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Mathematical analysis of cultural invasion

using traveling wave solutions

Joe Yuichiro Wakano

Meiji University

Abstract: We propose a model of reaction-diffusion system to explain relative quickly cultural
evolution and its spatial spread observed in the middle Paleolithic. Homo sapiens and Neanderthals are
so closely related that the evidence of introgression is found. In this study, we neglect the genetic
difference between them. We postulate that the relatively quick replacement is triggered not by genetic
but by cultural differences. When a group with high cultural level (e.g., advanced stone-tools) appears,
they might increase their population density (“population size hypothesis”) and hence the spatial
distribution of such high culture groups might spatially spread. Previous studies suggest the existence
of positive feedback loop between cultural level and population size. There could exist two locally
stable equilibria: "low" equilibrium consisting of low population density and low cultural level and
"high" equilibrium consisting of high population density and high cultural level. Since previous models
did not explicitly model spatial structure, theoretical predictions were made based on the basins of
attractions of these equilibria in ODE systems. In this study, we propose a spatially explicit
reaction-diffusion system. We consider a traveling wave solution (TWS) connecting these equilibria,
and obtain the condition under which "high" equilibrium expands its spatial distribution. Our results
provide possible explanations why some traditional lithic industries (e.g., Mousterian) continued for a

long period until it is replaced by more advanced industries (e.g., Aurignacian).
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Mathematical Analysis on the Relationship between the Age and

Frequency of a Cultural Trait

Yutaka Kobayashi

School of Economics and Management, Kochi University of Technology

In this study, we investigate the relationship between the frequency and age of a cultural trait using the
theoretical framework called “0-1 vector models”. Let us assume that we draw a sample of size n from
a population of size N. We are interested in the expected number of cultural traits that are possessed by
exactly i individuals and were introduced into the population k generations ago. We call this quantity
the age-frequency spectrum. Mathematical analyses show that the age-frequency spectrum
qualitatively differs depending on whether the value of Kz, where K is the number of role models
observed by a single individual and £ is the probability that an individual inherits a cultural trait from
each of its role models during cultural transmission from one generation to the next. When KA=1,
most traits in a sample have low frequencies and all new. On the other hand, when K/4>1, a sample has
many frequent traits, which are older than a certain age. We argue implications of these results for the

Paleo-Asia project.
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Inferring human population sizes from genomic DNA sequences

Naoyuki Takahata

Professor emeritus, The Graduate University for Advanced Studies

Abstract: Genomic DNA sequence data for samples taken from present-day as well as archaic humans
have stimulated to develop various methods that allow us to infer effective population sizes (Ne) over
time. The commonly used underlying theory is the neutral coalescent that is suited to describe the
genealogical process in a population when the Ne changes from time to time. The coalescent theory is
used directly in some inference methods such as Skyline-plot or indirectly in some hidden Markov
methods such as PSMC (Pairwise Sequentially Markovian Coalescent) and MSMC (Multiple
Sequentially Markovian Coalescent). For autosomal DNA sequences, it is also essential to take proper
account of recombination along a chromosome. The recent development of Ne estimation methods is
inevitably related to this problem and uses such an approximation as SMC or SMC’ rather than
generating an exact ancestral recombination graph. Here I review those methods and their applications

and demonstrate that our understanding of human evolution has been deepened enormously.
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On the absence of correlation between population size and food-getting toolkit size

in ethnographic hunter-gatherers

Kenichi Aoki

Meiji University

Abstract: The absence of correlation between population size and food-getting toolKkit size in
ethnographic hunter-gatherers has been demonstrated in a series of papers beginning with Collard et al.
(2005). Based primarily on this finding, Collard et al. (2016) and Vaesen et al. (2016) severely
criticize Henrich (2004), whose model they purport predicts such a correlation (also Powell et al. 2009).
First, | argue that their attack is misdirected. Then, | show that models that are more relevant to the
phenomenon at hand (Aoki 2015; Fogarty et al. 2015, 2017) do not necessarily predict a correlation
between population size and toolkit size, even when a (unidirectional or bidirectional) causal relation
exists between the two.  This indeterminacy occurs because these models allow for toolkit saturation,

periodic fluctuations of population size, or bistable equilibria.
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Day 1 (Thursday, March 2)
09:30-09:40 Joe Yuichiro Wakano
Opening Remark
09:40-10:20 Joe Yuichiro Wakano
Ecocultural range-expansion scenarios for the replacement or assimilation of
Neanderthals by modern humans
10:20-11:00 Kenichi Aoki
On the absence of correlation between population size and toolkit size in
hunter-gatherers
11:00-11:40 Yutaka Kobayashi
Cumulative culture and the rate of vertical transmission
11:40-12:20 Naoyuki Takahata
Methods for inferring population sizes from genome sequences
13:20-14:20 Alex Mesoudi
Muigration, acculturation, and the cultural evolution of cross-cultural variation in
cognition and behaviour
14:20-15:20 Kohei Tamura
Cultural Evolution and Geometric Morphometrics in Archaeology
15:40-16:20 Yasuo lhara

A cultural evolutionary analysis on the diffusion of the hinoeuma superstition
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16:20-17:00 Naoko Fujito
Approaches for detecting natural selection and their application

17:30 Dinner party

Day 2 (Friday, March 3)
09:30 WFER T
FRCAEFBRAZIT 5 infinite sites model 72 & OEFRAFN D, SUVHELET /V~DIEH
(2D T
11:00-1200 7uy =7 MTLEDE
- BO2HEEf#ERS S (20174F11H @ BiA K ET)
- BO2HHHY O A5 (20174512 @ UK 2 BAia# )
- Maxime Derex, Mark Collard &, [EFSE35R114 CHET HAF9EE & DAk
- IREILIEDBERH - ARIBERHROD T7
s WL DPESEA 7Y 22—V L OSGETR D
- TREHE & RA R ER
« BO2BEAR— L 8— « BV T
CBFRQRETOV R LR E B TR, NEFES, Ezet)
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Fogarty, L., J.Y. Wakano, M.W. Feldman, and K. Aoki (in press) The driving forces of cultural
complexity : Neanderthals, Modern Humans, and the question of population size. Human Nature.

Kobayashi, Y., H. Ohtsuki, and J.Y. Wakano (2016) Population size vs. social connectedness — A
gene-culture coevolutionary approach to cumulative cultural evolution. Theoretical Population
Biology. 111: 87-95.
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Aoki, K., J.Y. Wakano, and M.W. Feldman (2016) Gene-culture models for the evolution of altruistic
teaching. In: On Human Nature: Biology, Psychology, Ethics, Policy, and Religion, edited by M.
Tibayrenc M and F.J. Ayala, pp. 279-296. Amsterdam: Elsevier.
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Aoki, K. (2016) Cognitive equivalence and bistability. New Perspectives in Cultural Evolution
Workshop, Stanford, July 21-22, 2016.

Fujito, N., T. Hayakawa, N. Takahata, and Y. Satta (2016) “Risk conversion” hypothesis in human
evolution. International symposium on Evolutionary Genomics and Bioinformatics, &/ (57%) .
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Wakano, J.Y. (2016) “Traveling waves of cultural invasion” Japanese Society for Mathematical
Biology, Kyushu University, September 7-9, 2016.
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