Origins and Evolution of Language
Week 10: Gene-culture co-evolution

Kenny Smith
kenny.smith@ed.ac.uk



Three slides on sign language emergence



Homesign

From Goldin-Meadow, S. (2012). Homesign: gesture to language. In R. Pfau, M. Steinbach and B. Woll (Eds.) Sign
Language: An International Handbook (pp 601-625). Berlin: De Gruyter Mouton.



Community and village sign languages

MAN WOMAN PUNCH GET-PUNCHED, PUNCH GET-PUNCHED.

Gleitman, L., et al. (2019). The emergence of the formal category “symmetry” in a new sign
language. Proceedings of the National Academy of Sciences, USA, 116, 11705-11711.

‘handsaw’ ‘handsaw’
handling (lexical) instrument (lexical)

Padden, C. A., et al. (2013). Patterned iconicity in
sign language lexicons. Gesture, 13, 287-308.

Sandler, W. et al. (2014). Language emergence: Al-Sayyid Bedouin Sign
Language. In N. J. Enfield et al. (Eds.) The Cambridge Handbook of
Linguistic Anthropology (pp. 250-284). Cambridge: CUP.



Role of the child in creating structure?

Gesture for camera.

Gesture for hair salon. Gesture for to take a photo.

Motamedi, Y., et al. (2021). The emergence of systematic
argument distinctions in artificial sign languages. Journal of
Language Evolution, 6, 77-98.

Motamedi, Y., et al. (2019). Evolving artificial sign languages in the lab:
from improvised gesture to systematic sign. Cognition, 192, 103964.



Gene-culture co-evolution



Reminder: the human package

Somehow, we ended up with

* The ability to learn complex grammars
— capacity for complex vocal imitation

— ability to learn complex sequencing constraints
— ability to learn compositional meaning-form mappings

* The ability and motivation to mindread and mindshare

This sets up the preconditions for the cultural transmission of learned,
meaning-bearing communication

* Once that’s in place, exciting stuff happens



Gene-culture co-evolution
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Dairying and lactase persistence
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Gerbault, P, et al. (2011). Evolution of Lactase Persistence: an
example of human niche construction. Philosophical Transactions of Figure 5.4 from Durham, W. (1991). Coevolution: Genes, Culture,
the Royal Society of London B, 366, 863-878. and Human Diversity. Stanford, CA: Stanford University Press.
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https://en.wikipedia.org/wiki/Human_genetic_resistance_to_malaria



Construction of a malarial niche

VEGETATION IN WEST AFRICA

Desen
Semedesent

Steppe (grass, brush and thicket)
Savanna grassland

Deciduous forest - woodiand savanna

BEELELC

Tropical rain forest (broadieaf evergreen)




Evidence of gene-culture co-evolution

Frequency, q, of S allele
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Figure 3.10 from Durham, W. (1991). Coevolution: Genes, Culture,
and Human Diversity. Stanford, CA: Stanford University Press.



Other possibilities? @ @

“In the space below, briefly (1 short paragraph max!) give an
example of a human cultural practice other than language (i.e.
some non-linguistic behaviour that humans acquire through
social learning, imitation, teaching etc) that you think plausibly
changes the selection pressures acting on human genes - say
what this cultural practice is, and what selection pressure it
exposes us to / insulates us from. This could be an example from
the reading, or an idea you have yourself.”



@ @ How could this work for
language?

* Biological adaptations (rudimentary vocal learning, sequence and
compositionality learning, mindreading) set scene for cultural transmission
e Cultural evolution begins to create structured (proto-)linguistic system
* Presence of structured, functional language creates/increases selection
pressures for language-relevant skills, natural selection ensues
— Enhanced vocal learning, better sequence/grammar learning, better
mindreading
— Other things? Discuss in a moment
* Enhanced linguistic capacities allow cultural transmission to do more
— New functions, more complex structures, ...
* And repeat



Two examples

* Niche construction in perceptual/articulatory capacity
* Unmasking and masking in the evolution of innate constraints

(Reviewed in Smith, K. (2020). How Culture and Biology Interact
to Shape Language and the Language Faculty. Topics in Cognitive
Science, 12, 690-712.)



Example 1: could co-evolution produce increasingly
sophisticated linguistic capacities?

Move vowel closer to
wimdiGimal 0 [CCeeed ; Add a random new vowel
perceived signal J

é) _____ / _____ : . 20 games | 500 games . 2000 games | 10000 games
| T - RN B T s
C)/"{IF ' Add new vowel that is % 31 % 3 » %\ 3 ' %\ 3 : \\’ [ )] v /

s a close imitation of the 0 g i 22} ‘; Qa g Q g i \\‘ ./

perceived signal < el « ¥ < o * g ) <ol X 7

7t & 7 o™ 7 4 7t .

