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Grant-in-Aid for Scientific Research on Innovative Areas 2010-2014
Replacement of Neanderthals by Modern Humans:

Testing Evolutionary Models of Learning
]

Purpose of the Research Project

This project will interpret the gradual 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 species. Thus, we propose a working hypothesis
(hereafter called the “learning hypothesis”), which explains the replacement in terms of a difference
in their learning abilities, and will subject this hypothesis to various empirical tests.

Contents of the Research Project

Modern humans appeared in Africa about 200,000 years ago and, as they later spread across Eurasia,
encountered indigenous Neanderthal populations. The two species coexisted until 30,000 years ago
or perhaps even later, but the Neanderthals eventually went extinct. A number of current hypotheses
address the 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 latter accelerated the extinction of
the former.

In this context, this project will investigate the differences in individual and social learning abilities
between Neanderthals and modern humans, and show that the relatively advanced learning abilities
of modern humans were a/the decisive factor.

The learning hypothesis is significant in that it seeks to explain the replacement in terms of a
difference in learning abilities, as evidenced by a difference in the responses of the two species to
environmental change. Thus, Neanderthal societies persisted in maintaining their traditional
culture(s), whereas modern human societies created new culture(s) in response to environmental
change.

The specific goal of this project is to verify the learning hypothesis within an interdisciplinary
research framework incorporating new perspectives and methods from the humanities, biological
sciences including neuroscience, and engineering. There are three research foci.

(1) Empirical demonstration of a difference in learned behaviors between Neanderthals and modern
humans;

(2) Theoretical and empirical demonstration of the circumstances that led to a difference in learning
abilities between Neanderthals and modern humans;

(3) Demonstration of a difference in learning abilities between Neanderthals and modern humans,
based on anatomical evidence for a structural difference in their brain neural substrates.



The overall plan of the project is to integrate the results of research in these three domains and to
comprehensively test the validity of the learning hypothesis. In addition, from our perspective on the
importance of learning, we will attempt to define a new verifiable evolutionary model, which
predicts how and under what circumstances modern Homo sapiens acquired their unique high
intelligence and modern behaviors.

Expected Research Achievements

This project is unique in its focus on learning abilities in the search for an explanation of the
replacement phenomenon. It will have a strong impact on the replacement problem and on the
design of research in this field. The research strategy itself is original in that it will integrate
specialized knowledge accumulated in various disciplines (archaeology, paleoanthropology, genetics,
etc.), not simply as a discipline-segmented collection of information, but under the overarching
concept of learning abilities. Providing tests of the currently available hypotheses, creating a more
universal system of knowledge, and offering a new development in debate the origins of modern
humans, this project will make a major academic contribution.

Takeru Akazawa

Project Leader

Research Institute

Kochi University of Technology
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1. Federated database service for '"Replacement of Neanderthals"

Hirohisa Mori *’, Yuzo Marukawa ), Yoshifumi Nakamura ® and Takeru Akazawa ©

@ International Research Center for Japanese Culture
@ National Institute of Informatics
® Research Instutite, Kochi University of Technology

The purpose of this project group is the development of services suitable for actual utilization by
researchers. In 2010, we constructed a related bibliographic database as the academic information
foundation for the interdisciplinary study on “Replacement of Neanderthals by Modern Humans.” In
2011, we intend to continue upgrading the bibliographic database as well as to start implementation
of the “Federated Database Service for ‘Replacement of Neanderthals’,” which allows searching for
other related academic information. This service allows cross-search in various related databases,
including bibliographic materials, archeological remains/excavated materials, spatio-temporal

searches, and filtering search results by remain name, person’s hame, and other technical terms.

Our technical backgrounds include extensive insight into the advanced associative retrieval
techniques that have been used with success in “IMAGINE” Book Search and similar systems, the
navigation technologies of “WebcatPlus” (a library information service provided by NII), which was
updated and opened for public use in July 2010, and the Geographical Information Distribution
System GLOBALBASE. The latter technology is one of the underlying technologies of the
Catalogue of Fossil Hominids Database currently made available by the Research Institute, Kochi
University of Technology. The above-mentioned service is intended to integrate all these elements in
order to achieve a comprehensive information environment that contributes in a fundamental way to
the study of “Replacement of Neanderthals by Modern Humans.”
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2. Intrasite spatial organization of the Neanderthal camps

Yoshihiro Nishiaki
The University Museum, The University of Tokyo

The research project AO1 aims to investigate learning behaviors of the Neanderthals and modern
humans for manufacturing stone tools. Following the outcome of our previous efforts, the research
in the fiscal year 2011 will include spatial analysis of the Neanderthal occupation floors discovered
at Dederiyeh Cave, Syria. The analysis consists of detailed mapping of the flint artifacts, animal
bones and other remains distributed on the floors, and examination of their spatial configuration
with respect to specific activities including lithic manufacturing. Reconstruction of the behavioral
patterns within their camp is expected to lead to understanding of the social environments in which
actual learning of the Neanderthals took place. At the same time, identification of experienced and
inexperienced flint knappers on the same occupation floor would contribute to understanding of the
learning processes among the Neanderthal communities.
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3. Replacement of Neanderthals by modern humans in Zagros and the Arabian
Peninsula: A perspective from lithic industries

Seiji Kadowaki
The Nagoya University Museum

This study deals with patterns in the spatial and temporal occurrences of prehistoric lithic industries
in an effort to provide archaeological evidence regarding prehistoric learning behaviours or learning
abilities of modern humans and Neanderthals. For this purpose, we have collected a series of data on
relevant sites and lithic industries in the Levant and presented preliminary results in the last
conference. The database of the Levantine Middle and Upper Palaeolithic lithic industries will be
completed by incorporating additional data, such as radiometric dates. Then, we plan to start
collecting data from adjacent areas, specifically, the Zagros region and the Arabian Peninsula.

The Middle Palaeolithic industry in the Zagros, called the Zagros Mousterian, is
techno-typologically distinct from the Levantine Mousterian. As evidenced at Shanidar Cave, the
Zagros Mousterian is generally considered as products by Neanderthals, replaced by the Upper
Palaeolithic industry, called the Zagros Aurignacian (also known as Baradostian). Although
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available radiometric dates obtained during the 1950s and early 1960s indicate that the appearance
of the Zagros Aurignacian is later than that of European Aurignacian, some researchers argue for the
indigenous emergence of the Zagros Aurignacian, which could be an origin of European and
Levantine Aurignacian industries.

