Bees and
the Traveling Salesman Problem
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The Travelling Salesman Problem

“Finding the shortest path that passes through a set of locations once and
return to the origin”

Survival ##
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The case of pollinators
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1. Forming routes

- one forager



O
Y
)
L
-
=
(@)
=
(@)
(O
| -
O
LL

HVES

Vi

‘electromagnetic

feeding cup

8.70 x 7.30.x 2.5

sucrose

electromagnet



Flower discovery order
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Overall travel distances
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Heterogenous rewards

40 bouts/phase
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Heterogenous rewards

40 bouts/phase

N =5 bees
indiv. 1 indiv. 2 indiv. 3 indiv. 4 indiv. 5
8 8 8 8 8
7 7 7 7 7
— 6 6 6 6 6
O s 5 5 5 5
(V)]
@M 4 4 4 4 4
i
O 3 3 3 3 3
[ ]
2 (22 m) 2 2 2 2
1 1 1 1 1
0 0 0 0 0

0 1 2 5 6 7 012567 012567 012567 012567

0 1 2 5 6 7 012567 012567

Lihoreau, Chittka, Raine (2011) Funct Ecol

P

(=T = Y N whfsfzm N
O Rr N W A O N
O R N W A U1 OO N
O R, N W A 1O N
O R N W A U1 OO N




Heterogenous rewards

40 bouts/phase

N = 5 bees Bees trade-off optimisation of travel distances and reward intake rates.
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Large spatial scales
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Large spatial scales

Harmonic radar Bee with a transponder Motion detection ‘flowers’

Lihoreau, Raine, Reynolds et al. (2012) PLoS Biology



Large spatial scales
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Large spatial scales
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Large spatial scales

Lihoreau, Raine, Reynolds et al. (2012) PLoS Biology
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The traplining model
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Outline

1. Forming routes

- one forager

- multiple foragers



Multiple interacting bees

outdoor net cage

Lihoreau, Chittka, Raine, under review



Resource partitioning between foragers

Phase 1: 1 bee for 25 bouts
M Phase 2: 2 bees for 25 bouts
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Resource partitioning between foragers

20 % of encounters: no aggression Number of evictions
g 12
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Experienced bees defend flowers by
| — evicting newly arrived foragers.
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Outline

1. Forming routes

- one forager

- multiple foragers

2. Locating new flowers



How do bees search for flowers?

3D tracking of search flights

\

Flower stem

Reward

Lihoreau, Ings, Chittka et al. Under Review



Search performance

Large flower
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Search loops of ever increasing sizes
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Search loops of ever increasing sizes

Signatures of ‘simulated annealing’ patterns in search flights irrespective
of flower size and arrangement.

Lihoreau, Ings, Chittka et al. Under Review



Outline

1. Forming routes

- one forager

- multiple foragers
2. Locating new flowers

3. Conclusions/projects



Towards an integrated analysis of pollinator movements
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Impact on pollination

Lihoreau, Buhl, Charleston et al. Ecol Lett 2015



