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Components of an evolutionary explanation

• Explicitness requirement
– Heritability
– Strategy set
– Fitness
– Path of ever increasing fitness

• starting point, end point, process



  

Path: starting point
– We can try to reconstruct the evolutionary 

path through the comparative method
– All life originates from a single source – 

tree of life emerged from speciation events
– Every two species have a last common 

ancestor (LCA) a share traits by common 
descent (“homology”)

– Genetic or phenotypic distance can be 
used to reconstruct phylogenetic tree

– Distribution of traits over phylogenetic 
tree used to reason about traits LCA



  

Path: end point
– We want an evolutionary explanation for 

modern language abilities;
– Many unresolved controversies about 

language universals and domainspecificity 
of learning and processing biases

– Relative consensus about high-level 
“design features”: 
• symbolism, 
• combinatorial phonology
• compositional semantics
• hierarchical structure



  

Path: process

• Fossil record: 
– no clear data about language origins
– clear increase in brain size in last 2.5My 
– loss of air sacs between 2.5 and 1My BP
– symbolic revolution from around 120Ky BP

• Evidence for selection
– comparative method: analogy

– problem: lack of model species (birds?)
– population genetics: genetic hitchhiking

– problem: lack of identified genes (FoxP2?)
– optimality/ “argument from design”



  

Optimality

• Arguments about optimality can be sound in 
evolutionary reasoning, but must be handled 
with care

• In language evolution scenarios, we meet 
two special classes of challenges, having to 
do with language being:
– A social trait
– A culturally transmitted system



  

Special challenge I: social traits

• Coevolution of senders and receivers
• Their interests do not necessarily align
• Mistake to assume receiving behavior will 

remain unchanged, while sending behavior 
evolves or v.v.

• Evolutionary Game Theory



  

Evolution of the eye



  



  



  

The evolution of cooperation

• Kin selection: altruistic traits can be favored 
by natural selection under specific  
circumstances (Hamilton'64; West & Gardner'05)
– carriers of the gene(s) for the trait must interact 

preferentially with other carriers (e.g., kin), 
while still competing with non-carriers

• Reciprocal altruism: conditional cooperation 
(tit-for-tat) can be favored under specific 
circumstances (Trivers, Axelrod)
– individuals have repeated interactions and track 

past behavior 



  

Special challenge II: cultural traits

• Coevolution of languages and language users
• Cultural evolution of the appearance of 

design
• Moving targets argument (against arbitrary 

innate language universals)



  



  

• After 7 generations, no demonstrable 
difference with natural song

• Zebra finch songs thus appears to be 
completely determined by their biology, but:
– not an innate template, but determined by 

cognitive as well as anatomical and environmental 
factors;

Feher et al. 2006



  

Is zebrafinch song learned or innate?

• The important features of zebrafinch song are 
obviously learned: without the exposure to 
songs in the sensitive period birds do not learn 
the species-typical song;

• The important features are obviously innate: 
all the knowledge of the species-typical song 
is apparently contained in their biology.



  

Iterated Learning

(Kirby, 1999, 2000; Brighton, 2002; Zuidema 2003)



  

Ontogeny, glossogeny, phylogeny



  

Iterated Learning
● Learners learn from learners
● Cultural transmission

Claim: in cultural transmitted systems one has 
to be extra careful to classify things as nature 
or nurture, adaptation or side-effect



  

Cultural Adaptation Hypothesis

• Language is culturally transmitted and adapts 
to the  biases of the learners;

• Given: population with many L1 and few L2 
learners + unavoidable differences in learning 
biases:

What will happen to the language in iteration?



  



  

Cultural Adaptation & 
the Critical Period

• In a population with many L1 and few L2 
learners...

• With arbitrary, language-independent 
differences in their learning biases

• And cultural transmission of language...
• Language will adapt to the biases of L1 

language learners, and L2 acquisition will be 
more difficult than L1.

• Critical Period effects come for free!



  

 

Is human auditory perception 
specialized for speech?



  

Reliability of 
recognition

Acoustic
feature

(We choose random values from [0,1] on the diagonal of U).



  

4-matrix model: payoffs
Speaker behavior

(learned) 
(Zuidema & Westermann, 2003)
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Hearer behavior
(learned)

Values of alternate 
interpretations

(assumed constant)

Confusability of alternate signals:
articulation, acoustics, perception

(assumed constant)
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Agents in a population maximize payoff by adapting S and R 
(local hillclimbing)
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Negative conclusions

• There is a tight fit between the perceptual 
characteristics and the “speech code”;

• But in this model, the perceptual characteristics 
did not evolve/adapt;

• Rather, through cultural evolution, the language 
has evolved to match perception;

• The model thus shows that appearance of design 
cannot be taken as conclusive evidence for 
(genetic) adaptation.



