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Neanderthals and Anatomically Modern Humans

Tasuku Kimura
The University of Tokyo

The object of the RNMH Project is to interpret the replacement of Neanderthals by modern
humans from the working hypothesis that the replacement occurred as a result of the difference
in learning capacity between two human groups. Who are the Neanderthals? In the current
presentation, the Neanderthals are briefly reviewed mainly from a biological viewpoint.

No Neanderthals have been discovered in the Japanese Archipelago.  In West Asia,
however, researches on Neanderthals have been conducted by Japanese scholars for more than
half a century.  Not only in West Asia, Neanderthals were distributed geographically in Europe,
Central Asia, and even South Siberia, and chronologically from around 400,000 years to 35,000
years ago. Most Neanderthals have been discovered in Europe, and they were called the
‘Classic Neanderthals’ in the peak period. Many morphological characteristics of Classic
Neanderthals are distinguishable in comparison with those of the modern humans, those of the
archaic humans outside of the Neanderthal distribution, mainly in Africa and East Asia, and
those of much more archaic humans such as Homo erectus.  The ancestor of the Neanderthals
is considered to be Homo heidelbergensis in Europe.  The direct fossil ancestors of extant
humans are called the Anatomically Modern Humans (AMH), the first of which appeared
around 200,000 years ago in Africa.  There are many hypotheses on the phylogenetic
relationships between the archaic and modern humans.  Specifically, why and how the
Neanderthals, who had a large distribution area and are represented by a large number of fossil
remains, were replaced by the AMHs is being hotly debated.  For the last few decades, modern
human origin was mainly explained by the “African origin” model in which the AMHs
appeared only in Africa and radiated to Eurasia, becoming the present-day humans with no
contribution from archaic humans outside Africa, including the Neanderthals. The opposing
hypothesis was the “multiregional evolution” model which supported the contributions of
archaic humans outside Africa to modern humans.  The African origin model was based on
fossil evidence for the earliest appearance of AMHSs in Africa, and on the mitochondrial DNA
analyses of ancient and extant humans.  The recent analysis of the ancient nuclear DNA,
however, has lead to the suggestion that the gene flow occurred from Neanderthals into the
ancestors of non-African present-day humans. The “assimilation” model is now being
reconsidered.  The model accepts the gene flow from archaic humans in several regions of
Afro-Eurasia into the AMHSs after their origin in Africa.
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Symposium 1 “On the diversity of the learning and social abilities in humans”

Organizer
Ryosuke Kimura (BO1, University of the Ryukyus)

Objectives

In the RNMH project, many researches are proceeding based on a working hypothesis that
1) the differences in learning behavior and ability between Neanderthals and modern humans
existed, 2) then yielded the difference in the rates of cultural evolution, and 3) decided the fates
of these species. However, it is still uncertain what the differences are.  In addition, it remains
to be solved what the turning point for the behavior and ability specific to modern humans is.

It is needless to say that both social learning and individual learning are important for
cumulative culture. However, the two learning strategies are not always coexist at an
evolutionary stable state.  Theoretical studies to date have indicated that individual learners
paying costs/risks and social learners behaving as free-riders coexist in situations where existing
knowledge and technologies become useless because of temporal or special changes of
environments.  If according to this scenario, can it be true that modern humans quit innovative
activities under a stable environment?

To challenge high-risk/high-return innovative activities under a stable environment, the
presence of community and food sharing probably take an important role as a safety net.  In
such a case, intergroup competition may be required to maintain such innovative activities.
When we consider this scenario, the formation of steady community having a social security
may be the turning point for the behaviors and abilities specific to modern humans.
Furthermore, it is possible that the sociality of modern humans is involved in the evolution of
individual learning behaviors/abilities through the formation of community, as well as social
learning behaviors/abilities.

In this symposium, five speakers will outline the knowledge of the diversities of learning and
social abilities in modern humans and will explore the processes by which these diversities arose,
connecting it with the evolutions of innovative activities and of community.



Speakers
Ryosuke Kimura (BO1, University of the Ryukyus)
“The genetic diversity in genes associated with neural and mental characteristics”
Kaoru Imamura (A02, Nagoya Gakuin University)
“The sharing system and acquiring technology in San hunter-gatherer society”
Kazuya lwamoto (The University of Tokyo)
“Molecular genetics and epigenetics of major psychiatric diseases”
Mayuko Nakamaru (BO1 Invited Researcher, Tokyo Institute of Technology)
“Evolution of cooperation and memory”
Hiroki Tanabe (C02, Nagoya University)
“Diversity of learning abilities in modern humans: Psychological and cognitive
neuroscientific perspectives”
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The genetic diversity in genes associated with neural and mental characteristics

Ryosuke Kimura (B01)
Graduate School of Medicine, University of the Ryukyus

It would be usual that cumulative developments of technologies are achieved by a few
innovators and many other followers.  Therefore, cultural and technological developments in
prehistoric humans may have also been in that way. Even if a difference in the learning ability
between Neanderthals and modern humans is hypothesized, it is not needed to assume that all of
modern humans have acquired the same innovative ability. It would be possible that different
learning and social strategies have coexisted under the evolution of large society in modern
humans and that genetic variations associated with behaviors and abilities have been diversified
by frequency-dependent balancing selections.  Recently, genes associated with neural and
mental characteristics have gradually been identified by genome-wide association studies and
molecular biological experiments. In this study, I will unravel the evolutionary process of the
learning and social abilities in modern humans by investigating the genetic diversity of such
genes.
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The sharing system and acquiring technology in San hunter-gatherer society

Kaoru Imamura (A02)
Nagoya Gakuin University

The San, hunter-gatherers in the Kalahari Desert of southern Africa, are known for
thoroughly distributing among themselves any meat acquired by hunting.  They share things
not only at a material level but also in the social dimension. It is important for them to share
actions and behaviors.

Sharing at a material level is seen in food distribution and in the lending and borrowing of
tools.  Although they share food and tools, there is still a recognized owner.  People are
always conscious of who gives what to whom and remember it.  They maintain social
relationships through a psychological sense of indebtedness.

They share behavior by participating in healing dances and rituals.  They go hunting or
gathering together, sharing these activities. They co-operate and help each other in
slaughtering, tanning and sewing skin rugs (which are all done by the men), and also in building
huts (done by the women).

The transfer of technology and learning occurs in this setting of shared behavior and activity.
For example they will make a skin rug co-operatively. The owner does not ask people to help
but they join in freely to cut and sew skin.  They do not even take into account the owner’s
intention.  They make one rug together.  They learn techniques in such a situation.  This type
of leaning is not hierarchical, from master to student.

When they do co-operative work, they do not specialize in particular tasks.  If there are
three types of work needed to complete a procedure - a, b, and ¢ - they do not take only one role.
They often switch tasks from a to b after a few minutes. Even if one person does not finish a
task, another person will take over his work and can continue to do the former person’s work.
So they work co-operatively, yet their part in the work is replaceable.  Their co-operative
contributions work towards completion in a general way.  They develop their skills by
participating in this kind of co-operation.

On the other hand, the techniques and roles involved in hunting are often non-replaceable.
They do not use another hunter’s bow and arrow or spear because these tools are made to fit just
the owner’s body. A good hunter knows how to hunt game, and also he might be good at
making hunting tools.

However, we cannot tell hunting skills from hunting tools in San society. Over the past 50

12



years they have adopted changing hunting techniques, from using a bow and arrow to using
spears with hunting dogs or spears while horse riding.  Also the arrowhead materials and shape
have changed: from bone and horn to iron, from simple shapes to those with barbs. They have

been able to acquire new technology quickly not only because they learned each technique but
also because they have learned how to learn.

