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Eco-cultural range-expansion model 

and its archaeological insights 

 

Joe Yuichiro Wakano 

Meiji University 

 

Abstract:  

In the year 2017, I conducted a collaborated research with the B02 mathematical modeling group 

members and Seiji Kadowaki, the leader of the A02 archaeology group. In a theoretical part, we have 

developed a model of eco-cultural range-expansion model which describes the range-expansion of 

modern humans in ecological competition with Neanderthals. The model is formulated as 

reaction-diffusion system, which explicitly deals with the spatial distributions of modern humans and 

Neanderthals as well as the spatial distributions of ‘skilled’ individuals in each of the two (sub)species. 

The baseline assumption is demographic/cognitive equivalence between the two (sub)species and also 

that the local density of ‘skilled’ individuals determines carrying capacity. To promote close 

collaborations with archaeology, we need to propose concrete example of ‘skill’ in archaeological 

observations. We postulated blade and bladelet as such, and discuss how known facts in archaeological 

literature correspond to our model. In order to promote further collaboration, as well as to have better 

understanding of archaeological empirical researches, I participated in a field excavation in South 

Jordan in September 2017. The field contains several sites including middle Paleolithic that are 

presumably made by Neanderthals and initial/early upper Paleolithic that are presumably made by 

modern humans. Along the line of argument proposed by our eco-cultural range-expansion model, we 

have performed preliminary survey on the distribution of the widths of blade/bladelets, which turns out 

to be consistent with the model interpretations. 
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Effect of Population Size and Connectedness on the Rate of Cultural Evolution on a Rugged 

Fitness Landscape  

Yutaka Kobayashi 

School of Economics and Management, Kochi University of Technology 

 

A major goal of the PaleoAsia project is to reveal the regional diversity in the modes of cultural 

evolution during the replacement of Neanderthals by modern humans, and for this purpose, it is 

required to refine and extend the population size hypothesis. In this article, one of theoretical studies 

recently conducted by the author, which contributes to this refinement, is presented. In the model of 

this study, cultural evolution in a rugged fitness landscape defined on a one-dimensional discrete trait 

space is considered. Key parameters are population size N, social connectedness or the number of role 

models observed by one individual, and the mutation rate m. The results show that N and K have 

similar effects on the rate of cultural evolution when the fitness landscape is smooth. However, when 

the landscape is rugged, N still has a positive effect on the rate of cultural evolution, whereas the rate is 

maximized at an intermediate value of K. This result conforms with the result of a previous 

experimental study. 
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An inference method for ongoing selective sweep 

 

Naoyuki Takahata 

The Graduate University for Advanced Studies (Sokendai) 

 

Abstract: A simple method was developed to detect signatures of ongoing selective sweep in single 

nucleotide polymorphism (SNP) data. Based largely on the traditional site frequency spectrum (SFS), 

this method additionally incorporates linkage disequilibrium (LD) between pairs of SNP sites and 

uniquely represents both SFS and LD information as hierarchical “barcodes.” This barcode 

representation allows the identification of a hitchhiking genomic region surrounding a putative target 

site of positive selection, or a core site. Sweep signals at linked neutral sites are then measured by the 

proportion (𝐹𝐹!) of derived alleles within the hitchhiking region or the core region that are linked in the 

derived allele group defined at the core site. In measuring 𝐹𝐹! or intra-allelic variability in an 

informative way, certain conditions for derived allele frequencies are required. Coalescent simulators 

with and without positive selection are used to assess the false positive and false negative rates of the 

𝐹𝐹! statistic. The method is powerful and can be used to identify SNP sites responsible for ongoing 

selective sweep. 
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On the 0,1-vector model of cultural evolution 

 

Kenichi Aoki 

Meiji University 

 

Abstract: The 0,1-vector model is the most general model of cultural evolution currently available for 

independent cultural traits (Strimling et al. 2009; Fogarty et al. 2015, 2017).  Here I summarize new 

analytical results for the frequency spectrum (i.e. the distribution of the numbers of distinct cultural 

traits of given “popularities”) at equilibrium that are applicable with random oblique, vertical, 

conformist, anticonformist, or best-of-K transmission (Aoki 2018).  The number of distinct cultural 

traits in the population and the average number of cultural traits carried by an individual can be 

expressed in terms of this spectrum.  I then argue that the results for vertical transmission can also be 

used in cultural phylogenetic analysis, where the unit is the society rather than the individual. 
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リスク回避的な社会学習による文化進化：第三者罰を一
例として

中村 光宏

明治大学

はじめに

新人が拡散したひとつの重要な要因として，ヒトは協力が得意な種であるという事実が挙げられ
る。さまざまな生物において協力行動が観察される中，ヒトの協力行動が特徴的なのは，たとえ
ば，社会規範や制度といった社会メカニズム 非協力的な規範逸脱者は集団内の第三者から罰され
ることによって逸脱することのインセンティブが小さくなる によって自らに協力を仕向けるよう
な文化を発展させてきた点である

。文化は社会学習によって継承される
。社会学習は認知的なプロセスであり，ヒトの認知の持つ制約やバイ

アスの影響を色濃く受けていると考えられる 。本報告では，この点 認知的な
バイアスは文化進化にどのような影響を及ぼすか を，第三者罰を例として理論的に考察してみ
たい。

罰したり罰されたりすることはリスクを伴う。またリスク回避傾向はヒトを含む動物に広く観察さ
れる。したがって，罰の文化進化はリスクに対する認知 リスク感受性 の影響を受けてきたと考
えられる。たとえばこれを利用した歴史的な社会制度として，見せしめのために行われる公開処刑
がある。盗人が釡茹でにされた様子をみれば，たとえ捕まるリスクが小さかったとしても，とても
悪事を働く気にはなれないだろう。リスク感受性は効用関数によって表現できるので，リスク感受
性を考慮した文化進化をモデル化するには，効用関数を用いて拡張した進化ゲームダイナミクスを
考えればよい。
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モデル

