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Which of the following is true? 
 
A. Evolution has never been observed. 
B. Evolution violates the second law of thermodynamics. 
C. There are no transitional fossils. 
D. The theory of evolution says that life originated, and 

evolution proceeds, by random chance. 
E. Evolution is a theory; it hasn't been proved. 



The two basic principles of Biology 
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Material basis 
All life processes have an entirely physical and chemical basis 

 
Evolution 

All organisms and their characteristics are products of evolution 



5ŀǊǿƛƴΩǎ ǇƭŀŎŜ ŀƳƻƴƎ ǘƘŜ ƎǊŜŀǘ 
scientists 
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MIT, USA 



The incredible diversity of life 
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Life contains >10,000,000 species 
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Here is one of them for example: an Amazonian nematode makes infected ants swell up 
to resemble bright red berries, which entices birds to eat them and then spread the 
nematodes around the jungle 

ant 

infected ant 
(birds eat them mistaking 
them for berries) 

ά¦ƴƭƛƪŜ ƘŜŀƭǘƘȅ ŀƴǘǎΣ ǿƘƛŎƘ ŀǊŜ ŎƻƳǇƭŜǘŜƭȅ ōƭŀŎƪΣ ƛƴŦŜŎǘŜŘ ŀƴǘǎ ƘŀǾŜ ōǊƛƎƘǘ ǊŜŘΣ ōŜǊǊȅ-like gasters 
full of parasite eggs... This combination of changes presumably makes the infected ants attractive 
to frugivorous birds, which ingest the red gasters and pass the parasite eggs in their feces. The 
ŦŜŎŜǎ ŀǊŜ ŎƻƭƭŜŎǘŜŘ ōȅ ŀƴǘǎ ŀƴŘ ŦŜŘ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇƛƴƎ ōǊƻƻŘΣ ǘƘǳǎ ŎƻƳǇƭŜǘƛƴƎ ǘƘŜ ŎȅŎƭŜΦέ 

Yanoviak et al. Am Nat. 2008Σ ŀƭǎƻ ŘŜǎŎǊƛōŜŘ ƛƴ /ƻȅƴŜΨǎ 2009 book 5 



Perception is not always reality 
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http://www.indiana.edu/~ensiweb/lessons/unt.n.s.html 



Some natural illusions of past and present 
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We are the center of the universe 
Stars are on the surface of a dome... our sky 

Earth is closer to the Sun in Summer 
The Sun moves around the Earth 

The Earth is not moving 
The Earth is flat 

Earthquakes 
Lightning 
Rainbows 
Eclipses 
Mirages 

Fire 
Flying Saucers 

Light travels instantaneously 
Floods, Hurricanes, Tornadoes 

Species are fixed and unchanging 
All organisms are perfectly adapted 

Disease, Plagues, Birth Defects 
Eyes are perfect little cameras 

We are individual beings 
All matter is solid 

 



ά¢ƘŜ DŀƳŜ ƻŦ [ƛŦŜέ ōȅ /ƻƴǿŀȅ 
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The Rules 
For a space that is 'populated': 
Å Each cell with one or no neighbors dies, as if by loneliness. 
Å Each cell with four or more neighbors dies, as if by 

overpopulation. 
Å Each cell with two or three neighbors survives. 
CƻǊ ŀ ǎǇŀŎŜ ǘƘŀǘ ƛǎ ϥŜƳǇǘȅϥ ƻǊ ϥǳƴǇƻǇǳƭŀǘŜŘΩΥ 
Å Each cell with three neighbors becomes populated. 

http://ddi.cs.uni-potsdam.de/HyFISCH/Produzieren/lis_projekt/proj_gamelife/ConwayScientificAmerican.htm 

This game became widely known when it 
was mentioned in an article published by 
Scientific American in 1970. It consists of 
a collection of cells which, based on a few 
mathematical rules, can live, die or 
multiply. Depending on the initial 
conditions, the cells form various patterns 
throughout the course of the game. 
http://www.bitstorm.org/gameoflife/ 
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tƭŀȅ Ψ[ƛŦŜΩ ƘŜǊŜΥ ƘǘǘǇΥκκǿǿǿΦōƛǘǎǘƻǊƳΦƻǊƎκƎŀƳŜƻŦƭƛŦŜκ 
9 

ά¢ƘŜ DŀƳŜ ƻŦ [ƛŦŜέ ōȅ /ƻƴǿŀȅ 



What are the rules of Earthly life?  
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άLǘ ƛǎ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ ŎƻƴǘŜƳǇƭŀǘŜ ŀƴ ŜƴǘŀƴƎƭŜŘ ōŀƴƪΣ ŎƭƻǘƘŜŘ ǿƛǘƘ Ƴŀƴȅ 
plants of many kinds, with birds singing on the bushes, with various insects 
flitting about, and with worms crawling through the damp earth, and to 
reflect that these elaborately constructed forms, so different from each 
other, and dependent on each other in so complex a manner, have all been 
produced by laws acting around us.  
 
These laws [...] lead to a Struggle for Life, and as a consequence to Natural 
Selection, entailing Divergence of Character and the Extinction of less-
improved forms. Thus, from the war of nature, from famine and death, the 
most exalted object which we are capable of conceiving, namely, the 
production of the higher animals, directly follows.  
 