13
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Molecular genetics and epigenetics of major psychiatric diseases

Kazuya lwamoto
Department of Molecular Psychiatry, Graduate School of Medicine, the University of Tokyo

Schizophrenia and bipolar disorder are severe psychiatric diseases, each affecting approximately
1% of the population.  Patients with schizophrenia suffer from three categories of symptoms:
positive symptoms such as auditory hallucinations and paranoia, negative symptoms such as
anhedonia and social withdrawal, and cognitive impairment.  Those with bipolar disorder
manifest repeated cycles of manic and depressive state.  From the epidemiological studies, it is
clear that genetic components have critical roles in the pathophysiology of these psychiatric
diseases. Therefore, to identify the disease-relevant genes will be helpful to understand the
disease and the molecular basis of human mind. Here I introduce the current status of genetics
and epigenetics of psychiatric diseases and discuss molecular basis of psychiatric symptoms and
its variability.
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Evolution of cooperation and memory

Mayuko Nakamaru (BO1 Invited Researcher)
Tokyo Institute of Technology

Our society is based on cooperation within and/or between groups.  The evolution of
cooperation is an interdisciplinary study such as social sciences and natural sciences.
Evolutionary game theory can successfully explain the evolution of cooperation, following the
mechanism such as kin selection, group selection, direct reciprocity, indirect reciprocity, network
reciprocity and punishment, not assuming "smart” players. On the other hand, rational players
fail to maintain cooperation in game theory.

In reality, our human being has complicated and sophisticated cognitive abilities: memory,
language, theory of mind and meta-cognition, and these abilities would influence the evolution
of sociality, and vice versa.

In the project, 1 will clarify the relationship between sociality and cognitive abilities unique
to human.  Especially, I will focus on the effect of long- or short-term memories on the
evolution of learning or/and sociality by means of evolutionary simulations. It is because (1)
without memory;, cultural evolution would not have occurred, and (2) we have long-term
memory, however it is costly and less evolutionary advantage over short-term memory from the
viewpoint of social learning.  Introducing developmental stages in a life cycle, I will discuss the
evolution of teaching and, as a consequence, the evolution of morality from viewpoint of
teaching sociality.
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Diversity of learning abilities in modern humans: Psychological and cognitive
neuroscientific perspectives

Hiroki C. Tanabe (C02)
Graduate School of Environmental Studies, Nagoya University

Even if we look at the same thing, method/speed/accuracy of the recognition differs in each
individual. - Some person notices a small change whereas the other person is less concerned
aboutit. Some person pays more attention to the whole while the other person is particular
about the target details. Some person read a document very quickly, and some other person is
good at reading other’s mind. Individual differences in cognition are observed on various levels
from perception, memory, language, and sociality.  In this symposium, | overview the diversity
of the learning abilities in modern humans from psychological and cognitive neuroscientific
view. Then, | introduce topics regarding the brain functions those induce creativity and social
ability which develops and sustains an innovative community. | also touch our recent results of
the neuroimaging studies.

As for a research program in the current fiscal year, we continue to conduct functional MRI
experiments to elucidate neural substrates of creative ability and social ability from the
viewpoint of the formation and the maintenance of an innovative society. On a parallel to these
experiments, we try to narrow down the brain functions those divide the fate of Homo sapiens
from that of Homo neanderthalensis, and conduct a meta-analysis of the neuroimaging studies
regarding to those functions.  In addition, we start to examine whether those elucidated brain
regions are corresponded to the difference of brain morphology between Homo sapiens and
Homo neanderthalensis, using integrated analysis scheme which is developed by collaboration
between C02 and CO1.
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Symposium 2 “Towards a clarification of the process of Homo sapiens’ dispersals into
Europe”

Organizers
Seiji Kadowaki (A0, Nagoya University)
Katsuhiro Sano (A0, The University of Tokyo)

Objectives

Europe was a central place where the dispersal of Homo sapiens from Africa led to the
replacement (or acculturation) of Neanderthals.  Presentations of this symposium examine
archaeological data, their radiometric dates, and physical traits of human fossils directly related
to this significant event in order to provide updated reviews of current debates on the chronology
of lithic industries, their associations with Homo sapiens or Neanderthals, behavioral differences
between the two human groups, as well as their hybridization.  On the basis of these data, we
also discuss a simulation model of Homo sapiens’ dispersal into Europe.

Speakers
Katsuhiro Sano (A01, The University of Tokyo)
“Problems and prospects of the studies on RNMH in Europe”
Seiji Kadowaki (A01, Nagoya University)
“Dispersals of early Homo sapiens into Europe: A view from the Levantine
Upper Palaeolithic”
Daisuke Kubo (C01, The University of Tokyo)
“Morphological traits of early Homo sapiens in Europe and the issue of admixture:
areview”
Takayuki Omori (B02, The University of Tokyo),
Katsuhiro Sano (AO1, The University of Tokyo)
“Reconsidering radiometric chronology of the European Paleolithic industries”
Yutaka Kobayashi (BO1, Meiji University)
“Simulating the spread of modern humans into Europe”
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Problems and prospects of the studies on RNMH in Europe

Katsuhiro Sano
The University Museum, the University of Tokyo

Evaluation of archaeological sites relating to Neanderthals and modern humans by using
Neander DB indicates that the hypothesis that anatomically modern humans have already
obtained a package of “behavioural modernity” when they emerged in Africa at c. 200 ka and,
on the contrary, European Neanderthal cultures have been stable and unchanged for over
200,000 years is not acceptable. Homo sapiens began to produce symbolic objects and organic
artefacts more frequently between MIS 5a and early MIS 3 in Africa; at the same time,
archaeological cultures remained by Neanderthals in Europe show higher geographical diversity.
Finally, European Neanderthals also began to manufacture symbolic and organic artefacts
around early MIS 3, which slightly predates the dispersal of Homo sapiens into Europe.

The dispersal of modern humans into Europe can be divided to two phases. Bachokirian
and Bohunician between the Balkan Peninsula and Central Europe would indicate the first
dispersal originating from Emiran in the Levant. ~ Simultaneously, Szeletian sites probably
belonging to Neanderthals were distributed over Central and Eastern Europe. The emergence
of Chatelperronian in south-western Europe and of Uluzzian in the Italian Peninsula coincides
with or slightly postdates these transitional industries.  Although there are evidences for
showing the associations of Chatelperronian with Neanderthal fossils and of an Uluzzian site
with molars of Homo sapiens, the validity of the associations is still disputed.

The Proto-Aurignacian appeared between c. 42-40 kyr cal BP spread over the Mediterranean
region and the geographical distribution would reflect the second dispersal of modern humans
deriving from Early Ahmarian in the Levant.  The number of the sites relating to Neanderthals
dramatically decreases at this phase and the replacement of Neanderthals by modern humans
(RNMH) in Europe has probably completed by 40 kyr cal BP.

This paper shows processes of the first and second dispersals of modern humans and
considers qualitative differences of the cultures between Neanderthals and Homo sapiens.

Then, I discuss influences on RNMH by the first and second dispersals based on
multidisciplinary aspects and indicate factors which could lead to RNMH.
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Dispersals of early Homo sapiens into Europe: A view from the Levantine Upper
Palaeolithic

Seiji Kadowaki
Nagoya University Museum, Nagoya University

Lithic industries and their dates can provide archaeological evidence for the hypothesis of
the dispersal of early Homo sapiens into Europe through the Levant after their original exodus
out of Africa.  Researchers have often argued for the population movement from west Asia to
Europe when they detect 1) the similarity in lithic technology between the two regions and 2) a
chronological cline of such inter-regional lithic technology from west Asia to Europe.  For
example, it has been more than a decade since some researchers pointed out technological
similarity between the Emiran in the Levant and the Bachokirian/Bohunician (BB) in eastern
Europe. These industries are characterized by the blade production based on the adapted
Levallois methods. More recently, some European prehistorians suggested technological and
chronological correlation between the Proto-Aurignacian (PA) in Europe and the Ahmarian in
the Levant as both of these industries represent the oldest lithic industries with abundant pointed
bladelets in each of the regions.

This presentation re-examines technological and chronological correlations between the
above lithic industries. As a result, | agree with existing views on the technological and
chronological proximity between the Emiran and BB and its interpretation as evidence for the
dispersal of Homo sapiens from the Levant to Europe.  In contrast, the correlation between the
PA and the Ahmarian may be more complicated but can be clarified by keeping the following
points in mind.

