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Preface

The aim of this book is to review the current research outcomes in the field of Pleistocene
Archaeology around the world, particularly with regard to our own species, Homo
sapiens. The collection of articles in this book focuses mainly on issues of migration,
technology and adaptation of Homo sapiens as the only human species that have migrated
all over the world and colonized every continent as well as the vast region of Oceania. It
also provides information on the environment and life of earlier hominins like H. erectus,
H. neanderthalensis and H. floresiensis in several regions of Europe and Asia.

This volume contains eight insightful chapters that constitute a diverse but generally
coherent collection on human migration and expansion during the Pleistocene, the
development and advancement of prehistoric technologies, and human adaptation

to new and changing environments and climate conditions around the world. The
geographical focus extends from Central Europe (Chapter 2) to South Asia (Chapter 3),
Insular Southeast Asia including the Pleistocene Sunda region (Chapter 4) and the
Wallacean islands (Chapter 5), Eastern Asia including South China (Chapter 6), and the
Ryuku Islands in Japan (Chapter 7), and the American continent (Chapters 8 and 9).

For the preparation and envisioning of this book, we have received much support and
inspiration from the on-going project “Cultural History of PaleoAsia” as the scientific
research initiative of a MEXT Grant in Aid Project in Japan (headed by Prof. Yoshihiro
Nishiaki from 2016-2020), in which both of us (Ono and Pawlik) have participated
since 2016. This project aims to analyze an extensive set of relevant field and theoretical
data from Asia in order to interpret the nature of distinct patterns in the formation and
expansion of Homo sapiens across Asia and Oceania after the Out of Africa event. This
project has already produced a number of relevant publications, including our own
articles, on human history and evolution (anatomically, behaviorally, and culturally)

in Southeast Asia.

Lastly, we would like to thank all the contributing authors for having made their
research and their expertise available, and all the peer-reviewers who helped us in
improving the quality of the papers and this book as well. Our special thanks go
to IntechOpen and its Author Service Manager Mateo Pulko, for wholeheartedly
supporting and promoting this book project.

Rintaro Ono
National Museum of Ethnology,

Japan

Alfred Pawlik

Department of Sociology and Anthropology,
Ateneo de Manila University,

Ricardo and Dr. Rosita Leong Hall,

Loyola Heights,

Quezon City, Philippines
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Chapter1

Introductory Chapter: Pleistocene
Archaeology - Migration,
Technology, and Adaptation

Rintaro Ono and Alfred Pawlik

1. About this book

This book aims to review the current and latest research outcomes in the field
of Pleistocene Archaeology around the world. From our understanding, the major
purpose of Pleistocene Archaeology is to research the deep human history of
hunter-gatherers before the development of agricultural or Neolithic societies and
civilizations during the Holocene. The current geological timeline of the Pleistocene
is regarded to be between about 2.58 million years ago and 11,700 years ago [1-3]. It
is then followed by the Holocene as the present geological period. In terms of human
history during the Pleistocene times, a variety of human species have been existed,
and most important for us as modern-day Homo sapiens are the emergence, evolution,
and dispersal of the genus Homo during this time range.

With such understanding, this book mainly focuses on archaeological studies of
our species, from archaic hominins like H. erectus, H. neanderthalensis, H. flovesiensis,
to Homo sapiens as anatomically modern humans (AMH). The main topics of this
book are: (1) human migrations in and out of Africa by Homo species, particularly
by Homo sapiens who migrated into most regions of the world and various environ-
ments, (2) the development of human technology from early to archaic Homo spe-
cies and Homo sapiens (e.g. stone and bone tool production and use, ornaments, rock
art, hunting, fishing, gathering, resource exchange), and (3) human adaptation to
new environments or environmental changes caused by past climate changes during
the Pleistocene. With such perspectives in mind, this book contains a total of eight
insightful and stimulating chapters related to these topics which review and discuss
human history during the Pleistocene times.

It is true that the main human actors during the Pleistocene are Homo erectus and
similar archaic hominins as Homo erectus appeared by 2 million years ago (2 Ma) in
Africa and existed at least by around 110 ka in Java, Indonesia [4]. Homo erectus or
their related species (e.g. H. rudolfensis, H. heidelbergensis, H. ergaster, and possibly
H. habilis as well) most probably originated in Africa and are considered to be the
first hominin group that succeeded to move “Out of Africa” and migrate into Asia
and Europe possibly after [5-7]. Homo erectus and Homo heidelbergensis were also
the likely ancestors to Neanderthals (H. neanderthalensis) and Denisovans in Europe
and Siberia [8-10], as well as ancestral to small-bodied hominins like H. floresiensis,
arecently found species in Flores Island in Indonesia [11] and H. luzonensis another
newly discovered species in Luzon Island in the Philippines [12].

Although these facts clearly support Homo erectus and other archaic hominin
species can be one of the main targets for Pleistocene Archaeology, this book mainly
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focuses on migration, technology and adaptation by Homo sapiens as anatomically
modern humans. This is partly because of their wider migration area which cov-
ered almost the entire inhabitable world and the various and increasingly compex
technologies they invented. Therefore, we consider Homo sapiens as the most
important species and main actor in our discussion of Pleistocene Archaeology. In
fact, Japan including the Ryukyu Islands, Oceania, Australia and New Guinea, and
the American continent as the New World were initially reached and colonized by
Homo sapiens, and no traces of other Homo species have been found, so far.

Another reason for us to focus on Homo sapiens is the on-going project
“Cultural History of PaleoAsia” as the scientific research of a MEXT Grant in Aid
Project in Japan (headed by Prof. Yoshihiro Nishiaki during 2016-2020) in which
both editors of this book (Ono and Pawlik) have participated since the beginning.
This project aims to analyze an extensive set of relevant field and theoretical data
from Asia in order to interpret the nature of distinct patterns in the formation of
modern human cultures across Asian region after the Out of Africa event, and has
already produced a number of publications (e.g. [13-15]). The basic idea and major
topics of this book were originally evoked by joining this interdisciplinary project
and we are grateful for the opportunity to publish this book in the last year of this
important project.

2. Introduction of the chapters

This volume is divided into four sections with a total of eight chapters which con-
stitute a diverse but generally coherent collection on Pleistocene human migration,
lithic tool use, and adaptation to changing environments and climate conditions
in the world. The geographical focus extends from Eastern Asia including South
China and Japan (Ryuku Islands), Insular Southeast Asia (both Sunda and Wallacea
region), South Asia, Central Europe to the American continent (Figure1). On the
other hand, we have no chapter that reports about the Palaeolithic of the African
continent as the most likely place for the origin of humans, thus this book focuses
on the human migration and adaptation to new and changing environments after

Figure 1.
Research location of each chapter of this book.
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the “Out of Africa” events, especially by Homo sapiens during the Pleistocene. Since
there is already a wealth of literature on the Palaeolithic archaeology of the African
continent, it is not necessary to fill this gap here. Consequently, this book features
reports on the prehistory of regions outside the classical Palaeolithic centres of
Europe and Africa, and for this very reason these contributions convey new knowl-
edge and introduce the reader to prehistoric regions unknown to many.

The first section “Pleistocene environment change and human evolution in
Europe and South Asia” contains two important papers. Chapter 1 by Adriano
Banak and Davor Pavelic entitled “Pleistocene Climate Change in Central Europe”
investigates distinctive Loess-Paleosol-Successions in the Baranja region in north-
eastern Croatia and discusses the results of their stable oxygen isotope analysis
(8180) and stable carbon isotope analysis (6§13C) of malacofauna during the Upper
Pleistocene (130 ky - 20 ky) to quantify paleo-temperature changes in Central
Europe and their effect to the environment and human populations [16]. Their
analysis shows that stable carbon isotope values point to a dominance of C3 vegeta-
tion type during the Late Pleistocene in the southern part of Central Europe and
that the overall climate was much cooler than present. The authors propose that
climate change in the Late Pleistocene was very likely a significant but not the only
factor that influenced the extinction of Neanderthal populations and paved the way
for the prevalence of anatomically modern humans (AMH) in Central Europe.

Chapter 2 is entitled “Human evolution in the center of the Old World - An
updated review of the South Asian Palaeolithic” by Parth Chauhan and presents us
with an overview on the recent outcomes of Pleistocene archaeology in South Asia
and its long chronology [17]. Chauhan discusses in his chapter the development of
lithic technology from the Lower Palaeolithic to the Middle and Upper Palaeolithic
with its early appearance of microlithic technology, and the timeline of the initial
arrival of Homo sapiens. It also tackles the potential interactions between the archaic
population and emerging modern humans, the marginal occurrence of symbolic
behavior, the absolute dating of rock art and the potential role of hominins in
specific animal extinctions and ecological marginalization.

The second section “Pleistocene Human Migration and Adaptation in Southeast
Asia” contains two papers on the prehistory of the Sunda shelf region and the
Wallacean islands. Chapter 3 by Halmi Insani and Masanaru Takaki is entitled
“Mainland versus Island Adaptation: Palaecobiogeography of Sunda Shelf Primates
Revisited” and focuses on dispersal events and phylogeographic analysis of human
and non-human primates in the Sunda shelf region and mainly the Malay Peninsula
and the islands of Sumatra, Java, and Borneo [18]. Southeast Asian primates,
including humans are one of the most successful mammals in responding to the
dynamic palaeoclimatic changes since at least 1 mya, and human and non-human
primates reflect the complex history of a wide range of ecological and geographic
variation. With this understanding, Insani and Takaki discuss body and cranial size
of each primate, including Homo erectus, as well as their biodiversity changes and,
eventually, their extinction, both in mainland and island environments to highlight
the peculiarity of the effect of insularity

Chapter 4 is entitled “Island migration, resource use, and lithic technology
by anatomically modern humans in Wallacea” by Rintaro Ono, Alfred Pawlik
and Riczar Fuentes and discusses the evidence and timeline for island migrations
into the Wallacean islands (mainly East Indonesian islands, East Timor, and the
Philippines, except Palawan Island) by early modern humans, and their adaptation
to these unique island environments during the Pleistocene [19]. The continuously
existing open sea gaps between the Wallacean islands and both landmasses are very
likely the major factor for the relative scarcity of animal species originating from
Asia and Oceania and the high diversity of endemic species in Wallacea. They were
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also a barrier for hominin migration into the Wallacean islands and Sahul continent.
With this understanding, the authors summarize the results of three recent excava-
tions on the islands of Talaud, Sulawesi and Mindoro in Wallacea, and discuss the
evidence and timeline of migrations of early modern humans into the Wallacea
region and their island adaptation during the Pleistocene, also under consideration
of the development of lithic technology and tool use.

The third section “Pleistocene Human Migration and Technology in East Asia”
also contains two papers on cases from South China and the Ryuku Islands in Japan.
Chapter 5 is entitled “A Macroscopic Perspective on Lithic Technology and Human
Behavior during the Pleistocene in Zhejiang Province, southeastern China” and
written by Hong Chen, Jiying Liu, Xinmin Xu, and Huiru Lian, presents us with an
overview of the Pleistocene sites in Zhejiang province and discusses the possible
development of lithic technology in the South China region [20]. With the use of
macroscopic analysis, the authors point out that the lithic industry in Zhejiang prov-
ince basically belongs to the technological tradition of southern China as a transition
from pebble-tool-industries in the Early and Middle Palaeolithic to flake-tool-based
industries in the Upper Palaeolithic. This was accompanied by developing raw mate-
rial selection and flaking techniques as flint was used as the main lithic raw mate-
rial as well as the widespread use of the bipolar flaking method during the Upper
Palaeolithic times

Chapter 6 entitled “The Migration, Culture, and Lifestyle of the Palaeolithic
Ryukyu Islanders” and written by Masaki Fujita, Shinji Yamasaki and Ryohei
Sawamura reports on the recent excavation of Palaeolithic deposits at Sakitari Cave,
Okinawa Island [21]. The site provided a variety of shell artifacts including beads,
scrapers, and fishhooks as well as the remains of aquatic animals, especially fresh-
water crabs. The initial appearance of humans on many of the remote islands in the
Ryukyu Group can be traced back to at least 35,000 to 30,000 years ago, and their
new findings at Sakitari Cave site clearly demonstrate that these early modern human
are hunting-fishing-gathering people with considerably high seafaring and nautical
skill to cross sea gaps of over 100-200 km to reach these islands. The currently oldest
shell-made fishhooks in the world are dated to 23,000 years ago, thus supporting
such interpretation. Together with the contribution in Chapter 4, it is now widely
recognized that an intensive maritime and island adaptation of early modern humans
(Homo sapiens) had developed in maritime Asia such as Wallacea and the Ryukyu
Islands, as well as along the islands in Oceania during the Pleistocene

The final section of this volume focuses on the cases of the American continent
as the New World. With the title of Pleistocene to Holocene Human Technology and
Interaction in New World, this section contains two interesting papers. Chapter 7
entitled “The technological diversity of lithic industries in Eastern South America
during the Late Pleistocene-Holocene transition” by Jodo Carlos Moreno de Sousa
provides us with an overview on the cultural traditions and lithic industries of this
vast region and discusses the diversity and development of the prehistoric technolo-
gies of these Palaeoindian cultures [22]. Archaeological research began rather late
and systematic archaeological investigations were conducted only from the late
1960s onwards. While there is only sparse evidence for human presence during the
Late Pleistocene of this region, a significant increase in human settlements occurred
during the Terminal Pleistocene and Early Holocene transitional phase. The chapter
by Moreno de Sousa is a useful work of reference for this important period in the
early human history of South America.

Chapter 8 is entitled “Socio-cultural interaction and symbolism in prehis-
toric South America: Quartz crystal manuports from Tierra del Fuego” by Maria
Estela Mansur, Hernan Horacio De Angelis, Vanesa Esther Parmigiani, Maria
Celina Alvarez Soncini, and Anna Franch Bach [23]. Their report introduces the
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archaeology of Tierra del Fuego, an archipelago located at the southern end of the
continent. Various researches have produced a variety of archaeological, ethnohis-
torical, and palaeoecological data on this interesting region [23-25]. Mansur and
colleagues discuss the use and meaning of distinctive minerals with special charac-
teristics, particularly quartz crystals, not only as a raw material for the manufacture
of lithic tools but especially their role in ornamental or ceremonial contexts. Quartz
crystals appear at several sites of Tierra del Fuego in various forms and often with
pyramidal and prismatic shapes. The authors inform about their techno-functional
analysis of these artifacts, present evidence of their circulation over long distances
and reflect on the interaction and symbolism of the hunter-gatherer populations
in Tierra del Fuego on the basis of their appearance, and discuss their role in the
ritualistic and ideological practices of the earliest inhabitants of the southernmost
region ever settled by humans.

The editors of this book “Pleistocene Archaeology: Migration, Technology
and Adaptation” wish to thank all authors for their invaluable and informative
contributions to this volume. The topics, research and results presented in the
chapters show how important it is to explore and investigate the earliest periods of
our existence in order to understand and respond to the many challenges that our
species faces in the present and future. Just as our early ancestors who migrated out
of their homeland to discover and conquer new territories, reached new continents
and colonized land- and seascapes around the world, and adapted to a variety of
different environments along their voyage, so today’s archaeologists are discover-
ing the deep human history of these regions, revealing new sites, artifacts, fossils,
material and immaterial culture. In this way we learn about the evolution of human
behavior, cognition and technology as response to the constantly changing climatic
conditions and ecosystems of the Pleistocene and early Holocene, and hopefully
the data and information gained from Palaeolithic archaeology and palaeoecology
can provide us with information and inspiration for our response to today’s rapid
changes in environment and climate.