効用関数

個体数が無限である集団での社会学習ダイナミクスを考えたい。個体は他個体から戦略を学習する
が，このとき，よく仮定される期待利得ではなく，効用の大きな戦略をより模倣しやすいと仮定す
る。ある戦略の効用は，その戦略を採用したときのリスク すなわち利得の分散 も反映する。戦
略 を採用しているときの利得が確率変数 で与えられたとき，その効用を

と定義する。ここで は期待値を表す。式 はよく知られている指数関数型の効用関数であ
り

が小さければ

のように展開できる。ここで第 項は利得の期待値，第 項は利得の分散に比例した量（ は
分散を表す）である。したがって，もし ならば，効用は正しく期待利得となり，リスク中
立的な効用関数である。また， なら第 項によって効用が減るので，このときはリスク回避
的， なら第 項によって効用が増えるので，リスク選好的な効用関数である。

第三者罰を伴う社会的ジレンマゲーム

無条件協力者（ ，無条件非協力者（ ），協力者かつ罰行使者（ ）の 戦略のゲームを考え
る。集団のうち 戦略を採用している個体の割合を ， の割合を ， の割合を とする
（ ）。時々刻々とランダムに 個体が集まって，そのうち 個体が弱い囚人のジレン
マゲーム

（ただし ）を行う。このゲームにおいて， と 戦略の個体は協力（ ）を選び， 戦略の個
体は非協力（ ）を選ぶ。残った 個体は傍からこれを観察する。この個体の戦略がもし なら，
を選んだ個体を，コスト （ ）をかけて罰する機会が与えられる。罰された個体の利得は

（ ）だけ減る。
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罰行使者がどのようなルールにしたがって非協力者を罰するかについて，いくつか可能性が考えら
れる。たとえば を選んだ個体を全て罰するルール（ 型と呼ぶ）だと，罰するコストがかか
りすぎるかもしれない。 を選んだ個体から 個体だけ罰するルール（ 型）も考えられる。
これは見せしめとしての働きを持つ。また，ゲームの参加者が相互非協力なら実害がないので罰
する必要がなく，協力的な個体に対して一方向的に非協力を行った個体のみ罰するというルール
（ 型）も考えられる。図 はこれら つのルールの模式図である。

(a) Punish ALL defectors

D D

P

and

-2C

-F -F
D C

P
-C

-F

(b) Punish ONE of defectors

D D

P

or

-C

(-F) (-F)
D C

P
-C

-F

D D

P

(c) Punish ONE-SIDED defectors

D C

P
-C

-F

図 第三者罰を行う際の つのルール。空円でゲームの参加者，中に と書いた円で罰行使者を
表す。（ ） 型。（ ） 型。（ ） 型。

社会学習ダイナミクス

社会学習ダイナミクスはレプリケータ ミューテータ系を仮定する
。戦略 の効用をそれぞれ とすると，
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及び

にしたがって，各戦略の頻度が時間発展する。ここで

は平均「適応度」であり，各戦略の「適応度」は

で与えられる（ または ）。式 で， は個体が戦略を効用に基づかずランダムに変
化させる確率である。また式 で， （ ）は選択圧を調整するパラメタである。

解析

各戦略の効用

各ゲームにおいて 戦略の個体が 個体のうちに選ばれたとき，この個体は確率 でゲームに
参加し利得 または を確率 もしくは で得る（ここで ）。または確率 で残り
個体のゲームを観察し，このときは罰しないので利得は変化しない。したがって式 より， 戦
略の効用は

である。 戦略と 戦略の効用は，罰し方（図 ）によって異なる。まず 型の場合，それぞ
れの効用は

及び

となる。 型の場合は

及び
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となる。最後に 型の場合は

及び

となる。

社会学習ダイナミクスの数値解析

式 を用いて式 を数値的に解析した（図 ）。まずベースラインとして，あるパラ
メタの組（ ）を選んだ（図 ）。この設定では，
リスク中立的な効用関数（つまり ）のもとで無条件非協力者の頻度が大きくなる。これを参
照点として，リスクに対する感受性（ ）を変化させたときダイナミクスがどう変化するかを観察
した。

まず，極端なリスク回避（ ）の場合，集団はほぼ協力的な状態で安定となる（図 ）。
逆に極端なリスク選好（ ）の場合，集団はほぼ非協力的な状態で安定となる（図 ）。
これらの結果は を調べることで理解できる。状態空間の内部（つまり ）
では ， ，及び または （罰し
方に依存して決まる）なので， が極端に小さければ， 戦略の効用がもっとも大きい。同様に

及び なので， が極端に大きければ， 戦略
の効用がもっとも大きい。

がそれほど極端でない値をとるリスク回避（ ）またはリスク選好（ ）の場合，結
果はそれぞれ，極端な値をとる場合とリスク中立の場合の中間的な様子になる（それぞれ図
と図 ）。リスク回避の場合，大多数の無条件協力者（ ）と僅かな罰行使者（ ）とに

よって，集団は協力的な状態に保たれる。これは，それほど厳しく他個体の行動を監視して罰する
必要がないことを意味する。罰し方の つのルールそれぞれの結果のあいだには，大きな違いは観
察されなかった。強いて挙げれば， 型と 型のもとでは 型よりもより絶対
値の小さな の値で協力者の頻度を大きく保つことができる（図 ）。

