkušić 2019; Borić & Cristiani 2019). Detailed data about different species frequencies on particular sites are presented in a recent regional overview by Borić and Cristiani (2019), and in site-specific analyses by Vukosavljević & and Karavanić (2015) and Cvitkušić et al. (2018).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Wrong year of publication. Fixed
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The presence of beads made from marine gastropods on hinterland sites like Badanj Rrockshelter, and Pupićina, Ljubićeva and Zala caves demonstrates long-distance transfers of raw material and potential social interactions between coastal and hinterland Epigravettian communities (Figure 9.6). Several beads from the freshwater gastropod Lithoglyphus naticoides are found in Badanj rockshelter and Vlakno Cave, also suggesting long-distance contacts, but in the opposite direction, from hinterland sites to those closer to the Late Glacial shore.
[bookmark: CBML_ch09_sec1_010]Conclusion: what we know (and what we do not)
Despite all biases and constraints that surround research of the Epigravettian, this review shows that caves and rockshelters can provide significant amounts of data about different aspects of Epigravettian hunter-gatherers’ lifeways, i.e., lithic production, raw material provisioning areas, food procurement, body adornment, settlement dynamics, etc. (see also Ruiz-Redondo et al. 2020 for an overview of rock and portable art of the region). However, some issues about Epigravettian chronology and development of lithic industries are still vague, but we can expect that current and future research of the key sequences (e.g., Vela Spila and Vlakno caves, and Badanj Rrockshelter) will provide better insight into this problem. For a better understanding of Epigravettian, lithic production it is important that several sites from the preceding Gravettian period are discovered. While lithic technology, particularly Late Epigravettian, is well studied, our knowledge about osseous technology is very limited or almost completely lacking. Therefore, this should be one of the priorities for future Epigravettian research in the area.
All data presented here (see also Ruiz-Redondo et al. 2020Ruiz-Redondo 2020) suggest that the Epigravettian was a dynamic period marked by efficient lithic technology, long-distance contacts, novelties in technology (barbed points and baked clay), and flexibility in food procurement. The flooding of the Pleistocene Adriatic Plain has limited our research only to its margins. Its disappearance precludes us from knowing the role of this huge plain. However, a growing body of evidence from the plain’s margins shows that Epigravettian groups roamed across the landscape. Unfortunately, the story of Epigravettian settlement on the plain remains unrevealed as yet.
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	Site
	Layer / horizon/ depth
	Material
	Lab. no.
	Uncal bp
	Cal BP (2σ)
	Median age
	Reference

	
Croatia
	
	
	
	
	
	
	

	Šandalja II Cave
	B/g
	AB
	GrN-4976
	10,830 ± 50
	12,880 – 12,720
	12,760
	Malez & Vogel 1969

	
	B/g
	AB
	OxA-26874
	12,295 ± 55
	14,820 – 14,070
	14,250
	Oros Sršen et al. 2014

	
	B/s
	HB
	KIA-23489
	11,025 ± 60
	13,100 – 12,780
	12,950
	Richards et al. 2015

	
	B/s
	WC
	GrN-4978
	12,320 ± 100
	14,890 – 14,050
	14,390
	Malez & Vogel 1969

	
	B/C
	AB
	OxA-26871
	12,680 ± 55
	15,290 – 14,950
	15,120
	Oros Sršen et al. 2014

	
	B/C
	AB
	Z-2423
	13,050 ± 220
	16,310 – 15,010
	15,640
	Obelić et al. 1994

	
	C/s
	AB
	OxA-26869
	12,940 ± 55
	15,660 – 15,270
	15,470
	Oros Sršen et al. 2014

	
	C/s
	AB
	Z-2424
	13,120 ± 230
	16,440 – 15,080
	15,740
	Obelić et al. 1994

	
	C/d
	WC
	Z-193
	20,750 ± 400
	25,870 – 24,050
	24,980
	Srdoč et al. 1973

	Nugljanska peć (cave)
	6
	?
	OxA-X-2462–26
	11,160 ± 50
	13,170 – 12,920
	13,090
	Pilaar Birch & Miracle 2015

	
	8
	?
	Beta-127705
	11,520 ± 90
	13,590 – 13,180
	13,390
	Miracle & Forenbaher 2000

	
	8
	?
	OxA-X-2462–22
	12,510 ± 55
	15,080 – 14,350
	14,750
	Pilaar Birch & Miracle 2015

	Pupićina peć (cave)
	39.1 (Horizon T2b)
	WC
	OxA-8449
	10,140 ± 180
	12,480 – 11,240
	11,790
	Miracle 2005

	
	33
	WC
	Beta-131626
	10,150 ± 60
	11,970 – 11,400
	11,770
	Miracle 2001

	
	31,32,34
	WC
	Z-2574
	10,610 ± 200
	12.970 – 11,830
	12,500
	Miracle 1997

	
	Horizon S
	WC
	Beta-188919
	10,280 ± 50
	12,460 – 11,820
	12,020
	Miracle 2005

	
	373.1 (Horizon U+V)
	WC
	Beta-145095
	11,150 ± 80
	13,230 – 12,840
	13,060
	Miracle 2005

	Vešanska peć (cave)
	II/3
	WC
	Beta-127706
	11,410 ± 90
	13,470 – 13,120
	13,290
	Miracle & Forenbaher 2000

	
	II/3ª
	WC
	Beta-120275
	11,530 ± 50
	13,500 – 13,300
	13,400
	Miracle & Forenbaher 2000

	
	IX
	WC
	OxA-8448
	12,490 ± 100
	15,120 – 14,230
	14,670
	Miracle & Forenbaher 2000

	Ljubićeva Pećina (cave)
	?
	?
	LTL5775A
	13,017 ± 65
	15,790 – 15,330
	15,590
	Oros Sršen et al. 2014

	
	Horizon C (niveau 3)
	?
	GrA 40926
	11,350 ± 50
	13,330 – 13,120
	13,230
	Percan et al. 2009; Simonet 2013

	
	Horizon D (niveau 4)
	?
	Beta-249371
	13,230 ± 70
	16,120 – 15,670
	15,890
	Percan et al. 2009; Simonet 2013

	Romualdova Cave
	stalagmite crust surface
	WC
	Beta-465337
	10,880 ± 30
	12,840 – 12,740
	12,790
	Ruiz-Redondo et al. 2019

	
	stalagmite crust surface
	WC
	Beta-465338
	13,970 ± 50
	17,230 – 16,730
	17,000
	Ruiz-Redondo et al. 2019

	
	stalagmite crust surface
	WC
	OxA-36127
	14,250 ± 80
	17,710 – 17,050
	17,310
	Ruiz-Redondo et al. 2019

	Zala Cave
	100
	AB
	Beta-334806
	14,100 ± 60
	17,360 – 17,020
	17,180
	Šošić Klindžić et al.et al. 2015b

	
	12
	AB
	Beta-228734
	13,840 ± 50
	17,000 – 16,600
	16,810
	Karavanić et al. 2007; , 20082008	Comment by Victoria Chow: QUERY: Neither of these appear in the References. Please provide full details for each.	Comment by Microsoft Office User: Karavanić, I., Ahern, J.C.M., Šošić, R., Vukosavljević, N. (2007) ‘Pećina Zala ʼ, Hrvatski arheološki godišnjak 3/2006, 213–216.

Karavanić, I., Šošić, R., Vukosavljević, N., Ahern, J. (2008), ‘Sustavna arheološka istraživanja špilje Zale kod Tounja ʼ, Modruški zbornik 2, 31–35.


	
	102
	AB
	Beta-334805
	13,340 ± 60
	16,260 – 15,830
	16,050
	Šošić Klindžić et al.et al. 2015b

	Vlakno Cave
	10
	?
	Z-3383
	10,160 ± 100
	12,440 – 11,320
	11,780
	Brusić 2005; Komšo 2008

	
	Stratum 4
	AB
	Beta-423618
	10,270 ± 40
	12,440 – 11,820
	11,980
	Cvitkušić et al. 2018

	
	Stratum 4
	AB
	Beta-416303
	10,380 ± 40
	12,480 – 12,000
	12,260
	Cvitkušić et al. 2018

	
	Stratum 4
	AB
	Beta-363142
	10,970 ± 50
	13,070 – 12,760
	12,880
	Cvitkušić et al. 2018

	
	Stratum 5
	AB
	Z-3932
	11,300 ± 150
	13,490 – 12,890
	13,200
	Cvitkušić et al. 2018

	
	Stratum 5
	AB
	Beta-385285
	11,710 ± 40
	13,740 – 13,460
	13,550
	Cvitkušić et al. 2018

	
	Stratum 5
	AB
	Beta-414467
	12,080 ± 40
	14,070 – 13,800
	13,930
	Cvitkušić et al. 2018

	
	underneath tephra (?)
	AB
	Beta-277309
	12,350 ± 70
	14,850 – 14,090
	14,420
	Cvitkušić et al. 2018

	
	Horizon II
	AB
	Beta-302247
	16,330 ± 70
	19,900 – 19,530
	19,720
	Malnar 2017; Cvitkušić et al. 2018

	Badanj u Pokriveniku (cave)
	?
	WC
	TO-3425
	14,430 ± 100
	17,950 – 17,310
	17,610
	Forenbaher 2002

	
	?
	WC
	TO-3426
	14,920 ± 100
	18,630 – 17,950
	18,230
	Forenbaher 2002

	Kopačina Cave
	20–40 cm
	AB
	Z-2404
	11,980 ± 270
	14,920 – 13,330
	13,950
	Obelić et al. 1994; Miracle 1995

	
	140–160 cm
	AB
	Z-2403
	13,160 ± 310
	16890 – 14910
	15,810
	Obelić et al. 1994; Miracle 1995

	Zemunica Cave
	143
	WC
	Beta-218732
	11,740 ± 90
	13,800 – 13,430
	13,600
	Šošić Klindžić et al. 2015a

	Vela Spila (cave)
	LUP-I
	AB
	Wk-27370
	12,457 ± 57
	14,980 – 14,300
	14,620
	Dean et al. 2020

	
	8/6 (NYT)
	WC
	VERA-2346
	12,260 ± 40
	14,780 – 14,060
	14,170
	Čečuk & Radić 2002

	
	8/6 (NYT)
	AB
	VERA-2345
	12,290 ± 40
	14,810 – 14,070
	14,220
	Radić et al. 2008; Farbstein et al. 2012

	
	LUP-G
	WC
	Z-3990
	12,700 ± 100
	15,520 – 14,600
	15,140
	Dean et al. 2020

	
	LUP-G
	WC
	Z-3989
	12,700 ± 100
	15,520 – 14,600
	15,140
	Farbstein et al. 2012

	
	LUP-G
	WC
	Z-3988
	12,800 ± 100
	15,600 – 14,990
	15,290
	Dean et al. 2020

	
	LUP-E (Layer 24)
	WC
	Z-3991
	13,300 ± 100
	16,290 – 15,700
	15,990
	Farbstein et al. 2012

	
	LUP-D (Layer 32)
	WC
	Z-3992
	14,100 ± 100
	17,410 – 16,910
	17,170
	Farbstein et al. 2012

	
	LUP-C (Layer 34)
	WC
	Z-3993
	14,500 ± 100
	18,050 – 17,370
	17,680
	Farbstein et al. 2012

	
	LUP-A
	AB
	VERA-2339
	15,690 ± 70
	19,120 – 18,830
	18,950
	Dean et al. 2020

	
	8/1 (LUP-A)
	WC
	VERA-2338
	16,140 ± 60
	19,610 – 19,260
	19,490
	Čečuk &, Radić 2002; Farbstein et al. 2012

	
	LUP-A
	WC
	Z-3987
	16,200 ± 200
	20,100 – 19,060
	19,560
	Dean et al. 2020

	Bosnia and Herzegovina

	Badanj (rockshelter)
	6
	?
	OxA-2197
	12,380 ± 110
	14,970 – 14,080
	14,510
	Whallon 1999