1: Lithic assemblages affiliated with the Ahmarian show greater technological variations
than those of the PA.  Within the Ahmarian, | propose to distinguish between a technology
represented by Ksar Akil Phase 2 (KA2) and that by bladelet-dominant assemblages. The
latter group shows greater resemblance to the PA.  2: The bladelet dominant assemblages are
distributed widely in the Levant and occur stratigraphically above KA2 at Ksar Akil.  3: The
KAZ2 technology appeared as a gradual technological change from the Emiran, whereas the
bladelet-dominant assemblages show technological break from the preceding technology.  4:
Because the KA2 technology may intervene the Emiran and the bladelet-dominant assemblages
technologically and chronologically, its chronological precedence to the PA cause no
culture-historical inconsistency and may indicate that the PA related technology emerged earlier
in the Levant.

If we regard the last point as evidence for the population dispersal or technological diffusion
from the Levant in the emergence of the PA in Europe, the dispersal of Homo sapiens from the
Levant to Europe may have occurred during the early Ahmarian period in addition to the Emiran
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phase. Such multiple dispersals were accompanied with different technology and behaviors
that may have had different roles in the colonization of Europe by Homo sapiens.
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Morphological traits of early Homo sapiens in Europe and the issue of admixture: a
review

Daisuke Kubo
Graduate School of Science, the University of Tokyo

Some researchers have claimed that some morphological traits observed in European early
modern human remains can be parsimoniously explained by admixture with the indigenous
Neanderthals. Most controversial fossil materials are those from some central European sites
including Pestera cu Oase, Cioclovina, and Mladec, which were dated to about 30 ka
radiocarbon years ago or older, and an Gravettian-associated child from Abrigo do Lagar \elho,
Portugal. In this review, I firstly note the effects of admixture on phenotype with reference to
previous studies on what hybrids of extant primates look like.  Next, I outline the
morphological features of the above specimens claimed as the direct evidence of admixture, and
then evaluate the relevance with reference to some studies by the opponents and the other
comparative studies. Besides, | note some recent studies on geometric morphometrics and new
anatomical knowledge which would allow us better understanding of the phenotypes of the
European early modern humans in the future.
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Reconsidering radiometric chronology of the European Paleolithic industries

Takayuki Omori, Katsuhiro Sano
The University Museum, the University of Tokyo

In this paper, we reviewed the statistical age model of European Paleolithic industries
through the correction of radiometric dates, and simulated the boundary ages and durations.

In recent years, technological innovation for radiometric dating has progressed rapidly, and
the Paleolithic chronology is also daily updated in synchronism with the establishment of a new
analytical approach. However, it often happens that an inconsistency between new result and
reported radiometric data becomes a big problem.

Though we focus on the transition industries between Middle to Upper Paleolithic here, the
number of radiometric data of each industry is limited. In order to use all of the reported dates
for the simulation, we attempted to correct the data, which are dated by different methodologies
or pretreatments.

For example, Ultrafiltration method, which is a one of new pretreatment for radiocarbon
dating of bone sample, has attracted attention, and the pretreated date is highlighted in
Paleolithic chronology as atrue age. Examined the relationship of the filtered age and
unfiltered age from methodological validation studies, the distribution shows logarithmic trend.
Using this trend as correction function of the unfiltered age, the offset correction of the
ultrafiltration was attempted.  The differences of the measurement technics or the age
correction of the raw data were corrected by the weighting of uncertainty.

Added to the corrections, radiocarbon calibration curve to be used for the translation from
14C age to calendar date was changed to IntCal09 (Reimer et al. 2009) to Suigetsu data set
(Bronk ramsey et al. 2012).  Thought calibration limit of Intcal09 is up to 50000 years before,
using Suigetsu data set, the calibration limit can be extended until 528000 years before.

In this presentation, through the corrections in radiometric age, we would like to discuss how
to use reported data and interpret the modeled Paleolithic chronology.
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Simulating the spread of modern humans into Europe

Yutaka Kobayashi
Organization for the Strategic Coordination of Research and Intellectual Properties,
Meiji University

The cause of the replacement of Neanderthals by modern humans is one of the biggest mysteries
in human paleontology. Some stresses importance of climate change and others the role of
competitive exclusion.  In the present study, the following set of hypotheses, which involves
both of them, is proposed: (1) Modern humans spread into Europe 40k years ago because they
acquired techniques to live in treeless environments.  (2) Among hominids only modern
humans accomplished this because of distinct innovative abilities. (3) Climate change caused
drastic increase of the rate of cultural evolution and cultural diversity. (4) Neanderthals
survived in the Iberian Peninsula exceptionally long because the peninsula was a glacial refuge
for trees.  (5) Neanderthals rapidly disappeared in places other than the peninsula because
modern humans inhibited their re-expansion in warm periods. A simulation model is
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constructed to show that the replacement possibly occurred in a way consistent with all the
above hypotheses (1)-(5).
The present simulation model still includes many unrealistic assumptions and unsolved

problems. I hope to have an active debate about possible improvements and extensions in the
meeting.
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Diachronic variability of the Middle Palaeolithic lithic industries

Yoshihiro Nishiaki
The University Museum, the University of Tokyo

Research project AO1 has been involved in a range of investigative menus that may lead to an
understanding of prehistoric learning behaviors and their possible relationship to the
replacement of Neanderthals by modern humans.  This year, we will synthesize the results of
the case studies thus far conducted at Palaeolithic sites in the Levant.  The diachronic change of
the Levantine Mousterian assemblages at Dederiyeh Cave, Syria will receive particular
emphasis.  Given that Neanderthal fossils have been recovered with them from stratified
contexts, the lithic data from Dederiyeh Cave helps define in detail the nature of the Neanderthal
tool-manufacturing tradition.  In other words, the Dederiyeh data provide an excellent
opportunity to investigate how the Neanderthal tool tradition persisted or changed in a long
perspective and to interpret why such persistence or change occurred. A comparison with
Upper Palaeolithic traditions will be drawn in order to characterize the cultural evolutionary
patterns of the Neanderthals.
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The spatial and temporal patterns of Paleolithic sites in the Russian plain and
surrounding areas

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

Our research planning of this year is the intensive collecting and inputting to the DB of AO1
group (Neander DB) about archaeological information of Paleolithic sites that are located in the
Russian plain and surrounding regions.  These areas include Russian plain, Crimea peninsula,
Carpathian and the Caucasus mountains.

According to the preceding researches, the Initial or/and Early Upper Paleolithic
assemblages had been reported form several archaeological site and their cultural layers with
radiometric dating at the Kostenki group in the central part of the Russian plain. ~ They reflect
the first activity by Homo sapiens populations immediately after their invasion on this territory.
In the Crimea, there are many Middle Paleolithic sites as well as fossil remains of Neanderthals.
It is possible that this peninsula was one of the "Refugia” for Neanderthals who had been
pursued by Modern populations because of its geological feature, and the late Neanderthal
culture (Middle Paleolithic) had been dated until 30ka BP.  Carpathian Mountains and its foot
hills included several invading routes to Western Europe from Eastern regions.  The Caucasus
seems to be cultural boundary during Paleolithic age.

Through the examination of these regions it will be possible to combine the archaeological
information from Siberia and Central Asia region which we had been worked by last year and
from Western Europe and Western Asia which had been investigated by coworkers of A01

group.
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Future development of the RNMH lithic industry database
Yasuhisa Kondo”®

1 Department of Computer Science, Tokyo Institute of Technology, Japan
2 Japan Society for the Promotion of Science
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As of April 9, 2013, the RNMH lithic industry database Neander DB 2.0 has recorded a total
of 161 lithic industries from 4,514 cultural layers and 5,441 radiometric dates of 2,072 sites.
These data were compiled from a total of 644 literature sources. ~ The study area has already
covered most part of Africa, Asia, Europe, and Oceania.

A progress of out database project was recently presented at the international conference of
Computer Applications and Quantitative Methods in Archaeology (Kondo et al. 2013), where a
several number of foreign colleagues showed their great interest in this database. Now that we
have less than two years to finalise the RNMH project, it is time to plan how we integrate and
publicize the data and disclosure of the database after the project.  This paper presents my ideas
for the future development of the system and contents of the Neander DB 2.0.

