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Abstract

In order to test the hypothesis whether the queen
can mark pheromone on the wall of the cells where the queen
laid eggs, three experiments were designed and conducted.
The first experiment is to transfer three kinds of eggs—queen
laid diploid eggs (OD), queen laid haploid eggs (OH) and
worker laid haploid eggs (WH), which came from the same
colony into the cells where the queen has laid eggs and
hasn't laid eggs respectively, then observing and counting
the number of eggs remained. The second experiment is
similar to the first one, but three kinds of eggs came firom the
different colonies. The third experiment use only QD to
investigate. The results of these experiments do not support
the hypothesis that the queen can mark pheromone in the
wall of the cell, but support the viewpoints of worker
policing and recognizing in the honeybee.
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Introduction

Honeybee as the typical social insect consists
of three casts: the queen (diploid), the worker bees
(diploid) and the drone (haploid), which are reared
from different cells, such as queen cells, worker cells
and drone cells'”, respectively. In the normal honeybee
colony, the task of reproduction is conducted only by the
queen honeybee, whereas worker bees usually do not
reproduce and instead help in rearing the offspring. By
measuring the diameter of different cell types with their
forelegs’, queen honeybees can precisely lay diploid eggs
(QD) in worker cells and haploid eggs (QH) in drone cells’.
This behavior improves the colony’s efficiency of reproduce
and feed.

When the colony loses its queen and is unable to raise
a replacement, the ovaries of some worker bees will develop.
These worker bees with developed ovaries become laying
workers, and lay haploid eggs (WH) °. Sometimes worker
bees also can lay WH eggs in the normal honeybee colony.
In this case, the WH are usually either removed or eaten by
other bees called policing workers™'?. How can policing
workers distinguish different kind of eggs? A popular
hypothesis is that the queen can mark their e with
pheromone, indicating that their eggs are queen-laid'>, but
these results are not consistent with egg marking pheromone.
Based on the conflicts about egg marking pheromone, we
hypothesize that, instead of marking the surface of the eggs,
the queen might mark the wall of the cells where she laid
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eggs, and designed this study to test our hypothesis.
Material and Methods

Experimental colonies and eggs preparation: Experiments
were conducted during the summers of 2006 at laboratory of
honeybee biology, INRA, Avignon, France. The colonies
were maintained according to standard techniques and
supplied with adequate food. Three strong source colonies A
(Apis mellifera mellifera), C (Apis mellifera ligustica)
and D (Apis mellifera mellifera ) with high quality queens
were prepared.

To stimulate the worker honeybees building the drone
cells rapidly, two frames of comb foundation for drone cells
were put into colony A. After the two frames of drone cells
were built up and removed for later use.

Three combs with honeybee and brood from colony A
were examined one by one to make sure there is no queen in
the comb and then removed to buildup a queenless colony B
(Apis mellifera mellifera). To destroy the queen cells, the
colony B was checked every day until no new queen cells
appeared. After about 20 days, the worker began to lay WH
eggs.

When worker bees in the colony B began to lay eggs,
put two frames of drone cells into the colony A. the queen
was restricted in the two combs of drone cells, to lay haploid
eggs (QH).We utilized “Cupularve” (an artificial box-like
brood containing removable worker cells ) (Figure 1) to
collect queen laid diploid eggs (QD). The “Cupularve” with
some honey was put in the hive. After worker bees cleaned
up the cells, each of “Cupularve” was divided into two parts
by one small plastic. The queen was restricted to lay eggs in
one of the two sections.

Material and Methods

In a dusk right after the QH and WH eggs were prepared, put
the queen of colony A in one “Cupularve™ which was fixed in
the centre of comb (the comb had cut the same size hole in
the centre as “Cupularve™). Put the comb containing the
“Cupularve” back to colony A. On the next morning, take out
the “Cupularve” from colony A, the position of the cells
where the queen had laid egg was recorded in a special form
which had same shape and number cells as “Cupularve”.
Take out all cells from “Cupularve”, put cells with queen laid
eggs together and back to “Cupularve”. About half of the
empty cells were transferred with QH eggs from colony A,
the other empty cells were transferred with WH eggs from
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colony B as Taber described’'. Sequentially put back the
cells containing the three kinds of eggs to “Cupularve”. Then
put the “Cupularve™ in colony A. Observe and record the
cells that still had eggs at 3h, 6h, 9h, 24h and 48h interval,
respectively.

[n the same way, put the queen of colony C in one
“Cupularve” which was fixed in a comb. Put the comb
containing the “Cupularve” back to colony C. In the next
morning, take out the “Cupularve” from colony C, the
position of the cells where the queen had laid egg was
recorded in a special form which had same shape and
number cells as “Cupularve”. Take out all cells from
“Cupularve”, put cells with queen laid eggs together and
back to “Cupularve”. About half of the empty cells were
transferred with QH eggs from colony A, the other empty
cells were transferred with WH eggs from colony B.
Sequentially put back the cells containing the three kinds of
eggs to “Cupularve”. Then put the “Cupularve™ in colony C.
Observe and record the cells that still had eggs at 3h, 6h, 9h,
24h and 48h interval, respectively..

