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(Z, E)-~-farnesene, main constituent of the hypertrophied Dufour's gland of the major workers of Pheidole pallidula 
(Formicidae) 
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Summary. In the European dimorphic ant, Pheidolepallidula, the Dufour's gland of the major workers is hypertrophied and secretes 
nearly pure (Z, E)-c~-farnesene. This compound is also present in the Dufour's gland of the minor workers but constitutes only 
around 10 % of the volatiles. Chemical polymorphism in P.pallidula is different from that already reported for species of Pheidole 
from the New World. 
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The ant genus Pheidole is remarkable for the great morpholo- 
gical variability observed among workers in the same society. In 
the most evolved species, as in Pheidole pallidula, a clear-cut 
distinction is possible between two neuter subcastes: the minors 
and the majors, which differ not only in their overall size, but 
also in the relative proportions of their exoskeleton and internal 
organs 3, 4. 
Different roles are recognized for the minors and majors both 
within the nest and during foraging and in defense 5 12. Not 
surprisingly, exocrine glands producing pheromones and defen- 
sive compounds are also specialized according to the subcaste, 
but rather unexpectedly, strong differences are observed from 
species to species. In P. dentata, the venom gland reservoir of the 
majors shows a hypertrophic development correlated with the 
production of skatole I3, a potent ant repellent also secreted in 
the defensive glands of other insects like the Trichoptera, Pyc- 
nopsyehe seabripennis 14 and the Nevroptera, Chrysopa occu- 
lata is. The content of the venom glands of the majors of several 
other New World species also has a strong fecal odor, possibly 
due to skatole g' 1~, 16. On the other hand, in the Neotropical ant, 
P. biconstricta, it is mainly the hypertrophied pygidial gland of 
majors which produces defensive compounds and alarm phe- 
romone, minors having a proportionally smaller pygidial 
glandl7. We report here on still another example of specialization 
of an abdominal exocrine gland, the Dufour's gland, in the 
majors of the European species, P.pallidula. 
Societies were collected in the district of 'Tam et Garonne'  (in 
the southwest of France) and maintained in the laboratory. 
Dufour's and venom glands were dissected under water out of 
workers freshly killed by freezing, and were extracted in n-pent- 
ane. The pygidial glands were observed on 2-~tm sections of 
abdomens fixed in glutaraldehyde-osmium and embedded in 
Spuur's resin. ,~ 
All abdominal glands are larger in the majors but it is the 
Dufour's gland which shows the greatest development (fig.); on 
average it is more than ten times bigger than the gland of minors 
(table). This gland is proportionally even more developed in the 
majors than the head capsule, well known for its hypertrophic 
development. The increase of the poison gland reservoir in the 
majors is only moderate. 
Its volume is less than twice that of the poison gland reservoir in 
the minors. It is in fact smaller than in the minors relatively to 
the overall size of the abdomen. The pygidial gland &the majors 
possesses more secretory cells, and its reservoir is somewhat 
larger. However, these glands are little developed in P.pallidula 
and no secretion could be collected for analysis. 
The hypertrophy of the Dufour's gland in the majors is corre- 
lated with a chemical specialization. Capillary GC analysis 

