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1. Construction of a bibliographic database for "Replacement of 
Neanderthals by Modern Humans" 

 
Hirohisa Mori (1), Yuzo Marukawa (2), Yoshifumi Nakamura (2), Takeru Akazawa(3) 
(1) International Research Center for Japanese Studies 
(2) Research Center for Informatics of Association, National Institute of Informatics 
(3) Research Institute, Kochi University of Technology 

 
This group is in charge of developing the framework for gathering of research 
resource information, which contributes to the study of “Replacement of 
Neanderthals by Modern Humans” as a whole. As part of these activities, we 
constructed a related bibliographic database and developed a prototype for a 
dedicated transmission environment in 2010. The bibliographic materials related to 
“Replacement of Neanderthals by Modern Humans” included papers on anthology 
and archeology so far collected by Takeru Akazawa of our group, as well as various 
reports and journal articles. We created a catalog over all the bibliographic 
materials upon scanning the images and applied OCR techniques to generate 
full-text digital versions of some materials. 

The project purposes of this group are not limited to digitization of bibliographic 
materials, but also include development of services suited for actual utilization by 
researchers. In 2010, we prototyped a catalog and full-text search engine based on 
the digitized data to construct an environment allowing searching by author name 
and paper title. Moreover, we implemented functionality for cross-search with 
various related databases, including the Catalogue of Fossil Hominids Database 
that is currently made available by the Research Institute, Kochi University of 
Technology, and the WebcatPlus Bibliographic Information service that allows 
searching for 1,200 foreign and Japanese books, using the Associative Retrieval 
System “IMAGINE” Book Search. We are currently continuing our preparations 
such that the service can be experimentally released internally within this year.   

In 2011 and onward, we intend to upgrade the bibliographic database as well as 
coordinate it with the Geographical Information System GLOBALBASE and 
develop a time axis-oriented search system. Ultimately, we will integrate these 
individual spatio-temporal development projects in order to achieve services that 
allow viewing events, materials, etc. related to “Replacement of Neanderthals by 
Modern Humans” in a full spatio-temporal context. 
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2. Knapping skill and Levallois flake production: Insights from 
experimental replication 

 
Yoshihiro Nishiaki (1), Kenji Nagai (2) 

(1) The University Museum, University of Tokyo 
(2) Japan Society for the Promotion of Science, Kokushikan Universuty 
 
As part of the research project A01, which includes the study of the learning 
behaviors of lithic manufacturing by the Middle Palaeolithic hominids, a series of 
flint knapping experiments was carried out. The objective of the experiments was to 
develop a methodology that led to investigating the processes of how the knapper 
acquired adequate knowledge and skill in the course of the repeated sessions of core 
reduction for Levallois flakes. This paper reports the method and the results of our 
first attempts. Implications of the results, including the observed changing patterns 
of the knapper’s decision and skill during the sessions, will also be discussed with a 
view to further developing research strategies for reconstructing the past learning 
processes of lithic production.  
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� 1$ À³7�99³@çèE:��w�¯°Ö
Nishiaki et al. 2011� 

Fig. 1 Levallois cores and their products from the Dederiyeh Cave, Syria (Nishiaki et al. 2011) 
 

 
� 2$ éê���ëR�N¨©ªì�/í=E�ë�îï=ðñòÈÎ�às=EGN


)� 2004� 

Fig. 2 Correlation between the success rate and the coefficient of variation for flaking depth in 
simple flake production experiments by inexperienced knappers (Nishiaki 2004) 
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3. Spatio-temporal patterns of Levantine middle and upper Palaeolithic 
industries 

 
Seiji Kadowaki (1), Yasuhisa Kondo (2)  
(1) The Nagoya University Museum 
(2) The University Museum, University of Tokyo 
 