Lastly, we like to thank IntechOpen for giving us the opportunity to publish this
edited volume and in particular Mateo Pulka for his continuous help and support.
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Abstract

Loess is terrestrial, clastic sediment formed by the accumulation of wind-blown
dust. It is usually inter-bedded with paleosol horizons, forming loess-paleosol
successions (LPS). Due to their characteristics LPS’s represent valuable records of
climate changes during Pleistocene. The thickest LPS sections in Croatia are in the
Baranja region. Stable oxygen (8"™0) and carbon (8*C) isotope analysis were made
on loess malacofauna in order to quantify paleo-temperature changes and describe
paleo-vegetation in this part of Central Europe. §'°0 values show significant
paleotemperature changes during the Upper Pleistocene (130 ky - 20 ky) in Baranja
region. Average growing season (AGS) temperature varied 13.2 °C or 9.5 °C during
that time period, depending on which formula is applied for calculations. Magnetic
susceptibility (MS) measurements show strong peaks in the paleosol horizons
pointing to more humid climate. The overall climate was much cooler then present.
Stable carbon isotope values point to dominance of C3 vegetation type during the
Late Pleistocene in southern part of Central Europe. Climate change in the Late
Pleistocene is very likely a significant but not the only factor that influenced the
extinction of Neanderthal population which paved the way for the dominance of
anatomically modern humans (AMH) in Central Europe.

Keywords: Pleistocene, climate change, loess, stable isotopes, Central Europe,
Neanderthals

1. Introduction

Definition of loess: It is s a terrestrial, clastic sediment, composed dominantly of
silt-sized particles and formed by the accumulation of wind-blown dust. It cov-
ers up to 10% of the world’s surface area and is usually inter-bedded with paleosol
horizons forming loess-paleosol sequences, or LPS [1]. Such successions provide very
detailed insight into Pleistocene climatic fluctuations [2-4]. Due to this character-
istic, LPS’s provide very good records of palacoclimate and environmental changes
in the Pannonian Basin for at least 1 Ma [5]. The region of Baranja situated in the
north-eastern part of Croatia is located in the southern edge of Pannonian Basin
which is a part of Central Europe (Figure 1). It was selected for this research because
some of the thickest loess successions in Croatia are exposed along the Danube
River in Baranja. The total thickness of these loess deposits (above and under the
surface) probably exceeds 50 m [6]. The Zmajevac locality was selected because it is
accessible, contains four paleosols in loess and has a total thickness of almost 20 m.

13 IntechOpen



Pleistocene Archaeology - Migration, Technology, and Adaptation

Grain-size distribution indicates that the loess from Zmajevac LPS in Baranja is typi-
cal loess, comparable with other loess profiles in the Pannonian Basin [3, 4].

The LPS of Baranja and northeastern Croatia have a long history of investigation
[7, 8]. The molluscan fauna within LPS were investigated and provided an over-
view on warm periods in the Late Pleistocene of northeastern Croatia [9]. Other
researchers focused on the molluscan fauna from LPS at the Vukovar and Pakovo
loess plateaus, situated 20-30 km south of Baranja region [10-12].

Focus of this chapter is to describe the climate change during the Late
Pleistocene based on the %0 and 8"*C values measured in land-snail (mollusk)
shells from loess samples of the Zmajevac LPS. Overall, the results of this study
will provide a better insight into the impact of climate change on the populations of
Neanderthals and anatomically modern humans (AMH) in Central Europe, and the
disappearance of the aforementioned. Emphasis is on 8'°0 values which are used for
determination of paleotemperature changes. This is especially important because it
provides the temperature changes during the appearance of AMH in Central Europe
and the disappearance of the Neanderthals from the same region. The values of
stable isotopes of oxygen (8"™0) and carbon (8"C) can be used as a paleothermom-
eter, as characteristic of mollusk assemblages [13, 14], or in a wider sense, as a tool
to reconstruct the climatic conditions of the Late Pleistocene [15-17]. Previous
research in the Pannonian Basin did not include stable isotope analysis of fossil
mollusk shells for palaeoclimatic reconstructions in this specific time frame (130
ky - 20 ky). The only paper which included stable isotope analysis (5'°0 values)
as a part of a comprehensive loess study in this region is limited to the Last glacial
maximum (LGM), which is only a part of MIS2 [18] and does not cover the entire
Upper Pleistocene. Most researchers used mollusk assemblages only as a malaco-
thermometer tool, and to establish mean annual temperature (MAT) values and/or
average summer month temperatures represented by mean July temperatures - MJT
[4, 14, 19]. Most recently, X-ray fluorescence (XRF) and magnetic susceptibility
(MS) based palaeoclimatic data have been established in the Pannonian Basin and
they determined the paleotemperatures in the 6.7-8.9°C range [20]. However,
other researchers in Southern [21] and Western Europe [16, 22, 23], in Eastern
Mediterranean [17, 24] and also in North America [15, 25, 26] used stable isotope
analysis widely in the last three decades.

Figure 1.

Pa%monian Basin with loess profiles from Croatia, Serbia and Hungary marked with ved polygons.
Neanderthal and early modern human sites mavked with black triangles (Krapina and Vindija in Croatia)
and yellow squares (Remete Felso and Sal’a in Slovakia). This position map is made and adjusted by using a
global multi-resolution topography map [78] (http://www.geomapapp.org).
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Before using the stable isotope method in paleoenvironmental reconstruction it is
necessary to understand the physical and chemical processes, or flux-balance model that
takes place in mollusk shell <- > environment system. The most detailed explanation
of that flux-balance model, and subsequent incorporation of isotope ratios in mollusk
shells is given by Balakrishnan and Yapp [27]. The authors provide detailed insights into
possible interpretational mistakes and constraints of this method and give all the neces-
sary formulas which ensure better understanding of complex model used in palaeocli-
matic research. That research lays the foundation for any future research which tends to
use stable isotope data as a tool for paleoclimate or paleoenvironmental reconstruction.

2. Research methods

Field investigation and sampling in Baranja region is done during winter and
early spring, because the lush vegetation in spring, summer and fall does not allow
easy access to loess profiles (Figure 2). The aim of sampling is to identify the
maximum thickness of chosen LPS. Bulk samples (8-10 kg) were collected from
Zmajevac outcrop for malacological, sedimentological and stable isotope analysis.

Samples for grain size analysis were decalcified with 5% HCL acid and dried in
a heater for 24 h. Grain size analyses combined wet sieving and the pipette method.
Classification of the grain size distribution was done according to [28]. Each loess
sample was sieved to obtain whole mollusk shells for stable isotope analysis. Shells
were derived from samples by screen-washing in distilled, deionized water for the
purpose of saving primary ratios of stable oxygen and carbon isotopes. The identifica-
tion of mollusk species followed taxonomic concepts that were established in previous
researches [13, 29]. Assemblage analysis is done according to Lozek [13]. Selected
mollusk shells are then prepared for stable isotope analysis. This was done in IAMC -
CNR laboratory in Naples (Italy). First the shells were crushed into powder which is
then heated to 500°C for 30 min to remove the organic matter. Ratios were measured
by automated continuous flow carbonate preparation GasBench II device and Thermo
Electron Delta Plus XP mass spectrometer. Acidification of samples was performed

Figure 2.
Sampling at the Zmajevac LPS in Baranja region, Eastern Croatia. Beige coloved sediment is loess and
reddish — brown coloved sediment is paleosol (Photo: Danijel Ivanisevic).
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at 50°C. Every sixth sample was compared with an internal standard (Carrara Marble
with 80 = 2.43%o versus VPDB; and 8"°C = 2.43%o vs. VPDB) and for every 30th
samples, the NBS19 international standard was additionally measured. Standard
deviations of carbon and oxygen isotope results were estimated as 0.1% and 0.08%,
respectively and based on 20 measured samples, three times each.

The magnetic mineral content recorded at Zmajevac LPS in a form of magnetic
susceptibility (MS) signal was gathered from 44 samples collected into 200 ml
plastic containers. Magnetic susceptibility measurements were performed in HGI-
CGS laboratory, Zagreb (Croatia) using a Bartington MS2 device. Each sample was
measured three times for better precision and statistical analysis.

3. Results

Grain-size analysis were also done in HGI-CGS laboratory, Zagreb (Croatia) fol-
lowing procedure by [30]. Results indicated silt as the dominant grain size fraction
in all loess samples from the Zmajevac profile (Table 1). Average share of silt-size
particles in samples is 88.11% and coarse-grained silt fraction is dominant with
average percentage of 41.38%. The laminated horizon seen at the top of the middle
part of the LPS, 1,5 m above the ladder (Figure 2) is composed of 81% sand, 11%
silt and 8% clay. Silt dominance at the Zmajevac LPS confirms that this sediment
was deposited during strong eolian activity in colder periods of Upper Pleistocene.

Magnetic susceptibility (MS) analysis provides the data about ferrimagnetic
mineral content in sediment and/or soil. This is important because increased concen-
tration of magnetic minerals indicates more humid and/or warmer climate conditions,
while decreased concentration points to more arid and/or colder climate conditions.
This method is also useful when data comparison from different localities is needed,
in order to get the interpretation of palaeo-environmental evolution. MS values from
Zmajevac LPS loess and loess like sediment range from 5 to 28.5 x 10~ SI (Figure 3).
MS values from L1 horizon from the upper part of the Zmajevac LPS range from 15 to
20 x 107° SI, which is typical for loess. The uppermost paleosol horizon (F2) shows the
highest measured MS values within the LPS (82.5 x 10~° SI). MS values in the loess unit
L2 are again lower, with a mean of 14 x 107° SI and this is expected difference between
loess and paleosol. However, one notable peak within this loess horizon was detected
with MS value of 28.5 x 107 SI. The pedo-complex consisting of P3a and P3b paleosols
is marked by significant peaks in MS values. They are however lower than MS values
recorded in the F2 paleosol horizon. Upper paleosol F3a displays MS values of 67.7 x
107 SI, while underlying paleosol P3b displays MS values of 53.2 x 107 SI. Loess and
loess like sediment under pedo-complex display MS values in range of 11 to 23.7 x 10™°
SI. The lowermost paleosol P4 shows again a somewhat higher MS value of 58.3 x 10
SI, and the lowermost loess horizon displays MS value of 25.1 x 107° SL

The mollusk paleontology of the Zmajevac LPS was analyzed from 13 bulk loess
samples [30]. A total of 1705 terrestrial gastropod shells were collected. 13 species-
level taxa was determined. Specimen richness related to the number of mollusk shells
within the loess samples varies significantly in Zmajevac LPS. Results show that the
malacofaunal shell concentration is moderate in lower loess horizons L7 (85) and L6
(117). It is strongly decreased in L5 (5) and L4 (7) loess horizons, and then increased in
L3 (90), L2 (213), and L1 (136) loess horizons. The identified mollusk species have been
classified according to their palaecoenvironmental preferences following previous, well
documented research in Pannonian Basin [14, 19]. The presence and abundance of each
mollusk species in loess samples can be used to determine paleoclimate and/or type of
palaeovegetation. These information are basis for paleoenvironmental reconstruction
that shaped the Pannonian Basin area during the deposition of loess sediment.
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Sample >0,063 mm 0,032- 0,016- 0,004- <0,004 mm
0,063 mm 0,032 mm 0,016 mm
Kot1/1 12 33 31 24 0
Kot 1/2 8 42 23 22 5
Kot1/3 55 46,5 24 17 7
Kot 1/4 1 37 22 19 1
Kot 1/5 7.5 35,5 28 22 7
Kot 1/6 9,5 39,5 27 19 5
Kot1/7 14,5 31,5 27 27 0
Kot 1/8 8 44 27 21 0
Kot 1/9 12,5 39 24,5 24 0
Zma1l/1 15 40 20 19 6
Zmal/2 14,5 57,5 12 8 8
Zma1l/3 10 45 28 17 0
Zmal/4 12,5 475 25 15 0
Average 10,8 41,4 24,5 19,5 3,8
Table 1.

Grain size distribution in Zmajevac LPS.

Therefore, each sample is characterized by a certain malacofaunal assemblage
[13]. The obtained quantified data [30] allowed the definition of mollusk assemblages
in the Zmajevac LPS for each loess horizon (from top L1 to lowermost L7). Species
tolerating open and dry habitats are abundant in the Zmajevac LPS. Five specific
assemblages which are all cold — resistant were determined in 13 loess samples.

Helicopsis striata assemblage is the most dominant among five assemblages
detected in Zmajevac LPS. The Helicopsis striata assemblage indicates climate condi-
tions preceding the last glacial/stadial maximum and it is characteristic assemblage
of the ‘warm’ loess environment in Central Europe [13]. This ‘warm’ should not be
considered warm in absolute terms, but relatively compared to the extremely cold
periods during the Upper Pleistocene.

Chondrula tridens and Arianta arbustorum are generally abundant species in
Zmajevac LPS, but their concentration in loess samples is never high enough for
definition of a pure Chondrula tridens or Arvianta arbustorum assemblage. This is not
unusual, because it is not often that pure assemblages are found.

Arianta arbustorum species is cryogenic, hygrophilous species and related assem-
blage is typical for humid forests, hillsides and lowland areas.

Contrary to that, Chondrula tridens species is a warm steppe species and related
assemblage is representative of interstadial, mild, dry steppe to forest steppe
environment.

The Pupilla loessica and Columella columella assemblages are typical loess faunas
and they represent glacial/stadial maximum. Arid and cold climate conditions
are indicated by the Pupilla loessica assemblage, while more humid conditions are
represented by the Columella columella assemblage.

The two most common mollusk species which appear in all of the samples
from the Zmajevac LPS are Helicopsis striata (WAGNER) and Arianta arbustorum
(LINNAEUS). Precisely because of their presence in all loess horizons they were
used for stable isotopes (5'°0 and §"°C) analysis. They Stable oxygen isotope values
for these two species range from -5.76%o to -2.45%o (Table 2). Stable carbon isotope
values range from -8.83%o to -6.84%o (Table 2). Average value for 8180 is -3.91%0
and average value for 8B3C is ~795%o (Table 2). It is obvious that 8**C values vary to
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Figure 3.
MS values measured at Zmajevac LPS. Note: loess horizons in white and light gray color are numbered from 1
to 7. Four paleosols from top to bottom ave: F2, F3a, F3b and F4; and they are represented with dark gray color.

a lesser extent than §'°0 values. The values in each sample vary depending on which
mollusk species is analyzed, but that is to be expected. Regularity, which would indi-
cate that one analyzed mollusk species shows constantly lower or higher §°0 and
8"C values in relation to the other analyzed species, was not registered. The values
for stable oxygen isotope are in accordance with results from other loess profiles in
the Pannonian Basin with emphasis on MIS 2 stage [18].

4. Comparison of mollusk assemblages with others in Central Europe
(Pannonian Basin)

Data obtained from paleontological analysis from the Zmajevac LPS are
valuable, but it is necessary to put them in a broader context and compare them
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with paleontological research from other sites in the Pannonian plain. Previous
research of malacofauna conducted on loess profiles in Eastern Croatia [10, 12]
show significant congruence with the results obtained by Banak et al. [30, 31]
from the Zmajevac LPS.