The Neander DB 2.0 comprises a table of bibliographic references and tables of
archaeological information such as sites, cultural layers, radiometric dates, and lithic industries.
At the moment, only the database team members have access to browse and edit records in the
database. The metadata format of bibliographic information is based on junii2 of the National
Institute of Informatics (NI1I) and already amenable to data sharing and exchange. It is also
highly possible to share data with the bibliographic databases hosted by the Steering Committee
and the Research team B02 of the RNMH project. Most of the archaeological data need the
quality check and further research by the team members before publication, although the
database also contains a certain amount of the information that can be published soon, such as
geocoordinates and references of the sites.  Therefore, we could realize partial publication of
the database in near future by focusing on the data that are already organized and leaving those
that require further validation. The data should be published not only for the team/project
members but also for the general public. I also suggest to provide a Web Map Service (WMS)
such as the browse of archaeological maps and the download of geospatial data, with the help of
WebGIS. It is preferable to apply open source Geographical Information Systems (GIS) and
Database Management Systems (DBMS) for long-term operation of the database, although the
implementation and maintenance of open source architecture generally requires a deep
knowledge and high skill in system engineering.  Therefore, we must carefully consider the
future trend of the related computer technology to design an appropriate data publishing system.
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Reconstruction of hunting behavior with projectile weapons in Neanderthals and early
modern humans based on differences in skeletal morphology: annual research plan
2013-14

Yasuo Higurashi
Graduate School of Human Sciences, Osaka University

Between about 45,000 and 35,000 years ago, Neanderthals in Europe were replaced by
anatomically modern humans. Various explanations have been offered for processes leading to
the replacement of Neanderthals by modern humans (RNMH). One argument has posited that
modern humans developed complex projectile weapons, such as the spear thrower and dart and
the bow and arrow, before the RNMH, and that these innovative technologies improved hunting
efficiency and broadened the range of prey species availability. To test this proposed explanation,
this research project examines the RNMH in terms of hunting behavior with projectile weapons.

Based on functional morphology and biomechanics, this project quantitatively investigates
the following variables potentially related to the RNMH: 1) the respective advantages of using
the hand-cast spear, spear thrower and dart, and bow and arrow in hunting; 2) body movement
during spear throwing; 3) skeletal features influencing throwing ability in modern humans; 4)
differences in the skeletal morphologies of Neanderthals and modern humans; and 5)
spear-throwing ability in Neanderthals and early modern humans.

Here | present the annual research plan for the year 2013-14 in detail.
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A research in ecological anthropology for learning and education in Neanderthals and
Homo sapiens

Hideaki Terashima
Kobe Gakuin University

Next items are the research targets for this year.

I.  Aresearch on the evolution of teaching in Homo sapiens and the origin of teaching
From the research conducted in this NMRH Project, | have proposed the three-step evolutionary
model of learning and education in human beings (Terashima 2013).  In brief, most basic step
is a social learning based on biological adaptation, which is almost common with the social
learning of other animals.  The second step is the education based on biological adaptation,
which includes “natural pedagogy” (Csibra and Gergely 2006).  The third step is the education
as cultural institution.  Two substeps, education as a social institution and soft education, are
included in this education as cultural institution.  Those two categories are considered not to be
evolutionary steps but an adaptation to specific social environments.  The former is for the
society based industrial production which developed from 19th century, and the latter for the
present highly global information society.  This year | will investigate more into the mode of
learning and education on the second and third steps.  Particularly I will go into detail of the
transition from the education based on hereditary to the education carried out as a cultural
institution.
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Il. Anecological research on the subsistence system of Neanderthals and Homo sapiens
It is indispensable to understand the difference of subsistence system of Neanderthals and Homo
sapiens to understand the reasons of the Replacement of Neanderthals by modern humans. It
is pointed out that the Neanderthals had a strong preference for meat eating.  On the other hand
Homo sapiens looked for various food resources such as fish and small animals such as rabbits.
Drawing on the contemporary hunter-gatherer data, such a difference of subsistence will be
investigated, and at the same time, the relation of subsistence activities with the learning and
teaching system will be considered.

Social learning based on
biological adaptation

Education as a
cultural institution

. Education as a
, soclal Institution

Fig. 1 Evolutionary steps of learning and education in human beings

1. The relationship between symbolic development of Homo sapiens and their learning
and teaching

One of the most outstanding features of Homo sapiens after the RNMH is the remarkable
development of activities based on symbolic ability, such as rock paintings, ritual ceremonies,
production of ornamental objects.  Although the motivations and purposes of rock paintings
are still unsolved mysteries, it seems plausible to think that such symbolic activities may have
important relations with learning and teaching. I will try to put such symbolic activities into
their ecological system and reconsider their roles from ecological point of view. Then I am
going to give more consideration to the relations between the culturally symbolic elements and
learning and teaching activities among hunter-gatherers.
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Children’s tool use development and understanding of others: From the view point of
object representation and representation of actions

Tadashi Koyama
Faculty of Science and Humanities, Kobe Gakuin University

Recently the development of tool use is one of the main focuses in developmental psychology.
Cognitive development is reflected in tool use.  And it is said that our imagining of tool objects
and their functions activated the secondary language area of the brain (Spelke, 2009).  She also
focused on tool use in human development.  She points out that there are at least five cognitive
systems in human young infants: 1) inanimate material objects and their motions, 2) intentional
agents and their goal directed actions, 3) places in navigable environment and their geometric
relations to one another, 4) sets of objects or events and their numerical relationships of ordering
and arithmetic, and 5) social partners who engage with the infant in reciprocal interactions
(Spelke, 2009).  She says those systems are universal across our species. She claims that those
are “core knowledge system”.  Cognitive abilities unique to us are built on the core knowledge
system, and pointed as a human way of representing object. Human toddlers begin to integrate
information about objects and actions. According to Spelke (2009), the productive integration of
object representation and representation of action is important for human development.
McCormack, Hoerl, & Butterfill (2011) pay attention to the tool use acquired through the
undifferentiated behaviorally routinized repeated practice and social learning.

| think that these things would develop in parallel with the development in understanding of
others. | already pointed out that cognitive flexibility was a key competency in daily life for
the RNMH Project.  This year [ will speculate on children’s tool use development, the
development of cognitive flexibility and understanding of others from the view point of object
representation and representation of actions.
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The cooperative creative activity of Baka-pygmy children : Through the group
collage-making and drawing

Eiko Yamagami
Kobe Gakuin University

Purpose
In this project, I have been examining the creativity and resilience, the base of learning ability,

through the psychological expressive techniques such as collage, drawing and the Hand Test for
Baka-pygmy children.  The focus, especially, was on the individual children in terms of the
task process and products.  Instead, this year I would like to explore the cooperative creative
activity of the children, in which they interact each other or/and adults intervene in them. The
hypothesis “one plus one can be more than two’ will be discussed, observing the group activity.
The outcomes of individual activity

1) Creative process

*Without rejection and avoidance, they accomplished the task, taking great interest and
exploring the new materials.

*They changed the situation intensively with a different viewpoint in order to perform their task
easier.

*Most children preferred to use a simple tool, while two ingenious boys tried to use complex
ones to accomplish their artistic works.

2) Creative products

*Great interest in interpersonal relationships and respect for cooperative communication.

*The children’s interest and imagination were remarkable, and they were open to the different
culture as well as their own.

* Their creative products had a good balance without any restraint and explosion, involving
“diffusion and integration” as important elements of creativity.