Recent studies suggest the appearance of modern humans in the Arabian Peninsula dating back to
MIS 5e, which is much earlier than the formerly estimated dates. Furthermore, recent
palacoenvironmental research of the Arabo-Persian Gulf indicates that these early modern humans,
as old as Qafzeh and Skhul humans, may have continued their occupation in the favouring habitats
of “Gulf Oasis” created by reduced sea levels. This scenario deserves to be tested by future studies,
adding significance to Middle and Upper Palaeolithic sites and lithic industries in the Arabian
Peninsula and the Zagros region that may have been dispersal frontiers of early modern humans.
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4. New aspects of the Middle-Upper Palaeolithic transition in Europe

Katsuhiro Sano
Graduate School of Arts and Letters, Tohoku University

Palaeolithic study has begun in Europe and numerous data have already been accumulated. In the
first year, we have entered over 1,900 dates and more than 450 sites in Europe into our database. In
this year, we will focus on the following three works:

1. Collection of exhaustive data on the Middle-Upper Palaeolithic transition

2. Collection of exhaustive data on sites from which human remains were recovered

3. Evaluation of the collected dates

Collecting data on sites relating to the Middle-Upper Palaeolithic transition or human remains is one
of the most important issues, since they are indispensible to discuss the replacement of Neanderthals
by Homo sapiens. Additionally, it is significant to evaluate the collected dates of the cultural layers
in order to give them accurate chronological positions. Besides, we will show regional dates of
extinction of the Middle Palaeolithic sites remained by Neanderthals and of emergence of the Upper
Palaeolithic sites representing Homo sapiens, which provides us with an opportunity for revealing
the process of the replacement of Neanderthals by Homo sapiens in Europe.

22



5. b= TR HH - R B A AR B 22 [ 7570 L2 DI

I FESC- R IEA
AE R TAX S ER B Z—

=TS TIZBIFAXT VTN — LY T ZAD A B DO BIREAHR 57D | E T
—ZDERAEIED TND, T T VoD REFEOD AT —37 0= 7N Cld, 6 HAERINH2 TR
FTOREI—1 o SHIRIZ 1T 5 380 HFTOIENT —Z D LARNIERSILT — 2 _X— 21X
o BURES T, Zofhicdbe—5 3 71280V T 210 4 D@ 2z Ts, ZOW., kA
NEDHERSIVTODEBNE, 67 EUFCTHY, I—rmy " ms 7 HUglZEF L, b2—F3 78
EBIZIUNTIR, MERBE37<720,
AFEFRITIBNTIE, BLEERE COBIIDORFZE /) A O A R L, (b NE O 41>

SRI-RT T NA— )L EYE T ADF TEREDIE NI DWW TEELT 5,

5. Temporal and spatial distribution of Middle and Upper Paleolithic sites in Northern
Eurasia

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

For the purpose of understanding the dynamics of the replacement of Neanderthals by Homo
sapience in Northern Eurasia, we are continuing to compile date of the archaeological sites. The
OIS-3 project (Cambridge University) had been compiled 380 numbers of archeological sites
previously in the East and West Europe during 60,000-20,000 BP, and made them into a database. At
the present, we added another 210 numbers of archaeological site names in Northern Eurasia.
Among of these sites of Northern Eurasia, the number of sites which has confirmed human fossil
bones are 67, and concentrating on European Russia region, few in Eastern part of Northern Eurasia.

This presentation examines provisionally the tendency of temporal and spatial distribution of

archaeological sites, and considers about differences in behavioral patterns of Neanderthals and
Homo sapience, from confirmed examples of human fossil bones.
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6. Replicating the Neanderthal technology (Flint knapping demonstration)

Katsuhiko Ohnuma
The Institute for Cultural Studies of Ancient Iraq, Kokushikan University

The Levallois method known as representing the lithic technology of Neanderthal man consisted of
two stages of stone tool manufacture: core preparation as the first stage and final detachment of
flakes as the second or final stage. In this method, flakes with predetermined shapes were detached
from cores after careful core preparation or shaping, which aimed to facilitate the final detachment
of the predetermined flakes. Flakes thus detached are classified into three categories: flakes, blades
or elongated flakes, and points (Bordes 1961).

Invented by Homo erectus in the Lower Palaeolihic period (Breuil and Kelley 1956), the Levallois
method was in great fashion and refined in the Middle Palaeolithic period. Levallois points, in
particular, were produced in extraordinary careful and refined manners in the Middle Palaeolithic
period, and it is evident that Neanderthal man was possessed of high skill to control direction and
strength of hammer percussion.

References

Bordes, F. (1961) Typologie du Paléolithique Ancien et Moyen, Mémoire No.1, Publications de L'Institut de Préhistoire de
L'Université de Bordeaux, Bordeaux.

Breuil, H. and H. Kelley (1956) Les éclats acheuléens a plan de frappe a facettes de Cagny-la-Garenne (Somme), Bulletin
de la Société Préhistorique Frangaise, 53, pp.174-179.
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7. Searching for a new paradigm of learning and teaching: A comparison between
hunter-gatherer societies and modern societies in 21st century

Hideaki Terashima
Department of Cultural Anthropology, Kobe Gakuin University

For hunting and gathering societies, the manner of learning and teaching seems to be quite different
from that of modern societies. Ethnographers always tell us the absence of teaching among the
hunter-gatherers. Social values such as autonomy and egalitarianism may contribute to depress
ostensive teaching activities among them. However, a different kind of learning and teaching might
be carried out: such as “natural pedagogy” and “collaborative learning.” This year we will try to
obtain the data on such non-typical, subtle, and so-called “natural” teaching and learning behavior.

Recently more attentions are paid to “education without teaching” in modern societies, too.
Watanabe (2010) says that the cramming style education which was typical for the 20th century
education has been designed for the societies based on industrial production and may be out of date
for the 21st century’s highly information-oriented societies where people are exposed to rapid
changes in social conditions and values everyday. So he proposes a paradigm shift from “solid
education” to “soft education” that puts much emphasis on the flexibility of knowledge and the
autonomy of learners.

We can find here much resemblance between “no teaching” in hunting and gathering societies and
“soft education” proposed for the modern societies, and | think it is not a mere coincidence.
Watanabe claims that soft education which respects the autonomy of learners and promotes flexible
and communal learning should make a most basic feature of human learning system. And it is also
apparent in both societies that teaching is an interaction between learners and teachers based on
intimate communication, the idea on which some cognitive psychologists have the same opinion
(Csibra 2009).

