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Lecture 3:  
Evolution  

(geologically speaking) 

UNIVERSITY OF SOUTH ALABAMA 

Instructor: Dr. Douglas W. Haywick 



Today’s Agenda 
 

Evolution 
 

1) The early Earth (4.1 GA) 
2) The rise of the eukaryotes (2.0 GA) 
3) The Cambrian Explosion (550 MA) 

4) The Phanerozoic (550- 0 MA) 



Earth’s Early Atmosphere 

Today: 
N2= 78%; O2=21%; Ar=1%;  
H2O=variable; CO2=0.03% 

4.1 GA: 
N2; HCl; SO2; CO2; CH4; NH3; NO2; H2O 

NO…. O2 



Earth’s Early Atmosphere 

Venus 



The earliest life forms that we have found so far date back to 3.865 
GA and come from Western Australia 

0.001 mm 

Earth’s First Life Forms 



The Western Australia beasties 
were very “simple” single celled 
organisms like today’s bacteria  
 

= prokaryotes 

Earth’s First Life Forms 



How Did Life Get Started? 

 
 
 

 

1953: two very clever biochemists (Stanley Miller 
and Harold Urey) conducted some experiments 
that duplicated the composition of the Earth’s 
atmosphere 3 or 4 billion years ago. 
 
They added water (oceans), and electricity 
(lightning) and made it a closed system. 
 
The result…. Organic chemical reactions 



 
 
 

 

The products were 
amino acids, organic 
compounds containing –
NH2 and  
–COOH radicals. 
 
Amino acids are the 
building blocks of 
proteins and proteins are 
components of living 
cells. 
 
 



Archean Fossils (3.9+ GA) 

During the Archean, we saw 
the rise of diverse prokaryotes, 
“ate” CO2, N2, S, etc., but all 
were.... 
 
•Small 
•No nucleus 
•DNA spread throughout the 
cell 
•Asexual reproduction 
•Could only be single-celled, 
but colonies developed.... 



The Earliest “Visible” Fossils 

The earliest fossils that you can see in rocks are called 
stromatolites. They are colonies of photosynthetic prokaryotes 
called cyanobacteria. 
 

450 MA 
stromatolites from 
Newfoundland 



The Earliest “Visible” Fossils 

The oldest stromatolites 
date to 3.865 GA old in 
Western Australia. 
 
Up until the early 1900’s, 
geologists pretty much 
thought that stromatolites 
were extinct. 
 
But we found living ones 
in Western Australia 
(Shark Bay) 



Stromatolites 



Archean Fossils (3.9+ GA) 

During the Archean, we saw 
the rise of diverse prokaryotes, 
“ate” CO2, N2, S, etc., but all 
were.... 
 
•Small 
•No nucleus 
•DNA spread throughout the 
cell 
•Asexual reproduction 
•Could only be single-celled, 
but colonies developed.... 



Proterozoic Fossils (2.0 GA) 

During the Proterozoic, 
something wonderful happens: 
the rise of the eukaryotes: 
 
•Larger (>0.06 mm) 
•A nucleus and organelles 
•DNA contained within the 
nucleus 
•Sexual reproduction 
•Could be multi-celled 
(metazoans) 

http://waynesword.palomar.edu/lmexer1a.htm 



Proterozoic Fossils 

The first eukaryotes appeared around 2 GA. Acritarchs were 
small, single celled silica beasties that floated in the oceans 
(pelagic). They peaked in abundance at 750 MA and then went 
away.....maybe (dinoflaggelates) 

0.1mm 



Another big change in the Proterozoic was the appearance of 
the first Metazoans 

5 cm 

Proterozoic Fossils (600 MA) 



They are known as 
the Ediacarin Fauna 
 

http://www.cartage.org.lb/en/themes/Sciences 
http://www.snowballearth.org/end.html 

Proterozoic Fossils (600 MA) 



What were the 
Ediacarins? 
 
 

Three major “forms” 
 

http://www.cartage.org.lb/en/themes/Sciences 

Proterozoic Fossils (600 MA) 



What happened to 
them? 
 
