How We Got Here

TheUniverse and Life on
Earth

GMAC MEETING 15 DECEMBER 2023 BEIJING, CHINA




-t N I\ DV

Did youknow:

Qs )
x}ui‘,“
NG A-The soldr system ’ g b’Y‘OUnd the

°i“

90|0XY Igp ce eve -mglhon years.
NN NRC)
\ .
The. '9‘51\ ) our urrent
NN possmo vere,
9. : _(('
v N\‘ \ :\N(‘D
..now you do

- :\’Y\C)N -

https: //ogus’r

anﬂgo Iog

spo’r com/20
16/10/solar-
syste N\\N-

Gi‘a@&? phlc
html



Do you think you're sm‘lng still right
now'?

You're @ﬁo planet
thatis orbiﬁng' a star at 30km/s.

That star is orbmng the centrelof a
galaxy‘at'QSOkm/s

Since you started reading this,

you have travelled about
3,000km.

https://agusti
nadearagon
school.blogs
pot.com/201
6/10/solar-
system-
infographic.h
tml
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Todays Talk

The History of The Universe
Dimensions and Locations

Formation of Solar System,
our Earth and the Moon

How, Life Began on Earth
Evolution

Extinctions

Human Evolution

Human Global Expansion
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. Known from telescopes looking back in time, physical models

February March

Geologic record, fossils, genetic drift

January

| Milky Way
disk forms

The Big Bang

Photo-
synthesis

Solar System
and life

Eukaryotic
cells
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22 23 Reptiles ﬂ 24 sﬁ*é‘ 2 ino}aurs (|26 I?gfmnals 7__2‘?"P'a_ng'§e—a.split’s 28 Birds, flowers

29 Dinosaurs at
top of food chain
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30 Dinosaurs go
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div fy and
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The last 60 seconds of the year...

Peak of last glacial period,

humans migrate to the Americas

I

Known from radiocarbon dating, DNA extraction from remains
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Written record

Columbus arrives in America (one second to midnight)

Christ born 1 Mohammed born

Roman republic, Old Testament, Buddha

First cities in Mesopotamia Dynastic ~—
: China
Agriculture, permanent settlements .
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https://www.researchgate.net/figure/The-Cosmic-Calendar-137-billion-years-of-universal-history-on-a-12-month-calendar-figé_334005041
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If stars move either tow:

When a star moves
away from us, it
runs away from

the light it emits” /
in our direction.
The makes the
light waves we

see expand.

O

Because the
wavelenths-are K
longer than

usual ‘the light |
shifts toward the |
red side of the
spectrum. Arcturas
is a star that exhibits
red shift.

Most shifts can not be seen with the naked eye, but astronomers can measure
them to learn whether other stars are advancing or receeding.

aW

\

is seen from.

or farther from the Earth.

When a star is stationary relative to an
observer, the light produced looks the
same no matter what what direction it

ur sun is a good example
of a star that is not moving'much nearer

e point, .however, the motion shifts the way their light looks to us.

e
N

RED SHIFT

When a star moves
toward us, it'starts
to’catch up.to the
light it emits

in our direction.
This makes the
light waves we
see contract.

L0

Because the
wavelengths

are shorter than
usual, the light
shifts toward the
blue side of the
spectrum. Sirius is
a star that exhibits
blue shift.

https://socrati
c.org/qguestion
s/how-does-
the-expansion-
of-the-
universe+
affect-light



104

Velocity (km s™')
5000

Distance (Mpc)

Figure 2.5 A plot of velocity versus estimated distance for a set of 1355 galaxies. A straight-
line relation implies Hubble’s law. The considerable scatter is due to observational uncertain-
ties and random galaxy motions, but the best-fit line accurately gives Hubble’s law. [The
x-axis scale assumes a particular value of Hy.]

https://physicsanduniverse.com/hubble-law-age-universe/
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oo e, History of the Universe

NEXT Reionization
150 The Stelliferous Era Dark Ages

One million years —— 10-17 million years: Habitable epoch begins
Recombination———— 373,000 years: Hydrogen and helium nuclei
capture electrons to form stable atoms. Photons - PRESENT
{One thousand years are no longer able to interact strongly with atoms.

Foslmic microwave background radiation streams
reely.

100 million years: First star begins to shine.

15 BILLION
YEARS

One year
70,000 years: Matter domination

One hour . . . .
— 3 tp 20 minutes: Formation of helium nuclei
Big Bangnucieosynthesis ) o

Lepton epoch Lepton/anti-lepton pairs annihilate.

One second. Meutrinos cease to interact with other particles.

One millisecond Hadron epoch Formation of hydrogen nuclei.

