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Once upon a spacetime...

... 13.8 billion years ago

Energy — Mass
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E = mc
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Once upon a spacetime...

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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Nucleosynthesis

Periodic Table of the Elements 1
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Nucleosynthesis

Periodic Table of the Elements d 2 5 %
Proton Neutron
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Photon decoupling

- ! Periodic Table of the Elements - »
Proton Neutron H He
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Once upon a spacetime...

HISTORY OF THF | INIVERSF

Accelerators

Inflation

Particle
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T h ( : 1 ( : | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I I I I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later

15 mins
380,000 years
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Once upon a spacetime...

HISTORY OF THF | INIVFERSF

Cosmic Microwave
Background radiati
Accelerators is visible

— MR B This would be the end of history
were it not for Gravitation

Particle Data Group,
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Once upon a spacetime...

Accelerated Expansion

Dark energy
accelerated .
expansi;n Afterglow nght
Pattern Dark Ages Development of
Galaxies, Planets, etc.

Cosmic Microwave fS'ruch';.re
Back: iati ‘ormation
ackground radiation : 380’000 i

Accelerators is visible

Inflation
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Quantur
Fluctuations

= Time)(seconidis ysars)
E = Energy'of phok);ns (units GeV = 1.6 x 10-10 joules) < 1st Stars
about 400 million yrs.

Key

Big Bang Expansion

13.7 billion years

P

Particle Data Group, LBNL © 2015 Supported by DOE

ot for the above figure originated in a 1986 paper by Michael Turner
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T h ( : 1 ( : | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I I I I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later
)

v’iﬁ

January 11th
470 million years
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Twinkle twinkle...

1st molecules

o

Hydrogen Hydrogen Hydrogen Molecule (H,)

H H H:H
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Twinkle twinkle...

Massive star near the
end of its lifetime has
an “onion-like”
structure just prior to
exploding as a
supernova

" Example of nuclear
reactions that build
neutron-rich isotopes

Red Giant Star

‘He ‘He

‘ Proton Y Gamma Ray P R eront I ]

C Neutron sets of nuclei are uy P oF )’..,80 | p::Ne
involved in the "t N N A
reactions that j \’
occur in each

zone
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Nucleosynthesis

Periodic Table of the Elements 1
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Twinkle twinkle...

Sun-like Star

o

Star-Forming
Nebula

.
. ' '
‘
:

Red Giant

ey

Massive Stér

(more than 8 to 10 times the mass of our Sun)

Red
Supergiant

Protostars Wil

S of yea;

B Wy Yy
R ~
SEVA
S o
: 5 . o
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Planetary Nebula : o
White Dwarf
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Neutron Star Supernova

Black Hole



Solar system

Saturn
Jupite

Neptune o

Uranus Mercury, Ve , Earth, Mars

Our star is at least a 2nd generation star
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Solar system

Saturn
Jupite

Neptune o

Uranus Mercury, Ve , Earth, Mars

Cycle: solar year
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Solar system

T h ( 1 ( : | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I I I I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later

om telescopes looking back in time, physical models

January

e —

-~

£

The Big Bang, Thin Disk of
Stars Finst Appear the Milky Way

Last days of august
4.7 billion years ago
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Hadean

I A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4,0|00 3,500 3,000 2,500 2,000 1,500 1,000 500 0
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Hadean

I A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4,0'00 3,500 3,000 2,5:00 2,000 1,500 1,000 500 0

. Hadean AEON

Cycle: lunar month

Cycle: 1 day = 12 hours
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Hadean

I A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4'0,00 3,500 3,000 2,5:00 2,000 1,500 1,000 500 0

AEON

LATE HEAVY
BOMBARDMENT

* 4.1 to 3.8 billion years (Ga) ago
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Molecules

Earth’s prebiotic atmosphere @

‘ ‘ . ‘ \ 5 \\'\
£ e
V |9 y v 4 weakly reducing

— = atmosphere
Hydrogen  Hydrogen Hydrogen Molecule (H,) l

H H H:H
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Earth’s prebiotic atmosphere

o

weakly reducing -
atmosphere
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Plate tectonics

Geological sources and sinks of CO,
Solar radiation, as well as the differences between sinks and sources of CO,, contributes to the state of the climate. If a sink term, such as weathering of ophiolite complexes,

increases, the system shifts to lower atmospheric CO, concentrations. This may lead to a period of cooling with glaciations.
Continental arc

