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Beehive Chemistry: 
Chemical Communication 

 
Professor Thomas Janini 

Ohio State ATI 

What are honey bee pheromones? 

•  Pure chemical substances or mixtures 

•  Released by individual bees 

•  Cause physiological or behavioral changes in 

other bees 
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Complex Chemical Communication 

•  15 known glands 

•  Secreted by queens, drones, workers 

•  Volatile and nonvolatile liquids 

•  Sensed by antenna and other body parts 

Honey Bee Antennae 

•  Olfactory organs 

•  Acuity similar to humans 

•  Workers are 10-100 

more sensitive to wax 

and flowers 
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Types of Pheromones – broad categories 

1.  Releaser pheromones 

Immediate behavioral response, but temporary 

effect 

2.  Primer pheromones 

Long-term physiological effects 
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Alkanes 

•  Contain only C, H 

•  Alkyl groups 

(R-groups) 
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Alcohols – alkanes with OH groups 
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Carboxylic acids 

•  Generally, strong, foul odors 

•  Offensive to humans and honey bees 
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Esters 

•  Combination of an alcohol and a carboxylic acid 

•  Pleasant odors 
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Ketones 

•  C=O carbonyl group 

•  Flanked by alkyl groups (C-groups) 
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Terpenes 

•  Combinations of 5-carbon isoprene units 

•  Monoterpene = 2 isoprene (C10) 

•  Sesquiterpene = 3 isoprene (C15) 

•  Diterpene = 4 isoprene (C20) 

OH
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Types of Pheromones – specific categories 

1.  Alarm 

2.  Brood recognition 

3.  Drone  

4.  Dufour’s gland  

5.  Egg marking 

6.  Footprint  

7.  Forager 

8.  Nasanov 

9.  Queen specific 

Alarm Pheromone 

1.  Koschevnikov gland 

•  Esters and alcohols 

•  Released when a worker stings 

2.  Mandibular secreted 

•  2-heptanone 

•  anesthetic 
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Brood Recognition Pheromone 

•  Signals workers not to lay in a hive that still has 

developing brood 

•  Mixture of 10 different esters 

•  Inhibits ovarian development in workers 

•   Distinguishes worker larva, drone larva, and pupa 
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Drone Pheromone 

•  Produced by drones 

•  Attracts other drones to a place suitable for virgin 

queen mating 
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Dufour’s Gland Pheromone 

•  Deposited on eggs as they are laid 

•  Lets workers distinguish queen laid eggs from 

worker laid eggs 

•  Complex mixture, ~24 compounds identified 
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Footprint Pheromone 

1.  Emitted by bees as they walk, enhances Nasanov 

pheromone (locating nectar) 

2.  Also exuded by queen’s tarsal glands 

•  Oily 

•  Inhibits queen cell building 

•  Less produced as the 

queen ages 



9/19/13 

10 

Forager Pheromone 

•  Ethyl oleate 

•  Released by older foragers 

•  Slows nurse bee maturation 

•  Primer pheromone 

•  Keeps the nurse to forager ratio in balance 
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Nasanov Pheromone 

•  Secreted by workers to orient other workers 

•  Monoterpenoids 
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Queen Bee Pheromones 

1.  Queen Mandibular Pheromone 

2.  Queen Retinue Pheromone 

Queen Mandibular Pheromone - QMP 

•  Social behavior 

•  Hive maintenance 

•  Swarming 

•  Mating behavior 

•  Inhibition of worker ovary development 

•  Retinue attraction 
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Queen Mandibular Pheromone - QMP 

•  9-ODA 

•  (R/S)-9-HDA 

•  HOB 

•  HVA 
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Queen Retinue Pheromone - QRP 

Mixture of QMP and the following: 

1. Methyl oleate 

2. Coniferyl alcohol 

3. Cetyl alcohol 

4. α-Linolenic acid 

O

H3CO

HO

H3CO
OH

HO

O

HO



9/19/13 

13 

References 
•  Blum, M.S. 1992. Honey bee pheromones in The Hive and the Honey Bee, revised edition (Dadant and Sons: Hamilton, 

Illinois), pages 385-389. 
•  Boch, R. and D.A. Shearer. 1971. Chemical releasers of alarm behaviour on the honey-bee, Apis mellifera. Journal of Insect 

Physiology 17, 2277-2285 
•  Free, John B., Pheromones of social bees. Ithaca, N.Y.: Comstock, 1987. 
•  Keeling, C. I., Slessor, K. N., Higo, H. A. and Winston, M. L. (2003) Isolation and identification of new components of the 

honey bee (Apis mellifera L.) queen retinue pheromone. Proc National Academy of Science USA 100: 4486-4491. 
•  Leoncini, I., Le Conte, Y., Costagliola, G., Plettner, E., Toth, A. L., Wang, M., Huang, Z., Bécard, J.-M., Crauser, D., Slessor, 

K. N. and Robinson, G. E. (2004) Regulation of behavioral maturation by a primer pheromone produced by adult worker 
honey bees. Proc Natl Acad Sci USA 101: 17559-17564. 

•  Maschwitz, U., 1964. Alarm substances and alarm behavior in social Hymenoptera. Nature 204, 324-327. 
•  Moritz, R.F.A. and H. Burgin. 1987. Group response to alarm pheromones in social wasps and the honeybees. Ethology 76, 

15-26 
•  Papachristoforou A, Kagiava A, Papaefthimiou C, Termentzi A, Fokialakis N, et al. (2012) The Bite of the Honeybee: 2-

Heptanone Secreted from Honeybee Mandibles during a Bite Acts as a Local Anaesthetic in Insects and Mammals. PLoS 
ONE 7(10): e47432. doi:10.1371/journal.pone.0047432Katzav-Gozansky, Tamar Apidologie 33 (2002) 525–537 

•  Slessor, K. N., Kaminski, L.-A., King, G. G. S., Borden, J. H. and Winston, M. L. (1988) Semiochemical basis of the retinue 
response to queen honey bees. Nature 332: 354-356. 

•  Vander Meer, R.K. et al. 1998. Pheromone Communication in Social Insects; Boulder: Westview Press 
•  Vollhardt, P. and Schore, N. 2011. Organic Chemistry Structure and Function, 6th edition (W.H. Freeman and Co., New 

York), pages 68, 152-153 
•  Wager, B.R. and M.D. Breed. 2000. Does honeybee sting alarm pheromone give orientation information to defensive bees? 

Annals of the Entomological Society of America 93 (6). 1329-1332. 
•  Winston, M.L., 1987. The Biology of the Honey Bee (Harvard University Press, Cambridge), pages 16-18,  


