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An introduction to Natural Selection 
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Natural selection depends on inherited variation in fitness 
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Unchecked proliferation is impossible in the long-term 

E. coli divide every 20 minutes.  How many cells in an E. coli population will occur if this 
growth rate is unchecked? 
 
after 4 days, there will be: 
 
4 (days) *24 (hours per day) * 3 (generations per hour) = 288 generations 
 
288 generations will produce 2288 cells or ~1086. 
 
As a reference, the estimated number of atoms in the observable universe is 1080. 



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 
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άIƻǿ ǿƛƭƭ ǘƘŜ ǎǘǊǳƎƎƭŜ ŦƻǊ ŜȄƛǎǘŜƴŎŜ Χ ŀŎǘ ƛƴ ǊŜƎŀǊŘ ǘƻ ǾŀǊƛŀǘƛƻƴΚ Χ  
 
Let it be borne in mind in what an endless number of strange peculiarities 
our domestic productions, and, in a lesser degree, those under nature, vary; 
ŀƴŘ Ƙƻǿ ǎǘǊƻƴƎ ǘƘŜ ƘŜǊŜŘƛǘŀǊȅ ǘŜƴŘŜƴŎȅ ƛǎΦ Χ  
 
Let it be borne in mind how infinitely complex and close-fitting are the 
mutual relations of all organic beings to each other and to their physical 
conditions of life.  
 
/ŀƴ ƛǘΣ ǘƘŜƴΣ ōŜ ǘƘƻǳƎƘǘ ƛƳǇǊƻōŀōƭŜΣ ǎŜŜƛƴƎ ǘƘŀǘ ƻǘƘŜǊ ǾŀǊƛŀǘƛƻƴǎ ǳǎŜŦǳƭ Χ ƛƴ 
some way to each being in the great and complex battle of life, should 
sometimes occur, in the course of thousands of generations?  
 
If such do occur, can we doubt (remembering that many more individuals 
are born than can possibly survive) that individuals having any advantage, 
however slight, over others, would have the best chance of surviving and of 
ǇǊƻŎǊŜŀǘƛƴƎ ǘƘŜƛǊ ƪƛƴŘΚ Χ ά 
 
Charles Darwin, On the Origin of Species (1859), as quoted in our book. 

Darwin proposes Natural Selection 
ŀǎ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ŦƻǊ ƭƛŦŜΩǎ ŀŘŀǇǘŀǘƛƻƴǎ 
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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 
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Natural Selection follows automatically 
from three conditions 

 
If there are genetically different individuals in the population, AND 
 
If resources are rare and limit the population size, AND, 
 
If some individuals are genetically better at capturing resources and producing offspring.  
 (in other words, there is a correlation between genetic differences and survival),  

 
THEN the distribution of that character in the population will change over time.  
The nonrandom survival ŀƴŘ ǊŜǇǊƻŘǳŎǘƛƻƴΣ ƛǎ ŎŀƭƭŜŘ ΨƴŀǘǳǊŀƭ ǎŜƭŜŎǘƛƻƴΩΦ ¢ƘŜ ƛƴŘƛǾƛŘǳŀƭǎ ǘƘŀǘ 
survive to reproduce are said to be naturally selected.  
 
 
TogetherΣ ǘƘŜ ǘƘǊŜŜ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴ ŀǊŜ 5ŀǊǿƛƴΩǎ ¢ƘŜƻǊȅ ƻŦ 9Ǿƻƭǳǘƛƻƴ ōȅ 
Natural Selection. 
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ŦǊƻƳ 5ŀǿƪƛƴǎΩ άDǊŜŀǘŜǎǘ ǎƘƻǿ ƻƴ 9ŀǊǘƘέ 

The Heikea japonica crab 
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Evolution of dark vs. light peppered moths 

from CǳǘǳȅƳŀΩǎ ά9ǾƻƭǳǘƛƻƴŀǊȅ .ƛƻƭƻƎȅέ 



Tetrahymena ribozyme ς 
the subject of an experiment on selection 

Figure 17.2A 
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An in vitro evolution system to study selection 

Lehman N. et al., Curr Biol. 3: 723-734 



The increase in activity over 12 generations 

Figure 17.2B 
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The change in frequency of nine commonly seen variants 
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Natural selection is the only process that causes adaptation 
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Imagine the library of Babel which contains 
every possible book 
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Natural selection works step by step by assembling 
multiple favorable variations 