Solar radiation CO, degassing

Weathering Oxidative weathering
' consumes CO, and is a source of CO,
Oceanic CO, from Mantle C02 liberates nutrients
arc CO, hotspot degassing ;
degassing volcanoes CaC0, C,Si.P
Organic C ‘ /

Ophiolite

liberates CO,
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Water cycle

precipitation condensation
> ,.toland eyaporation / 1
= / / from preCipitation evaporation A
g
\’h.,  evaporation from land
W 1 from water

o) surface : :

surface runoff LIRS evaporation evaporation
e\ “:ffcom soil from ocean

precipitation
= surface outflow | t© ©cean
subsurface
flow

percolation
(deep)

saltwater intrusion

[ soil moisture [ ] groundwater ocean covers 71 percent of Earth's surface
© 2015 Encyclopaedia Britannica, Inc. 196,950,000 sg mi (510,000,000 sqg km)
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Kits of building blocks

Standard Model of Elementary Particles

three generations of matter interactions / force carriers

(fermions) (bosons)

| Il 11l
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Kits of building blocks

Nucleus Atoms

Standard Model of Elementary Particles

T e Periodic Table of the Elements " Periodic Table of the Elements "
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Kits of building blocks

Standard Model of Elementary Particles

Periodic Table of the Elements
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Archean

I A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4,0|00 3,500 3,000 2,500 2,000 1,500 1,000 500 0

. LATEHEAVY
BOMBARDMENT
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Natural selection

e Replication (with errors)

* Finite resources
Energy

+
Mass (building blocks)
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Evolution of life

e Replication (with errors)

* Finite resources
Energy

+
Mass (building blocks)

e Metabolism
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Archean

I A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4,0|00 3,500 3,000 2,500 2,000 1,500 1,000 500 0

. LATEHEAVY
BOMBARDMENT
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Life cycle

Mother cell

Cell elongates and
replicates its DNA

DNA molecules separate,
cross membrane
starts forming

Cross membrane
forms completely
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Archean

I A geological timeline of the Earth

MILLIONS OF YEARS AGO

4,500 4,0|00 3,500 2,500 2,000 1,500 1,000 500 0

AEON

Bacteria Archaea Eukarya

Eukarya
Promw M.T. Madigan and JM Martinko, Brock Biology of Mircroorganams § 3 R
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T h ( 1 ( : | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I I I I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later

—1

Known from telescopes looking back in time, physical models : ' X ; .‘ Known fron

\
% . A

The Big Bang, Thin Disk of The Solar
Stars Finst Appear the Milky Way System, Life

Last week of September
3.7 billion years ago
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Archean

I A geological timeline of the Earth

MILLIONS OF YEARS AGO

4,500 4,0|00 3,500 2,500 2,000 1,500 1,000 500 0
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Photosynthesis

Solar energy
6 COZ + 6 H20 — C6H1206 + 6 02

6 COZ + 12 HzS — C6H1206 + 12 S + 6H20
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Photosynthesis

Solar energy

6 COZ + 6 H20 — C6H1206 + 6 02

N Ot p I 3 nts ! Bactesia Axchaes |

| Il T — =]

Prowte MT. Madigan and JM Martinko, Brock Biology of Mircroorganisms § R

i
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Photosynthesis

Solar energy

6 COZ + 6 H20 — C6H1206 + 6 02

* Not plants!

* Energy sources
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Trophic cycle

Energy

\
Building /

blocks ~\\. /
Decomposers

Producers - Consumers
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Prokaryote predation (example)

Cell wall
Cytoplasmic membrane

Bdellovibrio

Life Cycle of
Bdellovibrio
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Photosynthesis

Solar energy

6 COZ + 6 H20 — C6H1206 + 6 02

* Not plants!
* Energy sources

e Molecules
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Molecular revolutions

T h ( 1 ( : | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I I I I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later

p—

.' Known from telescopes looking back in time, physical models . . . ; .‘ Known fron
! -
F 2 ?
The Big Bang, Thin Disk of The Solar
Stars Finst Appear the Milky Way System, Life
e o oo

1st T @ @@ 2nd  3rd 4th

AL Abiotic Biotic Synthesized
Proof of concept!
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Molecular revolutions

T h ( 1 ( : | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I I I I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later

p—

.' Known from telescopes looking back in time, physical models . . . ; .‘ Known fron
! -
F 2 ?
The Big Bang, Thin Disk of The Solar
Stars Finst Appear the Milky Way System, Life
e o oo

1st T @ @@ 2nd  3rd 4th

AL Abiotic Biotic Synthesized
Proof of concept!
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Photosynthesis