 Our investigation of the spatio-temporal patterns of lithic industries aims to 
provide concrete evidence for prehistoric learning behaviours. The geographic area 
of the study covers western Eurasia and Africa, and the time range is from ca. 200 
to 20 kya. To conduct systematic collection and subsequent analyses of lithic 
industries from such a wide spatio-temporal range, we are currently working on the 
construction of database of relevant sites and lithic industries. The database 
include such attributes as site location, cultural layers, the name of lithic industry 
to which lithic assemblages are assigned, the chronological position and, if present, 
the radiometric dates of lithic assemblages, the presence or absence of human 
fossils, the presence or absence of palaeoenvironmental data, the presence or 
absence of bone and antler artifacts, and the presence or absence of symbolic/artistic 
objects. The database also incorporate descriptions of lithic industries according to a 
series of technological practices performed during the production and use of stone 
tools in an effort to make systematic comparisons among lithic industries. 
 As an interim report on the construction of the lithic industry database, this paper 
presents spatio-temporal patterns of the Middle and Upper Palaeolithic industries 
in the Levant, where the replacement of Neanderthal and Modern Humans took 
place. We first show a generalized chronology (Figure) and geographic distributions 
of lithic industries as well as associated human fossils, followed by the discussion on 
the causes and meanings of the changes of lithic industries. Lastly, we present our 
current perspective towards the interpretation of these changes in terms of 
prehistoric learning behaviors.   
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4. Innovation of organic artifacts and the peopling of high latitudes in 
Northern Eurasia 

 
Hirofumi Kato, Masaki Naganuma 
Center for Ainu & Indigenous Studies, Hokkaido University 
 
Understanding the process of the emergence of modern humans in North Eurasia is 
not clear because of the small number of human fossil which have been found even 
now. On the other hand, we can find archaeological remains which are related with 
modern behavior. The use of organic material and creation of various tools has been 
understood to be the behavioral difference between the Neanderthals and Homo 
sapiens. 
In this presentation, we first present contemporary basic data on organic 
archaeological materials that are related with the emergence of modern behavior. 
We will also examine organic artifacts by separating them into mobile arts and 
ornaments that represented social knowledge, and the hunting equipment that 
represented the technical knowledge and the knowledge of the living environment. 
Through this analysis, we consider each material’s role in the process of human 
expansion into the high latitude area and the correlations and differences in their 
emergence backgrounds. 
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第１表　シベリア・アルタイ山地およびバイカル湖周辺で上部旧石器初頭石器群に共伴した出土装飾品一覧

( 出典：Derevianko and Rybin2005 The Earliest Representation of Symbolic Behavior by Paleolithic Humans

 

in the Altai Mountains: The Middle to Upper Pleolithic Transition in Eurasia, pp232-255より)
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第１図　カラ・ボム遺跡出土の上部旧石器初頭石器群にともなう装身具類

１：オーカーの付着した礫
２：石製垂飾（ペンダント）
３：種不明の橈骨製垂飾
４：キツネの犬歯製垂飾
５：研磨痕およびオーカーの
　　付着した礫

（出典：Derevyanko and Rybin 2005 より）
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０ 3cm

第２図　シベリア・アルタイ山地およびバイカル湖周辺で出土した装飾品
（上部旧石器初頭石器群に共伴したされる）

（出典：Derevianko and Rybin 2005より）
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5. Characteristics of hunting and gathering societies that may influence 
learning and teaching among them: Autonomy, egalitarianism and 
sharing 

