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Last lecture:

 Species concepts and definitions

How do we define a species and 

how does this relate to modern 

humans?

 Genomics of modern human origins

What does (ancient) DNA tell us 

about the origins and evolution of 

modern humans?

 Models of anthropogeny

What model of modern human 

origins is best supported with the 

current fossil and genomic 

evidence?

 Modern human dispersals

When, how, and why did 

anatomically modern humans 

disperse out of Africa?
I. Karonen 2006
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Last lecture:

 Species concepts and definitions

How do we define a species and 

how does this relate to modern 

humans?

 Genomics of modern human origins

What does (ancient) DNA tell us 

about the origins and evolution of 

modern humans?

 Models of anthropogeny

What model of modern human 

origins is best supported with the 

current fossil and genomic 

evidence?

 Modern human dispersals

When, how, and why did 

anatomically modern humans 

disperse out of Africa?
Nielsen et al 2017
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Last lecture:

 Species concepts and definitions

How do we define a species and 

how does this relate to modern 

humans?

 Genomics of modern human origins

What does (ancient) DNA tell us 

about the origins and evolution of 

modern humans?

 Models of anthropogeny

What model of modern human 

origins is best supported with the 

current fossil and genomic 

evidence?

 Modern human dispersals

When, how, and why did 

anatomically modern humans 

disperse out of Africa?
Stringer 2001
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Last lecture:

 Species concepts and definitions

How do we define a species and 

how does this relate to modern 

humans?

 Genomics of modern human origins

What does (ancient) DNA tell us 

about the origins and evolution of 

modern humans?

 Models of anthropogeny

What model of modern human 

origins is best supported with the 

current fossil and genomic 

evidence?

 Modern human dispersals

When, how, and why did 

anatomically modern humans 

disperse out of Africa?
Bräuer 2015
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Last lecture:

 Species concepts and definitions

How do we define a species and 

how does this relate to modern 

humans?

 Genomics of modern human origins

What does (ancient) DNA tell us 

about the origins and evolution of 

modern humans?

 Models of anthropogeny

What model of modern human 

origins is best supported with the 

current fossil and genomic 

evidence?

 Modern human dispersals

When, how, and why did 

anatomically modern humans 

disperse out of Africa?
Bae et al 2017
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Last lecture:

 Species concepts and definitions

How do we define a species and 

how does this relate to modern 

humans?

 Genomics of modern human origins

What does (ancient) DNA tell us 

about the origins and evolution of 

modern humans?

 Models of anthropogeny

What model of modern human 

origins is best supported with the 

current fossil and genomic 

evidence?

 The serial founder effect

What are the genetic signatures of 

the human expansion out of Africa?

I. Karonen 2006
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This lecture:

 The serial founder effect

What are the genetic signatures of 

the human expansion out of Africa?

 Neutral and adaptive evolution

What is the difference between 

evolution by chance and evolution 

under selection?

 Co-evolution

Do the genotype and phenotype co-

evolve?
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What is the difference between evolution by 

chance and evolution under selection?

Neutral & adaptive evolution
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The serial founder effect

 Serial founding effect (or cascading 

bottlenecks)

1. Decreasing intra-population 

diversity with geographical 

distance from Africa

Henn et al. 2012
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The serial founder effect

 Serial founding effect (or cascading 

bottlenecks)

1. Decreasing intra-population 

diversity with geographical 

distance from Africa

2. Increasing inter-population 

diversity between populations 

with geographical distance 

separating them

Henn et al. 2012
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The serial founder effect

Ramachandran et al. 2005

 Serial founding effect (or cascading 

bottlenecks)

1. Decreasing intra-population 

diversity with geographical 

distance from Africa

2. Increasing inter-population 

diversity between populations 

with geographical distance 

separating them
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The serial founder effect

 Serial founding effect (or cascading 

bottlenecks)

1. Decreasing intra-population 

diversity with geographical 

distance from Africa

2. Increasing inter-population 

diversity between populations 

with geographical distance 

separating them

Manica et al. 2007; Betti et al. 2011
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The serial founder effect

Atkinson 2011; Hunley et al. 2012

 Serial founding effect (or cascading 

bottlenecks)

1. Decreasing intra-population 

diversity with geographical 

distance from Africa

2. Increasing inter-population 

diversity between populations 

with geographical distance 

separating them
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The serial founder effect

Lycett & von Cramon-Taubadel 2008

 Serial founding effect (or cascading 

bottlenecks)

1. Decreasing intra-population 

diversity with geographical 

distance from Africa

2. Increasing inter-population 

diversity between populations 

with geographical distance 

separating them

?
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Modes of evolution

 Neutral evolution (or drift) refers to 

changes in the genotype and 

phenotype that refer to chance events 

or stochastic processes (e.g. random 

mutations)