Learning and teaching do not exist independently from the social and natural conditions of the
period. If there are substantial similarities between hunting and gathering societies and highly
information-oriented 21st century societies in the paradigm of learning and teaching, there might be
also similar social and natural conditions between them.
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8. Theory of mind development and language acquisition: Developmental stage

Tadashi Koyama
Faculty of Science and Humanities, Kobe Gakuin University

It is thought ancestors of Homo sapiens and primates developed special social intelligence for
coping with social problems. And in those processes they developed ‘proto-words’ (Kodama &
Nozawa, 2009). Though Neanderthals developed proto-words, they did not have words for general
purpose. Proto-words changed into social languages as social intelligence developed. And vocal
communication became to take conventional roles for general purpose (Kodama & Nozawa, 2009).
This coincides with the process seen in infancy brought up in the modern society ontogenetically.
The culture of Neanderthals was extremely limited. Symbolization and language development are
focused in speculating the differences in learning abilities between Neanderthals and Homo sapiens.
Language acquisition effects Theory of Mind development which is related to social intelligence
(Astington & Baird, 2005). And the ability of symbolization also effects Theory of Mind
development (Koyama,2009). Children should learn language of minds to take part in the
community (Nelson, 2005). It is very interesting how Homo sapiens acquired language of minds.
The author proposes the developmental stage of Theory of Mind and related language acquisition.
And the author speculates children’s theory of mind development and language acquisition in
contemporary hunter-gather societies.
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9. Cultural difference and the creativity and adaptability of children

Eiko Yamagami
Faculty of Science and Humanities, Kobe Gakuin University

Purpose

As my research in 2010, | made a survey of the adaptability and creativity of children in Japan as
well as in the U.S.A, applying psychological expressive methods such as collage, the Hand Test and
the Bender-gestalt Test. On the basis of these results, in 2011 I’m attempting to apply the same
approach to the children of Baka hunter-gatherers in Cameroon. Even though there are some
differences between Japanese culture, Western culture and African culture, I am hopeful that each
child should be adapted to his/her environment and be creative in a similar ways. Otherwise, a
different culture may generate a different difficulty to survive. In my research I’m examining the
similarities and differences that may affect the creativity and adaptability of children.

Participants and Method

Children: Collage making in a group and The Hand Test and Bender-gestalt test individually.
Mothers: Questionnaire (interview in Cameroon) about nurture environment and the “transitional
object” by Winnicott.

The outcome of the survey in 2010

<Collage>

Similarities: Children enjoyed making it. Successful work with cooperative movement of sight and
motor nerve was done. The rate of making style (how to cut, paste etc.) is similar. Interest with
“animals” was observed.

Difference: Sympathizing with other children in Japan and focusing on their own interests in U.S.A.
were obvious though the latter showed “friendship” in their images.

<Bender-gestalt Test>

The higher their developmental age, the more correct a copy of the stimuli they drew.

<Conclusion>

Most children creatively adapted to the task situation, though their developmental age and different
culture affected their expression.
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10. Aboriginal learning and its difficulties: As an assumption for the field research

Sachiko Kubota
Graduate School of Intercultural Studies, Kobe University

In Australia, learning difficulties of Aboriginal children as well as adults have been a big issue. Low
academic achievements, poor school attendance, high drop out rates and so on are seen as serious
problems to realize social equality. Actually, the current policy of ‘emergency response’ on
Aboriginal people focuses on Aboriginal children's education. As a result, there are quite many
studies on Aboriginal learning traits. In this presentation, | will analyze some of the accumulated
researches on learning to discuss the possible points of focus for my future field research.
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11. Daily activity and learning process among the Central Kalahari San

Kaoru Imamura
Faculty of Economics, Nagoya Gakuin University

In this study, | focused on the learning process among the Central Kalahari San. To clarify the
characteristics of their behavior, (1) daily activities of adults, (2) assistance by children to daily
works, (3) children’s play, were observed and described. Daily activities of adults were classified in
11 items. Men spent 77.3% of daytime in group, and women spent 86.9% in group. Girls spent more
time in helping adults’ works than boys.

It is important for the children to learn daily activities for their lives, especially hunting and
gathering. | analyzed the three types of learning process; (1) the transmission from adults to children
(2) learning within peer groups (3) individual learning.

The girls first learn how to gather foods, cook and make handicrafts by mothers and elders. After
they have almost gotten general knowledge of them, girls practice the techniques together. On the
contrary, the boys learn each method of hunting in boys groups. Also they improve individually their
skills of how to use knives and spears, and to make a snare. After they got hunting basic techniques,
they take part in big game hunting with adults.
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12. How do adults treat children? Notes on learning process of Inuit children in
Kugaaruk, Nunavut, Canada

Keiichi Omura
Graduate School of Language and Culture, Osaka University

Canadian Inuit societies have experienced great socio-cultural changes in the process of assimilation
and integration into the nation-state of Canada and the capitalist world system since sedentarisation
in the 1960°s. They have been integrated into Canada through school education, medical services,
welfare, legislation, and currency systems. Fur trading, the sale of carvings and wage labour have
also promoted dependency on the capitalist world system. Moreover, the influence of Western
culture through mass media has significantly changed their culture. As a result of these
socio-cultural changes, on the surface it may appear difficult to find “traditional’ cultural elements in
their modern life way. However, Inuit societies have coped with assimilation and integration by
preserving some ‘traditional’ characteristics of their socio-cultural systems, such as principles of
social organisation, language, Inuit Qaujimajatugangit (Inuit traditional knowledge and societal
value), and intimate relationships with their ‘land’ (huna) through subsistence activities.

How are these ‘traditional’ characteristics of socio-cultural systems flexibly preserved under the
socio-cultural changes? Especially, how do Inuit children learn and creatively change the
technologies and Inuit Qaujimajatugangit necessary for subsistence activities and social life under
socio-cultural changes they experience now? In this presentation, based on the preliminary research
on learning process of Inuit children, which was carried out in Kugaaruk, Nunavut, Canada between
8th and 27th of March in 2011, I will show that it is crucially important to investigate how Inuit
adults deal their children in their daily-life in order to understand how Inuit children learn and
creatively change subsistence technologies and Inuit Qaujimajatugangit.
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13. Social behaviors of hunter-gatherer children

Nobutaka Kamei
Faculty of Human Science, Osaka International University

In August 2011, | will conduct research by participant observation on social behaviors of
hunter-gatherer children in the tropical rain forests of Southeastern part of the Republic of
Cameroon.

For the comprehensive ethnography of children’s life in the society of the Baka hunter-gatherers has
already been published (Kamei, 2010), this research aims at focusing details of behaviors related to
roles and learning processes in children's group activities.

This research also aims at making a list of behaviors of Homo sapiens that allows us to compare
with evidences of tool making behaviors etc. by the Neanderthals and showing forecasts for the next

research.

Kamei, Nobutaka. 2010. Little "Hunters" in the Forest: Ethnography of Hunter-gatherer Children. Kyoto:
Kyoto University Press.

