Modelling honey bees In winter
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Global losses of honey bee colonies
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Surviving the winter
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—— Key to survive winter: generation & preservation of heat «——
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Thermoregulation in bee colonies

NOT: centralised mechanism
NOT: communication between bees

Thermoregulation is self-organized?

TWO EFFECTS:
-> Shivering with flight muscles
= Thermotactic movement

%

Stabentheiner et al. (2010)
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Keller-Segel model for honey bees

Tt:ngg—l—f}O T) = +x1 T <Ty
pt = |px — X(T)pTx], e 1o

Boundary Conditions

r =10 T = [

(center) edge)
T,(0) = 0 T(L) =T,
p(0) =0 (pr— x(T)pTs)(L) =0

Based on [Watmough & Camazine, 1995]
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Two types of stationary states
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Mortality (1)

1y =Tye + fp
pt = |px — X(T)pTs], —0(p,T)p

—>Mortality IS Influenced by the amount of work a bee has to perform «——
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Local temperature Refresh rates Mites
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Mortality (2)

Temperature effect:

rl T < T,
07 (T) = < f
\0 T > Tg
Refresh rate effect:
P
Op(p) = —=—
Ptot
Effect of mites:
m
Om(p) =14
Ptot

Discover the world at Leiden University




Simulation results (1)
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Simulation results (2)
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Simulation results (3)
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Conclusions

Bees die in winter because of failed self-organised thermoregulation
* Enough bees are needed to warm a colony

* More bees are needed for this in colder period

* Bee deaths influenced by bee work load
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