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SIO15 2024: Topic 27 - Life and Mass Extinctions

Lecture 27: Life and Mass Extinctions

there is no cumulative final exam next Friday!

Last for-credit test on Monday (opens Saturday noon).
Please also participate in the anonymous survey on Canvas.

SIO15 2024: Topic 27 - Life and Mass Extinctions source: SD UNION TRIBUNE



12/6/24

2

SIO15 2024: Topic 27 - Life and Mass Extinctions source: SD UNION TRIBUNE

SIO15 2024: Topic 27 - Life and Mass Extinctions to get info on tsunami -> tsunami.gov

NEIC: National Earthquake Information Center - USGS
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NEIC: National Earthquake Information Center - USGS

SIO15 2024: Topic 27 - Life and Mass Extinctions source: USGS

https://earthquake.usgs.gov/earthquakes/eventpage/nc75095651/executive
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Need Special Conditions to Favor Life

Astronomy:
right distance from star
right orbital parameters

biochemistry/physics:
Traces of CH4, NH3, H2, H2O
energy (lightning)/liquid

Image: NASA
2010 news piece on habitable planets in other star systems;
found by Jeremy George, SIO15 student

Artist’s rendering; source: NSF

climate
a liquid

amino acids

SIO15 2024: Topic 27 - Life and Mass Extinctions

Timeline of Most Simple Life Forms

Ø 4.5 billion years ago: birth of Solar System/Earth
.... cooling …. (100-500 M years -> water) 

Ø 4.0 billion years ago +/-: Archaeobacteria; Eubacteria
Ø 3.5 billion years ago +/-: cyanobacteria 
Ø 2.0 billion years ago +/-: Eukaryotes (single-cell at the time)

- Earth lifeless for 1st 500M – 1B years (too hot for liquid H2O)
- Life in the following 2 billion years: bacteria!
- no O2 in atmosphere in 1st billion years (or even 1.5 billion?)
-> Early Life mainly in the oceans/water!

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

Eukaryotes:
cell organisms

Prokaryotes:
bacteria

Animals; Plants; Fungi developed late on Earth !!! 

S
O
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Essentials of Life: Photosynthesis, Respiration

Chemisynthesis: 
• H2S instead of H2O
• S-based metabolism
• oxygen intolerant
• e.g. Archaeobacteria

Photosynthesis:
• use CO2, H2O
• produce O2
• O-based metabolism 

O-based metabolism more rapid and efficient than S-based

SIO15 2024: Topic 27 - Life and Mass Extinctions

Oxygen: The Reason for Life as we Know it

Photosynthesis, 
the most important O2 producer on Earth.

if photosynthesis stopped, 
atmosphere would lose all of its O2 in 6 Mio yrs
(used up by volcanism + weathering)

from ocean phytoplankton: 50-67% 
(perhaps up to 80%?)
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Oxygen in the Atmosphere

Cambrian Explosion of Life

before 2 Billion years ago: 
< 1% O2

~ 2 billion years ago: 
- tremendous increase in O2
- formation of protective Ozone layer
- Eukaryotes
- live on land

cyanobacteria

SIO15 2024: Topic 27 - Life and Mass Extinctions

Evolution of Life and the Geologic Time Scale

- 670 Mio yrs:      oldest 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)

- 1.5 Mio yrs:       Homo Sapiens

No new lineages 
since Cambrian

² evolution through natural selection
and adaptation

² need large enough gene pool for
survival (preserve traits)/to adapt

BUT 
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Fossils and the Evolution of Life

• Changes to species through adaptation/survival of the “fittest”
• Natural selection is not a random process!

THE EVOLUTION OF WHALES FROM LAND MAMMALS

whatever this may mean

SIO15 2024: Topic 27 - Life and Mass Extinctions

Carboniferous (350-290 Mio yrs)
-cool climate
- Pangaea formed
- worldwide coal deposits
- first tetrapods
- reptiles

Horsetail 12in/30cmDragonfly

Whitetip Shark (OldakQuill, wikipedia)
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Cretaceous
Supersaurus; 30m/100ft
Seismosaurus: 36m/120ft

Late Cretaceous
Tyrannosaurus Rex

- dinosaurs
- mammals

Triassic, Jurassic, Cretaceous (250 - 65 Mio yrs)

SIO15 2024: Topic 27 - Life and Mass Extinctions

What are Mass Extinctions?

