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Preface

We have been involved in a five-year (2010-2014) major research project entitled
“Replacement of Neanderthals by Modern Humans: Testing Evolutionary Models of
Learning”, funded by the Japanese Ministry of Education, Culture, Sports, Science and
Technology (Grant-in-Aid for Scientific Research on Innovative Areas, Grant No. 1201).
The project has undertaken to study the replacement of Neanderthals by modern Homo
sapiens, implementing an innovative framework that illuminates the contrast between
modern human societies, which succeeded in solving survival-strategic problems, and
Neanderthal societies, which failed to do so.

As the foundation for this scheme, we assumed that this divergent outcome between the
two types of societies is attributable to a difference in learning abilities between the two
populations. On that basis, we proposed a working hypothesis which explains the
replacement in terms of a population-level difference in learning ability. In the final stage,
we subjected this hypothesis to various empirical tests.

This conference, marking the completion of the closing stage of the project, has two
objectives. The first objective is to present the overall outcomes of the project, and more
specifically, to bring together the research achievements outcomes from the various fields
encompassed by the project: archaeology, cultural anthropology, theoretical biology,
environmental science, biomechanics, neuroscience, genetics. The second is to discuss the
working hypothesis proposed by the project, newly coined as the “learning hypothesis.”

We are pleased to acknowledge the Japanese Ministry of Education, Culture, Sports,
Science and Technology for their financial support and for their interest in our project and
this conference.

Takeru Akazawa Ph.D.

Project Leader

Professor of Anthropology
Research Institute

Kochi University of Technology

Project Website
URL: http://www.koutaigeki.org/
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Why explore the replacement of Neanderthals by modern humans now?

Takeru Akazawa
Research Institute, Kochi University of Technology

Modern humans appeared in Africa about 200,000 years ago. Later, as they spread across Eurasia,
they encountered indigenous Neanderthal populations. The two populations coexisted until 40,000
years ago, perhaps even later, but the Neanderthals eventually went extinct. The question has long
occupied us: what happened to the Neanderthals? A number of current hypotheses propose possible
mechanics of the replacement of Neanderthals by modern humans, and there has been extensive
debate as to whether or not the presence of the modern humans accelerated the extinction of the
Neanderthals.

In 2010, we launched the major five-year (2010-2014) research project entitled “Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning" (RNMH). The
RNMH project interprets the replacement of Neanderthals by modern Homo sapiens in an
innovative framework that illuminates the contrast between modern human societies, which
succeeded in solving survival-strategic problems, and Neanderthal societies, which failed to do so.
We view this divergent outcome between the two types of societies as being attributable to a
difference in learning abilities between the two populations.

Thus, we have proposed a working hypothesis (the “learning hypothesis”), which explains the
replacement occurred as a result of the difference in learning abilities between archaic Neanderthals
and modern humans, and that the social and cultural divides caused by this difference determined
the outcome, and have subjected this hypothesis to various empirical tests.

In order to attain its overall goal, the project created an entirely new research paradigm involving
interdisciplinary collaboration, new perspectives and methods brought forward by researchers from
the humanities, biology, and engineering. The project takes the novel approach of broad
collaboration involving archaeology, cultural anthropology, theoretical biology, environmental



science, biomechanics, paleoneurology and other fields. This type of approach has no precedent in
previous studies of the replacement event; it is likely not only to impact on future studies in this
area, but also to generate significant spillover effects as a model for interdisciplinary research.

: \é'“ﬂ}c — Difference

: ?'3‘ ¥ b
Q 1—‘ learning abilities

Neanderthals Modern humans

Integration

Empirical validation of
Interpreting theoretical rationals learning abilities hypothesis
for learning abilities evolution

Interpreting morphological evidence
of Neanderthal-modern human
learning abilities differences

Learning abilities

restoration research

Learning abilities Fossil brain

evolution research

function research

Prehistoric archaeology
Experimental archaeology

Population biology

Bath cal Bl Cognitive archaeology Paleoanthropology
M lat elmatlcah g <.:gy Cultural anthropology Biomechanics
piecular anthrofSuyy Developmental psychology Precision engineering

Geochemistry

h Cognitive neuroscience
Paleoclimatology

Paleoneuroscience

Clarifying evidence of Neanderthal-modern human
learning abilities differences

Specifically, we have conduct the following studies within an interdisciplinary research framework
based on new perspectives and methods brought forward by researchers from the humanities,
biology, and science and engineering.

Learning abilities restoration research:
Empirically demonstrate that differences existed between archaic and modern humans
in terms of learning abilities and learned behaviors;

Learning abilities evolution research:
Theoretically deduce and empirically demonstrate the circumstances that led to the
Neanderthal-Homo sapiens differences in learning abilities and learned behaviors;

Fossil brain function research:
Establish that differences in learning abilities and learned behaviors existed between
archaic and modern humans, by providing anatomical proof of differences in the
configuration of the neural basis in the brains of the two populations.



The fate of the Neanderthals seems to have been the subject of only isolate research in the past, and
it is the aim of the project to bring together as many disciplines as possible so as to be able to draw
a comprehensive scenario of the evolution and dispersal of modern humans on the Earth. With the
collaboration of our colleagues from different fields, working in multi- and trans-disciplinary teams,
we will undoubtedly be inspired to further pursue our endeavors.

We humans, what are we? Various approaches to answering this question come to mind. One
possibility is to investigate, through the numerous fossils of now-extinct hominids, how those
hominids lived their lives. This should provide some understanding of the path by which we have
come to be who we are today. Among those fossil hominids, there is much to be learned from the
Neanderthals in particular, since they were the last hominid population on Earth before modern
humans took over.

Whenever human evolution reached such a fork, a new instance of humanity thrived while an old
instance became extinct. In the last of these recurring succession dramas, the humans closest to us
today, the modern Homo sapiens, thrived while the earlier humans, archaic H. sapiens met their
demise. All humans currently inhabiting the earth are descendants of the anatomically modern H.
sapiens who survived that epic transformation; now it is entirely possible that they are in midcourse
towards the next succession event.

We can imagine the disappearance of today’s modern humans and their replacement by some new
branch of the human family, but no one knows what that new branch might be, nor can we
concretely envision the nature of that new succession event. One long-term goal of humans, an
abstract one, is to come to an understanding of the varied forms of existence we have experienced
during our evolution. This quest may be of monumental importance: essential clues to an
understanding of our future may lie hidden in our past.
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Archeological approaches to issues regarding the replacement of Neanderthals by
modern humans

Yoshihiro Nishiaki
The University Museum, The University of Tokyo

The archeological team (Research Team A01) for the project “Replacement of Neanderthals by
Modern Humans (RNMH)” had two primary aims. The first was to synthesize archeological data
related to the processes of replacement of Neanderthals by Modern Humans, considering the
chronology and routes of dispersals of the latter from Africa to Eurasia, and issues related to the
disappearance of the former. The second goal was to test the working hypothesis, designated the
“learning hypothesis,” which postulated that innate differences in learning abilities played a
decisive role in the replacement of Neanderthals by Modern Humans.

The first goal was approached through the construction of a global-scale database (Neander DB),
which documents approximately 3200 Middle and Upper Paleolithic excavated sites across Africa
and Eurasia (including east Eurasia and parts of Oceania) dated to between 200 and 20 kya, with
published information on their archeological finds and radiometric dates. Based on a critical
evaluation of the spatio-temporal contexts of the lithic traditions and other records, it is evident that
the indigenous Neanderthal populations were not eliminated immediately after the arrival of
Modern Humans in many regions. As suggested by recent developments in genetic research,
co-existence and interaction between these populations was possible, and the topic deserves
thorough investigation using archeological evidence.

To fulfill our second aim of investigating potential differences in innate learning abilities, we
carried out comparative analyses of the learning behaviors of the two populations/societies based on
archeological evidence. An examination of the spatial organization of lithic manufacturing activities,
and patterns of change in lithic industries when each population expanded into new environments,
indicates multiple factors affecting the capacity for acquiring wider variation in learning behaviors.
Differences in social environments, including population size and social organization, were
considered particularly important. These differences may possibly be caused by cognitive
differences between the two populations, accounting for differences in learning ability. However,
available records also suggest contrary evidence, implying that it is too simplistic to postulate
potential innate cognitive differences as the single force accounting for replacement of the
Neanderthals. It is now time to update the “learning hypothesis” proposed in 2009, taking into
consideration non-innate social issues as important factors affecting learning behavior in the two
populations.
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Geoscientific studies on the replacement of Neanderthals by modern humans

Minoru Yoneda ', Takayuki Omori ! Yasuhisa Kondo 2, Ayako Abe-Ouchi 3
Yusuke Yokoyama 3 Hodaka Kawahata *, Takashi Oguchi 4

1. The University Museum, The University of Tokyo

2. Research Institute for Humanity and Nature

3. Atmosphere and Ocean Research Institute, The University of Tokyo

4. Center for Spatial Information Science, The University of Tokyo

We conducted some research project in the Research Team B02, including meta-analysis of
radiometric database, the tempo-spatial analysis of the impact of climate change on the archaic and
modern human species, and the comparison of geochemical proxies from different regions. Each
research approaches have been established in their field of science but this is the first trial in Japan
to combine these scientific achievements in light of human evolution, especially the replacement of
Neanderthal by the modern humans.



Radiocarbon dating which is most common radiometric method for the sample up to five thousand
years ago could be comparable paleo-climatic data dated by other methods such as annual ring
counting, because the calibration dataset for conventional radiocarbon ages were expanded to 50 ka
by “IntCALO09 (Reimer et al. 2009). Furthermore, some research projects were on going by
applying some new preparation techniques, including ultrafiltration and step-combustion, were
applied for bones, shell and charcoal to obtain more accurate dates of the replacement of
Neanderthal by modern humans on the key archaeological sites in Europe (Higham et al. 2009).
Although we have limited access to the materials related to Neanderthals and modern humans in
Europe, we have conducted a meta-analysis on the radiocarbon database to extract the
spatiotemporal distribution of these human species. In this research, we have developed a novel
method to correct the old radiocarbon age obtained by conventional methods and estimate
reasonable uncertainty with each samples.

By applying the Bayesian model on each archaeological stratigraphy, we have estimated more
accurate ages (with larger uncertainties). We have collaborate with archaeologists of Research
Team AO]1 to evaluate the start and terminal period of each lithic industries of the Middle and Late
Paleolithic, suggesting the decline the number of Middle Paleolithic sites was significant prior to
the emergence of the industries with modern humans. This is generally agreed with the estimated
time of transition from Middle to Late Paleolithic based on new radiocarbon data by improved
preparation techniques. This result suggested that the decline of Neanderthal is not directly related
to the cooling event or the competition with modern humans.

At the same time, we have developed the analysis method to estimate the population dynamic by
comparing the sum of probability of calibrated radiocarbon datasets by region. Although we can get
more accurate age by correcting conventional date by our methods, additional uncertainties make it
difficult to compare the temporal change of probability with frequent drastic climate change with
1000 year scale. However, we found this approach is quite useful for the archaeological setting
which have more precise dataset such as Jomon period of prehistoric Japan. It will explore new
field of archaeological study on the impact of climate change on prehistoric hunter-gatherers.

In order to interpret the accurate data of each site and lithic industry, we collaborate with
archaeologists of Research Team A01 to reconstruct the distribution of lithic industry of terminal
Middle Paleolithic, transitional entities, and the Late Paleolithic. We have developed the
paleoclimate map based on the global circulation model and improved its resolution by applying
modern differences from the average to convert the original 100 km scale map intro 10 km scale
one. The stadial and interstadial conditions were reasonably reconstructed by a horsing experiment
adding fresh water mass on the North Atlantic.

It makes us possible to extract the limiting factor of environment for the both archaic and modern
human distributions. The ecological niche models which have been develop for modern animal
species were applied to lithic industries and the comparison between the habitable environment of
Neanderthals and modern humans were compared. Our preliminary results suggested that the
modern humans can survive in cooler winter conditions. We will continue our investigation by
focusing these experiments on some specific areas where more precise age data is available, to
extract the exact factors which affect on the activities of archaic and modern humans.
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Innovations and human history

Seiji Kadowaki
Nagoya University Museum, Nagoya University

Several kinds of archaeological approaches have been taken in the RNMH project since its start in
2010, and some results of the archaeological examinations are presented in this paper with a
geographic focus on Africa, west Asia, and Europe. The paper then takes a broader view of human
history and discusses more general issues on the relationship between innovations and human
history. An innovation is considered here as a creative behavior that provides new cultural
elements. The RNMH project has been investigating whether creative behaviors had an important
role in human evolutionary histories that differed between Homo sapiens and Neanderthals. More
specifically, a main purpose of the project is to examine whether the survival of Homo sapiens and
the demise of Neanderthals can be explained by their differences in leaning behaviors, particularly
creative learning behaviors.

