Remarks on culture (mostly, language)
evolution

José Fernando Fontanari

Universidade de Sao Paulo, Brazil

“Language is too important to be left to the linguists™

adapted from Georges Clemenceau, Premier of France,
World War |
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Indo-European family tree
Gray & Atkinson, Nature 423: 435-439 (2003)

cognates from
Swadesh lists



How culture shaped the human genome: bringing

genetics and the human sciences together

Genes

LCT, MAMNZAT, 5L SDE2TAS, FRARD, 3LC2 540 NOOAT,
LEPR, LEPR. ADAMTS19, ADAMTSA0, APEH, PLALL HDALCE,
LIBR1, LIAF26, SCP2, NEOCR-2, AMYT, ADFH, NFY1E, NFYSR

Cytochrome P450 genes jCYFAAS, CYPZET, CYFP1AZ and
CTP20E)

CD58, APOBECEF, CDFE, FCRLE, TSLF, RAG1, RAGE, T 26,
iGj, TF1, VPSE7C, C5F2, CONTZ, DEFE114, STAB1, 5P1,
ZAFTO BIRCE, CLIGEPT, DLGE, MGCR, 5TS, XRN2, ATRM,
GEPD, TMFSFS, HEC, HBE, Hb5, Dujfy, a-globin

LEPR, PONT, RAFTOR. MAPK TS CDRE6, DSCRT, FABFZ, SO,
CETF, EGFR, WRFRA, ERHA, MAPKT, LICPE, LPA, MMRANI

SLE24AS, SLCESAZ, EDAR, EDAZR, SLC24A4, KITLG, TYE,
Gp2s 3 OCAF MC1R, MYDSA, DTHNER], TTRF1, RABF7A,
MATP, MCZR, ATRN, TRPMI, SV KRTAPs, DCT

CDICERAPE, CENPL GABRAS, F3ENT, 5YT1, SLCEAS, SNTG,
CRM3, GRMI, CLEAZ, DR4C13, QEIAE, RAFSN_ ASPW, ENTI,
5¥2E, SKF1A, DAE1, AFFBFZ APBAZ, FCOH1S, FRALTRI,
ALG D, FREP, GPMEA, DCKT, ASFM, MCPHI, FOKF2

AMPT, BMPRE, BMPS, GDFS
MYH1E, ENAM

Function or phenotype

Dige=tion of milk and dairy products;
metabolism of carbohydrates,
siarch, proteins, bpids and
phosphates; alcohol metabolism

Detouificationaf plant sescondary
Ccompounds

Immunity, pathiogen res ponse;
resisiance to malaria and ofher

croved diseases

Energy metabkalism, hot ar cold
tolerance; heat-shock genes

The externally wisible phenotype
[=kin pigmentation, hair thickress,
eye and hair colour, and freckles)

Mervous system, brain function and
development: lanquage sidlls and
vocal bearning

Sioeletal develapment

[z muascle fibres; tooth-enams]
thickress

Inferred cultural selection
pPrEssune

Dairy farmirg and milk usage;
dietary preferences; alcohal
consumptsan

Domestication of planis

Dispersal, agricuhure,
aggregation and subssquent
exposune 1o new pathogens:;
fanming

Dispersal and subsequent
exposure 1o nowvel climates

Dispersal and local adaptation
ancfar seaual selection

Complex cognition on which
cuhure is reliant; social
intelligence; language use and
vocal learning

CHspersal ang sewsal selection
Irvention of cooking; diet

Laland, Odling-Smee & Myles, Nat. Gen. 11: 137-148 (2010)



GLECTED PROCESS IN EVOLUTION

“acquired characteristics play a role in
evolution by their influence on selective
environments through niche

F. John Odling-Smee, Kevin N. Laland, construction.”

and Marcus W. Feldman

“modification of an environment
requires temporal persistence and
accumulative effects...”

t
R, = Z 7T iV,
/ =-ml =

_ frequency of niche
environmental constructors
resource: depends  weights
on m previous !

pre > o, =1
generations ol




The parasite hypothesis

Deacon, 97: The Symbolic Species

Language co-evolves

e with children’s minds!
\ < 3& “Astruggle for life is constantly
. going on amongst the words
THE 7 and grammatical forms in each
SYMBOLIC language. The better, the
SPECIES shorter, the easier forms are

constantly gaining the upper
hand, and they owe their

r'ERRENCE success to their own inherent
DEACORN virtue.” Max Miiller, 1899




Language diversity

The world’s languages are dying.
Ninety percent of them are expected
to disappear in the next one hundred
years. Why are they dying, and what
should we do about it?