MATTER DOMINATED ERA

One microsecond Quarks become confined within hadrons. : THE UNIVERSE BECOMES TRANSPARENT

1 0One nanosecond

3 Decoupling of
Matter-Radiation
3 One picosecond The ""weak™ force separates from the

electromagnetic force resulting in the four

The Primordial Era separate forces we know today.

H
He
£
B X

Reheating after inflation populates universe
with quarks and anti-quarks.

Inflationary epoch. Universe expands exponentially, Higgs Field

Separation of the strong force from the
electroweak force.

1047 sec.

Grand unification epoch

Planck epoch Planck time, the smallest theoreticaly observable
unit of time and the time before which science is
: Linear time Big Bang unable to describe the universe. At this point, the
force of gravity separated from the electronuclear » ) mierscesn G
force. g %k\ Sk o

https://en.wikipedia.org/wiki/Graphical_timeline of. the-Big_Bang http://cds.cern.ch/record/39397




Clusters of Galaxies form —
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ends lithium are for earliest
synthesized known galaxy
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Multiverse: The evidence

Anomalies in cosmic background radiation
could be the first hard evidence for other

KN Other universes exerted a‘pull’ onour | 2 [T N EINATE EJ Alarge ‘cold spot’ is also
DLV TR T T B ERL G ET T T L radiation should be evenly inexplicable under conven-
the cosmic background radiation spread out but it is stronger tional physics

in southemn half of the sky

© dally mall / european space agency

https://www.dailymail.co.uk/sciencetech/article-2326869/Is-universe-merely-
billions-Evidence-existence-multiverse-revealed-time-cosmic-map.hitml
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Secondary

Solar heat

ONBOAR é
* Near-In d Camera

Workhorse instrument; most sensitive.

DEEP

und ®* Near-Infrared Spectrograph

a gravitationally Breaks starlight into its spectrum

® Mid-Infrared Instr e
Will collect llgh@w
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} Near-Infrared Imager
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stable point in
space almost

1 million miles irst stors
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History of Earth and its life This box: view - talk - edit

) ) i:C}Llatemary ice age”
Flowers IBirdsy Primates§ = iz -t apes / humans

Mammals

«— Extinction of non-avian dinosaurs Dinosaurs

) «— Earliest known dinosaur
-Z0IC «— Earliest land vertebrates

«— Earliest land invertebrates and plants
«— Cambrian explosion

. Karoo ice age*

« Earliest tetrapods
«— Andean glaciation*®
+ Cambrian explosion
« Ediacaran biota
“—Cryogenian ice age*
“~Earliest animals
“—Earliest plants

Phanero
Arthropods Molluscs

O=0NOSDIWw IO

o Earliest indisputable multicellular
Organism[391[40][41][42]

Multicellular life

«— Earliest fungi
« Earliest multicellular life

Eukaryotes
«— Sexual reproduction

O =0OMNO= OO =T

< Huronian glaciation*

«— Oxygenation of atmosphere “— Atmospheric oxygen

Photosynthesis « Pongola glaciation®

«— Earliest oxygen
«— Late Heavy Bombardment

« Earliest evidence of life (-4100) Single-celled life

«— LHB meteorites
«—Earliest fossils
«— Cool surface, oceans, atmosphere
«— Earth and Solar System formed

Scale: Ma (Millions of years) T s
4500

«— Earth formed

https://www.quora.com/Why-do-we-think-theres-a-good-chance-aliens-exist-if-
the-main-variable-abiogenesis-for-determining-their-existence-iss=unknown-We-
cant-replicate-abiogenesis-therefore-making-it<unreliable-variable-for-calculation

(million years ago) *lce Ages




P 575 A
Eiﬂmiﬁfl SY2
(_EEEI’]BS?EE%*ETJJ%

“Ehs t%%ﬂ@n}]% - e O\ e
= SRS

i oE ok SRR

TEELEEL

TRERNESERED

ke
—RE I TrsE

TREENERLEW

TERAES
TISHAESRNERA

G (- 41ZE - o LT,
—hTeT e
Eﬂ%%"%ﬂ S K i

(E55A)
(B NEEUDENSAELDIE)
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Alldates are appeoximate
ybp = years before present

Wit develaped
and vhen

&

Abiogenesis
(Origin of Life)

Prokaryotes

3,500,000,000 ybp

simple single-
celled hfe

Eukaryotes

2,000,000,000 ybp |

cells with a
nuclkeus

Choanoflagellates
900,000,000 ybp
sexua reproduction

& cells that form §
colbonies §

Sea Sponges
600,000,000 ybp

multicellularity &
differentiated
lissues

Cnidarians
$80,000,000 ybp

the ability to move
& eyes

Flatworms
550,000,000 ybp

biateral symmetry
& the brain

The Evolution of Humans from Single Cells to Today

pre-celuiar Me
basad on RNA?