Solar energy

6 COZ + 6 H20 — C6H1206 + 6 02

* Not plants!
* Energy sources

e Molecules
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The Great Oxidation Event

Earth’s prebiotic atmosphere @
weakly reducing 50 1 2 3
- —
atmosphere
Lo
8T 30
gt >
g 520 - GOE boring billion
a
g 10 -
o L]
3.85 245 1.85 085045 0.00

Billion years before present
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The Great Oxidation Event

. OX|d|2|ng

Earth’s prebiotic atmosphere Earth’s modern atmosphere
weakly reducmg
atmosphere <_atmosphere
: - —
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Archean

I A geological timeline of the Earth

MILLIONS OF YEARS AGO

4,500 4,0|00 3,500 1,500 1,000 500 0
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The Great Oxidation Event

T h ( 1 < | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I I I I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later

.j‘ Known from geologic recor

e

The Big 'Bang, Thin Disk of The Solar | Oxygen from
Stars Finst Appear the Milky Way System, Life [Photosynthesis

Last week of October
2.5 billion years ago
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Proterozoic

I A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4,0|00 3,500

. Archean Proterozoic AEON
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Kits of building blocks

Standard Model of Elementary Particles o Periodic Table of the Elements .
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Prokaryote organisms

Colonies

From organisms of
the same species

Prokaryote
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Prokaryote organisms

Electric partnership & NewScientist
A nanowire network may allow bacteria in oxygen-poor ocean sediments
to access the oxygen they need to break down their food

From organisms of . ==

h . DEEP BACTERIA
the same species peeeon
and generate energy,
bacteria in oxygen-poor
()] regions pass electrons
46 onto a network of
protein nanowires...
-
O
Y4
o
| -
al SURFACE BACTERIA
..which convey the electrons
to bacteria nearer the
. f surface. These in turndump
he el
From organisms o e e O
then reacts with hydrogen
. . ions to form water,
d | ffe Fren t S p ecles PROTEIN NANOWIRES "%“\:"'oe‘?“q theresction

Symbiosis
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Prokaryote organisms

From organisms of
the same species

Prokaryote

From organisms of
different species

PROTEINNANOWIRES

Symbiosis
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Prokaryote organisms

From organisms of
the same species

Prokaryote

From organisms of ¢ _ K@ ©
different species @ =

ions to form water,
completing the reaction

Ectosymbiosis
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Prokaryote organisms

From organisms of
the same species

|.' %
/ . ’{2;4‘:
' (o)
Aindosymbiosis

)
e 0 ‘
e ACH [ #) R
:-é O ~ 5 é Bacteria
s, B Protoeukaryote ‘
From organisms of
different species Archaea
Endosymbiosis
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Prokaryote organisms

From organisms of
the same species

q ’ e
S ' \w\ ‘. Aindosymbiosis
4 §

* ) R

Prokaryote

=
\.“‘ . O
1 Protoeukaryote ‘ Fusion
(symbiosis) A

From organisms of

Archaea Bacteria

hoe s AN

different species Archaea

Endosymbiosis
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Prokaryote organisms

From organisms of
the same species

Prokaryote

From organisms of ; ? e
different species “g %

Eukaryote
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Unicellular organisms

P
From organisms of &«
different species

Eukaryote Endosymbiosis
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Unicellular organisms

From organisms of & =

specialized,
interdependent cells

-8 > Footdh- ' I
o . 4 synthesizin
> the same species colls
S Unicellular  Colony Early multicellular

e protist organism with

a

& o
From organisms of & © =

& g P\ ? 6 % different species

Eukaryote Endosymbiosis
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Unicellular organisms

hard-after-all

Multicellulars

@ From organisms of
= the same species
5
:
) From organisms of S D -

a ? ii different species ;

WW.scienc

Eukaryote Endosymbiosis
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Multicellulars

Brown algae
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Proterozoic

I A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4,0|00 3,500

Archean . Proterozoic AEON

AEndosymbiosis

Bacteria

Ty
o
Protoeukaryote ‘ Fusion
(symbiosis)
Archaea Archaea Bacteria
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Proterozoic

I A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4.0|00 3,500

. Archean . Proterozoic AEON

synthesizing
cells
¢ Unicellular  Colony Early multicellular
protist organism with
specialized,
interdependent cells
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Multicellularity

T h ( m 1 ( : | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later
] oy | v | i | v | e | oy | s Lsomerbe | oo | Vormee | oo

Knownom telesco es lookzn back in time, physzcal models = ¢ i .‘ Known f/om eologic record, fossds enetic drzft
1 p g ; geolog g