Participants and Procedure

Several small groups with Baka-pygmy children in Cameroon will be expected to participate in
the art activities. Each group will be asked to make collage and to draw together with titles of

“The meal scenery” and “The favorite house and environment” and so on.
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Research proposal in 2013(fiscal year): Cooperative mutual-coordination in the
wayfinding practices among the G|ui/G|lana

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

Wayfinding practices constitute a promising research domain for the development of action
theory, which analyzes language use in conjunction with the structure of the environment at the
point of action (Goodwin 2000).  Thus far, the author has clarified the structural aspects of the
immense environmental knowledge of GJui, G||ana, and 'Xun, three subgroups of the San,
"hunter-gatherers™ of southern Africa.  This knowledge system constitutes the background for
San wayfinding skills. Moreover, analysis of their conversations shows that their various daily
activities are the means by which they achieve their feats of navigation. Based on these
findings, in this fiscal year, I will investigate how an experienced hunter displays directional
markers by deploying various semiotic resources, particularly postures, gestures, and grammar,
to the participants of interaction at the point of action. Thereby I will analyze the practices of
cooperative mutual-coordination, which arguably forms the basis of the social learning
discussed in the replacement project, too.
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Life history and nutritional ecology of the Neanderthals

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

Following a previous study, which was an invited research, carried out in the FY 2011-2012, we
have continued to conduct field researches on hunter-gatherer populations such as the African
Pygmies, Australian Aborigines, and Alaskan Inuit.

This study aims to create hypotheses on the physiology, ecology, and growth pattern of the
Neanderthals using findings from field researches on modern hunter-gatherers, fossil materials,
and computer simulation.

Research Topics
1. Life history of the Neanderthals
+ Infer the existence of the adolescent growth spurt and estimate its characteristics.
+ Estimate the length of childhood (i.e., from weaning to the onset of growth spurt).
2. Metabolic adaptation to the cold environment
+ Estimate the basal metabolic rate.
+ Calculate the lean body mass.
3. Nutritional ecology of the Neanderthals
- Estimate the daily energy budget (intake vs. expenditure).
+ Deduce energy requirements for the Neanderthals on the basis of the energy expenditure on
hunting and gathering activities and the time spent in these activities.
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Theoretical studies on learning strategy evolution and cultural evolutionary rate

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

1. The effect of one-to-many transmission on the cultural evolutionary rate will be investigated
by generalizing the model of Aoki et al. (2011, Theor Popul Biol 79) to allow multiple
exemplars. The effect of population size will also be considered.  This project was
initiated last December in collaboration with Laurent Lehmann and will be completed this
fiscal year.

2. Conditions for the evolution of teaching will be investigated by generalizing the model of
Aoki and Feldman (1987, Proc Natl Acad Sci USA 84).  Teachers as opposed to
non-teachers are assumed to more efficiently transmit a useful cultural trait but to suffer a
cost.  Environmental change is incorporated as information decay (Aoki and Feldman
2013, Theor Popul Biol, in press).  This project will be initiated in July of this year in
collaboration with Marc Feldman.

3. Conditions supportive of progressive and regressive cultural evolution will be investigated.
This problem can be addressed by a generalization of the model of Henrich (2004, Am
Antiquity 69) (e.g. Kobayashi and Aoki 2012, Theor Popul Biol 82), but an attempt will be
made to find a better approach.
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Trade-off between learning and exploitation: the Pareto-optimal versus evolutionarily
stable learning schedule in cumulative cultural evolution

Joe Yuichiro Wakano
Meiji Institute for Advanced Study of Mathematical Sciences, Meiji University

Inheritance of culture is realized by social learning and improvement is realized by individual
learning.  To realize cumulative cultural evolution, social and individual learning should be
performed in this order in one's life.  However, it is not clear whether such learning schedule
evolves as the maximization of individual fitness. Here we study optimal allocation of life
time to learning and exploitation in a two-stage life history model under constant environment.
We show that the learning schedule by which high cultural level is achieved through cumulative
cultural evolution is difficult to evolve as a result of the maximization of individual fitness, if
there exists trade-off between the time spent in learning and the time spent in exploiting the
knowledge that has been learned in earlier stages of one's life.  Collapse of fully developed
culture is predicted by a game-theoretical analysis where individuals behave selfishly, e.g., less
learning and more exploiting.  The present study suggests that some factors like group
selection, the ability of learning-while-working, or environmental fluctuation might be important
for rapid and cumulative cultural evolution observed in humans. Based on these achievements,
in the year of 2013, | plan to propose and analyze a model incorporating the above-mentioned
factors and to study a mechanism by which cumulative cultural evolution is triggered by genetic
evolution.
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Evolution of learning abilities of cumulative culture

Hisashi Ohtsuki
School of Advanced Sciences, the Graduate University for Advanced Studies

One of the characteristics of cultural evolution is its cumulative nature.  Speaking of stone tools
as an example, its shape and recipe are the results of continuous modifications over years, which
can never be obtained in asingle day.  In other words, they embody the accumulation of
social learning through imitation and individual learning through trial and error.

If one assumes a trade-off between abilities in individual and social learning, social learners
can easily obtain high-level cultural knowledge through imitation whereas individual learners
have to find its counterpart by themselves.  Taking into account the cumulative nature of
culture, therefore, the latter must pay much more cost than previously assumed in existing
models. Through a one-dimensional phenotype space model, where an integer represents a
cultural phenotype, I talk about some preliminary results on the speed of cultural evolution and
evolutionary dynamics of individual and social learners, as well as my research plan for these
two years.
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Schizophrenia and the evolution of learning ability of population

Toshiyuki Hayakawa
Primate Research Institute, Kyoto University

Learning through social communication is essential for the transmission of culture and
civilization in modern human populations.  Schizophrenia is one of the mental disorders, and
people suffering from schizophrenia have trouble in social communication. It is therefore
considered that learning through social communication is disrupted by the onset of
schizophrenia.

Sialic acids are a family of nine-carbon sugars that are found at the terminal end of glycan
chains on cell surface.  Siglec-11 is a sialic-acid receptor that gained expression on brain
microglia uniquely in the human lineage, and shows a neuroprotective function in brain
immunity. It has been suggested that Siglec-11 is involved in the risk for schizophrenia. A
mutation that conferred the brain expression of Siglec-11 occurred about 1 million years ago just
before the divergence between modern humans and Neanderthals. It is therefore possible that
the mutation conferring the brain expression of Siglec-11 was fixed only in modern human
populations and enhanced the learning ability of population uniquely in the lineage of modern
human. The difference in learning ability of population between modern humans and
Neanderthals might be one of the factors that caused the replacement of Neanderthals by
modern humans.

To test this hypothesis, natural selection at the SIGLEC11 loci in the lineage of modern
human will be examined by the population genetics analysis of haplotypes.
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Connecting genetic data with cognition and behavior

Kyoko Yamaguchi
Graduate School of Medicine, University of the Ryukyus

Genetic data would be a useful tool to test the involvement of learning and social ability in the
replacement of Neanderthals by modern humans.  Last year, the author selected single
nucleotide polymorphisms (SNPs) that are associated with the traits of brain, nerve, and mental
disorders using a database of genome-wide association studies (GWAS), because these traits are
possibly related to learning ability or sociality.  An example is an association of the amygdala
reactivity with a SNP in a regulatory region of the Paired-like homeobox 2b (PHOX2B), a gene
necessary for the development of autonomic nervous system or synthesis of monoamines
(Ousdal et al. 2012). The amygdala is implicated in cognition of facial expressions, and is
demonstrated to have an association with social network size in modern societies (Bickart et al.
2011). These results from different studies may allow us to estimate social network size based
on the genotype of PHOX2B for an individual or a species.  Thus, it is necessary to connect a
growing number of reports of GWAS and neuroscience.