考察

本報告では，ヒトの認知の文化進化に及ぼす影響について考察するため，一例として，リスク感受
性の影響を受けた社会学習ダイナミクスのモデルを用いて第三者罰の文化進化の様子を調べた。結



 

   48 

果を要約すると，もし集団の成員がリスク回避的であれば，大多数の無条件協力者と少しの罰行使
者とによって協力が維持されるという効率のよい状態が達成される。逆にもし集団の成員がリスク
選好的であれば，無条件非協力者ばかりの非協力的な集団となる。罰し方について， 型，
型， 型の つのモデルを調べたが，結果について大きな違いは観察されなかった。

罰にはコストがかかる。したがって罰は 次のフリーライダー問題であり，なんらかのメカニズム
なしには促進・維持されないということは，罰の進化ゲーム研究において指摘されてきたことであ
る 。本報告の結果では，集団がリスク回避的であるとき協力が維持さ
れた。したがって，リスク回避は 次のフリーライダー問題が解消される要因のひとつであると考
えられる。

本報告では，全ての個体が一様に等しいリスク感受性に基づく効用関数にしたがって社会学習を行
うと仮定した。このような代表的個人モデルは単純化のしすぎで，現実を考えるには不十分かもし
れない。人間は多様なパーソナリティを持っており，リスクに対する態度に関しても例外ではない
だろう 。たとえばリスク選好的な個体は規範逸脱者（非協
力者）や罰行使者になりやすいかもしれない。リスク回避的な個体は，規範を逸脱したり罰を行使
する（ことによって復讐される等の）リスクを嫌い，穏健な協力者となりやすいかもしれない。

別の懸念として，個体が社会学習によって戦略を変化させる一方でリスク感受性は一定である点も
ある。しかし，リスク回避傾向はさまざまな生物に観察される普遍的な性質である

。第三者罰のようなより高次の行動形質と比べて，リスク感受性にかかる選択圧は相対的に
十分大きく，一定だと見做してもよいかもしれない。これは第三者罰のみならず，さまざまな文化
形質の進化に影響を持つと予想される。石器や民族誌などの実データに対して，本報告で例示した
ようなバイアスを受けた文化進化モデルを統計モデルとして適用することで，新人文化の拡散につ
いて新たな知見を得ることができるかもしれない。

参考文献
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図 戦略のレプリケータ ミューテータ系の時間発展。矢印は軌跡を表す。赤点は安定点
を表す。（ ）型。（ ） 型。（ ） 型。パラメタは
（ ） ，（ ） ，（ ） ，（ ） ，（ ） ，また全ての場合で

， とした。
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Cultural evolution by risk-sensitive social learning: an example of 

third-party punishment 

Mitsuhiro Nakamura 

Meiji University 

One reason of the great human expansion should be the fact that humans cooperate. 

Third-party punishment is a crucial mechanism to promote cooperation in humans, 

whereas in theory, it is often collapsed by second-order free riders that refrain from 

punishing at a personal cost. Using the evolutionary game theory, we investigate the 

effect of risk attitude of individuals on this problem. In our model, individuals select 

a strategy based on its risk, i.e., the variance of the payoff, as well as its expected 

payoff. We find that risk-averse individuals achieve stable cooperation with only an 

occasional punishment or a few of punishers, implying that the gross cost for pun-

ishment is significantly low. Because only a few punishers are required to threaten 

cheaters, the second-order free riding here becomes harmless. On the other hand, 

risk-prone individuals fail to establish cooperation.
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(Kurokawa & Ihara; 2009, 2017)  
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Extinction time of culture 

 

Shun Kurokawa 

School of Economics and Management, Kochi University of Technology 

 

A finite population has been studied. One famous study is Moran (1958), and there are many 

extensions (e.g., the case where fitness depends on a strategy and the case where game contributes to a 

fitness). However, these previous models do not give biological knowledge to cultural evolution 

because culture does not always transmit from a parent to a child and additionally cultural transmission 

sometimes fails, which is different from genetic evolution. Mathematical models which cover cultural 

evolution is required. 
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ヒトおよびヒト以外のヒト族の古代ゲノム解析 ― 最近の研究動向 ― 

太⽥ 博樹（北⾥⼤学 医学部） 
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Paleogenomics of human and non-human Homonini 

– Recent studies and trends – 

Hiroki Oota 

Kitasato University School of Medicine 

 
In 1985, Svante Paabo presented a DNA cloning of Egyptian mummy in Nature.  This is the first 
report of ancient DNA analysis for human remains and contamination published1.  But, the 
sequencing of mitochondrial D-loop region from the Neanderthal bone by Paabo’s group was 
breakthrough of the ancient DNA analysis2.  More recently, genome sequencing of archaic Hominini 
using next generation sequencer (NGS) give new sights of human evolution3, 4, 5, 6, 7, as well as 
establishing the standard sequence of modern human8, 9, 10. 
One of the hottest topics of archaic Hominini genome is that 1 ~ 4% of non-African genome is 
inherited from Neanderthal4 and ~ 6% of Papuan genome is inherited from Denisovan6.  These 
represent a plausible hybridization happened between Homo sapiens and archaic Hominini, which is 
estimated to be 52,000 ~ 58,000 years ago11.  The puzzle is that modern East Asian populations have 
more Neanderthal genome than modern European populations do7, 12.  There are four possible 
explanations.  First, purifying selection eliminating slightly deleterious mutations derived from 
Neanderthal has been not effectively occurred in East Asia than in Europe13, in the basis of the idea that 
Neanderthal genome is substantially incompatible in human genome14.  Second, Neanderthal genome 
has been more advantageous in the East Asian than in the European populations13.  Third, the number 
of hybridization events has been more frequent in East Asians than in Europeans12, 13, 15.  Fourth, by 
another hybridization between European ancestors and unknown population(s), Neanderthal genome 
has been lost in the modern European genome15.  While a couple of studies have rejected the first 
explanation15, 16, a study has reported that a Neanderthal-like sequence (NLS) shows a signal of 
positive selection in the modern European populations17.  Ancient genome analyses of the anatomical 
modern humans (45,000 ~ 7,000 years ago) has indicated Neanderthal genome has reduced in more 
recent populations, suggesting purifying selection contributes this reduction18.  Meanwhile, a more 
recent study suggests that the difference of effective population size in ancestral populations is the key 
to understand the difference of Neanderthal genome ration between modern Europeans and East 
Asians19. 
We will test these hypothetical explanations using genome data from modern hunters-gatherers and 
minorities with shifting cultivation in Southeast Asia, because our previous data show they have 
different effective population sizes, which are much smaller than modern populations sampled in 
megalopolis20.  We expect that we can mimic what happened between Homo sapiens and archaic 
Hominini. 
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Mini-workshop on mathematical modeling of human migration and range expansion 