	
	13
	AB
	OxA-2196
	13,200 ± 150
	16,300 – 15,380
	15,850
	Whallon 1999

	
Montenegro
	
	
	
	
	
	
	

	Crvena Stijena (rockshelter)
	VIII
	AB
	OxA-23313
	11,755 ± 55
	13,760 – 13,500
	13,610
	Mercier et al. 2017

	
	X
	AB
	OxA-23343
	11,790 ± 50
	13,780 – 13,500
	13,660
	Mercier et al. 2017

	
	X
	AB
	OxA-23315
	24,440 ± 190
	29,140 – 28,120
	28,680
	Mercier et al. 2017

	Mališina Stijena (rockshelter)
	3b1
	AB
	OxA-1895
	13,780 ± 140
	17,080 – 16,280
	16,710
	Mihailović 1998

	
Albania
	
	
	
	
	
	
	

	Blazi Cave
	Layer 2 (Trench 5)
	WC
	Beta-426506
	14,440 ± 50
	17,840 – 17,390
	17,610
	Hauck et al. 2017

	
	Layer 3 (Trench 5)
	WC
	Beta-426501
	15,360 ± 50
	18,810 – 18,340
	18,700
	Hauck et al. 2017

	
	Layer 3 (Trench 5)
	WC
	Beta-426504
	15,140 ± 50
	18,650 – 18,260
	18,490
	Hauck et al. 2017

	
	Layer 2 (Trench 1)
	WC
	COL1959.1.1
	15,727 ± 85
	19,180 – 18,830
	18,990
	Hauck et al. 2016

	Konispol Cave
	VIII/28
	SED
	Beta-56414
	11,410 ± 80
	13,460 – 13,120
	13,280
	Petruso et al. 1994; Harrold et al. 1999


[bookmark: CBML_ch09_tab_002]Table 9.2. Chronological appearance of selected tool types in the Vela Spila lithic assemblage through the Late Upper Palaeolithic (LUP) horizons. Horizon ages are shown in cal years BP.
	
	backed bladelet
	thumbnail endscraper
	arched- backed point
	segment
	trapezoid
	

	LUP A
20–18.8 ka
	
	
	
	
	
	

	LUP-B
	●
	
	
	
	
	

	LUP-C
18 – 17.3 ka
	●
	●
	
	
	
	

	LUP-D
17.4 – 16.9 ka
	●
	●
	
	
	
	

	LUP-E
16.3 – 15.7 ka
	●
	●
	●
	
	
	

	LUP-F
	●
	●
	●
	●
	
	

	LUP-G
15.6–14.6 ka
	●
	●
	●
	●
	●
	

	LUP-H
	●
	●
	●
	●
	●
	

	LUP-I
15–14.3 ka
	●
	
	
	
	
	


[bookmark: CBML_ch09_fig_001]Figure 9.1. Map showing the position of sites mentioned in the text. 1: Vergotinova Cave, 2: Nugljanska Cave, 3: Romualdova Cave, Abri Kontija & and Cthe cave near Rovinjsko Selo 1, 4: Pupićina Cave, 5: Abri Šebrn cave, 6: Ljubićeva Cave, 7: Šandalja II Cave, 8: Zala Cave, 9: Vlakno Cave, 10: Konjevrate (open-air site), 11: Zemunica Cave, 12: Kopačina Cave, 13: Badanj Cave (Pokrivenik, Croatia), 14: Vela Spila Cave, 15: Badanj rockshelter (Bosnia and Herzegovina), 16: Crvena Stijena rockshelter, 17: Vrbička Cave, 18: Medena Stijena & and Mališina Stijena rockshelters, 19: Trebački krš rockshelter, 20: Blazi Cave, 21: Klithí rockshelter, 22: Boïla Rockshelter & Megalakkos Cave, 23: Kastritsa Cave, 24: Konispol Cave.
[bookmark: CBML_ch09_fig_002]Figure 9.2. Frequency distribution of sites between 20 and 11 ka calBP. Only one 14C date is used for each site per 1000 years. Šandalja II (C/d layer) is the only Epigravettian site older than 20 ka calBP, and for clarity of display it is not shown here.
[bookmark: CBML_ch09_fig_003]Figure 9.3. Selected Early Epigravettian lithic artefacts from Vela Spila Cave. Horizon LUP-A – 1: retouched blade, 2: truncated blade, 3: single-platform bladelet core, 4–5: double-platform bladelet cores. LUP-B – 6–7: endscrapers on flakes, 8–11: backed bladelets, 12: retouched blade, 13: burin on broken blade, 14: partially retouched blade, 15: combined tool (endscraper-perforator), 16, 18: single-platform bladelet cores, 17: double-platform bladelet core, 19: splintered piece (bipolar core). (Drawing: Martina Rončević).
[bookmark: CBML_ch09_fig_004]Figure 9.4. Selected Late Epigravettian lithic artefacts from Vela Spila Cave. Horizon LUP-G. 1–10, 13: thumbnail endscrapers, 11–12: circular endscrapers, 14: carinated endscraper, 15–18: endscrapers on flakes, 19–28, 37: backed bladelets, 29–35: arched backed points, 36: truncated backed bladelet (Drawing: Martina Rončević).
[bookmark: CBML_ch09_fig_005]Figure 9.5. Selected Late Epigravettian lithic artefacts from Vela Spila Cave. Horizon LUP-G. 1–8: segments, 9–10: trapezoids, 11–12: truncated bladelets, 13–14: backed flakes, 15: splintered piece (bipolar core), 16: retouched blade; 17, 20: sidescrapers, 18–19, 21: perforators, 22–23: dihedral burins, 24: burin on broken blade, 25: burin, 26: marginally retouched blade, 27: marginally retouched flake, 28–29: retouched pieces, 30: denticulate (Drawing: Martina Rončević).
[bookmark: CBML_ch09_fig_006]Figure 9.6. Lithic raw material and marine snail shell transfers across the Adriatic Plain. 1: Romualdova Cave, 2: Šandalja II Cave, 3: Ljubićeva Cave, 4: Pupićina Cave, 5: Zala Cave, 6: Vlakno Cave, 7: Badanj rockshelter. Data for lithic raw material are taken from Vukosavljević et al. (2014,; 2015); Peresani et al. et al. (20210); Perhoč (2020). Data for marine snail shells acquired from Cvitkušić (20197); Vukosavljević & and Karavanić (2015); Borić & and Cristiani (2019) (Map design by Miroslav Vuković).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Again, wrong year of publication
[bookmark: CBML_ch09_fig_007]Figure 9.7. Selected Epigravettian osseous artefacts from Kopačina Cave and Badanj Rockshelterrockshelter. a–c: antler harpoons from Badanj, d: bone points from Kopačina Cave (Photo by Nikola Vukosavljević).
[bookmark: CBML_ch09_fig_008]Figure 9.8. View towards the Bregava river valley and Badanj Rockshelter rockshelter (bottom left) from the position just above the site (Photo by Aitor Ruiz-Redondo).
[bookmark: CBML_ch09_fig_009]Figure 9.9 . Tritia gibossula perforated shells from Badanj Rockshelterrockshelter. (Photo by Nikola Vukosavljević).

Chapter 10
Late Gglacial Ceramic Innovation and Symbolism from the Balkans in its Wider Context
REBECCA FARBSTEIN
[bookmark: CBML_ch10_sec1_001]Introduction
One of the world’s most famous ceramic artefacts is the so-called ‘Venus’[footnoteRef:3] of Dolní Věstonice I (hereafter DV I), discovered in fragments during excavations at the site in 1925. When the fragments were refitted together, it was recognised as a female figurine with a schematic face and large breasts (Figure 10.1). In the century since this figurine was first discovered, it has captured both popular and specialist attention, and it remains an icon of both ceramic art and Palaeolithic art.[footnoteRef:4]. Despite its celebrated status, this figurine is, perhaps, a misleading example of both ceramic art and Palaeolithic art. The vast majority of Palaeolithic art was not representational, much less anthropomorphic. Although, quantitatively, Palaeolithic ceramic artefacts represent a large proportion of the surviving Eurasian Palaeolithic art assemblages (more than 13,000 ceramic artefacts have been found to date), most Palaeolithic ceramics were not as well-preserved as the Venus I from DV I. [3:  We recognise that this term is problematic and biased. We use it here as a reference to the way these figurines have been historically discussed in the literature, not as an interpretation of their potential significance or meaning.]  [4:  We also acknowledge the term ‘art’ is contentious and potentially problematic. A detailed discussion of the semantics of terms like ‘art’ and their use to describe Palaeolithic symbolic material culture is beyond the scope and focus of this paper. We adopt the term ‘art’ here, as it is widely used to refer to a broad and diverse set of symbolic material culture; the meaning of these objects remains unknown. We do not attempt to ascribe our own contemporary, potentially biased interpretation of ‘art’ onto these artefacts.] 

Figure 10.1 Here
Since the discovery of ceramics in Pavlovian contexts, archaeologists have also identified Palaeolithic ceramic artefacts in Aurignacian contexts in Greece, Gravettian contexts in Russia, Iberomaurusian sites in Algeria, Magdalenian sites in France, and Epigravettian contexts in the Balkans (Figure 10.2). The archaeological record, therefore, demonstrates that diverse Upper Palaeolithic cultures and contexts supported the production of ceramic material culture; the question remains: is there cultural continuity between sites separated by millennia and thousands of kilometres, and why have not ceramics been found in other locations where Palaeolithic art flourished? This paper chapter addresses these questions by moving beyond a research approach that privileges the most iconic figurines to consider the broader social, artistic, and technological significance of ceramic artefacts in the Palaeolithic. Rather than focusing on a few exceptional figurines, this paper chapter provides a broader, contextual picture of how ceramic technologies were employed by craftspeople in diverse social settings, spanning c. 20,000 years of the Upper Palaeolithic. This research allows us to ask a series of questions:
Figure 10.2 Here
•	Were artistic ceramic technologies a ‘punctuated’ innovation that was adopted, used, forgotten, and re-invented multiple times during the Upper Palaeolithic?
•	Is there evidence of cultural continuity across the locales where ceramics have been found?
•	Are ceramic artefacts robust cultural markers that can provide insight into the symbolic, technical, and social behaviours of the people who worked with these materials?
[bookmark: CBML_ch10_sec1_002]Archaeological assumptions about ceramics
Archaeological research into ceramics has historically focused on Holocene-aged pottery (younger than c. 10,000 years calBP), which were often utilitarian vessels, made and used primarily by sedentary, agricultural societies (e.g., Arnold 1985; contributions to Hunt 2016; Sinopoli 1991). Many early studies revolved around building typologies upon which chronological sequences for cultures might be based. More recently, petrographic analysis has offered more nuanced insight into the materials and technologies of manufacture (i.e., Quinn 2013). Farbstein and Davies (2017: 3) previously noted that the long history of research methodologies and foci, built around the study of later prehistoric ceramic vessels, may have, unintentionally, led to a ‘research myopia that … contributed to the widely-accepted assumption that the terms “‘pottery”’ and “‘ceramics”’ are largely interchangeable.’. However, a rich and diverse assemblage of tens of thousands of non-vessel artefacts made from sedimentary paste that is not particularly clay-rich long pre-dates the origins of ‘functional’ Neolithic pottery. Indeed, nomadic hunter-gatherers from the Pleistocene to the present day have used ceramics as raw materials to create a diverse range of material culture (see Jordan & Zvelebil 2009a; Boaretto et al. 2009; Cohen et al. 2017; Hommel 2014; Kuzmin 2017; Yanshina 2017). The widely accepted archaeological nomenclature for studying prehistoric ceramics, built around the study of sedentary, agricultural societies, is not applicable or transferable to studying the earlier, non-pottery-based ceramic traditions used by a range of nomadic, hunter-gatherer societies.	Comment by Victoria Chow: QUERY: Does this refer to 2009a or 2009b?