$

Hideaki Terashima 
Department of Cultural Anthropology, Kobe Gakuin University 
 
A02 group aims at understanding of the learning characteristics of modern 
humans through the study of hunting and gathering societies, and theoretical 
research into the evolution of learning ability from non-human primates to Homo 
sapiens. 
Today I will talk about characteristics of hunting and gathering societies that 
may influence learning and teaching behavior among hunter-gatherers. Hunting 
and gathering societies are made up of residential group called "band" which 
consist of nuclear families of husbands, wives and children. The term "band 
society" is applied to their society because there is no greater organization than 
bands. Social anthropologists once considered that a band is organized according 
to rules of kinship and has strict control over certain part of the land as its 
territory. But now, it is considered to have more flexible group boundary and 
territory.  
Characteristics which are highly valued by hunting and gathering people are 
autonomy of each person and each family, egalitarianism, and sharing. People 
and families gather in a band not because they are forced so by kinship ideology 
and territorial institution, but because they just follow the personal and familial 
bonds which also characterize hunting and gathering societies. A person or family 
can leave a band when they want to do so without any problem. People do not like 
to be ordered by someone else, or, on the contrary, neither likes to order the 
others.  People are very careful against rude and arrogant behavior. They keep 
away authority, prestige, and power from their world. While, they repeat sharing 
among the members and make the mutual bonds stronger everyday.  
These autonomy, egalitarianism and sharing are most essential values of hunting 
and gathering societies on which their everyday life depend. And also they seem 
surely to give much influence on learning and educational behaviors among the 
hunter-gatherers. For example, autonomy and egalitarianism may bring 
difficulties to teaching. We rarely see that adults teach something to children 
when they do not want so by themselves. People have to avoid forcing something 
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to other people even in case of children. On the other hand, sharing includes not 
only food and materials, but also knowledge and ideas. That contributes very 
much for children as well as for adults to learn utile scientific knowledge and 
ideas. 
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6. Socialization via singing and dancing activities among the San of 
north-central Namibia 

 
Akira Takada  
The Graduate School of Asian and Africa Area Studies, Kyoto University 
 
Previous studies have shown that Ju|'hoan (a subgroup of the San) children were 
not weaned until they were four years of age. After this long period of nursing, 
children would then shift their strong attachment to a multi-aged child group. 
These characteristics are considered intrinsic to a nomadic lifestyle that requires a 
long period of socialization. For reconsidering these characteristics, I conducted 
research in North-Central Namibia among the !Xun, neighbors of the Ju|'hoan with 
close agro-pastoral associations, to examine their child-group interactions. Weaning 
of !Xun children today occurs during the second year after birth. After weaning, 
these children became involved in multi-aged child group. Their activities play a 
considerable role in childcare. !Xun child groups usually operate outside of adult 
supervision. The singing of, and dancing to, songs, most of which originated in 
agro-pastoral societies, are major activities for girls' groups. !Xun children actively 
incorporate these new aspects into their play. In this presentation, I analyze how 
young children start engaging in such multiparty embodied activities of singing and 
dancing. The examples show various participation frameworks in which a 
2-year-old child was involved in singing and dancing activities. The examples also 
have some implications for studies of socialization. Although child groups facilitate 
rapid changes in San society, they also enable social re-integration. The active 
imitation observed in their activities contributes importantly to regenerating their 
social organization. 
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7. Social learning among Congo Basin hunter-gatherers 
 
Barry S. Hewlett 
Department of Anthropology, Washington State University 
 
This paper explores childhood social learning among Aka and Bofi hunter-gatherers 
in central Africa. Existing literature suggests hunter-gatherer social learning is 
primarily vertical (parent-to-child) and that teaching is rare. We use behavioral 
observations, open-ended and semi-structured interviews and informal and 
anecdotal observations to examine the modes (e.g., vertical versus 
horizontal/oblique) and processes (e.g., teaching versus observation and imitation) 
of cultural transmission. Cultural and demographic contexts of social learning 
associated with the modes and processes of cultural transmission are described. 
Hunter-gatherer social learning occurred early, was relatively rapid, primarily 
vertical under age 5, and oblique and horizontal between the ages of 6 and 12. 
Pedagogy and other forms of teaching existed as early as 12 months of age, but were 
relatively infrequent by comparison to others processes of social learning, such as 
observation and imitation. 
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8. Social learning among hunter-gatherer adolescents of the Congo Basin 
: A Preliminary Study 

 
Bonnie Hewlett 
Department of Anthropology, Washington State University 
 
This paper examining social learning among adolescents is based upon a 
preliminary study of 65 Aka forest foragers of the Central African Republic and 
includes adolescents ranging in ages from 10-20, roughly divided between males 
and females. Data are based upon in-depth formal and informal interviewing, 
limited behavioral observations, beginning to examine the modes (e.g., vertical 
versus horizontal/oblique) and processes (e.g., teaching versus observation and 
imitation) of cultural transmission. By looking to these hunting gathering 
populations, it is possible to gain an understanding of how social learning during 
adolescence unfolds in contexts that characterized most of human history. Life 
history theory suggests that hunter-gatherer adolescents should adapt and adjust to 
diverse ecological settings and conditions, and not follow a single pattern of 
development and social learning, as many human behavioral adaptations are 
facultative, they are also constrained by a deep phylogenetic history. An integrated 
evolutionary and developmental approach, which considers cultural influences on 
developmental outcomes and social learning, can provide insights for predicting 
developmental and behavioral responses within high risk environments and for 
analyzing past features of social learning and contemporary settings, thus providing 
a powerful tool for understanding our world’s adolescents.  
 