For the fiscal year of 2013, I start with reviewing the neural basis of cognition and behavior
in the studies of brain-neuroscience, and the genetic basis of brain and nervous system in the
studies of genetics and molecular science, with brain and nervous system as a hub, in order to
grasp the most recent view of the genetic basis of cognition and behavior. Then, using the
results, | will examine the function of the genomic regions that were possibly selected in the
lineage of modern humans, including the regions suggested in the study of Neanderthal DNA
(Greenetal. 2010). Furthermore, I will investigate the replacement of Neanderthals by
modern humans, by comparing the genes related to cognition or social behavior between
Denisova/Neanderthal and modern human genomes, using newly publicized sequence data of
Neanderthal DNA.
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Reconstructing the distribution of Neanderthals and modern humans in time and space in
relation to past climate change

Minoru Yoneda®, Ayako Abe-Ouchi®, Takashi Oguchi®, Hodaka Kawahata®®, and Yusuke
Yokoyama®

(1) The University Museum, the University of Tokyo

(2) Atmosphere and Ocean Research Institute, the University of Tokyo

(3) Center for Spatial Information Science, the University of Tokyo

In this project BO2, we are trying to evaluate the learning hypothesis in relation to the
different effects of climate change on both archaic and modern humans.  For testing the
hypothesis, we have to investigate the temporal change of both paleoclimate and human
distributions.  Although detailed information of past climate change is available form ice cores,
stalagmite and so on, spatial distribution of climate is also essential in extract the difference of
climatic impact on both archaic and modern humans.

For making a series of paleoclimate maps, one of authors (A. Abe-Ouchi) and her colleagues
have improved their coupled ocean-atmosphere model to reconstruct drastic cooling event such
as Heinrich Events. At the same time, distribution of human species was estimated by building
a database of geochronological data, such as radiocarbon ages. When we compare the
reconstructed paleoclimate and probability of human occupation, we can extract the feasible
climate for both humans at a specific point of time.  Preliminary comparison between 30ka and
40 ka using an Ecological-Niche model, MaxEnt with improvement, the clear difference in
tolerance to winter temperature was observed only modern human.  However, short-period
comparison between before and during cooling event did not show clear difference. This
probably caused by the large uncertainty of chronological data. \We have to develop new
methodology to solve this problem.
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Modeling the climate of the Late Pleistocene with MIROC: A general overview of results
and comparisons with proxy-derived data

Wing-Le Chan', Ayako Abe-Ouchi®, Ryouta O'ishi**and Kunio Takahashi?
1. AORI, the University of Tokyo, Kashiwa

2. JAMSTEC, Yokohama

3. NIPR, Tachikawa

The Late Pleistocene was a period which lasted from the Eemian interglacial period, about
130,000 years ago, to the start of the warm Holocene, about 11,700 years ago. Much of the
Late Pleistocene was characterized by glaciation. It was also a period which saw modern
humans spread throughout the world and other species of the same genus, like the Neanderthals,
become extinct.

Climate models of various complexities have been used to understand both past and future
climates. In our present study, we have used three variants of MIROC (The Model for Inter
disciplinary Research on Climate), a global climate model, for time slice experiments within the
Late Pleistocene: two mid-resolution models (an atmosphere model and a coupled
atmosphere-ocean model) and a high-resolution atmosphere model. We discuss the general
features of the modeled climate for a 15ka time slice.

Climate models are not capable of simulating climates perfectly since they include
simplifying assumptions and parameterizations.  As it is not possible to verify the reliability of
simulations of future climate changes with observational data, comparing simulations of past
climates against proxy-derived data provides a valuable tool to evaluate the models and
investigate the degree of confidence in model estimates. A wide variety of proxy data exists,
including ice cores, pollen grains, corals and lake sediments.  Speleothems, mineral deposits
formed inside limestone caves, contain several useful climate records like carbon and oxygen
isotopes and can provide clues to temperature and precipitation, and hence paleomonsoon
changes, over long periods of time. We compare our climate model results with some
available proxy data to investigate where simulations show good agreement and how higher
model resolution can offer further improvements.
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Late Quaternary landform development and archaeological ruins in the south-eastern
Arabian Peninsula

Takashi Oguchi* and Yasuhisa Kondo®

! Center for Spatial Information Science, the University of Tokyo

2 Department of Computer Science, Tokyo Institute of Technology
3 Japan Society for the Promotion of Science

Quaternary landform development has been controlling human activities because it includes
the creation and destruction of land suitable for settlement and activities. Landform
development is closely related to climate, another important physical factor affecting human
activities. For example, changes in wetness alter fluvial processes and the mode of resultant
erosion and deposition.  This permits the estimation of paleoclimate from the study of
landforms and surficial geology.  For the study on the replacement of Neanderthals by modern
humans, the relationship among Late Pleistocene landform formation, human activities, and
climate in the Middle East is essential. ~ For such a research, attention has to be paid to the
current safety of each country, because visiting a place with disputes should be avoided.

Considering the above points, we decided to investigate an area in the Middle East which is
important in terms of Late Pleistocene human history and is under a stable political condition.
We conducted a preliminary survey in the Al-Arid region, lbri Province, inland of Oman in
February 2013. The study area is a basin between two large wadi systems: Wadi al-Kabir
(WKB) and Wadi al-Khuwaybah. At the southern foot of Mt. Hawrat al-Arid, along the
northern edge of the study area, partially dissected talus slopes are distributed. Lithic artefacts of
the Middle Paleolithic are found on the non-dissected slope units, indicating that the dissection
tool place during or after MIS 5. Along Wadi Magniyat, located to the east of WKB, a broad
alluvial plain with braided channels inclining to the east occurs, indicating the past stream piracy
by WKB. Landform development in the study area including the above noted changes
probably affected human activities since the Late Pleistocene and in turn the distribution of
archaeological ruins and artefacts. We plan to investigate the detailed relationship between
landform development and the distribution of ruins and artefacts, through the analysis of a
high-resolution digital elevation model (DEM) and a field survey by a team of
geomorphologists, archaeologists and sedimentologists in early 2014.
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Publication of the PaleoGeo WebGIS

Yasuhisa Kondo”®, Wonsuh Song®, Takashi Oguchi®

1 Department of Computer Science, Tokyo Institute of Technology
2 Japan Society for the Promotion of Science

3 Center for Spatial Information Science, The University of Tokyo

Since August 2010, we have been compiling the PaleoGeo WebGIS database concerning
research articles dealing with hydrology, earth surface, biology, oceanology, climatology,
chronology in the Pleistocene (Oguchi and Kondo 2011; Oguchi et al. 2012; Song et al. 2012).
As of March 31, 2013, 7,940 articles were compiled from 13 major international journals of the
above-mentioned fields of research.  We have two more years before the end of the RNMH
project, and we are considering the future development of the PaleoGeo.  The ultimate goal of
the PaleoGeo is to serve as a public literature database for researchers of the related fields. The
targets are classified into four.  The primary target is the members of the research group B02 of
the RNMH project, who can share their bibliographic collection through the PaleoGeo to realize
more effective collaborations. The secondary target is the other members of the RNMH
project, who can share information through the system hosted by the steering committee. The
third target is researchers of relevant projects in the world.  We plan to meet the database
managers of the ROCEEH project, Germany, in November 2013 for a possible collaboration to
exchange data. The fourth target is anyone who likes to use the PaleoGeo. We plan to make
the PaleoGeo available to public by the end of the RNMH project.  For these purposes, we
need to set up a WebGIS server for semi-permanent operation and solve some copyright issues.

References (English)
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Replacement of Neanderthals by Modern Humans. Poster presented at Poster presented at UGI
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New constraints on European ice sheet behavior and implications for Levant climate and
human migration

Stephen P. Obrochta, Yusuke Yokoyama, Hodaka Kawahata

Paleoclimate records generated over the past 15 years often have incompatible time scales
outside of the range of radiocarbon dating due to significant revisions in the Greenland ice core
chronologies that are often used to assign ages to marine and lacustrine sediments.  Therefore,
during the past fiscal year, we developed a function that updates GISP2-based chronologies to
the newer, NGRIP GICCO05 age scale, using the original author's own age tie points (Obrochta et
al., in revision).

From this year we hope to obtain the needed pollen data from the Levant region to begin
quantitative analysis, using the above-mentioned function to prepare the data by creating
consistent age models for the different sediment cores from which the pollen records have been
generated. e also intend to reanalyze existing syntheses (e.g., Blome et al., 2012, Africa)
using our function to first align the disparate age models. We will further obtain new data to
better constrain the waxing and waning of the Scandinavian Ice Sheet, which would have had a
direct impact on Levant climate, as well as the migration of modern humans and Neanderthals
within Europe during the last glaciation. These data will be collected from the Baltic Sea
region during IODP Exp. 347.