=
l

Note: this chart shows the development
of only ane branch of he evolusocary
tree - the one that led to humans.
Hoveves, #15 mpariant 10 remembers
8 he hesioey of evolton & much
moee bike & grant bush vath mikons.
of ranches rater than a inear
Progress N ke 11 one shown here.

Amoebas, Algae,
Fung, Plants

JH0Z0¥3 LO¥d

Worms., Molluscs.
Crustaceans, Insects

/

Pikaia

530,000,000 ybp
the notochord and

a complex nervous
system

Jawless Fish

505,000,000 ybp

the vertebrate
(backbone)

Placoderms
480,000,000 ybp

limbs, a jawed mouth
& a plate protecting
the head

Tetrapod Fish
390,000,000 ybp

four limbs & upward
facing eyes

Amphibians
365,000,000 ybp

lungs & the ability
to live on both land
and in the water

Sauropsids
300,000,000 ybp
egg-laying on the

land, permanent
land habitation

The Great

Synapsids
250,000,000 ybp

(proto-mammais)
holes in the skull

behind the eyes -

Age of Fish

Cambrian
Explosion

redatively rapid
emergence of
most majr
E phylain the
= fossd record

Sharks, Fish

NVINOASD  NVRINTS / NVYIDINOQHO

/ SNOUZ ANOTUYD

Dinosaurs,
Modern
Reptiles,
Birds

¢ Pierolapithecus

Catalaunicus*
13,000,000 ybp

greater
intelligence
& sociability

Mammals

220,000,000 ybp

warm blod, sweat,
mik glands, fur,
live births

Age of
Reptiles
g

Sahelanthropus
Tchadensis*

7,000,000 ybp

orangutans,
gorilias

JISsSvuNnc / 2Iss

al non-primate
mammals

Dinosaurs
destroyed

K-T
Extinction

Australopithicus
Afarensis "Lucy’

4,400,000 ybp
bipedalism

SNO3OVIIYD

chimpanzees,
bonobos

Age of

Proto-Primates
Mammals

65,000,000 ybp

tree-dwelling - —
mo is

2,500,000 ybp

tool-use,
a larger brain

A

Darwinius*
47,000,000 ybp

opposable thumbs,
forward-facing
eyes

lemurs, larsiers
(prosimians)

Homo Ergaster

1,700,000 ybp

Q Homo Erectus

>
the ability to control a

s

E]

=

fire and decreased
body hawr

Aegyptopithecus*
30,000,000 ybp

H.Heidelbergensis

500,000 ybp

advanced

Proconsul* tool use

27,000,000 ybp

better vision,
stronger shoulders,
absence of a tail

world monkeys

Homo Sapiens
200,000 ybp

art, language,
abstract thought

* May not be a dwect ancestor
butislikely to be simir © the
ancestor from that time period
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Life on Land
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Age of Molecular Organization Age of Prokaryotes First Eukaryotes Explosion of Life

hitps://kaleahrvhs.weebly.com/evolution.html
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A highly resolved,
automatically
generated tree of
life, based on
completely
sequenced
genomes

Letunic, lvica;
Bork, Peer (1
January 2007).

Interactive Tree
Of Life (ITOL): an
online tool for
phylogenetic tree
display-and
annotation'



https://en.wikipedia.org/wiki/Tree_of_life_(biology)
https://en.wikipedia.org/wiki/Tree_of_life_(biology)

Fungi Gram-positives

Animals .
Slime moulds / Chlamydiae :
Plants ) Green nonsulfur bacteria
Algae v Actinobacteria
Planctomycetes
Protozoa \ Spirochaetes
‘\_
| Fusobacteria
Crenarchaeota -
N h /) Cyanobacteria
anoarchaeota (blue-green algae)
Euryarchaeota Thermophilic
sulfate-reducers
Acidobacteria
Proteobacteria

https://en.m.wikipedia.org/wiki/File:Collapsed_tree_labels_simplified.png
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“RNAWORLD”, AHIGHLY IMPROBABLE SCENARIO

"Primordial soup"

£

pus Hi

;1'“ ol !

AN
AN
AN

A\ ANY AN
AN
AN

AN AN
AN AN

!
- T

Earth Stable Pre-biological pre-RNA
formation hydrosphere chemistry world

L 1 1 1

45 4.2 4.2-4.0 —4.0 billion years

= By

RNA First life Life expansion
world DNA/proteins

T T T

-3.8 -3.6 3.6 present time

Fig. 3. Putative diagram of the key stages in the origin and evolution of life on Earth according to the “RNA World”
hypothesis (modified from [28]).