In Erdut loess profile [10] which is situated 30 km to the southeast from Zmajevac
LPS determined malacofauna was detected in four loess horizons. The base horizon
is characterized by a Columella columella assemblage, while in the three remaining
horizons Helicopsis striata assemblages is dominant. These results are comparable
and almost identical to the results obtained from the Zmajevac LPS on Bansko Brdo
hill (30). Still, there are some minor differences in faunal assemblages that probably
reflect micro climate conditions during the Upper Pleistocene. The L4, L5 and L6 loess
horizons of the studied Zmajevac LPS with dominant Helicopsis striata assemblage
show strong influence of Arianta arbustorum and Columella columella assemblage. In
Erdut loess profile dominance of Helicopsis striata assemblage with minor influence of a
Chondrula tridens assemblage is detected [10]. The topmost L1 horizon from this study
and the topmost horizon from the Erdut LPS [10] display similarity, with the dominant
Helicopsis striata assemblage being accompanied by a Chondrula tridens assemblage.
The lowermost horizons at Zmajevac LPS (L7 and L6) and from the Erdut LPS [10]
display differences which are marked by dominant Helicopsis striata assemblage at the
Erdut profile and Columella columella assemblage at Zmajevac LPS.

The mollusk species distribution of the Zmajevac LPS shows certain similarities
also with the Irig loess profile on the southern slope of Fruska Gora Mt. in NW Serbia
[2] which is less than 100 km away in east - southeast direction. Chondrula tridens
and Helicopsis striata assemblages dominate in the Irig loess profile and are also pres-
ent in the Zmajevac LPS, but Chondrula tridens is not so dominant in Zmajevac LPS.
Further, in Irig loess profile Vallonia costata and Clausilia dubia species are present
in the lowermost part of the LPS, but in contrast two lowermost loess horizons in
the Zmajevac LPS bear cooler climate representative in form of Columella columella
assemblage. This assemblage in Zmajevac LPS is reflecting the Middle Pleistocene
Penultimate Glacial (MIS 6) conditions. Based on this compared data it is obvious
that these two loess profiles are dominated by Helicopsis striata assemblage, but they
differ significantly from each other, especially in lower horizons.

Sample Stable oxygen (6"%0) Stable carbon (63C)
Kot1/1 -2,45 -745
Kot 1/2 -3,84 -6,96
Kot 1/3 -4,05 -6,84
Kot 1/4 -4,41 =775
Kot 1/5 -3,26 -8,83
Kot1/6 -3,16 -7,47
Kot1/7 -4,85 -8,04
Kot1/8 -5,15 -8,82
Kot 1/9 -5,27 -8,31
Zmal/l -2,15 -9,21
Zma1/2 23,35 -8,62
Zmal/3 -3,16 7,84
Zmal/4 -5,76 -7,23
Average -391 -7,95
Table 2.

Stable isotope values from Zmajevac LPS malacofauna. Upper four samples represent MIS 2 stage.
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The Upper Pleistocene malacofaunal assemblages from the Petrovaradin loess
profile in NW Serbia show colder and more humid conditions than in either the Irig
or Zmajevac LPS [3, 32]. This is probably an effect of the palaeogeographic position
at the northern slope of Fruska Gora Mt. [3, 32], which is opposite to the positions
of Zmajevac and Irig LPS’s at the southern slopes.

The fauna from middle and upper loess horizons (L3, L2 and L1) of the Zmajevac
LPS displays certain similarity also with Madaras loess section in South Hungary [33].
There are some differences present as well. Uppermost L1 loess horizon in the Zmajevac
LPS differs from K L1 LL1 loess horizon in Madaras because Helicopsis striata and
Chondrula tridens assemblages dominate here, while Columella columella and Vallonia
tenuilabris species dominate in Madaras LPS. Also, oposite to Madaras LPS Columella
columella species is scarce at Zmajevac LPS. L2 loess horizon from the Zmajevac LPS
differs from K L1 LL2 loess horizon at Madaras section, because Vallonia costata and
Pupilla muscorum species dominate in that LPS, while in the Zmajevac LPS Pupilla
muscorum is present, but not dominant. Also, Vallonia costata species is not present at
all. L3 loess horizon in the Zmajevac LPS and K L1 LL3 loess horizon from Madaras LPS
both contain Helicopsis striata assemblage and show the greatest similarity.

Described mollusk assemblages from Zmajevac LPS show small but important
differences to other Pannonian Basin LPS’s. It is especially noticeable in loess
horizons L7, L6 and L3 of Zmajevac LPS. Results of malacofaunal assemblages from
nearby loess profiles in Serbia and Hungary suggest that climate conditions that
dominated in this part of Central Europe were similar, with some differences which
were a result of paleogeography and microclimate conditions driven by it.

Sedimentological and magnetic susceptibility (MS) data obtained from Zmajevac
LPS show similarities with other LPS’s in the Pannonian Basin that were described in
last decade [2, 7, 8]. MS values are in the expected range, especially in loess horizons
(Figure 3). MS values from four paleosols are comparable with those from Irig LPS
in neighboring Vojvodina region [2]. The lowermost P4 paleosol from Zmajevac LPS
displays significantly weaker signals, than the P2 paleosol, but it is stronger than
signals from the overlying P3b paleosol horizon. The MS value of 58.3 x 10~ SI in the
P4 paleosol is lower than expected for a long, interglacial period in which favorable
climatic conditions prevailed, thus enabling fully developed soil. Even though P4 is
the oldest paleosol in Zmajevac LPS, a weaker signal than in the youngest F2 paleosol
may indicate that the relatively low MS values are result of mineral leaching. Such a
decrease in the MS signal in clayey horizons was also detected in LPS in Germany [34]
and in Hungary [35], therefore, it is not a specificity of Zmajevac LPS. It is very likely
that similar processes affected the P4 paleosol horizon in Zmajevac. In agreement with
previous research of this area [7], the P4 horizon is correlated with the MIS 5e inter-
glacial period. The pedo-complex forming paleosol horizons P3a and P3b is similar
to a pedo-complex from the Vojvodina [2]. Reminiscent of synchronous horizon of
Hungarian Siitto LPS [4], the signal from the P3 pedo-comlex is higher than the one
measured in Vojvodina. Finally, the strongly increased MS value of 82.5 x 10~ SI
suggests that the uppermost paleosol P2 could represent an interglacial, rather than an
interstadial phase.

5. Late Pleistocene climate reconstruction based on §'°0 and §°C values

Stable isotope ratios of 80 and §"*C were measured from fossil shells of two
species: Helicopsis striata and Arianta arbustorum. Modern European land snails are
active in the +10 to +27°C temperature range and hibernate or become inactive at
temperatures below +10°C [36, 37]. This implies that stable isotope ratios recorded in
mollusk shells represent a warmer period when snails formed their shells. This period
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that spans from spring to fall can be 160-210 days long [38, 39] and it reflects an aver-
age growing season (AGS) temperature. The same principle can be applied on fossil
snails. It is known that snails are active in building their shells during and immedi-
ately after the rain [40]. This information is crucial, because it provides a direct link
from rainwater 60 values and 80 values that we measured in the mollusk shells.
This complex relationship between the §'°0 value of meteoric water and the values
measured in land-snail shells has been studied for more than 40 years [15-17, 24,

41]. Today it is reliable and well established method often used for paleoclimate and
paleoenvironmental research. Variations in land snail shell §'°0 is a function of tem-
perature, relative humidity, 5'°0 of water vapor, and 80 of liquid water ingested by
the snail [16, 27]. It is worth mentioning that intra-shell variation of values measured
in snail shells from LGM ranges from 0%o to -5.5%o [18] in some studied areas.

To avoid errors and to obtain the average %0 and 8"°C values, whole snail shells
were crushed and analyzed. The §'°0 value in mollusk shells is enriched on average
by 5%o relative to equilibrium with ingested rainwater [16]. This means that a "0
value of palaeo rainwater incorporated in a mollusk shell which displays a §'°0 value
of approx. -3%o was approx. -8%o.

In order to compare climate conditions in the Upper Pleistocene with recent climate
and to obtain relative temperature changes, it is necessary to know the §'*0 values of
recent meteoric water and recent AGS temperatures from the same or nearby region.
The nearest measured '°0 value of rainwater to Zmajevac LPS is recorded in city of
Zagreb, Croatia, which is located 250 km to the west from Zmajevac LPS. This §"°0
value is -6.11%o for summer months of June, July and August (JJA) and it is measured
in the last two decades [18]. This values represent shorter periods than AGS, but it is
the closest approximation as we can get. In the last two decades mean JJA temperature
recorded in Zagreb was +19.7°C. If we compare 8'°0 values from Zmajevac LPS mol-
lusk shells, enlarged for 5%o, we can clearly see that 80 values of meteoric water in
the Upper Pleistocene ranged from approx. -7.45%o to approx. -10.76%o.

If we compare these approximate and indirect 5'*0 values with §'°0 value of
-6.11%o from present JJA measurements in Zagreb, it is clear that §'*0 values were
constantly lower/more negative. This means that AGS temperatures during the Upper
Pleistocene in Baranj region were much lower than present temperature in city of
Zagreb. The mean, annual §'°0 value of rainwater for Zagreb is -8.33%o [18] and mean
annual temperature (MAT) for Zagreb in last two decades is +12°C. As most of the
samples from Zmajevac LPS display more negative 50 values than -8.33%o, we can
say with some certainty that even the AGS temperatures (which represent the warmest
period of the year) during the Upper Pleistocene were lower than the present MAT in
Zagreb. It is hard to determine what was the absolute value of temperature in the Upper
Pleistocene, but we can calculate relative values and compare them to present one.

Researchers [42] estimated the MAT for MIS 2 stage is in range from 6.2°C to 11.2°C.
It was reconstructed from oxygen isotopes values measured in mammoth tooth enamel
from sites in the Czech Republic and Slovakia [42]. This paleotemperature data repre-
sents climate conditions from part of the Central Europe that is quite north of Zmajevac
LPS (more than 200 km). Still, it can serve as a marker if we assume that the decrease in
temperature is indeed related with latitude increase. Other researchers [20] estimated
temperatures of 6.7 C (based on MS values), 8.5 + 0.6 C (based on XRF-1 values) and
8.9 + 4.4 C (based on XRF-2 values) in Northern Hungary for the same period of the
Upper Pleistocene (MIS 2 stage). Finally, researchers [43] calculated a MAT of 4.5 C in
Central Europe using noble gas thermometry (NGT). This result displays significantly
lower MAT than other results, which is probably due to this specific method.

Results from our research show that §'°0 values from Zmajevac LPS are in fair
accordance with 80 values from North America and other LPS’s in Central Europe,
but they are partly different from §'°0 values from southern Europe (Figure 4).
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8'®0 values measured in fossil shells indirectly reflect paleotemperature at a
time when these fossil snails lived. This is useful if we want to reconstruct paleo-
temperature changes over longer period of time if we have enough data, that s,
fossil findings. We know from previous research that if the §'°0 value in the shell
changes by 0.5%o it reflects a paleotemperature change of approximately 2°C [24].
The formula for calculating AGS paleotemperature changes in the Zmajevac LPS,
adjusted according to [24], is as proposed:

Q(°C)=(5180max. - 518 Omin. / 0,5%0) X 2°C (1)

where:

Q is: relative paleotemperature change

818 Omax. is: maximal 80 value measured in a gastropod shell

818 Omin. is: minimal §'°0 value measured in a gastropod shell

We used the §'°0 values measured from Zmajevac LPS fossil shells and accord-
ing to this formula AGS paleotemperature changes through entire Upper Pleistocene
in Baranja region is: 13.2°C.

Other researchers propose different ratios and interdependence of '°0 values
and paleotemperature. According to [26] if the 80 value in shell changes by
0.35%o it reflects a paleotemperature change of approximately 1°C. We can adjust
the formula according to this research and then it is:

Q(°C) =(5180max. - 8180min. / 0,35%0) X 1°C 2)

where:

Q is: relative paleotemperature change

818 Omax. is: maximal 5'°0 value measured in a gastropod shell

18 Omin. is: minimal "0 value measured in a gastropod shell

If we use the same 50 values from Zmajevac LPS fossil shells in this formula, AGS
paleotemperature changes through the Upper Pleistocene in Baranaj region is: 9.5°C.

If we compare these results with MAT temperatures for other Pannonian Basin
LPS, it is plausible to conclude that the second formula and the range of 9.5°C are
more accurate. Both of these values suggest strong and constant changes of paleo-
temperature during the Upper Pleistocene in the Baranja region.

It is worth mentioning that he §'°0 values from Zmajevac LPS displays some
deviation in regards to paleotemperatures or paleoclimate conditions determined by
malacofaunal assemblages. These deviations are probably a result of complex flux-
balance model between the rainwater used by the fossil snails and their shell, which
does not respond with the same intensity to palaco temperature changes [27].

Climate changes during the glacial and interglacial periods are the main cause
for changes in vegetation which are reflected in 81C values of plants [44, 45].
Therefore, 8*C values from fossil shells can be used to determine the diet of land
snails, which can then help in palaeoenvironmental reconstruction. The §"°C value
of atmospheric CO does not affect the §°°C value of snail shells, so these values are
a relevant and reliable indicator of fossil snail diet [27]. If the §"*C values are more
negative, it is an indication that the mollusks consumed more C3 plants in their diet
and that the climate was cooler and more humid [22, 25]. If the §"C values are more
positive, it is an indication that the snails consumed more C4 plants in their diet,
which indicates a more arid environment [22, 46].

Research from central parts of Pannonian Basin (Hungary) [47] shows that
relatively stable woodland-grassland ecotone was the dominant vegetation type in
the Pannonian Basin between 140 ky and 16 ky. This is a time span which largely
coincides with Upper Pleistocene period. Described woodland-grassland ecotone
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Figure 4.
Comparison of vesults for MIS2 from Zmajevac LPS with ones recorded in other European and north American
LPS profiles from late Pleistocene.

was preserved even during the strongest cooling, when a treeless steppe dominated
the landscape of Pannonian Basin [47]. In this mixture of temperate, arctic and
alpine ecosystems C3 plants typically dominate [48]. Soils formed in Tokaj region
(southern Hungary) at the southern edge of the Pannonian Basin, display 81C
values in really narrow range from -24%o to -25%o [48]. This is typical for soils
developed under plants using the C3 photosynthetic pathway [49].

The variation of §°C values measured in fossil shells from Zmajevac LPS loess
samples ranges from -8.83%o to -6.84%o. Therefore, C4 vegetation as a diet source
for these fossil snails obtained from Zmajevac LPS can be excluded. C4 plants
display very different 81C values, ranging from -8%o to -16%o [49] and this is
contrary to our results from Baranja region. 5°C values measured in any fossil mol-
lusk shells are enriched by 8-19%o compared to the values of the plants that they
ingested [50]. This means that 81C values of plants that mollusk from Zmajevac
LPS ingested, were approximately in the range from -14.84%o to -16.83%o, if we
use the minimal 8%o enrichment approach. This is very close to the most negative
margin for C4 plants. If we apply maximal 19%o enrichment, these values are more
negative and in range from -25.84%o to -27.83%o. Results from nearby areas [2, 4,
47, 48] that were compared with the results from this study suggests that for the
entire time span during which the Zmajevac LPS was accumulated, C3 plants have
been the main vegetation type for analyzed fossil snails. This indicates that Upper
Pleistocene climate in the Baranja region was similar to the paleoclimate in other
regions in the Pannonian Basin. Certain differences in paleoclimate exist and they
are probably an effect of local geomorphology and microclimate conditions.

6. Impact of paleoclimate changes on Neanderthals and anatomically
modern humans (AMH) in Central Europe

The Balkan peninsula was likely the migration route of anatomically modern
humans (AMH) into Europe [51], and the Danube valley which cuts the Pannonian
Basin is one of the most important pathways of these population movements [52].
This region consists of vast lowlands associated with the middle Danube drainage
basin and surrounded by the Carpathian Mountains, the Alps, Dinarides and the
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Bohemian Massif. The Last Glacial loess provides widely extended sedimentary cover-
age of the area and provides valuable paleoclimate records [2-4]. Additional strati-
graphic records are present in caves located in the highlands and peripheral mountain
zones. The Zmajevac LPS, described above is located in this region. This geographical
setting allows us to determine with considerable certainty the impact of climate
change in the Late Pleistocene on Neanderthal and early modern human populations.

