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“I think, therefore I am”

René Descartes
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Olcowicz et al. (2016) PNAS

Birds Mammals

more neurons



Credit: Onur Güntürkün &       

We had it all wrong!!!

Mesa Schumacher





Why are some species smarter than others?



Organisms tend to adapt to the conditions they experience…

“Natural selection”



… but intelligent “hacks” lower the costs of maladaptation



Cognitive buffer hypothesis (Allman 1993)

Bigger brains likely evolved in response to 
variable environments 



Can INTER-specific differences in brain size tell us something 
about differential abilities to adapt, learn and solve problems?



Not always!!

Image credit: John P. Sullivan
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Birds are a lucky exception…

Different bits evolved at a 
similar rate…

Modified from: Sayol et al. (2016) Brain Behav Evol 



Brain size is indicative of the size of 
areas that control what we think of as 
“intelligence”

Modified from: Sayol et al. (2016) Brain Behav Evol 

Birds are a lucky exception…

Brain size      
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Modified from: Audet et al (2023) Science

Birds are a lucky exception…



… and is a good predictor of 
behavioral flexibility

Modified from: Lefebvre et al. (1997) Anim.Behav.

Birds are a lucky exception…
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Do birds with bigger brains live in 
variable environments?



Trevor Fristoe, Ph. D.
Environmental variability
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A better test of the cognitive buffer hypothesis
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A better test of the cognitive buffer hypothesis





Fristoe, Iwaniuk & Botero (2017) Nature Ecol. & Evol.

Breeding Bird Survey Remote sensing data



Stable

Fristoe, Iwaniuk & Botero (2017) Nature Ecol. & 
Evol.

Variable 
precipitation



Stable
Variable 

precipitation

Fristoe, Iwaniuk & Botero (2017) Nature Ecol. & 
Evol.

Variable 
temperature



Variable 
environments 

Big brains







(1) Big brains help deal with environmental variability 

(2) BUT environmental variability was not the main reason why big 
brains evolved in birds…



Are big brains required to deal 
with variability?

Do they lead to wider 
ecological niches?

Do they facilitate taking 
over the world?



Trevor Fristoe, Ph. D.

Are big brains required to deal with variability?









• Big bodies

• Lots of babies

• Plant diets

• Flexible behavior

• Advance planning

• Social structures



BIG brains are expensive!!

2% body weight

20% Energy budget



BRAIN

BRAWN



Do they lead to wider 
ecological niches?

Do they facilitate taking 
over the world?

Are big brains required to deal 
with variability?No



Do bigger brains lead to wider climate niches?

Fabricio Rodrigues , Ph.D.



Water availability

Temperature harshness



Temporally 
variable habitats

Different habitats

Do bigger brains lead to wider climate niches?



Do they lead to wider 
ecological niches?

Do they facilitate taking 
over the world?

Are big brains required to deal 
with variability?No

Not necessarily 



Do bigger brains facilitate taking over the world?

Joan Garcia-Porta, Ph.D.



Distant but similar 
habitats

New habitats

New forms and 
ecologies evolve

This is what typically happens 
when species move a LOT…

New species evolve 



Ancestral crow

… but ancestral crows were not typical!

•BIG

•Long wings

•Huge brains



… but ancestral crows were not typical!



Distant but similar 
habitats

New habitats

New forms and 
ecologies evolve

New species evolve 



Crows and Ravens

10 Million Years Ago



Do they lead to wider 
ecological niches?

Do they facilitate taking 
over the world?

Are big brains required to deal 
with variability?No

Not necessarily 

Kind of…



• “Intelligence” has profound implications on the ecology and evolution 
of organisms.

• Intelligence is costly so more is not always better!

Take home messages
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Absolute v. relative brain size



More surface 
than volume

More volume 
than surface



More surface 
than volume

More volume 
than surface

Justin Baldwin, Ph.D.

Baldwin, Garcia & Botero (2022) Ecology Letters



Diffuse Optical Tomography (DOT)

Joseph Culver Onur Güntürkün Young-Gyu Yoon



Neural activity is coupled with increased blood flow



Similar activity patterns

Independent activity patterns



Light sources in red

Light sensors in blue



=

Source: Ryan Walker (R bloggers)



= Oxygenated blood

Where is oxygenated blood being used in the brain?



Indiscriminate connections Low 
redundancy

Optimized connectivity      Low 
redundancy

Indiscriminate connections High 
redundancy

Optimized connectivity      High 
redundancy



Optical fMRIView



The ecology and evolution of brain connectivity

Coming soon!



“I think, therefore I am”
… better?
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