Jordan, P. & Zvelebil, M. (eds) (2009a), Ceramics before Farming: The Dispersal of Pottery Among Prehistoric Eurasian Hunter-Gatherers (Walnut Creek, CA, Left Coast Press).

Jordan, P. & Zvelebil, M. (2009b), ‘Ex Oriente Lux: The Prehistory of Hunter-Gatherer Ceramic Dispersals’, in P. Jordan & M. Zvelebil (eds), Ceramics before Farming: The Dispersal of Pottery Among Prehistoric Eurasian Hunter-Gatherers (Walnut Creek, CA, Left Coast Press), 33–89.	Comment by Microsoft Office User: This is 2009a
Hommel (2014) makes a clear distinction between ‘clay,’, ‘ceramics,’ and ‘pottery’: ‘clay’ is a natural, argillaceous material; ‘ceramic’ is any artefact made by forming, drying, and heating sediment (clay-based or otherwise) to create a durable object; the term ‘pottery’ describes any portable ceramic vessel. Most Palaeolithic ‘ceramics’ are not pottery; instead, they take various forms, including plaquettes, beads, anthropomorphic and zoomorphic figurines, and, overwhelmingly, fragments and pellets of various shapes and sizes, whose original purpose remains unknown. Some Palaeolithic ‘ceramics’ were made from clay-rich sediments, particularly at French Magdalenian cave sites, but in other regions, a local sediment was used which was relatively heterogeneous and not particularly clay-rich. There is evidence that some ceramic artefacts were fired in the Upper Palaeolithic, but this practice was not ubiquitous. Within this paperchapter, we will use the term ‘ceramic’ to describe artefacts made from a sedimentary paste that had a regionally variable clay content, and which were fired to varying temperatures and, occasionally, were unfired.
[bookmark: CBML_ch10_sec1_003]The ‘origins’ of ceramic technology
Nomadic hunter-gatherers were manipulating wet earth to line hearths from at least the Aurignacian, at the Greek site of Klissoura (c. 35,000 calBP) (Karkanas et al. 2004). This early Upper Palaeolithic evidence of ceramic technology seems to have been primarily ‘functional’ or subsistence-based: these structures may have been used to store heat and toast wild seeds. Hommel (2014) posits that ceramic structures like these were probably common throughout prehistory, and recent finds of ceramic pottery from China offer evidence that Palaeolithic hunter-gatherers occasionally made functional ceramic artefacts and vessels as early as c. 18,000–20,000 calBP (Boaretto et al. 2009; Cohen et al. 2017; Kuzmin 2017; Yanshina 2017). However, these remain rare finds in the early prehistoric record. The lined hearths from Klissoura were exceptionally preserved, in part, because they were made from fired clay; if artefacts made from non-clay-based sediments were not fired at a high enough temperature, they may not have survived in similar contexts.
[bookmark: CBML_ch10_sec1_004]The Pavlovian cCeramic Rrevolution
The so-called ‘Pavlovian,’, a technocomplex from Central Europe (Czech Republic and Austria), dates to between 31–29,000 calBP (Svoboda 2016; Wilczyński et al. 2020; Wojtal et al. 2020). Pavlovian sites preserve both the largest and most diverse assemblage of ceramic material culture anywhere in the European Upper Palaeolithic record. On current evidence, Pavlovian ceramics are the earliest example of the use of fired sediment to make ‘non-functional’, and, in many cases, overtly representational, material culture. This technological innovation is set against the backdrop of an exceptionally rich and diverse portable art tradition, in which craftspeople worked skilfully with mammoth ivory, reindeer antler, animal bones and soft stones, to create zoomorphic and anthropomorphic figurines, as well as non-figurative objects and personal ornaments. As shown in Table 10.1, we catalogued nearly 13,000 ceramic figurines, figurine-fragments, and other non-diagnostic ceramic artefacts from Pavlovian sites in Moravia.
Table 10.1 Here
A local, loess-based sediment with a relatively low clay-content was the raw material used to make these artefacts (Vandiver et al. 1989). Thus, Pavlovian ‘ceramic’ artefacts are neither clay-based, nor pottery, providing important insight into the emergence of this class of non-utilitarian material culture. Pavlovian ceramic production sequences, or chaînes opératoires (sensu Leroi-Gourhan 1965), demonstrate a massive shift in both technology and cognition from earlier Palaeolithic art technologies. Pavlovian ceramics were made using a fundamentally synthetic production process, in which craftspeople combined two distinct raw materials: loess-based sediment and water. Loess naturally deposited on-site across the Pavlovian landscape, accumulating in the Moravian hillsides where many Pavlovian sites are preserved. Pavlovian cultural layers are often interstratified with loess sediments (Svoboda 2005: 29–30), suggesting that it was literally the ground beneath their feet. Individuals could have collected this material at any time of the year, although it was likely easier to collect during warmer months when the ground was not frozen, which would have made it considerably quicker and easier to dig and acquire loess. Water was readily available in the immediate landscape, as the site cluster in the Pavlov Hills (DV I-III, Pavlov I-VI) overlooks the ancient Dyje (Thaya) river (now dammed and flooded to create an artificial recreational lake).
Subsequently, many Pavlovian figurines were made using an ‘additive’ construction process, where component parts of figurines were made separately and subsequently joined together (see Soffer et al. 1993; Vandiver et al. 1989). Later, many, but not all, of these figurines were fired in hearths (Figure 10.3). Soffer et al. (1993) famously proposed, based on the presence of thermal fractures on some artefacts, that ceramic figurines were intentionally exploded in a ‘pyrotechnic performance art’. Their hypothesis is supported by the spatial data: many Pavlovian ceramics artefacts were found in or immediately adjacent to these combustion features, suggesting they did not have a significant life history beyond firing, whether they exploded or not. However, their hypothesis warrants reconsideration and, perhaps, a more nuanced revision. Although many figurines were found in fragments, some more complete artefacts have been found. Some so-called ‘limb fragments’ were not fragments at all: they lack any evidence of a broken surface, suggesting they were never attached to a larger figurine, but were, instead, complete artefacts in and of themselves. Furthermore, while Soffer and colleagues were correct that additive chaînes opératoires were very common, there is evidence for more diversity in production than they noted. As shown in Table 10.2, we classified roughly 30 per cent of the most complete, well-preserved, and/or diagnostic ceramic artefacts from both Pavlov I and DV I as being made following chaînes opératoires that were not strictly ‘additive,’, sensu Soffer and colleagues (see also Figure 10.3). The actual proportion of the assemblage made using these more ad hoc manufacturing strategies is likely higher, as many of the less diagnostic pellets and fragments were likely made in this way. Thus, we suggest that the hypothesis about intentional explosion or destruction of ceramics may warrant revision to consider a broader range of production strategies.
Figure 10.3 Here
Table 10.2 Here
Ceramic technologies flourished and spread across much of the Pavlovian landscape. While the largest assemblages and most developed expressions of this technology were found in the Pavlov Hills (DV/Pavlov site cluster), ceramic figurines excavated from Krems-Wachtberg (Austria) and Předmostí (Moravian Gate) demonstrate the contemporaneous proliferation of ceramic traditions further afield. Non-ceramic art from Předmostí is stylistically distinct from that found in the Pavlov Hills, offering evidence that ceramic technologies were adopted within a distinct symbolic tradition at this site. Despite the development of this artistic industry and its spread across much of the Pavlovian cultural landscape, ceramic technologies abruptly disappear from the archaeological record in Central Europe at the end of the Pavlovian, corresponding with a transition to a later Gravettian technocomplex that is often described as Willendorf-Kostenkian, c. 29–24,000 calBP (Svoboda 2006; Wilczyński et al. 2020).
[bookmark: CBML_ch10_sec1_005]Ceramic technologies in the Balkans
Until recently, Pavlovian ceramic figurines occupied a unique place within the canon of Palaeolithic portable art, seeming to offer the only evidence of a well-developed, Upper Palaeolithic ceramic art tradition in Europe. However, the discovery of 35 ceramic artefacts at the site of Vela Spila, Croatia (Farbstein et al. 2012), transformed our understanding of the character and scope of this innovation across a range of Upper Palaeolithic archaeological contexts.
Vela Spila is a cave on the western end of Korčula island, in the central Dalmatian archipelago, Croatia. Vela Spila preserves evidence of occupation from the Late Upper Palaeolithic (Epigravettian) through to the Bronze Age. All the ceramic artefacts are attributable to one of four Late Upper Palaeolithic archaeological horizons, which date to between 17,500 and 15,000 calBP. The associated material culture in these horizons supports the Epigravettian cultural attribution.
The ceramic artefacts from Vela Spila are primarily small cylindrical, conical, and spheroid ceramic fragments. Most of the artefacts have one or more broken surfaces. Many of them bear strong formal resemblance to the ‘leg fragments’ from Pavlov I and DV I. Among these fragments, two more complete artefacts conclusively demonstrate the presence of representational ceramic art at the site.
The first, which we call Vela Spila 1 (VS1), is a ceramic zoomorphic body and forelimb, possibly an ungulate or equid (Figure 10.4). The animal’s head and hindlimb are missing, with breaks on the artefact where the appendages would have originally attached. Pinch marks at the join of the surviving limb and torso suggest an additive building technique similar to that evidenced at DV I and Pavlov I. There are also a few non-decorative marks on the surface, probably made with a fingernail while the figurine was being handled prior to firing. There is one deeper, round perforation on the animal’s hindquarters that may depict the animal’s anus. We previously proposed (Farbstein et al. 2012) that this mark was made with a small bone point, many of which were excavated from the same Late Upper Palaeolithic horizon where the figurine was found.
Figure 10.4 Here
The second artefact, called VS2 preserves important evidence of the development of intentional, ornamental engraving in ceramic at the site (Figure 10.5). We interpret the fragment as the hindlimb of a relatively large zoomorphic figurine, based in part on its general form, and also on the presence of an engraved line running along the length of the fragment. We interpret this engraving as a symbolic demarcation of two separate hindlimbs. Such a stylistic convention for modelling a single appendage but visually differentiating two limbs is well-documented in the Pavlovian ceramic assemblage (Farbstein & Davies 2017). The overall shape of the fragment also strongly resembles the tapered ceramic zoomorphic limb fragments found both at Vela Spila and at Pavlov I and DV I. However, this fragment preserves more detailed and intentional surface engravings that cover most of the surface of the artefact. This visually distinguishes this piece from other ceramic figurines at Vela Spila.
Figure 10.5 Here
Beyond the two most aesthetically- striking artefacts, Vela Spila’s assemblage of less iconographically diagnostic ceramic fragments offers important additional insight about ceramic technologies in this archaeological context (Figure 10.6). Six cylindrical or conically shaped artefacts suggest limbs similar to the one preserved on C1. These artefacts are all broken at one extremity, while the other extremity is unbroken and smoothed to a rounded tip. Two fragments preserve impressions or striations that resemble finger impressions similar to those previously identified on Pavlovian ceramics (see discussion and images in Farbstein et al. 2012; Králík et al. 2002; Králík & Novotný 2005). Wet ceramic pastes formed by hand would have inevitably collected finger impressions during production. Therefore, while it is unsurprising that several objects in the Vela Spila assemblage preserve such marks, this evidence confirms that even the less iconographically striking ceramic artefacts were anthropogenic.
Figure 10.6 Here	Comment by Victoria Chow: QUERY: This figure is missing from the PDF I was provided with. Please could you resend it, so I can make sure it matches the caption.	Comment by Microsoft Office User: Done
The ceramic artefacts are a large and important component of the recognisable Epigravettian ‘art’ from Vela Spila. Perforated marine shells were excavated from Late Upper Palaeolithic horizons, along with perforated red deer canines, one of which was engraved with six linear decorations (Cristiani et al. 2014). One perforated bone fragment, possibly an ornament or pendant, and two decorated bone tools were also found. Figurative art made in any other raw material is notably absent among the non-ceramic symbolic assemblage from Vela Spila. Therefore, the ceramic figurines are the first and only evidence of representational art in any raw material at the site.
[bookmark: CBML_ch10_sec1_006]Upper Palaeolithic ceramics beyond the Balkans
In comparison to the ceramic artefacts from Vela Spila, other assemblages of ceramic ‘art’ found across diverse Late Upper Palaeolithic contexts are generally smaller, more fragmentary, and less diagnostically representational. Geographically, these other Upper Palaeolithic assemblages were found far afield from both the Balkans and Moravia. Broadly, late Upper Palaeolithic ceramics have been found in eastern Eurasia (Russia and Siberia), south of the Mediterranean (Algeria), and in France. The easternmost example is also one of the most stylistically unique figurines. An isolated ceramic anthropomorphic figurine was found at Maina, in southern Siberia, roughly 7000 kilometres from Vela Spila. Associated radiocarbon dates indicate the figurine is between 20,221 and 18,863 calBP (Vandiver & Vasil’ev 2002). Although this figurine was made from a fired sedimentary paste, the artefact is stylistically distinct from the assemblages discussed above. It is a flattened, silhouetted style of depiction, almost resembling a gingerbread man cut-out. This style is strikingly different from the rounded, more naturalistic figurines found both in the Pavlovian and at Vela Spila. Based on currently available published materials, the Maina figurine does not seem to have been found alongside a larger assemblage of ceramic artefacts at the site.
At Zaraysk (Russia) (c. 23,000–16,000 calBP), about 150 kilometres km south-east of Moscow, a small assemblage of fragments was recently discovered (Yanshina et al. 2017) that have been purported to be ceramics, or possibly ochre. None of these artefacts are diagnostically representational, and Yanshina et al. 2017 suggest the ochre material would have been unsuitable for modelling into figurines. One key feature of this assemblage is the supporting context of rich representational and non-representational portable art and ornamentation found at the site. An ivory ‘Venus’ figurine, ivory bison sculpture, and perforated tooth ornaments were found in contemporaneous layers, indicating the development of rich and diverse artistic technologies at this site.