As part of inter-disciplinary approaches to this question, a group of archaeologists (Team A01) has
constructed a database of archaeological records dated between ca. 200 and 20 ka in the Old World
and examined spatiotemporal patterns of creative behaviors observable in the appearance of new
lithic/bone technologies and symbolic objects. Referring to the results of this investigation, the
paper argues that it is the learning behaviors in Europe, instead of Africa or west Asia, that should
have had an important role in the replacement of Neanderthals by modern humans in Europe. The
dispersal of Homo sapiens into Europe may have occurred around ca. 48—45 ka according to some
archaeological and fossil records, and regionally diverse archaeological cultures appeared
subsequently in Europe by ca. 40ka when Neanderthals disappeared. It is critical to determine
whether Neanderthals were involved in the creation of innovative cultural elements, such as
lithic/bone technology and ornaments, during this period of diverse cultural occurrences although
currently available records do not allow us to conclude on this problem.

To expound on the relationship between innovations and human history, the paper then refers to
studies on a much earlier replacement event in Africa between Paranthropos and Homo groups

and a much later influence of human dietary change after the development of agriculture. These
case studies indicate that innovations in human history were not only a driving force for the
development of lifeways and socio-economy but also an important factor in biological changes, i.e.,
human evolution. Give such a role of innovations in various scales of human evolution, the paper
finally proposes several different scenarios of how creative learning behaviors were relevant in the
replacement of Neanderthals by modern humans.
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Innovativeness and cultural evolution

Kenichi Aoki
Organization for the Strategic Coordination of Research and Intellectual Properties,
Meiji University

Hominid cultural history as seen in the archaeological record spans 2.6 million years. Cultural
evolution during the Palaeolithic is believed to have been punctuated. That is, long periods during
which little happened were interspersed with sudden and dramatic shifts in cultural level—the
so-called “creative explosions.” Within this pattern of cultural evolution, the creative explosions are
usually thought to have occurred in response to major environmental changes, or to have been
driven by “fortuitous mutations” each with a major effect on cognition. In this report, I describe a
model in the Malthusian-Boserupian framework, which by contrast predicts that a small change in
the environment or in innovativeness can produce a sudden and dramatic change in the cultural
level of a population.

Our working hypothesis for the RNMH project—the “learning hypothesis”—holds that a difference
in the cultural levels of Neanderthals and modern humans contributed significantly to the extinction
of the former and their replacement by the latter. The theoretical result noted above entails that a
large difference in cultural level could have resulted from a small difference in innovativeness, and
hence adds support to the learning hypothesis.
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How do innovations come about?

Hideaki Terashima
Department of Cultural Anthropology, Kobe Gakuin University

Innovations are not brought about by a single ability, but based on the combination of various
physical, cognitive, cultural and social conditions. Around the period of RNMH, important changes
seem to have occurred in human life that prepared the emergence of innovations. Homo sapiens
appeared in Africa around 200 ka, and accumulated cultural innovations there, but such innovations
did not bring about much change on their lives. The difference between Homo sapiens and
Neanderthals was not so great then. But after the RNMH, in the period of post-Neanderthals,
conspicuous changes have occurred in stone tool technology, subsistence and economic activities,
social organizations, and symbolic behavior. One of the reasons that brought about such changes
was supposed to be the development of brain function in modern humans such as working memory
and executive function (Wynn & Coolidge 2011), but that cannot explain all human cultural
developments by itself. In addition to cognitive development, ecological and social factors should
have contributed very much to the conspicuous innovations in modern humans. Here I would like to
pick up a fact that the relationship between humans and nature, particularly between humans and
wild animals, have changed greatly. As a consequence, animals became to be considered not simply
as ‘good to eat’ but became ‘good to think about’ (Lévi-Strauss 1962) after the RNMH. The
beginning of artistic representations of splendid animals opened a higher dimension in human life.
As a commitment to nature, learning cycle in nature began to turn. Humans explored nature
everyday with meticulous observation and discovered the fineness, wonder, and beauty that inspired
humans with imaginations, and led them to make innovations.
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Reconstructing Neanderthal brains

Naomichi Ogihara
Department of Mechanical Engineering, Keio University

In order to examine the possible differences in learning ability between Neanderthals and early
modern humans in terms of the brain anatomy, original antemortem appearance of fossil crania that
enclose the brains must be correctly restored (Ogihara et al. in press). In the present study, we
performed the virtual reconstructions of three Neanderthal crania, Amud 1, Gibraltar 1, and
Chapelle-aux-Saints 1, and four early modern human crania, Qafzeh 9, Skhul 5, Mladec 1, and
Cro-Magnonl. The endocranial morphology was then analyzed using geometric morphometrics.

In the case of Amud 1, we mathematically reassembled the fragments based on smoothness of the
joints among fragments (Kikuchi and Ogihara 2013). As a result, smooth yet globally consistent
assembly of the fragments of Amud 1 cranium became possible. However, the cranial base and
endocranial surface of Amud 1 are largely missing or damaged. We therefore warped the Gibraltar
1 and La Chapelle-Aux-Saints 1 onto the Amud 1 crania to estimate the missing basicranial and
damaged endocranial regions. In the case of Gibraltar 1, the La Chapelle-Aux-Saints 1 was warped
to compensate for the missing regions, and vice versa in the case of La Chapelle-Aux-Saints 1.
Reference modern human cranium was then warped onto the new reconstruction by iterative
thin-plate spline deformation to compensate for the missing parts and complete exo- and
endocranial morphology was generated. The endocasts of the early modern humans were also
generated in the same manner.

We then analyzed the morphological variability of the endocranial shape of the fossil skulls using
landmark-based geometric morphometrics. On the endocranial surface, a total of 16 anatomical
landmarks were digitized. Equally-spaced points along the anterior boundary of the anterior cranial
fossa and the inferior border of the groove for transverse sinus were also defined as landmarks
(Morita et al. 2013). We define sliding semi-landmarks on the entire endocranial surface based on
the shortest paths connecting pairs of anatomical landmarks and equally-spaced points along the
midsagittal curve. Therefore, the variability in endocranial shape was examined based on a total of
171 anatomical and sliding semi-landmarks. We also included endocasts of the modern Japanese
and European populations for comparisons.

Our results demonstrated that exo- and endocranial shapes are quantitatively different between
Neanderthals and modern humans. Specifically, our geometric morphometric analyses revealed that
modern human cranium shows relative enlargement of the cerebellar region, and relative expansion
of the parietal area as suggested by other studies (Bruner et al. 2010; Gunz et al. 2010; Weaver
2005), possibly indicating that neuroanatomical organization may be different between the two
species. Recent morphological studies on the pattern of endocranial ontogeny of Neanderthals and
modern humans suggested that relative expansion of the parietal and cerebellar regions are observed
during the early postnatal period in modern humans so that the endocranium becomes more globular,
but it is not the case in Neanderthal lineage (Gunz et al. 2012). Ontogenetic differences of the
cranium and hence the brain between Neanderthals and early modern humans may thus differentiate
developmental process of learning and social skills in early childhood, possibly leading to a critical
difference in innate learning capacity between the two populations.

The shape of the brains inside the Neanderthal crania was estimated by defining the spatial mapping



from a template human cranium to each of the fossil crania using the DARTEL algorithm, and the
extracted differences in brain morphology between Neanderthals and modern humans were
evaluated.
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Exploring Neanderthal’s brain: Neuro-cognitive and comparative anatomical
approach

Hiroki C. Tanabe
Graduate School of Environmental Studies, Nagoya University

Research team C02 has examined the overall research hypothesis that the replacement of Homo
neanderthalensis by Homo sapiens was promoted by the differences in their learning abilities,
employing neuro-cognitive and comparative anatomical approaches. We developed integrative
analytical system for elucidating the difference between them in silico. The results demonstrated
that the volume of the Neanderthal’s cerebellar hemispheres and a part of parietal region is smaller
than that of modern humans. In contrast, lateral occipital region is larger in Neanderthals. We found
similar tendency from the comparison between Neanderthals and early anatomical modern humans.
According to the results of the functional neuroimaging meta-analysis in modern humans, the
cerebellar hemisphere seems to play an important role for cognitive function such as language,
attention, working memory and social cognition.
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Genetic basis of Neanderthal brain

Toshiyuki Hayakawa
Faculty of Arts and Science, Kyushu University

In the first year of 21st century, the draft sequence of modern human genome was released, and
heralding a new era of human genome biology. Following this landmark, a great deal of effort was
made in the genome sequencing projects of archaic humans. This effort resulted in the release of the
draft genome sequences of Neanderthal and Denisovan. These genomic achievements enable us to
consider about the evolutions of modern and archaic humans by directly using their genome
sequences. The comparison of genome sequences would reveal the differences in genetic basis of
brain function between modern human and archaic human, and be helpful to examine the
replacement of Neanderthals by modern humans from a viewpoint of brain function.

In this talk, I will introduce about the differences in genetic basis of brain function between modern

human and Neanderthal, and discuss about their roles in the replacement of Neanderthals by
modern humans.
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Achievements and future tasks of the replacement of Neanderthals by modern
humans initiative to integrate information (RNMH-iii)

Yasuhisa Kondo
Center for Research Promotion, Research Institute for Humanity and Nature

The Steering Committee of the Replacement of Neanderthals by Modern Humans (RNMH) project
established the initiative to integrate information (RNMH-iii) and built a holistic knowledge base
for RNMH (Kondo et al. 2013; Kondo 2014). While the RNMH project itself will terminate at the
end of March 2015, the RNMH-iii will continue by integrating metadata of research results
produced by six research teams for permanent online publication. Research teams will be
encouraged to publish their databases online as much as possible.

Although similar information platforms have been developed in Europe, this initiative extends the
target areas to Africa, Asia and Oceania to create a global information platform on hominids
(Neanderthals, early modern humans, and others) and the natural environment at 200 to 20 ka.
Moreover, it bridges archaeology, anthropology, ethnology, genetics, palacoenvironmental sciences
and cognitive neurosciences. This initiative was truly in demand by researchers worldwide, and thus
will represent a leading platform of international studies on Neanderthals and early modern humans
through data sharing with other projects abroad.
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Research Team A01

Archaeological Research of the Learning Behaviors of the Neanderthals
and
Early Modern Humans
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Zooarchaeological study at the Middle Palaeolithic cave of Anghilak, Southern
Uzbekistan

Saiji Arai ', Otabek Aripdjanov *, Hiroto Nakata *, Takehiro Miki ', Takayuki Omori *,
Rustam Suleymanov >, Yoshihiro Nishiaki *

1. Graduate School of Humanities and Sociology, The University of Tokyo

2. The State Museum of the History of Uzbekistan

3. Faculty of Letters, Aoyama Gakuin University

4. The University Museum, The University of Tokyo

5. Faculty of History, National University of the Republic of Uzbekistan

Anghilak is a small cave site situated in Southern Uzbekistan. The site was excavated by an Uzbek -
American joint team in the early 2000s, and provided important palacoanthropological evidence
pertinent to understand the processes of transition from Middle to Upper Palaeolithic in the region
(Glantz et al. 2003, 2008; Glantz 2010). However, the details of the archaeological records have
remained unpublished. In the light of the importance of this cave, the Uzbek — Japan joint team
conducted its re-excavations in 2013 and 2014, which yielded plenty of lithics and animal bones
dated to the late Middle Palaeolithic. In this paper, we present preliminary results of analysis on the
animal bones from the new excavations. The virtual absence of carnivore remains and bones with
gnawed mark indicate that the assemblage was accumulated primarily through human activities.
The zoo-archaeological features presented in this paper help understanding not only hunting
strategies by the Middle Palaeolithic inhabitants of the cave, but also population dynamics in the
period.
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Neander DB, a site and lithic industry database for the replacement of Neanderthals
by modern humans: Project summary

Yasuhisa Kondo ', Katsuhiro Sano 2, Seiji Kadowaki 3 Masaki Naganuma ‘4
Yoshihiro Nishiaki >

1. Center for Research Promotion, Research Institute for Humanity and Nature
2. The University Museum, The University of Tokyo

3. Nagoya University Museum

4. Center for Ainu and Indigenous Studies, Hokkaido University

The archaeology team of the Replacement of Neanderthals by Modern Humans (RNMH) project
compiled Neander DB, a site and lithic industry database to foster a better understanding of the
replacement process. Information was collected from excavated sites in Africa, Europe, Asia, and
Oceania dated between 200 to 20 ka. As of 30 January 2015, the database has recorded 173 lithic
industries from 7170 cultural layers and 6,235 radiometric dates of 3216 sites. These data were
taken from 827 literature sources. A group of researchers working at different universities accessed
the Neander DB server online to edit and update a master database.

