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PERSPECTIVES

A Kantian View of Space

NEUROSCIENCE

Linda Palmer and Gary Lynch  

The animal brain is able to represent space 

without prior experience of exploring 

a location.

        H
ow does the brain represent space? Is 

this representation entirely the result 

of learning from experience? In his 

Critique of Pure Reason, Immanuel Kant 

argued that there must be certain “a priori 

conditions” of cognition, which could not 

be derived from experience but must instead 

be given prior to it. His theory includes two 

“a priori pure forms” of space and of time, 

regarded as constraints of thought rather than 

results of investigation or experience ( 1,  2). 

On pages 1576 and 1573 of this issue, Lang-

ston et al. ( 3) and Wills et al. ( 4) both refer 

to Kant’s theory and report that critical com-

ponents of the brain’s spatial representation 

systems are already in place when an animal 

fi rst encounters an extended environment. 

This supports the view that spatial represen-

tation indeed includes an innate component 

prior to experience.

In both studies, the researchers placed 

electrodes in the hippocampal formation of 

freely moving 14-day-old rat pups (a remark-

able technical achievement), and recorded 

the activity (“fi ring” of electrical impulses) 

of individual neurons at 16 days after birth 

and up to 2 weeks afterward. They were thus 

able to sample three classes of cells with dis-

tinctly different spatial coding characteristics 

when the pups leave their nest to fi rst explore 

the outside world (see the fi gure). The stud-

ies agree that two of these cell types—one that 

discharges when the animal’s head points in 

a particular direction relative to the environ-

ment (“direction cells”) ( 5) and a second that 

fi res when the rat moves through a particu-

lar location within the environment (“place 

cells”) ( 6)—are present at day 16, only 2 days 

after the eyes have opened. Both studies indi-

cate that the direction cells in the rat pups 

are already adultlike, whereas the place cells 

increase in number and undergo considerable 

refi nement with age and experience.

The two studies disagree regarding a third 

class of spatial neurons. These “grid cells” 

fi re in repeated discrete locations as the ani-

mal moves around its environment, forming 

the vertices of a polygonal grid that covers the 

environment ( 7). Langston et al. describe rudi-

mentary grid cells at day 16, whereas Wills 

et al. emphasize their appearance in appre-

ciable numbers, and a more mature form, at 

day 20. Grid cells mature rapidly according to 

Wills et al. but more slowly as determined by 

Langston et al. The discrepancy underscores 

a debate between the two laboratories about 

how the developmental program unfolds: 

which cell types prompt the development 

of others, and what is primary and what is 

derived in spatial representation.

The results for place and grid neurons 

raise the question of the role of learning, as 

opposed to the onset of preformed neuronal 

network operations, in the emergence of these 

cell types during fi rst exploration of an envi-

ronment. Both studies addressed this issue by 

testing animals at different ages in unfamil-

iar surroundings, reasoning that older fi rst 

explorers will have more adultlike cells if 

maturation plays the dominant role. This was 

the case: The number of neurons encoded to 

location increased steadily as a function of 

the age at fi rst exposure, rather than number 

of exposures.

But the case is not quite closed. Long-term 

potentiation, a form of synaptic plasticity 

associated with memory formation, appears 

in the hippocampus by age 11 days in rats 

and then undergoes a maturation that extends 

through the third week after birth ( 8). Possi-

bly, then, the effi ciency of learning increases 

with age, allowing the older fi rst explorers to 

more quickly and easily form spatial-encod-

ing cells. However, another discovery in the 

two studies indicates that an expanded role 

for learning would not greatly detract from 

the central conclusion that spatial representa-

tion is partly innate. Direction, place, and grid C
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Exploring a new environment. In rat pups, a given place cell in the hippocampus fi res whenever the animal 
traverses a particular location within the environment; a given direction cell fi res whenever the animal’s head 
faces in a certain direction relative to its environment; and a given grid cell fi res at the vertices of a regular, 
repeating grid that covers the environment. The direction and place cells are present when pups make their 
fi rst such exploration; the time of grid cell appearance is disputed.
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cells in adults predominate (for the most part) 

in different regions of the brain. Both reports 

describe compelling evidence that the three 

types of neuronal activity observed predom-

inate in their appropriate subdivisions in the 

youngest rats tested. It follows that the defi n-

ing features of the neurons’ fi ring characteris-

tics depend on the unique circuit designs, dis-

tributions of neurotransmitters and cell types, 

and input-output relationships characteristic 

of the regions in which they are found which 

are largely in place before the eyes open.