“YRNA World”, a highly improbable scenario of the origin-and early evolution
of life on earth. January 2015Journal of Evolutionary Biochemistry and
Physiology 51(1):72-84 Authors: Piotr Bregestovski Aix-Marseille Université
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Earth's
prebiotic
evolution by
cycling diurnal
gradients

= 4.5 bya

Evolution of
microspaces
and molecular
crowding

¥

molecular
recognition &
cellular
organization

Increasin

enclosed &
crowded proto-
PCR of nucleic
acids and proteins

chemical complexi

The universal
ancestor:
the progenotes

metabolic &
information

Progenotes
crossing the
Darwinian
threshold

Earth’s chemical
& Darwinian
evolution

Archaea =2.0bya

procisslng Bacteria

\ 4

membranes,
homeostasis
and cell

https://www.researchgate.net/publication/278045073_Emergence_of_life_Physical_chemistry_changes_the paradigm



bl (49 bt f “ ./" ‘.".
Ca S L ot Py
Phe o . ")‘
- -~
Bg Y ,, ,,.r ois AN .
.nV

)uz.% w

-
Th\e cone-shaped structures

Greenland, about thesgg arter may be fossilized colonies of
tfossﬂs

k3 7- b|II|on -year-old rocks in

microbes an

of life on Earth, researchers say. (Image
credit: Allen tman/Nature)




Endosymbiaosis in a nutshell:

1. Start with two 2. One bacterium 3. One bacterium now
indepandent bacteria. engulfs the other. lives inside the other. 52

L —

e, e T,

® Qg

- —
5

4. Both bacteria henefit 5. The internal bacteria are passed
from the arrangement. on from generation to generation.

Two endosymbiotic events ¢.2./ bya = 1“ ) H- tl:@ E] /J Y- /f /t
: A .____‘ ‘--._ {‘n";"_._,_r_ / \A Z‘ ___‘A \ )

iesprobeobache=num 1,|~

w'y hitps://www.quora.com/Why-
I 1"-._—#'"" . . .
meloshondng narrphctarymthetic Ore-mITOChOﬂdrIQ-bel|eved-TO-
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Reptiles
Dinosaurs

:."6._': lowers and bees /

https://earthhow.com/theory-of-evolution/




Cnidarnans

Protostomes Cephalochordates

Hemichordates
Echinoderms

Tunicates

Haokoueclg Myxiniformes

Yunnanazoon

= Petromyzon-

Vertelrales

3 &7
i T2

Hatkouichthys

-

Gnathostomes
(Mya) Cambrian -
Millions of years ago Poo——— ég}\(‘ .

1 | e | | 1‘ J Jawed vertebrates
700 600 500 400°'" o

httos://www.sci.news/paleontoloo
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The Great Oxidation Event (GOE)

Muna supercontinent Rodinia supercontinent

Assambly |[Breakup
= >

Earth's early atmosphere and tectonics mbly Breakup
Great Oxidation

H
(=)
=

First oxygen-producing First
bacteria appear sl
appear
First life appears

|2A2] ua3Axo
UJ3powW Jo juadiad

=
o
—

Glaciations

i . 0 08 05 Modern day
Billions of years ago

Meso- | Neo- .
Hadean Archean . Phanerozoic
Proterozoic

https://commondescentpodcast.com/2019/11/30/e
pisode-75-the-great-oxidationsevent/
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Biodiversity during the Phanerozoic
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Well-resolved genera -
Long-term trend
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https://en.wikipedia.org/wiki/File:Extinction_intensity.svg
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o, Marine extinction intensity during the Phanerozoic
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elated subjects. The comprehensive overview of how Ife evo

Scientists havé been iying to Solve the mysteries of animal evolution fo over 200 years. Although some detais are stll obscure, they have been able to determine a great many
felationships, These are based on anges resulting fom the evolutonary process, Some of the mast important ones are shown and explained at lef. They are referred
o a " The 1 a styized “Evolution Tree.” that shows how dferent groups of animals are related fo each. It identiies the most mportant
‘roups slong with the milestones that define them,. Itis superimposed over a geologicaltime chart that puts everything in the context of when the changes occured. The tickness of
‘each branch symboically represents the relative abundance or scaracit of each group at that ime. Many fepresenative species are shown. Insets provide information o

d on Earth,
A
FEATHERS & BONES m;

A

Crocouylu acutus

o] Turdus nigratorius i Vot oo B
Macroglossus

Gorilla gorila s

Oreinus oren

Tachyglossus
cufeatys

Nerodia
fasciata

6524 MYA

CENOZOIC

Megalania “BIRDS”

