
Process: adaptive response of the CNS to specific 

ecological pressures. 

ÅResponsible for novelty and change

Pattern: contraints on evolutionary modifiability imposed by 

inheritance.

ÅResponsible for stasis and conservatism

Evolutionary theory and the CNS



Major concepts in evolutionary theory
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ÅHomology: similarity due to common ancestry.

ÅHomoplasy: similarity due to common ecological pressures.

ÅDetermining Homology/Homoplasy in the CNS:

ÅTopography

ÅAfferent-efferent connections

ÅCytoarchitecture

ÅNeurotransmitters

ÅPolarity: primitive-derived dimension.

ÅOutgroup analysis: polarity based on character state in 

closest taxonomic group.

Some fundamental concepts
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Divisions of the vertebrate CNS



A comparative view of the vertebrate CNS

Northcutt (2002). Understanding vertebrate brain evolution. Integrative and Comparative Biology, 42, 743-756.
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Brain evolution: passive and active growth

Passive growth: allometric increase in brain size 

relative to body size.

Allometric equation:  E = a Sb

Active growth: encephalization.
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Minimum convex polygons for various vertebrate classes
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Example:  scaling of brain size (E) to body size (S).

General allometric equation:  E = a(S)b  

-E:  brain size (E=encephalon)

-S:  body size (S=soma)

-a:  point of origin (free parameter)

-b:  slope (free parameter)

Types of allometry:  

-Positive:  b > 1

-Negative:  b < 1

-Isometry:  b = 1

Brain evolution:

-Passive allometry:  brain size increases with body size.

-Active allometry or encephalization:  natural selection 

for relative brain size.

Allometry: differential growth of body parts



Allometry

E = a(S)b Y = a + b(X)

Log(E) = log(a) + b log(S)



Allometric growth:

E = a Sb

E = brain size

S = body size

a = point of origin

b = slope

Log transformation:

log(E) = log(a) + b log(S)

Notice that this is like equation for linear 

relationship between X and Y:

Y = a + bX

Encephalization quotient:

E0

EQ =   

a Sb

Allometric equations



Encephalization: Mammals and reptiles a = point of origin

b = slope



Encephalization in various mammalian orders
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Encephalization in various mammalian orders
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Factors related to the evolution of brain size

ÅBiological intelligence

ÅBehavioral flexibility

ÅSpatial memory and migration

ÅSocial bonds and language
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Biological intelligence (Jerison, 1973)

Biological intelligence: capacity to represent the world

Archaeopterix, a fossil bird from 

the Jurassic (140 Mya).

Encephalization in birds