Ceramic artefacts have been found in eastern Algeria in contexts that both pre- and post-date the Last Glacial Maximum. An isolated Pleistocene ceramic artefact, purported to be a fragment of an animal horn, perhaps a barbary sheep, was found at Tamar Hat, Algeria. It is associated with Iberomaurusian horizons (Saxon 1976), with dates between 26,000 and 22,000 calBP (Hogue & Barton 2016). Like the Maina figurine, the fragment from Tamar Hat does not seem to have been found alongside a developed ceramic technological tradition, and the site also lacks evidence of a developed symbolic tradition in other raw materials. After the Last Glacial Maximum (LGM), at nearby Afalou bou Rhummel (Algeria) (18,000–13,500 calBP), as many as 55 ceramic artefacts were uncovered, some of which are zoomorphic (Hachi et al. 2002; Hachi 2003; Jesse 2010). This is the largest surviving assemblage of late Pleistocene ceramics from this region. Like the Pavlovian and Vela Spila assemblages, the ceramics from Afalou bou Rhummel are relatively small in size, seem to have been made using a primarily additive manufacturing sequence, were fired to temperatures up to about 500–800 °C, and were likely made using a local sediment (Hachi et al. 2002).
To the west, there are several noteworthy examples of Late Glacial ceramics found in French Magdalenian contexts. The largest assemblage of Magdalenian ceramic artefacts from this region was found at the cave site of Bédeilhac (Ariège) (Jauze & Sauvet 1991). This assemblage of c. 75 engraved, non-fired clay plaquettes suggest the development of an interest in working with clay and other sedimentary pastes that differs from the artefacts found in Central and Eastern Europe, as well as North Africa. Bougard (2010: 136) rightly compares these clay plaquettes to contemporaneous engraved stone plaquettes found elsewhere in the region, particularly at Enlène and Labastide (Clottes 1999; Simonnet et al. 1984). In this instance, the clay material was used like a canvas or slate upon which to engrave two-dimensional imagery, rather than as a material in which one modelled three-dimensional shapes, some of which were figurative. It seems reasonable to consider the clay plaquettes from Bédeilhac as material variants within the broader assemblage of engraved plaquettes which were relatively common in the region. Like many Magdalenian stone plaquettes, the clay examples from Bédeilhac were found in a cave context, and they demonstrate similar forms of production and symbolic expression. Furthermore, they are unfired, indicating that the full chaînes opératoires of production would have been very similar to the process of engraving soft stone plaquettes. Further afield, at Mas d’Azil, a few isolated ceramic ‘beads’ were excavated (see Péquart & Péquart 1960), and an isolated fragmentary ceramic zoomorph was found at both the site of Enlène (Bougard 2010: 24) and at Labouiche (Méroc 1959; Bougard 2010: 27). These figurines are more stylistically comparable to the ceramic assemblages from Vela Spila and Moravia.
The most famous examples of ceramic art from south-west France are distinct from all other examples of Palaeolithic ceramic art. Large, un-moveable and unfired clay statues of bison were discovered within Tuc d’Audoubert and Montespan caves (France), which date to the late Magdalenian (Bégouen & Breuil 1958; Bégouen et al. 1977, Péquart & Péquart 1960; Rivenq 1984; Trombe & Dubuc 1947). These statues, which measure more than 60 cm in length (Bougard 2010: 20), were not meant to circulate beyond the context where they were found, affixed to the cave floor deep inside ritual caves. Given their location, deep inside caves primarily visited during rituals rather than as occupation sites, these statues would not have been widely accessible for viewing, both during production and after. The French statues were not fired in hearths or kilns, so the chaîne opératoire of making these non-mobile clay statues would have been quite different from the small, portable ceramics found in Czech Republic and Croatia.
[bookmark: CBML_ch10_sec1_007]Contexts of production, contexts of consumption
To understand the social, technological, and aesthetic significance and impacts of the emergence of ceramic technologies, it is necessary to first compare the similarities and differences between the two largest and most complete European Palaeolithic ceramic assemblages: the Pavlovian ceramics and those from Vela Spila. The broader record of ceramic technologies across Eurasia and into North Africa is compelling, but focusing on the two most developed assemblages offers the greatest insight into how we might begin to assess socio-symbolic similarities and differences through analysis of ceramic artefacts.
[bookmark: CBML_ch10_sec2_001]Technological choices
Given the relative rarity of Palaeolithic ceramics, some of the apparent similarities between these two assemblages might lead to an interpretation of cultural continuity between them, despite the more than ten 10 millennia that separate them. One significant similarity between the Pavlovian and Vela Spila assemblages is the additive production technology. The Pavlovian practice of building ceramics figurines by rolling and forming component parts (legs, arms, torsos, heads), and subsequently joining them together (often by a pinching-actions at joins) before firing, was first discussed by Soffer and colleagues (Soffer et al. 1993; Vandiver et al. 1989), and has been well-documented in research over the past few decades (Farbstein & Davies 2017; Soffer & Vandiver 1997; , 2005). A similar additive production process is demonstrated in the ceramics from Vela Spila (Farbstein et al. 2012). However, this common technological characteristic is likely related, at least in part, to the inherent qualities of working with a wet sedimentary paste. In both assemblages, a relatively heterogeneous sediment was used, which was collected from the local environment. The lower clay content of the material in both locations, combined with the lack of sieving/preparing of the material, made it less pliable and malleable than the clay-rich and more homogeneous materials used to make later pottery. It would have been very difficult to make the Palaeolithic figurines using any other technological production strategy (such as carving from a block). Thus, this similarity seems more directly linked to the inherent properties of working with a wet sedimentary paste, rather than evidence of cultural continuity between the two assemblages.
[bookmark: CBML_ch10_sec2_002]Stylistic traits
These assemblages are also remarkably similar in overall stylistic/aesthetic form. Rather than accepting these similarities as evidence of cultural continuity, we note that many commonalities in apparent ‘style’ and form relate, at least in part, to the manufacturing technique, which is, in turn, closely related to the natural constraints of the raw material. For instance, the small size of the figurines in both regional assemblages is likely to be related to the inherent characteristics and qualities of the material. At Pavlov I, ceramic figurines had an average maximum dimension of 22.5 mm, and an average weight of 4.6 g. At Vela Spila, the average maximum dimension was even smaller, at 17.6 mm, with an average weight of 1.8 g. Experiments with sedimentary materials from both locations indicate that the friable nature of the material would have made it challenging, if not impossible, to make larger figurines.
Another stylistic trait held in common is the relative lack of elaborate engraved decorations on ceramics at both Vela Spila and in the Pavlovian assemblages. With a few notable exceptions, such as the VS2 figurine fragment with the elaborate engravings, and a non-diagnostic zoomorphic figurine with elaborate engravings from DV I (Figure 10.7), very few ceramic figurines from Pavlovian sites or Vela Spila feature detailed, intensive ornamental engraved work.
Figure 10.7 Here
As shown in Table 10.2, in each of the two largest Pavlovian assemblages, DV I and Pavlov I, only c. 20 per cent of the nearly 500 most diagnostic and complete ceramic figurines were engraved. Those Pavlovian ceramics that were engraved often feature just a few simple marks, many of which were probably made with either a fingernail or an ad hoc tool, such as a stick. When compared to the much larger assemblage of non-diagnostic ceramic artefacts, which number in the thousands and which are very rarely engraved, it becomes clear that intentionally engraving ceramic with a manufactured tool, such as a bone point or stone burin, was a very rare activity. The observed frequency of engraving in the surviving assemblage may not accurately reflect the frequency of this technique in the Pavlovian; because of their more striking superficial appearance, engraved ceramics were much more likely to be identified and recovered during early archaeological excavations in the region in the 1920s–1950s. It is reasonable to presume that some quantity of non-engraved ceramic artefacts was completely overlooked by early excavators of these sites.
The relative lack of decorative engravings on Pavlovian ceramics is particularly noteworthy against the backdrop of non-ceramic art at Pavlov I and DV I, where ornate, technologically skilful engravings are evidenced in the bone, ivory, and antler assemblages (Farbstein 2010) (Figure 10.8). It would have been significantly more time- and labour-intensive to execute the elaborate carved ivory ‘diadems’ from Pavlov I than to make simple engravings on ceramic figurines, yet even expediently- made engravings are relatively uncommon in the ceramic assemblages from both regions. Thus, the lack of engravings on ceramics in both regions may not be easily explained by material constraints. One potential explanation for these aesthetic characteristics may lie in the way they were used and embedded in society. Ceramic chaînes opératoires were shorter and more expedient than those used to make ivory, bone, and antler art at the same sites; it would have taken considerably longer to carve an ivory tusk than to model a small ceramic figurine. The process of sourcing the material itself was also notably different: acquiring a mammoth tusk would have been associated with the potentially dangerous activity of mammoth hunting, or perhaps occasionally collecting sub-fossil ivory in the landscape. In either instance, this would have been an occasional activity, rather than a regular part of daily life. Thus, mammoth ivory would have been harder to source and less readily available than ceramic paste, which was made from ‘the ground beneath their feet.’ Thus, each step in the chaînes opératoires of making a ceramic figurine was shorter than the comparable step in the chaînes opératoires for making ivory art. This more ‘expedient’ artistic technology might be considered as similar to sketching, in comparison to oil painting, and fine details such as elaborate engravings might have been frequently omitted when working with ceramic.
Figure 10.8 Here
[bookmark: CBML_ch10_sec2_003]Spatial and contextual considerations
The additive manufacturing technique, size, and superficial aesthetics of both the Vela Spila and Pavlovian assemblages mean they look very similar; at first glance, one might reasonably presume cultural continuity across these assemblages, despite the more than 10ten millennia and several thousand kilometres that separate the sites. However, contextual differences between these assemblages offer significant evidence of how ceramics were embedded in distinct cultural contexts in these two regions. The strong spatial distribution patterns of ceramic artefacts within Pavlovian sites are well documented (e.g., Soffer et al. 1993; Soffer & Vandiver 1994; , 1997; , 2005; Vandiver et al. 1989; Verpoorte 2001). Pavlovian ceramics were primarily found clustered inside combustion features/hearths or immediately adjacent to them. Some of these hearths were interpreted as ‘kilns’ (Vandiver et al. 1989), and this spatial association of ceramics with hearths or kilns has been used to support the hypothesis that Pavlovian ceramics were not made to be used or circulated beyond the site of their production (and, perhaps, intentional destruction) (see Soffer et al. 1993). In contrast, the ceramics found at Vela Spila do not indicate any particular or intentional spatial distribution adjacent to or inside built features such as hearths, pits, or middens; in all instances, they were found dispersed within the cultural layers alongside diverse material culture. These differences indicate that even though material, technological production, and aesthetic ‘style’ seem similar, the ceramics from these two regions were embedded in distinct cultural systems and probably held different meanings in the daily lives of the inhabitants of the sites.
Expanding upon this, although the Pavlovian ceramics themselves did not seem to circulate widely beyond the site of their production, this technocomplex is the only Palaeolithic example where the tradition of working with ceramics was shared across many sites in both the immediate (Pavlov I, IV, VI, DV I, II) and broader cultural landscapes. Ceramic figurines were found more than 100 kilometres km south-west of the Pavlov Hills in the Wachau (at Krems-Wachtberg, Austria), and more than 100 kilometres km north-east of the Pavlov Hills into the Moravian Gate (at Předmostí, Czech Republic). These sites exist along a topographic corridor through the landscape, and people probably circulated along this route during annual or seasonal migrations. Knowledge of ceramic technologies may have been shared as people migrated across the landscape, perhaps during seasonal movements, even though the artefacts themselves were not apparently carried on these journeys. One might imagine, for example, that an individual who lived in the Pavlov Hills for part of the year could have travelled to the Wachau and created a few ceramic figurines while camping in this region, teaching their relatives how to make these figurines themselves. Following chaînes opératoires research in lithic production (Bril et al. 2000,; 2005), watching an object being made, rather than seeing the finished object only, is an important way of learning how to replicate that technology. Therefore, the apparent lack of movement of ‘finished’ ceramic artefacts across the Pavlovian social landscape may not have inhibited the spread of these innovative technological practices if nomadic people actually taught their contacts how to make these objects.
In contrast, the Vela Spila ceramics are the only example of this technology in the Balkans during the Epigravettian. Their find contexts do not suggest the same curtailed life history as the Pavlovian ceramics, yet knowledge of ceramic technologies does not seem to have been shared or appropriated across the broader Epigravettian Balkan landscape. Therefore, potential movement of ceramic artefacts themselves does not seem to be a good proxy for the movement and spread of the innovative ideas and technologies that were necessary to make ceramic material culture.
[bookmark: CBML_ch10_sec2_004]Subject matter