What would Kant think of these experi-

ments? For philosophers, “a priori” means 

necessarily true, as in logic and mathemat-

ics, and as such is distinct from “innate”; for 

example, instincts and drives may be innate, 

but not a priori. Kant believed he had estab-

lished the a priori (and not merely innate) 

status of space as a “transcendental condi-

tion” of our representation of the world. 

This is, however, quite compatible with the 

existence of a neurobiological substrate of 

the mental functions he identifi es ( 9), so he 

would likely be fascinated and delighted by 

these investigations. 
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        A
fter the demise of the dinosaurs 

some 65 million years ago, Earth 

experienced irregular global cool-

ing because of processes associated with the 

drifting of continents ( 1). About 3 million 

years ago, glaciers formed in high northern 

latitudes, surface waters cooled in parts of 

the equatorial Atlantic and Pacific Oceans 

( 2), and climate sensitivity to variations in 

obliquity (the tilt of Earth’s axis) increased 

substantially. Since that time, changes in sun-

light associated with obliquity variations at a 

period of 41,000 years induced variations in 

global ice volume and equatorial sea surface 

temperatures (SST). In general, variations at 

the equator occurred a few thousand years 

before those in high latitudes and thus could 

not have been a direct consequence of the 

waxing and waning of glaciers. How did the 

changes in sunlight, which were large mainly 

near the poles, affect the tropics? Two papers 

in this issue, on pages 1550 and 1530 ( 3,  4) 

shed light on the matter.

Researchers have learned much about the 

factors that determine equatorial SST from 

studies of El Niño and La Niña. These events 

involve an adiabatic, horizontal redistribution 

of warm surface waters along the equator (see 

the fi gure, panel B). Because the thermocline, 

the interface between the warm surface water 

and the colder deeper water, is so shallow, a 

mere change in its slope affects SST. Surface 

temperatures, in turn, influence the winds 

that determine the thermocline’s slope. The 

positive feedbacks implied by this circular 

argument affect the global climate, as is evi-

dent during an intense El Niño. The impact 

on climate would be even larger if extreme 

SST patterns were to persist for prolonged 

periods, not merely for a few months as in the 

case of El Niño. That is because SST patterns 

determine the extent of the stratus clouds that 

cover cold surface waters in low latitudes, and 

also the atmospheric concentration of water 

vapor, a powerful greenhouse gas ( 5).

A mechanism that could induce extreme, 

long-lasting SST changes involves the ver-

tical movements of the thermocline (see 

the fi gure, panel B). This diabatic mecha-

nism requires changes in the heat budget 

of the oceans. Today, the oceans gain large 

amounts of heat from sunlight in equato-

rial regions where surface waters are cold. 

Currents transport that heat to higher lati-

tudes where it is lost to the atmosphere. The 

loss depends on atmospheric conditions; it 

occurs mainly in winter, when cold conti-

nental air blows over the warmer ocean. If 

that high-latitude loss decreased while the 

gain at the equator continued, then warm 

water would accumulate in low latitudes 

and the thermocline would deepen (panel 

B). Studies with ocean models corroborate 

this hypothesis that the oceanic loss of heat 

in high latitudes controls the depth of the 

thermocline in low latitudes ( 6). Philander 

and Fedorov ( 7) propose that, as the globe 

and the deep ocean cooled over the past tens 

of millions of years, the initially deep equa-

torial thermocline shoaled (moved closer 

to the surface). A threshold was reached 

about 3 million years ago when cold water 

appeared at the surface in the tropical Pacifi c 

and Atlantic. This altered the ocean’s heat 

budget and circulation ( 8), allowed condi-

tions in high latitudes to infl uence tropical 

SST by vertically shifting the thermocline, 

Tilting at Connections, 
from Pole to Equator
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Shifting seas. Shifts in winds, sea surface tempera-
tures, and the ocean’s heat budget can induce shifts 
in the distribution of warm (red) and cool (blue) 
waters along the equator in the Pacifi c Ocean. In 
the shift from La Niña to El Niño (A), adiabatic pro-
cesses change the slope of the thermocline (solid 
to dashed line). The very different diabatic  change 
in (B) requires changes in the ocean heat budget, 
which can be induced by variations in obliquity.
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