(OVI, 150 ~ of the pentane extract of Dufour's glands shows the 
presence of a major compound which could be isolated after 
chromatography on silica gel (eluent: hexane/acetone 99:1). The 
ultraviolet absorption maximum at 233 nm (hexane) is indicative 
of two conjugated double bonds. The IH NMR spectrum (250 
mHz, CDCI3, TMS) is more informative. It shows four singlets 
of 3H each at 1.59, 1.63, 1.68 and 1.81 ppm, attributable to four 
methyl groups on double bond, as well as six vinylic protons. 
This suggests that the major compound may be an e-farnesene. 
Comparison of its IH NMR spectrum with that reported for 
(Z, E)-~-farnesene 18,19 indicates that it is identical to the latter. 
(Z, E)-e-Farnesene was also detected in the Dufour's gland of 
minors. In this subcaste, however, this compound represents 
only about 12% of the compounds observed in the GC, whereas 
in the majors it constitutes about 94%. From GC analyses, we 
estimated that the majors produce about 80 times more (Z, E)-e- 
farnesene than the minors. No striking differences between ma- 
jors and minors could be observed in the chromatograms of their 
venom gland extracts. Skatole was not detected in the secretions. 
This does not mean that these glands have the same function in 
both subcastes. Experiments, which will be detailed elsewhere, 
have demonstrated that the venom gland of the minors secrete 
the trail pheromone (undetected in the chromatograms). Trail 
pheromone is not produced, or only in smaller amounts, in the 
poison gland of the majors. 
Farnesenes are not uncommon in the Dufour's gland secretion 
of ants, but they rarely constitute by themselves the bulk of the 
secretion, c~-Farnesene constitutes 90 % of the volatiles in the 
Dufour's gland of Aphaenogaster longiceps 2~ and a farnesene 
(unspecified) is the major constituent of the Dufour's gland in 
the slave-raider ant Polyergus rufescens 21, Homofarnesene, 
bishomofarnesene and (Z, E)-c~-farnesene represent more than 
80% of the glandular content in Myrmica sabuleti, M.scabri- 
nodis and M.scheneki 22. (Z,E)-c~-farnesene is also present in 
small quantities in the Dufour's gland of several Myrmica spe- 
cies and farnesene (not further specified) in Formica and Compo- 
notus 2t'23. For all these species, no behavioral function was at- 
tributed to those farnesenes. (Z, E)- and (E, E)-~-farnesene are 
constituents of the trail pheromone in Solenopsis invicta w, but 
not in P.pallidula. 
Majors of several Pheidole species play an important role in the 
defense of the society, and the specialization of their exocrine 
glands is usually correlated with this defensive function 8, ~0, ~2, i7. 
More research is needed, however, to interpret the biological 
meaning of the hypertrophy and the biochemical specialization 
of Dufour's gland in majors of P.pallidula. Interestingly, signi- 
ficant amounts of (Z, E)-e-farnesene have been detected in the 
defense gland of the Hetcroptera, Oxeycarenus hyalinipennis 24, 

Volumes (in mm 3) of various organs in minors and majors of Pheidole pallidula * 

Ratio 
Minor Major major/minor 

Head capsule 7.33 10 -2 :t_ 0.75 10-2(20) 55.6 10 -2 :t- 10. 10-2(20) 7.6 
Dufour's gland 1.14 10 -3 • 0.30 10-3(14) 12.80 10 3 + 6.38 10-3(36) 11.2 
Poison gland reservoir 2.45 10 -3 • 0.67 10-3(14) 4.61 10 -3 • 1.66 10-3(47) 1.9 
�9 Volumes were calculated with the formula valid for an ellipsoid, Sizes of the samples are given in the parentheses. 
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Poison gland reservoir (P) and Dufour's gland (D) associated with the 
sting (S) in A minor and B major of Pheidole pallidula. 

and (E)-iS-farnesene is an alarm pheromone in some aphids 2s. A 
function for (Z, E)-0~-farnesene in the alarm-defense system of 
P.pallidula cannot  be ruled out and is currently under investiga- 
tion. 
Our results are strikingly different from those obtained in the 
New World species in which some diversity has already been 
reported. Clearly, biochemical polymorphism and chemical 
defense has evolved several times in the genus Pheidole. 
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Announcements 

France 

2nd international Symposium on 'Flavonoids in Biology 
and Medicine' 
Strasbourg, 31 August-3 September 1987 

This symposium will review the role of flavonoids in plants and 
animals and their effects in numerous mammalian cell systems. 
For  information contact the organizing committee, c/o Dr. EI- 
liott Middleton, Jr, Depar tment  of Medicine, State University of  
New York, 100 High Street, Buffalo, N.Y. 14203, USA. 

Romania 

4th international conference on 'Water and I0ns in Biolo- 
gical Systems 
Bucharest, 24-28 May  1987r 

The conference is organized by the United Nations Educational 
Scientific and Cultural Organization, the Union of the Societies 
for Medical Sciences, the Romanian  Biophysical Society and 
Academy of Medical Sciences, in cooperation with the Inter- 
national Union for Pure and Applied Biophysics. For  informa- 
tion, please contact Prof. V. Vasilescu, Str. Progresului 10, 
RO-70754 Bucharest, Romania.  