Another difference between the two largest assemblages is in the subject matter of the representational ceramic figurines. Many Pavlovian ceramic figurines depict carnivores (lions, bears, wolverines), as well as large herbivore species such as woolly mammoth and woolly rhinoceros. The zooarchaeological record from many Pavlovian sites indicates mammoths were the most abundant species at the site (Musil 2003). Reindeer were also abundant, while smaller, fur-bearing species such as wolf, hare and fox were also well represented in many assemblages (Musil 1994; , 1997). At some Pavlovian sites, carnivore species comprise 30–60 per cent of the total zooarchaeological MNI at the site, providing abundant evidence of Pavlovian interest in carnivores (Wojtal et al. 2020: 4). Carnivores were repeatedly depicted in Pavlovian ivory representational art, such as the famous carved lion ‘silhouette’ from Pavlov I (made in mammoth ivory). This interest in dangerous and carnivorous species is reinforced in the non-representational art from the site. Some 43 per cent of the organic artefacts from Pavlov I SE were made from the bones and teeth of carnivore species (Wojtal et al. 2020Wojtal 2020: 7). Noteworthy examples of the appropriation of carnivore bones for art include an engraved lion metatarsus and an engraved wolverine hemi-mandible from Pavlov I (Farbstein 2010; García-Diez 2005). These ‘fierce’ animals clearly held cultural significance beyond sustenance and survival. They held artists’ interest in a variety of media and various forms of symbolic expression (see Farbstein 2010; , 2011); Pavlovian ceramic figurines of lions, bears, and wolverines demonstrate that this interest spread to working with innovative materials and technologies as well. Ethnographic studies offer some evidence of rituals associated with carnivores, such as Khanty and Sami bear festivals (see Rydving 2010), supporting the notion that ritual or symbolic interest in animal species may not have corresponded with their value or importance as subsistence resources.
In contrast, at Vela Spila, the most complete figurine is a herbivore, probably a deer or horse. This representation echoes the zooarchaeological record, in which ungulates and equids predominate. Unfortunately, it is impossible to assert a broader interpretation of the relationship between represented animals and hunted ones, because this is the only identifiable representational art from Vela Spila, not just in ceramic, but indeed in any material. Furthermore, it is the only example of representational mobiliary art from the entire Late Upper Palaeolithic record in the Balkans, although there is abundant evidence of Late Upper Palaeolithic non-figurative art and personal ornamentation from the region (Cristiani et al. 2014).
To gain more insight into how ceramic figurines from Vela Spila relate to broader regional traditions of figuration, we might expand our comparisons to the recently reported representational cave art from Romualdova Pećina (Istria, Croatia) (Ruiz-Redondo et al. 2019), which depicts large herbivores including ibex and bison. Unfortunately, the chronology for these paintings remains problematic. Dates from occupation horizons near the entrance of the cave suggest the paintings might be Aurignacian (34,000–31,000 calBP), and Ruiz-Redondo et al. (2019: 308) propose the aesthetic style of the paintings is in line with other Aurignacian-aged rock art from elsewhere in Europe. However, charcoal samples from a trench immediately below the main panel suggest a much later date (c. 17,000 calBP). If the later date is accepted, these paintings would be roughly contemporaneous with the figurines from Vela Spila.
If the Romualdova Pećina paintings are Epigravettian, there are significant differences between Vela Spila and the Pavlovian with regards to the socio-artistic context surrounding the production of ceramic art. Although the ceramic figurines from Vela Spila are unique examples of portable representational art in Epigravettian contexts in this region, there may be contemporaneous regional evidence of figuration in parietal art. This differs significantly from the Pavlovian context, where portable figurative art was made in various raw materials, including ceramic, but there is no evidence of Gravettian figurative parietal art anywhere in the region.
[bookmark: CBML_ch10_sec1_008]The potential impact of differential preservation and excavation bias
Given the punctuated record of Palaeolithic ceramics, and the superficial aesthetic similarities of many of the portable ceramic figurines found across Eurasia, it might be tempting to suggest that the presence of ceramics at an Upper Palaeolithic archaeological site is a good indication of cultural continuity across spatio-temporally disparate contexts. However, the durability of these materials, the excavation history at sites with ceramics, and the archaeological expectation of what one might find at Upper Palaeolithic sites, are all factors that might have contributed to the apparent pattern of evidence for ceramics in Palaeolithic contexts. Durability tests on Pavlovian ceramics (Vandiver et al. 1989) demonstrated that these artefacts were fired at a range of temperatures, most of which were relatively low. Some artefacts were not fired at all, while others were fired at a range of temperatures, from about 300ºC to a maximum of 800 ºC. Interestingly, recent studies of Neolithic (LBK) pottery from Central Europe suggest even later ceramics were not typically fired above about 800 ºC (Thér et al. 2019). Although tests of durability or firing temperature were not carried out on the Vela Spila assemblage, they have similar characteristics to the Pavlovian pieces, suggesting that some were unfired, while others were fired at relatively low temperatures. Therefore, the preservation and recovery of these artefacts in the archaeological record was fortuitous.
As mentioned above, we also contend that the recognition of ceramic artefacts in Palaeolithic contexts would have been relatively uncommon when many Upper Palaeolithic sites were first excavated in the early and mid-20thth  century. Archaeologists did not expect to find ceramic artefacts in Pleistocene contexts, and indeed, archaeologists have, for decades, assumed that the earliest use of ceramic is associated with emergence of the first sedentary, agricultural societies (Jordan & Zvelebil 2009Jordan & Zvelebil 2009b: 33). If excavators uncovered ceramics in supposedly secure Palaeolithic horizons, they would have likely dismissed them. Furthermore, the appearance of these artefacts, which often look like small rocks or clumps of dirt, would have made them easy to overlook or discard when excavation methodologies were not as fine-grained as they are today. Only the rare complete figurines, or the largest and most aesthetically striking artefacts, would have been likely to be noticed. It is reasonable to suppose that many ceramic artefacts were overlooked or discarded, not just at sites where ceramics were found, but perhaps also at other contemporaneous Upper Palaeolithic sites that we currently believe to be ‘aceramic.’.
The supposed ‘rarity’ of Palaeolithic ceramics is, therefore, debatable. The lack of ceramic artefacts at certain sites may be related more to preservation and excavation bias than to differences in behaviour during the Palaeolithic. Thus, an interpretation of cultural continuity based on the mere presence of ceramics in Pleistocene contexts seems simplistic at best, and potentially very misleading. Instead, we propose that the presence of ceramics may not be a robust indicator of cultural continuity across otherwise vastly different archaeological contexts. However, they remain a significant piece of evidence of how technological and material innovation in artistic contexts can impact symbolic expression.
[bookmark: CBML_ch10_sec1_009]Discussion: understanding the spread of innovation
The Palaeolithic record of artistic ceramic technology is punctuated and potentially strongly impacted by differential preservation and research biases. Pavlovian ceramic technologies were widespread across their cultural landscape, where ceramic manufacturing techniques were fairly broadly appropriated at a group of sites that also share many other classes of material culture and settlement characteristics, as well as geographic proximity and chronological contemporaneity, suggesting cultural continuity. The chrono-stratigraphic resolution for most of these ceramic artefacts is limited because they were excavated as much as a century ago, so it remains difficult to discern if this technology was embraced for a relatively brief period of time, or intermittently for several thousand years. Whether this tradition existed for a brief period, or on a longer time-scale, Pavlovian assemblages currently offer the only strong evidence of the regional spread of artistic ceramic traditions beyond a single site or very small site cluster during the Palaeolithic.
The ‘disappearance’ of ceramic technologies at the end of the Pavlovian, and the emergence of the Willendorf-Kostenkian technocomplex in the same region, is an important cultural marker. The Pavlovian was a period of almost unparalleled creative and artistic productivity, not just in ceramic but in a wide range of other raw materials. In contrast, the Willendorf-Kostenkian is characterised by the production of isolated but aesthetically exceptional so-called ‘Venus’ figurines, including the Venus of Willendorf II (Austria, limestone), the Venus of Petřkovice (Czech Republic, haematite), and the Venus of Moravany (Slovakia, ivory). None of these Willendorf-Kostenkian figurines were made in ceramic. There was a clear shift in artistic practice from the Pavlovian to the Willendorf-Kostenkian. In the earlier Pavlovian, the sheer quantity and diversity of art is remarkable, and includes both exceptional figurines and less aesthetically striking non-figurative art. In the later Willendorf-Kostenkian, few figurines were found, but those that were discovered are both technically and aesthetically masterful. This shift in artistic practice might explain why ceramics were not apparently adopted by the later culture. In the later Gravettian of Central Europe, socio-artistic interest may have focused on the skilful and time- and labour-intensive practices of sculpting rare raw materials into exceptional works of art; more expedient ceramic technologies may have held less appeal.
When the archaeological record is studied in detail, it becomes clear that ceramics did not ‘emerge’ in the Pavlovian, ‘disappear’ for 10,000 years, and then ‘reappear’ in the Balkans in the Late Glacial. Rather, the story of ceramic use in the Palaeolithic is one of intermittent exploration of this material, apparently by numerous groups and individuals, with, most likely, varied interests, aims, and intentions. The diversity of environmental, cultural, and artistic contexts for ceramic materials in the Palaeolithic suggests there was not one type of social or symbolic impetus that supported experimentation with ceramic materials. Merely looking for evidence or absence of ceramics, and asserting that their presence may be a significant cultural marker, seems short-sighted. Ceramics were found at open-air (Pavlov I, DV I), rockshelter (Tamar Hat) and cave sites (Bédeilhac, Mas d’Azil, Tuc d’Audoubert, Vela Spila). They were found at ritual sites that were not habitually occupied (Tuc d’Audoubert) and at long-term, repeated living settlements (DV I and Pavlov I). Ceramics were excavated from site clusters and so-called ‘megasites’ (Pavlovian sites), and also from isolated sites that were not clearly part of a site cluster (Maina). Ceramic artefacts have been found in well-dated archaeological horizons both before (Klissoura, DV I/Pavlov I, Krems-Wachtberg) and after (Vela Spila, Bédeilhac, Afalou bou Rhummel) the Last Glacial Maximum. When found at occupation sites, ceramics were excavated from the hearths in which they were fired (DV I, Pavlov I), from ritual pits (Zaraysk), and mixed with other material culture in archaeological horizons (Vela Spila). Ceramic artefacts were found as the only evidence of representational art (Vela Spila), within rich assemblages of symbolic figuration in various raw materials (Pavlovian), as non-representational expression with the material (Zaraysk), and as the ‘canvas’ upon which artists engraved both representational and non-representational marks (Bédeilhac). Palaeolithic ceramics were sometimes large and unmoveable (Tuc d’Audoubert, Montespan), but in almost all other instances, they were small enough to be held in one’s hand. They were sometimes skilfully made and intentionally fired. In other instances, ceramics were expediently formed, very large, or made in inaccessible locations; in those circumstances, firing would have been unlikely or impossible.
The most parsimonious explanation for the Palaeolithic ceramic artefacts found across Eurasia and North Africa, spanning almost 20,000 years of human prehistory, is probably not cultural continuity. Rather, we contend that it is not surprising that experimentation with a material like a sedimentary paste lent itself to small-scale modelling of objects that were often symbolic or representational. These ceramic artefacts may be the result of an innate human curiosity and interest in exploring new materials that was held in common beyond social or cultural boundaries. Therefore, the presence of ceramics at a Palaeolithic site may not be a robust archaeological indicator of cultural significance on its own; rather, it may suggest fortuitous preservation and recovery of a readily available material that was of interest to various populations over the course of most of the Upper Palaeolithic, across Eurasia, and even into North Africa.
[bookmark: CBML_ch10_sec1_010]Conclusion
The discovery of ceramic artefacts in any Palaeolithic context remains noteworthy and exciting. When Epigravettian figurines and other formed ceramic artefacts were excavated at Vela Spila (Farbstein et al. 2012), they provided important information about the presence of previously unknown representational portable art in this region. The ceramic figurines from Vela Spila remain one of the few examples of Late Palaeolithic figurative art in the Balkans (Ruiz-Redondo et al. 2020), and it seems reasonable to propose that the ceramic material itself, and the associated technologies and chaînes opératoires of production, may have been an important impetus for the emergence of figuration at this site.
When we compare the artefacts from Vela Spila with the broader record of Pleistocene ceramics from across Eurasia and North Africa, it becomes clear that, although they are a significant discovery, they are far from unique. Beyond the most obvious comparisons to the famous Pavlovian ceramic assemblages, there are many other examples of ceramic technologies and ceramic art, from various contexts, spanning almost the entire Upper Palaeolithic record. In different environmental and cultural contexts, and spanning as much as 20,000 years from the Aurignacian through to the late Magdalenian, Palaeolithic hunter-gatherers explored the potential for making art and other material culture using wet, sedimentary pastes. Unquestionably, ceramics are much less abundant in the Palaeolithic record than lithic and bone artefacts. However, the relatively few surviving examples of ceramics from the Palaeolithic record may be a stronger indication of poor preservation and recovery, and research bias, than of the true spread of these technologies and behaviours throughout the Upper Palaeolithic. This bias, alongside the relatively poorer preservation of ceramic materials, may mean the earliest iterations of ceramic technologies will continue to be overlooked during future archaeological excavations. Reframing and broadening archaeological expectations of the types of material culture one might expect to uncover in Palaeolithic contexts will improve the potential for recovering ceramic artefacts in future fieldwork. An improved strategy for recovering and analysing this class of material culture will increase the potential for using Palaeolithic ceramic artefacts as robust cultural markers in the future.
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	Ceramic ‘“fFigurines’”
#
	Damaged fFigurine fFragments
#
	Non-dDiagnostic cCeramic aArtefacts #
	Total ceramic artefacts
#

