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Cultural Evolution

from the BBC nature documentary ‘LIFE’
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• information transfer within and between generations

• the concept of the meme

• examples of culture in animals
• tradition in mating site determination in a fish

• cultures in chimpanzees

• coevolution between culture and genes
• lactose tolerance / lactase persistence

• evolution of language

Summary: Cultural Evolution
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Crick 1958

Information transfer within generations
of Molecular Biology{
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• all possible routes, the ones believed to exist in 1958, and the ones 
believed to exist in 1970

• given that Crick talks about the “central dogma of molecular 
biology”, one could rephrase his statement to “once information has 
got into a protein it can’t get into DNA or RNA again”

Information transfer within generations

Crick 1970

6

Reminder: Development in an evolutionary framework

• the life cycle of a species is a repeated 
sequence of different processes

• development (t1) transforms the information 
contained in the genotypes (G1) into their 
material phenotypic representations (P1) 

• conversion of information into matter

• natural selection (t2) reduces the phenotypes (P1) 
to only those phenotypes (P’1) that manage to 
survive and mate, which therefore also changes 
(t3) which genotypes (G’1) are actually contained 
in these successful phenotypes (P’1)

• material interaction affects information

• during reproduction, mutation and recombination 
(t4) transforms the genotypes of the surviving and 
reproducing parents (G’1) into the genotypes of 
the offspring (G2)

• transmission of information

from Houle 2010

the dots represent population 
mean genotypes and phenotypes
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• so information is mainly transferred to the next generation by a 
statistical association between the genotype and the non-randomly 
selected phenotype

• but information can also be transmitted from one generation to the 
next by other routes

• DNA methylation and other types of epigenetic modification of DNA

• transfer of maternal RNAs, proteins, hormones or immune effectors

• these processes are, however, also mediated by genes
• e.g. there is genetic variation for how environmental inputs are translated into 

epigenetic effects 

• therefore, selection is likely acting again on genetic variation among 
the relevant alleles

Information transfer between generations
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• in contrast, cultural information can completely bypass the usual 
genetic information systems

• but the transmission of cultural information of course depends on the 
phenotypic ‘infrastructure’ built by the underlying genetic information

• and once transmission of cultural information becomes important, it can feed 
back on genetic inheritance systems

• cultural information can be transferred between completely 
unrelated individuals and to very many individuals at the same time

• especially with modern mass and social media

• the invention of language allows to relate experiences made long 
ago or far away

• the invention of writing (and other media invented later) allows to 
relate such experiences ‘forever’

• it allows you to visit places that are distant in both space and time 

Information transfer between generations
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• Dawkins (1976) introduced the term ‘meme’ for a unit of cultural 
transmission or a unit of imitation

• e.g. a song, a deity, a design pattern, or a way of fixing an arrow point to an arrow

• we have previously discussed that it is not so easy to define a gene
• Dawkins (1976) considers a gene as ‘any portion of chromosomal material that 

potentially lasts long enough to serve as a unit of natural selection’

• strictly defining a meme is more difficult and may not even be useful
• try to think of a meme as a metaphor, rather than a strict analogy to a gene

• memes also have longevity, fecundity, and copying fidelity

• memes do not need to give a biological advantage to their carrier
• they can be parasitic

The concept of the meme

Gimme! Gimme! Gimme!
Mamma Mia!

Knowing me, 

knowing you!
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• the social system of the bluehead wrasse 
(Thalassoma bifasciatum) on small reefs

• TP males defend mating sites at the down-current edge 
of the reef during the daily mating period and females 
visit these sites and pair-spawn with individual TP males

• IP males may interfere with pair spawns (called 
streaking) or they may pair-spawn with females when 
the TP males are busy (called sneaking)

• the reproductive success of TP males depends mainly 
on the number of female visits and can be very high, 
whereas the reproductive success of IP males is limited

Tradition in mating site determination

initial phase (IP) male or female

terminal phase (TP) male
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• a physical description of 103 mating sites on 25 
reefs identified all potential mating sites

• this suggested 3-7x more potentially suitable 
sites on a reef than are actually used by the fish

• despite this, the same mating sites were found 
to be used over many years

• in spite of fish not getting older than 1-2 years

• is this due to tradition or resource assessment?

Tradition in mating site determination

Warner 1988
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• by removing the ‘resident fish’ 
and replacing them with ‘naive 
fish’ one can check which sites 
are now chosen

• if ‘naive fish’ choose the same 
sites, this indicates consistent 
resource reassessment

• possibly due to overlooked 
characteristics of the used sites 

• if ‘naive fish’ choose different 
sites, this indicates tradition

Tradition in mating site determination

Warner 1988
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• the sites chosen by the 
‘naive fish’ might just be a 
random draw from all 
possible sites

• check if the same sites are 
chosen by a ‘second batch’ 
of naive fish

• if these use the same sites, 
then the draw is not random

Tradition in mating site determination

Warner 1990a
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• comparisons between the panels
• 1 vs. 2 shows long-term stability by the 

‘resident fish’ before the manipulation

• 2 vs. 3 shows the choice of quite 
different sites by the ‘naive fish’

• 3 vs. 4 shows the choice of the similar 
sites by the ‘second batch’ of naive fish