B

The Big Bang, Thin Disk of e The Solar | Oxygen from
Stars Finst Appear the Milky Way System, Life [Photosynthesis

December 5th
1 billion years ago
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Kits of building blocks

Standard Model of Elementary Particles Periodic Table of the Elements . C H.N.OP
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Kits of building blocks

Standard Model of Elementary Particles Periodic Table of the Elements C.H.N.O_P
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Life cycles
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Phanerozoic

I A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4,0|00 3,500

Archean . Proterozoic Phanerozoic AEON

( Locomotor
5./ cells

~Food-
synthesizing
cells
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Ediacarian explosion

1.) ‘Catastrophe’

Ediacara biota

2.) ‘Pulsed catastrophe’ iz

a1 W Ajlunwwo)

N

Ediacara biota

(Ausianip/ssauuana/aouepunge)

3.) ‘Biotic replacement’ <

RS A ‘\ o

‘ 'I \\
\\\‘ u'l, ﬁ'::‘"

A\ \(

Ediacara biota

White Sea i Nama
Ediacaran

I |
550 Age (Ma) 530

Cambrian

Ediacaran Extinction and Cambrian
Explosion

MA R ET E C Simon A.F. Darroch, ™ Emily F. Smith,? Marc Laflamme,® and Douglas H. Erwin®

Trends in Ecology & Evolution, September 2018, Vol. 33, No. 9
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Ediacarian explosion

Energy
Producers —_— Consumers
Building /
blocks o /
m oo —
aaoptmpmdaﬁ
* CONSUMERS

/ Secondary consumer
/ Primary consumer \

Vil

.
4'! mm
AY e
» i rder -
.

piwesAd ueiuoy3

www.geosociety.org/gsatoday/archive/26/11/pdf/i1052-5173-26-11-4.pdf
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Cambrian Explosion

T h ( m 1 ( : | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later
B B D e e

. Known f/om geologic record, fossds genenc dnft

The Big Bang, Thin Disk of
Stars Finst Appear the Milky Way

15 Trace Fossils Only —

December 16th
550 million years ago
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Cambrian explosion

Diversity of marine animal families over geologic time

900
major mass extinction
800
700
600
[
.
£
S
o 500 —
A= examples of marine animals
g severely affected by mass <
5 extinction events
35 400
o
[S
=
=
300
200
/\/\'/ \_ bryozoans tabulate corals
100
Age
. Trilo
§
=
8
E
T
(&}

T T T
600 500 400 300 200 100

millions of years ago Quaternary

© 2012 Encyclopaadia Britannica, Inc.
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Bio technologies

www.smithsonianmag.com/videos/category/science/the-
hagfish-is-the-slimy-sea-creature-of-you/
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Bio technologies

www.smithsonianmag.com/videos/category/science/the-
hagfish-is-the-slimy-sea-creature-of-you/
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Bio technologies
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Bio technologies

[BIZARROCOMICS.COM _Facebookcom/ BizarroComic

Don’t, walk away when
I’'m talking to you!

f-_

®
|
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>
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Bio technologies
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Bio technologies
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Bio technologies

Orobanche Rafflesia
Monocercomonoides

www.nchi.nIm.nih.gov/pubmed/27185558

www.sciencemag.org/news/2016/05/first-eukaryotes-found-without-normal-cellular-power-supply

Mitochondria Chloroplasts
TECNICO &§ MARETEC
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T h ( m 1 ( : | d The 13.8 billion year history of the universe scaled down to a single year, where
e OS I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later
B B D e e

. Known f/om geologic record, fossds genenc dnft

Th‘é Big Bang, bewin Disk of The Solar | Oxygen from EukaryoUc Multicellular
Stars Finst Appear the Milky Way System, Life [Photosynthesis Cells Life

The Month of December...

N X S N N N N N O

December 20th
450 million years ago
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Mass extinctions
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Diversity of marine animal families over geologic time

900

800
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400

number of marine families
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© 2012 Encyclopaadia Britannica, Inc.
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major mass extinction

examples of marine animals
severely affected by mass <
extinction events

1,900 T
families
living

fusulinids

>—— ——

acanthodians

crinoids

gastropod:

N

)
brachiopods

today

Age of

Mammals

Age of
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Poz (kPa)
S 8 &8 8

=
o

S
.

