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Circuitry of Primate Retina: Rod Pathways 

Rod Bipolar - AII Amacrine Pathway 
Slow, High Gain 

Rod - Cone Gap Junction Pathway 
Fast, Less Sensitive 

At mesopic light levels, both rods and cones are active. It is 
hypothesized that mesopic vision is mediated by the rod-
cone gap junction pathway (Sharpe & Stockman, 1999). 
However, this hypothesis is untested. 

Purpose 

•  To test the rod-cone gap junction pathway mediation hypothesis for 
mesopic vision by measuring the receptive field structures of parasol 
ganglion cells defined by rod and cone inputs at mesopic range.  

•  If rod signals travel only via the rod-cone gap junction pathway, the rod- 
and cone-defined receptive fields should be similar (Verweij, Peterson, 
Dacey & Buck, 1999), because rod signals effectively become identical 
to cone signals once they pass the rod-cone gap junctions .  

•  If rod- and cone-defined receptive fields differ at the same light level, 
this will imply the involvement of the rod-bipolar-AII Amacrine pathway.  

Rationale 

Methods 

•  Technique: in vivo single unit recording in parasol ganglion cells from 
macaque retina 

•  Sinusoidal Drifting Gratings on CRT (4.34 Hz, 33%, 0-8 cpd) 
•  Retinal Illuminance: 0.565, 5.65, 56.5 & 565 Photopic Td, equivalent to 

0.259, 2.59, 25.9, 259 Scotopic Td. 
•  Silent substitution method was used to generate three stimulus types. 
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ER90U08 (M-ON): 565 Td 

Responses to the isolated cone stimuli and 
combined stimuli were almost identical, with 
a band-pass tuning pattern. 
 
Responses to the isolated rod stimuli were 
weak, with a low-pass tuning pattern. 

ER90U08 (M-ON): 56.5 Td 

Responses to the isolated cone stimuli and 
combined stimuli were almost identical, with 
a band-pass tuning pattern. 
 
Responses to the isolated rod stimuli were 
weak, with a low-pass tuning pattern. 



ER90U08 (M-ON): 5.65 Td 

Responses to the isolated rod stimuli and 
combined stimuli were almost identical, with a 
almost low-pass tuning pattern. 
Responses to the isolated cone stimuli had a 
band-pass tuning pattern. 
Different tuning patterns with rod and cone stimuli 
indicated different receptive field structures 
defined by rod and cone inputs.  

ER90U08 (M-ON): 0.565 Td 

Responses to the isolated rod stimuli and 
combined stimuli were almost identical, with a 
low-pass tuning pattern. 
 
Responses to the isolated cone stimuli were 
weak, with a band-pass tuning pattern. 

Light Level Isolated Cone Isolated Rod Combined 
565 Td Band-pass Low-pass Band-pass 

56.5 Td Band-pass Low-pass Band-pass 

5.65 Td Band-pass Almost low pass Almost low-pass 

0.565 Td Band-pass Low-pass Low-pass 

ER90U08 (M-ON): 0.565 Td 

Different receptive field structures defined by rod and cone inputs 

ER90U08 (M-ON): Receptive Field Parameters 

With decreasing light levels: 
•  Relatively stable cone-defined center size but increased rod-defined 

center size 
•  Decreased cone-defined center strength but increased rod-defined center 

strength 
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Different rod & cone 
tuning pattern 

Different rod & cone 
tuning pattern 

Different rod & cone 
tuning pattern 

Different rod & cone 
tuning pattern 

Different rod & cone 
tuning pattern 

Summary 

Rod-mediated surrounds are weak or absent, as suggested in 
very early work (Barlow, 1957). 
 
Cone-mediated receptive fields typically have center-surround 
structures. 
 
Receptive field structures defined by rod and cone inputs are 
different, depending on the light levels. These results are 
consistent with receptive field structure defined by rod input 
being mediated by the rod-bipolar-AII Amacrine pathway rather 
than through rod-cone gap junction pathway at low mesopic 
light levels. 