The Neanderthals clearly represent the autochthonous population of eastern
Central Europe according to various research [53-55]. This is documented by a
group of fossil finds, spread over space and time and in the various environments,
ranging from the last interglacial to the temperate oscillations of the early Wiirmian
glacial (OIS 5a-e). Some of the most important fossil finds of Neanderthals and
AMH are located in the Pannonian Basin, especially in its central, western and
southern parts (Figure 1). Here we briefly describe localities from Pannonian Basin:
two in Croatia, one in Hungary and one in Slovakia.

Krapina (Croatia): Excavated layers 3-8 yielded more than 900 skeletal frag-
ments of several Neanderthal individuals, especially cranial fragments, mandibles,
teeth, and postcranial fragments. This makes Krapina one of the most important
Neanderthal sites in Europe. ESR and U-series dating provided results between 178
and 120 ka, with average values pointing to 130 ka, i.e., to the last interglacial peak
OIS 5e [56]. The Lithic industry is a variant of the Mousterian.

Vindija, G3 layer (Croatia): All layers in this cave are characterized by abun-
dance of cave bear skeletal remains, especially in some of the layers. Within
the sequence of the Mousterian industries, the Neanderthal fossils [54] appear
in layer G3 in association with some endscrapers and possible leaf-point frag-
ments [57, 58]. Age of neanderthal tibia fragment in G3 layer was dated and it is
38 ka B.P. [59].

Vindija G1 layer (Croatia): This layer yielded several human fragments of archaic
morphology, which do not differ radically from the Neanderthals of the underlying
layers and elsewhere in Central Europe [54]. However, the associated lithics, even
if typical for the Initial Upper Paleolithic period in general, allow for somewhat
contradictory interpretations. The leaf point suggests the Szeletian industry
[59] and on the other hand the bone split-base point and the Mladec¢ type point
suggest an Aurignacian [57, 60]. The Aurignacian industry that marked replace-
ment of Neanderthals by anatomically modern humans (AMH) lasted from 43 to
26 ka years B.P. and it is characterized by worked bone or antler points with grooves
cut in the bottom [61]. Their flint tools include fine blades struck from prepared
cores rather than using crude flakes [61]. Mester [62] describes the problem of dis-
tinguishing these two cultural units and points to a possibility that Szeletian tools
had been made by AMH. From this point of view Szeletian represents a sub variant
of the Aurignacian. In this interpretation, Aurignacian bone points may have been
the functional equivalents of Szeletian bifacial leaf points.

The associated bear bones were dated to 36-32 ka B.P., but dating of the human
bones provided AMS radiocarbon dates of 29-28 ka B.P. [63]. Given the association
of these objects in an 8-20 cm thick layer which is partially cryoturbated, we cannot
exclude the possibility of some mixture of fossils and artifacts of various ages, as
some researchers suggest [60]. However, since the two types of projectiles—the lithic
leaf points and the polished bone-and-antler points — appear together in several
other cave sites of the region (Dzerava skala, Mamutowa Cave, Ista llosk6 Cave,
etc.) [64], it is rather unlikely that mechanical mixing was responsible in all cases. It
seems that associations of these projectiles made from different materials and thus
with different advantages and functions [65] with predefined cultures may not be as
local as expected. The “Aurignacian” bone projectiles are actually being found more
frequently in non-Aurignacian contexts, not only in the Central European caves,
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but also in other regions as far away as northeast Russia [57, 60]. This indicates that
certain communication between separated Neanderthal groups could have existed.

Remete Felso (Hungary): The stratigraphy of this cave includes two glacial horizons
or layers marked as: 5 and 4. The upper one, which is a layer characterized by loess con-
taines limestone debris. Three human teeth (right I1-12 and C) belonging to the same
individual were found and analyzed. They are rather large and worn, but nothing more
can be said about their specific features. The fauna, including cave bears, hyenas, lions
and musk ox, suggests a tendency to cooling between the lower and upper horizon. All
this faunal remains point to Szeletian in sensu latu and age is determined as OIS 3 [65].
The associated industry is characterized by typical leaf points and retouched flakes
(including a Levallois flake), and has been classified generally as Szeletian, or, asa
specific Transdanubian form of the late Middle Paleolithic—the Jankovichian [66].

Sal’a (Slovakia): Two Neanderthal cranial fragments, Sal’a 1 and the subse-
quently discovered Sal’a 2, were found in two different locations in the Vah river
gravel deposits, but in secondary position and without precise dating. According
to the correlation of the phylogenetic stratigraphic ranges of the vertebrate finds,
the primary position of the Neanderthal Sala 1 specimen could be-with high
probability — set into the terrestrial layers of the last interglacial age, approx.

100-75 ka years B.P., which fits into OIS 5 stage [67].

Generally, eastern part of Central Europe provides solid evidence for the
association of Neanderthals with the various Middle Paleolithic cultural entities of
the interglacial and early glacial: the Taubachian, Mousterian, and Micoquian [68,
69]. Recent findings from the Neanderthal type locality Kleine Feldhofer Grotte
site in the Neander Valley (Germany) also provide solid insights in various Middle
and Upper Paleolithic cultural entities [70]. Preliminary analysis of the thousands
of lithic artifacts recovered from this site has shown that two specific Paleolithic
assemblages are represented: Micoquian artifacts typical of the late Middle
Paleolithic and Upper Paleolithic artifacts from the Gravettian [70].

The question of the last Neanderthals and their relationship to the transitional
or Initial Upper Paleolithic cultural entities of the region—the Szeletian and the
Bohunician is far more susceptible to debate. Their “transitional” character is
understood as a combination of archaic Middle Paleolithic patterns in technology,
combined with the introduction of Upper Paleolithic tool-types [69].

The moment of AMH appearance in the Balkans and Central Europe has become
better documented, since the new discovery at Pestera ¢u Oase 36-34 ka B.P. [71] and
revisions of human fossil sites such as Mlade¢ which points to age of 35-34 ka B.P. In
addition, the expansion of Aurignacian sites in Central Europe shows a specific time
and space dynamic. While the early Aurignacian sites, dated as early as 42 ka B.P,,
are extremely rare and isolated (Willendorf II in Austria and Geissenklésterle in
Germany) [72-74], the middle Aurignacian, dated between 34 and 29 ka years B.P,,
forms a kind of network of sites over large parts of the region. It also includes the
emergence of Aurignacian figurative art. This findings point to interesting and prob-
able conclusion. If the Aurignacian can be identified with AMH then the increased
site density reflects their demographic growth. Also, if the art represents their higher
social complexity and more advanced cognitive abilities, then the whole process may
demonstrate the final “victory” of AMH over Neanderthals in Central Europe.

Various authors have listed several possible reasons for the extinction of
Neanderthals. Some have discussed the possibility that their extinction was stimu-
lated by violent conflict with Homo sapiens [75]. Violence in early hunter-gatherer
societies usually occurred as a result of resource competition following major
natural disasters. Another possibility, proposed recently is the spread of pathogens
or parasites carried by Homo sapiens into the Neanderthal population [76]. The
fact of coexistence also leaves open the possibility of interbreeding which resulted
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with a genetic heritage left by the Neanderthals in the anatomically modern human
(AMH) population of the Upper Paleolithic Europe.

Neanderthals possessed the brain that enabled them greater visual acuity than
Homo sapiens did, but the latter had better language-processing abilities [77]. It
can be stated with certainty that Neanderthal brains were more adapted to vision
and spatial memory and that resulted in less available area for cognition and social
interactions [77]. This difference in brain structure could also lead to extinction of
Neanderthals during short period of competition with Homo sapiens.

A separate set of factors that are not connected to the interaction of Neanderthals
and AMH are climate change and natural disasters. It is well documented and
described that the general characteristic of the paleoclimate in Central Europe
(particularly in Pannonian Basin) is repeated succession of oscillations with varying
intensity. This climate teeter started with an expansion of dense forests during the
interglacial peak (OIS 5e). In OIS 5e the climate was very similar to today’s climate. It
continued throughout the long transitional stage of the early glacial (OIS 5a-d) with
several oscillations that shaped a dry, steppe environment [2, 4, 5, 31]. This climate
change has affected the whole region, but we must not forget that geomorphology
has conditioned specific micro-climatic conditions within [2, 4, 20, 31]. As discussed
in this book chapter, climate change was constant during the Upper Pleistocene in
Central Europe. Average summer temperature changes were in range from 9.5°C and
up to 13.2°C [24, 26, 31] compared to present day temperatures which are significant
changes that have certainly affected the Neanderthal population.

Climate changes during the glacial and interglacial periods were also the main cause
for changes in vegetation. C3 plants have been most probably the main vegetation type
during the Late Pleistocene. These include trees and cold steppe grasses [31]. Changes in
plant life were reflected in herbivore, mammal population and they would have led to a
corresponding decline in big, plant-eating mammals hunted by the Neanderthals [78].

From the aforementioned sites and findings within, we can assume that the
Neanderthal extinction in eastern Central Europe was not the result of just adverse
climatic conditions during the Lower Pleniglacial maximum (OIS 4), but rather
originated from several millennia of coexistence with the emerging early modern
humans during the OIS 3 [79]. Data indicate that the disappearance of Neanderthals
occurred at different times in different regions of Europe and Asia. Comparing the
data with results obtained from the earliest dated AMH sites in Europe allowed the
quantification of the temporal overlap between the two groups. The results reveal
a significant overlap of 2600-5400 years (at 95.4% probability) [78]. It is clear that
the coexistence with AMH population was long enough for the transmission of
cultural and symbolic behavior, as well as possible genetic exchanges (interbreed-
ing), between the two groups [78], but it is hard to conclude that it was the main
cause of Neanderthal extinction. After the interbreeding episode(s), Neanderthals
and their material culture disappeared and was replaced across Europe and Asia by
AMH [79]. The precise timing of this transitional period has remained difficult to
identify in the absence of a reliable chronological framework [79, 80].

In the end and as the most obvious conclusion, we can say that the extinction of
Neanderthals and the rise of AMH population in Central Europe is due to a combi-
nation of all the factors mentioned in above, but it is difficult to reliably determine
which one prevailed.

7. Conclusion

Data obtained from sedimentological and magnetic susceptibility analysis of
Zmajevac LPS show a fairly good similarity with results from other LPS’s in the
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Pannonian Basin [2, 4, 8]. Stable oxygen values measured in fossil snail shells show sig-
nificant paleotemperature changes during the Upper Pleistocene in the Baranja region.
Average growing season (AGS) temperature changes during that period were 13.2°C
[24] or 9.5°C [26], depending on which formula is applied. The second calculated value
is more plausible and in accordance with other results from Pannonian Basin. The
overall climate was much cooler then present day climate. Stable carbon isotope values
show that the C3 plants have been the main vegetation type of fossil snails for the
entire time span during which the Zmajevac LPS was accumulated. This indicates that
they lived in environment dominated by trees and cold steppe grasses. Comparison of
the results from Zmajevac LPS with other LPS’s from Central Europe [2, 4, 81] suggests
that Upper Pleistocene climate in the Baranja region was similar to the paleoclimate in
other regions in the Pannonian Basin. Certain differences in paleoclimate existed and
they are probably an effect of local geomorphology and microclimate conditions.

The described climate change in the Upper Pleistocene is very likely a significant
but not the only factor that influenced the extinction of the Neanderthal population
which paved the way for the dominance of anatomically modern humans (AMH) in
Central Europe and everywhere else in the World.

Author details

Adriano Banak™, Oleg Mandic?, Davor Paveli&, Marijan Kovadi¢*
and Fabrizio Lirer’

1 Department of Geology, Croatian Geological Survey, Zagreb, Croatia

2 Department of Geology and Paleontology, Naturhistorisches Museum Wien,
Austria

3 Faculty of Mining, Geology and Petroleum Engineering, University of Zagreb,
Croatia

4 Department of Geology, Faculty of Sciences, University of Zagreb, Croatia
5 Institute for Coastal Marine Environment (IAMC), INRC, Roma, Italy

*Address all correspondence to: abanak@hgi-cgs.hr

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

27



Pleistocene Archaeology - Migration, Technology, and Adaptation

References

[1] Pecsi, M. Loess. In: Fairbridge,
RW. (Ed.). The Encyclopedia of
Geomorphology. Reinhold, New York,
1968, pp. 674-678.

[2] Markovié, S.B., Oches, E.A.,

McCoy, W.D., Gaudenyi, T., Frechen,
M., Jovanovié¢, M. Malacological and
sedimentological evidence for ‘warm’
climate from the Irig loess sequence
(Vojvodina, Serbia). Geophysics,
Geochemistry and Geosystems. 2007: 8,
Q 09008.

[3] Markovié, S.B., Bokhorst, M.P,,
Vandenberghe, J., McCoy, W.D., Oches,
E.A., Hambach, U., Gaudenyi, T,
Jovanovié, M., Zéller, L., Stevens, T.,
Machalett, B. Late Pleistocene loess-
paleosol sequences in the Vojvodina
region, north Serbia. Journal of
Quaternary Science. 2008: 23: 73-84.

[4] Novothny, A., Frechen, M., Horvath,
E., Wacha, L., Rolf, C. Investigating the
penultimate and last glacial cycles of
the Siitto loess section (Hungary) using
luminescence dating, high-resolution
grain size, and magnetic susceptibility
data. Quaternary International. 2011:
234:75-85.

[5] Markovié, S.B., Hambach, U.,
Stevens, T., Kukla, G.J., Heller, F.,
McCoy, W.D., Oches, E.A., Buggle, B.,
Zoller, L. The last million years recorded
at the Stari Slankamen (Northern
Serbia) loess-paleosol sequence: revised
chronostratigraphy and long-term
environmental trends. Quaternary
Science Reviews. 2011: 30: 1142-1154.

[6] Banak, A. Reconstruction of Late
Pleistocene Climate Change Based on
Loess Sedimentology, Malacofaunal
Palaeontology and Isotope Analysis
(Baranja, Eastern Croatia) (Ph.D.
thesis). University of Zagreb, Croatia
(in Croatian, with English Abstract);
2012.

28

[7]1 Galovié, L., Frechen, M., Halamid¢,
J., Durn, G., Romié, M. Loess
chronostratigraphy in Eastern Croatia
- aluminescence approach. Quaternary
International. 2009: 198: 85-97.

[8] Wacha, L., Frechen, M. The
chronology of the “Gorjanovié¢

loess section” in Vukovar, Croatia.
Quaternary International. 2011: 240:
87-99.

[9] Rukavina, D. O stratigrafiji gornjeg
pleistocena s osvrtom na topla razdoblja
i njihov odraz u naslagama na podrudju
Jugoslavije (On stratigraphy of the

Late Pleistocene with review of warm
periods and their reflection in the area
of Yugoslavia). Rad JAZU. 1983: 19: 199-
221 (in Croatian).

[10] Poje, M. Malakofauna prapornih
naslaga isto¢nog dijela Slavonije
(Malacofauna from Loess Deposits
from Eastern Croatia) (MSc thesis).
University of Zagreb, Croatia (in
Croatian); 1982.

[11] Poje, M. Praporne naslage
“Vukovarskog profila” i njihova
stratigrafska pripadnost (Loess deposits
from ‘the Vukovar profile’ and their
stratigraphic position). Geoloski
vjesnik. 1985: 38: 45-66 (in Croatian).