“MAMMALS”

Testudo atins Giyptosaurus

Rahonais
Flasmosaurus

Archelon ; Phitodus

e - - ETHERA
FlatoshE > Tynnnosaurus rex i
PLACEITALA

Cretaceous
146-65 MYA

Quetzalcoatlus ’

) /) . A ?
e i Bernissaria v 5 v Ras
=N KA Araoptr = hipiton.\ Trimon

3 T
G
i
- < & >

v opie ~ . ¥
Vieraella L P terodactylus
. { - Protarchaeopterys  Ceratosaurus Pl

ANTORBITAL FENESTRATION
i Jl batween the 7
v o

MESOZOIg

Jurassic
208-146 MYA

Metriorimehus

Ny
= Tokthgosanrus

osaurus hudsons

SPENDODONTS
fratary
TO BE DETERMINED

Progunochelys

rocompsognatius [ SAuRGroTR r Cynagnatius
Desmatosnchis THEROPOOK Eudiniorphodor EUCTiGoONTA
Triadobaficus Cymbospondylus { b "CROCODLA CRUROTARSL SAURISCHIR

Deinosuchus

Notfiosabrus
Gerothoray LS GATRIOSAURS

o PLICO0ONTS

ORITDRR = =
[romoses | 5 R o
e TRFERATES N “
& Hyperodapedon byshrspies — " Chwmatossurns Irostranceota Therocephatia Thrinaxodon
AMNIOTE EGG L

Helioburs [ simoeremren RO PicETEouEs ] [ Moo Temoons o ]| [ owooowrs
anTomaar

g X Millerétta = Moscliops
d 4 . X Eat | K i\
. Eryops Seymounia 4 L, 1 e
Diplociulus Seutosaunss ) | Nfesosaiiris | Labbiosanis Clidiosarus > y eSS Dicynodon
5 C =
FOUR DIGITS 2
Fins evalved ino mbs wit digts The T Dimetrodon p
CLADE: TETRAPO! 3 ,- toln bl o e % of ol NEED CLADE

and snmals e i \ X Westlothiana Hylonomes Ophiacodon

o r e bt have CARLLINNAEUS & HIS SYSTEM OF NATURE
Dendrereton | ! Seamyam otd T b e Ofrance 2 s 3 !

scadiamn betvoan hom and e epg-aying m

W Edophosaurus
G dr g NEFD CLADE
y P AMBMBIANS. £ RRDTIE RS

acuced he casseaton
Sauence: kingdom, prylum, ordo

“REPTILES”

Crassigyrinus g Linnaeus'Het

CroLocIcAL TIME 7 e, REPTILESKULLS e

o that dfrant laye @ con 8 ' ® . o vsed ah clades

AMPHIBIANS

ANAPSID SKULL

PALEOZOIC

EVOLUTION & ADAPATIVE RADIATION o y
gty ferent rom s paren > » v 3 new branch of biagy, one that seeks o detes
a i ; . fered amianes Pronsered by German research

- e word ‘A ans & shich s o meanings. P, Iehtiogostesa ng ta Wi
che < an snschim
babies underga a rapd evoldtonary ch WMetaphorism” Th

rated by e 1oge. wheh changes from an aquac tac el
G el

CLADE: GNATHOSTOMES

Lations omesi

farger The i

filename: Milestones of Vertebrate Evolution | Draft 426 | Sept 1, 2005

https://www.pinterest.com/pin/218565388141591284/




Reptilia -

Cenozoic |

Cretaceous o RS -
AT &3 TTherIa

Jurassic

Mammalia

Triassic

Permian

T Synapsida

Carboniferous Pan- Rep tilia A mn iO taT Pan-Mammalia

https://www.quora.com/If-evolution-is-correct-wouldnt-the-best-designed-animals-be-the-ones-that-survived-the-longest-
unchanaed-Wouldnt-the-worm-and-the-clam-be-better-desians-than-birds-and-lions-And-would-all-life-evolve-into-the-best




https://www.slideshare.net/smullen57/3-human-evolution

Millions of Years Ago (MYA)
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“Many authorities divide the Cenozolc era into the Tertiary period (contains Paleocene, Eocene, Ofigocene,
Miocene, and Pliocene) and the Quaternary period (contains Pleistocene and Holocene).