1) a now extinct line 
of beasties 
 
2) ancestors to living 
phyla 
 
 
 

http://www.ucmp.berkeley.edu/vendian/kimberella.jpg 

Kimberella sp. 

Proterozoic Fossils (600 MA) 



Whatever they were, 
they “exploded” onto the 
scene immediately after 
the last major climatic 
oscillation (Snowball 
Earth) 
 

http://pharyngula.org/index/science/2004/08/ 

Proterozoic Fossils (600 MA) 



The Cambrian Explosion (550 MA)  

Not so much an explosion… 
 
  
…more of a shift… to hard 
body parts 

http://arjournals.annualreviews.org/na101/home/literatum/publisher/ 



The Cambrian Explosion (550 MA)  



The Cambrian Explosion (550 MA)  



The Burgess Shale (530 MA)  



Pikaia gracilens (phylum: Chordata) 

http://www.hao.ucar.edu/Public/models/pikaia/pikaia.gif 

The Burgess Shale (530 MA)  



Hallucigenia sparsa  
(phylum: Arthropoda) 

http://www.karencarr.com/Images/Gallery/2004_gallery_hallucigenia.jpg 

http://www.hrw.com/science/si-science/biology/animals/burgess/phallu.html 

The Burgess Shale (530 MA)  



Anomalocaris canadensis 
(phylum: Arthropoda?) 

(Proto-Arthropod; Problematica) 
http://www.search4dinosaurs.com/burgess_shale.jpg 

Limb 

The Burgess Shale (530 MA)  



http://home.earthlink.net/~airdpacoima/sitebuildercontent/sitebuilderpictures/burgess__s.jpg 

The Burgess Shale (530 MA)  



Phanerozoic Plants (420 MA) 

Terrestrial plant 
evolution 
apparently did not 
occur until the 
mid-Silurian 
 



The first land plants (Bryophytes) were very, very “simple”: non-vascular (they 
lacked water-conducting tissues). They include liverworts and mosses. 
 
       
 
 

 

Phanerozoic Plants (420 MA) 



A big evolutionary advance occurred with the development of a vascular stem   
(Tracheophytes). Water and minerals could be distributed throughout the plant. 
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Phanerozoic Plants (420 MA) 



The first leaves were almost welded onto the trunks of the plants (which now stood 
rather tall; e.g., Lepidodendron sp.).  They were called the “scale trees”.  
 
 Division: Lycopsida       
 
 

 

http://www.mnh.si.edu/highlight/fossil_scale_tree/ 

Phanerozoic Plants (400 MA) 



Leaves eventually started looking like leaves… needles first, like those of the 
modern horsetails or extinct genera like Calamites. 
 
 Division: Sphenopsida       

ht
tp

://
w

w
w

.m
us

eu
m

.st
at

e.
il.

us
/e

xh
ib

its
/m

az
on

_c
re

ek
/c

al
am

ite
s.h

tm
l 

http://www.notam02.no/~oyvindha/graphics.html 

Phanerozoic Plants (400 MA) 



The next division of plants is still abundant today. The “true ferns” have good leaf 
development that radiate from a central stem and reproduce via spores on the 
underside of the leaves. 
 
 Division: Pteropsida 
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Phanerozoic Plants (375 MA) 



A huge division of plants that reproduce via seeds are  the “gymnosperms” (Division: 
Pinophyta). They all reproduce by seeds. 
 

•Pteridospermophyta (the seed ferns) 
•Pinopsida (the conifers)  

•Cycadopsida (the cycads) 
•Ginkgopsida (the ginkgos)   

       

Ginkgo leaves (USA Campus) Sago palm (cycad) 

Phanerozoic Plants (360 MA) 



Last Division…. The most dominant group of plants on the Earth today (Division: 
Magnoliophyta). AKA the Angiosperms.  
 