[12] Poje, M. Ekoloske promjene na
vukovarskom prapornom ravnjaku
proteklih cca 500.000 godina
(Ecological changes on the Vukovar
loess plateau in last 500,000 years).
Geoloski vjesnik. 1986: 39: 19-42 (in
Croatian).

[13] LoZek, V. Quartidrmolluscen der
Tschechoslowakei. Rozpravy Ustredniho
Ustavu Geologickeho 31; 1964. 374p.

[14] Krolopp, E., Siimegi, P.
Paleoecological reconstruction of
the Late Pleistocene, based on loess



Pleistocene Climate Change in Central Europe
DOI: http://dx.doi.org/10.5772/intechopen.93820

malacofaunain Hungary. GeoJournal.
1995: 36: 213-222.

[15] Yapp, C.J. Oxygen and carbon
isotope measurements of land snail
shell carbonate. Geochimica et
Cosmochimica Acta. 1979: 43: 629-635.

[16] Lecolle, P. The oxygen isotope
composition of landsnail shells as

a climatic indicator: applications to
hydrogeology and paleoclimatology.
Chemical Geology. 1985: 58: 157-181.

[17]1 Goodfriend, G.A. The use of land
snail shells in paleoenvironmental
reconstruction. Quaternary Research.
1992: 11: 665-685.

(18] Kehrwald, N., McCoy, W.D.,
Thibeault, J., Burns, SJ., Oches, E.A.
Paleoclimatic implications of the spatial
patterns of modern and LGM European
land-snail shell 618 O. Quaternary
Research. 2010: 74: 166-176.

[19] Stimegi, P., Krolopp, E.
Quatermalacological analysis for
modeling of the Upper Weichselian
palaeoenvironmental changes in
the Carpathian Basin. Quaternary
International. 2002: 91: 53-63.

[20] Schatz, A.-K., Scholten, T., Kiihn,
P. Paleoclimate and weathering of the
Tokaj (NE Hungary) loess-paleosol
sequence: a comparison of geochemical
weathering indices and paleoclimate
parameters. Climate of the Past. 2014:
10: 469-507. Discussions.

[21] Colonese, A.C., Zanchetta, G.,
Fallick, A.E., Martini, F., Manganelli,
G., Lo Vetro, D. Stable isotope
composition of Late Glacial land snail
shells from Grotta del Romito (Southern
Italy): palaeoclimatic implications.
Palaeogeography, Palaeoclimatology,
Palaeoecology. 2007: 254: 550-560.

[22] Yanes, Y., Delgado, A., Castillo, C.,
Alonso, M.R., Ibifiez, M., De La Nuez, J.,

29

Kowalewski, M. Stable isotope (518 O, &
13C, and 8D) signatures of recent terrestrial
communities from a low-latitude, oceanic
setting: endemic land snails, plants, rain,
and carbonate sediments from the eastern
Canary Islands. Chemical Geology. 2008:
249: 377-392.

[23] Yanes, Y., Romanek, C.S., Delgado,
A., Brant, H.A., Noakes, J.E., Alonso,
M.R,, Ibafiez, M. Oxygen and carbon
isotopes of modern land snail shells as
environmental indicators for a low-
latitude oceanic island. Geochimica

et Cosmochimica Acta. 2009: 73:
4077-4099.

[24] Goodfriend, G.A. Terrestrial

stable isotope records of Late
Quaternary paleoclimates in the eastern
Mediterranean region. Quaternary
Science Reviews. 1999: 18: 501-513.

[25] Goodfriend, G.A., Ellis, G.L. Stable
carbon and oxygen isotope variations in
modern Rabdotus land snail shells in the
southern Great Plains, USA, and their
relation to environment. Geochimica

et Cosmochimica Acta. 2002: 66:
1987-2002.

[26] Balakrishnan, M., Yapp,

C.J., Meltzer, D.J., Theler, J.L.
Palaeonvironment of the Folsom
archaeological site, New Mexico,
USA, approximately 10,500 14C B.P.
as inferred from the stable isotope
composition of fossil land snail shells.
Quaternary Research. 2005: 63: 31-44.

[27] Balakrishnan, M., Yapp, C.J. Flux
balance models for the oxygen and
carbon isotope composition of land
snail shells. Geochimica Cosmochimica

Acta. 2004: 68: 2007-2024.

[28] Wentworth, C.K. A scale of grade
and class terms for clastic sediment. The
Journal of Geology. 1922: 30: 377-392.

[29] Frank, C. Plio-plgistozéine und
holozédne Molluscen Osterreichs. Verlag



Pleistocene Archaeology - Migration, Technology, and Adaptation

der Osterreichischen Akademie der
Wissenschaften; 2006. 797p.

[30] Banak, A., Mandic, O., Kovaci¢,
M., Pavelié, D. Late Pleistocene climate
history of the Baranja loess plateau-
evidence from the Zmajevac loess-
paleosol section (northeastern Croatia).
Geologia Croatica 2012: 65 (3): 411-422.

[31] Banak, A., Mandic, O., Sprovieri,
M., Lirer, F. & Paveli¢, D. Stable isotope
data from loess malacofauna: Evidence
for climate changes in the Pannonian
Basin during the Late Pleistocene.
Quaternary International. 2016: 415:
15-24.

[32] Markovi¢, S.B., McCoy, W.D.,
Oches, E.A., Savi¢, S., Gaudenyi,

T., Jovanovié, M., Stevens, T.,
Walther, R., IvaniSevié, P., Galié, Z.
Palaeoclimate record in the Upper
Pleistocene loess-palaeosol sequence
at Petrovaradin brickyard (Vojvodina,
Serbia). Geologia Carpathica. 2005:
56: 545-552.

[33] Hupuczi, J., Stimegi, P. The Late
paleoenvironment and paleoclimate of
the Madaras section (South Hungary),
based on preliminary records from
molluscs. Central European Journal of
Geosciences. 2010: 2 (1): 64-70.

[34] Rousseau, D.D., Antoine, P., Hatte,
C., Lang, A., Zéller, L., Fontugne, M.,
Othman, D.B., Luck, J.M., Moine, O.,
Labonne, M., Bentaleb, I., Jolly, D.
Abrupt millennial climatic changes
Nussloch (Germany) Upper Weichselian
eolian records during Last Glaciation.
Quaternary Science Review. 2002: 21:
1577-1582.

(35] Novothny, A., Frechen, M.,
Horviath, E., Bradak, B., Oches, E.A.,
McCoy, W.D. & Stevens, T. The loess
profile at Siitt6, Hungary. Quaternary
International. 2009: 198: 62-76.

[36] Heller, J. Longevity in molluscs.
Malacologia. 1990: 31: 259-295.

30

(37] Thompson, R., Cheny, S., 1996.
Raising Snails. National Agriculture
Library. Special Reference Briefs Series
No. SRB 96-05.

[38] Fromming, E. Biologie der
Mitteleurop€aischen Landgastropoden.
Deucher et Humboldt, Berlin. 1954.

[39] Ant, H. Faunistische, kologische
und tiergeographische Untersuchungen
zur Verbreitung der Landschnecken in
Nordwestdeutschland. Abhandlungen
des Landesmuseums fiir Naturkunde
Miinster. 1963: 25: 125p.

[40] Ward, D., Slowtow, R. The effects
of water availability on the life history
of the desert snail Trochoidea seetzeni:

an experimental field manipulation.
Oecologia. 1992: 90: 572-580.

[41] Goodfriend, G.A., Magaritz, M.,
Gat, J.R. Stable isotope composition
of land snail body water and its
relation to environmental waters
and shell carbonate. Geochimica

et Cosmochimica Acta. 1989: 53:
3215-3221.

[42] Kovdcs, ., Moravcova, M., Ujva'lri,
G., Pintér, A.G. Reconstructing the
paleoenvironment of East Central
Europe in the Late Pleistocene using

the oxygen and carbon isotopic signal
of tooth in large mammal remains.
Quaternary International. 2012: 276-277:
145-154.

[43] Corcho Alvarado, J.A., Leuenberger,
M., Kipfer, R., Paces, T., Purtschert,

R. Reconstruction of past climate
conditions over central Europe from
groundwater data. Quaternary Science
Reviews. 2011: 30: 3423-3429.

[44] Huang, Y., Street-Perrott,

F.A., Metcalfe, S.E., Brenner, M.,
Moreland, M., Freeman, K.H. Climate
change as the dominant control on
glacialinterglacial variations in C3 and
C4 plant abundance. Science. 2001: 293:
1647-1651.



Pleistocene Climate Change in Central Europe
DOI: http://dx.doi.org/10.5772/intechopen.93820

[45] Hall, S.A., Penner, W.L. Stable
carbon isotopes, C3-C4 vegetation, and
12 800 years of climate change in central
New Mexico, USA. Palaeogeography,
Palaeoclimatology, Palacoecology. 2013:
369:272-281.

[46] Galy, V., Francois, L., France-
Lanord, C., Faure, P., Kudrass, H.,
Palhol, F., Singh, S.K. C4 plants decline
in the Himalayan basin since the Last
Glacial Maximum. Quaternary Science
Reviews. 2008: 27: 1396-1409.

[47] Stimegi, P., Gulyas, S., Persaits,

G., Szelepcsényi, Z. In: Rakonczai,
Janos, Ladanyi, Zsuzsanna (Eds.), Long
Environment Change in the Forest
Steppe Habitat of the Great Hungarian
Plain Based on Palaeoecoloical Data.
Review of Climate Change Research
Program at the University of Szeged
(2010-2012). Institute of Geography and
Geology, 09/2012: 7-24p.

[48] Schatz, A.-K., Zech, M.,

Buggle, B., Gulyas, S., Hambach, U,,
Markovié, S.B., Stimegi, P., Scholten,
T. The late Quaternary loess record
of Tokaj, Hungary: reconstructing
palaecoenvironment, vegetation

and climate using stable C and N
isotopes and biomarkers. Quaternary
International. 2011: 240: 52-61.

[49] Ambrose, S.H., Sikes, N.E.

Soil carbon isotope evidence for
Holocene habitat change in the Kenya
Rift Valley. Science. 1991: 253 (5026):
1402-1405.

[50] McConnaughey, T.A., Gilikin,
D.P. Carbon isotopes in mollusc shell
carbonates. Geo-Marine Letters. 2008:
28:287-299.

[51] Bar-Yosef, O., Pilbeam, D. Peabody
Museum Bulletin 8, Harvard University,
Cambridge. 2000.

[52] Bolus, M., Conard, N.J. The late

Middle Paleolithic and earlies Upper
Paleolithic in Central Europe and

31

their relevance for the Out of Africa
hypothesis. In: Straus, L., Bar-Yosef, O.
(Eds.), Out of Africa in the Pleistocene,
vol. 75. Quaternary International. 2001:
29-40.

[53] Jelinek, J. Neanderthal remains

in Kalna Cave, Czechoslovakia. In:
Schwidetzky, I., Chiarelli, B., Nekrasov,
O. (Eds.), Physical Anthropology of
European Populations. Mouton, 1980:
The Hague. 351-353.

[54] Wolpoff, M.H., Smith, F.H., Malez,
M., Radov¢ié, J., Rukavina, D. Upper
Pleistocene human remains from Vindija
Cave, Croatia, Yugoslavia. American
Journal of Physical Anthropology. 1981:
54, 499-545.

[55] Smith, F.H. Upper Pleistocene
hominid evolution in South—Central
Europe: a review of the evidence
and analysis of trends. Current
Anthropology. 1982: 23: 667-686.

[56] Rink, W.J., Schwarcz, H.P., Smith,
F.H., Radov¢ié, J. ESR ages for Krapina
hominids. Nature. 1995: 378, 24.

[57] Karavanid, 1., Smith, F.H. The
Middle/Upper Paleolithic interface and
the relationship of Neanderthals and
early modern humans in the Hrvatsko

Zagorje, Croatia. Journal of Human
Evolution. 1998: 34: 223-248.

[58] Ahern, J.C.M., Karavanic, I.,
Paunovié, M., Jankovié, 1., Smith, F.J.
New discoveries and interpretations

of hominid fossils and artifacts from
Vindija Cave, Croatia. Journal of Human
Evolution. 2004: 46: 25-65.

[59] Krings, M., Capelli, C.,
Tschentscher, F., Geisart, H., Meyer,
S., von Haeseler, A., Grossschmidt, K.,
Possnert, G., Paunovié, M., Paibo, S.,
2000. A view of Neanderthal genetic
diversity. Nat. Genet. 26, 144-146.

[60] Smith, F.H., Trinkaus, E., Pettitt,
P.B., Karavanic, I., Paunovié, M.



Pleistocene Archaeology - Migration, Technology, and Adaptation

Direct radiocarbon dates for Vindija
G1 and Velika Pe¢ina Late Pleistocene
hominid remains. Proceedings of the
National Academy of Science. 1999: 96:
12281-12286.

[61] Mellars, P. Archeology and the

Dispersal of Modern Humans in Europe:

Deconstructing the Aurignacian.
Evolutionary Anthropology. 2006: 15:
167-182.

[62] Mester, Z. The problems of the
Szeletian as seen from Hungary.
Recherches Archéologiques. 2017: NSO:
19-48.

[63] Zilhdo, J., d’Errico, F. The
Neanderthal Problem Continued:
Reply. Current Anthropology. 1999: 40:
355-364.

[64] Svoboda, J. Mlade¢ and other caves
in the Middle Danube region: early
modern humans, late Neandertals, and
projectiles. In: Les premiers hommes
modernes de la Péninsule Ibérique.
Actes du Colloque de la Commission
VIII de 'UISPP. IPA, 2001b: Lisbon.
45-60.

[65] Miracle, P. The spread of modernity
in Paleolithic Europe. In: Omoto, K.,
Tobias, P. (Eds.), The Origins and

Past of Modern Humans—Towards
Reconciliation. Recent Advances in
Modern Biology. 1998: vol. 3. World
Scientific Publishing, Singapore,
171-187.

[66] Gadbori-Csank, V. Le Jankovichien.
Une civilisation paléolithique en
Hongrie. 1994: ERAUL 53, Liége.

[67] Sefcakova, A. Pleistocene
anthropological finds from the territory
of Slovakia. Acta Rer. Natur. Mus. Nat.
Slov., 2007. Vol. LIII, 26-45.

[68] Svoboda, J., Lozek, V., Vi¢ek, E.
Hunters Between East and West. The
Paleolithic of Moravia. 1996: Plenum,
London, NY.

32

[69] Svoboda, J., Skrdla, P. The
Bohunician technology. In: Dibble, H.L.,
Bar-Yosef, O. (Eds.), The Definition and
Interpretation of Levallois Technology.
Prehistory Press, Madison, 1995:
429-438.

[70] Schmitz, R. W., D. Serre, G.
Bonani, S. Feine, F. Hillgruber, H.
Krainitzki, S. Pddbo and F. H. Smith.
The Neandertal type site revisited:
Interdisciplinary investigations of
skeletal remains from the Neander
Valley, Germany. Proceedings of the
National Academy of Sciences 2002: 99,
13342-13347.

[71] Trinkaus, E., Milota, $., Rodrigo,
R., Mircea, G., Moldovan, O. Early
Modern Human Cranial Remains from

the Pestera ¢u Oase, Romania. Journal of
Human Evolution 2003a: 45: 245-253.

[72] Haesaerts, P., Damblon, F., Bachner,
M., Trnka, G. Revised stratigraphy

and chronology of the Willendorf II
sequence, Lower Austria. Archaeologia
Austriaca 1996: 80: 25-42.

