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The history of life

Similarities 
arise from 
common 
heritage



The history of life

Copyright: Scientific American, 1978

Similarities can also 
arise from  common 
selection pressure

When cognition 
converges, do brains also 

converge?

Or can similar cognitive 
processes be generated 

in different kinds of 
brains?





We started
ca. 280 million years ago



Ludwig Edinger 
(1855-1918)
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Mammals

Fish

The neocortex of 
mammals is unique
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Birds Mammal

Enlargement of Basal Ganglia:

• Instinctual

• Very limited cognitive repertoire

Enlargement of Cortex:

• Less genetically determined

• Extensive cognitive repertoire



Mammals have relatively large brains

Mammals
Primates

Reptiles, 
Amphibia & Fish

Humans

Jerison, 1973



Pterosaurs

Bats

Birds

The Invention of Wings: Differentiating Inventions and Mechanisms



Emery & Clayton, Science (2004)

Corvids reach similar levels of cognitive competence as mammals



Pollok et al., 
J. Comp.Psychol., 2000

Object permanence

Magpies reach the same level of object permanence as humans; and they 
proceed with the identical sequence of developmental details (only faster).



Birds use tools: New Caledonian crows in action

Weir et al., Science, 2002

Hunt et al., Nature, 2001

Courtesy: Gavin Hunt Courtesy: Alex Kacelnik



Only few mammalian species recognise themselves in the mirror.

cognitive rubicon



Prior et al., PLoS Biology (2008)

scratching the mark area

1. comparison

2. comparison: behavior in front of mirror vs. wall

3. comparison: scratching yellow  vs. yellow/red mark

Self Recognition

scratching the non-mark area





How do vastly different brains produce similar 
behavior?

Birds do not have a cortex



Jarvis et al., Nature Rev. Neurosci., 2005 

The forebrain of birds and mammals is 
homologue. But mammals developed a cortical 
lamination (or reptiles have lost their lamination 

secondarily).

A new view on the evolution of the bird brain



But their pallium is as large as that of mammals

Birds do not have a cortex

subpallium

pallium



Mammals have relatively large brains

Mammals
Primates

Reptiles, 
Amphibia & Fish

Humans



Mammals
Primates

Reptiles, 
Amphibia & Fish

Birds too

Birds

Parrots & Crows
Humans



Comparing specific circuits and functions:
I. Executive functions and the prefrontal cortex

Nidopallium caudolaterale (NCL) ≈ Präfrontalcortex (PFC)

NCL



Güntürkün, Curr. Opinion Neurobiol., 2005

Dopaminergic baskets on 
D1-positive cells

Durstewitz et al., 
Progr. Neurobiol., 
1999



Executive and other Cognitive Functions

Working (Short Term) Memory (Diekamp et al., J. Neurosci, 2002a)

Memory Coding (Diekamp et al., J. Neurosci, 2002b)

Economic Choice  (Kalenscher et al., Curr. Biol., 2005)

Extinction Learning  (Lissek & Güntürkün, J. Neurosci., 2003)

Reversal Learning                      (Lissek et al., Behav. Neurosci., 2002)

Matching Optimization                (Kalenscher et al., Eur. J. Neurosci., 2003)

Response Selection                    (Lissek & Güntürkün, Behav. Brain Res., 2004)

Context Integration                      (Lissek & Güntürkün, Behav. Neurosci., 2005)

Self Control                                  (Kalenscher et al., Eur. J. Neurosci., 2007)

Categorization (Kirsch et al., Behav. Brain Res., 2009)
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„Memory-cells“switched on „Memory-cells“highly active
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Kröner et al., Neuroscience, 2002

Comparing specific circuits and functions:
II. Short-term memory



Connectome of the human cortex

A connectome is a map of neural connections of the whole brain or a part 
of it that enables to analyze the organization of neural interactions using 

graph theory. Network analyses of connectomes can help to identify 
abstract properties of networks and the investigation of similarities and 

differences between brains of different species.

Comparing specific circuits and functions:
III. The forebrain connectome



high costs
high efficiency

low costs
low efficiencylow costs

high efficiency

Small World:
A network that 
combines high 
efficiency (short path 
length) with a high 
degree of clustering.

S=(C/Crand)/(L/Lrand)
C =clustering coefficient 

L = inter-node path length



Modules are parts of a network with many connections to a small number of neighbors 
and usually one or two nodes that connect the module to the remaining nodes of the 
network.

Hubs are nodes that have more connections than other nodes and represent 
shortest paths from one network side to the other. As such, hubs likely play a 
significant role in mediating the flow of information around the network. Hubs 

are the structural core of a network.



Shanahan et al., Frontiers Comput. Neurosci., 2013

The pigeon connectome is highly similar to the connectomes of 
humans, monkeys, and cats.
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The pigeon connectome 
is highly similar to the 

connectomes of humans, 
monkeys, and cats.



Birds and mammals (with the exception of humans) 
display similar levels of high cognitive abilities, incl. self 
recognition.  

Since both mammals and birds reach similar levels of 
cognitive capabilities with comparable brain/body-
weight ratios, a laminated neocortex is no prerequisite 
for high cognitive functions.

The ‚Prefrontal Cortex‘ of mammals and birds is, as a 
field, not homologous to each other, but is functionally 
highly similar. Thus, there are only limited degrees of 
freedom for the realization of executive functions.

The connectomes of humans and pigeons are 
modular organized „small worlds“ with hubs and a 
structural core that are similar to those found in 
humans, monkeys, and cats. Despite the absence of 
cortical layers, the avian brain conforms to the same 
organizational principles as the mammalian brain on a 
deeper, network-topological level.

Function Before Form