Schedule: 2017.10.18-19 

Venue: Meiji University Nakano Campus Room 603 

 

Tentative program 

◆October 18 

09:00-09:15

 Kenichi Aoki 

“Opening remarks” 

 

09:15-10:45

 Masayasu Mimura, Musashino University/Meiji University 

“A stay-or-migrate model of spreading of farmers into hunter-gatherer region” 

 

11:00-13:30

 Lunch 

 

13:30-15:00

 Mathias Currat, University of Geneva 

(with Laurent Excoffier, University of Bern) 

“A spatially-explicit modeling framework to simulate genetic diversity in interacting populations” 

 

15:00-15:30 

 Break 
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15:30-17:00 

 Joe Yuichiro Wakano, Meiji University 

(with William Gilpin, Stanford University; Seiji Kadowaki, Nagoya University; Marcus W. Feldman, 

Stanford University; Kenichi Aoki, Meiji University) 

“Ecocultural range-expansion scenarios for the replacement or assimilation of Neanderthals by modern 

humans” 

 

17:30-  

 Party 

 

◆October 19 

13:30-15:00

 Naruya Saitou, National Institute of Genetics 

“Three migration wave model for explaining formation of Japonesian, people living on Japanese 

Archipelago” 

 

15:00-15:30  

 Break 

 

15:30-17:00

 Kenichi Aoki, Meiji University 

“Some topics in human range expansion” 
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Theoretical Models of Cultural Evolution during Modern Human Dispersals 

https://b02ws2017.wordpress.com 

 

Organizers: Joe Yuichiro Wakano (Meiji University, Japan) 

    Yutaka Kobayashi (Kochi University of Technology, Japan) 

     Naoyuki Takahata (SOKENDAI, Japan) 

     Yasuo Ihara (University of Tokyo, Japan) 

     Mitsuhiro Nakamura (Meiji University, Japan) 

 

Speakers:  Mark Collard (Simon Fraser University, Canada) 

     Maxime Derex (Arizona State University, USA) 

     Marcus W. Feldman (Stanford University, USA) 

Joaquim Fort (University of Girona, Spain) 

Jeff Wall (University of California, San Francisco, USA) 

     Yoshihiro Nishiaki (University of Tokyo, Japan) 

     Seiji Kadowaki (Nagoya University, Japan) 

     Naoyuki Takahata (SOKENDAI, Japan) 

     Mitsuhiro Nakamura (Meiji University, Japan) 

     Hiroki Oota (Kitasato University, Japan) 

Yutaka Kobayashi (Kochi University of Technology, Japan) 

Kenichi Aoki (Meiji University, Japan) 

Joe Yuichiro Wakano (Meiji University, Japan) 

 

Date  November 27th 29th, 2017 

Venue  Meiji University Nakano Campus, 6F seminar room #603 
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Workshop objective: 

 The goal of Mathematical modelling group (B02) of PaleoAsia project is to facilitate our 

understandings of cultural evolution during range-expansion of modern humans from Africa to the 

whole Eurasia continent. The ultimate goal is to clarify the cause of the replacement (or assimilation) 

of archaic humans by modern humans, with special focus on cultural changes. Close cooperation is 

important between theoretical researches and empirical studies on archaeology (from Middle 

Paleolithic to Upper Paleolithic), cultural anthropology (cultural changes caused by the contact of 

several populations), behavioral science (innovation and transmission of culture and technology), 

environmental sciences (environmental changes), and population genetics (genome biology of 

ancient and modern humans). The aim of the workshop is to invite several researchers in these fields 

and to discuss how mathematical modelling (including theoretical methods in population genetics) can 

contribute to the ultimate goal of the PaleoAsia project. 

 See project webpages for more details; 

http://paleoasia.jp/en/research_overview/ 

http://paleoasia.jp/en/research_projects/b02/ 

 

 

Program 
 

Day 1 (Monday, November 27th) 

10:00–10:20  Opening Remark 

10:20–10:40  Yoshihiro Nishiaki 

PaleoAsia project overview 

10:40–11:30  Seiji Kadowaki 

     Space-time distributions and behavioral changes of Neanderthals and modern humans in west 

     Asia: archaeological records on the Middle-to-Upper Palaeolithic transition 
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11:30–12:20  Mark Collard 

What can patterns in historical hunter-gatherer technology tell us about likely cultural changes 

during the period of modern human dispersal? 

12:20–14:00  Lunch break (100 min.) 