Oxygen partial pressure

w ©
&

245
Billion years before present
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- ) L]GNIH

o WW m _.;-1
1.7 Microbial o taee

G s L
degraden
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|

ARCAATIC DEGRADATION | umn

https://pubs.rsc.org/en/content/articlelanding/2011/np/c1np00042j
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Oxygen partial pressure

50 1 2 3
40 - -
g %" 1
2“20 = GOE boring billion
Q
10 = -
0
3.85 245 185 085045 0.00
Billion years before present
MODERN DAY HAWK PALEQZQIC ERA DRAGONFLY
61 CENTIMETERS (cm) 65 CENTIMETERS (cm)

24 INCHES

gl

1.8 METERS
6 FEET
>
19 CENTIMETERS 1 METER
7.5 INCHES 3.2 FEET
LARGEST MODERN DAY EARLY DINOSAUR
DRAGONFLY EORAPTOR

25 INCHES

HUMAN |

wQLKMUWANg

www.youtube.com/watch?v



Carbon cycle

L"\ Carbon in the atmosphere can AUTO &
SUNLIGHT () micheoiiiims  FACTORY
RUTION SNeY) pemiiyee ,\- EMISSIONS

PHOTOSYNTHESIS
(Bun energy powers carben cycle)
CO2 enters
Soll Respiration,
the leaf €02 is released into

Grassroots contain carbon,
. when the grass (s eaten
Fossil fuel Land eo ; Roots are made of carbon above ground, the roots
eserves carbo Decaying Organisms that once came from the alr! are released in the soll
{
o s are made of carbon

/_ 0,000 yrs MATTER Taking stored carbon

o SOIL ORGANIC
IPCC ARSWG12013 from fossil fuels

www.tes.com/lessons/zFi7nAR3qZM-cA/the-carbon-cycle

FAQ 6.1, Figure 1: turnover time scales
for carbon transfers through the \
major reservoirs

LITHOSPHERE

Fossil Carbon
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Carbon cycle

MANTLE CARBON CYCLE SUNLIGHT > SEemtes pacomy
WTIcH Iaey) imperantiorour e EMISSIONS

CO2 e

! / CYCLE '

Ph
an
ea® b €roy . O eI
s NG 0 arth Pibdioat 1 o,
N 2°Ut
N A Atmosphere Gassp
({\\o*'i&\'\‘(' Crust >
A \ge)
&

Grassroots contain carbon,
when the grass (s eaten

> x Roots are made of carbon above ground, the roots
Decaying Organisms that once came from the alrl are released in the soll

are made of carbon

SOIL ORGANIC
MATTER Taking stored carbon

from fossil fuels

www.tes.com/lessons/zFi7nAR3qZM-cA/the-carbon-cycle

Dasgupta, 2013 \ LITHOSPHERE

Fossil Carbon
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T h < m ( | d The 13.8 billion year history of the universe scaled down to a single year, where
e O S I C O e n O r the Big Bang is January 15t at midnight, and right now is midnight 1 year later
January | February March Apr|| May June July August September October November December

ooking back in time, physzca/ mode[s> o

9 Known from geologic record, fossils, genetic drift>"
: (R
B

-~

i | G Fh . 7 % 2 : : Ll
The Big Bang, Thin Disk of The Solar | Oxygen from Eukaryo‘uc Multicellular
Stars Finst Appear the Milky Way System, Life [Photosynthesis Cells Life

The Month of December...
1 2 3 5 [ 6 7 | 8 9 10 1 | 12 13

15 Trace Fossils Only 16 17 Bones and Shells 18 Vertebrates 19 Land Plants 20 Fish with Jaws 21 Insects

22 Amphibians 11T 24 PangaearF@rm5\ 25 Dinosaurs P2 | 26 Mammals 27 Birdsg \ 28 Flowers
o | ., ™ sy
o N (ARAE D, Nz L)

; W g — /“ B N B {
30 Dlnosaurs Extlnct 31 The Final Day...

Mammals Take Over
on Land ang in Sea
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Cumulative dynamics — Phase transition

l A geological timeline of the Earth

MILLIONS OF YEARS AGO
4,500 4,000 3,500 3,000 2,500 2,000 1,500 1,000 500 0

m _ AEON

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of -y Pectopihets
380,000 yrs. Galaxies, Planets, etc. ' “\*\ e s
, e \
Y y - , i y N \ :" \ 9
i <, : 0,
Inflation_ ##53% s i -

Quantum "R B . . no @m'

Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years
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Nervous system

(1) Sea anenome

Cnidarians have radial
symmetry and diffuse
nervous systems
based on nerve nets.

(2) Sea star

Radial
nerve

Neural
ring

Echinoderm nervous
systems are simple,
perhaps because of
their radial symmetry.

MARETEC
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LISBOA .