References

Blome, M.W.,, Cohen, A.S., Tryon, C.A., Brooks, A.S., and Russell, J., 2012. The environmental
context for the origins of modern human diversity: A synthesis of regional variability in African
climate 150,000-30,000 years ago. Journal of Human Evolution 62(5) 563-592.
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sediment core age models to the extended GICCO05 chronology, Quaternary Geology.
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Reconstruction of paleo-vegetation distribution and evaluation of its uncertainty by using
an atmosphere ocean coupled general circulation model and a dynamic global vegetation
model

Ryouta O’ishi*?, Ayako Abe-Ouchi*® and Wing-Le Chan®

1. National Institute of Polar Research
Atmosphere and Ocean Research Institute, the University of Tokyo
Japan Agency for Marine-Earth Science and Technology

The replacement of Neanderthals by Modern Humans has been considered to have occurred
during 60,000-30,000 BP, which is also characterized by millennial scale climate change known
as the Dansgaard—Oeschger events.  The distribution of Neanderthals and Modern Humans
during this period suggests correlation with that of paleo-vegetation and animals.  This relation
reflects the difference between the adaptabilities of Neanderthals and Modern Humans to
environmental changes by way of their ability to hunt animals as food resources. Hence, it is
important for the RNMH project to predict distribution of fauna, flora and climate change during
this period. When estimating fauna distribution of the past, it is necessary to evaluate the
changes in flora and thus changes in climate of the past.  This can be directly achieved by
examining data from sediment proxies, e.g. pollen records and isotopes. However, the
availability of such proxies to reproduce the distribution of flora and climate changes is limited.

In the present study, we try to reconstruct the vegetation distribution across North Africa, the
Mediterranean and Europe during 60,000-30,000 BP from the results of a paleo-climate
reconstruction by using a general circulation model as input for a dynamical global vegetation
model. Itis also necessary to evaluate the uncertainty/reliability of the methodology and
results since the model results include unavoidable errors and limitations.  We also compare
our results with paleo-record data and evaluate their reliability and limitations when contributing
to the goals of the RNMH project.
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Digital reconstruction of Neanderthal fossil crania and estimation of fossil brain
morphology

Naomichi Ogihara
Department of Mechanical Engineering, Keio University

The goal of our group is to examine the possible differences in learning ability between
Neanderthals and early modern humans in terms of the brain anatomy.  To achieve this goal,
original antemortem appearance of fossil crania that enclose the brains of the Neanderthals and
early modern humans must be correctly restored. However, during fossilization, crania are
often fractured, fragmented, and deformed due to compaction and diagenesis. Furthermore, all
the component fragments of fossil crania are rarely recovered.  To restore the brain
morphology of fossil crania, it is therefore necessary to correctly assemble the fragments,
eliminate distortions, and compensate for missing parts.

So far, we have proposed basic strategies for assembly of cranial fragments, elimination of
taphonomic deformation and compensation of missing cranial portions, and generated a
prototype of the digital reconstruction of Amud 1.  This year, we thoroughly evaluate the
proposed reconstruction methodologies and the reconstructed prototype to improve our
strategies and hence the final outcome of the fossil reconstruction.  We also work to integrate
the reference database of human cranium which we have created to the reconstruction process.
We then start to reconstruct fossil cranium other than Amud 1.

We also develop a method to mathematically estimate brain morphology of the Neanderthal
crania, in collaboration with Group C02. We derive spatial deformation functions from
modern human crania to the reconstructed fossil cranium, and use them to deform human brains
to estimate brain morphology of the fossil cranium.  The spatial deformation function will be
described by a thin-plate spline function or a DARTEL function for landmark-based or
volume-based transformation, respectively.
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Shape modeling for fossil crania

H. Suzuki®, T. Michikawa®™, M. Moriguchi®
(1) RCAST, the University of Tokyo
(2) Faculty of Science and Engineering, Chuo University

In this study following two research topics will be studied.

® Semi-landmark generation for reconstruction of cranial fossils
For reconstructing fossil crania in a computer, various modeling operations are needed, for
instance, to fill up the missing portions and to connect the broken pieces. Use of a
reference database of crania is desirable for conducting correct reconstruction. Insuch a
database the shape of a cranium is represented by a set of landmarks with anatomical
characteristics sampled on the cranium. However the number of these landmarks is
insufficient for representing the shape.  In this study we aim at developing a method to
generate a sufficiently large number of semi-landmarks from the landmarks.  Figure 1
shows such landmarks and semi-landmarks.

® Automatic extraction of endocast models from CT images
We also develop a method for extracting endocast models from CT images.  Although
endocast models play an important role in deformation of brain shapes, their extraction is
still manual.  Since crania involve complex structure, the manual task is time-consuming
and a bottleneck in database process. In this research, we develop an automatic method
for finding endocast part in CT images by estimating a brain part using geometric features.

Figure 1: landmarks and semi-landmarks on a cranium (landmarks,
courtesy of Dr. Naomichi Ogihara, Keio University).
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Assessment of right-left asymmetry and cerebellum-cerebrum volume ratio for fossil
hominids

Osamu Kondo, Daisuke Kubo
Graduate School of Science, the University of Tokyo

Neural bases underlying behavioral modernity, such as enhanced working memory and
language competence, are presumably associated with various parts of cerebral and cerebellar
regions.  For instance, working memory is likely associated with the frontal and parietal
cerebral regions.  Associations between cerebral regions named Broca’s and Wernicke’s areas
and language are well known, and right-left asymmetry of the regions have been intriguing
many researchers. In addition, it has recently been pointed that cerebellar regions also
contribute to the language competence. These leads to a possible hypothesis that the evolution
of neural bases underlying behavioral modernity may have caused not only whole brain size
increase but also asymmetries of local areas and unproportional volumetric changes of cerebrum
and cerebellum.

As for assessment of asymmetry, we considered it as taphonomic distortions included and
compared the degree of asymmetry among that of a fossil hominid (Qafzeh 9) and those of
modern humans. In FY2013, we plan to extend it to the regional brain areas such as Broca’s
cap regions.

As for cerebral-cerebellar volume ratio, we devised a method of cerebellar size estimation
from fossil skulls in FY2012, by using MRI images of the modern humans, in which the
cerebellar volume is highly correlated with that of posterior cranial fossa (PCF) so that the
former can be estimated from the latter.  In FY2013, we plan to devise methods to estimate the
cerebral volume and cerebral—cerebellar volume ratio by assessing the correlations among
volumes of the cerebrum, cerebellum, the whole brain, the whole endocranial cavity, and the
PCF. In addition, we plan to reconstruct the endocranial cavity of some Neanderthal and
Skhul/Qafzeh crania with use of CT, 3D-printer, and modeling clay, and then examine the
differences between these fossil examples and Holocene modern humans in the absolute terms
or ratios of the cerebrum and cerebellum.
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Relationship between the brain and the skull in primates including human — Research
plan

Yasushi Kobayashi and Toshiyasu Matsui
National Defense Medical College

In the past two years of research on the cynomolgus monkeys (Macaca fascicularis), we
have determined 1) the marked correspondence between the intracranial impressions and
cerebral sulci and gyri, and 2) the close correlation between the locations of the coronal suture
and the inferior limb of the arcuate sulcus (the inferior portion of the precentral sulcus). These
findings indicate the possibility that we can infer the extent of major cortical subdivisions of the
brain based on the cranial morphology. In the next two years, we are aiming at inferring the
cortical subdivisions of the fossil hominids including Neanderthals by carrying out the following
projects.

Project 1: Relationship between the intracranial impressions and cerebral sulci and gyri

We are going to further analyze the relationship using formalin fixed heads of cynomolgus
monkeys. We will scan the specimens and compare the virtual endocasts reconstructed from
CT data and the brains dissected out from the heads. We will not only confirm the so far
revealed relationship between the impressions and the cerebral convolutions, but also determine
how far we can determine individual differences of sulcal patterns using skulls.

We will also extend the analysis to other primate species to confirm the relationship
observed in cynomolgus monkeys.