• 4 vs. 5 shows long-term stability by the 
‘second batch’ after the manipulation

Tradition in mating site determination

Warner 1990a
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Tradition in mating site determination

Warner 1990a

• comparisons between the panels
• 1 vs. 2 shows long-term stability by the 

‘resident fish’ before the manipulation

• 2 vs. 3 shows the choice of quite 
different sites by the ‘naive fish’

• 3 vs. 4 shows the choice of the similar 
sites by the ‘second batch’ of naive fish

• 4 vs. 5 shows long-term stability by the 
‘second batch’ after the manipulation
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• so bluehead wrasse appear to re-evaluate the mating sites on the 
reef after such a ‘catastrophic’ event

• if we assume that the quality of the different sites varies, and that 
the quality of a site may change over time, then such traditions 
could be costly

• but maybe exploring new sites is also dangerous, and it is safer to 
just copy the choice of the earlier fish

• which individuals are actually responsible for where the spawning 
sites are? is it the territorial TP males or the females?

Tradition in mating site determination
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Tradition in mating site determination

Warner 1990b

TP males replaced IP fish replaced

7.3%
IP males

11.4%
IP males

9.0%
IP males
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• whereas there is a cultural component to behaviour in many 
animals, probably the most highly developed (apart from Homo 
sapiens) is in our closest relative, the chimpanzee (Pan troglodytes)

• long-term field studies have accumulated over 150 researcher-years 
of chimpanzee behavioural observations

• these studies have identified numerous behaviours that are 
customary in some sites, but absent in other sites

Cultures in chimpanzees
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• nut-hammer: use of a piece of wood/stone to crack nuts on 
wooden/stone anvil

• ant-dip: use of a stick to collect safari ants that swarm up it, ants 
then picked off with lips and eaten

• algae-scoop: use of a stem, stripped of leaves, to scoop surface 
vegetation like algae from water surface

Cultures in chimpanzees

https://www.youtube.com/watch?
v=G7_7Fx6WZBc

https://www.youtube.com/watch?
v=MvqeGhoHXxQ

https://www.youtube.com/watch?
v=OHbKMTXwrhc

https://www.youtube.com/user/TheFriendsAndAi
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• A: patterns absent at no site

• B: patterns not achieving 
habitual frequencies at any site

• C: patterns for which any 
absence can be explained by 
local ecological factors

• D: patterns customary or 
habitual at some sites yet 
absent at others, with no 
ecological explanation.

Cultures in chimpanzees

Whiten et al. 1999
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Cultures in chimpanzees

Whiten et al. 1999

H Habitual
C Customary
+ present
- absent,

(-) absent possibly due to inadequate observation
e absent with ecological explanation
e? ecological explanation suspected
? uncertain
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Cultures in chimpanzees

Whiten et al. 1999



23

• customary (coloured squares)

• habitual (coloured circles)

• present (grey circles)

• absent with ecological explanation (bar)

• unclear (?)

Cultures in chimpanzees

Whiten et al. 1999
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Cultures in chimpanzees

Whiten et al. 1999
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Culture in other monkey species

from the BBC nature documentary ‘LIFE’
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• lactose is the only important sugar in milk

• to be digested it must be broken down into 
glucose and galactose by the enzyme lactase

• in most mammals the lactase gene is only 
expressed until weaning and then declines to a 
low level

• from the age of 4 years most humans are 
therefore intolerant to unfermented milk

• in lactose intolerant individuals drinking milk 
leads to flatulence, intestinal cramps, diarrhoea, 
and other unpleasant things

Lactose tolerance / lactase persistence
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• natural selection on lactose 
tolerance in adult humans 
resulted from the cultural 
innovation of dairy farming

• started around 10’000 years ago in 
the Fertile Crescent and was already 
important in Neolithic Northern 
Central Europe

• persistence of lactase expression 
after weaning is now common in 
northern Europe, western India 
and sub-Saharan Africa

• milk is not only an important source 
of sugar, but it is also rich in calcium 
and phosphorous, both important for 
bone formation

Lactose tolerance / lactase persistence

Diamond 2002 
Beja-Pereira et al. 2003

Geographic distribution of 
the lactase persistence allele 
in contemporary Europeans. 
The darker the orange color, 
the higher is the frequency of 
the lactase persistence allele. 
The dashed black line 
indicates the limits of the 
geographic distribution of 
early Neolithic cattle 
pastoralist (Funnel Beaker 
Culture) inferred from 
archaeological data.
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• the genetic pattern is strongly indicative of a selective sweep of a 
single mutation

Bersaglieri et al. 2004

Lactose tolerance / lactase persistence
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• assuming a selective advantage of ~5% for the ability to digest 
lactose, it would take 350-400 generations (or 7000-8000 years) for 
the lactase persistence gene to spread to a frequency of ~90%

• and a persistent 5% fitness advantage represents quite strong selection 

Lactose tolerance / lactase persistence
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Evolution of language
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• information transfer within and between generations

• the concept of the meme

• examples of culture in animals
• tradition in mating site determination in a fish

• cultures in chimpanzees

• coevolution between culture and genes
• lactose tolerance / lactase persistence

• evolution of language

Summary: Cultural Evolution
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Literature

• Mandatory Reading
• none

• Suggested Reading
• none

• Books
• none