MARINE ENVIRONMENT & TECHNOLOGY CENTER

Brain

(3) Flatworm

Nerve
trunk

~

Flatworms
(platyhelminths) have
bilateral symmetry and
show both centralization,
with a ladderlike central
nervous system, and
cephalization, with a brain
at the anterior end.

14) Squia

vary among groups, but
squids and octopuses (like
vertebrates) have well-
centralized nervous systems

~
Molluscan nervous systems

Annelid nervous systems
consist of a small brain and a
ventral nerve cord, with each
segmental ganglion largely
responsible for sensory and
motor functions within the
segment.

dominated by a large brain. g

(6) Human

Brain and
spinal cord
are the
central




Animals

SADNESS

citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.136.2311
Mantle

nerves
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Eusociality
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Kits of building blocks

Standard Model of Elementary Particles
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Periodic Table of the Elements
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Primates

Prosimians Monkeys Apes
I | | | | Great Apes
v | )
-~
Lemurs Tarsiers New World Old World Lesser Apes  Orangutans Gorillas Chimpanzees Humans
and Lorises Monkeys Monkeys and Bonobos
Today
g2
g g &
= 5 r
= s 2
r Z o g e
n e = 'g <
= g @ T
E E % - @ E -3 The last common ancestor of
— = = (=] 3 O humans and chimpanzees lived
S between 8 and & million years ago.
\ .J ‘We do not yet have its remains

The last common ancestor of monkeys
and apes lived about 25 million years ago.

65

millicn
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1
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2
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3

million
years ago

4

/_ You are here.

O “. Paranthropus group
O L o /
O ') ; : | |

million
years ago

million
years ago

6
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Important Human Transitions

Bipedalism 7 million years ago

DRYOPITHECUS AUSTRALOPITHECUS AFAREMSIS HOMO ERECTUS
12—g mya 4=2.7 mya <1.8 mya
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Important Human Transitions

Bipedalism 7 million years ago

Stone tools 3.3 million years ago

3cm
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Collective learning

Collective learning

l

Culture
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Homo

Four million years ago (mya) I ya Two mya One mya

Australopithecines

Early species were adapted to

climbing as well as bipedalism;

later species had more specialized

diets of tough, fibrous food. A. robustus

=

A. aethiopicus -
T A. boisei

S /. africanus i One of many
W A. garhi With a mix of primitive traits
s L=

Australopithecus A. afarensis shared with australopithecines and
] - :
anamensis more modern ones shared with

i , « Homo, Homo naledi was already a
- Kﬁ,/;yamhropus WA. sediba curious anomaly. Its recent age
platyops only deepens the mystery.

The last hour
of the cosmic calendar
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Important Human Transitions

Bipedalism 7 million years ago
Stone tools 3.3 million years ago

Use of Fire 1.3 million years ago
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Cooking

! 213
HON COUAJNG Bt ol & AL,
MADE US HUMAN , iR &l b A
RICHA RD WRANG HAM scientificmerica.cm/artilefood:f-thought-as-cooking-apivotal-step-in-human-evolution/
Brilliant and original ... explains nothing less than who we are
and how we got here’ Bee Wilson, The Times
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Important Human Transitions

Bipedalism 7 million years ago N talking, Like thie

s fD %]

Stone tools 3.3 million years ago

Use of Fire 1.3 million years ago

Language

—— - - d Rrae="

" —a M T . S fni=
BIZARROCOMIC.BLOGSPOT.COM - -~ sz,.?aﬂm
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Cognitive revolution

New ability Wider consequences

The hability to transmit larger quantities of | Planning and carrying out complex actions,
information about the surrounding world | such as avoiding lions and hunting bison

3 it ot =
= 5 -"";m"_‘,‘_& A <
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Cognitive revolution

New ability

The hability to transmit larger quantities of
information about the surrounding world

Wider consequences

Planning and carrying out complex actions,
such as avoiding lions and hunting bison

The hability to transmit larger quantities of
information about social relationships

Larger and more cohesive groups,
numbering up to 150 individuals
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Cognitive revolution

New ability Wider consequences

The hability to transmit larger quantities of | Planning and carrying out complex actions,
information about the surrounding world | such as avoiding lions and hunting bison

The hability to transmit larger quantities of | Larger and more cohesive groups,
information about social relationships numbering up to 150 individuals

The hability to transmit information about |a. Cooperation between very large
things that do not physically exist, such as | numbers of strangers

tribal spirits, nations, limited liability b. Rapid innovation of social behaviour
companies and human rights

Adapted from Sapiens of Yuval Hariri
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Important Human Transitions