Put the queen of colony D in one “Cupularve™
which was fixed in a comb. Put the comb containing the
“Cupularve” back to colony D. On the next morning, take
out the “Cupularve™ from colony D, the position of the cells
where the queen had laid egg was recorded in a special form
which had same shape and number cells as “Cupularve”.
Reorganize the cells in “Cupularve” by putting the cells with
queen laid eggs together. Insert the “Cupularve” back to
colony D. Observe and record the cells that still had eggs at
6h, 24h, 48h and 72h interval, respectively.

Statistical analyses:All analyses were performed using the
general linear models imbedded in StatView 5 package (SAS
Institute Inc.). The number of replicates of each experiment
is 5 times. Differences in the percentage of eggs remaining in
the different modalities were analyzed as ANOVA. Data did
not belong to a particular treatment. Means (without
transformation) and standard errors (SE) are used in the
figures and throughout the text.

Results and Discussion

As shown in Figure 2, the percentage of eggs remaining
between the cells which queen had laid eggs and the cells
which queen had not laid eggs were not significant at the
same time intervals for all the studied three colonies (P >
0.05 in all trials). In other words the percentage of eggs
remaining was not correlated with the cells whether the
queen had laid egg or not.

Figure 3 shows that QD>QH>WH in both two
colonies A and C. At 3h stage, there is no significant
difference in the eggs remaining between QD and QH in
colony A (P > 0.05), but has significant difference in the
percentage of eggs remaining between QD and QH in colony
C (P < 0.05). Comparison of the percentage of eggs
remaining of QH and WH between colony A and colony C,
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the QH and WH were eliminated faster and more in colony C
than that of colony A.

The results of these experiments do not support the
hypothesis that the queen can mark pheromone in the wall of
cell, but its support the viewpoints of worker policing and
recognizing in the honeybee.

We inferred that the queen did not secrete pheromone
from its gland of abdomen to mark the wall of cell when the
queen laid eggs. Because if the queen marked the wall of cell,
the worker honey bees would know which eggs that the
queen laid, and would eliminate more eggs in the cells where
the queen had not laid eggs, but it was not the fact.

The worker honey bees have eliminated more WH
than QH, this result was consistent with previous studies "'
' This indicated that worker policing did happen in
experimental colonies.

The comparison of the percentage of eggs remaining
of QH and WH between colony A and colony C, showed the
QH and WH were eliminated faster and more in colony C
than that of colony A, because three kinds of eggs came from
the same colony and have same ancestry in colony A, while
three kinds of eggs came from different colonies in colony C.
it indicates that the worker honey bees could discriminate
and recognize the eggs by relative relation.

Our methods of investigation are different from the
previous studies in worker policing” * 12 Ratnieks et al.
transferred QH and WH into the comb of empty drone cells,
we transferred QH and WH into “Cupularve™ comb of empty
worker cells, but we got some similar results as previous
studies, for example, the WH was almost eliminated in
24-48h; the speed of elimination of WH was faster than QH.
However, there were some different results, for example, Our
results show that the percentage of eggs remaining of QH are
lower than those in the previous studies, which was likely to
indicate that the worker honey bees could decide to eliminate
eggs or not, according to synthesis information from the type
of cells and the eggs pheromone, we do not know which the
first work that the worker honey want to do, examining the
type of cells or getting the eggs pheromone? While many
studies had been conducted on the queen laid-eggs"”, it was
not very clear the mechanism of the queen laid-eggs.

Figure 1. Cupularve in comb
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Fig. 2: Comparison of the percentage of eggs
remaining between “N” and “Y”

“N" means the cells which queen had not laid eggs;
“Y™ means the cells which queen had laid eggs. It
showed no significant difference in the percentage
of eggs remaining between “N™ and “Y™ in the same
time (P> 0.05 in all trials).
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Conclusion

The percentage of eggs remaining did not show a
consistent pattern in responding to that the queen can mark
pheromone in the wall of cells leading to worker policing.
The future experiments must studies on the chemical and
behavioral biology of queen laid-eggs and search the relation
between chemical and behavioral biology of queen laid-eggs.

Acknowledgements

We appreciate Mr. C. Didier for his help in support
of beekeeping and Dr. G. S. Wu for reviewing and improving
this manuscript. This research was supported by the National
Natural Science Foundation of China (No. 30560114 and No.
30760035).

