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Last for-credit test on Monday (opens Saturday noon).
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SIO15 2024: Topic 27 - Life and Mass Extinctions

7.0 quake prompts brief tsunami warning
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Hasan Raza cleans up inside E&J Liquors in Rio Dell on Thursday after a 7.0
earthquake. Savana Robinson via AP
THE ASSOCIATED PRESS

A 7.0 magnitude earthquake shook a large area of Northern California on
Thursday, knocking items off grocery store shelves, sending children
scrambling under desks and prompting a brief tsunami warning for 5.3 million
people along the West Coast.
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| scrambling under desks and prompting a brief tsunami warning for 5.3 million
people along the West Coast.

The quake struck at 10:44 a.m. west of Ferndale, a small town in coastal
Humboldt County, the U.S. Geological Survey said.

described a rolling motion for several seconds. It was followed by multiple
smalier aftershocks.

] There were no immediate reports of major damage or injuries from the quake,
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Need Special Conditions to Favor Life

Astronomy:

right distance from star | — C”T”G.*e
right orbital parameters aliquid

Could 'Goldilocks' planet be just rlght for life?
AP rssociated Pross bJ Buzz upt 906 voles (4 Em

Image: NASA
2010 news piece on habitable planets in other star systems;

found by Jeremy George, SIO15 student

biochemistry/physics:

Traces of CH,, NH3, Hy, H)O | ——— amino acids
energy (lightning)/liquid

Artist’s rendering; source: NSF
SIO15 2024: Topic 27 - Life and Mass Extinctions

Timeline o Most Slmple Ll_fe Forms

L 7 AR Hn ; o NI TP k1Y P
| Prokoryo’res. | Ak Eukoryo’res
bocferio " _f. o Al cell orgomsms

> 4.5 bIII|on years ago: blr’rh of Solar Sys’rem/Ecr’rh i,
.. cooling .... (100-500 M years -> water) /
> 4.0 billion yeors ago +/-: Archaeobacteria; Eubacteria [®)
> 3.5 billion years ago +/-: cyanobacteria /
> 2. O billion years ago +/-: Eukaryotes (single-cell at the time)
: AT ANl PN T T \
- Earth I|fe|ess for 1st 500M — 1B years (foo hot for liquid HQO)
- Life in the following 2 billion years: bacterial
- no O, in atmosphere in 1% billion years (or even 1.5 billion?)
-> Early Life mainly in the oceans/water!

cyanobacteria (misnomer “blue-green algae”)
--> photosynthesis

SIO15 2024: Topic 27 - Life and Mass Extinctions



Essen’nols of L|fe PhoTosynTheS|s Resplro’non

Sfor'ablc Energy-
in Phosphate Bonds

synthesis

Glucose

Enzymes and
other Stuff

Photosynthesis: Y- phNe = Chemisynthesis:
* use CO2, H20O iy iy © H2S instead of H20
 produce O, xR « S-based metabolism

UG ;
» O-based metabolism 7a » oxygen intfolerant
T s T ! « e.g. Archaeobacteria

O-based metabolism mo.re rapid Onrd efficient than S-based
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Oxygen The Reoson for L|fe oswe_“Krjow It

| PhoTosynThesis,
W the mos’r |m|oor1‘on O, producer on Earth.

lifelaaRelel=Tel! phy’roplonk’ron: 50-67%
. (perhaps up to 80%2)
v - T T %

e if phofosynfheSIS sfoppecl
. atmosphere would lose all of its O, in 6 Mio yrs
(used up by volcanism + weathering)

VTR 7 A
_; \,:‘.?."‘ W7
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Oxygen in ’rhe A’rmosph

0

!
Could have been near present levels

cyanobacteria by ~1.5 billion years ago

1
«—— Eukaryotes \_ Lower Litit
Lower Limit from |

Multi-celled

Microbes|
'

~ 2 billion years ago:
- tremendous increase in 02
- formation of protective Ozone layer
- Eukaryotes
- live on land
| >
2.5 1.5 0.3