Key Words: adolescents, hunter-gatherers, social learning, cultural transmission, 
Africa 
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9. Ways of knowing and ways of learning: A sketch of proposed research at 
Yuendumu, central Australia 

 
Yasmine Musharbash 
School of Social and Political Sciences, the University of Sydney 

 
Undertaking research in central Australia poses its own specific challenges, some of 
which I will outline in this paper. In it, I introduce my research location, research 
context and methodology, and the core question I aim to address: culturally specific 
ways of knowing, the ways in which children learn and are taught and what they 
entail. I present a brief case study illuminating the inherently different nature of 
some ways of knowing between an Indigenous child and a non-Indigenous 
Australian person, and take this as launching pad from which to explore some of the 
theoretical and ethnographic challenges ahead. 
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Kinezaki, K., K. Kawasaki and N. Shigesada, 2010. The effect of the spatial 
configuration of habitat fragmentation on invasive spread. Theor. Popul. Biol. 
78, 298- 308.  
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10.  Reaction-diffusion model for range expansion of modern humans in a 
heterogeneous environment 

 
Kohkichi Kawasaki 
Faculty of Culture and Information Science, Doshisha University 
 
Range expansion of invading species may largely depend on spatial scale and 
spatial structure of heterogeneous environments (Kinezaki et al., 2010). In the fine 
environment, the speed of range expansion is given by the speed on homogeneous 
environment with arithmetic mean of growth rate and harmonic mean of diffusion 
coefficient. On the other hand, the speed of range expansion increases as spatial 
scale increases and depends on configuration of habitat structure. Therefore, 
although the average of growth rate is negative, organisms can invade and their 
range expands in large spatial scale environment.  
In the paper, we formulate and analyze mathematical model of the evolution of 
learning abilities (especially individual learning) in a heterogeneous environment. 
The mathematical models are defined on heterogeneous environments with 
constant period of spatial changes. Further, we assume that individual learner can 
learn the other new environment when he moves to it, but social learner cannot 
learn after he learns once and his fitness decreases. As uniform environment, 
individual learner can survive at the front of range expansion, further, the 
population can be easily maintained in heterogeneous environment than uniform 
environment. 
 
Reference 
Kinezaki, K., K. Kawasaki and N. Shigesada, 2010. The effect of the spatial 

configuration of habitat fragmentation on invasive spread. Theor. Popul. Biol. 
78, 298- 308.  
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11.  Migrations of modern humans: Interpretations from genome diversity 
 
Ryosuke Kimura 
Transdisciplinary Research Organization for Subtropical and Island Studies, 
University of the Ryukyus 
 
The purpose of this research is to obtain the knowledge of human range expansion 
and migration by using human genome diversity data. To analyze the population 
structure of multiple populations from huge polymorphism data, we often use 
principal component analysis (PCA) and cluster analysis. However, it has been 
reported that the statistical results obtained do not always reflect the past 
migrations and admixtures, but are sometimes produced as distortion due to the 
mathematical analysis. In this study, several patterns of migrations were 
computationally simulated, and possible patterns of mathematical artifacts were 
sorted out. Referring these patterns, we are constructing a model of human 
expansion based on PCA and cluster analysis of real data. 
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12.  Evolution of learning strategies and rates of cultural evolution (cont’d) 
 
