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Determining cortical 
landscapes 

The folded surface of the cerebral cortex 
contains a mosaic of functionally distinct 
areas, connected by a network of nerve 
fibres in the sub-cortical white matter. 
This network determines, in part, the com
putations that the cortex performs. The 
folds help to fit the large sheet-like cortex 
into a compact space', but this does not 
explain the species specificity of their pat
tern, or their characteristic relationship 
with the locations of the cortical areas2• 

Here I present data in support of 

Van Essen's Hypothesis2 to explain these 
features. 

Local wiring- preferential connectivity 
between nearby areas of the cortical 
sheet- is a simple strategy that helps keep 
cortical connections shore-s. In principle, 
efficient cortical folding could further 
reduce connection length, in turn reducing 
white matter volume and conduction 
delays2.6. Such an arrangement should 
match convex folds (gyri) with groups of 
heavily connected areas, and concavities 
(sulci) with sparsely connected regions. Van 
Essen2 has suggested that competing 
mechanical tension in the axons of the 
developing cortical network produces such 
efficient folding. 

Cats5 and macaques7 have roughly 70 
cortical areas in each folded hemisphere, 
linked by around 1,000 connections. The 
complexity makes it possible to find sub
sets of connections to support virtually any 
theory of cortical organization. Therefore, I 
analysed collated anatomical data quantita
tively to see if the 3-dimensional folding of 
the cortex is in fact related to wiring. I 
examined the folding and connections 
between areas that are 'nearest neighbours' 
or 'next-door-but-one'3- 5 on the sheet. In 
both animals, connectivity was signifi
cantly denser between nearby areas on the 
same gyrus than between nearby areas sep-
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Table 1 Cortical connections, observed and expected 

(1) NN and NDB1 (2) NN (3) All 
Gyri Sulci Gyri Sulci NN and NDB1 Non-local 

Weight 
········ · ············· ···· .. ....................... .............. ..................... ...... .. ........... '' ..................... . 

Cat 0 106/ 138 172/ 139 31 /37 23/ 17 277/452 1,515/ 1,338 ........................................................................................................ .. .......................................... 
1 56/63 70/63 16/ 19 12/9 126/99 266/293 ························· ............. ........................................................................................ ........................ . 
2 122/94 66/94 71 /67 27/31 188/85 147/250 

3 47/35 24/36 34/29 8/ 13 71 /23 23/70 

P<0.0001 P<0.04 P<0.0001 .......... .. ......... ... .. ................................ ·········································································· 
Macaque 0 21 1 /255 344/300 70/78 51 /43 555/751 3,498/3,301 .. .... ... ............ ... ................. ................................. . ... .... .. ................ .. . 

195/151 132/ 176 122/ 114 53/61 327/ 130 378/574 

P<0.0001 P<0.04 P< 0.0001 

The cortex shows efficient folding and local wiring. Number of observed (bold) over number of expected 
conrulctions are compared. Comparisons are ( 1) within gyri compared with across sulci connections between 
nearest neighbour (NN) and next door but one (NOB 1) areas. (2) within gyri compared with across sulci connections 
between NN areas, (3) all NN and NDB1 compared with connections between all non-local areas,_._ Weight gives the 
ordinal rank of the strength of connection. Cat' connection density ran from '0' (no connection) to '3' (strong 
connection). Macaque' connections were either '0' (absent) or '1' (present). Probabilities were calculated using/. If 
local wiring and efficient folding were absent, the observed values in the table would equal the expected values, 
hence the table shows that, for NN and NDBl areas. local wiring contributes more than folding to efficient cortical 
connectivity. Full details of anatomical data are available at http://www.psychology.ncl.ac.uk/jack/gyri.html. 
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arated by sulci (Fig. 1, Table 1). 
In the cat, where data are available on 

the relative strengths of connections, 
neighbouring and next-door-but-one 
areas within gyri had more moderate and 
strong connections whereas those separ
ated by sulci had more sparse connections 
(P< 0.05 by binomial tests). Thus the 
development of the cortex does seem to 
coordinate folding with connectivity in a 
way that produces smaller and faster 
brains. Many mechanisms could con
ceivably account for this (for example, 
growth factors from extrinsic connec
tions), but the result is quantitatively 
consistent with Van Essen's theory of 
morphogenesis2• 

Despite the presence of local wiring3•5 

and efficient folding2'6, 53% of connections 
in the cat link areas that are neither neigh
bours nor next-door-but-one, whereas 
42% of such areas remain unconnected 
(Table 1). Furthermore, 42% of the con
nections between nearest neighbours and 
next-door-but-one areas cross sulci, where
as 32% of such areas within gyri are uncon
nected. Similar figures apply to the 
macaque (Table 1). Thus natural selection 
has produced a 3-dimensional arrange
ment of areas that is not optimal for 
mmimizmg wmng. Indeed, the connec
tional architecture could be perfectly 
accomodated only if local wiring and 
folding were able to take place in more than 
three dimensions5'7'8• Brain design repre
sents a compromise between efficient 
wiring and other factors8• 

Imagine a cortex in which it were possi
ble to shuffle the areas and folds while 
keeping connections the same. Shuffling 
the areas (abolishing local wiring) would 
compromise compact wiring more than 
shuffling the folds (abolishing efficient 
folding; Table 1). Morphologically spec
tacular folding may, thus, 'tune up' a 
cortex that is already reasonably compact 
from local wiring, particularly in larger 
brains where wiring 'costs' are greater'·9• 

I anticipate, however, that local wiring 
rules apply even in those cortices that do 
not fold. 
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