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Photoception

Phyletics

Photoception2measures2the2flow2of2solar2time,2the2angle2of2the2sun2in2
the2sky2…2binding2life2to2the2seasons.2⧊

Chronoception

⧊

Phyletics

Chronoception2measures2the2flow2of2daily2time,2setting2body2clocks2to2
the2pulse2of2life2…2sleep2…2life2…2sleep2....2�



Vision

Phyletics

Vision2is2sight,2encoding2the2transit2of2shape2across2our2lives.2
It2is2the2sense2of2images2…2a2dominant2arbiter2of2mobility2through2

landscape2&2seascape.⧊

Marc RE, HG Sperling 1977 The chromatic organization of primate cones. Science 196:454-456.
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Apertures



retinathalamusV1 cortex

vestibular system

Vn cortex



Color



Einstein, Albert. 1905. Ist die Trägheit eines Körpers von seinem Energiegehalt abh 
ängig? Annalen der Physik. 18:639-641.

Sunlight
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Spectral2Light

λν= c
E = hν
E = mc 2

λ = h/p

Light2,2Energy2&2Matter

Schrödinger2Equation
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molecular
switches
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Light Switches

11-cis → All-trans retinaldehyde
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Tuning the Switches

↑2Absorbance

synapse

UV visual pigment

2Ancient2Receptors



SWS1
UV visual pigment

synapses 2MSS2UV2cones

synapses

SWS2
B visual pigment

2SS2Blue2cones



RH2
G visual pigment

synapses 2LS2Green2cones

LWS
R visual pigment

synapses 2LS2Red2cones



Mosaic2Element



Mosaic
Marc RE, HG Sperling 1976 The chromatic organization of the goldfish 
cone mosaic. Vision Res 16:1211-1224.
Marc RE, HG Sperling 1976 The color receptor identities of goldfish cones. 
Science 191:487-489.

Retina



Eye

▼Class2Aves
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Dyer MA, Martins R, da Silva Filho M, Muniz JA, Silveira LC, Cepko CL, Finlay BL. 
Developmental sources of conservation and variation in the evolution of the 
primate eye. Proc Natl Acad Sci U S A. 2009 Jun 2;106(22):8963-8.
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vision



Teleost2Fish Human

Human Cone Arrays

Hofer H, Singer B, Williams DR 2005 Different sensations from cones with the same photopigment J Vision 5, 444-454 



The2Retinal2Processor2Array

the2eye2is2not2a2camera2
or2a2502mm2lens

it2is2an
asynchronous,2updating,

multichannel,
streaming,

discrete2analogue2
sensor2and2

compute2array



spectral
sensor
arrays

HUMAN SPECTRAL FUNDAMENTALS
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Psychophysical2Functions
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Trichromat
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HUMAN SPECTRAL FUNDAMENTALS
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HUMAN SPECTRAL FUNDAMENTALS
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Trichromat
Licensed stock
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Brightness2Controls2Perception
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Central visual processing pathways
“There is currently an insurmountable gap between identifying the neural representations that 

correlate with perceptual experience and for accounting for such experience itself.”

Pollen DA   On the Emergence of Primary Visual Perception   Cereb Cortex 2011;21:1941-1953

retina

LGN

Brain shape & connectomics



Brain shape & connectomics

labeled n-vertex 
directed graphs 
Dn = 2n(n − 1)

D1000 = 9⋅10300728

atoms = 1⋅1080

Marc et al., Current Opinion in Neurobiology, 2012