36



HRREEF  H%EE B0l
ABSTRACTS Research Team B01

HFZETE H BO1

[ERDFEERES I DEAVTT VDRG]

Research Team B01
Research on Evolutionary Models

of Human Learning Abilities




14. FEEIELR IO EELEEE (3)

A -
FORRT: KRG ROTTER

FHEIRFEARE Sk~ 72380 | R 28 AEHEICIZSHIC RS MO F VEE IR (LE 7 L O
kRN BT, 29 B RS Y a— VBT L O R A SRS B, L. Aoki
(2010) ZIHEX T, s - B K — BRI L OB L FRIBFSEF - Laurent Lehmann & 22 4R
EFUIIEFBFIETHY | ARG 1B S0 THER P LR A6 V43 1 57 F B g o
THROELH DA FRRINTRODZEE HHEL TD, SHIT, NAFOFELZEATHIEICEK
DZDET N EFBEL S RO BTN DAFDND T — S5 R IC AN K>
ORRRE R REZR TN CTHZEZ R D,

F7o, 22 FEITNE, A E OARERRED SU LR O SU WA BT B 2 D3 B B RIS
FFEL CT&E Tz, ZOMED ML, HHIEHE S TR0R0H 2> T/e)3, Lehmann et al. (2011)
BLO Aoki et al. (2011) (ZHEFE LTz, 23 FEEICB W TUIZOMZEZ SHIC T RS, AgHsit
(ZBE3 20 B e KV SRE UM 6585 1% 35,

14. Evolution of learning strategies and rates of cultural evolution (3)

Kenichi Aoki
Graduate School of Science, The University of Tokyo

In fiscal year 2011, my aim will be to formulate and analyze evolutionary models of learning
strategies that have even greater relevance to empirical data. First on the agenda is the completion of
research on the optimal learning strategy model. This research, motivated by Aoki (2010), was
begun last year in collaboration with Joe Yuichiro Wakano and Laurent Lehmann. It has as its goal
the identification of the theoretically optimal learning schedule when differential
life-stage-dependent use of social learning and individual learning is possible. Moreover, | will
attempt to extend this model by incorporating demographic concepts and thereby generate precise
predictions that are testable against data obtained by field anthropologists.

In fiscal year 2010, my research focused on the effects that different modes of social transmission
have on cultural evolutionary rates and cultural variation. Although the thrust of this research
deviated slightly from the original plan, it resulted in two papers, Lehmann et al. (2011) and Aoki et
al. (2011). In fiscal year 2011, | will attempt to extend this research to better address the issues raised
by archaeological work on lithic traditions.

References

Aoki, K. (2010) Evolution of the social-learner-explorer strategy in an environmentally heterogeneous
two-island model. Evolution 64: 2575-2586.

Lehmann, L., Aoki, K., and Feldman, M.W. (2011) On the number of independent cultural traits carried by
individuals and populations. Phil. Trans. R. Soc. B 366: 424-435.

Aoki, K., Lehmann, L., and Feldman, M.W. (2011) Rates of cultural change and patterns of cultural
accumulation in stochastic models of social transmission. Theor. Popul. Biol. (in press)
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15. Reaction-diffusion model for range expansion of modern humans in a
heterogeneous environment (2)

Kohkichi Kawasaki
Faculty of Culture and Information Science, Doshisha University

39



16. RIGYEBFREREAW-BH AEHO SRIERI I=—Tav

FE K—RR-E ¥
U NEPNE SPNE & T iy S e 2 e

AT VT NA—=VNLHE L A~ORRENE B %% LT, I/A“/Hiﬁjiwmﬁﬂﬂlﬁ%@%t
ToARBENIRENEZ ZDID, ZORNEIRAZ BO/2 UL, AT 7V e D2 Ent& 7,
P AOHT Z7VINIEBNTH, BHFHBIRNEFZOTRAE D, 2o ka2 @i 350
\ZETEDE R B L2 EDVRIBEN WD, ZOBERIEREHERLT-ZHEIT, e R (X
B A0 A U L oo T,

TV =g = — T T DI, 2004 BB [E]ER Cio’(%?ﬁh’(b%
FO7RZEMIREIEN B DL E | AEMFRD 53 AG DIRFZERIS AT IV ANE DI/ DB RilE
HEEREFIZB WO THOHOFEEM TSI TOD[1], ZAUTEHRITIE, inﬁi‘ﬂ*‘fiﬁ?ﬂtlﬁ%%o
FOSYEBT RO AR C EHEZ 2 SRR DN E D XD 7050 % 5. 2 DV RBEITARIR L
7R BEND, EIEIICH TRISNDERY, e RIERZEiEL THOEBRE~EBET DI
FWEEERD DD, BRI, ENENOERRE (T 7V —F3 TIZENZ G LI EY
%i#iﬁbﬂ\t;%/m\ TRERIFTECHEAEL QOIS — T OFENME ST DD 7R T A—H

BT, ZERIROILTE (B3 T) D3 Al REE 72D, J:oﬂ}fc P ARRT T A —L K
D{Ehf_%gzﬁéﬁ%ﬁoﬂ\tkbf% BAEEEE O R\ ME A 2352 L BERAITR
XD, £, TDORDEHRGAAIERS, BT MZE> TTFRIEND D,

LLEDELZNG | HIBRERHIEO B = A S YLK 2L —2ar &7, NEOAR
FEIR I D IR L THIFISN D DO TIERL WY Dl FEREEH K& ELFFOLE
ZHN5HT-8, B02 BIE R /IL, R ERET — 2% ET IHHARIAA TV ZET, 2
2L —2ar B IIETIOHLHDIZLIZV, Fo, ZNHOBERIZEIC LD THlE A0L BET
—HZR—2 T LB T —HEWEL ., P32 —ar OBEEL T VK TIETH D,

BE IR

[1] Wakano, J., Ikeda, K., Miki, T., Mimura, M. (in revision) Effective dispersal rate is a function of habitat
size and corridor shape: mechanistic formulation of a two-patch compartment model for spatially continuous
systems.
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16. Simulation study on range expansion of modern humans by reaction-diffusion
equation

Joe Yuichiro Wakano and Wataru Nakahashi
Graduate School of Advanced Mathematical Sciences, Meiji University

When we consider the replacement of Neanderthals by modern humans, the Dead Sea Rift Valley in
the Levant played an important role. Passing this narrow region is required for human migration out
of Africa, and archaeological and anthropological studies have suggested that it has taken more than
ten thousand years for modern humans to successfully migrate through the region. Once this
‘migration corridor’ was secured, modern humans have very rapidly expanded the range over the
whole world.

