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Ant navigation:

Understanding the simple mechanisms behind
apparently complex behaviours
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The ants’ navigational toolkit

-

-

Path
Integration

~

-

J

\_

Landmark
havigation

DN

J

-

\

Systematic
Search

~N

J




Path
Integration

Direction
(celestial




Path
Integration

Direction Distance
(celestial
compass)

FL o
—v‘!}' "o

- S "'.;_—j" -
- -'f]":.tfc‘ér )'{1.7 'r*;:r'v" S
e it = )

’. s low

o
e e D e

—
T T .




Path
Integration

Direction
(celestial
compass)

G
4

L T g
-—‘.:;—":b'. —
-

o

T,

PAUEA

'0!
105

e m— -— ——
~ AT BTN,

- e i

Cafdglybhis fb



Wehner and Srinivasan 1981. J. comp. phys

Systematic
Search

£ AL ey
P ]

behfs fb

— o i
. ".qi—vf

-——



Landmark
havigation

AN o
B

R ety (=

e St T
L s o

~ > -

Wehner and Raber 1979. Experencia
Cartwright and Collett 1983. J. comp. phys







Our human way of seeing the world
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Our human way of seeing the world

..... and designing experiments
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Our human way of seeing the world

..... and designing experiments

Panorama (very flat)
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A little bit more objective...
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1 pixel / 4 deg

N —
A8
\ i
—

Melophorus bagoti compound eye:
Acuity = 4 deg

(Schwarz et al., 2003. Arthr. Struct & Devlop.)
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A little bit more objective...




A little bit more objective...

Do insect segregate landmarks and panorama?

(Wystrach and Graham 2012)



Quantify the modification of the scenery...
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Quantify the modification of the scenery...
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Relate image difference / ant behaviour...

ir panoramic view

12

. T T ¥ ' / ---------- . U turns
10} / ¥ 1 \ »
+

8 -

6 -

4 -

5| - Degradation of

the matching
. Zero yectorlants

6 o) 2 0 2 4 6 (Wystrach et al., 2011)



Information available to the animal

Landmark

havigation




Information available to the animal

Visual scene

havigation




Identify the problem in natural environment

Visual scene
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Route following
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Mangan and Webb 2012. Behav. Ecol.
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Modelling: Zeil et al. 2003. J. Opt. Soc. Am. A; Graham et al. 2010. Cur. Biol.
Ant experiment: Wystrach et al. 2011. J. Exp. Psych.
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Route following model
(Baddeley et al., 2012)

Route following

No positional knowledge
Simply move in the most familiar direction




Homing from novel locations
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Homing from novel locations

(Cartwright and Collett, 1983; Zeil et al., 2003)
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Homing from novel locations
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Homing from novel locations
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Simply going in the most familiar direction

Homing from novel locations
No positional knowledge
Simply moving so as the familiarity increase



The ants’ navigational toolkit
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How can it be so robust ?
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How can it be so robust ?

Sensory level: using multiple cues



How can it be so robust ?

Sensory level: using multiple cues
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How can it be so robust ?

Sensory level: using multiple cues

/ Path Integration \

Direction Distance
Polarized light Proprioception
Sun position (Stride, Ascent
Chromatic cues and Descent)
Light gradient Optic flow
!Nind direction /
Wehner 2008. Myrmec. news Wittlinger et al., 2006. Science

Wystrach and Schwarz, in prep Ronacher 2008. Myrmec. News



How can it be so robust ?

Sensory level: using multiple cues

Visual scene navigation

Centre of ma Edges orientation Optic flow pattern

Woystrach et al., 2011. Front. in Zool.




How can it be so robust ?

Sensory level: using multiple cues

/ Visual scene navigation \

Panoramic views
Wystrach et al., 2011. Front. in Zool.

Motor routines
Knaden et al. 2006. Curr. biol

Odor cues
Steck et al., 2009. Front. in Zool.
Magnetic cue ek
Buehlmann et al., 2012. Plos one B
Vibratory cue Cataglyphis noda

Buehlmann et al., 2012. Plos one : : : <
credit: Max Planck Institute for Chemical Ecology/Badeke
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How can it be so robust ?

Sensory level: using multiple cues

/ Learnt information \

Panoramic views
Wystrach et al., 2011. Front. in Zool.

Motor routines
Knaden et al. 2006. Curr. biol

Odor cues
Steck et al., 2009. Front. in Zool.
Magnetic cue ek
Buehlmann et al., 2012. Plos one B
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How can it be so robust ?

Sensory level: using multiple cues
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How can it be so robust ?

Output level: combining strategies
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How can it be so robust ?

Output level: combining strategies
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How can it be so robust ?

Output level: combining strategies
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How can it be so robust ?

Output level: combining strategies
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How can it be so robust ?

Output level: combining strategies
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How can it be so robust ?

Output level: combining strategies
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How can it be so robust ?

Output level: combining strategies
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How can it be so robust ?

Output level: combining strategies
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Wystrach and Legge, in prep See also Collett 2012. Curr. biol.



How can it be so robust ?

Output level: combining strategies
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How can it be so robust ?

Output level: combining strategies
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How can it be so robust ?

Output level:| weighting |strategies
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Weighting the different systems
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What ants do when they are lost ?

Feeder

Woystrach et al. in prep



Feeder

What ants do when they are lost ?

Distant release points: unfamiliar environment

Release point 1
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Feeder

What ants do when they are lost ?

Distant release points: unfamiliar environment
Release point 1 Release point 2 Release point 3

F F F

£ ()

Zero
vector

N=20

Woystrach et al. in prep



Distant release points: unfamiliar environment

Release point 1 Release point 2 Release point 3
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Zero ?
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Woystrach et al. in prep



s ~N Distant release points: unfamiliar environment

" Release point 1 Release point 2 Release point 3
Backtracking
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Zero 5 ’ 0
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N N N
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Zero-vector ants backtrack towards the feeder

Feeder

Woystrach et al. in prep
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When do ants backtrack ?

Feeder - Feeder F
T ., e
dz
N=20 n=29
N N
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Zero vector Residual PI
ants vector

- On unfamiliar terrain...
- When Pl vector is small...

Woystrach et al. in prep



Feeder

Woystrach et al. in prep

When do ants backtrack ?

Feeder

Quick route

Zero vector
ants

the nest vicinity!

[ Recent view of ]

Feeder

Nest

Quick nest

Zero vector
ants

- On unfamiliar terrain...
- When Pl vector is small...

- Recent view of the nest vicinity



When do ants backtrack ?
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- On unfamiliar terrain...
- When Pl vector is small...

- Recent view of the nest vicinity
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Simple solutions behind apparently complex behaviour

Exploit complex visual information
without landmark recognition

Follow complex routes e L
without positional knowledge IR )

Home from novel locations
without cognitive map

Complex decision making {}
without higher representations é



CONCLUSION  Top-Down

/" Human way of seeing the world )

(Landmarks)

(Cognitive map)
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What is their ecological problem ? Literature
How do they solve it? Insects use
; s PR landmarks!

o= | == Behavioural

criterion

\\\\\\\

Animal’s Umwelt

Result
Bottom-up Insects use

landmarks!
Chittka et al., 2012 Wystrach and Graham, 2012
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