US Department of Energy

https://public.ornl.gov/site/gallery/detail.cfm?id=399&topic=&citation=&general=DNA&restsection=all
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Modes of evolution

 Neutral evolution (or drift) refers to 

changes in the genotype and 

phenotype that refer to chance events 

or stochastic processes (e.g. random 

mutations)

 Adaptive evolution (or selection)

refers to changes in the genotype and 

phenotype that are due to non-random 

or non-stochastic processes (e.g. 

environmental)

US Department of Energy

https://public.ornl.gov/site/gallery/detail.cfm?id=399&topic=&citation=&general=DNA&restsection=all
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Modes of evolution

 Neutral evolution (or drift) refers to 

changes in the genotype and 

phenotype that refer to chance events 

or stochastic processes (e.g. random 

mutations)

 Adaptive evolution (or selection)

refers to changes in the genotype and 

phenotype that are due to non-random 

or non-stochastic processes (e.g. 

environmental)

Note: changes in genotype and phenotype 

can occur during an organisms lifetime, 

but they will not be inherited to the next 

generation unless they occur along the 

germ line or an epigenetic process.

US Department of Energy

https://public.ornl.gov/site/gallery/detail.cfm?id=399&topic=&citation=&general=DNA&restsection=all
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

Rogers Ackermann & Cheverud 2004
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

 Netural evolution is thought to play the 

primary role in recent human evolution

Weaver et al 2007
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

 Netural evolution is thought to play the 

primary role in recent human evolution

• Direct comparison of netural 

genomic and phenotypic 

variation between populations

US Department of Energy; Reyes-Centeno et al 2017

https://public.ornl.gov/site/gallery/detail.cfm?id=399&topic=&citation=&general=DNA&restsection=all
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

 Netural evolution is thought to play the 

primary role in recent human evolution

• Direct comparison of netural 

genomic and phenotypic 

variation between populations
AU CA EA JP ME NE NG NI SA SI

AU 0

CA 0.110 0

EA 0.191 0.129 0

JP 0.144 0.031 0.175 0

ME 0.079 0.145 0.226 0.173 0

NE 0.119 0.053 0.158 0.062 0.159 0

NG 0.092 0.111 0.200 0.136 0.107 0.115 0

NI 0.105 0.022 0.121 0.071 0.139 0.067 0.114 0

SA 0.191 0.135 0.006 0.175 0.219 0.160 0.199 0.127 0

SI 0.104 0.025 0.126 0.070 0.135 0.067 0.112 0.003 0.131 0

AU CA EA JP ME NE NG NI SA SI

AU
0

CA
0.372 0

EA
0.558 0.524 0

JP
0.323 0.100 0.572 0

ME
0.365 0.572 0.637 0.554 0

NE
0.674 0.516 1.299 0.476 0.737 0

NG
0.142 0.359 0.724 0.389 0.304 0.625 0

NI
0.355 0.167 0.379 0.200 0.516 0.585 0.371 0

SA
0.356 0.449 0.334 0.450 0.497 0.724 0.419 0.329 0

SI
0.400 0.221 0.495 0.294 0.402 0.582 0.433 0.088 0.393 0

FST

QST
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

 Netural evolution is thought to play the 

primary role in recent human evolution

• Direct comparison of netural 

genomic and phenotypic 

variation between populations

Leinonen et al 2013
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Drift and selection in human evolution

Reyes-Centeno et al 2017
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

 Netural evolution is thought to play the 

primary role in recent human evolution

 Adaptation still plays an important role

• e.g. adaptation to high altitude 

environments: independent 

(convergent) evolution and possible 

hominin introgression in Tibet 

Bingham & Lee 2014
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Drift and selection in human evolution

Francken et al. 2018
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

 Netural evolution is thought to play the 

primary role in recent human evolution

 Adaptation still plays an important role

• e.g. adaptation to high altitude 

environments: independent 

(convergent) evolution and possible 

hominin introgression in Tibet 

Nichols 2013
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

 Netural evolution is thought to play the 

primary role in recent human evolution

 Adaptation still plays an important role

• e.g. adaptation to high altitude 

environments: independent 

(convergent) evolution and possible 

hominin introgression in Tibet

• Multiple candidate genes that are 

associated with phenotypes

Laland et al 2010
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

 Netural evolution is thought to play the 

primary role in recent human evolution

 Adaptation still plays an important role

• e.g. adaptation to high altitude 

environments: independent 

(convergent) evolution and possible 

hominin introgression in Tibet

• Multiple candidate genes that are 

associated with phenotypes

Laland et al 2010
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Drift and selection in human evolution

 Adaptive evolution is thought to have 

played an important role in early 

human evolution

 Netural evolution is thought to play the 

primary role in recent human evolution

 Adaptation still plays an important role

• e.g. adaptation to high altitude 

environments: independent 

(convergent) evolution and possible 

hominin introgression in Tibet

• Multiple candidate genes that are 

associated with phenotypes

Laland et al 2010
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Do the genotype and phenotype co-evolve?