When two habitats are connected by a narrow corridor such as Africa-Valley-Eurasia, the
spatiotemporal dynamics of the distribution of species has been studied in mathematical ecology [1].
Mathematically, this is the study of the effect of complicated domain shape on the solution of
reaction diffusion equation with reflecting boundary. As is intuitively expected, it takes long time for
migration from one habitat to another through such narrow corridor. When each habitat (i.e. Africa
and Eurasia) is inhabited by species that have adapted themselves to their local habitat, spatial
coexistence is possible even if one species would be superior to another when they were well-mixed.
That is, if modern humans presumably have more advanced learning abilities than Neanderthals, the
theory implies that it would take long time for migration through the narrow corridor. The model
would also predict the rapid range expansion after that.

Based on these arguments, we plan to perform computer simulation of the range expansion of
modern humans over the world. Human habitats are not only limited by coast lines but also by
terrestrial environments such deserts. Thus we plan to collaborate with the research team BO02 to
integrate the calculated paleoclimate data into the model. We will also compare the simulation result
with empirical site database built by the research team AQ1 and verify our theory.

References

[1] Wakano, J., lkeda, K., Miki, T., Mimura, M. (in revision) Effective dispersal rate is a function of habitat
size and corridor shape: mechanistic formulation of a two-patch compartment model for spatially continuous
systems.
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17. Reconstruction of the process of population formation in modern humans from a
view of population genomics

Ryosuke Kimura
Transdisciplinary Research Organization for Subtropical and Island Studies, University of the Ryukyus

It is not easy to reconstruct the process of the population formation in modern humans from the
genome diversity data, although they suggest repeated population splits and admixtures in the past.
The results of phylogenetic analysis are distorted by the presence of admixtures. In addition, it has
been reported that the results of multivariate analyses such as principal component analysis (PCA)
and cluster analysis do not always reflect the past demographic events, but are affected by statistical
artifacts. In this study, we seek a way to reconstruct the complicated process of population
formations from the genome data of multiple populations. We plan to do it 1) by constructing a
rough migration model from the results of multivariate analyses and 2) by finding best-fitting
parameters, while we computationally simulate multiple migration patterns.
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18. Chronological research on the replacement of Neanderthal and modern human in
light of climate change

Minoru Yoneda, Mark Diab and Takayuki Omori
Graduate School of Frontier Science, The University of Tokyo

Project BO2 aims to understand the climatic effect on the temporal change of distribution for
Neanderthal and modern human. For this general goal, we are investigating a new method for
reconstruct more precise distribution based on methodological review of radiometric data on both
species, as well as building an intensive database of chronological information. In this fiscal year
2011, we will apply Bayesian approach which have been used for a series of data from one specific
site to a distribution model using the GARP (Genetic-Algorithm for Rule-set Poduction).

At the same time, the direct comparison of human activities and climate change at a specific site, in
order to discuss the climatic effect on the replacement. We will develop a new method using
multi-elemental isotopes including strontium and oxygen to compare the climate condition in past
and human activity such as seasonality of hunting from the same animal tooth. This new approach
will apply to faunal samples from an Neanderthal site.
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19. Modelling the climate of the last glacial-interglacial cycle

Ayako Abe-Ouchi, Ryouta Ohishi, and Wing-Le Chan
Atmosphere and Ocean Research Institute, The University of Tokyo

The environment of the evolution of Homo-Sapience is characterized by the climate change of
glacial-interglacial cycle (about 125 thousand years in the past), which includes frequent occurrence
of abrupt climate change (Dansgaard Oeschger events, = D-O events) of about 1500 years interval
in average during the stage 3. This fiscal year we plan to investigate the influence of
glacial-interglacial climate change and D-O events upon the climate and vegetation of Africa
through Eurasia (Europe and Asia). The numerical simulation is based on a coupled
atmosphere-ocean-land GCM of MIROC developed in Japan. The condition that is given and
changed for each time period is the following: orbital parameter (so called Milankovitch forcing)
which influence the seasonal-latitudinal insolation, atmospheric content such as Carbon dioxide, ice
sheet extent, and melt water from the ice sheet, which influence the ocean circulation and induce
abrupt climate change. As the experiment series of every 10000 years is already obtained, snapshots
with shorter interval will be obtained this year and the verification with the proxy data will be
carefully done. The factors of climate change important for human evolution will be examined, such
as the migration of dessert or forest as well as the change of seasonal precipitation. Moreover, the
change of climate, hydrology and vegetation associated with the abrupt climate change of D-O
events will be investigated.
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20. Pleistocene and Holocene paleohydrological changes inferred from landforms and
deposits in and around three archaeological sites in Syria

Takashi Oguchi
Center for Spatial Information Science, The University of Tokyo

The characteristics of some late Quaternary fluvial deposits and landforms in Syria were
investigated. Relatively detailed information has been obtained from areas adjacent to
archaeological sites because of collaborative activities with geomorphologists and other
geoscientists. Such activities have resulted in intensive field surveys, and associated results of
complementary archaeological studies of lithic artifacts are useful for establishing the chronology of
fluvial deposits. Although the number of existing studies is limited, the available information points
to marked changes in the mode of fluvial processes in response to late Quaternary climatic change.
Fluvial sedimentation was enhanced during the wet periods of MIS 3-4, the Pleistocene—Holocene
transition, and the mid Holocene. In contrast, the LGM was characterized by limited fluvial
sedimentation under a drier climate as well as enhanced carbonate precipitation near the land surface
to form calcrete and oncoids.
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21. Towards compiling Stage 3 European and Stage 6 African climate records

Stephen P. Obrochta , Yusuke Yokoyama  and Hodaka Kawahata @
@ Atmosphere and Ocean Research Institute, The University of Tokyo BRETRSY: KEMBENTZEHT
@ Graduate School of Frontier Science, The University of Tokyo H K% BriekAlm Bl 2 se Rt

Our plan for the next fiscal year is to begin compiling paleoclimatic data to serve as boundary
conditions for climate modeling. These data will be integrated into the Geographical Information
System currently under development for this project. Integration into the GIS database will facilitate
access by other project researchers and allow them to visual the data. While there will ultimately be
two discrete time intervals for which data will be compiled, 1) Marine Isotope Stage 3 within the last
glaciation, as well as 2) the penultimate glaciation (MIS 6), work for this fiscal year will concentrate
solely on MIS 3, which is most directly relevant to "replacement of Neanderthals by modern
humans." The focus of future work will shift to MIS 6, an important time period when considering
Homo sapiens evolution.
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22. Volumetric image segmentation method for fossil cranial

Hiromasa Suzuki, Tasashi Michikawa and Masaki Moriguchi
Research Center for Advanced Science and Technology, The University of Tokyo