The Neander DB helped to achieve global-scale comparative research on the replacement process of
by extending study areas to the above-mentioned continental zones, while the previous database
projects covered a single continent at most. Therefore, Neander DB has great potential for scientific
applications, although it is difficult to sustain because it can easily become obsolete when it is no
longer updated. While fully aware of this problem, we are considering ways of maintaining the
database after the RMMH project ends.
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Variability of the learning behaviors for the transmission of lithic production
technology: A view from the lithic records of the Paleolithic sites

Jun Takakura
Graduated School of Letters, Hokkaido University

Recently, I have searched for the learning behaviors of modern humans through the analysis of
lithic refitted artifacts obtained from the Upper Paleolithic sites. To achieve this goal, I have
addressed the technological analysis of the lithic refitted artifacts from the Shirataki Upper
Paleolithic sites in Hokkaido, Northern Japan. As a result, I have mentioned that novice’s
observation and exercise as well as expert’s demonstration related to the prehistoric learning
behaviors were conducted at Shirataki. In addition, I assessed how the learning behaviors in the past
were actually related to the behavioral system of the prehistoric hunter-gatherers such as mobility,
territoriality, subsistence, settlement, and regional interaction (Takakura, 2014). In this paper, I
attempt to discuss the evolution of hominid’s learning by focusing on the intra-site spatial analyses
of the Paleolithic sites in Europe and Japan.
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Revolutionary changes in global perspective: The transition to Upper Paleolithic
industries in the Korean Peninsula

Kenji Nagai
Tohoku University of Art & Design

Blade technology has long been considered an important proxy for cultural variability during the
Transitional Period, which belongs in the Middle (or Early) Upper Paleolithic of the Far East.
Historically, interpretations of Upper Paleolithic cultural variability based on blade technologies
have relied entirely on studies of blade and/or blade core morphology. Little attention has been paid
to technological variation, which is a stronger indicator of culturally learned behavior than are
morphological typologies. Previous research by the author and others suggests that this variation
may indicate the time differences of the phased diffusion process or the concept involved a different
kind of systematic removal of blades (e.g. Bae 2010; Bae & Bae 2012). As a contrast, more rustic
elongated flake removal traditions developed on the Korean Peninsula (Seong 2009).

These multiple occurrence phenomenon suggests that those who lived in Siberia and on the Korean
Peninsula, adopted the same traditional rules concerning blade removal, or they had identical
cultural behavior. Although the emergence time of blade technology in the Far East region is
unclear, e.g. most all consider it as during the 35-40ka period; however, there is a high possibility
that the birthplace of the elaborated blade technology of the later Paleolithic phase was outside the
Korean Peninsula. These facts also enhance the possibility that in Siberia, the Korean Peninsula and
northern Japan, these Upper Paleolithic cultures shared identical lithic removal technological
processes. Additionally, it suggests the validity of Kidong Bae’sNorth-South Model’of Modern
Homo migrations into the Korean Peninsula. This poster presentation describes ongoing research of
the replacement by early Modern Humans in East Asian regions, including the Korean Peninsula
and the Japanese Archipelago. The results indicate that there exist revolutionary changes in lithic
manufacturing traditions in the global perspective.
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Early lithic industries in the Japanese Palaeolithic: a view from the “Replacement of
Neanderthals by Modern Humans”

Hiroto Nakata
College of Literature, Aoyama Gakuin University

The recent development of genetic technology has revealed that modern humans repeatedly
interbred with Neanderthals during their diffusion to Eastern Eurasia. The other genetic evidence
also indicates that modern Southeast Asian islanders and Oceanian people have Denisovan DNA.
The archaeological evidence in East Asia has shown that lithic tradition developed continuously
while modern humans interbred with extinct humans and developed their biological population trait
(Nishiaki 2014). To consider the replacement of archaic humans by modern humans, therefore, we
should observe the archaeological facie and clarify its diachronic patterns in East Asia by using the
keywords, “assimilation” and “continuity”.

From this point of view, I examined early lithic industries in the Japanese Archipelago on the
following three topics: (1) chronological data of lithic industries measured by radiocarbon dating,
(2) types of industries identified by lithic technological variability, (3) changes of settlement
patterns based on the quantitative data of the number of sites and features. As a result, the following
insights were obtained.

1. Human populations arrived at the mainland of the Japanese Archipelago by 38ka.
2. Lithic industries at that time are divided into four groups: (a) heavy duty tool and flake based tool
industry, (b) denticulate and small scraper dominated industry, (c¢) small flake industry, (d)

edge-ground axe and small flake tool industry. Of these industries, the oldest one is (a), followed by

(b), (c) and (d).



3. In central Japan such as Chubu area and Kanto area, a blade industry appears around 36ka. This
industry includes uni-directional narrow faced cores and pointed thick blades are detached from this
type core. However, unlike the initial Upper Palaeolithic in Northeast Asia, Levallois-like
assemblages and ornaments are not found in this industry.

4. It is very likely that this blade industry was brought by modern humans from Northeast Asia.
Then, this blade industry mixed with the edge ground axe industry and formed the late Palaeolithic
industry.

5. Since then, the number of Palaeolithic sites and features began to increase gradually in Japan.
And even the remarkable settlement type, named “Kanjou Burokku-gun”, also appeared (36 ka—).

In Japan, the Palacolithic culture can be divided into early and late phases by the presence of blade
industry. The flake industries inherited from the Early Palaeolithic continued in the Late
Palaeolithic. These industries are common in East Asia including Japan and have been observed
since 100 ka in North China. The flake industry found in Japan is not independent of this regional
cultural tradition. By the time this industry spread widely, human populations with blade industry
moved into the central part of Japan. This phenomenon resembles the appearance of blade industry
in North China and Mongolia. Considering the scarcity of Levallois-like assemblage in the blade
industry in Japan, it is possible that the advanced blade industry spread from Northeast Asia. In fact,
the radiocarbon dates of the blade industry in Japan are 5000-2000 years later than those in
Northeast Asia.

To summarize, there are two main lithic industries in Japan. The flake industries first spread widely
in the mainland of Japan. Then, the blade industry moved in by 36 ka. It is believed that these
industries mixed with each other and developed to form the late Palaeolithic industry. At present, it
is difficult to assume a rapid replacement of lithic industries in the transition from the early to late
Palaeolithic in Japan.
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On the possibility regard to the grassland landscapes and Paleolithic human
migration routes

Masaki Naganuma, Hirofumi Kato
Center for Ainu & Indigenous Studies, Hokkaido University

The Paleolithic peoples was dependent on animal resources (hunting games) not only meats and
marrows as their foods, but also important raw materials for clothing and several tools.
Particularly, the gregarious herbivore (Cervus, Equidae, Bovinae, Sheeps, etc.) ware treasure trove
of useful resources.

It is possible to think that the Paleolithic immigration to cold regions and to low oxygen
concentration high altitude area ware not so hard for peoples if they could keep a close relationship
with the gregarious herbivores. For example, migration routes from the south Siberia to southwest
China via upstream part of the Yellow River, and from Central Asia to the northern part of the
Indian subcontinent across the piedmont of the Pamir and Tian Shan Mountains can be assumed.
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Effects of added mass to the tip of the spear on throwing distance

Yasuo Higurashi
Graduate School of Human Sciences, Osaka University

Among various hypotheses explaining the cause of the replacement of Neanderthals by modern
humans is a view that emphasizes differences in hunting technology. Although this is based on the
assumption that the type of hunting technology can be inferred from the size of stone points, recent
evidence against this theory has been presented. To further address these issues, we need to
investigate how the size of stone points affects the functions—for example, hunting distance,
penetration, and directness of aim—of hunting weaponry.

Here, we examined effects of added mass to the tip of the spear on throwing distance of the spear
launched with a spear thrower. One healthy adult male (aged 29 years) participated in this study.
The participant threw a wooden spear (mass of 215g) with a wooden spear thrower (mass of 108g)
using maximum effort. Mass was added to the tip of the spear using five steel nuts (10.5, 24.0, 48.5,
112.5, and 167.5g). Throwing distance was measured from the starting line to the point where the
tip of the spear landed. The throwing distance ranged between 20—-60 m. The mass of the tip of the
spear significantly negatively correlated with the throwing distance (P < 0.05). We will discuss
whether the size of archaeological and ethnographic stone points that were (believed to be) used for
the spear throwers maximizes the function of the spear thrower in terms of throwing distance. This
study is a part of the project “Reconstruction of Hunting Behavior with Projectile Weapons in
Neanderthals and Early Modern Humans Based on Differences in Skeletal Morphology™.
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The learning process in how to read nature

Kaoru Imamura
Faculty of Economics, Nagoya Gakuin University

In order to theorize about how hunting methods evolved around the time Neanderthals was being
replaced by anatomically modern Homo sapiens (AMH), the hunting methods used by the San
people—hunter—gatherers in the modern age—were studied in detail. As a result, it became clear
that the San use a wide variety of methods to hunt small mammals and birds, in addition to using
bows and spears to hunt large animals. It was also discovered that hunters included not only adult
men, but also boys and adult women; boys in particular begin learning skills related to hunting and
“reading nature” at the age of four or five.

San boys observe older boys carefully from an early age, and acquire various skills and knowledge
by imitating them. In this process, there is no verbal guidance; trial and error by repeated
observation and practice plays a central role in their informal education.

Boys learn the characteristics and appropriate use of each material and plant while using a knife to
play with plants and making toys such as bows and arrows. A lizard, which is a prey when playing
with a bow and arrow, becomes bait to catch a mongoose when playing at trapping, while bait for
catching a bird includes wild watermelon and termites’ nests found in the ground. This knowledge
is passed down by adults, such as parents; however, boys learn the actual practical methods while
playing with the older boys. We are capable of learning things that require complex procedures and
concepts, such as relationships, because humans can communicate information using language.

However, this study suggests that it is necessary to directly observe and imitate the behavior of our
elders in order to have a proper relationship with nature, including both animals and plants, in a
given situation. Meanwhile, communicating information through the use of language is also
important. Without language, it is impossible to create a mental image of animals and share that
image with others. When parents teach their young children about animals, it is mainly about
harmful creatures called paaxo (ones that bite), such as snakes and scorpions; however, stories told
to children around a bonfire also play an important role. For example, Tanaka (1994) pointed out
that animals and humans are inseparable because most of the characters that appear in San stories
are animals that are always personified, while maintaining their animal characteristics.

The inferred sibling relationships between animals described in this paper are products of the
imagination, attempts to understand animals by using the metaphor of human kinship, or a type of
personification. This knowledge can only be passed down through language, but it is reinforced
during regular hunting practices, by actually seeing the animals, and making observations.

We must be cautious about assuming that there is validity in discussing early AMH solely on the
basis of the San people. However, it is probably correct to think that, as hunter—gatherers, early
AMH must have used their imaginations—which are probably reflected in their murals and other
drawings—in relation to animals. Sugawara (2012) asserts that two groups of San in different eras
and regions, with different languages, share the same attitudes toward animals, stating that: “the
hunter—gatherer people in southern Africa must have lived through some common intercorporeality.’
Regardless of whether they were living in southern Africa or not, it seems that people who survive
by hunting animals have many similarities in how they acquire the knowledge and skills for hunting,

k



and the way in which they use their imaginations in relation to animals, namely, acquiring hunting
skills through observation, imitation, trial and error, and the act of intercorporeality that attempts to
personify animals and read their intentions.

Taking an interest in animals and reading their minds through careful observation—an ability
unique to modern humans who are the only animals to possess this faculty—can be traced all the
way back to the origins of the Homo sapiens. The human—animal relationship is deeply connected
to human evolution, in the sense that it prompted a change in humans’ cognitive abilities.
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Theoretical and ethnographic studies on learning, play and education

Nobutaka Kamei
Aichi Prefectural University
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In order to clarify the differences of culture changes among Homo neanderthalensis and Homo
sapiens, it is necessary to focus on the two systems of cultural transmission: "education" and "play."
In this presentation, I try to examine functions and characteristics of "education" and "play," with
showing some cases of child behaviors among hunter-gatherers in the forest.

It is often said that H. sapiens is a unique species among animals that has the ability of "education."
However, its appearances depend on the characteristics of societies and cultures. This ability may
be enhanced in some societies, while it may not be enhanced so much in others.

On the other hand, play is the behavior universally found among humans. Play is often regarded as
one of subcategories of human culture in general. However, it can be considered as more essential

factors for the existence of culture.