Co-evolution
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

“If we possessed a perfect pedigree of

mankind, a genealogical arrangement

of the races of man would afford the

best classification of the various

languages now spoken throughout the

world…. ”

Charles Darwin, 1859
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Branching evolution paradigm

Gallet 1800
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Branching evolution paradigm

Haeckel 1866
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Branching evolution paradigm

Novembre & Ramachandran 2011

SNPs DNA
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Branching evolution paradigm

• Theoretical framework: one can trace 

how the genotype and phenotype 

affect each other

• Selection acts on phenotypes 

and gene frequency changes as 

a consequence

Lewontin et al 2010
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Branching evolution paradigm

• Theoretical framework: one can trace 

how the genotype and phenotype 

affect each other

• Selection acts on phenotypes 

and gene frequency changes as 

a consequence

• Language and behavior can be 

considered as an extended 

phenotype

EP1

EP2

EP3 EP4

Extended Phenotype space

Lewontin et al 2010
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Branching evolution paradigm

• Theoretical framework: one can trace 

how the genotype and phenotype 

affect each other

• Selection acts on phenotypes 

and gene frequency changes as 

a consequence

• Language and behavior can be 

considered as an extended 

phenotype

• Language and behavior tend to 

change much faster than the 

genotype

“Organic evolution is not the only

sort of evolution in the sense of a

process of cumulative change. When

a level of intelligence making

symbolic speech possible was

reached in the anthropoid line, a new

evolutionary process emerged,

enormously more rapid than organic

evolution.”

Sewall Wright, 1950
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

Cavalli-Sforza 1994
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Differences with different 

datasets

mtDNA

Cavalli-Sforza & Feldman 2003

Y-chromosome DNA
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Differences with different 

datasets

Longobardi et al 2015

Lexical data

Syntax data
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

Longobardi et al 2015

Syntax data

Genomic (SNP) data
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

Longobardi et al 2015

Syntax data

Genomic (SNP) data
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Language and gene trees 

sometimes mirror each other, but 

other times do not

Hunley et al 2012

Genomic (microsatellite) data

Linguistic (phoneme) data
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Language and gene trees 

sometimes mirror each other, but 

other times do not

Atkinson 2011; Hunley et al. 2012
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Language and gene trees 

sometimes mirror each other, but 

other times do not

• At the level of language families, 

there is a high correlation but not 

always at lower language levels

Cavalli-Sforza 1997
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Language and gene trees 

sometimes mirror each other, but 

other times do not

• At the level of language families, 

there is a high correlation but not 

always at lower language levels

Atkinson 2011; Hunley et al. 2012
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Language and gene trees 

sometimes mirror each other, but 

other times do not

• At the level of language families, 

there is a high correlation but not 

always at lower language levels

Hunley et al 2012



“If we possessed a perfect pedigree of

mankind, a genealogical arrangement

of the races of man would afford the

best classification of the various

languages now spoken throughout the

world…. ”

Charles Darwin, 1859
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Co-evolution of genes and languages

• Darwin‘s hypothesized the co-evolution 

of languages and genes

• Language and gene trees 

sometimes mirror each other, but 

other times do not

• At the level of language families, 

there is a high correlation but not 

always at lower language levels
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4th Annual Symposium

Ancient Connections in Eurasia

14-15 December 2018

Alte Aula, Münzgasse 30

DFG Center Symposium
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Schedule
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Next class: January 7th

 Revised view:

• Expansion ~130 ka to the Levant 

and possibly further into Eurasia, 

followed by extinction
• Small populations?

• Contributions to Neanderthals?

• Competition with other hominins?

• Middle Paleolithic / MSA toolkit?

• Major dispersal between ~80-50 ka

 Adaptive and non-adaptive theories 

of language evolution

 Preadaptations to language

 Interfaces with archaeology and 

paleoanthropology
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Co-evolution in human evolution

Cultural Processes Biological Processes

Linguistics Paleontology Genetics

Human Evolution

Archaeology
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Nature Education 2010; White et al. 2003; Beyin 2013

https://www.nature.com/scitable/ebooks/cell-biology-for-seminars-14760004/118242296#bookContentViewAreaDivID
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Co-evolution in human evolution

Linguistics Paleontology Genetics

Human Evolution

Archaeology
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