It is essential to develop new engineering methods to realize more objective, precise, and
reproducible reconstructions of the cranial fossils. Such reconstruction can be made by reassembling
the fossil pieces in computers. These pieces must be obtained by decomposing the CT volumetric
data of the whole cranial fossil. This process is generally called segmentation in computer image
processing. However, existing segmentation methods cannot properly decompose as image for the
interface between the fossil pieces is not sufficiently clear. We developed a new method for
automatic segmentation of three-dimensional CT images of fossil crania based on finite element
stress analysis. We numerically calculated stress concentration generated along the lines of juncture
of the fragments because of geometric discontinuity. This method was applied for segmentation of
the Amud 1 cranium. We also investigated a method to automatically find boundary conditions
needed for the finite element stress analysis and applied it to 2D image segmentation.
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23. Endocast of Qafzeh 9, a representative of Levantine early modern Homo sapiens

Osamu Kondo and Daisuke Kubo
Graduate School of Science, The University of Tokyo

Qafzeh Cave is a large Paleolithic cave site in Israel, situated on a west bank of the Dead Sea Rift
Valley. More than a dozen fossil hominids have been discovered and identified as anatomically
modern (early-modern) Homo sapiens, among those Qafzeh 9 is a well-preserved young adult
individual. Those ages are estimated to be about 100 kilo years ago with association of lithic
assemblage of Tabun C type Levantine Mousterian. Thus the specimen is important and crucial as a
chronologically comparable or older Homo sapiens against Levantine Neanderthals. Although a few
estimates of the endocranial volume have been reported, no endocast was described yet. Our aim of
the study is, 1: to describe the endocast of Qafzeh 9 as is reconstructed, 2: to assess the degree of
distortion of the present reconstruction based on modern cranial database, and 3: to compare the
proportion of cerebellum with those of modern humans or apes using MRI data.
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24. Assembly of fossil cranial fragments based on global shape information

Naomichi Ogihara (1), Takeo Kikuchi (1), Yusuke Morita (1), Hiromasa Suzuki (2),
Takashi Michikawa ), Osamu Kondo © and Hajime Ishida

@ Faculty of Science and Technology, Keio University

@ Research Center for Advanced Science and Technology, The University of Tokyo

® Graduate School of Science, The University of Tokyo

@ Faculty of Medicine, University of the Ryukyus

For any morphological analysis of fossil crania, it is important to correctly assemble isolated
fragments into the original antemortem position. Towards this end, we started to develop a
computerized system to aid assembling isolated cranial fragments based on local shape information.
i.e., surface smoothness of cranium. However, anatomically correct assembly of isolated cranial
fragments based solely on local shape information is not practical. It is essential to exploit both local
and global shape information of cranium in order to realize globally consistent, anatomically
reasonable assembly of cranial fragments.

This year, we therefore plan to develop a computerized system to aid assembling isolated fragments
by integrating both local and global shape information. Specifically, human cranial shape and its
distribution are quantitatively described using geometrical and statistical methods to accumulate a
reference database of cranial morphology. By exploiting both local shape information of individual
fragments and global shape information of entire crania complied in the database, we aim to realize
mathematical methods for anatomically consistent assembly of cranial fragments.
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25. Functional brain mapping of modern humans: Explore the relationship between
joint attention and learning in social context

Hiroki C. Tanabe and Norihiro Sadato
National Institute for Physiological Sciences

Joint attention is sharing the attention to the object with two individuals through the eyes, and it
emerges as early as 6 -12 months of age. It seems to be a sprout of the ability to conjecture other’s
intention (i.e. theory of mind) and a precursor of language development. Lack of joint attention is
one of the most reliable abnormalities in children with autism, so that joint attention is thought to be
an important social ability. Moreover, it is known that learning is strengthened by joint attention in
infants. Therefore, the research of joint attention is indispensable to investigate the neural
mechanisms of learning (both social and individual) in a social context.

Joint attention emerges from the relationship between two persons, we introduced a system which
measures interactive behavior of multi-subjects. We developed simultaneous measurement system
which consists two parts: one is optical reflection based three dimensional motion analysis system
(motion capture) to measure head and hand movement continuously, and the other is eye movement
measurement system (eye tracker). This system was set up in the soundproofing booth, equipped for
sound collection and multiple video cameras those record social interactions among subjects
audio-visually.

Besides this system above, we also developed dual functional MRI system in order to measure the
brain activity of two persons simultaneously during social interaction such as joint attention. The
dual fMRI system consists of (1) two high field magnetic resonance imagers to measure local
hemodynamic change that reflects local brain activity with second order in time and millimeter
order in space, (2) central control system which transmit trigger signals to two MRI machines, (3)
online communication signal (i.e. gaze, voice, expression) transfer system. Using this system, we are
able to analyze synchronization of brain activity between two persons during social interaction.

In this presentation, at first we show preliminary results of the joint attention research, and then refer

to the experimental paradigm to explore the relationship between joint attention and learning in the
social context.
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26. Extracting kinematic features of skilled behavior on Levallois flake production

Naoki Miura , Yukinobu Hoshino ’ and Kenji Nagai ©
@ Tohoku Institute of Technology

@ Kochi University of Technology

® The University Museum, The University of Tokyo

In order to clarify an functional map on the human brain about a social learning behavior which is
expected that the Neanderthals did it, we will investigate characteristics in body actions on learning
of stone tool making as an index to evaluate the progress of social learning. In the present year, we
will analyze kinematic characteristics of skilled behavior from 3D motion data of Levallois flake
production performed by skilled subject. Especially, we focus a blowing behavior to produce a flake
like the Levallois flake or point, velocity and acceleration of right wrist of blowing action will be
analyzed. To combine a result of an archeological analysis of produced flakes, we will attempt to
extract the skilled characteristics of the Levallois flake production from both kinematic and
archeological information.
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27. Reconstruction of the brain from skull fossil using computational anatomy

Takanori Kochiyama ’ and Hiroki C. Tanabe ?
@ ATR Brain Activity Imaging Center
@ National Institute for Physiological Sciences

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 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 basic idea is as follows: First, the skull shape
reconstructed from CT images of a fossil brain is spatially deformed to the modern human skull
shape segmented from MRI image. DARTEL algorithm developed in computational anatomy of
neuroimaging field is used to estimate a globally one-to-one smooth and continuous mapping
between these skull shapes. Using the deformation or flow field by DARTEL, the modern human
cerebral cortex segmented from MRI image is then inverse-transformed to construct virtual
Neanderthal’s cortex which is consequently best fitted to its skull shape. This deformation is also
applied to the functional map of modern human to presume the Neanderthal’s one. In this year, we
will study two issues as follows:

(1) Investigation of skull-based brain exchanging among modern human individuals

Our goal is to establish the method for putting a modern human’s cerebral cortex into a
Neanderthal's skull. In this year, we will first examine to put one modern human’s cerebral cortex
into other’s skull using DARTEL algorithm on MRI image.