One of the functions is for the transmission of culture. As Sperber (1996) pointed out, cultural
forms are stable and widely distributed just because children find them easy to think and easy to



learn. Another is the function for the innovation of culture. Play is always carried out in free and
open rules by players. This aspect allows them to change the behaviors anytime and any ways as
they like.

Caillois (1958) pointed out four essential elements of play, agon, alea, mimicry and ilinx, in his
theory of universal grammar of play. These also can be analyzed and evaluated in the universal
system of cultural transmission and innovation (Kamei, 2010). The human activities related to
cultural transmission and innovation, such as the education, teaching and learning, have to be
examined by this viewpoint of play theory.

In order to examine the nature of education and play of H. sapiens, our modern urban life is not a
good sample to compare with other species. This is the reason why we need to learn from
hunting-gathering societies.

Through the fieldwork among the Baka hunting-gatherers in the tropical rain forest in the Republic
of Cameroon in 1997-1998 and 2012, the following results were obtained. Basic children's culture
and life have not changed in the past 15 years. Observation and imitation are still the essential
ways of learning among children. The characteristics of foraging societies, "few educational
activities," are still maintained. The "learning model of hunter-gatherer children" is suggestive for
the comparison among species.

Through the comparison of
hunting-gathering societies and
modern societies with school
education, we can point out the
differences of attitudes of teaching,

Learning

learning and playing (Table 1). fhaving o o
Of course, hunter-gatherers have Designing 0 A 5 =
ability to teach others. However, others
they do not use them frequently -
Educating O A 2? =

and they often let the children
play and learn by themselves. (By the author)
There is a possibility that H.

neanderthalensis had the ability to play (Table 1). They might be able to learn through their play
sense, especially through that of imitation of others. This type of learning might have been led by
the learners, the children.

On education, there are two possibilities:
1) H. neanderthalensis did not have ability to educate others.
2) H. neanderthalensis had ability to educate others.

However, even if 2) is true, probably, they did not use these abilities to educate frequently,
considering their simple material culture as hunter-gatherers and the suggestion derived from the
cases of hunter-gatherers of H. sapiens.

Another question is: why H. neanderthalensis was conservative? It is often said that H.
neanderthalensis was conservative in the aspect of material culture, while H. sapiens was not.
Actually, both education and play can preserve culture and both can innovate culture. I suppose
different modes of play in 2 species.



If H. neanderthalensis was playing, did not use the ability of education, was conservative with their
material culture, their image is "conservative players." In other words, they were silent tool/toy
makers who loved to play imitating others without saying anything.

On the other hand, H. sapiens was also playing, and they did not use the ability of education so
much in its history. However, they were not conservative with their material culture. So, their
image is "independent players." In other words, they were tool/toy makers who sometimes imitated
others but mainly loved to play in their own styles, later, started to talk, and finally became noisy
instructors.

I pointed out the importance of play for human culture in comparison to the education. Through the
observation of hunter-gatherers, I showed that education is not so essential for human evolution and
its history. I proposed two different images of learners=players for two species, H. neanderthalensis
and H. sapiens, which might result in their different destinies. Cultural anthropology on play and
education, enhanced with biological theories including brain science on play, may throw some light
on the process of our evolution, and our destiny in the future.
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1. Introduction

David Lewis-Williams wrote in his book, “The Mind in the Cave” in 2002 discussed about the
explosion of creation happened at the time of replacement, 40,000 BP to 20,000 BP and posed a
question ‘Why H. Sapiens produced arts?’ His hypothesis is that “Difference of the levels of
Consciousness” enabled the production of art for H. Sapiens, and was difficult for Neanderthal. He
constructed the hypothesis based on the study of Gerald Edelman, “Bright Air, Brilliant Fire- On
the matter of the Mind” in 1992. Edelman wrote that ‘recognition in the brain was rather like
recognition in the immune system’ and said that ‘consciousness has evolved biologically’ He made
the distinction between primary consciousness and higher-order consciousness (Edelman 1972:187).
Almost all the mammals have primary consciousness. But only H. Sapiens acquired higher-order
consciousness, and pointed that it came with the development of language. He argued that
higher-order consciousness made possible for H. Sapiens to have consciousness about social self,
and concept of past and future at the same time. Based on this assumption, Lewis-Williams argued
that the origin of art was made possible by recollection and socialization of personal visions such as
dreams or state of altered consciousness. H. Sapience remembers it and tries to visualize them.

Inspired by his discussion, I want to discuss why are Aboriginal Arts so impressive? Bark paintings
and Acrylic paintings were started to be produced for commercial purpose from 1970s. And they
acclaimed very high profile as ‘arts’ by 1990s. My tentative conclusion was that they are impressive
as it is the expression of altered world: Dreaming. Among Aboriginal paintings it is quite obvious
that ‘abstraction’ is becoming very popular and it has contributed for its high profile.

In 1990s majority of Aboriginal paintings have changed their styles to abstract form. By which they
are getting higher appraisal. In those changes, there were innovators and followers. In this paper, |
will look into the changes happened all over Australia to see the structure of transition and also
examine the meaning of Abstraction

2. Aboriginal people and Arts

The population of Aboriginal people of Australia is about 500,000 in 2012 (2.5%). They were
migrated to Australian continent about 50,000 years ago, and spread to whole continent living as
hunters and gatherers. In 1788, colonization from England started. At that time, it is estimated about
300,000 Aboriginal people were there in the continent divided about 600 language groups. Various
art activities of Aboriginal people were known, such as rock paintings, rock engravings, body
paintings, bark paintings, and acrylic dot paintings and so on.

Aboriginal people have their unique world view, generally called Dreaming (Wangarr, Tjukurrpa
etc). It includes creation stories of ancestral spirits, their activities and travels, the places of
significance of the travel and their language and etc. Each group have their ancestral dreaming story



and place, they sing and dance them in the rituals, paint the designs on their bodies, ritual ornaments
and coffins. The topic of their arts is the Dreaming.

3. Aboriginal art industry

From 1970s after the referendum in 1967, Aboriginal people got the equal rights to other citizens in
Australia. Government had started to put in an effort for betterment of Aboriginal people.
Aboriginal art is seen as possible industry to generate their income. In 1971 Aboriginal Arts &
Crafts Pty Ltd was established. And in 1973, Aboriginal Arts Board was set up in Australian
Council. They established Arts and crafts centers in remote communities. Art advisers were
employed to work in these centers. Their role is to help the development of local arts and crafts
activities, to promote them, and to do the marketing and to develop the exhibitions. The board also
encouraged domestic museums and galleries to acquire Aboriginal arts and organized exhibitions in
foreign countries.

4. Acrylic Art Movement in Desert

In desert area, they have struggled to find appropriate art style since the mission days, as they did
not have any traditional arts and crafts which can be readily available for sale except boomerangs
and coolamons. There were many attempts including animal carvings, batik, ceramics and carpet
making. In 1971 in community called Papunya, one school teacher, Geoff Burdon, later became art
adviser found the potentiality of the paintings produced by senior men. He introduced acrylic paint
and canvas. It became quite popular and they started to produce similar paintings for commercial
purposes in other desert communities. It was called Desert art movement . These paintings are the
Iconographic representations which was used in sand design or body decoration for ritual occasions.
They are based on their mythological world view; the Dreaming.

Many of those iconographic painting changed its styles in 1990s, and abstract art became very
common. The iconographic symbols which have each meanings have almost gone, and space is
filled by lines and dots which does not have any symbolism.
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Meanings of the various signs and symbols used by the Aborigines in their
paintings: (a) star, (b) a sitting-down place, (c) waterhole, (d) running water,
(e) the sign for a man, (f) a spiralling line can mean watet, a rainbow, a
snake, lightning, a string, cliffs, or honey storage of the native bee, (g) two
men sitting, (h) this grouping usually means four women, (i) a rainbow or
cloud, or, a cliff or sandhill, (j) fire or smoke, or, water or blood, (k) travelling

sign, with the concentric circles representing a resting place.



5. Balgo Paintings

Balgo is the Aboriginal town in north Kinberly area in Western Australia. The art center was started
in 1980s, part of the desert art movement. Dotted acrylic paintings with very colorful paints are
unique to this area. In 1986 first exhibition was held in AGWA. There were many iconographic
paintings. But in the exhibition held in 2004, all the paintings are abstract, no iconography (Carty
2011).

Among the paintings, various abstract techniques are found. According to Carty, they tackle the
traditional way of painting, experiment, deconstruct the form and reconfigure the meaning’ (Carty
ibid.) So they try various attempts to innovate their art styles and dots. Carty note there are several
such new styles there, “Kinti kinti style”, “fluid style”, and “peaked dots”.

6. Eastern Arnhem Land

In eastern Arnhem Land, their bark paintings have a long history and famous. It is a painting with
ocher on eucalyptus bark. It was traditional art used in rituals and they are produced for commercial
purposes in modern context. Each patri-clan has its distinctive stories and designs. For example,
cross-hatchings, diamond patterns, and wavelike patterns are all have meanings, and there are
stories behind them. Many paintings have figurative expression with those designs. The ones
without figures have iconographic representations.

Since the 1990s, many artists started to take the abstract expression. Figures started to disappear
from the painting, and all the screen is covered by the geometric designs.

7. Western Arnhem Land

Western part of Arnhem Land is another very famous area for bark paintings. It is the area which
has rock art traditions, and their bark paintings have apparent similarities to rock art. They are very
figurative; animals, fish, ancestral and spiritual beings are drawn as the main topic. Many of these
figures are painted in X-ray styles.

Very famous artist, John Mawurndjul is from this area. He changed his style to abstract in late
1990s. He used to paint figurative art typical in this area. He developed his original distinct styles of
geometric pattern, and acclaimed very high profile. And the style was shared by family and
relatives

8. Conclusion

As we have seen, abstraction becoming very popular in Aboriginal paintings since 1990s. It is clear
that they respond to the taste the outside world. There are art gallery agents, art advisers, and
dealers. Aboriginal arts always accommodate the changes happening around them.

Important point here is there are Innovators and Followers. Innovators are artists of both sexes in
their late 40s or 50s. They changed their styles responding to market needs. But the story behind
them is still there in all the cases. In other words, the content is still their dreaming stories although
many of them are more generalized. On the other hand, followers are usually innovator’s relatives,
family members, or clan members. In any case, new expression is regarded as their ‘styles’
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Symbolic development in the children growing up in hunter-gatherer society:
From the study of Baka children

Tadashi Koyama
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The development of symbolic function and mental representation would be abilities promoting the
evolution of Homo sapiens. It is not clear to what extent the Neanderthals developed symbolic
function (Lewis-Williams 2002; Mithen 2005). The aim of my research in this RNMH Project
2010-2014 was to clarify the development of symbolic function and mental representation in the
children growing in the hunter-gatherer society.

For that purpose I visited to Baka villages located at the east of Cameroon in 2011, 2012 and 2014.
I studied children’s daily play and suggested play with me providing them some items, and
interviewed to their parents about social cognitive development and expressive language
development.

As for the foundation of mental representation and symbolic formation, mother-infant-object triadic
interaction is important. In Baka community, mothers provided scaffolding for play activities of
their infants in early infancy. Joint attention developed from about 9 months old. It enables infants
conscious representation. McCune (2008) pointed that sensitivity to expressiveness was a human
quality that allowed the construction of symbolic meanings. “Sensitivity to the expressiveness of
objects”is human nature (Werner & Kaplan 1963). And that this trait is evolutionary tuning of
species to environment (McCune 2008). Sensitivity to the expressiveness of objects is more
enhanced by mother’s scaffoldings and joint attentional situation with others.

>

The capacity for joint attention develops in the same time period as children’s social referencing
looks to mothers and elder children. Baka community takes a form of alloparental support. It led to
develop sharing intentionality with others. And pointing gestures to objects in distance emerged
around 1 year old. Pointing to objects in distance is a precursor to symbolic function. It is an index
of symbolic function. Their first words also emerged at around 1 year old.

Baka children developed their symbolic function in their symbolic play from about 2 years old. The
author collected the data of the symbolic play in Baka children. I saw their cognitive flexibility in
their symbolic play, object substitution and object making (Koyama 2013). And intentionality to the
reality affects their symbolic play because that play had adaptive values for them (Smith 2007). It is
noticed that mental states words began to emerged in their expressive vocabulary at 2 years old
(Koyama & Terashima 2014).

At the forth yeas of their life, the names of objects increased in expressive language. In parallel with
this process, we could also recognize the formation of shared representation and children’s
abstraction process in Baka children’s play.