Bipedalism 7 million years ago
Stone tools 3.3 million years ago
Use of Fire 1.3 million years ago
Language

Burials 110,000 years ago
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Early human migrations

First Wave Ex®httion

Y _

= alternative route W possible location of admixture with Neanderthals

kya 1,000 years ago W possible location of admixture with Denisovans
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LEPTONS

Kits of b

Standard Model of Elementary Particles

Interactions | force carriers.
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Organisms

Prokaryote

Eukaryote

i
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the same species

From organisms of
different species




Domestication

Approximate time frame of domestication based on archaeology

Dog Goat Cow Cat Horse Camel Camel Duck
15,000-36,000 10,500 10,300 9,500 5,500 (two-humped) (one-humped) 1,000
Eurasia Middle East Middle East Middle East Central Asia 4,500 3,000 East Asia/
Central Asia Middle East Middle East

l” ﬁ\” fnt ﬁ\ Aﬂ: /ﬁ, yﬂr

[ |

|
15,000 years ago 10 ,000 / 5 I}UD Present day
* years agu years ago

Sheep Pig Humpedcow Llama Alpaca Chlcken Turkey
11,000 10,300 8,000 6,000 5,000 4,000 2,000
Middle East Middle East South Asia South South East Asia/  North America
America America  Middle East

www.collectedny.org/frameworkposts/timeline-of-animal-domestication/
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Agriculture

BARLEY LENTIL BREAD WHEAT
EINKORN WHEAT (QATS  BROAD BEAN
ARCTIC T - e i EMMER WHEAT  RYE OLIVE
OCEAN eSS e \ S ¢ ! oo o~
% - — e vr$ "‘i..'-s,s {'J =
£ z e = ':‘ \ \\/
T 2 3
=7 RICE
SQUASH ‘ SOYBEAN
PEPPER CHINESE CHESTNUT
ggﬁg:'“ ATLANTIC WALNUT
LIMA BEAN oreaN
MAIZE e
POTATO p PACIFIC
SWEET POTATO _— OCEAN
£ INDIAN
PACIFIC
OCEAN
YAM
SORGHUM
COWPEA MANGO
Ve S0 — ’ AFRICAN RICE TARO ,
9,000 and above Primary COFFEE COCONUT 2 "
7,000-9,000 [ Secondary T FINGER MILLET PIGEONPEA > :
3,000-7,000 — Dispersal route A o oo 2oowms  SLENDER MILLET
Unknown \4_ - 0 1000 2000 Kiometers
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Domestication

Wheat didn’t like rocks and pebbles

Wheat didn’t like sharing space,
water and nutrients

Wheat got sick

Wheat was attacked by rabbits and

locust swarms
Wheat was thirsty
Wheat was hungry
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Domestication

Domestication is not unidirectional

RESEARCH ARTICLE

Large-Scale Psychological Differences Within China
Explained by Rice Versus Wheat Agriculture

T. Talhelm'*, X. Zhang®®, S. Oishi’, C. Shimin*, D. Duan?, X. Lan®, S. Kitayama®
+ See all authors and affiliations
Science 09 May 2014

Vol 344, Issue 6184, pp. 603-608
DOl 10.1126/science. 1245850

North-south divide
The ‘rice theory’ suggests that the history of subsistence farming, wheat and rice,
explains psychological differences between Chinese living in the north and south

Percentage of rice-cultivated farmland

— L —
0 50 100 Heilongjiang
Jilin
Xinjiang L
Liaoning
L
Dalian
o Wheat-growing
~ Qihgdao region
Rice-wheat
border region

Tibet

— Rice-growing
region

D North- history of farming wheat
¢ Independent
o Individualist
o Analytical thinking

Guizhou & Fuzhou

Kunming
L]

Taiwan
Yunnan

D South- history of farming rice
e Interdependent
 Collectivist
 Holistic thinking

Hong Kong

Source: Science SCMP
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Domestication

Bacteria
(on the ant)
Leaf
Farming
Ant \
% “ Crop Pest

Fungus Crop
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Domestication

Bacteria
(on the ant)

Leaf

Farming
Ant \ .
Crop Pest

Fungus Crop
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\ . Mutualistic Relationship between Ants and Aphids

)y S
R »j\'a ‘i 1'.
1/

Some species of ants herd aphids, just as humans herd sheep or cattle. Because
both species benefit from this interaction, this is a mutualistic relationship. The - £
aphids are defended against other predators such as ladybugs and beetles. In \\ f
exchange, the ants feed on the excretion of the aphids, which is called honeydew?, b
guaranteeing a continuous source of food.