Scientific classification

Domain:
Kingdom:
Phylum:
Class:
Order:
Suborder:

Infraorder:

Family:

Subfamily:
Tribe:

Eukaryota
Animalia
Chordata
Mammalia
Primates

Haplorhini

Hominidae
Homininae
Hominini
Homao

H. sapiens

64




Gorillas

y 3‘\ = Chimpanzees
J A

LA |
“\__Darwinus masillae (1da)
47 mya

H. habilis
25~ 1.6 mya

P, acthiopicus §
, 28-22mya
P, boisei
23_?‘““_‘ P robustus
T 19-10mya H. erectus

2 mya - 400,000 ya H. heidelbergensis

s
600,000 ~ 300,000 ya K

e
H. neanderthalensis !
300,000 — 30,000 ya #

H. flovesiensis

86,000 — 17,000 ya
H. sapiens
< 200,000 ya - present.

https://themelower.com/




Old World Gibbons & b Y R = e ﬁ
Orangutans Bonobos

Monkeys Siamangs .‘\ )

Chimp-
anzees

Hominins

Hominin Divergence
| from Panins (ca. 5-7
mya):
|
. o . ALAN | * Extended attention
:\cr:ezs(;rrily:;)mmond Primate L] | Great Ape & Human Last on .gc'm‘l-oriented
Common Ancestor (ca. activities
15-13 mya): * Recurrent social
judgment of others
* Larger body mass * Extended sustained
* Tool-use introspective
« Likely iconic narrative attention on iconic
construction capacity _ narratives

o |

https://www.researchgate.net/publication/264417273_Embodied_Niche_Construction_in_the_Ho
minin.Lineage_Semiotic_Structure_and_Sustained. Attention_in_Human_Embodied_Cognitione_t
p=eyJjb250ZXN0ljp7IMZpcnNOUGFNZSI6IIZkaX Y 3QILCIwYWdIljoiX2RpcmVidCJ2fQ
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MILLIONS OF YEARS BEFORE THE PRESENT

(Praximity of Mnes suggests evolutionary relationship)

The last spacies before humans spiit from other primates axisted more than 6 million years ago,
This Holy Gral for anthropologists has not been found.

| Ardipithecus

R A kadabba
B- ramidus
“Ardi” lived in trees but also coukd walk upright,
albeit clumsily. The species was likely less
aggressive than its chimpanzee relatives and the
males may have parented their children in some
form, paving the way for
later social and behavioral
adaptations

Australopithecus : ‘ A _ % hﬂps//WWWplﬂT
C- anomensis = & i R0 ereST.Com/eVOan

D- afarensis

“Lucy:" less than 4 feet tall; apelike skull e & 7 S /__" { P urrows/pi’rhecus/

and brain, but walked erect.
E- bahrelghazall
F africonus
G- aethioplicus
H- garki
b boise!
F rudolfensis
K- robustus

. Homo

L- habilis

M-erectus
Mare human in appearance,
with larger brains, smaller
jaws, protruding noses and
shorter arms, They hunted
and used tools.

N- heldelbergensis

0- neanderthalensis

| P- flaresiensis

Q- sapeins




detoli Foo,:t_,.

Most likely made by Australop/t cg%wiﬁ?o
humans walked thro gep ‘volcanic ash.
The entire 1’ootprin’ttJ is almost 27 m long an.

footprints.

When the nearby volcano erupted a agafn
humans.

O51’E

the oldest known footprln




8 7 6 5 4 3 2 1 Milllons of years ago
|l a———e | |
chlmpanzees
~am Sahelanthropus tchadensis /Y L—; N Bonobos
G

’ f————m Orrorin tugenansis

A Ardipithecus

Australopithecus anamensls 5 .,
Adaptations - ~ - Australopithacus afarensis ” /;:D h TT ps / / WWWwW
(.. J

for walking .C]UOFCI.COm/
bipedally,
smaller canine W 2 = Australopithacus garhi WhOT'

t h . .

o animal-did-
we-evolve-

from

.

Enlarged cheek
teeth and jaws

g | e Australopithecus afncanus*

| e Faranthropus J
Massive cheek teeth and Jaws, - J— LJ

enlarged chewing muscles ‘
Slightly larger brain (600 cc) rtical f | - g n/ ;';
ghtly larger brain cc), more vertical face

without a snout, fingers capable of precision arip, |
abllity to make simple stone took for processing
food Including meat

smaller jaws and cheek teeth, long legs and arched feet + ? o gt
wellsulted for lbong-distance walking and running, larger 7-{
brain (Homo erectus brains range from 650 cc to 1200 cc) \ = Homo neanderthalensis 1

Sophisticated stone flakes, taok for hunting, ‘HO”’O heldelbergensis

brain size increases to 1200 cc

Large brain (1400 cc), small face tucked below brain case, *Hcmo sapiens
rounded cranial vault, small brow-ridges, capadty for art,

symbalic thought, full-blown language
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Paleolithic Periods