About four years after birth, Baka children develop rapidly for the foundation of imagination and
abstraction with symbolic development and their sensitivity to expressiveness of objects. And it was
thought that in this period the use of mental states words led to learn Community of Mind (CoM) as
Nelson (2005) had suggested.
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Companions’ cooperation to structure children’s participation in group hunting:
The case of Baka Pygmies hunter-gatherer in Cameroon

Koji Sonoda
Graduate School of Asian and African Area Studies, Kyoto University

Children’s subsistence role in the group hunting of Neanderthals has been recognized. Indeed, it has
been reported that children and women contributed significantly by serving as beaters or game
drivers (Kuhn and Stiner, 2006). Although the modern hunter-gatherers also have been recognized
children and women participation in group hunting, the organization of activities must be
differentiated from that of Neanderthals regarding the companions’ cooperation between children
participating in group hunting. Kuhn and Stiner (2006) argued that “[t]he competitive advantage
enjoyed by moderns came not just from new weapons and devices but from the ways in which their
economic lives were organized around the buffering advantages of cooperation and complementary
subsistence roles for men, women, and children.” This argument indicates that one of the factors
that made long term hunting and gathering economy possible for man seemed that they could align
their behavior one another within the opportunity and the restrictions that happened in the
environment. This paper supposes that the complementary alignment of actions in the learning
behavior of Homo sapiens made a distinction with Neanderthals. Especially, we focus on the
structuring of children participation in the group hunting. Structuring means here the action to
implicate the ongoing situation for children. In this paper, we consider that the structuring occurs in
“social situation.” Goffman (1964) defined a social situation as “an environment of mutual
monitoring possibilities, anywhere within which an individual will find himself accessible to the
naked senses of all others who are ‘present,” and similarly find them accessible to him.” The
question here is how companions cooperated to help children in structuring their participation to the
group hunting.

This paper targets the Baka hunter-gatherers, who lived within the tropical rainforest in Eastern part
of Cameroon. It provides clues to understand the learning behavior of Homo sapiens in their group
hunting. Although the giant rat hunting was treated here, it is different from the individual hunting
for large mammals because the giant rat hunting is often carried out by people having a wide range
of age groups. Thus, it was a valuable opportunity in which the author could observe the
participation of children to the hunting. Our results indicate that the companions of children did not
reject their participation to the group hunting, but they structured it positively. In this way, it is
imaginable that Homo sapiens could help children’s structuring of their participation to the group
hunting, in response to the opportunity and restriction emerging in the ongoing activity.
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Education and learning during social situations: With special reference to the San of
the Central Kalahari

Akira Takada
Graduate School of Asian and African Area Studies, Kyoto University

Hunter-gatherer societies, including groups of the San, have occupied a particularly important place
in research on child socialization. This is principally because the features of hunter-gatherer
societies have been associated with discussions about the nature of human child rearing. However,
few studies have empirically analyzed the education and learning that actually occur during the
everyday life of the San. To reconsider several of the premises underpinning most approaches to
human education and learning, I performed an interaction analysis of the mutual accommodation
that occurs while caregivers and infants engage in nursing and ‘gymnastic’ behaviors, and the
process by which children imitate each other during singing/dancing activities among the G|ui and
Gljana (Central Kalahari San) living in Botswana. This analysis clarifies how participants in
interactions align and affiliate with each other during culturally distinctive activities. These
dynamics serve as a foundation for the education and learning that is inherent in collaboratively
organized sequences of interactions, by means of which experienced and inexperienced people
participate in social situations, such as those listed above. The approach adopted in this paper also
facilitates reconsideration of the individualistic perspectives on ability.
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The food procurement by Baka children in southeast Cameroon: From the
observation of 16 days of foraging camp

Izumi Hagino ', Taro Yamauchi *
1. Graduate school of Health Sciences, Hokkaido University, JSPS research fellow.
2. Faculty of Health Sciences, Hokkaido University.

In hunter-gatherer society, due to their emphasized egalitarianism and individualism like
laissez-faire policy, children are rarely forced to take responsibility for their subsistence work. In
spite of rich notes about adult hunter-gatherers’ food procurement activities, children often ignored
in the description of subsistence activities, and it is also mentioned that adults almost never
expected the fruit of food contribution from children. However, because children consist nearest a
half of members in many hunter-gatherer populations, it is considered to be hard to maintain their
subsistence economy by wholly depend on only adults; thereby the self-support among forager
children are considered to be necessary and should be existed.

The author accompanied the Baka on a short-term hunting camp planned by the inhabitants of the
Baka village, and observed the children’s activities and their contribution to food acquisition. The
foraging trip was conducted for total 20 days in September 2012 and August 2013. Total numbers
of participants for these foraging camps were 410 (172 boys) person-days of children and 156 (78
males) person-days of adults. Direct observations of a total of 16 children (5-18 years old) were
conducted, their activities were noted whenever they changed and recorded to the minute from
06:00 to 18:00. All foods brought back to the camp were identified and weighed, the value of
energy and protein they contained was calculated using food composition tables.

As their age increased, the time allocated for “playing” and "strolling" decreased significantly.
Older children spent significantly longer time for travelling in forest. Children generally spent
considerable time (142-227 min/day) for food procurement activities as hunting, fishing, and
gathering, and these times were considered to be comparable to Baka adults usually spent in forest
camps. During 16 days of camp, more than 45 kg of games and 27.5 kg of aquatic food were
obtained. 30% of them were brought back by children group, and about half of them were by adults.
Despite greater total numbers of person-days, children could obtain smaller amount of forest food
than adults, and the food procurement ability among children were roughly estimated at 1/4 — 1/3 of
adults. Using FAO/WHO/UNU (2007) reference about protein intakes, it was found that adults
could gain sufficient amount of protein for their requirements (118.6 %). Children did not attain
their requirement (78.2 %); however, Baka children could obtain greater amount of foods which
were described in previous hunter-gatherer children’s studies.
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Life history and nutritional ecology of the Neanderthals: Field surveys in a modern
hunter-gatherer population and an energetic adaptation hypothesis for Neanderthals

Taro Yamauchi
Graduate School/Faculty of Health Sciences, Hokkaido University

The FY2014 is the final year of the RMNH (Replacement of Neanderthals by Modern Humans)
project. Following the FY2013, we conducted filed surveys on a hunter-gatherer population living
in semi-settled villages in Cameroon. We also developed an hypothesis on Neanderthals’ life
history based on that of modern humans, considering estimations and assumptions about nutritional
adaptation of Neanderthals at both individual and population levels.

Research topics and findings
1. Field surveys on a modern hunter-gatherer population

* Mapping the distribution of settled villages of the hunter-gatherers and neighboring
agriculturalists covering a widespread area including the research sites and detect group size and
demographic structure of the hunter-gatherer population.

* Childcare activities and mother-infant/child relationship of modern hunter-gatherers:
We conducted intensive observation on 5 infants and their caretakers including mother for 3
consecutive days for 9 hours in 30 second intervals. Consequently, the observation time counts
16,200 bouts. The mean number of caretakers was 15.8/day/infant excepting the mother. Infants’
fathers, grandparents, elder brothers/sisters, other neighboring children and adults did childcare and
subsistence activities to help infants’ mothers.

2. Life history for Neanderthals
* Differences in creativity between modern humans and Neanderthals:

Adolescents lack consideration and engage in high-risk behaviors, and conventional brain studies
have attributed this phenomenon to a lack of maturity of the brain. Recent brain imaging studies
using fMRI, however, suggest that from an evolutionary perspective, adolescent behavior is
positive.

We propose that the flexibility of the brain caused by late completion of myelination is a unique
trait for Homo sapiens, and that it may differ in Neanderthals (Oral presentation in RNMH2014
international symposium, January 2015).

* Energetic efficiency of Neanderthal locomotion:

Leg length and body weight influence the energy cost of locomotion in modern humans. The energy
cost of locomotion for Neanderthals with shorter legs and heavier body weight than modern humans
was estimated. The higher energy cost of locomotion together with elevated basal metabolic rate
due to cold environment adaptation for Neanderthal are thought to be essential element to discuss
the replacement of the two populations (Oral presentation in RNMH open lecture meeting, February
2015).
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Playing art children
—From their drawing and collage in Baka Pygmy and modern society

Eiko Yamagami
Faculty of Sciences and Humanities, Kobegakuin University

1. Purpose

From the view of developmental psychology I examined the psychological characteristics of
learning in hunter—gatherers, the relationship between the developmental process and learning traits
and the influence of a foraging environment on learning behavior and cognitive ability. [ focused on
the individual psychological development in 2010 ~2012 and on social learning in 2013~2014. Both
research projects involved the participants of children mainly of Baka-pygmy and modern societies
such as Japan and the US as comparative groups, and importantly, art activities like drawing and
collage were applied to them as investigation materials.

2. Power of art

Art has been defined from various standpoints. For example, art was defined as one of the
“psychological tools” (Vygotsky 1934) like language and calculation system. They can contribute
to human cognition and thinking and “every thinking involve image -+ * * appropriate visual
experience is essential for effective education” (Arnheim, R. 1969). Art consists of “repletion,
expressiveness and composition” (Thomas, G.V. & Silk, M.J. 1990). Art also consists of an external
object existing in the real world and at the same time it involves an internal object expressing idea,
belief and desire of humans, so that it has been called a “transitional object” (Winnicott, D.W.
1973). Moreover, art has a “transcendent function” (Jung, C.G. 1928) by which humans overcome
difficult situations and also it has the effect of “sublimation and catharsis” (Freud, S.1915) .In
particular, art for children “make them feel satisfaction, expressing their own feeling and emotion”
(Lowenfeld, V & Brittain, W.L. 1975). Art might have three factors of play such as “mimicry,
dizziness and chance” (Caillois, R. 1958), so that, actually, the children of any culture enjoyed
playing the art work of drawing and collage.

3. Joint intentionality and art as one of mediated actions

I found the adaptability, creativity and resilience of the children, resulting from their experimental
individual art work. The meaning of art as a goal of “joint intentionality” (Tomasello, M. 2009) and
“mediated action” (Wertsch, J.W. 1991) were explored as well as being a tool from their group
work. The non-verbal interaction in a foraging society and the verbal interaction in modern society
seemed to be dominant respectively in the interpersonal relationship. Nevertheless, every child
under different culture enjoyed self-expression, playing and gaining the power of art with the
diversity of developmental stage and gender.
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Effects of individual difference on efficiency of social learning

Ryo Oizumi
Organization for the Strategic Coordination of Research and Intellectual Properties,
Meiji University

Statistical property of individual learning efficiency is an important factor for discussing difference
between Sapiens and Neanderthals. It is thought that their cultural innovation was triggered by

some genius, cumulative knowledge of individual small discovery or both. If population having
averagely low learning efficiency and its low variance, cultural innovation may not be easy to occur.
Conversely, population having the high variance of learning efficiency is thought to cause the
innovation easier than the low variance even if they have the same average.

It is considered that learning in Homo consists of social learning and individual learning. Social
learning yields the accumulation of the cultural knowledge, and individual learning promotes
cultural evolution. Those learning styles, however, are not always able to be distinguished clearly in
nature. This study examines how individual difference affects the cultural knowledge by use of
social learning curve with several noises.