Kenichi Aoki 
Graduate School of Science, University of Tokyo 
 
First, I correct a mistake in the theoretical formula for the long-term rate of cultural 
evolution that I reported at the previous conference.  Based on this revised formula, 
I show that one-to-many teacher transmission does not entail marked acceleration 
of the cultural evolutionary rate relative to simple oblique transmission.  This 
research was conducted in collaboration with Laurent Lehmann and Marc 
Feldman. 
Next, I identify the theoretically optimal learning strategy among those where 
differential life-stage-dependent use of social learning and individual learning is 
possible.  Regardless of whether the environment is static or changes frequently, I 
show that the optimal schedule often entails strict adherence to social learning 
early in life and partial reliance on individual learning later in life.  This research 
is being conducted in collaboration with Joe Yuichiro Wakano and Laurent 
Lehmann.  I report preliminary results. 
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13.  Neanderthal extinction and climate factor: The role of dating techniques 
 
Minoru Yoneda 
Graduate School of Integrated Biosciences, University of Tokyo 
 
The progress of dating techniques has played an important role in the course of 
researches on the replacement of Neanderthal by modern human (Homo sapiens). It 
is an obvious example that the newly developed thermo-luminescence (TL) and 
Electron Spin Resonance (ESR) results revealed the much older ages on 
Anatomically Modern Humans from the West Asia than those of Neanderthal from 
the same region. For more recent studies on the emergency of modern human and 
the disappearance of Neanderthal in Europe, the dating techniques have been quite 
important as well. Since late 1980s, the accelerator mass spectrometry (AMS) has 
been applied to radiocarbon dating and produced bunch of absolute age data, 
indicating a significant coexistence of both humans in limited regions for a 
significant period. Although no archaeological layer has produced both species 
simultaneously so far, the coexistence of these species solely on the chronological 
data of radiometric methods including radiocarbon. Furthermore, new recent 
results using newly developed chemical treatments suggested the some 
Chatelperronian layers which produced Neanderthal skeleton and some symbolic 
ornaments may be disturbed seriously. 
On the other hand, longer history of climate/environment changes has been read 
from several kinds of media, such as ice cores from Greenland and Antarctic, lake 
sediments, and stalagmites from limestone caves, in addition to marine sediment 
cores from deep oceans. Some of these media also records annual rings which can 
provide absolute ages on environmental proxy data. In order to understand the 
relationship between the human activity at sites which dated by radiocarbon and 
the environmental events which counted years by independent methods, the 
radiocarbon dates which is biased by several reasons must be calibrated. The 
international committee has produced series of data sets for radiocarbon calibration 
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since early 1980s, and the latest data set named IntCal09 has reached to the 
antiquity of Neanderthal replacement by modern human (i.e., >40 ka BP). Today, 
the dates from archaeological sites can be directly compared with the detailed data 
of climate changes. 
In this talk, I will focus on the methodological progress of dating techniques to 
review previous problems which have been overcome, today's limitation and 
remaining problems in the light of human evolution research. These points will be 
applied to the evaluation of chronological data in our database. 
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14.  Distribution of archaeological and paleoenvironmental information 
using Internet GIS 

 
Takashi Oguchi, Yasuhisa Kondo 
Center for Spatial Information Science, University of Tokyo 
 
Internet Geographical Information Systems (IGIS) provide interactive maps via the 
Internet. Users can handle the maps using a web browser to change mapping scale 
as well as contents and extent of a displayed map. IGIS can also provide text 
descriptions and photographs for sites on a map. Many governmental agencies and 
private companies have been using IGIS to distribute information.  IGIS may also 
be useful for academic purposes. In this presentation, we fiert describe the 
historical development of IGIS. Then we introduce two examples of IGIS for 
academic purposes. One was constructed to distribute paleoenvironmental 
information for Japan and the world. The other is being constructed for the project 
“Replacement of Neanderthals by Modern Humans”. 
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15.  Western north Atlantic paleoceanographic conditions surrounding 
Neanderthal extinction 

 
Stephan Obrochta, Yusuke Yokoyama 
Atmosphere and Ocean Research Institute, University of Tokyo 
 