FRANCE ‘ - - 4. sapiens
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HUMAN SPECIES

@ Homo sapiens (modern)

@ Homo neanderthalensis

Q Homo heidelbergensis (archaic) }
Q Homo erectus (ergaster) 1
@ Homo habilis

@ Australopithecus

VEGETATION 18,000 years ago
[ Glacier, perennial sea ice
@ Tundra

[ Desert - Human Fossil Sites

[ Grass, shrub, mountain woodland 4 K v
B Open woodland, forest - Azimuthal equidistant projection
= Rapin Forest ’ ) Centered on Equator - 70° East

Source: National Geographic Society 1988, 1997

hitps://www.pinterest.com/pin/1,1470174030118585/
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Denisova Cave
Key

Maximum Sea Level
during the Ice Age

o AL

Today — modern Homo sapiens

HPmo erectus

2 milgon years ago

Africa 7\ Europe & ‘ACentraI&
Near East  SE Asia

hitps://en.m.wikipedia.org/wiki/File:Spread_and_evolution_of_Denisovans.jpg



WHERE THE
HOMININS ROAMED

As modern humans spread out of Africa, they interbred
with Neanderthals and Denisovans. Traces of DNA from
those archaic humans remains in our genomes, though
some populations tend to have higher concentrations of
our extinct ancestors’ DNA than others.

Percentage of archaic DNA

50 018 03 09 10}

Y 1.5 ) 1.6

Neanderthal

Denisovan

Early Humans Since Lucy

New fossil discovery may provide the missing link.

3.2 Million Years Ago

2.8 Million Years Ago

200 Thousand Years Ago

vicativ

https://www.pinterest.com/mcdonaldél48/dna-genetics/

About 10 percent of human genes have

“ ” continued to evolve since modern
Lucy human beings emerged in Africa

Lucy was from 200,000 years ago. Traits for disease

A lopithecu: istance and envirc | adapta-

afarensis. Although tion are undergoing natural selection.
she had several

ape-like features,

Lucy stood upright LEGEND

and had small Prevalence of genes in populations tested
canine teeth, much —90100

like modern O 100% (¢ y—50-60 [10%

humans. G

LD 350-1

We have a new
oldest human
fossil. Briefly, it
looks like Homo
genus arose by
about 2.8 million
years ago —
almost half a
million years
earlier than
once thought.

Homo
habilis

One of the earliest
modern humans,
Homo habilis had a
larger head and
smaller face than
Lucy, but retained
many of her
ape-like features.

Homo
erectus

Homo erectus had
relatively
human-like body
proportions, with
longer legs and
shorter arms for
walking and
possibly even
running.

Homo
sapiens

The only surviving
species of the genus
Homo. Molecular
studies suggest that
all modern humans
diverged from a
common ancestor
about 200,000
years ago.

Mapping Recent Human Evolution

Malaria's pressure

A mutation in the “Duffy” red
blood cell protein protects
against vivax malaria, one of -,
three types of the infection.

The mutation is common
Africa but nearly absent els -
where. Such great differer ces in
the human genome are rare,

Prevalence of the
vivax resistance gene

10650 70 75 80 85 €0 95 100%

Mysterious hair

A mutation in a gene
called EDAR is nearly
universal in Asia. It
produces thick,
straight hair, which
may dry faster in
humid environments,
somehow conferring
a benefit.

Light skin

outside Africa
Numerous mutations
cause light skin. One of
them, SLC24AS5, is
responsible for one-third
of the difference in skin
tone between Africans
and Europeans.

Food and climate O
A mutation in the
receptor for leptin, a
hormone that governs
appetite, is common in
many parts of the world.
The significance of the
change is not known. Life
in cold climates may favor

some metabolic mutations.

Milk mutations

Mutations that let a
people digest milk

beyond the childhood
years have emerged in
many populations. One is
common in Europe and the
Middle East. Africa has at
least three of its own.

) LCT gene
@) African lactose tolerance

@




The human lineage 40 cm
12 inches

Homo erectus =5 Homo neanderthalensis

Australopithecus
afarensis

The earliest species of Homo are known from only a few bone fragments.
Some doubt that they belong in our genus, preferring to label them
as australopiths.

