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When should honey bee (4pis mellifera)
colonies swarm?
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Abstract

I used a mathematical model to calculate the optimal size of a honey bee (4pis mellifera) colony at
swarming and the optimal number of offspring colonies produced during one swarming. The model
indicates that in the stable population of European races the optimal size of a colony at swarming is 85%
of its maximum size and the optimum number of offspring colonies is 3. In African races, which have a
higher growmth rate, the expected relative size at swarming and the expected number of offspring colonies
is bigger. These predictions agree with empirical data. Another result of the model is that in growing
populations the optimal relative size of a colony at swarming is smaller than in stable and declining
populations and the optimal number of offspring colonies in growing populations is bigger than in stable
and declining populations. These predictions cannot be verified because there is no data available. [
suggest that the relative size of a colony is the major factor preceding the swarming of the honey bee.

Introduction

During honey bee swarming an oid queen departs from the parental colony with prime
swarm. In the following days issue afterswarms with young queens. In parental colony
only one young queen and part of the workers stay. Despite a considerable amount of
research it is still not clear what the factors preceding swarming are. Almost all research
considering this problem investigated proximate factors [1,2,3,4]. There are only a few
studies of ultimate factors preceding swarming [5,6] which are very general and give no
predictions. In this paper I focus on natural selection which optimises all traits effecting
fitness of individuals. Because the size at swarming and number of offspring colonies are
very important traits they also are optimised. | use a mathematical modei to calculate the
optimal values of these two traits. The results of the model can help to indicate proximate
factors preceding swarming.

The model
The fitness of a colony depends on the number and survival of offspring colonies and
the time between following bouts of swarming. Survival of honey bee colonies is largely
determined by their size. Bigger colonies survive winters better and are more resistant to
predators [5]. But a colony can produce either many small offspring coionies or a few
bigger ones. When a colony swarms earlier the amount of workers to divide between the



offspring colonies is smaller. To calculate the optimal size at swarming and the optimal
number of offspring colonies I used an optimisation model. For the sake of the simplicity
of the model I assumed that all offspring colonies produced during one swarming are
identical. It means that prime swarm, all afterswarms and the parental colony have the
same size and the same probability of reaching maturity. These assumptions should not
effect results significantly despite the fact that in reality prime swarm is larger than
afterswarms, and the parental colony survives better than swarms. [ assumed also that
colonies live in an environment with one season. This seems reasonable because the
honey bee derives from warm climates [7], and most honey bee races live in mild
climates. As a measure of fitness I use Malthusian parameter . With aforementioned
assumptions it is equal

M

where n number of offspring colonies produced during one swarming, / probability of
surviving to maturity, o age of matunty of coiony.
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Fig. 1. Changes of size of a colony in time can be described by a logistic function ().
The colony swarms after reaching size N and produces offspring colonies of size N,.
Between two bouts of swarming there is the time of maturation o which consists of the

time of stagnation i and the time of growth ¢,,.

The age of maturity of a colony consists of the time of stagnation i and the time of

growth ¢,,. The time of stagnation is constant and equals 25 days, it begins at swarming
and ends at the emerging of the first workers in a new colony. Because the growth of
honey bee colonies can be quite precisely described by logistic equation [8] time of

growth ¢, equals
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where p coefficient of colony growth, N, size of offspring colony, N size of colony at
swarming, K maximum size of colony. The maximum size of a colony is reached when
all combs are occupied by brood and storage or when the queen has reached its maximum
rate of egg laying. The size of a colony at swarming N and the size of offspring colonjes

N, can be expressed as a fraction of the maximum size of colony K

N=ak %)

4)

where a relative size of colony.
Probability of surviving to maturity is usually [9] defined as

I= exp(—j jdt] (5)

I assumed that the instantaneous mortality rate j equals

(6)

where y coefficient of mortality and N, . Instantaneous size of colony. Coefficient of
mortality ¥ can be expressed as a fraction of maximum size of colony X

y=4iK @)

where A relative coefficient of mortality.

1 found numericaily the optimal size of a colony at swarming and the optimal number of
offspring colonies for various values of coefficient of colony growth and the relative
coefficient of mortality. I was particularly interested in such a combination of values of
these two coefficients for which the Malthusian parameter equals zero, which is the case
in stable populations.

Results and discussion
In stable populations with a higher growth rate the expected relative size at swarming
and the expected number of offspring colonies is bigger than in those with a lower
growth rate. In case of European races where colony growth rate is 0.03 [10,11] optimal
relative size at swarming is 0.85 and optimal number of offspring colonies is 3.
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Fig. 2. The optimal relative size of a colony at swarming in stable populations with
different coefficients of colony growth.

