NXERLLEXRLERTKSXRLRKSXRXLERX,
KXXLXRXXEXXEXURXAXLELERXRLRXKXLAXNXRLXX
XXX KLXRLERKLXRLERKSXRATRKF
YXRXAERTKXLXXARTKLXRXALRXLXXARX
FRRXLTRKXFEXRXRARLSXRXLRKI XXX F
YRXXERXXLXXALRTKLAXRLERKXLXXEARK

XXX XEXRXLERXKXLXAXXLXLXXRXRXAXXXX

A Konferenca NAK - za ucitelje naravoslovnih predmetov

b X

>
X

Nevrobiologija ustvarjalnosti

Gregor Belusic
Biotehniska fakulteta, Univerza v Ljubljani

4. konferenca uciteljev naravoslovnih predmetov — NAK 2017
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Principles of
Neural Design

THE HUMAN
ADVANTAGE

Peter Sterling and Simon Laughlin
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T\%é EvolutiSn
of Beauty

How Darwin’s Forgotten
Theory of Mate Choice Sh%s
the Animal World—and Us

Richarc& Prum

Copyragihod Kader i

HARNESSED

How Language and Music Mimicked Nature

and Transformed Ape to Man

MARK CHANGIZI

Sterling P, Laughlin SB: Principles of Neural Design. Cambridge, MA: MIT Press; 2015
Herculano-Houzel S: The Human Advantage. Cambridge, MA: MIT Press; 2016

Prum RO: The Evolution of Beauty. New York, NY: Doubleday; 2017

Changizi MA: Harnessed. New York, NY: BenBella; 2011
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 Ustvarjalnost: * Notranji (mentalni) proces, ki
vzpostavljanje novih povezav omogoca spoznanje, ter obsega
med pojmi; mera ustvarjalnosti reprezentacijo zunanjega sveta,
je oddaljenost med pojmi, ki jih spomin, sklepanje
oseba v ustvarjalnem procesu

poveze

* Nevralne osnove ustvarjalnosti:
lateralna inhibicija, senzoricne
zaznave, prepoznava vzorcey,
virtualizacija; Divergentno in
konvergentno misljenje

Il Frontal and Reward areas
I Sensorimotor areas
I Visual areas

ESTETSKI UZITEK

o (&) Zaved REPUBLIKA SLOVENIJA
i MINISTRSTVO ZA IZOBRAZEVANJE,

2a olsive ZNANOST IN 3PORT




Koliko nevronov vsebujejo mozgani?

,Many original articles, reviews and textbooks affirm that we have
100 billion neurons and .... 86 milijard
10 times more glial cells ... 84 milijard

(Kandel et al., 2000; Ullian et al., 2001; Doetsch, 2003; Nishiyama et al., 2005;
Noctor et al., 2007; Allen and Barres, 2009), usually with no references cited.”

human African elephant

7
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REPUBLIKA SLOVENIJA
ZNANOST IN 5PORT

b Vo i Suzana Herculano-Houzel (2016). The human advantage. MIT press.
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|zotropni frakcionator™

Isotropic fractionator
Herculano-Houzel & Lent, J Neurosci 2005

Dapi NeuN

V_ |

Suzana Herculano Houzel

DAPI ... jedra celic

NeuN ... jedra nevronov

5 um 5um

* Mozganska juha
www.suzanaherculanohouzel.com/lab
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Suzana Herculano-Houzel (2016). The human advantage. MIT press.



Skaliranje mozganov, glodalci : primati
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Velikost mozganov ni nujno povezana
s stevilom nevronov

BRAIN SIZE AND NEURON COUNT

Cerebral cortex mass and neuron count for various mammails.

S5cm

Capybara Rhesus ~ Western Human African Bush
Macaque  Gorilla Elephant
non-primate primate primate primate i non-primate
482 g 698 g 377 g 1232 g 2848 g
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Slon in Clovek, 257:86 milijard nevronov v mozganih

4,000

Mass of cerebral cortex (grams)

1,000
100 =

10—

elephant brain m
2,000 — —=
1,000 4 R B

0.1

Lo

Mass of the cerebellum (grams)
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Birds Mammals
Goldcrest Mouse
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0.36 g 164 042g 71
Starling Rat

1.80g 200
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Sulphur-crested Cockatoo
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Poraba energije in prehranjevanje

* Mozgani porabijo 500 kcal na dan, to je 25% bazalnega metabolizma

* Celodnevno nabiranje in uzivanje surove hrane ne pokrije nasih potreb po energiji

log (humber of brain neurons)

ataque

h

T T T T T T T T T T T

- a
% xS

4
== =

Karina Fonseca-Azevedo, Suzana Herculano-Houzel
v 4V PNAS 2012;109:18571-18576

D %
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Kuhanje?
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Ali resnicno uporabljamo 10% mozganov?

* Vedji del mozganov je relativno ,tih“ — ali so mozgani neucinkoviti? Ne, saj je ravno
razprSeno kodiranje z nizko stopnjo prozenja del u€inkovitega dizajna; sem sodijo tudi
mehanizmi usmerjanja pozornosti in miselnega sprehajanja.

