








Evolution of innovation behaviors under an egalitarian and cooperative society

Ryosuke Kimura
Graduate School of Medicine, University of the Ryukyus

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

Yutaka Kobayashi
Department of management, Kochi University of Technology

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

Shiro Horiuchi
COC Promotion Office, Yamagata University

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

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

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

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

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

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

Joe Yuichiro Wakano
School of Interdisciplinary Mathematical Sciences, Meiji University

Cooperative relationship among individuals seems to be important for a rapid cultural evolution
(e.g., from Paleolithic to Neolithic). Division of labor, food-sharing, knowledge-sharing,
specialization, and the investment in future are examples of features of such cooperative society.
However, evolution of learning ability and evolution of cooperation are independent phenomena.
Here we study whether social learning evolves and promote evolution of cooperation. Previous
studies have shown that conformist transmission enables the stable maintenance of cooperative
society. We prose a mathematical model of repeated public goods game played by simple
frequency-dependent learners (i.e., no conformism). We derive the evolutionarily stable learning
curve (reaction norm) in this model. We show that cooperative society can be maintained without
assuming conformist transmission.
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Research Team B02

Reconstructing the Distribution of Neanderthals and Modern Humans in
Time and Space in Relation to Past Climate Change
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Vegetation change in Europe during the Late Pleistocene dispersal of
modern humans.

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

1. National Institute of Polar Research

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

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

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

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

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

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



Regional last glacial climate synthesis for the Eastern Mediterranean
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Stephen P. Obrochta ', Yusuke Yokoyama 2 Ayako Abe-Ouchi %3 Ryouta O'ishi %4
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1. Faculty of International Resource Science, Akita University, Japan

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

3. Research Institute for Global Change, JAMSTEC, Japan

4. National Institute of Polar Research, Japan

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

Yasuhisa Kondo ', Katsuhiro Sano %, Takayuki Omori >, Ayako Abe-Ouchi **,
Wing-Le Chan *, Ryouta O’ishi *°, Seiji Kadowaki ¢, Masaki Naganuma ’,
Takashi Oguchi 8 Yoshihiro Nishiaki %, Minoru Yoneda >

1. Center for Research Promotion, Research Institute for Humanity and Nature
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5. National Institute of Polar Research
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The archaeology and palaeoenvironment collaborative research group of the Replacement of
Neanderthals by Modern Humans Project assessed the impact of climate change on the ecological
niche construction of Neanderthals and anatomically modern humans. It did so through the machine
learning model using the location of archaeological sites and palaeoenvironmental indices such as
temperature, precipitation and elevation.

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

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

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



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

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

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

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

2. Department of Social and Human Environment, Nagoya University

3. Department of Biological Sciences, The University of Tokyo

4. Department of Mechanical Engineering, Keio University

5. Department of Radiology, University of the Ryukyus

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

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

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

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

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

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

3. Department of Precision Engineering, The University of Tokyo

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

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

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

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

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

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

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

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

— 105 —



L FEEE D E BT D 7o 8 D e AnT AL F it D BR 3%

T, ZREZ 2 $SRZZIE? ZR0EM . SKFREE 1
1. KIKKRFBREA ) RXR—Y g TP A oo X —

2. WHRZRFERE TR0 R K I

3. F RS T i i LA

4, BEFEFSSROF R TR e R

AWFZED BIX, ALART T NE =V Nig EOLAHEE 7 > E 2 — Z TEEMIZHET
THROOFEZRMET DL THD, Fxid, KAWEZERTLZOIC, ROIHDF
BEEFRE LT,

—OHOFET, HEMRTZFA L7 3 IRGTEB Oy 1 FETH 5, ZTHux, AL
THONTWLHEEMA BT 2 FIETH D, EARNRT A7 713, WM& 25| H
LT, MEMICHESs 2T DG 2 RO 5 2 L Th D, AWE T, — A2 i
ProiZ=a—YRE 2 5 mEFMMCMBRM 2, REDQREEFEICI VAL ELF
BERE L, BEFEICLY, a0 Pa—2NTABEELZBMEALTTEL L OIIR

ST,

TOHOFEE. CT g6 OFsxmimt FETH 5, — KIS, CT HEORY 2>
Bix, FEEEZFHESTL2 2L TITO, L, iRz e RN T 4L TLES, 2D
K9 7pzEiiE, FEEOMEZ HMEIC L, RAMICEREL KTTHER S 5, AWET
X, BEOEGIMUDOE DI %2R Y T AT 2 FIELHE Lz, REFIEDL, #7224
Z 3WICEMGICHT T 2N T 10 U —BIETHH L. TOHSO CTHEZ#H#IET 5 Z & T,
T O FMANERLSNRNL DICT D, ZHICKY, SHEORBOHZRY T4k
THZENARELE o T,

—OHOFEZ, MEFRARY I oo TETH S, MEEAIE, BEEONTICHY . (kA
SHEOMIEIR ZHET T DRI bid, LonL, BEEOEMICH HMEF O ZRY I
THI T 5 Z XN CTH > 7o, AWFIE TliL, Watershed {512 F 5 < ZER O fEIR 7 VT Bk %
BHFE L7o, TR TIEIT, WMEFRIDNBHEFEN TR ROZERTH S L WO BIEICESE, BEL
RBLLT,

— 106 —



Development of geometry processing tools for quantitative analysis of fossil crania

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

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

3. Department of Information Engineering, Chuo University

4. Department of Mechanical Engineering, Keio University

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

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

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

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

Masaki Moriguchi 1, Takashi Michikawa 2, Hiromasa Suzuki 3, Naomichi Ogihara 4,
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Figure 1 Results of Surface displacement based morphometry

Reconstruction of the brain from skull fossil using computational anatomy

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

1. Department of Cognitive Neuroscience, Brain Information Communication Research

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

3. Graduate School of Environmental Studies, Nagoya University

4. Department of Mechanical Engineering, Keio University

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

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

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

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

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

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

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

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

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

1. Graduate School of Environmental Studies, Nagoya University

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

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

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

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

2. Kochi University of Technology

3. Faculty of Engineering, Tohoku Institute of Technology

4. Graduate School of Environmental Studies, Nagoya University

5. Tohoku University of Art & Design

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

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

In this fMRI analysis, social learning group had decrease of brain activation in the Superior frontal
gyrus, and individual learning group had decrease of brain activation in the Lingual gyrus, but this
results is the individual analysis. In this poster session, we will report about the results by group
analysis of each group.
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Functional brain map of human’s tool-use; meta-analysis for neuroimaging data

Naoki Miura
Faculty of Engineering, Tohoku Institute of Technology

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

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

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

Kei Mizuno

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

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

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

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

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