VERBIREDTTDAL ) R—v 3 VITEBIDOHEAL

AAFSEST
BRER KPR e = A FE Rk

PR FEENIBITDIRT T NAE =V ANERE - P EZ L RAOE WIS TEE, B b
DAFNT BN TENIE &1L R 72 B SR INSBE 2 15 L 7= = L IZBe W 2 ke 1TV e W2 A
Vo T T LY FAICEHMUICE E KB ASOHA ERFZFES LTEBY, ERED
i 23 B R IS RE D I8 & B EEICHE OOV T WA Z L HRIB L TWb, £72, b Fote
TIEWIMTEIRC ¥, BEMDESWE ORI ERREL TR Y, S tta & ol
DOFER, BRI REN R ZE LT EZDbND, £ LT, & ME, FEIsZ LTk
Bl BB ST CUHEZES BiF sk BT~ vz b, T, & h TOREE
IZAHALINDA ) _X— 3 ATENE, EOXIRFHFEO T TERLTELDEA D 0, AU
T, BRZ FESET DM IEEDO T TY AT DS A 7 X—v a VITEINRNHEREIND
ZEERTELEBIZ, A/ RX—2a VOHNFETHAERTEEOEFA T OMEE R XU
AL R (2 B A AT T B RIS W TR T2,

FER L LT, 1) BB ERIT O WIS HFE LR TR, 4 X—2 a ATEIOLF
EIXIEFICH LW LR ENTZ, 202 21T, v FEEANBEOWHIITEIOE W Z 2,
FEEIKICBITENHAELIEREZ EE2RET S, MIMTEINEENT-Z &0, FEE
W3 L ORES DML DB E &I hoTEZBND, LnLAans, 2) hteo Tk
WThH, A /"= g ATENTERIICIEZIFAETH Y . mutation-selection E#fiZ L - T
EHPICHEIND L bbhol, ZOZEIE. 4/ _X— 3 ATENE D A BETE
BRVT L HIEOHRBRZZITTHELL TWE DT TIERWZ L 2EWT 5, £7-. 3)
W17 —=TDH A XAMRKENTEMEFEEZOEGIIRELSRD, SHIZZOZ LITX
V. L 0EWEEL R AT 2 LRI ENTZ, £ LT, 4) tEEEHOHENH 17—
TRIZIRE S UL, ZV—T7RBPIC L0, A4 7 X—=2 3 ATER L 0 EL LT VIR
MBNEENDZ EMEZ BN, 5%, BEEEASCHSTHZ S0 - NHELO KGR %
HERMICHRT 2 L9 R ARV ETH D,

T TN =L NEEDHEIRLTZHALERE - P 2 E DA ) _X— 3 VITH)
BLXOBENCBWTIRENREWVWRH ST20O0?2 ZOMWZER, BB 7ay =7 M
BUILIHLMRBETHD, RTUTAE—IVADT ) MMERPELNTWDHEE, 20
MIWVIZE XD Z EIIARFEERZ ETidelolz, LOLAENRL, ZOHITIX, B
FEICB T DR - T EESOBL T2 E KRBV OBEOMEIA 2R 2 X S
AR



Evolution of innovation behaviors under an egalitarian and cooperative society

Ryosuke Kimura
Graduate School of Medicine, University of the Ryukyus

What conditions lead to the evolution of risk-taking innovation behaviors? This question must be a
key to consider the difference in the learning strategy between Neanderthals and modern humans.
Considering innovation behaviors as a genetic trait, this simulation study shows that an egalitarian
and cooperative society allows the presence of innovation behaviors. In addition, this study
indicates what factors have an influence on the frequency of individual learners in the population
and on the evolutionary rate of technologies. Even in an egalitarian and cooperative society,
risk-taking innovation behaviors still have a weakly deleterious effect. Therefore, innovation
behaviors are maintained in the population by mutation-selection equilibrium. This suggests that
genetic variants involved in the learning strategy and ability are not necessarily under positive
selection in the human lineage.
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A paradox of cumulative culture

Yutaka Kobayashi
Department of management, Kochi University of Technology

It is said that cumulative culture is largely responsible for modern humans’ ecological success on
the global scale. Recently, Research Team BO1 members of the RNMH project have been studying
the conditions on which cumulative culture is favored by natural selection. In particular, it has been
reported that cumulative culture is unlikely to be favored and the cultural quality of a population
stays at very low level in the presence of a trade-off between learning and reproduction. This is
because the trade-off makes the culture a costly public good which free riders can exploit. In this
study, we have investigated whether cumulative culture is favored if culture is vertically transmitted
as an exclusive private good. Surprisingly, we found that even in this case the cultural quality of a
population stays at a very low level. This counterintuitive result suggests that the intra-generation
social dilemma is not the only barrier to the evolution of cumulative culture.
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The origin of cross-boundary communications during the Replacement: Analysis by
the social survey of spirits dance (kagura) and local art projects

Shiro Horiuchi
COC Promotion Office, Yamagata University

This study tries to elucidate the origin of cross boundary communication during the Replacement,
by the social survey of the present Japanese societies, particularly in the areas of depopulation and
aging. At first we studied Japanese spirits dance, kagura, which have been inherited by local
residents since hundreds years ago in Kyushu Island. The social survey found that kagura of
cross-boundary communication caused young dancers settle into the area, irrespective of
depopulation and aging in those areas. We also studied local art projects, which have been started
by local residents in Nara prefecture since 2010. The social survey found that the project was
involving many stakeholders as time passes and caused some outsiders rent vacant houses in the
area, irrespective of depopulation and aging in those areas. The social survey suggests that
individuals unintentionally involved others in order to continue dance or art, which may have
caused the origin of cross-boundary communication during the Replacement.
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Evolutionary analysis of common genetic basis for cognitive ability and cephalic size
in humans

Kyoko Yamaguchi, Ryosuke Kimura
Graduate School of Medicine, University of the Ryukyus

The evolution of the genus Homo is characterized by encephalization accompanied by change in
cognitive ability. Although the cranial size of Neanderthals and Homo sapiens overlaps with each
other, their cognitive ability would not have been the same. Studying the genetic basis for the
cephalic form and cognitive ability may contribute to the reconstruction of archaic population.

As we have already reported in the previous meeting, our genome-wide analysis of cephalic form
among Japanese found that some of the polymorphisms that showed suggestive associations (P <
1x10) with head circumference were located on CNTNAP2, a gene whose relation to autism and
schizophrenia as well as language impairment and brain connectivity, has been reported (Alarcon et
al. 2008; Whalley et al. 2011; Clemm von Hohenberg et al. 2013; Ji et al. 2013). The same gene is
reported as a genomic region that underwent change specific to the human lineage after the
divergence from Denisovans and Neanderthals (Meyer et al. 2012; Priifer et al. 2014). We estimated
the haplotypes of the genomic region that was associated with head circumference and head width,
and conducted an evolutionary analysis using the publically available genome data of Neanderthals
and Denisovans.

The results would shed a light on the evolution of cranium size in the genus Homo, and may enable
us to infer cognitive ability based on the cephalic form of fossil specimens including Denisovan.

Our future research includes a search for genetic basis of cranium morphology using CT images, to
understand the morphological difference in precuneus of parietal lobe or cerebellum between
Neanderthals and Homo sapiens reported by CO1 group of this project (Bruner 2010; Kubo et al.
2014).
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The stable maintenance of cooperative society by social learners

Joe Yuichiro Wakano
School of Interdisciplinary Mathematical Sciences, Meiji University

Cooperative relationship among individuals seems to be important for a rapid cultural evolution
(e.g., from Paleolithic to Neolithic). Division of labor, food-sharing, knowledge-sharing,
specialization, and the investment in future are examples of features of such cooperative society.
However, evolution of learning ability and evolution of cooperation are independent phenomena.
Here we study whether social learning evolves and promote evolution of cooperation. Previous
studies have shown that conformist transmission enables the stable maintenance of cooperative
society. We prose a mathematical model of repeated public goods game played by simple
frequency-dependent learners (i.e., no conformism). We derive the evolutionarily stable learning
curve (reaction norm) in this model. We show that cooperative society can be maintained without
assuming conformist transmission.
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Reconstructing the Distribution of Neanderthals and Modern Humans in
Time and Space in Relation to Past Climate Change
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Vegetation change in Europe during the Late Pleistocene dispersal of
modern humans.

Ryouta O’ishi 2 Wing-Le Chan 2 Ayako Abe-Ouchi %3

1. National Institute of Polar Research

2. Atmosphere and Ocean Research Institute, The University of Tokyo
3. Japan Agency of Marine-Earth Science and Technology

The spatial and temporal variation of vegetation distribution is an important factor in understanding
the migration of Modern Humans during the Late Pleistocene. Geological evidence such as proxy
data is spatially limited and it is difficult to reconstruct vegetation distribution. In order to do so, it
is more effective to not only make use of the geological evidence but also to combine it with
numerical simulations. Team B02 is trying to reproduce stadial-interstadial climate change,
typically known as the Dasgaard-Oeschger events, by a GCM (General Circulation Model). In the
present study, we developed a new method to reproduce past vegetation distribution by applying
past climate information from the GCM to a DGVM (Dynamical Global Vegetation Model) with a
practical resolution which is comparable to scales associated with the anthropological evidence. In
the present study, we also try to introduce the uncertainty of reproduced stadial-interstadial climate
change by the GCM to the uncertainty of vegetation distribution.
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Accurate age estimation based on radiocarbon database

Takayuki Omori, Katsuhiro Sano, Minoru Yoneda
The University Museum, The University of Tokyo

In the RNMH project, extensive databases were compiled by the research team AO1 and B02
respectively (Research Team AO1: Neander DB; Research Team B02: Neandat DB). We made an
effort to the development of data assessment and meta analysis in order to reconstruct the
Paleolithic chronology and site distribution of the Middle to Upper Paleolithic based on radiometric
data on the database. Extracting accurate spatio-temporal distribution of the archaeological site
from the database and comparing with the simulated paleclimate distribution and paleoenvironment
proxies, we attempted to reveal the differences of adaptation ability and behavior between modern
humans and Neanderthals.

A major issue that we must address in order to use mass data on the database was the reliability
assessment of radiocarbon dates. We build the decision tree for data assessment in terms of
technical confidence in the measurements (measurement method, sample type, pretreatment method,
etc.), and systematically evaluated the dates. In addition to this, we focused on recent improved
sample pretreatments, which were effective for radiocarbon dating of bone and charcoal samples,
and derived the age correction models from the statistical investigation of the age difference and
variation between pretreatments to evaluate early problematic radiocarbon data by the recent
technological standards of radiocarbon dating.

Using the decision tree and the age correction models, we reconstructed the archaeological
chronologies of the European Paleolithic key sites (Geillenklosterle, Fumane cave, etc,), and
estimated the timing of Neanderthal disappearance. The obtained site chronologies and the end
boundary were good agreement with recent revised radiocarbon data. This assessment approach
made available of numerous data for the meta-analysis of the database. In principle of age
assessment model, the time resolution became in 1000 year, and the comparison with rapid
paleoenvironmental changes was difficult. However, this approach has benefit to estimate
exhaustive spatio-temporal distribution of archaeological sites. The modeled dates were applied to
Ecological niche modeling (Kondo et al. this issue).



Regional last glacial climate synthesis for the Eastern Mediterranean
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1. Faculty of International Resource Science, Akita University, Japan

2. Atmosphere and Ocean Research Institute, The University of Tokyo, Japan

3. Research Institute for Global Change, JAMSTEC, Japan
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We present a regional climate synthesis for the Eastern Mediterranean region based on a variety of
records including lake sediment core pollen. We both examine spatial trends and gradients by
considering all records individually and create a stacked record which is compared to the North
GRIP ice core. Before stacking, care was taken to ensure that the age models of each record were
consistent. For older records that used the GISP2 the Meese-Sowers 1994 age scale, we updated
their age models to the GICC05 model-extended chronology. Results are consistent with previous
work and show in general good agreement with Greenland and North Atlantic climate, with
generally variations corresponding to Dansgaard-Oeschger oscillations. Cool and dry conditions are
common during stadials, and warm and moist conditions are observed during interstadials.
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Ecological niche modelling for the Neanderthals and modern humans:
Achievements of the interdisciplinary collaboration

Yasuhisa Kondo ', Katsuhiro Sano %, Takayuki Omori >, Ayako Abe-Ouchi **,
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The archaeology and palaeoenvironment collaborative research group of the Replacement of
Neanderthals by Modern Humans Project assessed the impact of climate change on the ecological
niche construction of Neanderthals and anatomically modern humans. It did so through the machine
learning model using the location of archaeological sites and palaeoenvironmental indices such as
temperature, precipitation and elevation.

The research was conducted for two spatio-temporal windows: 1) the entire area of Eurasia (20°W
to 160°E, 0° to 90°N) at 50 to 46 ka and 2) Europe and Levant (15°W to 45°E, 30° to 60°N) at
50-38 ka. Based on the assumption that different lithic industries indicate different behavioural
strategies of human populations, cultural layers containing the Initial Upper Palaeolithic (IUP)
industry were extracted from the archaeological database (Neander DB) for the first geographic
window. Similarly, the Late Mousterian at 50 to 45 ka, the Chéatelperronean at 45 to 43 ka, and the
Proto-Aurignacian at 43 to 40 ka were extracted as site groups for the second geographic window.
Sites were filtered by statistical treatment of radiocarbon dates. Palaeoclimatic data were prepared
by a new atmospheric-ocean global circulation model for typical cold and warm periods of the Last
Glacial.

Results showed little geographical difference in high niche probability areas for the IUP industries
between warm and cold periods. The coldest month (January) temperature significantly affected the
niche construction in both warm and cold periods. High niche probability corridors were observed
on the routes from the Levant to Eastern and Central Europe via Anatolia and to the Altai via the
southern coast of Iran and Afghanistan. Lithic industries of the second geographic window
commonly expanded their ecological niche to higher latitude zones in warm period.

This collaborative research was unique because archaeologists, geochronologists, climatologists and
geomorphologists contributed data that they scientifically validated to establish methods of
quantifying environmental impacts on niche construction of human populations using an ecological
niche model. Further improvements will be pursued by embedding the niche confliction of two
population groups to the model through an agent-based simulation.