[continued in the last slide of this presentation] 
 
5ŀǊǿƛƴΣ Ŧƛƴŀƭ ǎŜƴǘŜƴŎŜǎ ƻŦ άhƴ ǘƘŜ hǊƛƎƛƴ ƻŦ {ǇŜŎƛŜǎέ 1859 
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Aristotle (384-322 B.C.E.) and the 
Great Chain of Being 
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The Great Chain of Being 

Fixed Species  
Hierarchy of complexity 
Intelligent designer 
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Evolution before Darwin 
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Å Past Ideas of Inheritance and the Origin of Species Were 
Fundamentally Different from Ours 

Å 17th century: Mechanical Explanations of the World Did Not Lead to 
an Understanding of Evolution 

Å 18th century: The New Science of Geology Revealed an Old and 
Changing Earth 

Å 19th century: Fossils Played a Crucial Part in the Development of 
Geology 

Å Diverse Ideas on Evolution Emerged in the Years before Darwin 
Å After 1800, the Western Belief in Progress Strengthened as the Pace 

of Economic and Technological Change Accelerated 
 
 



William Paley (1743-1805) and the 
argument for design 
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http://www.ucmp.berkeley.edu/history/paley.html

The argument from design 
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Jean-Baptiste Lamarck (1744-1829) 
and his theory of evolution 

Theory of transmutation - Philosophie Zoologique (1809) 

Species are in a constant state of advancement  
Mechanism for change: 

1ύ άƛƴǘŜǊƴŀƭ ŦƻǊŎŜέ  
2) inheritance of acquired characteristics 
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principle of  
spontaneous generation 

http://www.unbf.ca/psychology/likely/evolution/evolution2.htm 

branching hierarchy  
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Jean-Baptiste Lamarck (1744-1829) 
Theory of transmutation - Philosophie Zoologique (1809) 



The Voyage of the Beagle (1831-1836) 

Galapagos Islands 

 έ²I9b ƻƴ ōƻŀǊŘ IΦaΦ{Φ ϥ.ŜŀƎƭŜΣϥ ŀǎ ƴŀǘǳǊŀƭƛǎǘΣ L ǿŀǎ 
much struck with certain facts in the distribution of the 
inhabitants of South America, and in the geological 
relations of the present to the past inhabitants of that 
continent. These facts seemed to me to throw some light 
on the origin of species - that mystery of mysteries, as it 
Ƙŀǎ ōŜŜƴ ŎŀƭƭŜŘ ōȅ ƻƴŜ ƻŦ ƻǳǊ ƎǊŜŀǘŜǎǘ ǇƘƛƭƻǎƻǇƘŜǊǎΦέ  
ς From the first page of the Origin of Species 



The finches of the Galapagos Islands 

1836 - John Gould pronounces the finches as separate species 



Common descent of species 

CǊƻƳ 5ŀǿƛƴΩǎ ƴƻǘŜōƻƻƪǎ 



Three theories for the history of species 

Aristotle Lamarck Darwin 

Species are fixed 

tim
e

 

Species evolve Species evolve and 
are related by 

common ancestry 



Thomas Malthus (1766-1834) 
An Essay on the Principle of Population 

 

άtƻǇǳƭŀǘƛƻƴΣ ǿƘŜƴ ǳƴŎƘŜŎƪŜŘΣ ƛƴŎǊŜŀǎŜǎ ƛƴ ŀ ƎŜƻƳŜǘǊƛŎŀƭ ǊŀǘƛƻΦ {ǳōǎƛǎǘŜƴŎŜ ƛƴŎǊŜŀǎŜǎ ƻƴƭȅ ƛƴ ŀƴ 
arithmetical ratio. A slight acquaintance with numbers will show the immensity of the first power in 
comparison of the second. By that law of our nature which makes food necessary to the life of man, 
ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ ǘƘŜǎŜ ǘǿƻ ǳƴŜǉǳŀƭ ǇƻǿŜǊǎ Ƴǳǎǘ ōŜ ƪŜǇǘ ŜǉǳŀƭΦέ 
 

Population unchecked 
Sustenance  
 

http://www.ac.wwu.edu/~stephan/malthus/malthus.0.html 



"In October 1838, that is, fifteen months after I had begun my systematic 
inquiry, I happened to read for amusement Malthus on Population, and 
being well prepared to appreciate the struggle for existence which 
everywhere goes on from long- continued observation of the habits of 
animals and plants, it at once struck me that under these circumstances 
favourable variations would tend to be preserved, and unfavourable ones to 
be destroyed. The results of this would be the formation of a new species. 
Here, then I had at last got a theory by which to work". 
 

Charles Darwin, from his autobiography. (1876)  

Discovering natural selection 



άThis preservation of favorable 
variations and the rejection of 
injurious variations I call Natural 
Selection,έ  

¢ƘŜ Ƴƻǎǘ ŦŀƳƻǳǎ ǎŜƴǘŜƴŎŜ ƻŦ 5ŀǊǿƛƴΩǎ ά¢ƘŜ hǊƛƎƛƴ ƻŦ {ǇŜŎƛŜǎέ 



Natural Selection 

ω Assumption 1: In a population there will be genetically different individuals. 
ω Assumption 2: As the population grows exponentially in size resources will become 

rare and limit the population size. 
ω Assumption 3: Some individuals will be genetically better at capturing resources and 

producing offspring.  
 

ω Only those more fit individuals will survive in subsequent generations. 
ω Thus, the more fit individuals were positively selected for while the less fit were 

purified. 



ά¢ƘŜ ōƻƻƪ ǘƘŀǘ ǎƘƻƻƪ ǘƘŜ ǿƻǊƭŘέ 


