
GY 112: Earth History 

Lecture 14/15: Evolution 

Instructor: Dr. Douglas W. Haywick 

UNIVERSITY OF SOUTH ALABAMA 



Last Time 

1) Linne (the Linnaean System) 
2) Taxonomy ordering 

3) Some examples (important beasties you will see in GY 112L)  
 

(Web Lecture 12) 



Taxonomy 

Yet another clever thinker! Carl von Linne 
(1707-1778) was Swedish naturalist who tried 
to make sense of the biological world around 
him. 
 
Consider the problem of naming beasties.  

“Green Mussels”, nice 
steamed in white 
wine/butter sauce. 
 



Taxonomy 

Linne realized that there had to be some 
structure in naming beasties. He proposed one. 
 
The Linnaean System:  a binomial classification 
scheme based on Latin names. 
 

PEI Green Mussels = Perna viridis  
 

                                                 Genus    Species 



Taxonomy 

All are members of the  
Animalia (Animal) Kingdom 

Phylum Class Order Family Genus Species 

Chordata Mammalia Carnivora Felidae Felis catus 

Silvestris 
(wildcat) 

Panthera tigris (tiger) 

leo (lion)  

onca (jaguar) 

pardus 
(leopard) 

Acinonyx jubatus (cheetah) 

Canidae Canis familiaris (dog) 

lupis (wolf) 

adjustus (jackal) 

latrans (coyote) 

Urocyon cinereoargenteus 
(Grey Fox) 

Primates Monkeys 
Humans, etc 

Rodentia Squirrels 
Mices 

Rats etc. 

Aves (birds) 

Reptilia 

Mollusca 

Arthropoda 

Annelida 



Taxonomy 

Kingdom Phylum Class Order Family Genus Species 

Largest Grouping                                                                      Smallest Grouping 

Domain 

Domain Kingdom 

Eukarya Animalia (animals) 

Plantae (plants) 

Fungi  

Protista (single-celled) 

Bacteria Protobacteria, 
Cyanobacteria 

Archaea Euryarchaeota, 
Crenarchaeota 

But over the years, 
we identified more 
and more beasties 
requiring constant 
revisions, including 
an even larger 
division… the 
Domain  



Taxonomy 

Kingdom Phylum Class Order Family Genus Species 

Largest Grouping                                                                      Smallest Grouping 

Double 
Ouch! 

And still the biologists continue to  revise the system! 



Taxonomy Responsibilities 
 
 

Phylum 

Sub-Phylum Class/subclass Order 

Porifera 

Cnidaria Class: Anthozoa 
    Subclass: Zoantharia 
    Subclass: Tabulata 
    Subclass: Rugosa 

Bryozoa 

Brachiopoda 

Arthropoda Subphylum: Trilobita 

Mollusca      Class: Gastropoda 
Class: Bivalvia 
Class: Cephalopoda 

 
 
Order: Nautiloidea 
Order: Ammonoidea 
Order: Belemnoidea 

Echinodermata Class: Echinoidea 
Class: Crinoidea 

Hemichordata 

Chordata Subphylum: Vertebrata 
   

  Class: Reptilia 
  Class: Mammalia 



Today 
Evolution 1: the origins of life  
1) The Earth 3.9 billion years ago 
2) The first Organic Reactions? 

3) The First Life Forms 
 

(Web Lectures 14 & 15) 

Evolution 2: How it works 
1) Definition of Evolution 

2) Darwin's law of natural selection (gradualism, punctuated equilibria) 
3) Examples of evolutionary development  



The Disclaimer 

There is no more single controversial topic in Alabama than evolution (that and which football 
team (Alabama or Auburn) is better). Everyone has their own beliefs and feelings about where 
we came from and how life first started on this planet. We are stronger people when we respect 
each other’s beliefs. In this class, we are interested in Science’s understanding of how things 
work. Scientists (and I’ve mentioned this many times already), must forever remain skeptical 
about everyday occurrences. They must constantly test their hypotheses and ideas about how 
things work. If an idea survives a test, that idea is retained. If it fails, it is abandoned or 
modified to better fit observations. Like life itself, scientific reasoning is a matter of survival 
of the fittest (ideas). Science and religion will never be totally in sync. Scientific hypotheses 
must be testable; religious beliefs relies on faith alone. I say - why bother relating the two 
together at all? I like apples and oranges, but I don’t try to equate the two of them together 
(flavor- wise). Sometimes my needs are met by an orange. Sometimes I need an apple. 
 
GY 112 is a science course and as such, you need to understand the scientific ideas concerning 
evolution. You don’t need to believe in evolution, but you do have to understand the scientific 
rationale behind the concept. 
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Evolution - The Origins of  Life 

Recall the origins of the solar system… 
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Evolution - The Origins of  Life 

Recall the origins of the solar system… 

•4.6 billion years ago from the remains of a supernova 
•Probably hot accretion 
•The young sun was likely bluer in color and rather “cool”. 
•Intense UV radiation. 