Stadial and interstadial climates, as simulated in experiments with the MIROC
climate model
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Ice core data from Greenland have shown that, during the last glacial period, a series of abrupt
climate changes known as Dansgaard-Oeschger events took place. These events are characterized
by relatively rapid warming in the northern hemisphere within the span of a few decades, followed
by progressive cooling over about 1,000 years. Some of the cool stadial states coincide with
Heinrich events during which large amounts of freshwater from melting icebergs were added to the
North Atlantic Ocean, thereby altering the global ocean circulation and climate. These abrupt
changes may have had a profound effect on the migration patterns of the Neanderthals and modern
humans, and may have played a role in the extinction of the former.

To investigate how the stadial and interstadial climates differed and how the land vegetation may
have responded, we used results from experiments which were performed with a coupled
atmosphere-ocean model, MIROC, and which included the effects of the discharge of freshwater
into the Atlantic Ocean. Sea ice and sea surface temperature data from these experiments were
applied to a mid- and high-resolution atmosphere model to remove sea surface temperature biases in
the coupled model and also investigate how model resolution could affect the simulated climate.
Freshwater forcing leads to a bipolar climate pattern with cooler and drier conditions across most of
the northern hemisphere and warmer and wetter conditions in parts of the southern hemisphere
Proxy data suggest weaker summer Asian monsoons during the stadials and this is seen more
clearly when model sea surface temperature biases are removed from the atmosphere model.
Temperature and precipitation from these experiments were subsequently applied to a dynamic
global vegetation model to investigate changes in vegetation during the stadials. In general, there is
a reduction in forest over most of Europe, much of this being replaced by grassland. On the other
hand, in the small area stretching from the eastern coast of the Iberian Peninsula to the western
coast of Italy, forest cover increases. Access to a variety of proxy data is important in increasing our
confidence in model results.
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Reconstruction of Fossil Crania Based on Three-Dimensional Surface
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Development of a method to estimate the cerebellar volume from the endocast and its
application to the Neanderthals and Pleistocene Homo sapiens

Daisuke Kubo ', Hiroki C. Tanabe %, Osamu Kondo °, Hideki Amano *, Akira Yogi >
Sadayuki Murayama °, Hajime Ishida ®, Naomichi Ogihara *

1. Faculty of Health and Sport Sciences, University of Tsukuba

2. Department of Social and Human Environment, Nagoya University

3. Department of Biological Sciences, The University of Tokyo

4. Department of Mechanical Engineering, Keio University

5. Department of Radiology, University of the Ryukyus

6. Department of Human Biology and Anatomy, University of the Ryukyus

The endocranial cavity of fossil human crania provides limited information about the brain volume
and some anatomical features. The cerebellum of fossil hominins has been rarely focused among
many studies on the endocranial cavity. It is because the human brain is characterized by the
absolutely large size as well as the relatively enlarged cerebral association areas compared to those
in the other primates. However, the association of the cerebellum with the higher cognitive
functions has been recently supported or discussed by an increasing number of evidence, such as the
cognitive impairment related with cerebellar lesions, the activities of the cerebellum during
cognitive tasks which are detected by functional MRI, the correlation between the cerebellar
volume and cognitive performance in healthy subjects, and the neuroanatomical connectivity
between the cerebral association areas and cerebellum.

In order to assess the cerebellar volume of Neanderthals and early Homo sapiens, we devised a new
method to estimate the cerebral and cerebellar volumes, which was derived from the volumetric
relationships between endocranial subregions (i.e. supratentorial and posterior cranial fossa regions)
and brain components (i.e. cerebrum and cerebellum) based on MRI data of living human subjects
(n=32). To apply the MRI-derived relationship to CT data, the volumes of endocranial portions
were calibrated by coefficient factors derived from paired comparison between the CT and MRI
measurements of the same individuals (n=3). We found that the volumes of endocranial subregions
are useful estimators for the cerebral/cerebellar volumes. We then applied our estimation method to
four Neanderthal, and two Middle and two Upper Paleolithic Homo sapiens specimens. The results
showed that: (1) The Middle and Upper Paleolithic H. sapiens are comparable to the living humans
in their relative cerebellar volumes, and (2) The Neanderthals had relatively smaller cerebella than
H. sapiens, although these two species were comparable in the whole volume of the brain. Recently,
neuroscience research has indicated that the cerebellum is involved in formation of internal models
for motor skill learning, and theoretically suggested to be involved in cognitive learning as well.
Therefore, the difference in the cerebellar proportion relative to the whole brain size between
Neanderthals and H. sapiens might have been related to the efficiency of their learning.
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Reconstruction of Qafzeh 9 braincase and its endocast morphology

Osamu Kondo ', Daisuke Kubo %, Hiromasa Suzuki * and Naomichi Ogihara *

1. Department of Biological Sciences, Graduate School of Science, The University of
Tokyo

2. School of Health and Physical Education, University of Tsukuba

3. Department of Precision Engineering, The University of Tokyo

4. Department of Mechanical Engineering, Faculty of Science and Technology,
Keio University

In this paper, we compare the size and shape of the endocast of Qafzeh 9 with those of recent
humans and several fossil hominids. At the time of endocast reconstruction of the Qafzeh 9
accomplished by ourselves (Kondo et al. 2014), we recognized that the present reconstruction of the
Qafzeh 9 cranium suffers from a significant degree of R-L asymmetry, and tried to correct the
observed degree of deformation or distortion along the most variant direction against the normal
R-L asymmetry of recent human crania. In this situation, we aim to assess both of the original
(Qaf9org) and the morphed (Qaf9def) versions of endocast for the Qafzeh 9 by comparing them
with those from a few fossil and recent human endocasts from Japanese and Australians.

Directly measured endocranial volumes (ECVs), 1411 cc for the original reconstruction and 1477 cc
for the morphed version, respectively, are smaller than previously published data (1531 cc,
Holloway et al., 2004) using least-square regression equations. Although the difference is
statistically significant by 7-test, those estimated ECV values fit well within the gradual evolution
of the ECVs in genus Homo. After morphing, the endocast is higher at the middle cranial fossa and
narrower at the frontal lobe. The narrower frontal width, which is statistically significant, falls
within the range of the recent human variation, and it follows the trend of widening of frontal lobes
in the genus Homo.

Principal component analysis based on the endocranial measurements highlights the increase in the
height measurements for the morphed version (Qaf9def) endocast. Among the present comparative
samples, the Qafzeh 9 endocasts (both versions) fall the periphery in the variation range. The
position of the original version illustrates the significance of the endocranial heights (CH and EH).
After morphing, the position is exaggerated with the shift to the right-most end. Before accepting
this result, we should care about the morphing procedure, which was made on the small number of
anatomical landmarks. However, if we accept the morphing version of the endocast, that of the
Qafzeh 9 must have gained a higher brain, which would strengthen the taxonomic description as
“quite-modern” status for this specimen.
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Comparison of endocasts between Neanderthals and modern humans
—Reconstruction of the caudal border of the prefrontal cortex—

Yasushi Kobayashi ', Toshiyasu Matsui ', Hideki Amano %, Yusuke Morita ?,
Naomichi Ogihara
1. Department of Anatomy and Neurobiology, National Defense Medical College

2. Department of Mechanical Engineering, Faculty of Science and Technology, Keio
University

In our previous reports, we developed and evaluated the methodology to infer the caudal extent of
the prefrontal cortex based on the endocast morphology. We demonstrated that the coronal suture is
a suitable landmark to locate the inferior precentral sulcus, which is located between the prefrontal
cortex and the premotor area. In monkeys and Hylobates, the inferior precentral sulcus or the lower
limb of the arcuate sulcus was located close to the inferior portion of the coronal suture. In contrast,
the location of the inferior precentral sulcus in modern humans was markedly caudal to the coronal
suture. The average distance between the sulcus and the suture was 6.3% of the fronto-occipital
length of the endocasts.

In the present study we applied this spatial relationship also to Neanderthals, and compared the
location of the precentral sulcus as well as several morphological characteristics of the estimated
prefrontal region (including the white matter). Neanderthals and modern humans showed
differences in the cross sectional area of the estimated caudal border of the prefrontal region: the
area in proportion to the endocast volume tended to be lower in Neanderthals than in modern
humans. This implies that the afferent and efferent connections of the prefrontal cortex might be
limited in Neanderthals.
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Development of geometry processing tools for quantitative analysis of fossil crania

Takashi Michikawa 1, Hiroyuki Hishida 2. Hiromasa Suzuki 2, Masaki Moriguchi 3,
Naomichi Ogihara 4

1. Center for Environmental Innovation Design for Sustainability, Osaka University
2. Department of Precision Engineering, The University of Tokyo

3. Department of Information Engineering, Chuo University

4. Department of Mechanical Engineering, Keio University

The objective of this research is to provide tools for analyzing human crania including
Neandelthals. In this research, we developed the following three methods.

The first method is a segmentation of 3D images by using structural analysis for
decomposing assembled bones into a set of fragments. A basic idea is to find structurally
weak region by structural analysis and to decompose the images there. We proposed a
semi-automatic method for estimating constraint and loading conditions those are usually
defined by the users manually. This enables us to decompose fragments of fossil crania
with rough design of the boundaries and it makes possible to re-assemble the crania in
virtual space.

The second method is an outermost surface extraction method from CT images. In general,
the polygonal data can be computed from CT images by isosurfaces of the scalar field
defined by CT value. However, this approach usually creates small porosities inside the
model. These structures make the isosurfaces complicated. In addition, they often become
bottlenecks in post-processing. We developed a method for polygonizing only external
structure of the isosurfaces. The method finds small porosities by morphological operators
and manipulates CT values at the porosity structure so that isosurfaces are not computed
there.

The last method is a polygon extraction method of endocast from CT images. The
endocasts exist inside the crania and they can be used for estimating the brain shape of the
crania. However, it is hard to extract them from the isosurfaces manually. We proposed an
automatic extraction method based on watershed segmentation of the empty space. Based
on observation that the endocast is largest empty space in the cranium, we automatized the
extraction procedure.
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Semi-landmark transfer using as-rigid-as-possible transformation

Masaki Moriguchi 1, Takashi Michikawa 2, Hiromasa Suzuki 3, Naomichi Ogihara 4,
Osamu Kondo °

1. Department of Information and System Engineering, Chuo University

2. Center for Environmental Innovation Design for Sustainability, Osaka University
3. Department of Precision Engineering, The University of Tokyo

4. Department of Mechanical Engineering, Keio University

5. Department of Biological Sciences, The University of Tokyo
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Functional Mapping of Learning Activities in
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Figure 1 Results of Surface displacement based morphometry

Reconstruction of the brain from skull fossil using computational anatomy

Takanori Kochiyama 2, Hiroki C. Tanabe °, Kunihiro Hasegawa °, Naomichi Ogihara *

1. Department of Cognitive Neuroscience, Brain Information Communication Research

2. Laboratory Group, Advanced Telecommunications Research Institute International
(ATR)

3. Graduate School of Environmental Studies, Nagoya University

4. Department of Mechanical Engineering, Keio University

We investigate the presumed differences in learning abilities between Neanderthals and modern
humans by combining the evidence from the morphological analysis of fossil brains and the
functional brain mapping of modern human’s brain functions. To this end, we need to establish the
method for extrapolating human brain function to Neanderthal’s one with taking into account of the
anatomical difference between them. Under the collaboration with CO1 and C02 group, we
successfully created the virtual Neanderthal brain from the modern human brain using the method
of the brain extrapolation through skull shape or endocast matching (tentatively-named as BETSSM
/ BETESM, respectively) between Neanderthals and modern humans. We also developed new
method, called surface deformation based morphometry (SDBM) analysis, which allows us to
evaluate the location and direction of changes in the skull or endocast shape among different
populations.

In this study, we quantitatively compare differences in patterns of regional brain anatomy between
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Neanderthals and modern humans using the BETESM and SDBM analyses. We used three fossil
skull CT images of Neanderthals, four fossil skull CT images of early modern humans, and 1190
MR images of modern humans. The multivariate Hotelling T2 statistics in the SDBM analysis was
used to compare the endocast morphology in in terms of contraction or expansion of endocast
surface.

Figure 1 shows the result of multivariate tests (upper column) for differences in the displacement
vectors (lower column) using the SDBM analyses. The comparison of endocast between 1190
modern humans and 3 Neanderthals showed some significant brain areas including bilateral parietal
cortices, occipital cortex, medial temporal region and cerebellum. Compared to the early modern
humans, Neanderthals showed morphological changes of endocast in medial temporal region and
cerebellum. The colored arrows in figure 1 indicate 3D displacements from the modern human’s to
the Neanderthal’s endocast. The arrows in cerebellum are long and inward mean the smaller
cerebellum in Neanderthals compared to the early and current modern humans (red arrows). The
SDBM results also show the parietal shrinkage (red arrows) and the occipital and temporal
expansion (blue arrows) in the Neanderthal’s endocast.

