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“Two books in one”

• Formation of higher-level units from lower 

ones (Major Transition in Individuality: 

MTI) 

• Evolution of the storage, use and 

transmission of hereditary information



The royal chamber of a 

termite:fraternal



The origin of eukaryotic cells: 

egalitarian

No reproductive division of labour is possible!!! 





Three phases of a major 

transition (Bourke, 2011)

Major transition

examples

Social group 

formation

Social group 

maintenance

Social group 

transformation

Eukaryote origins Origin of the 

eukaryotic cell

Control of 

organellar 

reproduction

Gene transfer from 

organelle to 

nucleus

Clonal organisms 

to sexual unicells

Origin of zygotes Control of meiotic 

drive

Obligate sexual 

reproduction

Unicells to 

multicellular 

organisms

Origin of 

multicellularity

Control of selfish

cell lineages

Early-diverging 

germline

• These can easily span many million years!





The trait group model (Wilson, 1975)

Random dispersal

Harvest

Mixed global pool

Mixed global pool



A molecular rendering of the 

Wilson model



The sums for MCRM

Metabolism

Hamilton does not rule



Stochastic corrector model 

(SCM)

• Independently reassorting genes

• Selection for optimal gene composition between compartments

• Competition among genes within the same compartment

• Stochasticity in replication and fission generates variation on which 

natural selection acts

• A stationary compartment population emerges



Filial transitions: „darwinisation”

• Classical transitions: emergence of new levels of 

evolution by terminal addition

• De-darwinisation of the lower level

• Filial transitions: emergence of new (constrained) 

evolutionary system by „intercalation“

• „Darwinising“ some components of the existing 

unit!
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When the Darwinian dynamic 

reinvented itself

More like 

artificial selection!
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What makes us human?

• Note the different time-scales involved

• Cultural transmission: language transmits itself as 

well as other things

• A novel inheritance system



Confrontational scavenging





The sociont

• A cultural entity contained in the 

community

• Different, often specific cultural items that 

are not interchangeable

• Cultural content affects group fitness

• EGALITARIAN transition 

• Selection for linked “meme complexes” (cf. 

chromosome formation) 

• Teaching and schooling 



Recuerdos de mi vida (Cajal, 1917, pp. 
345–350)

“At that time, the generally accepted idea that the 
differences between the brain of [non-human] 
mammals (cat, dog, monkey, etc.) and that of 
man are only quantitative, seemed to me unlikely 
and even a little offensive to human dignity. . . 

but do not articulate language, the capability of 
abstraction, the ability to create concepts, and, 
finally, the art of inventing ingenious instruments. 
. . 

seem to indicate (even admitting fundamental 
structural correspondences with the animals) the 
existence of original resources, of something 
qualitatively new which justifies the 
psychological nobility of Homo sapiens?. . . ’’.

http://images.google.com/imgres?imgurl=www.ucm.es/info/hcontemp/leoc/images/imagmadcult/cajal.jpg&imgrefurl=http://www.ucm.es/info/hcontemp/leoc/ciencia%20en%20madrid.htm&h=305&w=257&sz=19&tbnid=bt_yrV0LtnoJ:&tbnh=111&tbnw=94&start=5&prev=/images?q=Cajal&hl=en&lr=&ie=UTF-8


Candidate mechanisms of 

“neuronal replication”

• Local connectivity copying

• Copying of activity patterns in bistable 

neurons

• Path evolution

• Other?

Chrisantha 

Fernando
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Bayes and selection (e.g. Harper, 

2010)
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Evolution
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• Crucial is the COPYING of patterns 

from one network to the other!!!

• To be able to do so requires past 

genetic evolution 
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Thanks for your attention!