.................... 8 1 1 1 1 1 1 1 8 1 1 1 1 1 1 1 8 1 1 1 1 1 1 1 8 1 1 PR T P LA |
16 14 12 10 8 16 14 12 10 8 16 14 12 10 8 16 14 12 10 8

F, (Bark) F, (Bark) F, (Bark) F, (Bark)

Throw bad vowel out of system I | Merge vowels that are too close

de Boer, B. (2000). Self-organization in vowel systems. Journal of Phonetics, 28, 441-465.
de Boer, B. (2016). Modeling co-evolution of speech and biology. Topics in Cognitive Science, 8, 459-468.
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Result: niche construction leads to increasingly
complex vowel systems

—> Maximum set by genes

—> Number in language

Number of vowels

Time

Schematic illustration of results from Smith, K. (2020). How Culture and Biology Interact
to Shape Language and the Language Faculty. Topics in Cognitive Science, 12, 690-712.



Example 2: could co-evolution produce arbitrary
constraints on learning?

Central idea in many linguistic theories: arbitrary innate
constraints on learning
* e.g. Principles and Parameters

polysynthesis

no yes
head directionality Mohawk,
inV\ﬁna' Warlpiri
subject side Japanese, Turkish
initial final
verb attraction Malagasy, Tzotzil
yes
no
subject placement hich serial verb
ION nm
Ish null subject .
Welsh, yes English Edo, Khmer
Zapotec no
French Spanish,

Romanian



A candidate mechanism: the
Baldwin effect
(aka genetic assimilation)

e Behaviour is initially learned

* Learning has some cost (time, error)

* Individuals whose genes reduce
amount of learning required (e.g. by
building in some aspects of the
solution) are selected

* Eventually, learning minimized /
nativised away




The simplest possible model of language
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Smith, K., & Kirby, S. (2008). Cultural evolution: implications for understanding the human language
faculty and its evolution. Philosophical Transactions of the Royal Society B, 363, 3591-3603.

Thompson, B., Kirby, S., & Smith, K. (2016). Culture shapes the evolution of cognition. Proceedings of the
National Academy of Sciences, USA, 113, 4530-4535.



Learning

Learning: finding the most probable hypothesis (i.e. language)
given some data (i.e. utterances).

P(h|d) oc P(d|h)P(h)



Genes and selection

Genes: bias in favour of T1 (a) is polygenic
* Bias encoded by a string of genes
* Alleles either promote or inhibit T1

Selection: Individuals reproduce proportional to their
communicative success in the population

 Communication = sharing same language type
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Predictions?

* A linguistic universal underpinned by highly informative/
strongly constraining prior (perhaps via the Baldwin effect)?

ax0=0o0rl

(a: bias in favour of T1 language
O: proportion of population using T1 language)



Result: strong universal, weak constraint
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Result: strong skew in languages, weak constraint
in learners
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Also works for functional features
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Tiny genetic biases are unmasked by culture
Culture masks large differences in bias strength

Weak biases stabilize, fast.

Strongly constraining priors never evolve.



Gene-culture co-evolution: summary

Humans are constructing environments which create new
selection pressures and shape the evolution of our genes

Language likely to be involved in the same process

Should expect suite of genes underpinning learning and use of
language to be under selection

In some (most?) cases, can lead to cycles of niche construction
producing increasingly sophisticated linguistic capacities
Evolution of Universal Grammar unlikely though?



Course outline in retrospect

Week Topic

— Produces adaptations

— Some but not much?

— Human social / technological niche

Important cognitive innovations:

T~ vocal learning, sequence learning,
compositional grammar learning

Important cognitive

innovation: mindreading

How transmission produces

_~ linguistic structure

1 Introduction

2 Natural selection, adaptation and language )

3 Intention and structure in animal communication “7

4 Social learning and cumulative culture D

5 Evolution of vocal learning and grammar learning
Flexible learning week

6 No class (essay 1 due this week)

7 Evolution of social cognition ]

8 Cultural evolution of language -—

9  Signlanguageandlanguageorigins 1

10  Gene-culture co-evolution -

Natural selection responds




Things I'd like to know

Is mindreading really due to social and technological
complexity?

What are the selection pressures leading to the evolution of
vocal learning and grammar learning capacities in humans?
Why and how do languages get so complex?

Once culture delivered linguistic structure, how did biological
evolution respond?



Next up

* Final tutorial

— Self-domestication in humans (as related to niche construction?)