] Yedrs Before

Banded Iron Occurs I_—> | Present
Redbeds Occur

(In billions)

t

Cambrian Explosion of Life

Oxygen in Atmosphere
Relative to Present Value

before 2 Billion years ago:
1'<1% 0,

SIO15 2024: Topic 27 - Life and Mass Extinctions

Evolu’non of L|fe and the Geologic Tlme Scole

VW AR WA A AR
- 670 Mio yrs: oldes’r known fossils of multicellular life in
marine rocks; invertebrates
- 550Mio yrs: Cambrian explosion of life
(life as we know it)
- 250Mio yrs: mammals (supercontinent
Pangaea)

Homo Sapiens
2 ,

; o W : < evolution through natural selection
No new lineages : and adaptation

since Cambrian & " < need large enough gene pool for
p survival (preserve fraits)/to adapt
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Fossns ond the Evolu’rlon of Ln‘e

40 e 354 290 24

Millions of years ago (mya) Quaternary Present

i —
20.7 From Terrestrial to Aquatic Life
An artist’s reconstruction, based on fossil )

skeletons, of four ancestors representing dif- L it

ferent stages in the evolution of modern Mesonychid Ambulocetus Rodhocetus &:ﬂmmrm
i 55 my: 52 my: 2 2 mya

whales from an early terrestrial mammal. 55 mya 52 mya 46 mya y

%é‘ vu‘. v e ¥ i $
. Chonges fo speaes ‘rhrough odopfohon/survwol of the “fittest”
» Natural selection is not a random process!

whatever.this may mean

’ |
SIO15 2024: Topic 27 - Life and Mass Extinctions

Corbonlferous (350 -290 Mio yrs)

RSN Hn AT VD ] 4 ,1’ MRS - -.mmu!*
—cool cllmo’re A

- Pangaea formed

- worldwide codal deposfrs
- first tetrapods

- reptiles

Horsetail . :
Dragonfly 12in/30cm
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Tnossm Jurossm Cretaceous (250 - 65 Iv\lo yrs)

Cretaceous
Supersaurus; 30m/100ft i
Selsmosourus 36m/120ft |

] Blurl‘o by Dan Plraro

ullML‘lA Toowhaciom/ Tizarr 4’- t

4130("'-‘

1 dunno, It geemg like lnt.el !,he
mammalg are taking over fd
been acking mycelf, what's !.

point of gotng on, you know?

Late Cretaceous o
Tyrannosaurus Rex &

- Life and Mass Extinctions

Who’r are Moss_Ex’rmchons’c‘

FoToImes

individuals of one or more species killed
(e.q. floods, fire, volcanoes, earthquakes)

Extinction:
so many individuals die that reproduction fails

Mass extinction:
all of one or more spemes die suddenly or W|’rh|n rel. short T|me

SIO15 2024: Topic 27 - Life and Mass Extinctions



Geologic T|mescc1|e Perlods

IXTINCTIONS EON YEARSSCO ERA PERIOD EPOCH

= 0 =

[ ] g = | | Fossil records define
" * geolog|c ero/penod

KT

i @, _

— 10 — 2

g ' ,

ol 8 g multi-species extinction
e - = -> Nnew penod
m....o.g ¥
e @] g el

e M ' | Earth has seen
- - 5 major extinctions

ey
~ 4000 —

‘Formation of the Earth
|
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HANGES IN
SEA LEVEL

MQZOIC

- bolldes
- flood basalts
| - sea level changes
| - sea floor spreading
| - plate tectonics
| - ocean processes
i - release of methane
| - new predator,
competitor,
disease

CEN:¢

2 Cretaceous |

MESOZOIC

- climate change
T

PALEOZOIC
E " G

magnetic field
reversals do not
cause mass extinctions
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K- T Boundcry (65 Mio yrs)

SRNOE W TR H' R A | T
Cre’roceous 142 - 65 Mlo VIS; ?v“ Arcoollng s
Tertiary: 65=2.6 Mio yrs. @ >demise of dinosaurs

) - »rise of mammals
rWOI’|dWIde Ir|d|um oner

CAUSE:
-asteroid impact (Chicxulub)
-flood basalt volcanism (Deccan Traps)

v
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__ Permian (290- 250 Mio yrs)

—r [ 8
existence of Pongoeo 330-200 Mio years ago w

{7 T e "“ T S
Earth’s largest mass ex’nnchon § CAUSE:
* 90% of all species globol warming at end of Permian
* 63% tetrapods gs »sea level drop exposed reefse NO!
* 60% marine life % »traces of ocean impact22 gone!
* major loss in coral reefs & >Siberian flood basalts 22