Neanderthal extinction occurred circa 40,000 years ago subsequent to a North 
Atlantic basin-wide cold event during which large numbers of icebergs were 
released from the North American Laurentide Ice Sheet. Fresh water buoyancy 
forcing from melting icebergs would have dramatically reduced or possibly stopped 
the Atlantic Meridional Overturning Circulation, significantly decreasing poleward 
heat transport and displacing the marine polar front southward. However, marine 
sediment cores recovered from the Iberian margin and eastern Mediterranean give 
differing values for the magnitude of sea surface temperature (SST) drop depending 
on the proxy used for reconstruction.  SST reconstructed from fossil planktic 
foraminiferal census counts, which relies on calibration using modern analogs, 
indicates a large magnitude drop to ~ 5˚C, while geochemical methods relying on 
alkenones produced by phytoplankton indicate a much smaller magnitude drop to 
only ~ 10˚C. The sensitivity to SST of climate models should be assessed when 
considering European climate changes surrounding Neanderthal extinction. 
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16.  Panarchy and socioecological resilience in Neanderthal ecological 
adaptations in the northern Levant during the early-middle OIS 3 (60-40 kya): 
Assessing hunting behaviour and palaeoecology using multi-element isotopic 
and zooarchaeological approaches 

 
Mark C. Diab, Minoru Yoneda 
Graduate School of Integrated Biosciences, University of Tokyo 

 
Our closest cousins on the human evolutionary line, the Neanderthals, survived for 
several hundreds of thousands of years through variable climatic modulations combined 
with complex ecological, biogeographic, and subsistence-settlement challenges.  
However, much has been written about their extinction, and thus apparent failure to 
survive, while little has been stated about the obvious ecological and social resilience they 
demonstrated through millennia of expansion throughout Europe and the Levant.   
Despite decades of focused investigation the question of why they became extinct still 
remains. One explanation may come from a body of concepts defined within 
socio-ecological “resilience theory” that attempts to explain changes in adaptive systems 
that are ‘transforming’.  Resilience theory, as first espoused by Holling (1973), is based 
on an adaptive cycle nested in a space-time hierarchy involving stabilizing and 
destabilizing effects that can cause small-scale transformations to explode into 
larger-sale crises, followed by reorganization and new stable states; this general 
framework is called panarchy.   
In other words, unlike anatomically modern humans, in times of socio-ecological stress, 
some Neanderthal groups lacked technological, social, and subsistence flexibility in a 
rapidly changing adaptive system and were incapable of reorganization strategies (i.e. 
expanding diet breadth) .  On a population scale, resilience theory can be linked to 
metapopulation biology and source-sink dynamics that deal with groupings of 
populations separated by regions of rich biota (sources) and poor biotic diversity (sinks).  
This combination of theory allows for a strong inferential explanation of Neanderthal 
land-use dynamics and changes based on zooarchaeological data extracted from the 
Dederiyeh Cave, Syria, which produced a series of Neanderthal remains.. 
Age profiles of key prey species (wild goat, gazelle, and red deer) from the Dederiyeh Cave 
are similar to sites in the southern Levant and the Caucasus region supporting the view 
that Neanderthals were capable hunters and proficient at organizing their land use 
schedules based on the seasonal procurement of key herbivore resources.  It also 
suggests a consistency in hunting behaviour that may have been learned through 
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transmission from groups close by or within a larger biogeographic/metapopulation 
regional boundary.  
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17.  Modelling the northern hemisphere ice sheet and climate for the last$
glacial-interglacial cycle 

 
Ayako Abe-Ouchi, Ryota Ohishi, Wing-Le Chan 
Atmosphere and Ocean Research Institute, University of Tokyo 
 
