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The developmental “gradient” of the neural tube moves 
from lower to higher. The hindbrain develops first, then 
the midbrain, and finally the forebrain 



movie 



Later structures are larger!  

Medulla vs. Cortex  Medulla vs. Cortex  

h#p://www.google.com/imgres?imgurl=h#p://www.ama‐assn.org/ama1/pub/upload/images/
446/brainside.gif&imgrefurl=h#p://wapedia.mobi/en/Vertebrobasilar_ 



Structures that develop later have more 7me 
for their progenitor cells to divide, which 
results in an increased amount of cells, and 
thus a larger structure 

Medulla, smaller 
precursor pool  

Cortex, larger 
precursor pool 



“Ontogeny (development) recapitulates phylogeny (evolu7on).” 

h#p://en.wikipedia.org/wiki/Recapitula7on_theory 



We can look across different species (a phylogene)c comparison) as a func7on of those  
we believe to be “higher” (more evolved, more intelligent) versus “lower” (older, less intelligent). 

Such comparisons show that the “lower” structures in the brain (pons, medulla, cerebellum)  ‐‐  
structures that regulate the most basic of func7ons (breathing, heart rate, automa7c movement, etc.) ‐‐   
are not all that different across lower to higher species. 

In contrast, “higher” structures (thalamus, callosum, cortex)  ‐‐ structures that modulate 
processing of speech and language, decision making, etc. ‐‐ are far more elaborate and complex 
in “higher” species. Rep7les, fish, and amphibians generally have a very minimal, small cortex. 

These phylogene)c comparisons suggest that higher brain structures  
are more recent products of evolu7on. 



Evolu7on is nonlinear, humans don’t simply have large mice brains 

Mouse 

Days 

To
ta
l N

eu
ro
n 
Po

p 

Monkey 

Human 



Late Makes Large! 

Some components of the brain increase in size across species at a 
slower rate then the whole brain enlarges: MEDULLA 

Some components of the brain increase in size at approximately 
the same rate as the whole brain: DIENCEPHALON  

Some components of the brain increase in size at a greater rate 
than the whole brain enlarges: ISOCORTEX 



Late means large: Eventual size of a structure generated early (A), intermediate 
(B) or late (C) in the order of neurogenesis for a species with a short period of 
neurogenesis and a small brain (mouse), and one with a long period of 
neurogenesis and a large brain (monkey). In the long‐development species, the 
precursor pool for late‐generated structures has a longer 7me to mul7ply and 
becomes dispropor7onately large 



A “late makes large” caveat: Limbic Structures  

Many researchers have 
recognized that olfactory bulbs 
scale very poorly with brain size  

Figure: comparison of scaling of 
mesencephalon size versus 
olfactory bulb size for 131 
primates, prosimians, 
insec7vores, and bats: each 
family and subfamily have 
dis7nct slopes and intercepts  

What about other limbic 
structures? 



The Limbic Factor: 

This figure shows a number of 
events in neurogenesis, both limbic 
and non‐limbic, with monkey PC 
days adjusted to the rat 
developmental period using 
expression of LAMP protein 
indica7ve of limbic system 
membership  

Express LAMP protein = 
member of limbic system 



The Limbic Factor: 

The onset of terminal neurogenesis 
is advanced and almost synchronous 
in LAMP‐containing structures in 
monkeys compared to rats.  

Therefore, the number of cells in the 
precursor pool would reduced, and 
result in smaller structures (For 
limbic system structures in 
primates). 

Conversely, isocor7cal neurogenesis 
appears to be progressively delayed 
in monkeys compared to rats, 
par7cularly for the upper layers.  



h#p://upload.wikimedia.org/wikipedia/commons/2/29/Gray646.png 

The Prosomeric Model:   
A model of segmenta9on with respect to the original neural tube 

Everything that arises from a single loca7on on the neural tub is a single point 
in an analysis of prosomere‐based pa#erns of neurogenesis 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Figure: The total dura7on of 
terminal neurogenesis 
plo#ed on anterior/posterior 
and alar/basal axes 

There is a strong rela7onship 
between posi7on on the 
prosomeric axes and dura7on 
of neurogenesis: the more 
alar and anterior, the more 
protracted neurogenesis is 



Q frac7on stays lower longer in the alar and anterior posi7ons, 
which allows the precursor pool in these regions to proliferate 
at a higher rate, producing larger structures as the dura7on of 
embryogenesis is extended  



In research 
labs we study 
the rat brain in 
hopes of 
making 
implica7ons 
about the 
human brain 

How do developmental 
events in the brains of 
these species correlate? 

h#p://scientopia.org/blogs/scicurious/2010/12/13/bdnf‐and‐depression/ 



The Finlay/Darlington Model: A predic9on of developmental 9me 
across mammalian species  

Y = ln (PC days – 4.34) 

Y = species factor + neural events factor + 
primate factor  

18 PC days in Mouse 
neurodevelopment equates 
to 45.4 PC days in Cat 
neurodevelopment   

h#p://www.bigoo.ws/images/funny‐clip/cat‐mouse‐
friends‐223577.htm 

h#p://www.psych.cornell.edu/people/
Faculty/blf2.html 



4.34: constant that accounts for the fact that early events take about the same amount 
of 7me in all eutherian mammals  

Neural events factor: each neural event is assigned an event score  
 ‐Later events, higher scores 

Species factor: each species is assigned a species score  
 ‐Slower developing species, higher scores 

Primate factor: adjust for systemic variability in primate cor7cal and limbic systems  
 ‐Limbic/cor7cal components of rodent and human brains mature at different rates  
 ‐Adds .248683 to es7mated Y‐score of every primate cor7cal events 
 ‐Subtracts .079280 from the es7mated Y‐score of every primate limbic event  

Y = ln (PC days – 4.34) 

Y = Neural events factor + Species factor + Primate Factor 



Punng the model to use: www.transla7ng7me.com 













Some Key Points: 

 1. Late makes large: Applies to both development and evolu7on 

 2. Primate limbic structures are an excep7on 

 3. Prosomeric model: the more alar and anterior, the more protracted  
     neurogenesis is  

 4. Barbara Finaly used these, and other factors to put together a model for 
     conver7ng PC days across various mammalian species: 

 Y = Neural events factor + Species factor + Primate Factor 



Thank you! 