	DV I
	63
	151
	5008
	5222

	DV II
	0
	0
	328
	328

	Pavlov I
	97
	177
	6531
	6805

	Pavlov VI
	0
	0
	20
	20

	Předmostí
	1
	0
	0
	1

	Milovice IV
	0
	0
	599
	599

	TOTAL
	161
	328
	12,486
	12,975


[bookmark: CBML_ch10_tab_002]Table 10.2. Relative prevalence of chaînes opératoires in the most diagnostic and complete ceramic artefacts from the two largest Pavlovian ceramic assemblages.
	
	Pavlov I
	DV I

	
	#
	%
	#
	%

	Sequence 1 (additive)
	129
	49
	111
	50.9

	Sequence 2 (additive with engraving)
	51
	19.4
	33
	15.1

	Sequence 3 (non-additive/pinching)
	53
	20.2
	18
	8.3

	Sequence 4 (non-additive/pinching with engraving)
	8
	3
	7
	3.2

	Material worked in less structured sequence
	14
	5.3
	45
	20.6

	Indeterminate manufacturing process
	8
	3
	4
	1.8

	TOTAL
	263
	
	218
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Chapter 11
Refugial Foragers to Invasive Farmers: Socio-environmental Transitions During the early Early Holocene in the Balkans
MARC VANDER LINDEN
[bookmark: CBML_ch11_sec1_001]Introduction
Set in evolutionary terms, the Holocene may not appear at first sight as the most interesting period for archaeology: relatively short when compared to the preceding Pleistocene, it harbours limited biological variety as humankind is restricted to a single species, distributed across all main global landmasses, Antarctica excepted. And yet, as the interglacial climatic conditions led to extensive reshaping of the landscapes and countless associated human adaptations, this is also the period which that sees the regional development and subsequent worldwide dispersal of a variety of plants and animal domesticates, as well as an ever-growing anthropogenic impact upon environments and, eventually, the biosphere. As these complex trajectories unfold upon a multiplicity of temporal and spatial scales, it is often difficult to disentangle the complex inter-relationships linking environments and humans, especially so for older periods where the documentation can be sparse. To what extent past people’s behaviour was shaped by or modified local landscapes? How can we identify such patterns using palaeo-records, either environmental or archaeological?	Comment by Victoria Chow: QUERY: I'm not sure whether this question should be

To what extent was past people’s behaviour shaped or modified by local landscapes? 

or 

To what extent did past people’s behaviour shape or modify local landscapes? 

Which is correct?	Comment by Microsoft Office User: Author reply: first version is the correct one
This chapter aims at partially answering these questions for the early Holocene in the Balkans. This choice is justified by several reasons. Firstly, with the onset of the Holocene, the area sees the spatial expansion of thermophilous (warmth-loving) plant and animal species that were previously confined to refugial areas (e.g., Méedaial & Diadema 2009; Zhelev 2017; Masi et al. 2018), eventually reshaping the local biomes as glacial species disappeared from the region. Secondly, towards the second half of the 9th millennium calBP, cultigens and animal domesticates appear in the local archaeological record, a prelude to their further extension across the European peninsula (e.g., Bocquet-Appel et al. 2009). Existing archaeological scenarios for these periods disagree on the putative role of demographic forces at play, some stressing continuity across the forager-–farmer spectrum, others alternatively insisting upon profound differences between Pleistocene and Holocene foragers, and between Holocene foragers and farmers. Consequently, the present contribution explicitly puts demographic reasoning at the core of the argument, by investigating changes in population size, structure and composition, and how these possibly relate to the ecological niches used by the corresponding past human communities.
[bookmark: CBML_ch11_sec1_002]The Mesolithic – early Holocene foragers
The Pleistocene – Holocene transition is set by the International Union of Geological Sciences at 11,650 calBP (± 99 years) on basis of the NGRIP ice core record from Greenland (Walker et al. 2009). This global climatic event induces different answers in local environments and, in the Balkans, changes are observed in the spatial extension of numerous plant and animal species otherwise confined to refugia (e.g., Sommer et al. 2008; Méediail & Diadema 2009; Stamatis et al. 2009; Meiriy et al. 2013; Zhelev 2017). Although the precise timing and scale of this process varies from species to species, and keeping in mind the scarcity of available local long-term palaeoenvironmental archives (but see Panagiotopoulos et al. 2013; Tonkov et al. 2014), overall the early Holocene corresponds in the Balkans to the expanded distribution of deciduous woodlands and a wider availability of potential animal prey (see recent summaries in Pilaar Birch & Miracle 2017; Pilaar Birch & Vander Linden 2018). In addition, the Adriatic coastlines also undertook rapid reshaping due to rises in sea-level during the Late Pleistocene and Early Holocene, leading to the flooding of extensive areas in the northern Adriatic and the isolation of several islands along the Eastern Adriatic coast (e.g., Surić et al. 2005; Surić & Juračić 2010; Dean et al. 2020; Vukosavljević, this volume).
The impact of this transformation of both landscapes and seascapes upon human communities is subject to a long and unresolved debate. Whilst While numerous elements point to a continuous development of lithic industries between the Late Pleistocene and Early Holocene, although not without differences across time and space (Tomasso et al. 2020), the focus here lies upon the potential remodelling of settlement patterns. Given the mid-latitudinal setting of the Balkans and the low productivity of the Mediterranean (Stambler 2014), cross-cultural analytical research of foraging groups, as pioneered by the late Lewis Binford (2001), suggests that Early Holocene Adriatic Mesolithic groups correspond to so-called mobile hunter-gatherers, with an expected diet mostly based on terrestrial resources, possibly supplemented by aquatic resources when available (Johnson 2014). In a similar vein, Runnels (1995) suggested a trajectory of depopulation between the Palaeolithic and Mesolithic of Greece, parallel to the loss of steppe and open forest habitats, a narrative further adapted for the Balkans by Gurova & and Bonsall (2014a).
The question remains whether or not these general descriptions provide a good or even reasonable match to the empirical evidence. Available data indicate a very uneven spatial distribution of the settlements (Figure 11.1), with numerous inland areas almost if not entirely devoid of Mesolithic traces, with rare exceptions such as the suspected – but yet unproven – Mesolithic sites in the Požega Basin, Croatia (Komšo 2006), or stratified early Mesolithic lithic artefacts from the cave site of Rastuša, Bosnia and Herzegovina, directly dated to around 9800 calBP (Jovanović et al. 2014). By comparison, coastal, riverine or lacustrine environments all harbour pockets of dense Mesolithic settlements. Several caves located along the Eastern Adriatic coast have, for instance, yielded stratigraphic records of varying duration for this period (e.g., Vela Spila: Dean et al. 2020; see also Komšo 2006), whilst while Balbo and colleagues have identified several Mesolithic sites close to the Polje Čepić, which probably corresponded to a shallow lake during the early stages of the Holocene (Balbo et al. 2009). Vander Linden and colleagues also recently uncovered the first known Mesolithic settlement along the shores of Lake Skadar (southern Montenegro), at the site of Seočka Pećina (Vander Linden et al. 2015). Farther north, the karstic areas of Montenegro have also yielded several Mesolithic sites, covering both the earlier and later parts of this period (e.g., Mihailović 2004; Cristiani & Borić 2016; Mercier et al. 2017). Last but not least, the Iron Gates, at the border between modern-day Serbia and Romania, present the highest density of Mesolithic sites in the area, with iconic locations such as Lepenski Vir and Vlasac (e.g., Borić et al. 2014, Bonsall & Boroneanţ 2018).
Figure 11.1 Here
It is difficult to assess the validity of such patchy settlement evidence without considering possible biases linked, amongst other factors, to the local history of research and taphonomy. Regarding the former, the Balkans are arguably one of the less intensively surveyed parts of Europe, although it is noticeable, for instance, that several recent field operations triggered by large-scale developments, such as motorways, have led to the identification of numerous prehistoric sites, but hardly, if any, further Mesolithic evidence. Likewise, Gurova and Bonsall (2014a) have pointed out that several well-excavated caves with extensive Pleistocene records did not yield any accompanying Holocene levels. Both examples either point to drastic behavioural changes or, indeed, to a relative depletion of the local foraging population. Conversely, the possibility of taphonomic biases, particularly in karstic environments, having destroyed – Late – Mesolithic layers should not be under-estimated (Berger & Guilaine 2009), although this hypothesis remains to be tested systematically using on-site geomorphological data. It is noteworthy, for instance, that, despite extensive radiocarbon dating programmes, Late Mesolithic sites especially remain elusive along vast swathes of the Adriatic coast (Forenbaher et al. 2013), though documented in many instances across Montenegro (Cristiani & Borić 2016; Mercier et al. 2017), a geographical discrepancy difficult to interpret in mere taphonomic terms.	Comment by Victoria Chow: QUERY: Does this refer to 2014a or 2014b?

