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Chinese Research Suggests Drones
Stimulate Worker Foraging
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In this paper we studied whether it is the queens or the workers that determine the
honey bee sex ratio in Italian Bees. The results showed that the workers determine the
ratio of drones to workers, and that drones are not only necessary to mate with the
queens, but also stimulate the workers to forage.

The honey bee sex ratio means the
proportion of female honey bees
(queen and worker) to male honey

bees (drone) in the colony. The study of the
honey bee sex ratio can help reveal many
secrets of honey bees, so we manipulated
the honey bee sex ratio artificially in our
experiments.

1. Which manipulates the honey bee sex
ratio—queen or worker?

The drones die immediately after they
mate with the queen and they do not partic-
ipate in rearing larvae, so it is impossible
that the drones participate in manipulation
of the honey bee sex ratio. The honey bee
sex ratio can be only determined by the
queen, the workers, or the queen and the
workers together. It has not yet been
unequivocally demonstrated.

Dzierzon (1845) presented the famous
theory of honey bee sex determination that
drones develop from fertilized eggs and
queens and workers from unfertilized
eggs. Queens can lay fertilized eggs and
unfertilized eggs at will with the informa-
tion of cell size (Flanders, 1950; Ratnieks
and Keller, 1998). The possibility of honey
bee sex ratio manipulation by the queen
was supported by this idea. But this idea
was not supported by Sasaki and Obara
(1999). Their experiments showed the
honey bee queen laid fertilized eggs even
when no comb cells for oviposition were
available. Charnov et al (1999) suggested
that the queen laid eggs with the cue of
external conditions in order to determine
the sex. This increased the fitness of her
offspring to control the sex ratio. Sasaki et
al (1996) used the empty checkered frames
with the drone and worker cell zones for
laying of eggs by the queens and observed
the action of oviposition of queens and

cleaning cells of workers. The result
showed that the queen has the potential
ability to adjust the honey bee primary sex
ratio (the sex ratio in eggs, larval and pupal
stages). At the same time Sasaki et al
(1996) suggested that the queen might
determine the primary sex ratio on the
basis of her own annual rhythm.

Contrary to the evidence of the queen
adjusting the honey bee sex ratio, there are
other studies suggesting that the workers
adjust it. Zhou-song (1983) suggested the
sex ratio in the larval stage is not com-
pletely determined by the queen’s meas-
urement of the cell size, and it may be
affected by the behavior information or
material information from the worker. Free
and Williams (1975) reported that the reg-
ulation of the ratio of drones to workers by
workers depends not only on the season,
but also on the size of the colony. Zeng
zhi-jiang considered that the regulation of
the sex ratio by workers through their
function of cleaning the oviposition cell
and rearing the brood is possible. Many
writers argue that workers have the poten-
tial ability to control the honey bee sex
ratio by adjusting the number of drone and
worker cells that they build (Allen, 1963;
Free and Williams, 1975; Page, 1993). It
has been reported that the workers in many
ants of Hymenoptera can distinguish the
sex of larvae and remove it at will (Aron et
al, 1995; Keller et al, 1996; Passera and
Aron,1996). In bees, Woyke has demon-
strated that workers can discriminate the
larvae of diploid males and remove them
from cells. Ratnieks and Visscher (1989)
showed that workers can discriminate
worker-laid male eggs and remove them.
And, workers have the ability to discrimi-
nate between their full and half sisters
(egg, larval and pupal stage) using geneti-

cally based labels (such as morphological
characters and odors) (Getze and Smith,
1983).

Trivers and Hare (1976) proposed that
the animal sex ratio should be studied with
the combination of Fisher’s Sex Ratio the-
ory and Hamilton’s Kin Selection theory
and predicted that a conflict between the
workers and the queen in manipulating the
honey bee sex ratio exists. According to
Fisher’s Sex Ratio theory and Hamilton’s
Kin Selection theory, Zeng zhi-jiang et al
(1998) calculated the theoretical sex ratio
of the queen as 1:1 and workers from 21.5
to 53.9:1 (the average is 37.7:1). But, in
fact, the sex ratio of their experimental
colonies was from 22.7 to 31.2:1, the aver-
age was 26.1:1. It is obvious that the theo-
retical sex ratio expected for workers is
closer to the actual sex ratio. So, it was
deduced that the bee sex ratio was deter-
mined by workers.

2. The role that drones play in the
colony should be re-examined.

The traditional viewpoints suggest that
the function of drones in the colony is mat-
ing with virgin queens only. But the obser-
vations in raising bees showed that during
the honey flow season some drones exist-
ing in the colony is the sign of a strong
colony. Zeng zhi-jiang et al studied the
effect of the honey bee sex ratio to the pro-
duction, reproductive capacity, colony
swarming and so on. The result showed
that there is no significant difference in the
production of royal jelly, reproductive
capacity, swarming and colony population
between group I (the group which had
sealed drone cells cut out, no drones in
colony, no sex ratio) and group II (the
group where sealed drone cells were not
cut out, some drones in colony, sex ratio
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exists). However, the honey production,
ratio of workers leaving honeycombs and
initiation of pollen foraging in group II
was higher than those in group I at 8.40%-
14.04%, 17.10%-23.50% and 23.80%-
26.50%, respectively. Analyzing the rea-
son, we believe that the colony can reach a
dynamic balance when there are some pro-
portion of drones in colony, thus the initia-
tion of worker foraging can be stimulated
(Zeng et al, 1998,1999). Moreover, we
found that external and internal colony
conditions can keep the sex ratio in
dynamic balance itself and drones do not
run wild (Zeng et al, 2000).

This proves the function of drones is not
only mating with virgin queens, but also
stimulating workers to leave combs for
foraging.
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