14:00–14:50  Kenichi Aoki  

On the absence of a correlation between population size and "toolkit size" in ethnographic 

hunter-gatherers 

14:50–15:40  Maxime Derex 

     The effects of population structure on cultural complexity 

15:40–16:30  Open discussion 

 

Day 2 (Tuesday, November 28th) 

09:00–09:50  Joaquim Fort 

Demic-cultural models, archaeology and genetics of Neolithic spread 

09:50–10:40  Mitsuhiro Nakamura, Atsushi Nobayashi 

Detecting correlations between cultural factors in Paleoasian populations 

10:40–11:30  Hiroki Oota 

Is it sex-biased migration/admixture or social selection for contribution to population genetic 

structure in East Asians? 

11:30–12:00  Document work for overseas speakers (30 min.) 

12:00–18:00  Free afternoon 

18:00–20:00  Conference Dinner 

Japanese Fish Food Restaurant:   (Oka-jouki) 

*) 3 min walk from Nakano Station North Exit 

Meeting point: Entrance floor (1F) of Nakano Sunplaza Hotel at 17:50 

 

Day 3 (Wednesday, November 29th) 

10:00–10:50  Marcus Feldman  

Genetic model for the evolution of culture 
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10:50–11:40  Naoyuki Takahata  

Soft selective sweep in PaleoAsia 

11:40–12:30  Jeff Wall 

     Inference of human demographic history from the GenomeAsia 100K project 

12:30–14:10  Lunch break (100 min.) 

14:10–15:00  Yutaka Kobayashi 

     Genealogies, ages, and frequencies of cultural traits  

15:00–15:50  Joe Yuichiro Wakano 

Ecocultural range-expansion models for the replacement or assimilation of Neanderthals by 

modern humans 

15:50–16:00  Closing remark 
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Space-time distributions and behavioral changes of Neanderthals and modern humans in west 

Asia: archaeological records on the Middle-to-Upper Palaeolithic transition 

 

Seiji Kadowaki (Nagoya University) 

 

The PaleoAaia project investigates the processes of geographic expansion of Homo sapiens 

into Asia during the late Pleistocene and concomitant changes in material cultures and human 

behaviors. From this perspective, west Asia is a key region where the initial processes of Homo 

sapiens’ colonization in Asia took place. In fact, the oldest remains of Homo sapiens in Eurasia 

have been recovered from the middle phase of the Middle Palaeolithic (MP) (ca. 130–75 kya) at 

Qafzeh Cave and Skhul Cave in the Levant. However, these occupations were not ultimate 

colonization of west Asia by Homo sapiens. Fossil remains in the late phase of the MP (ca. 75–

50/45 kya) indicate that Neanderthals subsequently occupied the Levant (e.g., Amud Cave, 

Kebara Cave, and Dederiyeh Cave) and the Zagros region (e.g., Shanidar Cave). Recently, a 

Homo sapiens skull from Manot cave was dated to ca. 55ka. If this is the case, it means a 

co-existence of Homo sapiens and Neanderthals in the Levant around this time. As for the 

following Initial Upper Paleolithic (IUP) period, hominin remains from Ücağızlı Cave and Ksar 

Akil Level XXV have been suggested to show morphological characteristics of Homo sapiens 

although detailed analyses have not been published. Only Homo sapiens remains are known 

from the periods since the Early Ahmarian in the Upper Palaeolithic (UP).  

The presentation also examines archaeological records relevant to human behavioral changes 

from the MP to UP. The examination will focus on several key behavioral aspects, including 

tool production, hunting/gathering activities, the use of long-distance resources, and personal 

ornaments. For this examination, I mainly use archaeological records from the Jebel Qalkha, 

southern Jordan, where I conducted fieldwork and obtained archaeological records covering the 

time periods of the late Middle Palaeolithic (Tor Faraj), the Initial Upper Palaeolithic (Wadi 

Aghar, Tor Fawaz), the Early Upper Palaeolithic/Early Ahmarian (Tor Hamar Layer G), and the 

early Epipalaeolithic (Tor Hamar Layer F). I will show how temporal changes in human 

behaviors correspond with human fossil records in order to discuss the process of modern 

human range expansion in the Levant. 
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Rethinking demography’s role in shaping the Palaeolithic archaeological record 
 
Mark Collard 
Canada Research Chair and Professor, Department of Archaeology, Simon Fraser University, Canada, 
and Professor, Department of Archaeology, University of Aberdeen, UK. 
 
Recently it has become commonplace to interpret instances of change and periods of stability in the 
Palaeolithic archaeological record in terms of population size. Increases in cultural complexity are 
claimed to result from increases in population size; decreases in cultural complexity are suggested to be 
due to decreases in population size; and periods of no change are attributed to low numbers or frequent 
extirpation. In the first part of this paper, I offer a critique of this “demographic turn.” I show that it is 
problematic from an epistemological perspective and also not supported by the evidence pertaining to 
recent hunter-gatherers. In the second part of the paper, I outline an alternative hypothesis and discuss 
the evidence that supports it. This hypothesis contends that cultural complexity in small-scale societies 
is affected by both population size and environmental risk, and that which of them dominates depends 
on the amount of niche construction the members of a society engage in. When niche construction is 
limited, environmental risk dominates, whereas when niche construction is extensive, population size 
dominates. In the final part of the paper, I discuss some results that seem to be inconsistent with both 
the population size hypothesis and the niche construction hypothesis, and therefore suggest that we 
have yet to identify at least one important influence on cultural complexity. 
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On the absence of a correlation between population size and “toolkit size” in ethnographic 
hunter-gatherers 
 