There is no direct empirical data which can be used to venify this prediction. However
when the growth of a colony is restricted by the size of cavity, the satisfactory measure of
the relative size of a colony is the proportion of combs occupied by brood and storage.
In Aftican races colony growth rate is higher than in European races [7] so African races
should swarm after reaching a bigger relative size of colony and produce more offspring
colonies. These predictions are consistent with observations as African races produce on
average 3.9 offspring colonies when 86% of combs are occupied by brood and storage
and European races produce on average 3.5 offspring colonies when 72% of combs are
occupied by brood and storage [12]. The predicted relative size of a colony at swarming
in the stable population of European races (0.85) approximates the proportion of combs
occupied at swarming (0.72). The predicted number of offspring colonies (3) also
approximates observed value (3.5) [12].

In growing populations the expected relative size at swarming is smaller than in stable
and declining populations and the expected number of offspring colonies in a growing
population is bigger than in stable and declining populations.
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Fig. 3. The optimal relative size of a colony at swarming in growing, stable and declining
populations of European races (p=0.03). Stable population is marked by *.

There is a unique opportunity to verify these predictions in North America where the
population of the Africanized honey bee is still growing. In order to achieve this the
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proportion of occupied combs in relatively small cavities should be measured during
swarming on the border of a growing population and in its centre, where the number of
colonies is stable. On the border of a growing population the proportion of occupied
combs at swarming should be smaller than in the centre.

The model indicates that the relative size of a colony at swarming has a big influence on
its fitness. That is why [ expect that workers can perceive prospects of the further growth
of their colony and use this information in order to start swarming at an optimal moment.
Of course workers do not assess directly the maximum size of their colony and do not
compare it with the actual size. Probably they perceive other signals, intensity of which
changes as the colony approaches its maximum size. These signals have to be equally
efficient when colony growth is restricted by cavity size and the ability of the queen to lay
eggs.

The optimal strategy of colony reproduction is an alternative to the colony demography
hypothesis [4], which assumes that swarming is initiated by many factors. These factors
include colony size, patterns of comb utilisation, congestion of brood and workers in the
brood nest area, and worker age distribution. The colony demography hypothesis
assumes that swarming starts when all these factors reach their threshold value. The
experiment presented to confirm this hypothesis showed small variability of many
demographic traits of swarming colonies. However all these traits are strongly correlated
with each other. In this situation one other trait correlated with those measured in the
experiment can be responsible for the starting of swarming. I argue that relative size of
colony is this trait.

Acknowledgements
I would like to thank Pawet Olejniczak for helpful remarks. I am also grateful to
Michat Woyciechowski for reviewing the manuscript.

References

[11 R. Ribbands: "The behaviour and social life of honeybees’, Bee Research
Association, London 1953.

{2] J. Simpson, E. Moxley: "The swarming behaviour of honeybee colonies kept in
small hives and allowed to outgrow them", J. Apic. Res., vol. 10, pp.109-113, 1971.

[3] J. Simpson: "Influence of hive space restriction on the tendency of honeybee
colonies to rear queens”, J. Apic. Res., vol.12, pp.183-186, 1973.

[4] M.L. Winston, O.R. Taylor: "Factors preceding queen rearing in the Africanized
honeybee (4pis mellifera) in South America®, Ins. Soc., vol.27, pp.289-304, 1980.

[S] T.D. Seeley: "Honeybee ecology", Princeton Univ. Press, Princeton 198S.

[6] R.F.A. Moritz, E.E. Southwick: "Bees as superorganisms”, Springer, Berlin 1992.

(7] F. Ruttner: "Biogeography and taxonomy of honeybees”, Springer, Berlin 1988.

(8] S.F. Sakagami, H. Fukuda: "Life tables for worker honeybees’, Researches on
Population Ecology, vol.10, pp.127-139, 1968.

[9] S.C. Stearns: "The evolution of life histories”, Oxford Univ. Press, Oxford 1992.

[10]M.V. Bnan: "Social insect populations”, Academic Press, London 1965.

[11]E.O. Wilson: "The insect societies”, Harvard Univ. Press, Cambridge 1971.

[12IM.L. Winston, J.A. Dropkin, O.R. Taylor: "Demography and life history
characteristics of two honey bee races (Apis mellifera)", Qecologia, vol. 48, pp.407-
413, 1981.

100



