
Behavioural bioassays have shown that worker honeybees can distinguish between 
worker-laid and queen-laid eggs. By eating worker-laid eggs, nest-mate workers pre-
vent each other from reproducing, a behaviour known as worker policing. However, 
the recognition cue used by worker honeybees to discriminate between worker-laid 
and queen-laid eggs remains elusive. This study describes observations made and 
experiments conducted to elucidate the nature of the recognition cue. No visually 
apparent physical differences were found between worker-laid and queen-laid eggs 
using scanning electron micrographs (SEMs) magniþed up to 2500 times, which indi-
cates that the cue is probably chemical in nature. We conþrmed that the signal prob-
ably resides on the queen-laid and not the worker-laid eggs, since a worker-laid egg 
is protected when placed in contact with a queen-laid egg. We conducted a series of 
standard egg-removal bioassays in queenright colonies using queen-laid and worker-
laid eggs treated with a wide range of potential recognition chemicals, solvents, buff-
ers or gland extracts. The aim was either to disrupt or remove the egg-marking signal 
from queen-laid eggs, or to add the signal to worker-laid eggs. Despite a comprehen-
sive set of experiments, we were unable to alter the egg-marking signal on queen-laid 
eggs or transfer the signal from queen-laid eggs to worker-laid eggs. Furthermore, two 
candidate signals, esters from queens and eicosenol from workers, were shown not to 
be the cues used by workers. This indicates that the egg-marking signal in honeybees 
is remarkably robust and consists of a chemical or group of chemicals not previously 
associated with chemical signalling in social insects.

The majority of social bees, wasps and ants have 
a haplodiploploid sex determination system in 
which fertilized eggs develop into females and 
unfertilized eggs develop into males. Although 
female workers have lost the ability to mate in 
most social insects, workers often retain func-
tional ovaries and can lay unfertilized (male-

destined) eggs. In situations when the queen is 
mated with many males, e.g. honeybees, workers 
are more related, on average, to the queenõs sons 
than to the workersõ sons. Workers therefore 
beneþt from rearing queenõs sons in preference 
to the sons of other workers. This has led to 
the evolution of mechanisms to prevent work-
ers from reproducing including the removal of 
worker-laid eggs by other workers. This phe-



nomenon, called worker policing, was predicted 
theoretically (Ratnieks 1988) and subsequently 
discovered in the honeybee Apis mellifera (Rat-
nieks & Visscher 1989). Worker policing relies 
on workers discriminating accurately between 
worker-laid and queen-laid eggs, leading Rat-
nieks (1988) to postulate the existence of an 
egg-marking pheromone. However, neither the 
pheromone nor the gland producing it has been 
found. The Dufourõs gland was initially thought 
to produce the putative egg-marking pheromone 
(Ratnieks 1995), but this was later shown to 
be unfounded (Martin et al. 2002b). The aim 
of this study was to determine the basis of the 
information used by workers to discriminate 
between queen-laid and worker-laid eggs. We 
used electron microscopy to determine whether 
there were any surface morphological differ-
ences between queen-laid and worker-laid eggs. 
Using standard egg-removal bioassays (Ratnieks 
& Visscher 1989, Martin et al. 2002a, b), we 
conducted a series of experiments to þrst disrupt 
or remove the putative chemical information cue 
from queen-laid eggs, and then to supplement 
the surface of worker-laid eggs with candidate 
compounds from various gland extracts. Addi-
tionally, we examined the bursa-copulatrix of 
the queen sting region to determine the possible 
source and properties of the egg-marking signal.

All studies were conducted during the summers 
of 2001, 2002 and 2003 in apiaries at the Labora-

tory of Apiculture and Social Insects, University 
of Shefþeld, UK, using mixed-race honeybee (A. 
mellifera) colonies. Queen-laid eggs are treated 
identically in egg removal bioassays regardless 
of whether they are fertilised or not (Oldroyd & 
Ratnieks 2000) and so we mainly used fertilised 
queen-laid eggs, which were easier to obtain 
throughout the summer. Queen-laid eggs were 
obtained primarily from worker cells in queen-
right (i.e. queen present) colonies, although 
sometimes unfertilised eggs from drone cells 
were used to conþrm equal treatment of hap-
loid eggs. Worker-laid eggs were obtained from 
drone cells in queenless colonies with many 
laying workers. Each bioassay compared the 
number of untreated eggs against the number of 
treated eggs remaining after 2 and 20 h.

