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Fig. 15. Brain-body relations in 623 living vertebrate species enclosed in mini-
mum convex pol The are 309 Is, 180 birds, 46 bony fish, 40
amphibians, and 48 reptiles. Additional data are: d, Tursiops truncatus (bottle nose
dolphin); e, h, h k, Orcinus orca (killer whale), two dinosaurs (t,
Ty Brachi us); x, the 150-million year old mammal, Triconodon,
and a, the early bud, Archaeopteryx. (From Jerison, 1987, reprinted by permission)
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Functional advantages of axon size and type

Compactness (35-70% of axons)
Per-spike energy cost (30-65%)
Extreme speed (0-5%)

Explaining scaling trends with biophysical principles

« Are white matter axons under selection pressure for speed?
Synaptic delays and action potentials: 1 msec
Synaptic potentials: 10-100 msec
Cross-brain conduction: 10-200 msec

e Can ultrastructural trends account for gross scaling trends?
Geometric “accounting”
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The neocortex

gray matter

» external rind
containing neuronal
cell bodies and local
connections

white matter

» closely packed axons
making long-distance
connections
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Axons of the corpus callosum

J.R. Shultz, K.H. Harrison, M.\W. Wagers, K.D. Wyatt, M.J. Burish

Axons of the corpus callosum are well-packed
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Myelination becomes more prevalent in larger brains

Axon density decreases in larger brains
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The largest axons increase in size with brain diameter

J.M. Ritchie
(Hursh 1939)
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2. Minimal cross-brain conduction time is ~2 milliseconds*

*(but the slowest times can be of order 1 second!)

Preservation of shortest cross-brain conduction times

Dr. Sam Wang, Princeton (KITP Brain Program 9/02/04)
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Axon scaling in other pathways

Corticospinal axons for fine movement
V1to MT projecting axons
Optic nerve

Cerebellar parallel fibers

Parallel fibers have small diameters even in large brains

Marmoset Macaque

K.D. Wyatt
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A subpopulation of large parallel fibers in big brains

Mouse Marmoset Macaque

middle
molecular
layer

lower
molecular
layer

Metabolic limits may constrain white matter composition
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Very large axons take over big brains

Allometry of neocortical white and gray matter

J.M. Allman (1999), Evolving Brains
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A length minimization argument for white matter volume

Zhang and Sejnowski (2000) PNAS 97:5621

Length minimization alone cannot predict volume

Zhang and Sejnowski (2000) PNAS 97:5621-5626
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Giant axons drive white matter volume in big brains

Conclusions from looking at neocortical axons

White matter composition varies with brain size
The fastest cross-brain conduction times are 2-5 msec
Metabolic limits may constrain white matter composition

Very large axons take over big brains
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Spindle cells: a source of large axons?

Nimchinsky et al. (1999)
PNAS 96:5268

Neuron density is smaller in large brains

D.B. Tower (1954)
J. Comp. Neurol. 101:9
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Links among scaling relationships in the neocortex

K.H. Harrison, P.R. Hof, and S.S.-H. Wang (2002)
Journal of Neurocytology 31:289-298

Scaling relationships in the mammalian neocortex
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Open Questions

What functions require cross-brain conduction to be conserved?
Who are the giant axons and what do they do?

Why does neuronal density decrease with an orderly power law?
What underlies other intracortical scaling relationships?

What are other invariant quantities of neocortex?

How do these principles apply to other systems?

Dr. Sam Wang, Princeton (KITP Brain Program 9/02/04)
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The end
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Allometry in the neocortex

H.J. Jerison (1987)

M. Hofman (1989)
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What makes the brain folded?

- Development
- Céll biology
- Evolution and optimi zation

Dr. Sam Wang, Princeton (KITP Brain Program 9/02/04)
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Beta-catenin overexpression induces mouse brains to fold

A. Chenn and C. Walsh (2002) Science

Normal brain Pachygyric brain

In some cases, caused by
cocaine use during pregnancy.
Fewer neurons?
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