Kenichi Aoki 
Meiji University 
 
In apparent contradiction to the theoretically predicted effect of population size on the 
quality/quantity of material culture, statistical analyses on ethnographic hunter-gatherers have 
shown an absence of correlation between population size and toolkit size.  This has sparked a 
heated, if sometimes tangential, debate as to the usefulness of the theoretical models and as to 
what modes of cultural transmission humans are capable of and hunter-gatherers rely on.  I 
review the directly relevant theoretical literature and argue that much of the confusion is caused 
by a mismatch between the theoretical variable and the empirical observable.  I then confirm that 
a model incorporating the appropriate variable does predict a positive association between 
population size and toolkit size for random oblique, vertical, best-of-K, conformist, 
anticonformist, success bias, and one-to-many cultural transmission, with the caveat that for all 
populations sampled, the population size has remained constant and toolkit size has reached the 
equilibrium for this population size.  Finally, I suggest three theoretical scenarios, two of them 
involving variable population size, that would attenuate or eliminate this association and hence 
help to explain the empirical absence of correlation. 
 
Keywords: theoretical variable, ethnographic observable, mode of cultural transmission, variable 
population size 
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The effects of population structure on cultural complexity

 
  

In the past few years, demography has been increasingly put forward to explain 
periods of sudden cultural accumulation in the archeological record. A widely held 
view is that large and well-connected social networks facilitate cumulative cultural 
evolution because they promote the spread of useful cultural traits and prevent the loss 
of cultural knowledge through factors such as drift. In this talk, I will present a 
series of lab experiments that investigate the effects of population size and 
structure on cultural complexity. These experiments indicate that fragmented, 
partially connected populations can produce more complex cultural traits than 
fully-connected populations. These results suggest that population structure needs to 
be taken into account when investigating the relationship between demography and 
cumulative culture.

Maxime Derex 
University of Exeter
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Demic-cultural models, archaeology and genetics of Neolithic spread 

Joaquim Fort 

 

The PaleoAsia project is devoted to cultural changes during modern-human dispersal at scales of the 
whole Eurasian continent. This implies modelling the spread of a human group, as well as the 
demographic, cultural and genetic processes when it contacts another group. For this purpose, it 
may be useful to review some work on more recent (but rather similar) processes, namely Neolithic 
transitions. Especially in the case of Europe, there are many archaeological and genetic data to 
compare to the mathematical models. Such comparisons could show the interest of applying similar 
approaches to the data of the PaleoAsia project.  

In the first part of this talk we will review theory, i.e. several mathematical models of population 
spread and cultural interactions that have been developed during the last two decades. In the 
second part we will deal with observations, i.e. the conclusions obtained by comparing such models 
to archaeological and genetic data. 

We will first compare two descriptions of human mobility: ordinary diffusion (i.e., a Laplacian in the 
space-time equations) versus a dispersal kernel (i.e., a set of probabilities as a function of distance). 
Then we will compare the usual, non-cohabitation models (in which the effects of dispersal and 
reproduction are additive) to cohabitation models (which avoid the possibility of parents leaving 
their children alone). Next we will introduce cultural transmission models based on the work by 
Cavalli-Sforza and Feldman, and combine them with dispersal-reproduction models.  

In the second part of this talk, we will apply the models introduced in the first part to observed data 
for Neolithic transitions. There are two main models of Neolithic transitions. The first model is 
usually called demic diffusion. It assumes that the spread of farming (and/or herding) was due to the 
dispersal of populations of farmers. The second model is called cultural diffusion. It assumes that 
hunter-gatherers mated with farmers and/or learnt agricultural techniques from them (without 
substantial movement of farming populations). The equations presented in the first part of this talk 
are more general because they combine both models. They can thus be used to estimate the relative 
importance of demic and cultural diffusion. For the spread of the Neolithic in Europe, we will see 
that archaeological data can be used to conclude that demic diffusion was more important than 
cultural diffusion (Fort, PNAS 2012). Genetic data make it possible refine this estimation 
substantially, and conclude that demic diffusion was overwhelmingly more important than cultural 
diffusion (Isern, Fort and de Rioja, Sci. Rep. 2017). For the Neolithic transition in eastern and 
southeastern Asia (which can be analyzed by using archaeological information on the spread of 
domesticated rice), we find again that demic diffusion was more important than cultural diffusion. 
Note that in both cases, the final state of the transition was farming. In contrast, for the spread of 
the Neolithic transition in southern Africa (Jerardino et al., PLoS One 2014) the final state was 
herding and the spread was much faster (according to the archaeological data). This implies (by 
comparing to the mathematical models) that cultural diffusion was more important than demic 
diffusion for this third case study (the spread of herding across southern Africa).  

Perhaps similar methods could be applied to analyze the roles of population dispersal and 
indigenous adoption in the spread of cultures by modern humans interacting with Neanderthals in 
Eurasia. 
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Detecting correlations between cultural factors in PaleoAsian 
populations 

Mitsuhiro Nakamura(1) and Atsushi Nobayashi(2)(3) 

(1) Organization for the Strategic Coordination of Research and Intellectual Properties, Meiji University 
(2) National Museum of Ethnology 
(3) School of Cultural and Social Studies, The Graduate University for Advanced Studies 

 
 

 

 

 
 

Reference 
 

 
[1] Obayashi, T., Sugita, S., Akimichi, T., 1990. APPENDICES : Matrix. Bulletin of the National Museum of 
 Ethnology, Special Issue 11, 370–514.