[73] Bolus, M., Conard, N.J. The late
Middle Paleolithic and earliest Upper
Paleolithic in Central Europe and

their relevance for the Out of Africa
hypothesis. In: Straus, L., Bar-Yosef, O.
(Eds.), Out of Africa in the Pleistocene.
Quaternary International, 2001: 75:
29-40.

[74] Thomas, H., Basell, L., Jacobic,
R., Wood, R., Bronk Ramsey, C.,
Conard. NJ. Testing models for

the beginnings of the Aurignacian
and the advent of figurative art and
music: The radiocarbon chronology
of Geiflenklosterle. Journal of Human
Evolution. 2012: 62 (6): 664-676.

[75] Churchill S.E., Franciscus R.G.,
McKean-Peraza H.A., Daniel J.A.,

Warren B.R. Shanidar 3 Neandertal
rib puncture wound and paleolithic

weaponry. Journal of Human Evolution,
2009;57: 163-78.



Pleistocene Climate Change in Central Europe
DOI: http://dx.doi.org/10.5772/intechopen.93820

[76] Greenbaum, G; Getz, W. M.;
Rosenberg, N. A.; Feldman, M. W;
Hovers, E.; Kolodny, O. Disease
transmission and introgression can
explain the long-lasting contact zone
of modern humans and Neanderthals.
Nature Communications. 2019: 10 (1):
5003.

[77] Pearce, E., Stringer, C.,

Dunbar R.I.M. New insights into
differences in brain organization
between Neanderthals and anatomically
modern humans. Proceedings of
Biological Sciences, 2013: 280: Issue
1758.

[78] Golovanova, LV.; Doronichev,

V.B.; Cleghorn, N.E.; Koulkova,

M.A.; Sapelko, TV.; Shackley, M.S.
Significance of Ecological Factors in the
Middle to Upper Paleolithic Transition.
Current Anthropology. 2010: 51 (5):
655-691.

[79] Higham, T., Douka, K., Wood, R.
et al. The timing and spatiotemporal
patterning of Neanderthal
disappearance. Nature 2014: 512,
306-300.

[80] Higham, T. European Middle and
Upper Palaeolithic radiocarbon dates
are often older than they look: problems
with previous dates and some remedies.
Antiquity 2011: 85, 235-249.

[81] Alexandrowicz W.P. Malacological
sequence of Weichselian (MIS

5-2) loess series from a profile in
Grodzisko Dolne (southern Poland)
and its palaeogeographic significance.
Quaternary International. 2014: 319:
109-118.

33






Chapter 3

Human Evolution in the Center

of the Old World: An Updated
Review of the South Asian
Paleolithic

Parth R. Chauhan

Abstract

The Indian Subcontinent was an important geographic region for faunal and
hominin evolution in Asia. While the Oldowan as the earliest technocomplex
continues to be elusive, the oldest Acheulean is dated to ~1.5 Ma and the early
Middle Paleolithic is ~385 ka (from the same site). New Late Pleistocene dates have
been reported for the Middle Paleolithic which continues up to 38 Ka in southern
India. The Upper Paleolithic remains ambiguous and requires critically multidis-
ciplinary investigations. The microlithic evidence appears to spread rapidly across
the subcontinent soon after its emergence at ~48 Ka (though its origin is debated)
and continues into the Iron Age. The timeline of the initial arrival of Homo sapiens
continues to be debated based on the archaeology (advanced Middle Paleolithic vs.
microlithic) and genetic studies on indigenous groups. Other issues that need con-
sideration are: interactions between archaics and arriving moderns, the marginal
occurrence of symbolic behavior, the absolute dating of rock art and the potential
role of hominins in specific animal extinctions and ecological marginalization. The
region does not appear to have been a corridor for dispersals towards Southeast Asia
(although gene flow may have occurred). Instead, once various prehistoric tech-
nologies appeared in the Subcontinent, they possibly followed complex trajectories
within relative isolation.

Keywords: Asia, Indian subcontinent, Paleolithic, paleoanthropology, milestones

1. Introduction

Human evolutionary studies or paleoanthropological research are constantly
yielding new information and thus revising previously assumed hypotheses as
well as generating new ones. While Africa and Europe have dominated the bulk of
our knowledge on human evolution over the last century, various parts of Asia are
yielding new and unexpected paleoanthropological surprises. One of these vital
Asian regions is South Asia or the Indian Subcontinent, its prehistory being known
and regularly highlighted since the nineteenth century [1] and predominantly
includes stone tool assemblages from various time periods ranging from the Lower
Paleolithic to the Neolithic [2]. Prehistoric evidence is known from throughout the
Subcontinent with specific geographic pockets as being exceptions due to various
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factors including research bias as well as other natural attributes. Lithic assemblages
belonging to all prehistoric phases have been reported including Lower Paleolithic
(Oldowan and Acheulean), Middle Paleolithic, Upper Paleolithic and microlithic/
Mesolithic. Despite this large body of known evidence, very few sites have been
properly dated using absolute dating techniques. The earlier results, though
obtained through different dating methods [3, 4], should be viewed as provisional
until verified by newly-available dating techniques. For example, some U-Th dates
(between <390 Ka and < 131 Ka) processed a few decades ago at a multi-period site
in Rajasthan have now been revised to younger estimates using the luminescence
method e.g. [5], leading to a re-interpretation of that cultural sequence [6]. The
persistent marginal profile of hominin fossils continues to afflict Indian prehistory
and more systematic surveys are required to identify new areas with vertebrate fossil
preservation. The only known pre-modern hominin fossils in the subcontinent,
which may be contemporary with the Late or terminal Acheulean phase, come from
Hathnora and nearby localities in the central Narmada Valley. They include a partial
calvarium, possibly female, and possibly associated clavicles and a rib fragment, all
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Figure 1.

Mayp of dated Paleolithic technologies across the Indian subcontinent including Pakistan, India, Nepal and
Sri Lanka (LP: Lower Paleolithic; a: Acheulean; EA: Early Acheulean; LA: Late Acheulean; MP: Middle
Paleolithic; UP: Upper Paleolithic; M: Microlithic; MC: Multi-cultural; OES: Ostrich eggshell).
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Site Age Techno-chronology
Masol 2.6 Ma? pre-Acheulean
Riwat (Pakistan) ~2 Ma Pre-Acheulean
Pabbi Hills (Pakistan) 2.2-0.9 Ma Pre-Acheulean

Attirampakkam 1.5Ma & 385-73 Ka Acheulean & Middle Paleolithic
Isampur 1.27 Ma? Acheulean
Singi Talav ~800 Ka? Acheulean
Dhansi >780 Ka Undiagnostic
Morgaon >780 Ka & 41 Ka Acheulean
Dina & Jalapur ~700-400 Ka Acheulean
Chirki Nevasa >350 Ka Acheulean
Sadab 290 Ka Acheulean
Teggihalli 287 Ka Acheulean
Umrethi >190 Ka Acheulean
Kaldevanhalli 174 Ka Acheulean
Patpara & Bamburi 1 140-120 Ka Acheulean
Bori 1.38 Mato 23 Ka Acheulean
Adi Chadi Wao 190 to 69 Ka Acheulean
16R (Didwana) 187 Ka-6Ka Multi-period
Sandhav 114 Ka Middle Paleolithic
Bhimbetka Rockshelter I1I-F23 >106 Ka & >41Ka Multi-period
Nakjhar Khurd >100 Ka Acheulean
Durkadi <100 Ka Multi-period
Kataoti 95 Ka Middle Paleolithic
Dhaba 79-65Ka & 48 Ka Middle Paleolithic & microlithic
Jwalapuram 77-38 Ka & 35Ka Middle Paleolithic and microlithic
Mehtakheri 48 Ka Microlithic
Fa-Hien Lena (Sri Lanka) 48 Ka microlithic
Kalpi 45Ka Middle Paleolithic
Site 55 (Pakistan) 45Ka Upper Paleolithic
Kitulgala beli-Lena (Sri Lanka) 45 Ka microlithic
Sanghao Cave (Pakistan) 42 Ka Middle Paleolithic
Kana 42 Ka Microlithic
Batadomba Lena (Sri Lanka) 36 Ka microlithic
Mahadebbera 34Ka Microlithic
Arjun 3 (Nepal) >30 Ka? Middle Paleolithic
Patne 30 Ka Multi-period
Table 1.

List of dated prehistoric sites in the Indian subcontinent.

recovered over a decade [7, 8]. The calvarium, originally identified as an “advanced”
Homo erectus, was later reclassified as an archaic or early form of H. sapiens [9, 10].
Phylogenetic reevaluation of the calvarium reveals that it shares key morphological
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features with both H. heidelbergensis and H. evectus [11]; it has been most recently
classified as Homo sp. indet. [12]. The oldest fossil evidence for Homo sapiens is
dated to ~38 Ka and currently comes from Sri Lanka, while all younger evidence
comes from multiple sites across India [13, 14].

What is also largely missing is direct evidence for butchery in the form of cut-
marked fossil bones; some possible exceptions include Isampur [15] and Masol [16],
both of which require further verification and substantiation through more evi-
dence. Additionally, use-wear analyses and other scientific methods such as residue
analysis are also required on well-preserved lithic assemblages. Other types of evi-
dence that are poorly known is the age and nature of symbolic behavior (see [17])
as well as the nature of technological transitions. Indeed, there has been a recent
global movement to decolonize earlier interpretations of hominin dispersals and
population replacements across the Old World [18]. This also includes India, where
earlier historical interpretations defined the Upper Paleolithic and modern human
behavior based on the then-known European evidence [19]. Numerous reviews of
the South Asian region’s prehistoric records have been published elsewhere (e.g.

[3, 4, 20-28]). Over three dozen Paleolithic and early microlithic sites have been
dated in Pakistan [29-33], India [5, 14, 16, 34-58], Nepal [59] and Sri Lanka
[60-63] since the 1980s onwards, using different relative and absolute dating
methods including biochronology, palacomagnetism, stratigraphic correlation,
U-Th, U-series, K-Ar, Ar-Ar, luminescence, electron spin resonance, radiocarbon
(calibrated and uncalibrated) and AMS. These various ages range from ~2.6 Ma
to ~35 Ka, and include geographically random sites belonging to various prehis-
toric technologies including Oldowan-like, Acheulean, Middle Paleolithic, Upper
Paleolithic and the earliest microlithic assemblages (Figure 1 and Table 1). While
broad summaries are provided here, the primary goal of this paper is to highlight
the most salient attributes of this zone, provide specific updates to previously
known data and discuss possible implications of new discoveries from surrounding
regions outside the Subcontinent.

2. Lower Paleolithic

Despite numerous efforts by several researchers such as Armand in central India
[64] and the British Archeological Mission to Pakistan [33], the Oldowan has con-
tinued to remain elusive in India. Instead of unequivocally deriving from well-dated
excavated contexts, almost all reported occurrences (n = 12) come from surface
contexts or there are other contextual and geochronological issues associated with
these finds [65]. Oldowan evidence has been reported from the Siwalik Hills in
Pakistan and northern India as well as from the Narmada Basin in central India. The
latest evidence, from Masol near Chandigarh, was reported by an Indo-French team
and includes stone tools from excavated contexts and a possible-cut-marked fossil
bone from surface context [16]. The researchers have provided an age estimate of
2.6 Ma for this material, however the contexts are disparate and the cut-marks are
not properly verified [66] as they could have been produced from other processes
also, such as animal teeth or fluvial transport prior to fossilization (e.g. [67]). The
Lower Paleolithic of South Asia is basically dominated by (Large Flake) Acheulean
assemblages that currently range in age from 1.5 Ma to 120 Ka [40, 57]. Acheulean
sites are known to occur almost throughout the Subcontinent with some excep-
tions - the Gangetic plains, northeastern India and surrounding areas, Kerala, the
extreme southern tip of India and Sri Lanka [4]- owing to various factors such
as topography, geology, ecology, climate, high sea-levels and the absence of suit-
able raw materials. Acheulean assemblages variably include handaxes, cleavers,
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miscellaneous bifaces, picks, giant and small cores, polyhedrons, large and small
flake blanks, flake tools such as scrapers and debitage at some primary-context
factory sites (for examples, see Figures 2-7). The site with the oldest-known
Acheulean evidence (Attirampakkam) also happens to preserve the oldest-known
early Middle Paleolithic at 385 Ka [58]. This indicates that the full transition from
the Lower Paleolithic to the Middle Paleolithic in South Asia was lengthy, geo-
graphically and chronologically uneven and behaviorally complex. This is evident

Figure 2.
Diverse handaxes, picks and trihedral elements from the Narmada Basin, Central India.
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Figure 3.
Handaxe and miscellaneous bifacial elements from Son Valley, north-central India (pic courtesy: Shashi
Mehra).

from the lengthy overlap between the earliest Middle Paleolithic at Attirampakkam
and the Late Acheulean dated to 140-120 Ka in the Son Valley of north-central India
[40]. In addition, such a lengthy transition is making it difficult for archeologists
to often separate terminal Acheulean assemblages from early Middle Paleolithic
ones. For example, the Son Valley evidence was respectively classified as Middle
Paleolithic and Late Acheulean by two different groups of researchers over time
(see supplemental data in [58]). It is also possible that the specific hominin groups
during this transition made and used different technologies in differing contexts
for diverse functional purposes: e.g. assemblages with Late Acheulean handaxes for
heavy-duty tasks verses Levallois dominated flake assemblages for light duty tasks,
a hypothesis that can only be resolved through chronologically-targeted landscape
archaeology.

Key issues that are yet to be properly understood for the South Asian Acheulean
include the nature of change within this techno-chronological phase as well as
understanding factors to understand regional variations in assemblage compositions,
artifact and site densities, timings of regional transitions, some geographic absences
of occurrence and lack of absolute ages for most of the stratified assemblages.
Broader aspects that remain to be properly understood include the number and
directions of Acheulean dispersals into and out of the Subcontinent, the hominin
species that were associated with that technology and the diverse subsistence strate-
gies that took place across the region. In addition, specific regions have ambiguous
features for which factors are currently unclear: for instance, the Gujarat zone (west-
ernmost India) has not yet yielded Early Acheulean sites and while Maharashtra
has numerous Early Acheulean sites on Deccan Trap basalt, no Late Acheulean sites
have yet been reported. While future surveys may refine such observations, we
need to explore additional explanations for such discrepancies. For example, lack
of assemblage burial during specific fluvial and depositional cycles and associated
sub-aerial weathering processes may have affected assemblages with smaller basalt
specimens than in the Early Acheulean (see [68, 69]). However, this explanation may
not be equally applicable to the entire zone of Maharashtra — perhaps basalt was not
deemed suitable for Late Acheulean hominins or populations shifted to other regions
to target different raw materials such as quartzite, and so forth. Based on preliminary
counts from compiled data, a minimum of 1560 Acheulean/Early Stone Age sites and
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Figure 4.
Diverse cleavers from the site of Pilikarar in the central Narmada Basin.

site-complexes have been reported and there are major differences in the geographic
patterns of occurrences.! While one factor may be research bias (i.e. lack of surveys
in some zones), broad observations may still hold for most regions despite future
survey efforts. For example, the northern zone, northeastern zone and the southern-
most tip of India have the least number of Acheulean sites totaling to 51. The remain-
ing zones have yielded significantly higher numbers of sites, especially central,
eastern and peninsular India; for example, compiled data for central India alone
yielded 305 published Lower Paleolithic sites out of which 17 have been excavated
[70]. The virtual lack of Lower Paleolithic sites in southern Tamil Nadu and Kerala
suggests that Lower Paleolithic hominins may have never reached the southernmost
Indian coastal tip; this fact, along with a probable lack of a land bridge, may explain
why no Acheulean evidence is known from Sri Lanka. This may further suggest that
hominins first entered Sri Lanka after about 100 Ka when large bifaces ceased being
made throughout India. In any case, more intensive surveys are required in Sri Lanka

! The minimum counts of different types of Paleolithic sites provided in this paper come from an ongo-
ing compilation of published data (e.g. Indian Archaeology- A Review; Man and Environment; Purattatva).
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Figure 5.
Cleavers and cleaver-like flake blanks from the central Narmada Basin.

to confirm a true absence as well as recover, excavate and date potential Middle and
Upper Paleolithic sites [71].