Nettle & Romaine, 2000

7000-6700 languages in the world today
the hundred largest — 90% of population

Mandarin, English, Spanish, Bengali, Hindi, Portuguese, Russian,
Japanese, German,...




Modelling the dynamics of language death

x: fraction of population that speaks W Welsh in Wales
y=1-Xx iy
, .
X
E:J/PW(X, 5)_ XP)O/()(’S) o 4§
X Rhe 8 e B.A“A“ a~1.31
Qus of W ] E
P (X S)=cxX's |

Py(X.9)=o(l- X)"(L-3) W0 ey B

Abrams & Strogatz, Nature, 424: 900 (2003)
four free-parameters: c, s, a, x(0)



Three-generational pattern (two languages W and E)

First generation: monolingual in W
Second generation: bilingual in W and E
Third generation: monolingual in E

1L

children don’t speak
their grandparent’s
language

the dominant
language




Are you currently expecting a baby, or already have young children?

Of course, you will be eager to
ensure that you give your child the
best every time - good food, safe
toys, then the best education. But
one of the things that you may not
have thought about is which

CymmEa or (rud
] Lmjmjes from Da.j |

language to speak with your child.

One of the best gifts you can give a child is the skill of speaking two

languages. Why not start introducing the Welsh language to your child once it is
born.

http://www.northwestwales.org/WiSSCMS-en-199.aspx


http://www.twfwales.com/�

Population dynamics approach

Vt fraction of adults that speak W at generation t

ut fraction of adults that do not speak W at generation t

u+v,=1
\
U= u+(1-b)y, | -
vertical transmission
I (learning W from parents)
V'=Dv, )

be [0,1] efficiency of vertical transmission



vertical + obligue transmission (learning W from adults other than parents)

V'=bv,+ f v+ (-0, F A (V)

children of parents
that speak Wwho  children of parents  children of parents

learned W from that do not speak W that speak W who A (V ) =V
them who learned W failed to learn from LV
from teachers them but succeeded random meetings
random meetings to learn from
teachers.

fW,W < [0,1] efficiency of oblique transmission



The native language of social cognition

Kinzler, Dupoux & Spelke: PNAS 104: 12577-12580 (2007)

5- to 6- month-old infants prefer to look at (and interact with)
a person who previously spoke their native language!

Percent of Time Looking at Mative Speaker

70 7

60 1

50 ===t

20 4

3d

| Gilent Baseline

M Speaking
Familiarization

I Silent Test

a: Mative vs. b: Mative wvs. C: Mative vs. d: Mative vs.
Reverse Reverse Foreigni Accent
Faces Objects



active search for speakers of W

A, (v)=1-(1-v,) probability of finding a teacher in
n t/) — — t

n random attempts

Al(vt):Vt Am(vt)zl

random meetings

viability selection (advantage or not of speaking W)

(1-|- s) fitness of adults that speak W S e [_ 11]
1 fitness of adults that do not speak W ’

Viles)  v'(L+s)
UV (1+s)  1+sv"

recursion equation V4 =



Analysis of the equilibrium solutions Vt —

V =0 isalways a fixed point
(speakers of W gone for good)

V =1 isnota fixed point

(1+s) b+ f,)<1  finiten

stability of v =0

(L+ )| £,(1-b)+(b+ £,)]<1  infiniten



Main result

If speakers of E do not learn W then W will be
extinct regardless of any effort the W-speaking

fvu — O community can make to improve vertical
transmission (b) or learning efficiency (fw), except
A=1 for increasing the relative status of W (s):
(best case) (1_ b)(l— fw)
S>
f,+H1-1,)

1978 - Galician becomes co-official with Castilian

1993 - Welsh Language Act
2005 - Gaelic Language (Scotland) Act



Diolch

thanks in W
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