Cultures are complex phenomena that involve many factors depending on each other. An established cultural 
factor may promote or suppress another cultural factor; e.g., replacement of working animals drawing plows 
to tractors raised demand for chemical fertilizer due to the resulting loss of manure produced by the animals. 
To investigate correlation structures underlying cultural phenomena shall help understanding cumulative 
cultural evolution. To this end, we performed an information-theoretic analysis of an ethnographic data set of 
cultures in Southeast Asia and Oceania [1]. Using the data set, we estimated mutual information between 
various cultural factors. A problem in the analysis was that we had a non-negligible number of missing 
values in the data set: it could produce a systematic bias in the estimation of mutual information. In this talk, 
we discuss possible methods to overcome this problem. It would be common that ethnographic or 
archaeological data have a non-negligible number of missing values. The problem in our study is a universal 
concern.
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Is it sex-biased migration/admixture or social selection in population genetic structure in East Asians? 

 

Hiroki Oota 

Department of Anatomy, Kitasato University School of Medicine 

 

Mitochondrial DNA (mtDNA) and Y chromosome can give us an important insight about sex-biased 

migration, which concerns human-specific reproduction network such as a mating system (Oota et al. 

2001).  A correlation between genetic distances and geographic distances is shown in mtDNA, but 

not in Y chromosome, which could be explained by strong patriarchal societies in East Asian 

populations (Oota et al. 2002).  Another Y chromosome study, however, shows that a particular 

haplotype and its descendants are found at high frequencies widely in East and Central Asia: the 

authors interpret it as “Social Selection” that a particular male lineage of tribe (plausibly including the 

family of Genghis Khan) has expanded into vast geographical regions (Zerjal et al. 2003).  A more 

recent study comparing between mtDNA and Y chromosome sequence data from fine global 

populations shows that the effective population size (Ne) of mtDNA keeps increasing from 50,000 

years ago to now, while the Ne of Y chromosome stops increasing around 10,000 years ago and has 

decreased once 8,000 – 5,000 years ago.  Because the extreme decrease of Ne has preceded in West 

Asia than in Europe, and the timing corresponds to the period of Neolithic revolution, the authors 

explain that social and cultural changes accompanying practices of agriculture and pastoralism have 

promoted disproportion of males’ reproduction chances (Karmin et al. 2015).  In this talk, I’ll discuss 

if sex-biased migration/admixture or social selection have more effectively contributed to population 

genetic structure of human populations in East Asia. 

 

Oota et al. (2001) Human mtDNA and Y-chromosome variation is correlated with matrilocal versus 

patrilocal residence. Nat Genet 29(1):20-1. 

Oota et al. (2002) Extreme mtDNA homogeneity in continental Asian populations. Am J Phys 

Anthropol 118(2):146-53. 

Zerjal et al. (2003) The genetic legacy of the Mongols. Am J Hum Genet 72(3):717-21.  

Karmin et al. (2015) A recent bottleneck of Y chromosome diversity coincides with a global change 

in culture. Genome Res 25(4):459-66. 
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Cultural	Hitchhiking	and	the	Mid-Holocene	Y-Chromosome	Bottleneck	in	the	Old	World	

	

Tian	Chen	Zeng,	Alan	J.	Aw,	and	Marcus	W.	Feldman	
	

In	human	populations,	changes	in	genetic	variation	are	driven	not	only	by	genetic	

processes,	but	can	also	arise	from	cultural	or	social	changes.	An	abrupt	population	

bottleneck	specific	to	human	males	has	been	inferred	across	several	Old	World	(Africa,	

Europe,	Asia)	populations	at	5000–7000	ybp.	Bringing	together	anthropological	theory,	

recent	population	genomic	studies,	and	mathematical	models,	we	propose	a	

sociocultural	hypothesis,	involving	the	formation	of	patrilineal	kinship	groups	and	

intergroup	competition	among	these	groups,	which	can	explain	the	inference	of	a	

population	bottleneck.	We	show	how	our	hypothesis	is	consistent	with	current	findings	

from	the	archaeology	and	archaeogenetics	of	Old	World	Eurasia.	
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Inference of human demographic history form the GenomeAsia 100K project 
 
Jeff Wall 
 
Institute for Human Genetics, UCSF 
 
 
The GenomeAsia 100K project seeks to generate 100,000 high-coverage genomes 
from Asian samples to enable future genetic discoveries across the continent.  Here I 
present some results of a pilot project that includes 1,739 genomes from 200 distinct 
populations and 64 countries of origin. The population sampling includes Negrito groups 
from India, Malaysia and the Philippines.  Our genetic analyses show that these groups 
are not closely related to one another.  This suggests that despite their similarities in 
physical appearance, they are unlikely to share a recent common ancestor.  We also 
estimated the relative amounts of Neanderthal and Denisovan admixture into all non-
African genomes.  We find that Denisovan ancestry proportions correlate with both 
caste status and language family in South Asia, with lower-caste (and non-Indo 
European language speaking) groups having higher levels of Denisovan ancestry.  We 
also present evidence for a separate Denisovan admixture event into the ancestors of 
the Aeta, a Negrito group from the Philippines.  Admixture patterns across Southeast 
Asia are consistent with Denisovan admixture occurring in or near Sundaland during the 
last glacial maximum. 
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Soft selective sweep in PaleoAsia  
 
Naoko T. Fujito(1), Yoko Satta(1), Toshiyuki Hayakawa(2) and Naoyuki Takahata(1) 

(1) School of Advanced Sciences, SOKENDAI (The Graduate University for Advanced 
Studies) (2) Faculty of Arts and Science, Kyushu University 
 

Asia in the Upper Paleolithic era and after was a place of drastic changes in social 
environments (e.g., intragroup organization and intergroup interaction) owing to mass 
migration and admixture of culturally different people. As radically changing social 

environments likely gave rise to psychosocial stress or acculturative stress − a major 
environmental risk factor in the development of mental diseases, any genetic change 
that could confer tolerance for such stress must have been favored by natural selection. 