Groups of 20ð30 or occasionally 10ð15 eggs 
were removed individually from honeybee brood 
cells using either a blunt needle or adapted 
(Taber) forceps (Collins 2002) and placed 
upright onto a glass slide (Fig. 1). In this posi-
tion, eggs could easily be treated using a variety 
of methods. Eggs were then transferred individu-
ally from the glass slide into drone cells from an 
unrelated queenright discriminator colony using 
a test frame. Drone cells that received transferred 
eggs were adjacent to each other. Occasion-
ally, test frames containing the smaller worker 
cells were used. A frame in a honeybee colony 
contains around 3000 hexagonal wax cells that 



are used repeatedly to either rear brood or store 
pollen or honey. The test frame contains only 
empty cells and is typically placed into the dis-
criminator colony several days prior to experi-
mentation to acquire the colony odour. After the 
eggs have been transferred into the test frame, it 
is put back into the discriminator colony between 
two honeybee frames containing eggs and larvae, 
which are kept in a hive box above a queen-
excluder. This metal grid conþnes the queen to 
the lower hive box allowing only worker access 
to the upper box and the test frame. The numbers 
of eggs remaining after 2, 4, 6 and 20 h were 
recorded in 167 separate trials. During the course 
of the study, a total of nine different discrimina-
tor colonies were used, typically three to four 
each year. Each year, worker-laid eggs were 
sourced from two to three queenless colonies, 
while queen-laid eggs were sourced from two to 
three queenright colonies. The colonies with the 
highest egg-laying rates where chosen to provide 
the eggs for the bioassays.

For all bioassays we compared the removal 
rate of treated eggs with that of untreated eggs of 
the same type, e.g., queen-laid eggs treated with 
hexane vs. untreated control queen-laid eggs. 
For bioassays involving a single treatment (two 
cases, acetone & Trypsin), we used a paired t-
test to compare the number of eggs present after 
2 h in each group. In all other cases, unpaired t-
tests were used to compare the mean proportion 
of untreated vs. treated eggs that remained after 
2 h for each egg source, i.e. worker-laid eggs 
or queen-laid eggs. To identify the caste origin 
of the signal, we used an ANOVA and post-hoc 
Tukey tests to compare the difference between 
the persistence of the three types of egg-pairs at 
the same time.

To detect any morphological surface differences 
between queen-laid and worker-laid eggs, þve 
eggs of each type were coated with 25ð30 nm 
of gold using an Edwards S150B sputter coater 
and viewed with a Philips PSEM501B scanning 
electron microscope set at an accelerating volt-
age of 30KV.

To determine whether queen-laid or worker-laid 
eggs were marked with a putative egg recogni-
tion signal, we measured the removal rates of 
untreated egg-pairs that we placed in cells so that 
the two eggs were in contact with each other (n 
= 3 trials). Two different discriminator colonies 
were used, one once and one twice on differ-
ent days. The egg pairings were queen-queen, 
worker-worker and worker-queen. We hypoth-
esized that if worker-laid eggs were marked, 
then a worker-queen egg pair would be policed 
(removed from cell), whereas if queen-laid eggs 
were marked, a worker-queen egg pair would not 
be removed because the worker-laid egg would 
be protected by the presence of the queen egg. 
We measured the removal rates of single eggs as 
a control to determine whether the presence of a 
second egg increased or decreased the probabil-
ity of the eggs being removed.

Prior to treating eggs with egg or gland extracts, 
we conducted a series of bioassays to conþrm 
that our base solvent, hexane, as well as other sol-
vents (acetone, dichloromethane, di-ethyl ether), 
did not affect short-term egg viability. Because 
all of these solvents were non-polar compounds, 
we were also able to determine whether the egg 
discrimination signal is likely to be a polar or 
non-polar chemical. We applied the extracts using 
the drop method, which involves applying a 0.5 
Hl droplet of solvent to the egg surface using a 
10 Hl Hamilton syringe, and the capillary method 
(Ratnieks 1995), which entails holding a glass 
capillary tube containing the solvent over the egg 
so the solvent is in contact with the egg for 10ð20 
s. After solvent application, eggs were transferred 
from the glass slide into the test frame.