Gurova, M. & Bonsall, C. (2014a), ‘“Pre-Neolithic” in Southeast Europe: A Bulgarian Perspective’, Documenta Praehistorica, 41: 95–109.

Gurova, M. & Bonsall, C. (2014b), ‘Lithic Studies: An Alternative to Neolithization’, Bulgarian e-Journal of Archaeology, 4: 107–35.	Comment by Microsoft Office User: 2014a
As a correlate to these few known Mesolithic sites, it is not surprising that another possible demographic proxy, summed probability distributions, suggests a low population density for the Mesolithic period (Figure 11.2), either when compared with the following Neolithic or with contemporaneous trajectories in other European regions such as the Iberian Peninsula (Silva & Vander Linden 2017). Admittedly, this technique remains controversial and, indeed, fluctuations in the radiocarbon record ought not to be read as directly representative of past demographic oscillations. Leaving aside the impact of the calibration curve which remains relatively straightforward to account for (e.g., Crema & Bevan 2021), the question remains as to what these fluctuations actually correspond. Naudinot and colleagues, for instance, have made a compelling argument for the terminal Pleistocene in northern Italy and south-eastern France that changes in 14C density ought to be interpreted in light of modifications in settlement patterns and wider landscape use (Naudinot et al. 2014). This being said, other strands of evidence point to a small Mesolithic population, even in areas such as the Iron Gates. Applying a Bayesian statistical framework to architectural data, Porčić & and Nikolić (2016) estimate the population size of Lepenski Vir to be in the range of 15–20 individuals, with a maximum of 25–45 reached during the transition period with the Neolithic.
Figure 11.2 Here
Ancient DNA (aDNA) also sheds some light on the population structure of foraging communities in the area under consideration. Extensive sampling of individuals from the Iron Gates indicates genetic proximity with the so-called Western European Hunter-Gatherer ancestry group, although these also possess several distinctive mitochondrial haplogroups (Mathieson et al. 2018). A possible hypothesis to account for this double pattern is that the Lepenski Vir individuals are related to a source population located in South-eastern Europe which would be associated with the repopulation of Europe after the Last Glacial Maximum, although this remains to be tested further (Mathieson et al. 2018; see also Fu et al. 2016). In the direct vicinity of the Balkans, it is worth mentioning the presence of a male individual buried in the early Neolithic site of Tiszaszölös-Domaháza, but whose genetic ancestry falls within the known Mesolithic variation (Gamba et al. 2014). Another clue as to the possible extent of the local foraging populations is provided by a resurgence of the proportion of Mesolithic ancestry in both later Neolithic and Chalcolithic individuals across the Balkans and neighbouring regions, such as Hungary, although the nature and timing of the demographic processes driving these changes in genetic admixture are far from being resolved (González-Fortes et al. 2017; Lipson et al. 2017; Mathieson et al. 2018).
Mobility patterns are also essential in studies of foraging groups, especially as an essential mechanism connecting otherwise small, potentially isolated communities (e.g., Kelly 1992,; 2013). Strontium analysis of Early and Late Mesolithic individuals in the Iron Gates area has led to the identification of a few outliers likely to be migrants, although their proportion remains very low through the course of the Mesolithic period (Borić & Price 2013). Further evidence for mobility between Mesolithic communities is also provided by exchange, as inferred from the distribution of marine and freshwater snail shells across Croatian Mesolithic sites (Komšo & Vukosavljević 2011; see also Cristiani et al. 2014). Lastly, claims of direct contacts between foragers from the Danube gorges and early farming communities located in northern Greece as early as 8600 calBP have been made, based on the identification of starch granules in dental calculus (Cristiani et al. 2016). However, the validity of this result is questionable, as it is highly possible that these granules came from local wild grasses, whose presence or absence cannot be assessed in the absence of any corresponding palaeobotanical archive.
The last point to be briefly assessed concerns diet, especially as seen through the lens of stable isotopes. Obviously, this particular lens is distorted by the uneven availability of human remains, but two areas can, however, be highlighted. Firstly, carbon and nitrogen isotope values for coastal Mesolithic individuals from Croatia point to a mixed diet of terrestrial and marine protein (Lightfoot et al. 2011). This result is confirmed by zooarchaeological assemblages, for instance in Vela Spila, with indication of – possibly seasonal – fishing of chub mackerel in the Early Mesolithic, and a wider range of coastal species in later phases (Rainsford et al. 2014). Secondly, both zooarchaeological and stable isotope data for the Danube gorges indicate a high reliance upon fish intake during the entire early Holocene sequence, showing how foraging populations took full advantage of the local ecosystem (Bonsall et al. 2015).
[bookmark: CBML_ch11_sec1_003]Neolithic farmers and herders
During the first half of the 9th millennium calBP, the first cultigens and animal domesticates appear in continental Europe, having been identified at sites in both northern and southern Greece (e.g., Franchthi: Perlès et al. 2013; Dikili Tash: Lespez et al. 2013; Mavropigi: Karamitrou-Mentessidi et al. 2015). This set of new species was without doubt introduced from western Anatolia, after dispersal from the original centres where the process of domestication had been initiated nearly two millennia before (e.g., Zeder 2011). It is important to recognise that, although the new domesticates and elements of associated material culture are often referred to as a ‘“Neolithic package’”, there appears to be extensive geographical and temporal variation in the variety and proportions of the various components of this package (e.g., Arbuckle et al. 2014 for the initial dispersal across modern-day Turkey; see also Perlès 2001; Çilingiroğlu 2005), a situation well-documented for the Balkans. This section thus reviews empirical evidence for variation in Neolithic agricultural systems, focusing on potential factors responsible for shaping this variation, especially in environmental and ecological terms.
After their initial distribution across Greece and southern Bulgaria during the first centuries of the 9th millennium calBP, domesticated plants and animals experienced a further episode of dispersal towards the end of the same millennium. This second dispersal event concerns both the Danube and Adriatic basins, under markedly different archaeological and spatio-temporal configurations (e.g., Bocquet-Appel et al. 2009). Across the Danube Basin, this spread corresponds to the Starčevo-Körös-Criş complex and is characterised by a fast expansion pace, translating into a Neolithic presence reaching the Pannonian Basin by c. 8000 calBP. The advance of the Neolithic corresponds to the Impressa complex in the Adriatic Basin, and is comparatively much slower as farming only reaches its northern end around 7700–7600 calBP (Figure 11.3).
Figure 11.3 Here
As previously mentioned, this complex spatio-temporal patterning is paralleled by variation in agricultural practices, possibly as the new farming communities encountered new environmental conditions. Such a process of adaptation is, for instance, evident in the general new preference for cattle associated with Early Neolithic sites in Bulgarian Thrace, and can be explained by the availability of more favourable grassland when compared to the conditions from the Near East (Conolly et al. 2012). Likewise, several researchers have stressed that the initial Neolithic settlement pattern, as documented by Greek and Bulgarian sites, favours specific, spatially -restricted ecological niches characterised by mild climatic conditions and productive soil types (e.g., Struma river valley: Krauß et al. 2018; Whitford 2019). Krauß and colleagues in particular have argued that this choice was dictated by the conditions linked with the 8.2 ka calBP event, a challenging period of climatic instability, including potential harsh winters and increased seasonality (Krauß et al. 2018; see also Weninger et al. 2014). Likewise, Ivanova and collaborators have shown that this environmental pressure explained some of the variation in local early Neolithic farming systems, although this signal remains small and mostly limited to zooarchaeological rather than archaeobotanical data (Ivanova et al. 2018).
Such close reliance upon specific ecological niches for the duration of the 8.2 ka calBP event implies that these conditions possibly hindered further dispersal of the Neolithic economy. Indeed, the end of this event (8140 +50/-/–10 b2k) coincides with the dramatic resurgence of the dispersal previously described (e.g., Bocquet-Appel et al. 2012 for a quantitative appraisal of this question). This apparent correlation is suggestive indeed, but, in order to turn it into a causal relationship, more data are required to characterise the exact local environmental footprint of the 8.2 ka calBP event and the immediately following centuries. For instance, at the continental scale, Europe can be divided into two climatic bands during the 8.2 ka calBP event, with a southernmost one associated with high seasonal contrast and encompassing Greece and the southern Balkans, and immediately north of it a cool and humid area (Magny et al. 2003; see also Berger & Guilaine 2009). Regardless of the precise location of the demarcation between these two general units, it remains unclear how and to what extent the new climatic conditions would affect them and effectively translate into either more favourable (‘“pull’” factors) or harsher (‘“push’” factors) environments for Neolithic farmers.
This being said, the renewed expansion of early farming across the Danube catchment crossed over an array of biogeographical regions (Pannonian, Continental, and Alpine, using modern-day classes as closest available analogues), thus pointing to an apparent relaxation of the constraints (self-imposed) upon these communities. This diversity is particularly mirrored in zooarchaeological assemblages, although the adaptive dimension of this process is not straightforward. Sites in the Iron Gates area, for instance, present a high proportion of cattle. By contrast, sites on the Pannonian plain are dominated by a caprine-based economy, a trend lasting until c. 7700 calBP, and possibly reflecting preferred options from the original source of the local Neolithic, as can also be observed for instance in Macedonia (Orton et al. 2016). Analysis of the mortality profiles for both sheep and goats suggests husbandry management techniques linked to dairying and meat acquisition, with possible site-driven preferences (Gillis et al. 2022). In all areas, hunting constituted a limited activity (Orton et al. 2016). Overall, this variation is such that zooarchaeological assemblages from the Danube catchment present overall less coherence than data drawn from the Adriatic Basin (Gaastra et al. 2022). Variation in archaeobotanical assemblages is less discernible, although still occasionally documented, for instance barley being rare in Serbia but dominant in Hungary (de Vareilles 2018).
The farming expansion across the Adriatic Basin is likely to have largely proceeded via boats, as indicated by a settlement pattern strongly biased towards the coastlines in the earliest stages of the Neolithic, with the use of inland corridors documented in few instances (e.g., karstic Montenegro: Borić et al. 2019). This being said, a generalised use of the Adriatic hinterland seems a comparatively later phenomenon (e.g., Vander Linden et al. 2014). It is also noticeable that, despite its likely reliance upon maritime travel, the progression of the Neolithic front across the Adriatic is comparatively slower, only reaching the shores of the Po valley a few centuries later than early dates for the southern Adriatic, although at that point in time the Neolithic way of life has progressed at breakneck speed across the Tyrrhenian Sea and the rest of the Western Mediterranean Basin (e.g., Binder et al. 2017). This dispersal and the concomitant archaeological variation occur within a relatively homogeneous biogeographical setting, with a SE-–NW gradient towards less dry climates and accordingly slightly different landscapes. As for the Danube Basin, the impact of this ecological factor is mostly noticeable in early Neolithic zooarchaeological assemblages (Gaastra & Vander Linden 2018). Sites located on the Eastern Adriatic and southern Italian coasts are dominated by sheep and goats, constituting 50 to over more than 90 per cent of the bone assemblages. Statistical modelling of tooth eruption data indicates that, as for the Danube Basin, husbandry techniques were driven by the acquisition of both meat and dairy products (Gillis et al. 2022), the latter in agreement with the results of residue analysis from pottery and meat (Debono Spiteri et al. 2016; McClure et al. 2018). Further north, pigs and, to a lesser extent, hunting remain marginal, but the proportion of cattle breeding increases parallel to the growing availability of pasture lands under wetter pluviometric regimes. The importance of this last pattern must, however, be minimised: whilst while it indicates that early farmers adapted their behaviour to local conditions, this should not lead to any deterministic vision as, during later Neolithic periods with noticeably drier climate, this prevalence for cattle remains dominant in several areas (Gaastra & Vander Linden 2018). Variation within Adriatic archaeobotanical assemblages is limited, although there are some obvious differences with the Danube counterparts, such as the low occurrence of peas, perhaps related to the fact that this species is less tolerant of drought (de Vareilles et al. 2020). This latter trait is also a facet of a wider process of decreasing crop diversity when compared to archaeobotanical assemblages for the Eastern Mediterranean (Colledge et al. 2005).
Human remains are scarce, but less so than for the Mesolithic, and stable isotope analysis thus provides a good regional insight into Neolithic diets. Data for inland Croatian Neolithic individuals indicate reliance over terrestrial resources, whilst while there is more variation for the Coastal Neolithic, pointing to a diet of terrestrial resources supplemented by marine sources (Lightfoot et al. 2011). This last pattern is broadly comparable to the picture gained for the Mesolithic-Neolithic transition period in the Iron Gates, also showing a mix of terrestrial and aquatic resources, the latter becoming less important through time (Bonsall et al. 2004).
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The field of Neolithic studies has been dominated by a decades-long argument on whether incoming communities were responsible for the introduction of farming, or whether foragers were instead transmitting amongst themselves the new skill set. Whilst While pretty much every single component of the archaeological record has been used by proponents of either position to support their respective views, the advent of aDNA and, to a lesser extent, of SPDs (‘summed probability distributions (SPDs’) on the scene has dramatically changed the picture so that archaeologists are now able us to reconsider population and dispersal dynamics.
Of the two aforementioned techniques, aDNA has arguably the highest profile and provides in many respects the strongest evidence for identifying a new, exogenous population. Regardless of the controversies related to the difficult marriage between aDNA and archaeology (e.g., Johansnsen et al. 2017; Racimo et al. 2020), analysis of numerous Early Neolithic samples from the Danube catchment and neighbouring areas demonstrates without doubt that the Early Neolithic period indeed corresponds to the introduction of a new genomic component in the European genetic variation (e.g., Mathieson et al. 2018). Without much surprise perhaps, the geographical origins of this genomic component can be traced back to the Levant, which is the same area where plant and animal domesticates originate from (Lazaridis et al. 2016). This coincidence thus provides undeniable evidence that the new farming economy was introduced by a new population. However, the debate is far from being settled, as the scale and exact mechanisms of this dispersal remain difficult to assess on solely genetic grounds. The genetic signal is very strong, as the majority of Early Neolithic individuals, with a very few exceptions such as the already mentioned individual from Hungary (Gamba et al. 2014), present very low levels of genetic admixture with the preceding local foragers. However, as already said, later Neolithic and Chalcolithic samples see a resurgence of the Mesolithic-related ancestry, possibly suggesting further mixing between Neolithic and Mesolithic groups than suggested by early Neolithic samples alone (González-Fortes et al. 2017; Mathieson et al. 2018). Although no samples are available at the time of writing for the Adriatic Basin, results from the rest of the Mediterranean Sea tell a similar story of new incoming populations from the Levant associated with the onset of plant and animal domesticates (e.g., Lipson et al. 2017). It is worth pointing out, however, that inferred dates for Mesolithic-Neolithic genetic admixture identified in Early Cardial individuals suggest that the corresponding low proportion of Mesolithic ancestry was acquired earlier during the dispersal across the Mediterranean, without further precision as to where and when that happened exactly (Lipson et al. 2017).
The second technique providing us with a new opening onto past demography is SPDs. Keeping in mind the previously discussed difficulties in reading SPDs solely in demographic terms, in the present case, several arguments point to a strong demographic signal associated with the onset of the Neolithic across both Adriatic and Danube basins (see Silva & Vander Linden 2017; Vander Linden & Silva 2021 for full discussions). Firstly, a sharp change in the SPDs, contemporaneous with the timing of the introduction of farming, can be identified in all regions (see also Porčić et al. 2016, 2020 for Serbia; Figure 11.2). Secondly, this change in SPDs is incompatible with a predictive model based solely on growth from the known density for the previous Mesolithic (Silva & Vander Linden 2017). Thirdly, in contrast, a best fit between empirical data and a theoretical population model is achieved when using a logistic growth curve, whereby the population under study experiences a sharp change in its growth until reaching a maximum threshold, generally considered to be dependent upon the carrying capacity of the local environment (Vander Linden & Silva 2021). The first and second of these points suggest that the demographic trajectory of the solely local foraging Mesolithic populations is incompatible with the empirical evidence, and thus concur with the aDNA data to identify the existence of an Early Neolithic migratory event. The third point indicates that, in addition to the introduction of this new population, contemporary demographic regimes experienced a dramatic shift, characterised by a sustained higher growth rate over several generations; a signature compatible with the expected demographic properties favoured by the new farming economy (the so-called ‘“Neolithic Demographic Transition’”: Bocquet-Appel 2011; Bocquet-Appel & Bar-Yosef 2008).
If the general impression is thus one of large-scale dispersal associated with the early Neolithic, the question remains whether this pattern can be identified at site level (which is obviously outside the remits of aDNA sampling), and the extent to which human mobility constituted an integral component of the lives of these farming communities. Given its impressive record of human remains spanning the Mesolithic and Neolithic sequences, it is unsurprising that the Iron Gates constitute the key area for which data are available. There appears to be extensive variation in 87Sr/S86Sr values amongst Mesolithic-Neolithic transition and Early/Middle Neolithic individuals, translating into more outliers, i.e., ‘“non-locals’” or ‘“migrants’”, being identified, in particular on the site of Lepenski Vir, as well as the nearby site of Ajmana, located in a different part of the local landscape that is more suitable for agriculture (Borić & Price 2013). Most of these ‘“non-locals’” are women, suggesting patrilocal post-marital residency rules, and a wider network linking the old Mesolithic enclave to newly founded Neolithic settlements located in its immediate vicinity. Noticeably, a comparable situation has been observed in Hungary for the Starčevo period on the site of Alsónyék-Bátaszék (Depaermentier et al. 2020). However, one should not make hasty generalisation as, by contrast, low human mobility is recorded at the Greek Early Neolithic sites of Revenia and Neo Nikomedia (Whelton et al. 2018)
Further material evidence indicates that early Neolithic communities across the Balkans were closely connected. For instance, so-called Balkan flint, most likely sourced from Bulgaria (Gurova & Bonsall 2014b), is in wide circulation across the entire Balkan Peninsula, and occurs in varied quantities across numerous Starčevo sites (Jovanović & Vander Linden 2019). Likewise, obsidian is also imported, although in much lower quantities, and tends to be rare, if not entirely lacking, from most Starčevo sites (e.g., Jovanović & Vander Linden 2019). The situation along the Eastern Adriatic coast is particularly interesting. There, Early Neolithic lithic assemblages are indeed dominated, not by locally available raw materials, but by Gargano chert mined in and imported from the eponymous site in Foggia, Italy (Forenbaher & Perhoč 2017). Forenbaher & Perhoč (2017) interpret this pattern as, for the earlier stages of the Neolithic, an expression of newly arrived communities relying upon existing trade routes rather than scouting for locally available materials, and, for later periods, continuous import of high-quality cross-Adriatic products (as traces of in situ debitage remain rare in Croatian Adriatic sites).	Comment by Victoria Chow: QUERY: This does not appear in the References. Please provide full details.	Comment by Microsoft Office User: Jovanović, I. & Vander Linden, M. 2019. Local differentiation of the Starčevo in the central Balkans. Eurasian Prehistory 15 (1-2): 237-268.
	Comment by Victoria Chow: See query above	Comment by Microsoft Office User: Jovanović, I. & Vander Linden, M. 2019. Local differentiation of the Starčevo in the central Balkans. Eurasian Prehistory 15 (1-2): 237-268..

