
Uday K. Jagadisan1,4 and  Neeraj J. Gandhi1,2,3,4 

Departments of  Bioengineering1, Otolaryngology2, Neuroscience3, and the Center for Neural Basis of Cognition (CNBC)4, University of Pittsburgh, PA, 15213

Suppression of a salient but irrelevant distractor in the superior colliculus

When a salient stimulus captures attention while performing another task, it 
must quickly be suppressed to prevent unwanted action towards the distrac-
tor. The neural mechanisms of this process are still being unravelled, with neu-
rons in the parietal and prefrontal areas known to play a signi�cant role in dis-
tractor suppression (Ipata, et al., 2006; Suzuki and Gottlieb, 2012). Here, we 
look at the role of the superior colliculus (SC) in representing and suppressing 
a salient distractor that pops out of the search array in a covert attention task, 
but is never the target of interest (nor was it at any point during training or 
testing). Further, unlike the singleton stimulus in certain antisaccade para-
digms, it does not provide any information necessary for successful comple-
tion of the task and is therefore completely irrelevant. We want to know if the 
salience of the irrelevant distractor is nevertheless represented in a region 
known to play a critical role in saccade planning, or if suppression is directly 
inherited from other brain areas.
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SC neurons select the pop-out distractor transiently
followed by strong suppression

Is the early selection linked to movement planning?
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Figure 4 from Katnani and Gandhi, 2013
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The activity related to the irrelevant dis-
tactor in the SC is reminiscent of FEF ac-
tivity on anti- trials in the related 
pro/anti-saccade search task (Sato and 
Schall, 2003). Using the novel tech-
nique of air pu�-evoked blinks to 
remove inhibition on the saccadic 
system and reduce saccade reaction 
times (Gandhi and Bonadonna, 2005), 
Katnani and Gandhi (2013) recently 
showed that the early, transient selec-
tion of the pop-out stimulus on antisac-
cade trials has a motor preparatory 
component, consistent with the pre-
motor theory of attention (Rizzolatti, et 
 al., 1987)
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Monkey (BB) rarely looked at the salient distractor
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~70% of all trials

~16% of all trials

Randomly interleaved

Methods/Task/Behaviour

- 1 bar colour, 3 di�erent 
pop-out colours per session

- Sample orientation ran-
domly picked from 1 of 4 
orientations on every trial

Sample

NO-distractor search
(poster 362.01)

Distractor search
(this poster)

Distractor IN RF, Bars OUT

Bar IN RF, Distractor OUT

Bar IN RF, Bars OUT (NO-distractor task)

NA -  Distractor IN RF, Bars OUT

Bar IN RF, Distractor OUT

Bar IN RF, Bars OUT (NO-distractor task)

We recorded from the superior colliculus (SC) of 1 monkey (Macaca mulatta) 
trained to perform a covert feature search task.

The data presented here includes 19 visuomovement neurons (21 sessions) 
from the intermediate layers of SC.

Covert visual search

The salient but task-irrelevant distractor was represented strongly in the SC for several tens of 
milliseconds during the phasic visual response. This was followed by a period of sustained 
suppression until the end of the trial. To avoid confounding activity related to saccades in our 
analysis, we only consider cases in which the eventual saccade was out of the neuron’s RF. 
The suppression of the pop-out distractor when compared to the other non-target bars was 
evident even in the no-distractor task, suggesting an active suppressive mechanism (cf. Ipata, 
et al., 2006).
Also note the varying levels of suppression during the saccade out of the neuron’s RF (cf. 
Bichot, et al., 2001).

When the saccade was made into the RF, population activity as early as 120 ms after array 
onset was indicative of the eventual saccade. During the 120-160 ms period, the activity to 
the irrelevant distractor was indistinguishable from this early decision-indicative activity.

Hypothesis: Top-down (endogenous) and not bottom-up (exogenous) 
attention is linked to motor preparation

To test this in the same animals and behavioural paradigm, we plan to introduce 
the animal to a modi�ed version of the task where the location of the distractor is 
relevant on some trials (distractor transiently masks the correct bar target). Since 
the distractor is no longer to be ignored completely,  we hypothesize that the early 
representation of salience will be stronger. Moreover, upon evoking early saccades 
with blinks, a behaviour like in the antisaccade task (Katnani and Gandhi, 2013) 
should emerge. 

Introduction
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The activity related to the irrelevant dis-
tactor in the SC is reminiscent of FEF ac-
tivity on anti- trials in the related 
pro/anti-saccade search task (Sato and 
Schall, 2003). Using the novel tech-
nique of air pu�-evoked blinks to 
remove inhibition on the saccadic 
system and reduce saccade reaction 
times (Gandhi and Bonadonna, 2005), 
Katnani and Gandhi (2013) recently 
showed that the early, transient selec-
tion of the pop-out stimulus on antisac-
cade trials has a motor preparatory 
component, consistent with the pre-
motor theory of attention (Rizzolatti, et 
 al., 1987).

Insu�cient integration time? The 40 ms (120-160 ms) duration of distractor selection may be insu�cient to result in 
a saccade. Or, saccades that start by being directed towards the distractor may be redirected mid-�ight to a di�erent 
location once the suppression kicks in (blink-evoked saccades are lengthy in duration).