•flowers and pollen 
•Encased seeds 

  
       

Phanerozoic Plants (150 MA) 



Vertebrate Evolution (400 MA) 

But like the plants, the diversity of the fish really exploded once we hit the 
Devonian (also called the Age of the Fishes) 
 

       

Age of the Plants and  
Age of the Fishes 



Vertebrate Evolution 

But like the plants, the diversity of the fish really exploded once we hit the 
Devonian (also called the Age of the Fishes) 
 

       Phylum: Chordata 
 Sub-Phylum: Vertebrata 
      Class: Agnatha (jawless fish, lampreys etc.); Camb-Recent (D) 
   



Vertebrate Evolution 

But like the plants, the diversity of the fish really exploded once we hit the 
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  Acanthodii (spiny sharks); O-P (M-P) 
   



Vertebrate Evolution 

But like the plants, the diversity of the fish really exploded once we hit the 
Devonian (also called the Age of the Fishes) 
 

       Phylum: Chordata 
 Sub-Phylum: Vertebrata 
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Vertebrate Evolution 

But like the plants, the diversity of the fish really exploded once we hit the 
Devonian (also called the Age of the Fishes) 
 

       
Phylum: Chordata 
 Sub-Phylum: Vertebrata 
      Class: Agnatha (jawless fish, lampreys etc.); Camb-Recent (D) 
  Acanthodii (spiny sharks); O-P (M-P) 
  Placodermi (armored jawed fish); S-M (D) 
  Chondrichthyes (sharks, rays, skates); S-Recent (J-Recent) 
   

http://www.datenbank-europa.de 
Megaladon sp. 



Vertebrate Evolution 

But like the plants, the diversity of the fish really exploded once we hit the 
Devonian (also called the Age of the Fishes) 
 

       Phylum: Chordata 
 Sub-Phylum: Vertebrata 
 Class: Agnatha (jawless fish, lampreys etc.); Camb-Recent (D) 
 Acanthodii (spiny sharks); O-P (M-P) 
 Placodermi (armored jawed fish); S-M (D) 
 Chondrichthyes (sharks, rays, skates); S-Recent  
 Osteichthyes (boney fish); D-Recent (J-Recent) 
 
 
   



Vertebrate Evolution 

Subclasses of Osteichthyes 



Vertebrate Evolution 

Ray-finned Osteichthyes Lobe-finned Osteichthyes 

Consider the plight of fish in an increasingly hostile and dangerous place; the oceans 



Vertebrate Evolution 

The first “fish” to cross over on to land 
needed to have strong “legs”. But they took 
their life style with them (thin porous skin, 
reproduction by “naked” eggs laid in water). 
 
 
   

An early tetrapod 



Vertebrate Evolution 

A classic missing link fossil was found in 2010 
in northern Canada (Tiktaalik roseae). It shares 
features of both fish and amphibians. 
 
   



Vertebrate Evolution 

Amphibians were very successful in the wet world of 400 – 300 MA), but 
the climate got drier after 300 MA Dehydration was a problem. 
 
•Tighter waterproof skin 
•Encased (amniotic) eggs 
 
 
   

http://kentsimmons.uwinnipeg.ca/16cm05/1116/34-19-AmnioticEgg-L.gif 



Vertebrate Evolution 
Reptiles really took off in numbers after 
about 245 MA 
 
And they did quite well on the Earth, 
especially during the Mesozoic (Age of the 
Reptiles) 
 
   



Reptile 
Evolution 

Quadrupeds 

Bipeds 



Reptile 
Evolution 



Reptile 
Evolution 



The K-T extinction 
event is widely 
believed to have been 
the result of an 
asteroid impact in the 
Yucatan Peninsula  

End of the Dinosaurs (65 MA) 



Mammal Evolution (200 MA) 

Meet one of your earliest ancestors. 
It evolved from a group of mammal-
like reptiles (therapsids) that 
appeared in the Triassic, but they 
didn’t take off in numbers until the 
start of the Cenozoic 
 
 
   



Mammal Evolution 

All Mammals share the following common 
characteristics: 
 

•Fur 
•Mammary glands 
•Mostly live birth 

 
   



Mammal 
Evolution 



 Evolution 



Next Time 
 

Evolution (2001) 
 

Movie Discussion 
 

Think about how the film 
portrayed science, scientists and 

the concept of evolution 
 
 



ES 492: Science in the Movies 

Lecture 3: Evolution 
 

Instructor: Dr. Doug Haywick 
dhaywick@southalabama.edu.edu 

 
 

This is a free open access lecture, but not for commercial  purposes.  
For personal use only.  
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