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Introduction

The sun’s position must be time-compensated to become a geocentric compass.

We explore the time compensation mechanism in the insect brain, and present:

1. Two models that can track the sun in different levels of precision,

2. A time-compensation mechanism based on trigonometric identities,

3. Simulations of foraging and migrating insects using both models.
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The sun is detected by photoreceptors in the compound eyes.

Downstream TuBu1 neurons represent the sun [1] (model [2]).

Two DN1pB neurons represent time in D. melanogaster [1, 3].

Time is synchronised using daylight [4].
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The hour-angle model (ω)
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DN1pB activity oscillates during the day, resembling clock proteins [5].
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Oscillations must adjust for the
daylight duration.

Hour angle must adjust for time of
the year and latitude.

Compensation for the moving sun
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TuBu1a/b populations represent the retinotopic sun’s position [2].

A 90◦ phase-shift encodes the sine and cosine of the head-sun angle.

Similarly, DN1pBE/N neurons predict the north-sun angle in time.

Their responses combine using trigonometry into a celestial compass.

The complete time-compensation model (α)
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A couple of annual clock neurons can estimate the solar declination, representing the seasonal changes in daylight duration.
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The geometric latitude is a monotonic function of the geomagnetic inclination and represents the direction of the hour-angle.
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Representation of the north-sun angle.

Simulations of central-place foraging and migration

Both models are sufficient for foraging when combined with landmarks.

The hour-angle model can explain migration in both hemispheres.

The complete model is needed when insects cross the equator.

50m

search around feeder
search around home

no compensation hour-angle model complete model

foraging routes from memory
return routesinitial forage route

vector memory

foraging duration: 6 min, 40 sec

20
o N

40
o N

30
o N

20
o N

100oW 90oW

30
o N

100oW 90oW

40
o N

30
o N

30
o N

start

goal

perfect migration line

3 
30

3.
01

 k
m

hour-angle
model

complete
model

D. plexippus

30
o S

30
o S

40
o S

140oE 150oE

140oE 150oE

start

40
o S goal

1 
11

4.
65

 k
m

A. infusa

20
o N

0o
20

o S

40oE 60oE 80oE

40oE 60oE 80oE

20
o N

0o
20

o S

10
o N

10
o S

10
o N

10
o S

50oE 70oE

50oE 70oE

4 859.20 km

start

goal
P. flavescens

International Congress of Neuroethology, 2024 � evgkanias.github.io