4
0y

) X When the ants migrate to a new place, they carry the aphids with them. On
Tomato plant - ,w ’ occasion, ants may eat the aphids, not only as an easy source of food but also 1
Sttt TyCpervicam g to cull the population of aphids. -~

! b 72

*The aphids secrete

l‘ ) /{/\ \
the honeydew in f \\ \ ' ) \
Farmer antcarrying an aphid /88 ot ;
=) tapping. A ’
A AC N2 e

Ant
Solenopsis invicta

Aphid

Mycus persicae




Agriculture

BARLEY LENTIL BREAD WHEAT
EINKORN WHEAT O0ATS BROAD BEAN
ARCTIC P P o — . EMMER WHEAT  RYE OLIVE
OCEAN ey = 3 : s "
= oz "l % ._'.-'.;"- ‘
— - vry . . (}S (:’ =
5 > N '_ \2\ \\/
o RICE
SQUASH SOYBEAN
PEPPER CHINESE CHESTNUT
CASSAVA ATLANTIC WALNUT
COTTON
LIMA BEAN OCEAN
MAIZE <%
POTATO = PACIFIC
SWEET POTATO : OCEAN
£ INDIAN
PACIFIC OCEAN L
OCEAN
YAM
5 SORGHUM
Years ago Heart 7
9,000 and above | [ ° A
e e J)@CON dave eXTINCTIoN -
3,000-7,000 e | ¢
Unknown ] - 0 1000 2000

W TECNICO 6 MARETEC

MARINE ENVIRONMENT & TECHNOLOGY CENTER




LEPTONS

Kits of building blocks

Standard Model of Elementary Particles

Interactions | force carriers.
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(fermions)
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Guns, Germs and Steel
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Civilizations

Gulf of Mexico

PACIFIC OCEAN

tendy

"ATLANTIC
OCEAN

ARABIAN

Caspian|

Nile Valley
Civilizations \

’_ ﬂossnr» i
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Civilizations

Primary characteristics

1. Urban settlements

2. Full-time specialists not involved in
agricultural activities

3. Concentration of surplus production
4. Class structure

5. State-level organization (government)

www.ancient.eu/civilization/
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Eusociality
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Civilizations

Primary characteristics Secondary characteristics

1. Urban settlements

2. Full-time specialists not involved in 6. Monumental public building
agricultural activities 7. Extensive trading networks

3. Concentration of surplus production 8. Standardized monumental artwork
4. Class structure 9. Writing

5. State-level organization (government) 10. Development of exact sciences

www.ancient.eu/civilization/
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Writing

DEVELOPMENT OF WRITING MESCPQIAMIA

= 20

12.6s

3500 BCE EGYPT

Proto-Elamite
Pictographs

Hieroglyphs

Wlle=EEF

CRETE  “\jicroglyphs ] 10s
) near
ASIA Elamite
ST MINOR
2000 BCE 5 0 Elamite
Hieroglyphs SYRIA ’ cuneiform
PALESTINE Hittite cuneiform
- Hurrian cuneiform
CHINA
Linear A 2 =
) Proto-Canaanite
Linear B alphabet Ugaritic
alphabet
1000 BCE Phoenician
alphabet

L
Pictographs
S
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Kits of building blocks

Standard Model of Elementary Particles
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Shang dynasty
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Olmec civilization
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NORTH AMERICA Atlantic

I Cimec core area

[ | Olmec cultural
influence before
- 2,000 years ago

O~ v o eED
Pacific S : Carribean "
2,
%
HJW SOUTH AMERICA

ldentical ancestors point (isopoint)

journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1001555
http://tedlab.mit.edu/~dr/Papers/Rohde-MRCA-two.pdf




Third independent writing system
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Maya script 300-200BCE
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The Axial Age (800 — 200 BCE)

- i z ISC
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Israel 7 Taoism
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Philosophy India
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Silk road

Tarim

Basin
Taklimakan

Desert

Mu Us Desert s
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Loess Plateau ]
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- — Algorithm
Positional sytem

Supernova SN 185
’ ' R “In the 2nd year of the epoch Zhongping
[413F], the 10th month, on the day Kwei
Hae [Z %] [December 7, Year 185], a
'guest star' appeared in the middle of
Nan Mun [asterism containing Alpha
Centauri], The size was half a bamboo
mat. It displayed various colors, and
gradually lessened. In the 6th month of
the succeeding year it disappeared.”




Precursors of banknotes
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New Zealand settlement
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First globalization
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