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

Extinction: 
so many individuals die that reproduction fails

Mass extinction: 
all of one or more species die suddenly or within rel. short time
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Geologic Timescale - Periods

Fossil records define
geologic era/period

source: Australian Environmental Education/normaals

multi-species extinction 
-> new period

Earth has seen 
5 major extinctions

SIO15 2024: Topic 27 - Life and Mass Extinctions

The Five Major Mass Extinctions: Causes

- bolides
- flood basalts
- sea level changes
- sea floor spreading
- plate tectonics
- ocean processes
- release of methane
- new predator,

competitor,
disease

- climate change

Cretaceous

Ordovician

Triassic

Permian

Devonian

magnetic field
reversals do not 
cause mass extinctions
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K-T Boundary (65 Mio yrs)
Cretaceous: 142 - 65 Mio yrs; 
Tertiary: 65 - 2.6 Mio yrs

Øcooling
Ødemise of dinosaurs
Ørise of mammals
Øworldwide Iridium layer

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

SIO15 2024: Topic 27 - Life and Mass Extinctions

Permian (290 - 250 Mio yrs)

Earth’s largest mass extinction :  
• 90% of all species 
• 63% tetrapods
• 60% marine life
• major loss in coral reefs

CAUSE:
global warming at end of Permian
Øsea level drop exposed reefs? NO!
Øtraces of ocean impact?? gone!
ØSiberian flood basalts ??
Ømassive release of Methane?

- warming/cooling
- change in precipitation
- cooler climates typically drier
- climate change brings stress/diseases

existence of Pangaea: 330-200 Mio years ago

in cold climates, CH4 locked in methane ice lenses (clathrates)
warming melts these lenses, releasing the CH4

climate change as cause for extinctions in general
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Did not Survive the Last Ice Ages 

- woolly mammoths
- mastodons
- woolly rhinos
- giant sloths
- musk oxen
- saber-toothed tigers
- giant reindeer
- scrats

80 mammoths to make 1 yurt

CAUSES
- climate change
- habitat change
- humans

some 10,000 yrs ago
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ONGOING: The Sixth Mass Extinction?

Flightless Birds 
- Madagascar (3.4m/11ft) 
- New Zealand (MOA: 4m/13ft;

discovered 1300; extinct 1445)

DODO: Mauritius 
discovered 1598
extinct 1681

Hawaiian birds
highly endangered due to:
• cats
• mongooses
introduced by humans

became posterchild
for human-caused extinction
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* natural causes:
- climate change
- interruption of the food chain
- new predator
- disease
- habitat loss

* human induced (willfully or not):
- climate change
- interruption of the food chain
- introduction of predators
- introduction of disease/poison
- habitat destruction/deforestation

Source: wikipedia

What causes Extinctions?

“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

- flightless bird
- 40 year life-span
- burrowing- only bird with nostrils
(sniffs worms)

- nocturnal
- very vulnerable to predators
(95% chicks killed by cats, dogs, ferrets)

- 1000 yrs ago: 12 mio
- 1811: discovered
- 1923: 5 mio
- 1990s: 70,000
- 2010: 0? (in wild)
- gone on North Island (BBC)

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

Endangered: Kiwi – New Zealand’s National Bird 
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Critically Endangered: The Black Rhino

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

Photo: U.S. Fish and Wildlife Services

-1900: several 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)

ancestors around for
50 Mio yrs!

SIO15 2024: Topic 27 - Life and Mass Extinctions

Fieldwork in Kenya, 1988
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SIO15 2024: Topic 27 - Life and Mass ExtinctionsAfrica is last continent with large animals; “richest” continent on the planet??

Fieldwork in Kenya, 1988

SIO15 2024: Topic 27 - Life and Mass Extinctions

…. now giraffes are threatened ….

Fieldwork in Kenya, 1988
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Samburu in N Kenya

-sustainable livestyle?
-can they teach us something???

Fieldwork in Kenya, 1988

SIO15 2024: Topic 27 - Life and Mass Extinctions

Osprey 
“Fish 
Hawk”

Sea Anemone Starfish

-no need to go to Africa for
awesome wildlife!

- treasure your local wildlife!

Beachwalk Nov 2005 (and 2018 and 2023!)
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A Single Person can make a Difference

SIO15 2024: Topic 27 - Life and Mass Extinctions

It’s In Our Hands!

Thanks for listening!

It’s THEIR PLANET too …
… even if they steal your apples and peaches …