Project 2: Correlation between the locations of the coronal suture and precentral sulcus

As in project 1, we further analyze the correlation between the coronal suture and the arcuate
sulcus using fixed monkey heads, human cadavers for anatomy, and imaging data obtained from
clinical cases. We also analyze skull specimens in the primate species that exhibit clear
relationships between the intracranial impressions and sulci.

For both projects, we are planning a collaborative study with Professor Zollikofer at the

University of Zurich to evaluate our findings using CT and MRI data obtained in a number of
primates including anthropoids.
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Reconstruction of the brain from skull fossil using computational anatomy

Takanori Kochiyama®™, Hiroki C. Tanabe®®, Naomichi Ogihara®
(1) Primate Research Institute, Kyoto University

(2) Graduate School of Environmental Studies, Nagoya University
(3) Department of Mechanical Engineering, Keio University

We investigate the presumed differences in learning abilities between Neandertals 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. The protocol of the analysis is as follows: First, the
skull image reconstructed from the CT image of a fossil brain is spatially transformed to match
the modern human skull image segmented from MRI. Using the deformation field of this
transformation, the modern human cerebral cortex is inversely deformed to construct the virtual
Neanderthal cortex. The same procedure is applied to results of meta-analyses associated with
leaning-related functions to display a virtual brain activation on the virtual Neanderthal brain.

In last year, we applied the method of the brain extrapolation through skull shape matching
(tentatively-named as BETSSM) to a reconstructed fossil skull provided by Project CO1 and
successfully created the virtual Neanderthal brain from the modern human brain.  Fig. 1 shows
the rendering of a modern human scalp, skull and brain (upper column).  Using BETSSM
procedure, we created the virtual Neanderthal scalp, skull and brain (lower column) from the
modern human data presented in the upper column.

This year, closely collaborating with Project C01, we will apply BETSSM procedure to
several reconstructed fossil skulls and many modern human brains from large MRI databases.
This approach allows us to create the unbiased average Neanderthal brain.  We will also
examine shape differences between Neanderthal and modern human skull.  Finally, to validate
the reliability of BETSSM procedure and our assumption on the correspondence between skull
shape and brain configuration, we will assess the accuracy of BETSSM in comparison with the
usual brain matching procedure using a large MRI database.
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Relationship between neural mechanism for of intrinsic reward and a human’s playing
behavior with social characteristics

Naoki Miura ®, Hiroki Tanabe ©, Norihiro Sadato ®

(1) Faculty of Engineering, Tohoku Institute of Technology

(2) Graduate School of Environmental Studies, Nagoya University

(3) Division of Cerebral Integration, National Institute for Physiological Sciences

In this study, we investigate a relationship a neural mechanism for of intrinsic reward which
arises by a play indigenous to human.  Play is materialized by enjoying various kind of
behavior itself, even if its behavior is unrelated to essential activity for living. It is expected
that playing behavior is realized by generating intrinsic reward also to something without
extrinsic value.  Therefore, it is hypothesized that play is closely related to human intelligence,
and the human reward system generate intrinsic reward when that kind of play is experienced
regardless of influence of their own life.

For this purpose, we investigate a neural basis of intrinsic reward which arises by a play
indigenous to human, as a fundamental study to clarify a relationship between the cognitive
mechanism which delights a play itself and creativity using fMRI.  The fMRI experiment was
conducted from the second half in the last fiscal year, and eighteen healthy volunteers were
participated. As a result, the existence of real-time feedback showed significant activation on
bilateral ventral striatum.  This result may support our hypothesis, the human reward system
generate intrinsic reward when the play is experienced without extrinsic reward. More detailed
data-analysis will be conducted in this year, and neural mechanism of for of intrinsic reward
which arises by a play with social interaction for other individual will be also conducted.
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The relevance of the learning reward system and the action plan to be verified from the
characteristic body motion in the stone-tool making process

Yukinobu Hoshino™, Keita Mitani®, 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 this study, we measured and analyzed 3D motion data of the recurrent Levallois method.
This subject has expert skill. These results was suggested that Neanderthal's and modern
human's method of constructing a Mousterian stone-tool have some difference in an action plan,
a process time and a reward quality.  About the action planning, expert persons and beginners
have some difference matters.  Also, the Levallois method and the recurrent Levallois method
have some difference matters too. Therefore, we estimate that cognitive function to achieve
the action plan related learning ability of modern humans.

Modern people’s brain is making thousands of tiny predictions every day. The cognitive
function supports such as the action plan ability.  The ability armed modern humans.  They
can assess a present situation of own-self.  Also they can predict a reaction from an action
result in that situation.  In fact, we think that it is the ability of future prediction and action
planning. Therefore, we estimate modern humans and these abilities. These abilities have
evolved with constructing a Mousterian stone-tool. ~ Also, these abilities are one of the modern
human's creativity. In addition, we think that these abilities relate the brain function of the
frontal pole and the dorsolateral prefrontal cortex, neuronal function of reward system. We
probe the cognitive function by the brain function measurement experiment using the fMRI.
About the experimental task, we will design the task that is modeled two types action plans.
First action plan is necessary to additive processing of multi event.  This processing is extracted
from modern human's action.  Second action plan could be explained by simple model of
cause and effect.  This model is observed from Neanderthal's action. We would advance the
experiment of 3D motion analysis that constructed a Mousterian stone-tool.  And, we analyze
the body motion data and the intellection data. Because, we should assess the to refined action
plan by learning process.  This action plan is accounted time to the accomplishing objective by
Modern people with the action plan ability.

In conclusion, we would adduce one of the important knowledge for verification of ability.
This ability would be difference between Neanderthal and modern human.  Therefore, we trace
ability of future prediction from their neural basis and action.
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Neural correlates of boredom and boredom-coping strategies; possible relationship with
creativity and learning ability

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

Boredom is a negative emotion that is characterized by the lack of meaning one feels from
repeated exposure to the same stimulus or one's behavioral actions.  Coping strategies for
boredom may be classified into outward, in which one tries to change the external environment,
and inward, in which one tries to control one’s own mental state; both strategies are likely to be
related to daily mental health and productivity. Bored feeling and coping strategies for it are
candidate cognitive processes that may explain the learning ability and creativity of Homo
sapiens.  Technological innovation and cultural development may be in part the result of
coping against the bored feeling in humans.  In this brain mapping study using a functional
MRI, we investigate the neural basis of bored feeling and coping strategies for it, and attempt to
reveal its relationship with human creativity and learning ability.

In the experiment, healthy university students perform the following tasks. In the MRI
scanner, each subject repeats a trial composed of viewing a picture and evaluating the degree to
which one felt bored on seeing that picture. There are two modes in the viewing phase and the
subject is aware of them: in ‘changeable’ mode, selecting the highest score for the bored feeling
in the subsequent evaluation phase will result in the presentation of a new picture in the
subsequent trial, and in the ‘unchangeable’ mode, there is no such possibility. We assume that
neural correlates of bored feeling should exhibit correlation between the degree of neural activity
during viewing phase and the degree of bored feeling. We assume that activation during the
viewing phase before the subjects selected the highest score reflects the coping strategy for the
bored feeling; the neural substrates of the outward and inward coping strategies should show
higher activation in changeable and unchangeable modes, respectively. In FY2013, we prepare
the task and perform functional MRI measurement.
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Study strategy for the neural bases associated with motivation to learn and fatigue
resistance

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 thought 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.  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 my study, I set
motivation to learn and fatigue resistance as another reinforcement factors for learning.  The
aim of the present study is to clarify the neural bases associated with the enforced learning
affected by motivation to learn and fatigue resistance using functional magnetic resonance
imaging (fMRI). My previous studies revealed: 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.  During the RNMH project from 2013 to 2015, |
focus on the individual differences in brain morphology of the modern humans, and investigate
the relationships among learning performance, activations of these regions of interest and their
structures which are gray-matter volumes and the association fiber bundle of white matter. In
addition, both morphological and functional comparisons of these regions between modern and
ancient humans would be expected to help elucidate differences in learning abilities between
them.
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