[bookmark: CBML_ch11_sec1_004]Conclusion
Keeping in mind that new Mesolithic – and also Neolithic – sites are by definition bound to be found in the future, the entire range of available evidence is in agreement with the theoretical biogeographic-based expectations of a depleted local Mesolithic meta-population, composed of small communities relying mostly upon terrestrial and, when available, marine/riverine resources. This statement should not be confused for a mere deterministic argument, but rather implies that the undeniable existing variation occurred within a framework shaped by the new Holocene environments, to which late foraging communities were adapted. Likewise, as the new incoming Neolithic communities progressed, they encountered changing climates, environments and landscapes, which influenced their behaviour to varying degrees. The impact of the 8.2 ka calBP event remains debatable: the prevalence of the earliest Neolithic settlements in specific river valleys, less subject to the contemporaneous Rapid Climatic Change conditions, is well-established, but the coincidence between the resuming expansion of farming and the end of the 8.2 ka calBP event is suggestive, although remains to be further tested.
This secondary dispersal of plant and animal domesticates and associated human populations occurred in two broadly different ecological corridors, each with their own specific characteristics and associated archaeological variation. The preference for cattle observed in various areas rich in grasslands is a likely example of the migratory farmers adapting to their new settings. Yet, the earlier horizon with high proportions of sheep and goats in the Pannonian Basin acts as a cautionary tale against any narrative dominated by the influence of environmental factors. Likewise, the somewhat limited ecological pressure on crops points to the existence of other forces at play, possibly cultural, in shaping variation. This being said, the exact nature of these forces largely remains to be explored. For instance, it has been suggested elsewhere, on the basis of the results of an agent-based model, that a relative drop in diversity in assemblages, as seen across the Mediterranean Sea and Central Europe (Colledge et al. 2005, de Vareilles et al. 2020), parallel to the advance of the Neolithic front could be explained as the outcome of a series of founder-effects, whereby only some of the initial options available (e.g., crops, technologies) are taken by the migrating subset of populations (Drost & Vander Linden 2018) .
Humans and environments thus share an intricate and complex history in the Balkans during the early part of the Holocene. It is noticeable that, at the difference of later periods marked by extensive anthropogenic impacts upon the landscapes by humans (Marquer et al. 2017), this is a tale, not of mere determinism, but one of ecological frameworks and human practices unfolding within them, with all the variation this allows for.
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