One of the challenges of earth system modeling is to explain the mechanism of ice 
age cycle by simulating it and to understand the uniqueness or necessity of the 
present state of climate, sea level and environment. Whether Milankovitch cycle or 
CO2 is the driver and why the dominant periodicity of ice age cycle switched from 
40 ka cycle to 100 ka cycle have been remained unsolved. Here we simulate the 
glacial cycles and investigate the origin of saw-tooth shape 100ka cycle using a 
three dimensional ice sheet model with the input examined by GCM. 
The model is forced by the orbital parameters (Berger, 1978) and atmospheric CO2 
content obtained by ice cores (Vostok, EPICA and DomeF), whose dating is partly 
given by a new method using the N2/ O2 ratio. The ice sheet model includes the 
thermo-mechanical coupling process of ice sheet with the process of delayed 
isostatic rebound with a typical time constant. In order to estimate the climate 
sensitivity to Milankovitch forcing and atmospheric CO2 indicated by ice core data 
we used an atmospheric GCM (part of MIROC GCM) coupled to a slab ocean. Within 
the range of possibilities of the model, ice age cycles with a saw-tooth shape 100 ka 
cycle, the major NH ice sheets’ volume and the geographical distribution at the 
glacial maximum are successfully simulated. Additionally we show the GCM 
snap-shot simulations of the last glacial cycle in order to discuss the background 
environment change for human evolution.  In the present study, we introduced a 
dynamic global vegetation model (DGVM) into a general circulation model (GCM) in 
order to improve the atmosphere-vegetation interaction in paleo-climate modeling. 
We report mainly the result in 6ka (climate optimum) and 21ka (last glacial 
maximum).   
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18.  Assembly of fossil cranial fragments based on surface shape information 
 
Naomichi Ogihara (1), Hiromasa Suzuki (2), Takeshi Michikawa (2), Osamu Kondo (3), 
Hajime Ishida (4) 
(1) Faculty of Science and Technology, Keio University 
(2) Research Center for Advanced Science and Technology, University of Tokyo 
(3) Graduate School of Science, University of Tokyo 
(4) Faculty of Medicine, University of the Ryukyus 
 
Fossil crania have often undergone fragmentation and plastic deformation due to 
compaction. Conventionally, assembly of isolated fragments into the original 
antemortem position and removal of deformation are manually performed by skilled 
expert anthropologists. However, to investigate differences in learning ability 
between Neandertals and early modern humans based on cranial morphology, it is 
essential to develop new engineering methods to realize more objective, precise, and 
reproducible reconstructions of the cranial fossils.  
This year, we started to develop a computerized system to aid assembling isolated 
cranial fragments into the original anatomical position. We approximated each of 
surfaces of cranial fragments by using a Bezier surface to mathematically predict 
anatomical positions and orientations of corresponding adjacent fragments and 
applied the method to reassemble the fragments of the Amud 1 cranium. Although 
some methodological limitations certainly apply, the proposed method may serve as 
an effective tool to aid objective assemblage of the cranial fragments.  
We also developed a new method for automatic segmentation of three-dimensional 
CT images of fossil crania based on finite element stress analysis. Here, 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. 
Furthermore, we proposed a method to quantify morphology of neurocranial 
surfaces for statistical analysis of the cranial shape. Specifically, we calculated 
shortest paths connecting pairs of anatomical landmarks and morphology the 
surfaces in-between the landmarks were represented by points equally spaced along 
the paths. We applied this technique for morphological analysis of sexual 
dimorphism in modern Japanese crania to evaluate its efficacy. We plan to create a 
cranial database by applying this technique. 
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19.  Morphological studies on brains/endocasts of fossil hominids 
 
Osamu Kondo 
Graduate School of Science, University of Tokyo 
 
Endocasts of fossil hominids are regarded as direct and hard evidence of human 
brain evolution, while morphological information captured from the endocast is 
limited. It is mainly because reconstruction of the hominid cranium itself possesses 
a bias in its accuracy depending on the degree of preservation and distortion, and 
also because the endocast is hard to be morphologically approached due to difficulty 
in identifying homologous points. These problems are what we should try to 
overcome. Here, I review studies of fossil hominid endocasts and recent approaches 
against these issues. 
 