This possibility was tested for four promoter variants of the ST8Sia2 (or STX) gene 
encoding a sialyltransferase that synthesizes polysialic acids in the brain. Of these 
variants, one is constantly identified in all populations as a non-risk type of 

schizophrenia − an influential mental disease with serious impairment of sociality. It 
is shown that the variant exhibits a lowered promoter activity, emerged uniquely in the 

lineage leading to anatomically modern humans in Africa > 100 kya, and has rapidly 

increased the frequency in Asia during the past 20− 30 ky. Although the molecular 
mechanism for the tolerance is still unrevealed, our new inference method convincingly 
supports that the variant has been driven by positive selection in PaleoAsia.  

The inference method was developed to detect incomplete selective sweep at linked 
neutral sites; it combines the site frequency spectrum (SFS) and linkage disequilibrium 
(LD). The combined information on single nucleotide polymorphisms (SNPs) is 

represented as hierarchical “barcodes.” Intra-allelic variability of an allele group 

undergoing putative positive selection is measured by the fraction (!!) of derived alleles 
linked in that group to the whole. Simulation is performed to evaluate the statistical 

significance of !! under a null hypothesis of neutrality (false positive rates) as well as 
under an alternative hypothesis of positive selection (false negative rates). Overall, the 
method is powerful, is robust to demographic changes, and can be used to pinpoint core 

SNP sites that have been inscribing signatures of ongoing selective sweeps.  
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Genealogies, ages, and frequencies of cultural traits 

 

Yutaka Kobayashi 

School of Economics and Management, Kochi University of Technology 

 

An ultimate goal of theoretical research on cultural evolution is to interpret cultural 

patterns in present populations in terms of past dynamic processes. In other words, we 

would like to infer what happened in the past by inspecting currently available data. 

One interesting question to ask is whether we can infer the age structure of cultural 

traits from their current distributions. For this purpose, we need a theory to relate static 

distributions of traits to their ages. A major purpose of the present study is to infer the 

age-frequency spectrum of a sample of a given size, using a genealogical approach. The 

age-frequency spectrum is a two-dimensional array (or a matrix), in which the (i,j) 
element is the number of cultural traits carried by i individuals and introduced j 
generations ago. The expected age-frequency spectrum tells us how ages of cultural traits 

are related to their frequencies, and therefore may allow us to infer the ages of cultural 

traits from their frequencies. 

 So far, we have been investigating the effects of parameters on the age-frequency 

spectrum of a sample under the assumption that each individual learns each trait with 

probability b from each of K role models. We have found that the results largely depend 

on whether the expected number of cultural offspring per parent Kb is larger than one 

or not. When Kb<1, a sample is expected to have many young and rare traits; on the 

other hand, when Kb>1, a sample is expected to have not only young, rare traits but also 

numerous old, common traits. Such structure of the age-frequency spectrum has several 

interesting implications for data interpretation, which will be argued in the presentation. 
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Ecocultural range-expansion models for the replacement or assimilation of Neanderthals by 
modern humans 
 

Joe Yuichiro Wakano(1), William Gilpin (2), Seiji Kadowaki (3), Marcus Feldman(4), and Kenichi Aoki(5) 
(1) School of Interdisciplinary Mathematical Sciences, Meiji University   (2) Department of Applied Physics, Stanford 

University   (3) Nagoya University Museum, Nagoya University   (4) Department of Biology, Stanford University 

(5) Organization for the Strategic Coordination of Research and Intellectual Properties, Meiji University 

 

Recent genetic and archaeological studies on the range expansion of modern humans and the demise 
of Neanderthals suggest 1) their interbreeding, that must have resulted from their co-existence, and 2) a 
diversity of cultures/behaviors in associations with the spread of modern humans. It was not a simple 
spread of homogeneous “modern human behaviors”. Although these observations have gained increasing 
consensus among researchers, there is no clear explanation regarding how the two phenomena were 
related with other. This study aims to explain a possible relationship between the two aspects (i.e., 
demographic changes and cultural dynamics) through eco-cultural modeling. 

The ecocultural framework for the competition between hominid species allows their carrying 
capacities to depend on some measure of the levels of culture they possess. In the present study both 
population densities and the densities of skilled individuals in Neanderthals and in modern humans are 
spatially distributed and subject to change by spatial diffusion, ecological competition, and cultural 
transmission within each species. Our model is formulated by reaction-diffusion equations. We analyze 
the resulting range expansions in terms of the demographic, ecological and cultural parameters that 
determine how the carrying capacities relate to the local densities of skilled individuals in each species. 
Of special interest is the case of cognitive and intrinsic-demographic equivalence of the two species. 

The range expansion dynamics consist of multiple wave fronts of different speeds. Properties of these 
wave fronts are mathematically derived. Depending on the parameters, these traveling waves can result in 
replacement of Neanderthals by modern humans, or assimilation of the former by the latter. In both the 
replacement and assimilation scenarios, the first wave of intrusive modern humans is characterized by a 
low population density and a low density of skilled individuals, with implications for archaeological 
visibility. The first invasion is due to weak interspecific competition (i.e., niche difference). A second 
wave of invasion may be induced by cultural differences between moderns and Neanderthals. Spatially 
and temporally extended coexistence of the two species, which would have facilitated the transfer of 
genes from Neanderthal into modern humans and vice versa, is observed in the traveling waves, except 
when niche overlap between the two species is extremely high. Our study proposes a complicated process 
of modern human range-expansion due to ecological and cultural factors. 
 

Wakano JY, Gilpin W, Kadowaki S, Feldman MW (in press). Ecocultural range-expansion models for the replacement or 

assimilation of Neanderthals by modern humans. Theoretical Population Biology  
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