
Unit 6



Science & Evolution
Empirical evidence is acquired by observation and experimentation and must be 
the same regardless of who is seeing it.  Quantitative vs Qualitative.

Evolutionary mechanisms, such as natural selection, are based on empirical 
evidence.

Science uses empirical evidence but is a human endeavor that lends itself to 
subjectivity, creativity, & discovery.  Data can be presented selectively or in 
different ways to support a hypothesis or not.  



Basics
A theory is an explanation of observations or events in nature.  Answers “how” or 
“why” something happens.

A law is a statement or equation that predicts patterns in nature or a universal 
concept.  Answers “what” happens.

Evolution is the cumulative change in heritable characteristics of a population.  It is 
a scientific theory with empirical evidence from multiple sources over time, 
observation, and testing.

Natural selection is a mechanism for evolution.  



Scientific Argumentation

Process that scientists use to guide research.  

Consists of people disagreeing about scientific 
claims and using empirical evidence to support 
their arguments.



Origins
All life on Earth is composed of the same basic elements.

Remember that according to the Cell Theory, all cells come from pre-existing cells.

Many experiments conducted and theories derived to explain the FIRST cell’s 
origin.

- Alexander Oparin

- Stanley Miller & Harold Urey

- Sidney Fox



Oparin’s Theory
Earth developed through gradual 
chemical evolution of carbon-based 
molecules in a “primordial soup”.

During a period when the atmosphere 
lacked oxygen.  Lightening & electric 
discharges (UV light) created organic 
molecules in the atmosphere that 
rained down into the oceans.



Miller and Urey Experiment

● Created experiment to test Oparin’s Theory.

● Added electrical discharges to simulate “lightning” for energy

● Organic molecules (amino acids) were then found in the “soup” produced 
by the experiment. 

● This led to later similar experiments that produced adenine (present in 
DNA, RNA, and ATP)





Sydney Fox
Formation of protocells.  

a structure enclosed in a membrane that carries out some life activities such 
as growth and division, but WERE NOT alive.

Occurred when amino acids were heated and proteins formed.



Endosymbiosis
● Some eukaryotic organelles developed 

from prokaryotes.
● Mitochondria and chloroplasts share 

several characteristics with aerobic 
bacteria and cyanobacteria, 
respectively, so it is believed that they 
once were prokaryotes that were 
engulfed by endocytosis.  They were 
not digested but became an organelle 
of eukaryotes.

○ They have their own smaller 70S 
ribosomes 

○ They have circular DNA
○ Replicate themselves by binary 

fission
The ability to produce organic molecules 
through photosynthesis and make ATP 
were valuable characteristics.



Recurring Themes of Evolution
● Variation is necessary.  Without variation, there is nothing to “select” from.  

Environmental changes would lead to more frequent extinctions

● Adaptations increase fitness which is an organism’s ability to survive & 
reproduce

● Populations evolve, not individuals

● Traits are heritable, influenced by genes, and passed from parent to offspring

● Advantageous alleles becomes more common in a population

● Natural selection is a mechanism that results in changes in allele frequency



1.  Mutations are the original source of new 
alleles.  This makes the gene pool greater.

2.  Recombination by independent assortment 
and crossing-over during Meiosis.

 Independent assortment leads to new 
combinations of chromosomes and 
crossing-over leads to new combinations 
of alleles.

Sexual reproduction promotes variation with a 
combination of alleles from two different 
individuals.  Mutations can be brought together.

Variation Arises from Mutation 
and Genetic Recombination



Natural Selection is a Mechanism for Evolution
● Adaptations are characteristics developed by natural selection that 

make an individual more suited to its environment. 
● Species show variation.  More so in sexually reproducing species.
● The mutations and recombinations give certain members of the 

population an advantage and enable them to live longer, have more 
offspring, and pass the characteristic to their offspring.  Inheritance of 
the adaptation gives them a greater chance of also surviving and 
reproducing.

● There is a progressive change as useful characteristics/ alleles 
increase in frequency while less useful ones decrease in frequency.

● This results in a cumulative change in heritable characteristics of a 
population or evolution.  



Speciation
Formation of a new species from 
an existing population.

Involves reproductive isolation.  A 
portion of the population does not 
reproduce with the rest and allele 
frequency changes to the point of 
becoming a new species that 
cannot reproduce with the original 
population.



Gene Flow vs Genetic Drift
Gene Flow

Genes/ alleles going from one 
population to another due to 
migration or isolation (separated from 
original population).

Increases variation by adding new 
alleles and keeps populations similar.

Genetic Drift

Altering allele frequency within a 
population due to random sampling/ 
mating or chance event.

Founder effect and bottleneck effect



Bottleneck EffectFounder Effect





Non-Random Mating & Sexual Selection
Most animals do not mate 
randomly.  There are certain 
characteristics one looks for in a 
mate.  This is referred to as 
sexual selection.

Sexual selection leads to an 
increase of these alleles in the 
population.  



Fossils

• Fossils have been found in the 
different layers of Earth in the 
sequence they would be 
expected to evolve.  Bacteria 
then algae, then fungi, etc.

• Able to link existing forms of 
organisms with their likely 
ancestors. 



Pace of Evolution
•Gradualism is the slow change from 
one form to another.  These stable 
conditions lead to low levels of natural 
selection making it a long, gradual 
process.

•Punctuated Equilibrium implies 
long periods without much change 
and short periods of fast changes.  
Mass extinction promotes rapid 
change and new species.

•volcanic eruption
•meteor impact causing sudden climatic 
environmental changes



Comparative Anatomy
Similar structures shared by multiple 
species show similar genes at work and 
indicates a common ancestor.  These 
structures may have different functions 
based on changes and adaptations to 
different environments (adaptive 
radiation).  

These are called homologous 
structures. 

A classic example is the pentadactyl 
limb.  



Comparative Anatomy
Some species have different structures 
that serve a similar function to other 
species.  This indicates they have 
different genes that are adapted to 
similar environments from uncommon 
ancestors.

These are called analogous 
structures. 



Comparative Anatomy



Embryology
Comparing similarities to developing embryos shows similar genes at work up to a point 
where they begin to express different genes and develop into the different species.



Molecular Clocks

○ Use mutation rates in DNA to estimate the time that two species 
separated evolutionarily.

○ Mutations in DNA that do not result in a change to the phenotype 
occur in different species at about the same rate.

○ By comparing these mutations between two species, researchers can 
estimate how closely related they are.

-More differences = more time since they shared a common 
ancestor





Jaw Size
•

–

•

–

Change in jaw size occured with the change of diet.  Raw roots required larger jaws and 
teeth.  Cooked meat gave way to smaller jaws and teeth.

Human Evolution



•

•

•

•

•

With increased brain size came use of tools, language, social 
interactions, & culture 

Human Evolution



Brain Complexity
Human Evolution



Human Evolution



Opposable Thumb for Tools
The best throwers and clubbers in a community would 
rise in the male dominance hierarchy and thereby obtain
more breeding opportunities. 
Use of rocks or clubs would provide an advantage in 
territorial hostilities with unarmed members of
the species, yielding improved access to food and
breeding females, which promote reproductive success. 

Human Evolution

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1571064/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1571064/