A process of CT scanning and 3D image reconstruction becomes a main strategy in 
recent endocast studies.  However, it does reach at a level of assessment of the 
whole size (estimation of endocranial volume) and comparison of the gross shape.  
In terms of brain function, it should be interesting to characterize and compare 
right-left asymmetry or local regions such as a Broca’s area, whose approaches are 
almost invisible. 
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20.  A step for extrapolation the modern humans’ functional maps to the 
reconstructed skull images 

 
Hiroki C. Tanabe (1), Takanori Kochiyama (2) 
(1) National Institute of Physiological Sciences 
(2) Advanced Telecommunications Research Institute International 

 
By assuming that morphological differences observed in fossil brains reflect 
functional differences between modern and ancient human brains, we will 
investigate the presumed gaps in learning abilities between the two types of 
humans in light of anatomical evidence. Possible differences in learning abilities 
between ancient and modern humans will be examined by integrating 
morphological analysis of fossilized brains with functional mapping of the modern 
human brain. In this year, we first examined the relationship between the modern 
human brains and their skulls. Our goal is to establish methods for extrapolating 
brain functions to the reconstructed skull images of Neandelthalensis. We applied 
an image registration (deformation) technique that used in non-invasive brain 
function research, DARTEL (Diffeomorphic Anatomical Registration using 
Exponentiated Lie algebra) developed by Ashburner (Ashburner, 2007) to do this. 
DARTEL is an algorithm for diffeomorphic image registration. Usually, it estimates 
transformation parameters to averaged brain image from grey and white matter 
images, however, it is possible to estimate the parameters from skull images. At 
first, we compared the differences of parameters. We plan to deliberate availability 
and validity of this method.  
$

Reference 
Ashburner J (2007) A fast diffeomorphic image registration algorithm. NeuroImage 

38: 95-113.  
$
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Jeannerod M (2006) Motor cognition. What actions tell the self. Oxford: Oxford 
University Press. 

Keysers C, Gazzola V (2007) Integrating simulation and theory of mind: from self to 
social cognition. Trends Cogn Sci 11:194-196. 

Searle JR (1983) Intentionality. An essay in the philosophy of mind. Cambridge: 
Cambridge University Press. 
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21.  Neural basis for understanding other’s intention 
 
Norihiro Sadato 
National Institute of Physiological Sciences 
 
Imitation is one of the important elements in social learning. It is absolutely 
necessary to understand the other’s intention when we imitate others. 
Philosophically, Seale introduced a useful distinction between what he called 
‘intentions in action’ and ‘prior intentions’ (Searle, 1983). Action representation is 
assumed to psychological representation that corresponding to ‘intentions in action’, 
and is defined the way how actions are thought, planned, intended, organized, 
understood, leaned, and imitated (Jannerod, 2006). It resembles actual action, 
however, it can be detached from execution and can exist on its own. Because action 
representation is generated automatically from both internal and external trigger, 
understanding for other’s intention is thought to be produced by sharing with action 
representation from simulation (i.e. simulation theory). On the other hand, ‘prior 
intentions’ are about actions with a long-term and complex goal, and have several 
pathways to achieve the goal. Therefore, the system of ‘understanding prior 
intentions’ is necessary to exist independent of understanding for intentions in 
action using simulation. Medial prefrontal cortex is a candidate region involved in 
this process, which corresponds to theory theory (Keysers and Gazzola, 2007).  
Here, we elucidate the neural basis of action representation employing functional 
magnetic resonance imaging (fMRI). The results showed that the parietal lobule 
(PL) was activated both execution and observation. Execution enhanced the 
effective connectivity from motor region to posterior superior temporal sulcus 
(pSTS) via PL (i.e. forward model), whereas observation enhanced the effective 
connectivity from sensory region to ventral premotor cortex (PMv) via PL (i.e. 
inverse model). These results indicate that the action representation is 
implemented in the motor system, and can be function as a probe to explore the 
external world through the interaction with others.   
$
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22.  3D body motion analysis of stone tool making by a skilled subject 
 
Naoki Miura (1), Kenji Nagai (2), Yukinobu Hoshino (1) 

(1) Kochi University of Technology 
(2) Japan Society for the Promotion of Science, Kokushikan Universuty 
 
An investigation of skilled behavior is important to clarify a cognitive mechanism of 
learning process. In this study, we measured sequential 3D body motions of 
stone-tool production based on recurrent Levallois technique by a highly skilled 
subject. And, a mechanical analysis of measured kinematic information was 
performed. To combine the analysis based on the experimental archaeology, it will 
be available to extract body motions which is represented the skilled behavior and 
to estimate a force necessary for processing of Levallois points and flakes. 
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