9 b

g
% 10000 1 _
g “ 7

% 50.00 -
8 uf
w Lo
88+ 5000 -
w8
% E 4000 -
Ei
§ 2000

0.00

00h 03h

percentage of eggs remaining (%)
means +5E, n=5

0.00 -

100.00 1

80.00

60.00

40.00

2000

Vol. 4(4)Nov. (2009)
Res. J. Biotech.

References

1. Seeley T. D., Honeybee ecology, Princeton University Press, (1985)
2. Seeley T. D. The wisdom of the hive: the social physiology of honey
bee colonies, Harvard University press, (1995)

3. Winston M. L. The biology of the honey bee, Harvard University
Press. (1987)

4. Koeniger N. On the natural disposition of the queen for
distinguishing worker bee cells from male cells. Apidologie. 1. 115-142
(1970)

5. Ratnieks F. L. W. and Keller M. L. Queen control of egg fertilization

in the honeybee. Behavioral Ecology and Sociology. 44, 57-61 (1998)

B oo
B eH
|

B oo
& cH
O w

0ok 03h 06h 0%h 24h 48h
Colony C

Fig. 3: Comparison of the percentage of eggs remaining with “QD”,“QH” and “WH?” in the same time
Note: * indicates significant difference (P<0.05); * *indicates very significant difference (P<0.01); lack * or * * indicates

no significant difference (p>0.05).

(68)



Research Journal Of Bio Technolgy

6. Page Jr. R. E. and Erickson Jr E. H. Reproduction by worker honey
bees (Apis mellifera L.).
117-126 (1988)

Behavioral Ecology and Sociology, 23,

7. Ratnieks F. L. W and Kvesscher P. Worker policing in the honeybee.
Nature, 342, 796-797 (1989)

8. Ratnieks F. L. W. Egg-laying, egg-removal, and ovary development
by workers in queenright honey bee colonies. Behavioral Ecology and
Sociology. 132, 191-198 (1993)

9. Oldroyd B. P., Halling L. A.. Good G., Wattanachaiyingcharoen W.,
Barron A. B.. Nanork P.. Wongsiri S. and Ratnieks F. L. W. Worker
policing and worker reproduction in Apis cerana. Behavioral Ecology

and Sociobiology, 50, 371-377 (2001)
10. Whitfield J. The police state. Nature, 416, 782-784. (2002)

11. Martin S. J., Beekman M., Wossler T. C. and Ratnicks F. L. W.
Parasitic Cape honeybee workers, Apis mellifera capensis, evade
policing. Nature, 415, 163-165 (2002a)

12, Pirk C. W. W,, Neumann P., Hepburn R., Moritz R. F. A. and Tautz
J. Egg viability and worker policing in honey bees. The National

Academy of Sciences of the USA, 101, 8649-8651 (2004)

13. Ratnieks F. L. W. Evidence for an egg marking pheromone in the
honey bee. American Bee Journal, 132, 813 (1992)

14. Ratnieks F. L. W. Evidence for a queen-produced egg-marking
pheromone and its use in worker policing in the honeybee. Journal of
Apicultural Research. 34. 31-37 (1995)

(69)

Vol. 4(4)Nov. (2009)
Res. J. Biotech.

15. Katzav-Gozansky T., Soroker V., Ibarra F., Francke W. and Hefetz
A. Dufour’s gland secretion of the queen honeybee (Apis mellifera): an

egg discriminator pheromone or a queen signal? Behavioral Ecology

and Sociology, 51, 76-86 (2001)

16. Martin S. J.. Jones G. J.. Chaline N.. Middleton H. and Ratnieks F.
L. W. Reassessing the role of the honeybee (Apis mellifera) Dufours
gland in egg marking. Naturwissenschaften, 89, 528 - 532 (2002b)

17. Oldroyd B. P.. Ratnieks F. L. W. and Wossler T. C. Egg-marking
pheromones in honey-bees Apis mellifera. Behavioral Ecology and
Sociology, 51. 590-591 (2002)

18. Katzav-Gozansky T., Soroker V., Kamer J.. Schulz C., Francke W.
and Hefeiz A. Ultrastuctural and chemical characterization of egg
surface of honeybee worker and queen-laid eggs. Chemoecology, 13,

129-134 (2003)

19. Martin S. J., Chiline N., Oldroyd B. P.. Jones G. R. and Ratnieks F.
L. W. Egg marking pheromones of anarchistic worker honeybees (Apis
mellifera). Behavioral Ecology, 15, 839-844 (2004a)

20. Martin S. J.. Jones G. R.. Chéline N. and Ratnieks F. L. W. Role of
hydrocarbons in egg recognition in the honeybee. Physiological
Entomology, 29. 395-399 (2004b)

21. Taber S. Forceps design for transferring honey bee eggs. Journal of
Economic Entomology. 54. 247-250 (1961)

(Received 4th March 2009, revised 15th July 2009,
accepted 10th September 2009)



