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“Wallace’s Problem”
(1869)

Charles Darwin

Alfred Russel Wallace
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Source: Mampe, Friederici, Christophe & Wermke, Current Biology, 2009
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WHAT?
Common gene toolkit for vocal
learning / production

Songbird

Telencephalon

) Hindbrain
trachea & syrinx

larynx muscles
muscles

[l Pallium/Cortex []Striatum  [[JHindbrain  [[JLower Nuclei —» Connection === Hierarchy g%ﬁg?i@r

Identifying molecular brain similarities across species. Brain region gene expression specializations
were hierarchically organized into specialization trees of each species (blue lines), including for circuits that
control learned vocalizations (highlighted green, purple, and orange regions). A set of comparative genomic
algorithms found the most similarly specialized regions between songbird and human (orange lines), some
of which are convergently evolved.

SCIENCE sciencemag.org

Source: Pfenning et al. Science, 12 Dec. 2014
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Original Sin?




“the apple is in the drawer next to the knife”
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Neandertals

f Africa 60 kya

a Anatomically %
humans Uowe

d/H. erectus
80-90 kya Blombos carving

earliest unambiguous symbolic







WHERE & WHEN?

SOUTH
AFRICA

Blombo
Cape Town Ca‘:,': s
s 0

Blombos Cave artefact, 90-80,000 years ago
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Mammoth ivory horse from Vogelherd cave, 32,000 years ago

Slide courtesy lan Tattersall




Source: Bart Simpson’s personal medical record file HIPAA approved




HOW?
Deep(er) nets....?

Prefrontal cortex
1.3 billion neurons
Total 86 biIIion._,f

e
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Prefrontal cortex
180 million neurons

S. tehadensis

| | |
6.0 mya 3.0 mya 2.0 mya 1.0 mya 5 mya

Time

Suzana Herculano-Houzel, 2016: brain “fractionater”




Superior Premotor cortex
(dorsal)

(PMC)
Anterior Posterior
(rostral) <_§—> (caudal)

Inferior
(ventral)

BA 44, pars opercularis

BA 45, pars triangularis A

v 4 .
sword-like
(FOP) ~atomic elements

21

Frontal operculum

Berwick et al., 2013

Key:

] Inferior frontal gyrus (IFG)
[] Superior temporal gyrus (STG)
[] Middle temporal gyrus (MTG)

Dorsal pathways
B pSTC to PMC

B pSTCto BA 44

Ventral pathways
[ BA45toTC

B viFCtoTC

TRENDS in Cognitive Sciences




HOW?

newborns

adults

Source: Perani, Saccuman, Scifo, Anwander, Spada, Baldoli, Poloniato, Lohmann & Friederici, Proc Nat Acad Sci USA, 2011




Macaque brain, white fiber tracts, Frey et al., Brain and Language, 2014




WHY?
I CERICERYE
Merge = Mental Models for stories

Universal “cross-bar” inter-lingua for all other abilities




WHY?
Merge = Mathematics

Source: Chomsky, Hauser, Fitch, 2002. Science




WHY?
Merge = Music

Prolongational reduction of opening of Mozart's piano sonata K. 331,
from Pesetsky, 2007 “Music Syntax IS Language Syntax”




A Mystery Story: The Answers
WHAT? Merge

WHO? Only us: Anatomically modern humans
WHEN? 200,000-100,000 yrs ago
WHERE? Southern Africa

HOW? Relatively rapid, small A in neural

plasticity & targeted growth
WHY? The 3 M’s: internal “mental models”

for stories; math; music