Other key anomalies for the Lower Paleolithic include ‘missing contexts’ and
‘missing evidences’ For instance very few Early Pleistocene deposits, contexts
and lithic assemblages have been identified south of the Siwalik Hills and the few
known ones have been identified through limited but diverse methods such as
palaecomagnetic dating, cosmogenic dating, electron spin resonance, associated
stratigraphic correlation and microtremor readings [35, 50, 53, 57, 72-75]. This is
probably due to a multitude of factors including the lack of focused surveys, lack
of geochrononological applications and geological processes which may have both
deeply buried such contexts as well as destroyed them (e.g. cut-and-fill regimes).
These may explain why legitimate or unequivocal Oldowan assemblages have
yet to be discovered, excavated and dated. In the same vein, Middle Pleistocene
contexts and sites have also not been adequately identified, primarily owing to
the earlier lack of suitable geochronological methods. Reliable Middle Pleistocene
dates have started to be reported only recently as some of the sites have been
studied and known for many decades to yielded important stratified lithic assem-
blages: the multicultural sequence at the 16R dune at Didwana in Rajasthan [5]
now dated to between ~187-6 Ka [5]?, the Late Acheulean occurrences of Patpara

% The new luminescence dates for the 16R dune (<190 Ka) replace the previously-reported U-Th dates
which had shown the bottom-most layer as being >350 Ka; the revised chronological framework has also
led to the re-interpretation of the cultural sequence (see Blinkhorn 2013).
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Figure 6.
In situ or stratified handaxes in quaternary fluvial sections of the central Narmada Basin.

and Bamburi in the Son Valley in Madhya Pradesh dated to between 140 and

120 Ka [40] and multiple early and later Middle Paleolithic assemblages from
Attirampakkam in Tamil Nadu dated to between 385 and 73 Ka [58]. However,
despite these investigations as well as stratigraphically and geochronologically
identifying some Middle Pleistocene sites and contexts, they have not yet yielded
any vertebrate fossil material. This temporal and contextual pattern of fossil pres-
ervation also applies to the known Early Pleistocene sites in central and peninsular
India [50] which have yet to yield adequate vertebrate fossil evidence. Some rare
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Figure 7.
Find-spots of cleavers in surface context with diverse sedimentary types from the central Narmada Basin (pic
courtesy: Vivek Singh,).

exceptions of vertebrate fossils found in contexts older than the Late Pleistocene
in India include Isampur [15] and Attirampakkam in southern India ([76, 77]) and
Dhansi in central India [44]. While the older contexts appear to be largely devoid
of fossil preservation, it is highly probable that some or most of those older fossils
have been redeposited in younger depositional contexts during landscape reju-
venation cycles. This probably also applies to some of the known fossil hominin
material from the central Narmada Basin [7, 8] as associated mammalian teeth
from Hathnora yielded variable absolute ages indicating chronologically-mixed
fossils and probably artifacts as well [44]. Therefore, it is vital to date well-pre-
served vertebrate fossils directly using such methods as electron spin resonance
and uranium-series, to obtain exact ages of the specimens rather than ages of their
burial or minimum ages.
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3. Middle Paleolithic

The early Middle Paleolithic appears to begin before 385 Ka [58] and is char-
acterized by a gradual transition from large bifaces to small bifaces, before they
disappear completely during the later Middle Paleolithic. In fact, the region alleg-
edly preserves the youngest diminutive bifaces in the world (see [37, 78]), although
this requires verification through more contextual and geochronological research
across the Subcontinent as earlier U-Th dates need to be revised (e.g. [5]). The
changing toolkit also includes the introduction of different reduction strategies and

Figure 8.
Multiple perspectives of three Levallois flakes from the Son Valley, north-central India (pic courtesy: Shashi
Mehra).
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the emergence of prepared cores, points and blade elements (Figures 8 and 9). In
fact, Middle Paleolithic points, which are first evident at 385 Ka at Attirampakkam,
continue to occur in younger (Late Pleistocene) contexts as well [34, 36]. Late
Pleistocene contexts and sites are more widespread but also remain inadequately
dated. Recent examples of new and previously-known sites that were dated for the
first time include Attirampakkam in Tamil Nadu where the later Middle Paleolithic
ends at 73 Ka [58], Dhaba in Madhya Pradesh ([41, 79]), the Middle Paleolithic

site of Sandhav in Gujarat [36] and Fa-Hien Lena in Sri Lanka [62]; the Sri Lankan
evidence has been reported as the oldest known bow-and-arrow technology outside
Africa at 48 Ka, making it contemporary with the microliths at Dhaba (also 48

Ka) and Mehtakheri which is 45 Ka [45]. The primary reason for the increase in
such dates is the growing application of refined or new luminescence techniques as
well as radiocarbon methods. The youngest Middle Paleolithic evidence has been

Figure 9.
Dorsal and ventral sides of three Levallois and Levallois-like points from the Son Valley, north-central India
(pic courtesy: Shashi Mehra).
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dated to 38 Ka in southern India [56] and as with the Acheulean, Middle Paleolithic
assemblages have been reported from throughout the Subcontinent with (more or
less) the same geographic exceptions.

Preliminary compilation of published data shows a minimum of 750 occur-
rences of Middle Paleolithic/Middle Stone Age sites and site-complex across
India. While earlier researchers have identified Middle Paleolithic sites based on
the absence of bifaces, dominance of flake-based assemblages and the presence
of Levallois elements, some regions do not preserve a clear signature of this
phase. For example, most of the enigmatic ‘Soanian’ evidence (Figure 10) in the
Siwalik Hills region appears to variably comprise contemporaneous Mode 1 and
Mode 3 technologies [4]. No absolute dates for that tradition/adaptation are yet
available from excavated or stratified contexts and the only two earlier-dated
occurrences in the Siwalik Hills of Pakistan [31] and Nepal [59] have not been
classified as Soanian. Likewise in other regions, the Middle Paleolithic evidence
may be equally undiagnostic or ambiguous and not necessarily absent. Based on
current evidence, specific diagnostic attributes such as preferential Levallois ele-
ments and points do not appear to be as abundant or geographically widespread
as expected. That being said, most of the earliest dispersals of Homo sapiens may
not be typo-technologically diagnostic as seen with the younger technologies in
the archeological record. In fact, the initial arrival of Homo sapiens continues to
be debated based on archaeology (advanced Middle Paleolithic vs. microlithic)
and genetic studies on indigenous groups [80]. Future surveys aimed at filling
key geographic and stratigraphic contexts may gradually change this pattern.
Over the last few decades, this technology has been increasingly thought to be
associated with the initial arrival of Homo sapiens by various researchers, some
of the most recent being the Jwalapuram evidence from southern India dated
to ~77 [55], the Kataoti and Sandhav evidence from western India respectively

Figure 10.
Diverse artifact types from the Soanian site of Toka in Siwalik Hills of northern India.
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dated to 95 Ka [34] and 114 Ka [36], and the Dhaba evidence in north-central
India dated to between 79 Ka and 65 Ka [41].
4. Upper Paleolithic

This prehistoric phase is the most enigmatic in the Subcontinent as it lacks
absolute dates, is geographically irregular and temporally overlaps with the
terminal Middle Paleolithic and early microlithic in several regions. Due to the
latter attribute, the South Asian Upper Paleolithic has been replaced with or incor-

porated within the ‘Late Paleolithic’ by some researchers (see [81]). Preliminary
counts from published data has revealed a minimum of 530 reported Upper

5cm
Figure 11.

Laminar elements (blades) from the Son Valley, north-central India (pic courtesy: Shashi Mehra,).
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Paleolithic/Late Stone Age sites across India. It is interesting that classic and diag-
nostic Upper Paleolithic sites have not yet been reported (or classified as such) from
Pakistan, Nepal and Sri Lanka. The dominating and defining features of this techno-
chronological phase include a notable increase in the production of more specialized
laminar tools such as blades and burins (Figure 11). Additional tool types during
this techno-chronological period include flakes, knives, awls, borers, scrapers,

cores including cylindrical types, choppers, and bone tools. Unfortunately, and
surprisingly, there are still no absolute dates available for any exclusive (i.e. without
a microlithic component) Upper Paleolithic assemblages in India, though numerous

Figure 12.
Diverse microlithic artifacts from the site of Bayan in the Central Narmada Basin (pic courtesy: Nupur
Tiwari).
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Figure 13.
Diverse microlithic cores and microblades/bladelets on different raw materials from the Son Valley (top row;
pic courtesy: Shashi Mehva) and Patne (bottom row) in west-central India.

sites have been reported. The only date currently available for a blade-dominated
assemblage in the entire Subcontinent is 45 Ka for Site 55 in Pakistan [31], making it
contemporary with the young Middle Paleolithic assemblages in northern India [38]
and old microlithic assemblages in central India and Sri Lanka [41, 62].

Besides chronology and ecological adaptations, a key issue that remains to be
understood is the nature of the transitions between the Middle Paleolithic, Upper
Paleolithic and early microlithic in South Asia (Figures 12 and 13). What is also
lacking in association with these technologies is comparatively abundant symbolic
behavior (see [82]), the main explanation for which may be the lack of adequate
research and preservation. Given the geographic mosaic of ecological diversity
across the Indian subcontinent, it is likely that only some regions do contain classic/
typical Upper Paleolithic technologies as distinct techno-chronological entities. In
the other geographic zones, their absence may be explained by the lack of suitable
raw materials such as siliceous rocks (e.g. chert, fine-grained quartzite) and other
factors such as a lack of geographic movements into some zones due to various
climatic, ecological and adaptive constraints. Slightly younger evidence which was
dated using the AMS method has also yielded new paleoanthropological insights
including the youngest dated (~16 Ka) hippo fossils in India [83] and a new micro-
lithic-faunal-pollen association (~18 Ka) from Odisha in eastern India [84], a poorly
known but promising region for Indian palaeoanthropology. Such data demonstrate
the broad temporal interface between fauna, environments and/or humans. Both
studies span not only the end of the Last Glacial Maximum but also perhaps indi-
rectly reflect major transformations within the microlithic phase including the
beginning of geometric microliths, human burials and other symbolic behaviors,
i.e. the beginning of the Mesolithic proper. Increased human-fauna interactions and
rapid colonization of the Subcontinent may have led to the beginning of long-term
eco-geographic marginalization of some species (e.g. lion, rhino) as well as their
subsequent extinctions (e.g. hippo, ostrich). Only high-resolution multidisciplinary

50



Human Evolution in the Center of the Old World: An Updated Review of the South Asian...
DOI: http://dx.doi.org/10.5772/intechopen.94265

studies including robust chronological frameworks from across India can, however,
verify or reject such broad multi-proxy relationships.

5. Discussion and conclusion

In addition to the observations and brief summaries provided above, additional
key paleoanthropological discoveries in recent years include the first-ever recovery
of Sivapithecus fossils outside the Siwalik Hills [85], extraction of DNA from ostrich
eggshells and protohistoric human bones [86, 87] and the report of tool-use and
object manipulation by the macaque populations of Andaman and Nicobar Islands
[88, 89]. The Sivapithecus find comes from the western region of Gujarat and clearly
demonstrates how little we know about past faunal distributions at the pan-Indian
level. More systematic surveys of key sedimentary contexts in targeted locations
across India may yield additional faunal surprises including the much-needed hom-
inin fossils. The successful extraction of DNA from two diverse materials — human
bone and ostrich eggshell - also demonstrates that there is now greater potential for
further such studies despite earlier failed attempts which were attributed to tropical
environmental conditions [90]. The observation of tool-use in monkeys further
highlights the critical need for more primate studies in South Asia at various levels
including primate archaeology, cognitive studies, ecological adaptations, social rela-
tionships, subsistence patterns, conservation strategies and so forth. One arguably
important conclusion from the review of known data is that, with the exception of
the Pabbi Hills in the Pakistan Siwaliks, no clear evidence currently exists for the
presence of Oldowan evidence in the entire Indian subcontinent [65]. Based on the
current lack of diagnostic Paleolithic (e.g. Acheulean, Levallois, Upper Paleolithic)
and microlithic technologies in the northeastern part of the Indian Subcontinent
(i.e. northeast India, Bhutan, Bangladesh, Myanmar), it does not appear to have
been used as a biogeographic corridor during hominin dispersals to Southeast Asia.
However, intensive surveys are required in the concerned areas as well as Southeast
Asia to confirm whether the Subcontinent was a bio-cultural cul-de-sac. In that
respect, Pakistan and surrounding border areas also require further surveys to
increase the number of Paleolithic sites there, especially due to their significance as
the geographic entry point into the Subcontinent. Numerous known sites require
re-investigation through multidisciplinary methods including excavations, geologi-
cal analyses, palaeoenvironmental reconstructions and absolute dating. This is
especially critical as some previously-known sites are gradually getting destroyed
through various geological and anthropogenic processes (e.g. Chirki-on-Pravara;
Personal communication: Sheila Mishra).

Unfortunately, broad hypotheses/theories have been made for South Asian pre-
history without adequate evidence, such as the innovation of microlithic technology
following environmental deterioration soon after 40 Ka [46]. Not only is there no
clear evidence for environmental degradation across the Subcontinent, but later
discoveries have demonstrated that microlithic technology was well established in
central India and Sri Lanka, respectively, between ~50 Ka and 45 ka. Though the
source and nature of their origin remain ambiguous (innovated vs. introduced),
it may be possible that specific evolutionary milestones converged at roughly the
same time: arrival of Homo sapiens into South Asia with microlithic technology and
the arrival of the ostrich into South Asia, possibly reflecting shared arid environ-
ments [66, 91]. On a related note, the nature of biological transition(s) between
the archaic populations and incoming Homo sapiens has also not been theoretically
explored. Was this replacement process gradual or rapid? Did the replacement

51



Pleistocene Archaeology - Migration, Technology, and Adaptation

of archaic populations include interbreeding, and what was its temporal rate and
geographic pattern at the pan-Indian level? Did the technologies of both respective
hominin groups mix and influence each other at any point in time and space? These
and other questions require serious multidisciplinary attention at both empirical
and theoretical levels.

Another example is the ongoing debate of the impact of 74 Ka Toba super-
eruption on hominin behavior and lithic technology [55, 92-96]. While the
Jwalapuram evidence in southern India yielded a problematic wide age range for the
Toba-tephra-associated Middle Paleolithic evidence (77 Ka and 38 Ka), a similar
investigation at the site of Dhaba in north-central India chronologically narrowed
that gap to 79 Ka and 65 Ka [41]. Nonetheless, the lengthy time gap of 10,000 years
between the eruption and the post-Toba archeological evidence makes it challeng-
ing to draw major conclusions regarding true occupational continuity and it is not
clear if fluvial or other processes facilitated occupational/technological continuity
by minimizing the ecological impact of the Toba tephra in the immediate region. In
short, we have yet to identify a reliable site or area which preserves stratified and
dateable lithic assemblages in primary chrono-stratigraphic contexts immediately prior
to and following the Toba tephra [97], especially when considering that the impact
of Toba was probably geographically variable across the Subcontinent [96]. Only
when this is done in multiple ecological contexts across the Indian subcontinent, will
we get a more comprehensive and objectively nuanced perspective on the degrees
of impact.