In the final stage, we will explore the structural-functional relations using a combination of the
current approach along with the meta-analysis about social learning skills and creativity.
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Functional Brain Mapping of modern humans: The role of cerebellum in joint
attention as a base of social cognitive ability

Norihiro Sadato !, Hiroki C. Tanabe *
1. National Institute for Physiological Sciences
2. Graduate School of Environmental Studies, Nagoya University

Research team C02 assumes that ability of social cognition is one of the key factors to divide the
fate of Neanderthals and Sapiens. We promote the exploring the neural mechanisms of social ability
using dual functional MRI system. Especially, we focused on the neural mechanisms of ‘joint
attention’, which seems to be the basis of the social cognitive ability. The results of our fMRI
studies showed that bilateral cerebellar hemisphere (lobule VI) were activated in both initiative and
responding to joint attention, whereas the cerebellar parasagittal region (Crus 1) was activated only
in the responding to joint attention. This suggests that cerebellum has at least two different roles
during joint attention. Moreover, our results of meta-analysis for neuroimaging studies of the social
cognition showed that lateral part of the cerebellum is activated in many of those studies. It
indicates that cerebellum plays a significant role for social cognition.
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The neural basis of coping strategies for boredom and their association with creativity

Motoaki Sugiura
Institute of Development, Aging and Cancer, Tohoku University

Boredom is a negative feeling, which is felt when we lose meaning in an act or situation, during
repeated presentation of a stimulus or performance of a task. Two strategies for boredom coping are
defined: externally-oriented behavioral coping (BC) and internally-oriented cognitive coping (CC).
Boredom coping, especially of the CC type, is suggested to involve creativity, which is essential in
restructuring one’s perceptions of a boring situation. We investigated the neural correlates of BC
and CC strategies and their relationship with creativity. While undergoing functional magnetic
resonance imaging, subjects viewed repeated presentations of the same picture and rated their
degree of boredom. For BC, the subjects could request a new picture by rating a maximal level of
boredom. However, there was a 50% chance they would have to view the same picture again, thus
requiring CC. We observed neural activation common to both coping strategies in the ventromedial
prefrontal cortex and other midline structures, which presumably reflected general coping strategies.
We also observed regional neural activation specifically associated with CC and positively
correlated with individual differences in creativity, in the posterior cingulate cortex (PCC) and the
right angular gyrus (AG). The fact that the human PCC and AG develop at the latest stage of the
brain evolution may be supportive of the role of CC in the creativity of Homo sapiens.
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Meta-analysis of functional brain maps in modern humans employing
activation-likelihood estimation (ALE)

Kunihiro Hasegawa ', Takanori Kochiyama > , Hiroki C. Tanabe '

1. Graduate School of Environmental Studies, Nagoya University

2. Brain Information Communication Research Laboratory Group, ATR
3. Brain Activity Imaging Center, ATR-Promotions

In the CO2 project of the RNMH (Replacement of Neanderthals by Modern Humans), we
hypothesized that the difference of cognitive functions between Homo neanderthalensis and Homo
sapiens promotes the replacement. To test this, we created functional topographic maps of the
cognitive abilities in modern humans, employing an activation-likelihood estimation (ALE)
meta-analysis (www.brainmap.org/ale). The ALE is able to summarize the previous results of the
neuroimaging studies, and to compensate the limitation of the single experiment study. The
BrainMap database (www.brainmap.org), which contains the results of the 3,882 fMRI experiments,
was used in the present study. We focused 4 major cognitive domains: attention, language, memory,
and social cognition. As our recent results of comparative anatomical approach showed that the
morphological differences in cerebellum between them, we also focused on the functional
correlation between cognitive functions and cerebellum.

The results of the meta-analysis showed that 10 cortical regions including dorsolateral prefrontal
cortex, dorsal anterior cingulate cortex, were defined as consistently activated in attention, while 8
cortical regions including Broca's and Wernicke's areas were defined as consistently activated in
language. Twenty-nine cortical regions including hippocampus and insula were defined as
consistently activated in memory. Regarding the social cognition, 18 cortical regions including
medial prefrontal cortex and temporoparietal junction were defined as consistently activated. We
also found that the lateral cerebellar cortex was consistently activated in attention, language, and
memory. Many studies reported the activation of the cerebellum in social cognition, although it was
not reached the statistical threshold in the present meta-analysis. Based on these findings, we
continue to examine which cognitive abilities are deeply correlated with their fate.
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Verification experiment of social learning and individual learning using Tower of
Hanoi

Yukinobu Hoshino !, Keita Mitani 2, Naoki Miura °, Hiroki Tanabe *, Kenji Nagai >
1. School of Systems Engineering, Kochi University of Technology

2. Kochi University of Technology

3. Faculty of Engineering, Tohoku Institute of Technology

4. Graduate School of Environmental Studies, Nagoya University

5. Tohoku University of Art & Design

In the previous report, we measured and analyzed 3D motion data by subject that has expert skills
of the recurrent Levallois method. Execution of stone-tool production was shown to concern with
"social learning" and "individual learning" by our results.

In this study, our purpose is verification of difference between "social learning" and "individual
learning" from fMRI analysis. However, execution of stone-tool production in MRI is impossible,
so we focus attention on "Tower of Hanoi" as the task of execution function analysis. Participants
belonged to the “Social learning group”, “Individual learning group” or “Non learning group”. Task
contents of all groups were same, but learning contents of between tasks were different. As the task
detail, participants performed the task of Tower of Hanoi (3 problem, each 40 second) 5 times.
From the previous experiment results, operation count and operation interval time by each groups
were observed difference. Therefore, we think that each groups had the difference about progress of
learning and way of the plan.

In this fMRI analysis, social learning group had decrease of brain activation in the Superior frontal
gyrus, and individual learning group had decrease of brain activation in the Lingual gyrus, but this
results is the individual analysis. In this poster session, we will report about the results by group
analysis of each group.

— 118 —



A ZENTICE S ERMBH OMBEEROHE

=R EA
AL TR T2

AWFZETIE, HA - BT AHOFEETE R Z MR ZICH LIS S 720c, BRADE
B REHX A ER U, BRI A RIS RS S HEE SN D IHA - AR OMIEREZE &
BHNCHEm T 2 F L HICHIE A HEE L T& 2, TOPTHHIC, 2FEO—H>DIEHE
T HBHFAEICHONT, MthEOEBM M2 BT 2RI Z X RICE G5 5 M AR O fiF
BICI D A TE 7, ZTAVE THFZE Tl de SRAEBI R ORI 8 (2B 53 2 e SR AR OO 1
HHZDOWT MRI Z W TIT o 7228, AR CIIIMBERERHRAT JE @S (x4 2 A & it
Ea VT, ZHVE TOMBREFRIGEILIC B < 8 B o B ofi il 2,7 5,

CNE TICHE &S E B 0B 2R X ORI B3 B IS REFHRIAF 98 &2 SR T — & X
— A BN Ui 5, B oBlEi L O B b 2 F58 19 fRNINEE Sz, INEE
SNTER SISV THRAE ST D MBS RERRAT RS S © 18 B A o B 2 55 X OB GR
EEAT > TV D BEO RIS BN EAL O FEAE 2 fh i L 72, A Z fi#HTIZ1X Activation Likelihood
Estimation (ALE)Z T filit S V72 S O AR I RS & | 8 B HIC RS 57 2 ik
MEOREH 21T > 7=,

Z OfG R, AU FTEE SR, ol R 2E TE R R, R e SR A A5 RN AT S oD R
(CHLEHEIA B RIS 2338 DT, F 7 2 A SMR AT EE B B 02 A SR T [ 158 BRI D iy 13
VIR H H 24T - T AIEPE O AR & b Il DN FET 2 Fv b, 7o
/NI OBLER S AT R BTE TR TR 2 DR O fMRI WFJE THE Lz, AdsiEIED
BEIZBWTEE & & OITHRHAET DS —E L TRV, EE B EOR S
ETRLS PG T LM TH D EN TR END, FIFEEMTIEICESHA - B AR ORI RE
APEAERN G /DN & FHTERICA B RBEAENRD DNIZHEN D, 0K D aphi g
(&> TRESNDEMBERED RN BN - ABOFEITEI D7 & 72 o T W REME D R
e,

— 119 —



Functional brain map of human’s tool-use; meta-analysis for neuroimaging data

Naoki Miura
Faculty of Engineering, Tohoku Institute of Technology

In this research project, we investigated to clarify the functional map of human learning behavior
for discussing the difference of cognitive capability relating the learning behavior between the
Neanderthals and modern humans based on the morphological differences of brain. Especially, we
have examined to elucidate the neural substrate of imitation learning which is a kind of social
learning. For this research objective, our previous fMRI experiment has revealed that neural
substrate of observation learning for bodily action of Mousterian stone-tool making. And, the
present report conducted a meta-analysis for neuroimaging data to obtain the robust findings for
neural substrate of tool-use.

Nineteen neuroimaging research reports about observation or imitation of tool-use were collected
from several citation databases. Coordinates of activation foci relating experimental task of
observation and imitation for tool-use action were extracted. And, a meta-analysis using Activation
Likelihood Estimation method was performed to depict the functional maps of tool-use.

The result showed that significant activated regions were observed on the bilateral prefrontal cortex,
intraparietal sulcus region, middle temporal gyrus, and right cerebellar anterior lobule. And, parts of
activation clusters of left prefrontal cortex and intraparietal sulcus were overlapped with neural
substrates of creative thinking obtained by our previous study. Furthermore, the activation cluster
on right cerebellar anterior lobule was located on similar region with our previous fMRI finding
about learning-related activation during observation of stone-tool making and it is indicated that this
region is related to imitation learning of tool-use. From the result of computational anatomy for the
Neanderthals and modern humans, cerebellum and parietal cortex has morphological difference
between two species. Thus, those findings imply that those morphological and functional
differences may represent the difference of learning behavior between he Neanderthals and modern
humans.
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Neural and structural substrate associated with motivation to learn and fatigue

Kei Mizuno

Pathophysiological and Health Science Team, RIKEN Center for
Life Science Technologies;

Department of Medical Science on Fatigue, Osaka City University
Graduate School of Medicine

The difference of learning abilities is expected to be demonstrated by elucidating the brain regions
involved in social and individual learning of the modern humans using neuropsychological methods
and comparing the differences of brain regions between them based on the reconstruction of fossil
of ancient human brain. For the first of study, the study project of RNMH is focusing on the neural
bases of imitative learning in social learning and of learning control (enforced learning) in
individual learning. In addition, in individual learning, social rewards, such as acceptance and
acclaim from the significant others, are setting as a reinforcement factor for learning, and a
verification model of the effects of social rewards on learning are suggesting.

In the present study, we set motivation to learn and ability of fatigue resistance as another
reinforcement factors for learning. We investigated neural bases associated with the enforced
learning affected by motivation to learn and fatigue resistance using functional magnetic resonance
imaging (fMRI). Our previous studies revealed that the brain region involved in motivation to learn
is the striatum; fatigue, which is inextricably linked to motivation to learn, induces the decrease in
striatal activation, and the medial prefrontal cortex is related to emotional control such as
motivation and fatigue sensation. In addition, we investigated the individual differences in modern
human’s brain morphology, gray-matter volumes in region of interests of motivation and fatigue,
and found that volumes of temporal cortex, prefrontal cortex and precuneus (a part of parietal
cortex) in adults were associated with the extents of motivation to learn or fatigue. In children and
adolescents, the volume of precuneus was also correlated with fatigue level.

On the other hand, Ogihara and Tanabe form the RNMH project revealed an increase in volumes of
parietal cortex and cerebellum and a decrease in that of occipital cortex in ancient humans. The
ability of fatigue resistance was involved in the volume of precuneus based on our findings, and
thus, the smaller precuneus volume in ancient humans implies a reduction of the ability for fatigue
resistance. We evaluated neural activities during a working memory task with fMRI in modern
humans and revealed the increased activities of the lateral side of cerebellum depending on the
memory load, suggesting that working memory function, which closely related to learning
performance, in modern humans are greater than that in ancient humans. In conclusion, the
collaborative study with our study and the RNMH project lead to a new concept for differences of
brain functions based on differences of brain structures between modern and ancient humans,
namely, differences of functions of fatigue resistance and working memory between them may
induce the replacement of Neanderthals by modern humans.
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