
Intelligence



N = N* fs fGHZ fp ftnH fl fJ f�fEufmfifc L/T
N* = 4 x 1011
•fs = 0.2
•fGHZ = 0.002
•fp = 1.0
•ft = 0.9
•nH = 4
•fl = 1.0
•fJ = 0.5
•f� = 0.01
•fEu = 0.1
•fm = 0.1

N = 2.8 x 104

N  to date



The fraction of times that life evolves intelligence

What is intelligence?

Is there evolutionary pressure for the evolution of 
intelligence?

fi



What is Intelligence?

• Is it instinctive or learned?
– Is a bacterium searching out food 

intelligent?
• Is it the ability to make a decision?

– Is a mouse trying to escape a cat exhibiting 
intelligence?

• Is it the recognition of self?
• Is it consciousness?



Intelligence is biologically expensive

It requires lots of energy:
The mammalian brain requires about 4% of resting metabolism.
The human brain requires about 25% of our resting metabolism;
The primate brain requires about 8% of resting metabolism;

It requires nurturing

Does it require societies?

Costs of Intelligence



What is evolutionary success?

If intelligence is adaptive, why did it evolve so late?

Dinosauria never became intelligent, nor have birds 

… or have they?

Does Intelligence Equal 
Success?



Life has been on Earth for at least 3.8 Gyr

Intelligence (self-cognition) evolved only within the 
past million years or so 
(1/3800 = 0.026% of available time).

Earth will become uninhabitable within another 1 Gyr

Intelligence exists only within the last 17% of Earth’s 
habitability  (~1 of 6 Gyr). 

If Earth is typical, in many cases intelligence will not 
evolve while the planet is habitable. 
(see http://www.sciencedaily.com/releases/2008/04/080416110124.htm)

A Pessimistic View



What is Intelligence?

• Self-awareness?
• Cleverness?
• Empathy?
• Logical reasoning?
• Communication?



Cephalopod Intelligence
• Squids communicate while hunting
• Octopi unscrew bottles
• Octopi use tools (e.g., shells)

– https://www.youtube.com/watch?v=BFda1
MZ54G4

– https://www.youtube.com/watch?v=RUN6c
5yWJhQ

• Many cephalopods build shelters

https://www.youtube.com/watch?v=BFda1MZ54G4
https://www.youtube.com/watch?v=RUN6c5yWJhQ


Avian Intelligence
• Thievery (crows/ravens)
• Crows seem to mourn the dead
• Tool use (finches, crows)
• Counting (comorants)
• Communication
• Mimickry



Mammalian Intelligence

• Dogs
• Monkeys
• Elephants
• Cetaceans
• Apes



Larger animals tend to have larger brains.

Allometry (the science of the relation between size 
and shape) can be used to sketch general trends.

The predicted brain mass (BM) for an animal of mass 
W is 

BM = 1.77 * W0.76

The Encephalization Quotient EQ is the actual brain 
mass relative to the predicted brain mass

Encephalization Quotient



Encephalization Quotient



Encephalization Quotients
Species EQ
Man 7.44 
Dolphin 5.31 
Chimpanzee 2.49 
Rhesus Monkey 2.09 
Elephant 1.87 
Whale 1.76 
Dog 1.17 
Cat 1.00
Horse 0.86
Sheep 0.81
Mouse 0.50
Rabbit 0.40



Is Intelligence Beneficial?

• Survival value

• Examples of covergent evolution?



fi
fi = 1?

On a random sample of planets, fi may be less

Given enough time, perhaps evolution selects 
for intelligent species

Maybe fi = 0.5 ?



fi
fi = 1?

On a random sample of planets, fi may be less

Given enough time, perhaps evolution selects 
for intelligent species

Maybe fi = 0.5 ?

fi = 0.5 è N=14,400