) Lo~ >massive release of Methane?
S=6 O PN R | T e \
in cold climates, CH, locked in methane ice lenses (clathrates)
warming melts these lenses, releasing the CH,

cllmofe chonge as cause for exhnchons in general

- warming/cooling

- change in precipitation

- cooler climates typically drier

- climate change brings stress/diseases

SIO15 2024: Topic 27 - Life and Mass Extinctions
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D|d no’r Survwe the Los’r Ice Ages
',;-!‘-' i ¢ ".?;v‘lv‘ hl E 3 i Fig ‘ g”“f I Ih%m‘ ‘h r’4
.l some 10,000 yrs ago
;mma
- woolly mammoths

- mastodons
3]' - woolly rhinos
B
3

giant sloths
musk oxen
! - saber-toothed figers
- giant reindeer

CAUSES
. - climate change
- habitat change
- humans

SIO15 2024: Topic 27 - Life and Mass Extinctions

ONGOING The Sixth Mass Extinctione
TR . W EREN v wARER TN NB W
}' DODO: Mauritius Hawaiian birds
P discovered 1598 U i .
W et 1681 highly endangered due to:
R » cafts
7 * MoNgooses
‘ m‘rroduced by humons
. \g | S '

became posterchild
for humon caused exfmcfion i

Flightless Birdls
.. - Madagascar (3.4m/11ft)

SIO15 2024: Topic 27 - Life and Mass Extinctions
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What causes Extinctionse

g T T PR T B R |
* natural causes: | * human induced (willfully or not):
- climate change | - climate change
- interruption of the food chain © - interruption of the food chain
- new predator 2 - infroduction of predators
- disease - infroduction of disease/poison
- habitat loss - hobl‘rcﬁ desTruchon/defores‘rohon

“extinction in past 200 years
so massive that it could be largest ever,
if continued for another 200 years”

SIO15 2024: Topic 27 - Life and Mass Extinctions

Endangered Kiwi — New Zealand’s National Bird

M‘ ” l‘ l\!*.-\-:."“ ‘\; F’A ‘
b R 7

extinction in past 200 years
| so huge that it could be largest ever,
if continued for another 200 years

- flightless bird & - 1000 yrs ago: 12 mio
- 40 year life-span 4 - 1811: discovered
- burrowing- only bird with nostrils = _ 19235000
(sniffs worms) -1990s: 70.000
- Doctig L -2010: 07 (in wild)

- very vulnerable to predators )
(95% chicks killed by cats, dogs, ferrets) - gone on North Island (BBC)

SIO15 2024: Topic 27 - Life and Mass Extinctions
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Crltlcally Endangered The Black Rhino
g i A W
it ancestors around for
i 50 Mio yrs!
i W T

Photo: U.S. Fish md Wildlife Services

-1900: sevelal 100,000

-1960: > 100,000

-1995: 2410 (poaching in 70s/80s -> 95%)

-# species: 5, down from 30

- western black rhino: 10 in 2002 -> 0 in 2006 -> extinct

- northern white: 1 male 3 female (all old) (Nola died in Nov 2015; male shortly after)
_ — = -

the only success story: southern white 1900: 50; 2006: 14,000

SIO15 2024: Topic 27 - Life and Mass Extinctions

Fieldwork in Kenya, 1988
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-v‘.;!\ ’\\*\\v _'.

Africa is last confinent with large animals; “richest” continent on the planetee

Fieldwork in Kenya, 1988

.... now giraffes are threatened ....

C mant Wi

14
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Fieldwork in Kenya, 1988

Samburu in N Kenya

-sustainable livestyle?
-can they teach us something22?

m Osprey
i “Fish

o :,’?:% B - — ‘_.‘ .»
¥
2 -no need to go to Africa for

awesome wildlife!
- freasure your local wildlife! Starfish

Sea Anemone

15
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A Smgle Person can moke a Dn‘ference
G RIS

’. PROJECT WILDLIFE

REHABILITATION . EDUCATION . CONSERVATION

Golden Eagle

G.%Jen Eagles are the national symbol of Mexico.
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IT's In Our Hands!

i AR AV T (R TR A
\ It's THEIR PLANET too .
even if ’rhey s’reol your opples cmd peoches

ol

2 Thanks for listening!
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