To discover the origin of the egg-marking signal 
we investigated the effect of various extracts on 



egg removal rates. The application of a ôqueen-
laid eggõ extract to worker-laid eggs was an 
attempt to transfer the egg marking signal via 
a solvent from queen-laid to worker-laid eggs. 
As the concentration of the signal may be low 
in an egg extract, we also tested extracts of the 
queen Dufourõs gland. Extracts of the Dufourõs 
gland had been shown to increase the persistence 
of worker-laid eggs in discriminator colonies 
(Ratnieks 1995). To further investigate if the 
Dufourõs gland produces the egg-marking signal 
we tested extracts of the setosa membrane, a 
region of hairy cuticle found at the base of the 
sting where the secretions of the Dufourõs gland 
appear to become concentrated (Martin & Jones 
2004). We also separated the queen Dufourõs 
gland extract into two fractions; one containing 
only hydrocarbons, the other only esters. In addi-
tion, we tested extracts of queen spermathecal 
and mandibular glands, both of which produce 
chemicals unique to the queen, and extracts of 
the worker setosa membrane as it contains a 
chemical unique to workers (Martin & Jones 
2004). Compounds from queen eggs, the setosa 
membrane, Dufourõs gland and spermathecal 
gland were each extracted in 100 Õl of hexane 
for 30 min. Queen mandibular gland extracts 
(pheromone) was purchased from Pherotech 
(Delta, British Columbia, Canada).

All extracts were applied to eggs arranged on 
a glass slide using the drop method. In addition 
to being an easier method, Gas-Chromatography 
analysis revealed that the drop method deposits 
more extract on the egg surface than the capillary 
method (S. J. Martin & G.R. Jones unpubl. data).

Extracts of queen Dufourõs gland predominately 
contained esters (Martin et al. 2002b), while the 
main chemical found on worker setosa mem-
brane was the alcohol Z-11-eicosenol. As these 
compounds were strong signal candidates we 
synthesized the main esters and Z-11-eicosenol 
at Keele University (Chemical Ecology Group). 
In addition to the synthesized compounds, we 
applied a range of chemicals using the drop 
method to queen-laid and worker-laid eggs in 
an attempt to remove or disrupt any chemical 

cues or signals used in egg recognition (see the 
Table 1 for list of substances, application method 
and number of trials). When testing the protease 
Trypsin and two buffers, we immersed the eggs 
in these substances in a glass well for 20 min 
prior to transferring them into the test frame. 
This ensured that the Trypsin and buffers had 
enough time to remove or disrupt the signal, 
since they have slow reaction times relative to 
the other compounds tested.

Because the largest differences in egg 
removal rates were observed during the þrst two 
hours after treated eggs had been introduced into 
the discriminator colonies, we have presented, 
for the most part, the results obtained at the 2 h 
mark. We believe the results at 2 h best represent 
the effect of egg treatments on worker polic-
ing, while minimising the effect of treatment 
on egg viability (we found treatment damaged 
eggs in some cases). Each trial frame also had 
a corresponding control of untreated queen-laid 
and worker-laid eggs to standardise for the vari-
ation in speed and accuracy of worker policing 
between trials and colonies. These controls also 
ensured that chemical toxicity or repulsion did 
not prevent egg removal, since repulsion would 
retard the removal rate of treated worker-laid 
eggs relative to untreated worker-laid eggs.

Queen-laid eggs pass over a region covered in 
dense hairs known as the bursa-copulatrix or 
copulatory organ. There is some evidence that 
eggs must pass over this region if they are to be 
recognized as queen-laid eggs, since full-sized 
eggs dissected from queen ovaries are policed 
very quickly, while queen-laid eggs (which do 
pass over the bursa-copulatrix) are not policed 
(Martin et al. 2004b). This suggests that it may 
be the bursa-copulatrix, and not the Dufourõs 
gland that produces the egg-marking signal. Pre-
liminary SEM observations found that the hairs 
of the bursa-copulatrix were coated with an 
oily layer and this may contain the egg-marking 
signal. To determine which solvent was best able 
to dissolve the oily layer we removed the entire 
sting region of eight queens and compared SEMs 
of bursa-copulatrices that had been placed in 



hexane, dichloromethane or aceto-nitrile for 30 
min.

Comparison of all untreated worker-laid and 
queen-laid eggs used as the controls in each 
of the 167 bioassays revealed that signiþcantly 
more of the untreated queen-laid eggs (mean Ñ 
SE = 91% Ñ 0.9 %, n = 3340 eggs) remained after 
two hours (unpaired t-test: p < 0.0001) than the 
untreated worker-laid eggs (mean Ñ SE = 15%, 
Ñ 1.5 %, n = 3340 eggs). However, the speed 
with which policing occurred varied between 

individual discriminator colonies throughout the 
season (see Fig. 2 for a typical example).

The surfaces of the þve queen-laid and þve 
worker-laid eggs were indistinguishable by-eye 
at high (1250 ð2500 ) magniþcations (Fig. 3), 
with both egg types showing the polygonal areas 
and discrete rugosities typical of the honeybee 
egg surface. The density of polygons varied 
across the surface of all eggs, but there were no 
distinguishable differences between worker-laid 
and queen laid eggs and the extremely small size 
of surface features makes it unlikely that bees 
can detect them.