* Mnogi procesi delujejo na spodnji meji miniaturizacije in moznega v okviru zakonov
termodinamike.

* Senzomotori¢ne poti so dokazano optimalno delujoce

e Organizmi, ki so evolvirali dlje in z vecjim Stevilom generacij letno (npr. zuzelke — musica)
imajo enako ucinkovita ZivCevija, kot ¢lovek

e research
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HIPPOCAMPUS 16:1091-1101 (2006)

London Taxi Drivers and Bus Drivers: A Structural MRI
and Neuropsychological Analysis

Eleanor A. Maguire,” Katherine Woollett, and Hugo J. Spiers

* Primerjalna Studija med vozniki taksijev in
avtobusov
= aktivna navigacija (taksi)....proti
vozniji po ustaljenih poteh (bus)

N
o

s
o

years experience taxi driving

-1 0.0 A

o

posterior HC grey matter volume

* Taksisti imajo vecji srednji in posteriorni
hipokampus, manjsi anteriorni hipokampus; B
razlike se povecujejo z leti prakse

w
o

N
o

years experience taxi driving
-
o

* Taksisti se slabse odrezejo na testu _
pomnjenja zapletenih vidnih motivov :

anterior HC grey matter volume

o

o af
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HIPPOCAMPUS 16:1091-1101 (2006)

London Taxi Drivers and Bus Drivers: A Structural MRI
and Neuropsychological Analysis

Eleanor A. Maguire,” Katherine Woollett, and Hugo J. Spiers

* Taksisti, ki so jih spremljali po koncu aktivne sluzbe, so se na istih
prostorskih testih odrezali bolje, kot tedaj, ko so bili zaposleni

optimalno in plasticho razporejanje virov v zZivCeviju

* Podobne ugotovitve tudi pri uglasevalcih klavirja (,,navigacija po
kompleksnih zvo¢nih pokrajinah®);
z motoricnim ucenjem se dokazano Siri motoricna skorja,
Z opismenjevanjem vidna skorja

* Plasticnost mozganov je prisotna skozi vse zivljenje
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Kognicija v mini mozganih

-~ =33 Protocerebral bridge

Glomeruli
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P = Inhibitory connection =
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(putative inputs) N A 4 <
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motor signals
Current Biology
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Science...

Home News Journals Topics Careers

Science Science Advances  Science Immunology  Science Robotics ~ Science Signaling  Science Translational Medicine

SHARE ReporT

© Bumblebees show cognitive flexibility by improving on =
an observed complex behavior

Olli J. Loukola ™, Clint J. Perry!, Louie Coscos, Lars Chittka
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Darvinizem = Adaptacionizem ?

THE HANDICAP PRINCIPLE

A MISSING PIECE OF
DARWIN’S PUZZLE

AMOTZ AND AVISHAG ZAHAVI
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Estetska evolucija

PHILOSOPHICAL
TRANSACTIONS
o Phil. Trans. R. Soc. B (2012) 367, 2253-2265

DESCENT OF MAN, o)

a0
Review
SELECTION IN RELATION TO SEX. Aesthetic evolution by mate choice:
Darwin’s really dangerous idea
i Richard O. Prum*
CHARLES DARWIN, M. A.,
NG 7 i DA MR, B Department of Ecology and Evolutionary Biology, and Peabody Museum of Natural History,
Yale University, New Haven, CT 06520, USA

DAVID ROTHENBERG

URVIVAL

The Evoluti®n ofiee
BEAUTIFUL

Of eauty Scieance and Evolution

How Darwin’s Forgotten
Theory of Mate Choice Sh$

the Animal World—and Us

X \ Richard !! Prum
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https://www.youtube.com/watch?v=zMOwyBEJmMU

,Fiserijanski pobeg”

Fisher’s runaway model

Tail Length increases because of...
Survival Advantage
& Female Choice

VANANRNERRNN

Survival Advantage Female Choice

Gene for female Optimal tail length
. reference arises for survival
=Time p >
i > | < Survival Selection

» Sexual Selection

v

Female choice
adaptive for survival — Total male fithess
— (survival + mating)

Fithess

Fitness due to survival

Tail length
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The Structures of Letters and Symbols throughout
Human History Are Selected to Match Those Found in
Objects in Natural Scenes

Mark A. Changizi,"* Qiong Zhang,% T Hao Ye, 2+ and Shinsuke Shimojo>®
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Images of scenes
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Toliko lepote v naravi!

- organizmi zelijo ugajati zivalim
- poraja se z estetsko evolucijo
- zivali imajo nevralno osnovo za estetsko izkusnjo
- estetska izkusnja skozi zaznavni proces in kognicijo
- tudi mini mozgani imajo mini kognicijo
- Stevilo nevronov v integracijskih centrih
(in ne masa mozganov)
je najbolj neposreden pokazatelj kognitivnih sposobnosti

REPUBLIKA SLOVENIJA
MINISTRSTVO ZA IZOBRAZEVANJE,
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