The first well-established Homo, and the first that we would recognise as
looking a bit like us, appeared about 1.9 million years ago. It is named Homo
erectus



A:

- Homo sapiens

Homo neanderthalansis

Homo erectus

https://www.quora.com/How-and-why-did-we-as-apes-and-hominids-
including-other-species-survive-the-more-extreme-heats-and-colds-in-the-
past-thousands-and-millions-years-ago-before-our-current-10-000-year-
stable-climate-that-we-wouldnt-now
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ATLANTIC
C(ROSSING

I(eﬂg
(Ethiopia)
ok

Blombes (aves
(South Africa)
75-65k
2 pieces of engraved ochie <77k
Shell beads ~75k

Two foutes jump ot as prime candidates for the human exodus
out of Africa. A merthern route would have taken owr ancestors
from thek base in eastern sub-Saharan Alrka acioss the Sahara
desert, then thiough Sinai and into the Levant. An alternative
southetn rowte may have charted a path kom Ojibouti of Eritrea
in the Hoen of Aliica across the Bab el-Mandeb strait aad into
Yemen 20d around the Arabian peninsula. The plausabdity of
these two rowtes as gateways oot of Alica has been stodied a5
pait of the UK's Natural Emviconment Research Council's

Fa Hien Cave and
Batadomba Llena Cave
(Sti Lanka)

Klasies River
(South Afirica)

Mgy
(Awstrakia)

£5 T BERINGA
"ROUTE
U1

-

PACIFIC COASTAL
ROUTE

Flow of genes around globe
Routes of
Alternative /contested routes

ST o tomically modern humans

@ 10,000 years 230

A v'»_‘\\

Quebrada Jaquay
(Perw)

A Y /
e o /

programme “Emirommental Factors in the Chionology of Human
Evoltion & Dispersal” (EFCHED).

Deing the fast ice age, from abowt 80,000 10 11,000 years
230, sea levels diopped as the ke sheets giew, exposing Lrge
swathes of lad now submerged under waler and connecting
1egions mow sepaaled by the sea, By teconsiructing ancient
shorelines, the EFCHED team found that the Bab el-Manded
strait, now around 30 kilometzes wide and one of the workd's
busiest shipping lanes, was then a narrow, shalfow channel.

MIDDUE PALAEOLITHIC (EUROPE AND ASIA) / MIDDUE STONE AGE (SUB-SAHARAN AFRICA)

(Y

AMH briefly ocoupy
fseael (Skhul and Qafzeh)

Emergence of
anatomically modern
humans (AMH) in Allica

B hook

ook bok

ALY

\

Early humans may have taken this southesn route out of Akica,
The northedn route appears easier, especially given the team’s finding
that the Swez basin was dry during the kst ice age. Bul ossing the
Sahara desert is no small matler. EFCHED scientist Simon Armitage of
the Royal Holloway Univessity of London has lound some dues as 1o
how this might have been possidie. During the past 150,000 years,
North Alrica has experienced abrupt switches between dry, and
conditions and 3 humid climate. During the fonger welter perids
huge kakes existed i both (had and Libya, which would have

AMH begin to AMH spread AMH reath
leave Africa auoss S.E. Asia Austalia

Symbolic engravings in ochee and eenamental
beads kom marine shells at Blombos, South
Altica, and other shell beads = Rdoralt, Morocco

l Population explasicn in Alrica ]

lmmrwlmmini]

https://www.researchgate.net/figure/Mediterranean-Transit-Migration-MTM-i-Map-2014-Map-of-Mixed-Migration-Routes-Map-fig2_311095944

PACIFIC CROSSING \

provided a “humid coeridoc” across the Sahara.

Armitage has discovered that these lakes were present around
10,000 years 230, when there is abundant evidence for human
occupation of the Sahara, as well as around 115,000 years 290,
when eer ancestors first made lorays into Israel. It is unknown
whether another hamid corridor appeared between about 65,000
and 50,000 years ago, the most liely time frame for the bumaa
exodus. Moreover, accumulating evidence 1 pointing to the
southem route a5 the most likely pmping-off pomit,

UPPER PALAEOLITHIC (EUROPE AND ASIA) / LATE STONE AGE (SUB-SAHARAN ATRICA)

Flowering of characteristically medem 3
behaviour seen in Awignacian artifacts 3

Wally's 8each
(U5)
ATLANTIC CROSSING

Gaws il |
(US)

South-east of Puebla

HOLOCENE

Period of warm,
stable chmate

40k

[qulm explosion in Fuope I

[Neandnmals 4o extint ]




SEBUNI] WAVE CIVILIZATION NATURAL RESOURCES / TRADE

ATLANTIC z - s - [7] Persia ~500 BCE peak 1{—' Import / Export
: ) Vil ' =3 / B Persia homeland ~560 BCE @' svices
"] Greece ~500 BCE peak @ tea
I Greece homeland ~800 BCE @ silk
[T] China ~200 CE peak @ wvine
I China homeland ~205 BCE @ olive oil
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Genetic Timescale
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