(2) Validation of the structural accuracy of MRI-based skull shape.

In the former issue, the modern human skull shapes are estimated by segmentation algorithm which
assigns each voxel a certain probability of being a particular tissue type. The segmented MRI image
is basically probabilistic image and might not reflect real anatomical configuration. On the other
hand, the skull is precisely extracted from CT image. In this year, we will validate structural
accuracy of MRI-based skull shapes by comparing of them with more precise skull shape extracted
from CT image.
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28. Reconstruction of the learning behavior and analysis of the lithic refitted
materials: A view from the Upper Paleolithic assemblages in Hokkaido

Jun Takakura
Graduate School of Letters, Hokkaido University

It is widely known that the refitting of stone artifacts is an important analytical tool to address
learning behaviors in the Upper Paleolithic in relation to acquisition of adequate knowledge and
skill. Numerous lithic refitted materials in the Upper Paleolithic assemblages have been obtained
from a large number of archaeological excavations in Hokkaido, northern Japan, especially from the
Shirataku sites, which are located nearby a huge outcrop of obsidian. Such refitted materials can
make it possible to know how the shape and quality of lithic raw materials affect the reduction
sequences, since some of them are constructed nearly gravel or debris. Up to now, these refitted
materials in the Upper Paleolithic assemblages of Hokkaido have been used in reconstructing the
lithic reduction sequences generally called giko as well as the chronology of lithic assemblages,
along with the techno-typological approaches. However, comparative study on many refitted
materials from the Upper Paleolithic assemblages in Hokkaido will bring to light the re-examination
of the models of past learning processes and the identification of technical levels, which have been
presented previously in the studies of the Upper Paleolithic assemblages in Europe. This project
aims at constructing a methodology for approaching the social and individual learning processes
from a viewpoint of “learning as a daily practice”, based on the analysis of the lithic refitted
materials obtained from the Shirataki sites, eastern Hokkaido and the comprehensive review of the
previous studies on the lithic refitted materials as well as the past learning processes.
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29. Biomechanics of hunting-spear throwing in modern humans

Yasuo Higurashi
Graduate School of Human Sciences, Osaka University

Modern humans live in a more broad range of habitats than any other primates do. Human
adaptability to different environments is at least partly due to the cognitive function developed in
human evolution, and learned behavior became an important means of coping with environmental
demands. Ancient tools made of materials such as stone and wood provide a basis on which to
estimate the cognitive function and motor learning in fossil hominids. In addition, kinematic studies
revealed that some of the derived features of the human upper limb are adaptations for tool
manufacture and use. The earliest throwing spears so far known were discovered at Schéningen,
Germany and dated to about 400,000 years ago. This archaeological evidence suggests that
hominids before the Neanderthal already engaged in hunting with a throwing spear. | conduct a
research project on biomechanics of hunting-spear throwing in modern humans for two years
between April 2011 and March 2013. The goals of this project are twofold: (1) to estimate the
cognitive function and motor learning in hominids since 400,000 years ago, and (2) to examine the
functional relationship of the human upper limb to throwing. In this presentation, | explain the
research plan for the first year.
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30. Fitness and health of hunter-gatherer children from the viewpoint of playing
activity and diet

Taro Yamauchi
Graduate School of Health Sciences, Hokkaido University

We conducted a field research in biological anthropology/health sciences to complement
cultural-anthropological participant observation and developmental psychology experiments
performed by team AQ2. This study aims to contribute to the learning hypothesis by quantitative
evaluation of the physique and fitness of hunter-gatherer children.

In FY2011, we will carry out an intensive research on the African hunter-gatherer population in
whom we have conducted field surveys continuously since 1996. We will conduct the same survey
in other hunter-gatherer populations such as the Aborigines and the Inuit in FY2012 and compare
the findings from each population.

The field surveys consist of 4 topics: physique, playing activities, diet, and fitness.

1. Physique of hunter-gatherer children

-Assess the nutritional status and growth conditions of the children by anthropometry.

-Biological determination of the duration of childhood by analyzing growth curves.

2. Playing activities of hunter-gatherer children

-Consider children’s play as a physical activity and evaluate the daily energy expenditure and the
step counts of children by the acceleration monitoring method.

-Estimate the daily time-space allocation of children by direct observation and by using the global
positioning system (GPS).

3. Diet of hunter-gatherer children

-Weigh all the food consumed to estimate the food consumption of children.

-Estimate the daily energy and nutrition intakes of children by using regional food composition
tables.

4. Fitness of hunter-gatherer children

-Develop and conduct a physical fitness test battery suitable for hunter-gatherer children on the basis
of the existing fitness test batteries used in Japan, Asia, and Europe.

-Examine the change or improvement in the test scores with increasing age and
growth/development.

-Evaluate the expended energy in playing activities and the change of energy efficiency per unit time
with increasing age and growth/development.
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31. Identifying learning ability specific to Homo sapiens

Nobuyuki Takahashi
Social Psychology, Graduate School of Letters and Center for Experimental Research in Social Sciences,
Hokkaido University

The 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 (Grand-in-Aid for Scientific Research on Innovative Areas, Grant No.
1201), states that the purpose of the project is to investigate why modern Homo sapiens have
replaced Neanderthals, becoming the only Hominid on Earth, and how they expanded their living
areas to virtually everywhere on Earth. The project proposes a working hypothesis arguing that such
replacement can be attributable to the innate differences in learning abilities between the two
hominid species. It is argued that Homo sapiens had an advantage over Neanderthals because they
not only have a higher level of social learning ability (learning from others by imitation) but also a
higher level of individual learning ability (learning by trial-and-error), while Neanderthals had a
lower level of individual learning ability although they also maintain a high level of social learning
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ability. This argument has fundamental problems, however. First, from the psychological viewpoint,
learning by trial-and-error is fundamental to many other species, and what corresponds to the
‘advanced’ ability that only a few species have is social learning. Second, learning by trial-and-error
cannot explain why Homo sapiens have expanded their living areas where no Neanderthals have
gone before. Therefore, the current study postulates that Homo sapiens have a third type of learning
ability, which we called ‘inventive ability,” the ability of active learning that allows the species to
invent a new adaptive behavior quickly in a new environment. It is hypothesized that Homo sapiens
had an advantage over Neanderthals basically because of their higher level of inventive ability.
However, currently how to measure such inventive ability is not established even in psychology. The
main purpose of the current study is to establish the measurement method of this ability by
conducting psychological experiments in a laboratory. Then, investigating the relationships among
inventive creativity, learning by trial-and-error, and learning from others by imitation will become
the next main goal.
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32. Research on new culture creation by analyzing communication among local
cultures

Shiro Horiuchi
Organization for the Strategic Coordination of Research and Intellectual Property, Meiji University

It has been hypothesized that modern humans have gained new techniques of stone tool
manufacturing, through individual learning and transmission within a group. Only by this
mechanism, they could not have adapted to drastic environmental changes. In this research, | made
computer simulations in which agents learn individually and transmit new techniques within a group,
as well as communicate with agents of different groups. We assume agents create new techniques
through combination of existing techniques by communication. | also test the prediction of the
model by some survey on local cultures in mountainous areas of Japan.