 
 
 

 

Evolution - The Origins of  Life 

Now, what about the Earth?  

Cool sun = cold (frozen?) Earth 
 
But strong evidence suggests that the Earth had an ocean 
4.1 Billion years ago. HOW? 



Earth’s Early Atmosphere 

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

How do we know? 
 



Earth’s Early Atmosphere 

Volcanic eruptions 



Earth’s Early Atmosphere 

Venus 



Earth’s Early Atmosphere 

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



Earth’s Early Atmosphere 

As you will soon see, oxygen was gradually added to the Earth’s 
atmosphere and CO2 was removed over the span of a couple billion 
years.  
 
The sun’s evolution from a “cool” blue to “warm” yellow star 
occurred simultaneously with the change in Earth’s atmosphere.  

Bright Blue Star                                   Dull Yellow Star 



Earth’s First Life Forms 

This is good…. 
 
… otherwise we’d be like Venus and life as we know it would not 
exist on the Earth 



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. 
 
 



 
 
 

 

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. 
 
 
 

But Urey and 
Miller did NOT 

make life. 
 
 



 
 
 

 

Later, Sidney Fox 
modified the 
experiment. He added 
phosphate to the “ocean 
reservoir” which made 
the amino acids close up 
into circular structures 
called microspheres. 
 
Microspheres look a lot 
like the earliest 
prokaryotic fossils.  
 



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 earliest fossils that you can see in rocks are called 
stromatolites. They are colonies of photosynthetic prokaryotes 
called cyanobacteria. 
 
Up until a few decades ago, the oldest stromatolites were thought 
to be in rocks 2.1 billion years old near Lake Superior. 
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But the Aussies have 
found some 3.865 GA 
old in Western Australia. 
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The Earliest “Visible” Fossils 
But the Aussies have 
found some 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 
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Stromatolites 

Stromatolites come in many shapes and sizes, but they are all thought to grow 
in the same fashion 
 
 



Stromatolites 

Stromatolites grow on a day night cycle. During the day, cyanobacteria grow. At 
night, sediment covers the organisms. Alternations produce the classic layering 
that defines the stromatolites. 
 



Part 2: 
The Origins of Evolutionary Theory 



The Origins of Evolutionary Theory 

Important Definitions: 
 
Evolution: the transgenerational 
variation that occurs when social or 
biological forms adapt to their 
environment. 
 



Important Definitions: 
 
Involution: When organisms do not seem to outwardly change, despite 
modifications in their environments 
 

Examples include the horseshoe crab, dragon flies, mosquitoes and 
Lingula (pictured above) 

The Origins of Evolutionary Theory 



The most important concept of the theory of evolution is that 
organisms that are best suited to their environment or niche 
will have a competitive advantage over those less well suited.  
 

Survival of the fittest.  
 

The Origins of Evolutionary Theory 



An example of survival of the fittest but not really evolution… unless the 
advantage is something that can be passed to future generations  

 

Time 
1 

Time 
3 

Time 
2 

Species A 

Species B 

Both eat the 
same stuff, 

but… 
Species A breeds faster 

After a while, Species A 
dominates the niche and… 

Eventually, Species B is driven 
into extinction  



How does evolution work? 

 
 
 

 

Austrian Monk Gregor Mendel (1822-1884) experimented 
with peas in his garden and through his work, he made 
2 important observations about evolutionary changes 
(these are now considered biological principles): 
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Austrian Monk Gregor Mendel (1822-1884) experimented 
with peas in his garden and through his work, he made 
2 important observations about evolutionary changes 
(these are now considered biological principles): 

 
1) Principle of segregation  which states that genetically 

inherited features are passed on as separate, discrete 
units. They do not blend together. Today we call these 
units genes. 

 
2)   Principle of independent assortment which states that 

genetic traits are inherited independently. Chance and 
chance alone determines which combinations of genes 
will be transmitted from parent to offspring. 



How does evolution work? 
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Evolutionary change can proceed via one of two pathways… 
 
1) In a series of relatively sudden distinct steps (Punctuated Equilibria) 

Or 

Punctuated Equilibria  

Common   Ancestor  



How does evolution work? 

 
 
 

 

Evolutionary change can proceed via one of two pathways… 
 
1) In a series of relatively sudden distinct steps (Punctuated Equilibria) 

Or 
2)  In a more or less continuous sequence (Gradualism). 

Punctuated Equilibria  

Common   Ancestor  

Gradualism 

Common   Ancestor  



How does evolution work? 

 
 
 

 

Evolutionary change can proceed via one of two pathways… 



How does evolution work? 

 
 
 

 

Evolution of the horse, an example of gradualism  
 



Today’s Homework 
1) Download and read web notes 14, 15 
2) Time Chart 1 due in 2 week’s time                                 

(info will be given out after  next Tuesday’s lecture) 

Next Time 
 

Lecture: Archean Geology (Lecture 16) 



GY 112: Earth History 

Lectures 14 & 15: Evolution 
 

Instructor: Dr. Doug Haywick 
dhaywick@southalabama.edu 

 
 

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