  

Lessons learned

• Language and bird song are culturally 
transmitted systems 

• Details of the final system are the result of 
interactions between 
– Innate biases,
– perception, 
– production, 
– cognitive processing 
– in a population



  

The real issues

• The real issue is not nature or nurture, but the 
nature of nurture.

• What are the biases that guide and constrain the 
learning process?

• ... how do they affect language & universalia?
• ... where do they come from?
• Are there language-specific adaptations that 

emerged in human evolution: specialization for 
language



  

Poverty of the stimulus & 
language universals

(1) The man is mean

(2) Is the man mean?

(3) The man who is feeding a donkey is mean

(4) Is the man who is feeding a donkey _ mean?

(5) *Is the man who _ feeding a donkey is mean?



  



  

1980s nativism
“Any aspect of language that the speaker knows must 

either be learnable from positive evidence, that is to 
say, through exposure to sentences of the language, 
or be part of the innate equipment of the human 
mind” (Cook, 1983)

“Language shows signs of complex design for the 
communication of propositional structures, and the 
only explanation for the origin of organs with 
complex design is the process of natural selection.” 
(Pinker & Bloom, 1990)
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Iterated Learning: 
“appearance of design” 
can occur even without 
any biological 
evolution
(Kirby, 1994/2000)



  

Arguments for extensive 
language-specific adaptations

• Appearance of design
• Poverty of the stimulus

– Formal learnability results

• Critical period
• Constraints on variation



  

Conclusions: language-specific 
adaptations?

• Not the ‘poverty of the stimulus’ 
• Not the ‘appearance of design’ 
• Not the ‘critical period’ 

How many of the (unique) properties of 
language and language acquisition are the 
result of language-independent cognitive skills 
+ cultural transmission?



  

Fallacies
• selection for the group, 
• confusing Tinbergen's 4+1 why's, 

– Treating ultimate, proximate or glossogenetic 
explanations as mutually exclusive

– Ignoring glossogeny (ignoring cultural nature)
– Assuming the receiver's mechanisms are constant 

while the sender's are evolving or v.v. (ignoring 
social nature of language)

• applying models with implicit human-specific 
assumptions to other animals, 

• assuming miracles
• argument from personal incredulity or authority



  



  



  



  

Uniquely human traits

• Language
• Complex reasoning
• Mathematics
• Music
• Consciousness
• Music
• Cooperativity
• Life history, upright posture, opposable 

thumb, running



  

What has happened?

• Earliest evidence for some (very limited) aspects of 
'humanness' 2.5My BP – million years of stasis

• Last common ancestor all humans: 
– 140Ky-290Ky BP (mtDNA)
– 70Ky BP (Ychromosome)

• Symbolic revolution +-120Ky BP – enormous 
speed-up in developments

• Between 2.5My and 100,000 years BP something 
very significant has happened in hominin 
evolution!



  

Requirements for plausible 
scenarios

• Explain how such a radical new phenotype 
can be based on relatively few genetic 
changes
– Common causes
– Hidden potential

• Explain how the unusual circumstances 
needed for the evolution of social traits can 
be sustained
– Self-enforcing dynamic



  

Requirements for plausible 
scenarios

• Explain how such a radical new phenotype 
can be based on relatively few genetic 
changes
– Common causes – cognitive technology
– Hidden potential – cultural evolution of language

• Explain how the unusual circumstances 
needed for the evolution of social traits can be 
sustained
– Self-enforcing dynamic – green beard dynamics



  

Linguistic sweep scenario
Pre-existing 
- hierarchical, conceptual structure
- non-combinatorial communication
- limited cooperativity & social cognition
- hidden potential for more complex cognition

biological evolution

Biological adaptations to new niche
- larger social groups
- increases in social intelligence,  
cooperativity & communication
- increased reliance on learned, 
combinatorial signaling

Cultural adaptations
- learned communication system adapts to preexisting 
biases of hominin brain (can thus be much more 
complex than random code)
- communication system becomes representational 
system for internal thought too
- knowledge transfer from previous generations 
unlocks potential for complex cognition

biological evolution

New cultural niche 
- creates intense selection pressure for 
linguistic & cognitive skills

cultural evolution

cultural evolution



  

Conclusions
• Evidence on human evolution points to a 

radical change in the human phenotype 
>100.000 yrs BP

• Many human-specific traits are 'social' – 
require unusual circumstances to evolve
– plausible scenarios need to show how

• Plausible scenarios for the evolution of 
humanness involve
– common causes for various traits
– ways to unleash hidden potential

• The language-first scenario does all this.