In this talk, | present my previous research in which some communication between groups
contributes to diversity of cultures between groups under the frame of a coordinate game. Diversity
of cultures should have been required to communication between different cultures (techniques) and
creation of a new culture. If we change the frame of the coordinate game into that of culture model
(Ex. Axelrod 1997), the model may be used for new culture creation.
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Shimada, M. K., Panchapakesan, K., Tishkoff, S. A., Nato, A. Q., Jr. and Hey, J. (2007) Divergent
haplotypes and human history as revealed in a worldwide survey of X-linked DNA sequence
variation. Mol. Biol. Evol. 24, 687-698.
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33. Unusually ancient haplotypes in modern human probe for archaic hominin
admixture

Makoto K. Shimada
Institute for Comprehensive Medical Science, Fujita Health University

Shimada et al. (2007) found that highly diverged haplotype was widely scattered at low frequency in
human populations. Recent studies on Neanderthal genome shows that there are several diverged
haplotypes contained in modern human populations by admixture happened just after “out of
Africa” event. Given that there had been long-time isolated populations within Africa at the time
of “out of Africa”, “archaic” gene flows from non-Neanderthal archaic humans are also expected to
be often than known.

In order to provide basic knowledge regarding admixture with archaic humans, such as “how many”,
“when”, and “where”, 1 am planning to detect diverged haplotypes that originated from archaic
humans by searching human genome databases, e.g., HGDP-CEPH and 1000 genome, for
haplotype polymorphisms, which will be followed by population genetic analyses.

Furthermore, 1 am planning the following projects to understand the phenotypic differences between
modern and archaic humans. 1) I will examine biological function of the diverged haplotypes, and
2) genomic regions that closely related to diversification of transcriptome such as mRNA splicing
and RNA editing.

Reference

Shimada, M. K., Panchapakesan, K., Tishkoff, S. A., Nato, A. Q., Jr. and Hey, J. (2007) Divergent haplotypes
and human history as revealed in a worldwide survey of X-linked DNA sequence variation. Mol. Biol. Evol. 24,
687-698.
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34. Developing cranial parameters that delineate subdivisions of the brain — Research
plan

Yasushi Kobayashi
Department of Anatomy and Neurobiology, National Defense Medical College

Since we cannot directly analyze functional subdivisions of the brains of fossil hominids, it is first
necessary to delineate their morphological subdivisions of the brains based on the morphology of
the skulls. Given that the Neanderthals and modern humans are phylogenetically very close, it is
important to determine differences in the subdivisions of the cerebral cortex, which has rapidly
differentiated during the evolution of the primates, particularly hominids.

Of all the cortical areas, association areas exhibited the greatest development in the human evolution.
The association areas are located on the frontal, parietal, occipital and temporal lobes, the latter three
are continuous to make the parieto-occipito-temporal association cortex. The association areas have
been extensively analyzed and are now subdivided into a large number of cytoarchitectonic areas,
which show considerable species differences even among closely related primates. Since areal
subdivisions in the fossil hominids are not directly accessible, we first focus on the divisions of lobar
and gyral levels.

Previous studies on the fossil hominid skulls demonstrated the development of the frontal lobe in the
human evolution. The findings were however chiefly based on the anterior protrusions of the frontal
bone, and hardly any information was available concerning the posterior border of the frontal lobe.
The frontal association areas (prefrontal areas) comprise the cortex that is located approximately in
front of the precentral sulcus. If we can estimate the location of the precentral sulcus, the degree of
development of the frontal association areas can be quantitatively evaluated.

In the present study, we will determine the location of sutures including the coronal suture, as well
as the course of the middle meningeal artery, and evaluate their relation to the positions of the
precentral and other sulci and gyri in the human and non-human primates. We will select reliable
parameters for the estimation of the extent of the frontal association areas. We are also planning to
develop parameters that are suitable for the estimation of other association areas.

We have currently prepared cranial endocasts of nearly 30 human cadavers that were donated for the
human anatomy course at the National Defense Medical College, and recorded the locations of
sutures and meningeal arteries, as well as the gyral patterns of the brains. In addition to the analysis
of these data and further collection of human cases in 2011 and 2012, we are going to study
endocasts of the skulls of monkeys and other mammalian species as well as radiological images of
human subjects.
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35. Investigation of neural mechanisms underlying linkage between imitation and
motivation

Hiroaki Kawamichi
Department of Cerebral Research, National Institute for Physiological Sciences

Imitation learning is one of major social learning, which is essential to achieve creativity. As
motivation of promoting imitation learning owes a great deal to affective issue, we plan to
investigate neural mechanisms underlying linkage between affective imitation, i.e., empathy, and
motivation. To elucidate the neural mechanisms, we will develop psychological social interaction
tasks of empathy and simultaneously measure brain activation of pair subjects during the interaction
task using non-invasive method, dual-fMRI, in which pair subjects can exchange social information.
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36. Strategy for clarifying the neural substrates of social and individual enforced
learning by intrinsic rewards

Kei Mizuno
RIKEN Center for Molecular Imaging Science

It is very interesting the methods of verification using comparative anatomy for elucidating the
difference of learning abilities between modern and ancient human based on the difference in the
brain morphology related to learned behaviors between them. The difference of learning abilities is
thought to be demonstrated by elucidating the brain regions involved in social and individual
learning of the modern human 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 is focusing on the neural bases of imitative learning in the social learning and of learning
control (enforced learning) in the individual learning. In addition, in the individual learning, social
rewards such as acceptance and acclaim from significant others are setting as a reinforcement factor
for learning, and the verification model of effects of the social rewards on learning are suggesting.
In the present study, | set intrinsic rewards such as senses of accomplishment and competence as
another reinforcement factor for learning. The aim of the present study is the clarifying the neural
bases of intrinsic rewards and neural mechanisms of enforced learning by the intrinsic rewards using
fMRI. In addition, I hypothesize that the intrinsic rewards contribute enhancement of the imitative
learning, and conduct the study for demonstrating this hypothesis.
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