Due to the unique geographic location and associated features of the Indian
subcontinent, factors of hominin dispersals and adaptations observed in other
Old World regions cannot readily apply here. For example, the link made between
the dispersals of Bos and the Acheulean [98] may be applicable only to regions
with Acheulean records considerably younger than India. Likewise, the discovery
of a considerably older Homo sapiens presence in Europe at ~210 Ka [99] does not
necessarily reflect a similar time of their arrival in Asia. However, new discoveries
reported in the last few years within Asia may be more applicable and relevant to
the Subcontinent. For example, the new decrease (to between 1.5 and 1.3 Ma) in
the arrival date of Homo erectus in Southeast Asia [100] and the geographic exten-
sion of the Denisovans on the Tibetan Plateau in China [101] indirectly suggest the
possibility of their presence in the Indian Subcontinent. Likewise, the chronological
extension of Homo sapiens’ arrival into Southeast Asia between 73 Ka and 63 Ka
[102] and Australia to ~65 Ka [103] as well as the age of Sulawesi rock art [104] at
par with Europe at ~44 Ka has major implications for the Indian zone. The oldest
dated rock art from Europe is >64 Ka and has been attributed to Neanderthals [105].
Firstly, the complexity and skill reflected in these paintings suggest the global origin
of figurative art is probably much older. Secondly, these discoveries indirectly hint
of a possible biogeographic dispersal of Homo sapiens from west to east through
tropical rainforest and coastal contexts across Southern Asia [106, 107]. While it
is possible that the SE Asian and Australian hominin populations reached there
via mainland China, the areas representing northeastern India, Bangladesh and
Myanmar need to be intensively surveyed to confirm the routes of dispersal. It is
also possible that both southern Asian and central Asian routes were used by vari-
ous species over time to reach Southeast Asia and Australasia.

From a broader research level, the most important palaeoanthropological
accomplishments in South Asia in the last few years include the chronological
extension of the Middle Paleolithic to 385 Ka and of microlithic technology to ~48
Ka and the beginning of decolonization of past interpretations and conceptual
frameworks regarding human dispersals and population replacements [66].
Nonetheless, much more palaeoanthropological research is required to make more

52



Human Evolution in the Center of the Old World: An Updated Review of the South Asian...
DOI: http://dx.doi.org/10.5772/intechopen.94265

holistic and meaningful comparisons with not only surrounding Asian regions but
also with human evolutionary records in other parts of the Old World. The current
lacunae suggest that more surveys are required to locate Oldowan sites and Early
Acheulean sites to understand their pan-Indian distribution, possible demographic
implications, and potential relationships (if any) with East and Southeast Asian
lithic records. In light of the fact that the South Asian prehistoric record is poorly
known when compared to other parts of Asia, Africa and Europe, and because
much more empirical data is required (priorities being hominin fossils and absolute
dates), it is premature and unnecessary to propose hypotheses or theories based on
preliminary evidence. At this stage in our research in South Asian prehistory, we
should perhaps focus on generating abundant empirical data and simply reporting
it in a neutral manner without any specific hypothesis-building.
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Chapter 4

Mainland versus Island
Adaptation: Paleobiogeography of
Sunda Shelf Primates Revisited

Halmi Insani and Masanaru Takai

Abstract

Southeast Asian primates appear to be one of the most successful mammals in
the dynamic paleoclimatic changes since at least 1 mya. Human and non-human
primates reflect the complex history of a wide range of ecological and geographic
variation, which presents to be the source of different systematics and biogeo-
graphic models. The past combinative effects of geographic factors (latitude,
bathymetric barrier, and duration of island isolation), periodic sea level changes,
and the contribution of human and/or non-human primate interaction are crucial
subjects in studying the north-to-south, which is from continental to archipelago
of Sunda Shelf, dispersal events and phylogeographic analysis of human and
non-human primates. Cranial size and shape difference between Homo erectus in
mainland and island displays peculiarity on the effect of insularity. Data analyses on
cranial landmarks of three non-human primate genera provide more clear resolu-
tion to reconstruct the complete scenario, whereby insular primates are dispersed
and adapted to their present biogeographical distribution.

Keywords: primate, ecogeographical rule, body size, biodiversity, Sunda shelf

1. Introduction

Mainland and island are two unique bodies of landmasses that hold not only the
obvious different area dimension but also a timeline that portrayed dynamic changes
on their geographical and ecological features. Southeast Asia that comprises mainland
and the patches of island is a home for the primate species diversity with high rate
of endemism and provinciality [1]. Since the emergence of primates in the region
during Quaternary to recent, 13 genera have been taxonomically recognized: Homo,
Pongo, Hylobates, Symphalangus, Nomascus, Hoolock, Macaca, Trachypithecus, Presbytis,
Simias, Nasalis, Nycticebus, and Tarsius [2]. With the high variability on body mass
and body size, Southeast Asian primates, both the mainland and island populations,
remain enigmatic when confronted toward ecogeographical “rules,” resulting positive
[3], contradictive [4, 5], and inconsistent results [6]. However, given their peculiarity
in adaptive functional characters among other mammal taxa and their close evolu-
tionary trajectory to human [7], primates share similarities showing their capability
in grasping object [2] for faster food procurement and high occasional flexibility
in locomotion (e.g., arboreal quadrupedalism, terrestrial quadrupedalism, and biped-
alism) [2, 8]. These functional characters support their high adaptability in predator
avoidance and alternate dietary shifts when resources are limited [9].
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Lying over a wide range of latitude and various sizes of islands, the Southeast
Asian region is frequently subjected for the studies of primate insularity that
involved spatial factors (e.g., island size, latitude, and island-mainland distance)
[3-5, 10] and temporal factors (e.g., isolation duration and geological chronology)
[5]. Insularity on primates is an interesting phenomenon that invites many reports,
linking to their ecomorphological complex (body size and body shape) [6] and
biodiversity changes [11].

In many ecological aspects, mainland environment differs from island environ-
ment. In addition, large-sized island provides different ecological scenarios from
small-sized island. Certain duration of isolation on a relatively small island may
lead to limited resources, fewer predators, and reduced interspecific competition
[12]. Although it is not impacted universally, the combinative geographical effects
on island size and island isolation can promote gigantism in smaller insular mam-
mal species and dwarfism in larger mammal species. It is widely known as island
rule (=Foster’ rule) [6, 13-18]. With the wide span of latitudinal range, primates
inhabiting the Sunda Shelf region are also assumed to follow Bergmann’ rule, by
testing the effect of latitudinal position to body size [3-5]. This study aims to elicit
the validity of ecogeographical rules affected body size and biodiversity changes
of primates around Sunda Shelf throughout the geological chronology, since their
appearance in Quaternary until recent.

2. Mainland vs. island: impacts and consequences
2.1 Body size

Among mammal taxa, the record of body size shift has not been found spec-
tacular in all primate species [19]. Before the Quaternary, the primate fossil records
adapted to island rule are found in Madagascar and Caribbean islands. Strepsirrhine
primates found in Madagascar (e.g., Archaeoindris fontoynontii and Megaladapis
edwardsi) are known to have become gigantic [20], while an extinct dwarf lemur,
Cheirogaleus spp., is known to occupy Nosy Hara Island, a small islet off the north-
west coast of Madagascar [21]. The specific examples of island gigantism are also
found in platyrrhine monkeys, such as Paralouatta mariane from Cuba [22] and
Xenothrix mcgregori from Jamaica [23].

Hominine taxa represented by the Homo flovesiensis [24] and Homo luzonensis
(judging from the small-sized molar [25]) have become the object of comparison to
their predicted common ancestor, Homo erectus, who inhabited a large-sized island
(Java) and Asian continent (Zhoukoudian, China) [24-26]. Until recent, there is
no evidence of gigantism found on Southeast Asian insular primates. Looking upon
their localities, it shows that the island rule on primates likely occurs in a warmer
area within the latitudinal span approaching equator. Throughout several reports [6]
island rule on insular primates causing body size change is more evident in oceanic
islands due to the deep bathymetric barrier from the mainland regardless of their
short island-mainland distance (e.g., Madagascar Island and Mentawai Island) [12].

Gained with the fact that three primate genera (Macaca, Presbytis, and Hylobates)
stand as the most widely distributed taxa over Sunda Shelf islands, an attempt is
conducted to compare the body size profile between living populations in mainland
and island, addressing that an island, regardless of their various sizes, bathymetric
barrier, and distance to mainland, is assumed to generate body size changes or body
shape variation. Three-dimensional measurements were employed on 20 landmark
points on lateral crania (Figure 1, Table 1, Table 2) of five species that strictly
inhabit mainland and island (Hylobates lar, Hylobates agilis, Macaca fascicularis,
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Figure 1.

Map showing two different generalized bathymetric levels from 40 and 120 m throughout Sunda shelf. Closed
dash lines present the group of islands with relatively equal range of sea depth.

Sex group Hylobates Macaca Presbytis
H. lar H. agilis M. fascicularis M. nemestrina P. femoralis

M 31 9 60 20 38

F 22 12 39 8 43

All specimens are housed in Lee Kong Chian Natural History Museum and museum Zoologicum Bogoriense Indonesia.

Table 1.
Sample size measured in this study.

Macaca nemestrina, Presbytis femoralis). The landmark points were obtained using
3D digitizer (MicroScribe MX; Immersion Corp., San Jose, CA) and translated into
centroid size that stands as alternative check to compensate spatial size over two-
dimensional size (Figure 2).

The box and whisker plot diagrams (Figure 3) exhibit two distinction profiles
between Hylobatidae and Cercopithecidae. Island populations of H. lar and H.
agilis show smaller craniolateral size to the mainland population. Noting that most
island Hylobatidae population inhabits large-sized islands (Sumatra, Borneo,
and Java); their comparatively smaller craniolateral size is seemingly hard to be
explained by island rule, knowing that they occupy large-sized islands with shal-
low bathymetric barrier to the mainland. The presence of much higher-canopy
rain forest in mainland may contribute to large-sized body proportion of Hylobates
in mainland. The reversed results profiled in Cercopithecidae (M. fascicularis,

M. nemestrina, and P, femoralis) (Figure 3). Given that Southeast Asian islands
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Abbreviation Definition
PRS Prosthion: anteroinferior point on projection of premaxilla between central incisors
PRS2 Prosthion2: anteroinferiormost point on premaxilla, equivalent to prosthion but

between central and lateral incisors

PMS The point where premaxillary suture crosses alveolar margin

MP3 Mesial P3: most mesial point on P3 alveolus, projected labially onto alveolar margin
MM1 Mesial M1: contact points between P4 and M1, projected labially onto alveolar margin
MM3 Mesial M3: contact point between M2 and M3, projected labially onto alveolar margin
DM3 Distal M3: posterior midpoint onto alveolar margin of M3

PMA Most posterior point of maxillary alveolus on the maxilla palatine

NSP Nasospinale: inferiormost midline point of piriform aperture

WPA Point corresponding lo largest width of piriform aperture

NPM Meeting point of nasal and premaxilla on margin of piriform aperture

RHI Rhinion: most anterior midline point on nasals

PMN Premaxillary maximum superior PMS where premaxillo-maxillary suture meets nasal

bone or aperture

NAS Nasion: midline point on fronto-nasal suture

GLA Glabella: most forward projecting midline point of frontals at the level of the
supraorbital ridges

BRG Bregma: junction of coronal and sagittal sutures, on sagittal crest if necessary

INI Inion: most posterior point of cranium, when viewed in the Frankfurt horizontal, be it

on sagittal/nuchal crest or not

OPS Opisthion: posterior most point of foramen magnum

LOC Most anterior point on the occipital condyle along the margin of the foramen magnum

AOC Occipital condyle along the margin of the foramen magnum between POC and AOC
Table 2.

Abbreviation and definition used in this study [27].

Figure 2.

Frontal (left) and lateral (vight) views of the generalized M. fascicularis skull, showing 20 landmark positions
used in the analysis. Number and position of landmark points are applied with the same procedure in all
species measured.
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Figure 3.

Box and whisker diagram showing the variation of craniolateral centroid size (CS) among five non-human
primate species in mainland and island group.

are geographically characterized with various sizes, latitudinal and longitudinal
positions, maximum sea depth, and island-mainland distance, this condition arises
to a consequence on more diverse insular adaptation that contributes to numerous
variations in body size.

2.2 Biodiversity changes and extinction

For the last 30 years, benefited by the advanced methodology of molecular
biology, the expansion of studies on primates of Southeast Asia have resulted in
the increased number of taxonomic diversification [28-30], which was previously
mostly explained by the superficial character (e.g., pelage color, tail length, and
behavior) on the living taxa [2, 5]. Mainland and large islands have been claimed to
correspond to the higher taxonomic diversity than islands [31]. With the wide span
of area, mainland and large islands have a great advantage to develop more topo-
graphic diversity, formed as geographic barriers (e.g., peak, valley, river), linking to
high possibility to allopatric speciation [32].

Principal component analyses (PCA) on the craniolateral shape of the five
species share similarities in the wider shape variance of all three insular species
(Figure 4). The mixed category between large-sized island and small-sized island
in this study (Table 3) may strongly correspond to the higher craniolateral mor-
phology, by considering (i) each isolated small island with unique geographical-
ecological condition and different degrees of isolation may contribute to the shape
modification, furthermore to endemism [12]; (ii) large islands may lead to various
shape modifications, generated by various topographic-diversity-derived habitat
variations [32]. Reflecting the wide variance morphology on three insular genera
of this study, insularity does not gain merely on taxonomic diversity; furthermore
strong individual differentiation within population or intraspecific variation could
also possibly generated.

The isolation process on an island may lead to enforce the possibility of
extinction in certain species [30]. For example, in Java Island, with area span
138,000 km?, three primate species (Homo erectus, Pongo pygmaeus, and M.
nemestrina) occurred during Middle-Late Pleistocene, but finally disappeared
[33] (Table 4). Harsh ecological condition (e.g., low carnivore-herbivore ratio
and habitat change) on island will contribute to the adaptability of particular
species. M. nemestrina, which is more terrestrial species than the survived
species, M. fascicularis [27] (Table 4), is assumed to be less adaptive to avoid
terrestrial and predators. Pongo, which is recently absent in Java Island and
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Plots of principal component PC1-PC2 displaying the variance between mainland and island population
among five species observed.

Genera Species/subspecies Island Latitude Island Island size max.
size category elevation
(km?) [33] (m)
CONTINENTAL ISLAND
Ponginae Pongo pygmaeus [2] Borneo 8°N-2°S 743,330 Large 4095
Pongo abelii [2] Sumatra 2°-4°N 473,481 Large 3805
(north)
Pongo tapanuliensis Sumatra 2°-4°N 473,481 Large 3805
[34] (north)
Hylobatidae Hylobates moloch Java (west) 8°-10°N 128,300 Large 3676
H. albibarbis 2] Borneo 8°N-2°S 743,330 Large 4095
(south)
H. muelleri [2] Borneo 8°N-2°S 743,330 Large 4095
(north)
Cercopithecinae M. f. atriceps [5] Khram Yai 12.70°N 20,28 Small 219
M. f. condorensis [5] Con Son 8.71°N 51,52 Small 560.8
M. f. mandibularis [5] Riau Islands 2.50°-3.13°N 106 Small 959
M. f. baweana [5] Bawean 5.80°S 196,27 Small 655
M. f. karimoendjawae Karimun Jawa 5.85°S 71,2 Small 506
(5]
Colobinae Presbytis natunae [2] Natuna Besar 4°N 1720 Small 187
Pre