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Numerical abilities in invertebrates

Spontaneous preference

Landmark countingDelayed-match-to-sample 
task

Howard et al., 2020
Gatto and Carlesso, 2019

Gross et al., 2009
Dacke and Srinivasan., 2008
Chittka and Geiger, 1995

Associative Learning 
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Total dark area? Overall area occupied?

















How do flies process numerosity?
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Small numbers - Object Tracking 
System

Large numbers - Approximate 
Number System

- Count
- Exact.
- Limit arround 4
- Track absolute values

- No counting
- Approximation based on magnitude.
- No particular upper bound limit
- Rapid recognitionWhich of these 

systems do flies use?
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Flies use the ANS to discriminate between numerosities

Do flies have a limit at number 
four?

1) High proportional difference (ratio 
0.75)

1) Upper limit at number 4

= dark area
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Flies use the ANS to discriminate between numerosities

Do flies have a limit at number 
four?

Are flies able to discriminate numbers higher than four?

Which parameter of the visual set best 
explain the performance of the flies?



- Numerical ratio 
- Total dark area 
- Total perimeter
- Overall area 
- Absolute numerical distance 
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Flies use the ANS to discriminate between numerosities

Global stepwise regression model

- Numerical ratio  
- Total dark area 
- Total perimeter
- Overall area 
- Absolute numerical distance

n=1361

How do flies make 
their numerical 

choice?
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Are these patterns stable? 
Do flies have ‘numerical personality’?







Is it possible to modify number preference through learning?



1 trial - 3 min 5 min

Training Session Testing Session

--2h--

Is it possible to modify number preference through learning?
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Did flies learn to respond to numerosity, or 
to other variables of the visual displays?
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Which brain regions or neurons are required for numerical processing?

Numerical skills

High-order brain 
areas

Primary sensory 
systems

Bortot et al.,2020
Giurfa, 2019
Butterworth et al.,  2017
Burr & Ross, 2008



 2020



 2020

Group of 5 flies



 2020

Group of 5 flies

Are these neurons detecting the group size?



Which brain regions or neurons are required for numerical processing?



LC11 respond strongly to the motion of the small square (~10) but not to the longer bar
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Number is derived from a saliency map, that extracts positions of salient objects in visual scenes 

The saliency map emerges in conserved brain regions prior to information transfer to number neurons

our hypothesis: a crucial role for conserved brain structures

Saliency map
Superior 
Colliculus

Lobula 
Complex

Optic 
Tectum

Where does Visual Number Sense Come From?

76
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Take-home message

Flies spontaneously present a preference for larger numerosities in a two-choice 
discrimination test independently of low-visual cues.

Numerical discrimination accuracy is ratio-dependent.

Flies display three main behavioral patterns that are stable over time.

Flies learn to associate the lower numerosity to a positive stimulus.
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