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• pheromones (behavior)

• endosymbionts





“Semiochemicals (behaviour- and physiology-modifying chemicals) could be exploited 

for the management of bed bugs …. an increased knowledge and understanding of the 

biology, behaviour and chemical ecology….”

Pheromone – semiochemical that trigger a response in the same species.

Kairomone – released by one species that benefits another species.



Aerial pheromone application for mating disruption of gypsy moth

• Sex pheromones

• Alarm pheromones

• Aggregation pheromones

• Trail pheromones

Contact sex pheromone Asian longhorned beetle







Schildknecht (1964)       (E)-2-hexenal (+++)              (E)-2-octenal (+)

Collins (1968)  (adults) (+++)                                     (+)

(butanone, acetaldehyde) 

Levinson & Bar Ilan (1971) *bioactive

“assembling” and “alerting” scents

“alarm pheromones”

Levinson et al. (1974)

(adults) (+++)                                   (+)

(nymphs)                 (+)                                   (+++)

(butanone, acetaldehyde, + *two unknowns)

Siljander et al. (2008)

airborne aggregation pheromone                                                 (+) (++)

(mixed stages, sexes)                                    (additional 12-14 compounds.)

“Buggy odor” of bed bugs
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DAGs



Percentages of major constituents from the dorsal abdominal glands (DAGs) of C. lectularius nymphs.

Fifth instar Fourth instar

Compound males females mixed 

______________________________________________________________________________________

(E)-2-hexenal 19.9 21.0 22.0

(E)-2-octenal 61.6 58.6 57.7

4-oxo-(E)-2-hexenal 10.9 11.9 11.8

4-oxo-(E)-2 octenal 4.6 4.9 6.4

______________________________________________________________________________________

• Identifications were based on a comparison of retention times and mass spectra with authentic standards.

• Males/females, 180 DAGs each; fourth instar, 60 DAGS

• lesser amounts nonanal, 2,4-octadienal

Alarm pheromone 

chemistry -
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Feldlaufer et al. (2010) (nymphs) (+) (+++)

(20%) (60%)

4-oxo-(E)-2-hexenal (11%)

4-oxo-(E)-2-octenal  (5%)

“Buggy odor” of bed bugs





“We report that the aldehydes and 4-oxo-(E)-2-hexenal are detected by olfactory receptor neurons 

housed in smooth and grooved peg sensilla, respectively, on the adult antennae, at biologically 

relevant concentrations.”



Pheromones uses (“buggy” odors) -

Safe (easier to register); Competing with natural harborages? (lure/trap)

Are they useful in detection strategies? (canines?; chemical means?)

How can detection at very low levels be made affordable?

Kairomones (uses) (human emanations) -

Are they more useful in monitoring/trapping situations?

What about recently fed bugs?

-----------------------------

Semiochemicals (pheromones, kairomones, attractants, repellents) –

behavior, behavior, behavior

Lures/Trap/Monitoring device 

What does the number (sex; stage) of bugs caught represent? (other than the      

presence or absence)

“What’s Known and What’s Next”



Mention of a proprietary product does not constitute an endorsement or a recommendation for its use by the U.S. Department of Agriculture

57.2%

(436 bugs)
21.5%

(194 bugs)

16%

(122 bugs)

762 bugs
(originally release)





“Semiochemicals (behaviour- and physiology-modifying chemicals) could be exploited 

for the management of bed bugs …. an increased knowledge and understanding of the 

biology, behaviour and chemical ecology….”



Photo by Jan Derk



• endosymbionts of insects

bacteria that infect many arthropods; genus Wolbachia (approx. 60% of all insect species); 

maternally-transmitted

J. Med. Res. (1924)

(1921)

 Provide essential nutrients

 Affect host reproduction/sex ratios

 Provide “protection” from other pathogens



• Flies protected from viruses by Wolbachia

• pea aphid protected from fungal pathogens

• Drosophila (reduces adult lifespan)

• reduces lifespan

• inhibits pathogens ability to develop

• Wolbachia-infected  mosquito cell lines inhibit 

virus replication

• directly related to density



V. Hypša and S. Aksoy

• Wolbachia

• BEV-like (Euscelidius variegatus)

- Bed Bug Endosymbionts -

• Wolbachia similar between bug sp.

• Similar infection rates from five NA regions

• potential for using Wolbachia to control

• localized in bacteriomes

• elimination of Wolbachia – retarded growth & 

sterility

• Nutritional role (rescue with B vitamins)



What role, if any, do bed bug symbionts play in the bug’s inability to 

transmit human pathogens?

(Would the elimination of bed bug symbionts facilitate the development of 

human pathogens?)

Would the elimination of bed bug symbionts make them susceptible 

to insect-specific viruses/pathogens?

What methods are available for eliminating symbionts in bed bugs?

(Hosokawa et al. 2010. PNAS 107: 769-774)

“What’s Known and What’s Next”

[ Chang, K.P. (1974) Effects of elevated temperature on the mycetome and symbiotes of the bed bug Cimex 

lectularius (Heteroptera). J. Invert. Pathol. 23: 333-340.]
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Cimex lectularius Linnaeus. Left, female; right, male; above, cluster of nymphs 
and adults (Terzi).  
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