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Abstract—The venom glands of both workers and ergatoid queens of the
ant Leptogenys diminuta contain 4-methyl-3-heptanol and a mixture of esters
of this alcohol and long-chain fatty acids. Only the higher proportion of
4-methyl-3-heptanone in the queens represents a chemical difference between
the castes. The Dufour gland secretion of workers and queens, however, shows
considerable differences. Both share a series of long-chain hydrocarbons with
9- and 7-pentacosene as the major substances of the secretion but are otherwise
differentiated by the presence in the workers only of three farnesene isomers,
whereas queens contain a wide range of substances. The mated queen had a
very complex mixture of hydrocarbons, esters and terpenes. These substances
were also present in the virgin females but in smaller quantities.

Key Words—Venom gland, Dufour gland, gas chromatography, 4-methyl-3-
heptanol and esters, ants, Hymenoptera, Formicidae, Ponerinae.

INTRODUCTION

Ants of the genus Leptogenys are among the dominant social insects in pantropi-
cal forests. The fairly large genus comprises approximately 170 species (Bolton,
1975). Colonies are characterized by the presence of one or sometimes more
ergatoid queens; only in a few species do mated workers (gamergates) occur
instead of queens (Ito, 1997). Ergatoid queens are permanently wingless but
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reproductively fully active individuals that have replaced the winged queens in
a substantial number of ant species (Peeters, 1991; Heinze, 1998). Most Lep-
togenys species show a clear caste dimorphism between queens and workers (as
reflected in abdominal width), although in L. diminuta and some other species
it is difficult to distinguish the ergatoid queens in external morphology from
workers.

Leptogenys colonies typically display a predatory life-style. Some species
are very specialized hunters, for example, they feed exclusively on earwigs
(Steghaus-Kovac and Maschwitz, 1993), while others take a variety of prey
and may even show an army ant-like habit (Maschwitz et al., 1989; Witte and
Maschwitz, 2000). As prey often requires cooperative retrieval by the ants, trail
and recruitment substances are a common element in their foraging repertoire.
Although the venom gland has been reported as the source of the trail pheromone
in Leptogenys, considerable differences exist in the complexity of the active
compounds. L. diminuta uses (3R,4S )-4-methyl-3-heptanol as the single active
trail substance (Attygalle et al., 1988), while in L. peuqueti each of the 14 identi-
fied venom gland compounds contributes to trail formation and therefore proba-
bly represents the most complex pheromone mixture known among ants (Janssen
et al., 1997).

The secretion of the Dufour gland, which, together with the venom gland,
opens through the sting base (Billen, 1987), is currently chemically unknown
in Leptogenys ants. We here report on the chemistry of both the Dufour and
venom gland in L. diminuta and compare the secretion of the two glands in
workers versus mated and unmated ergatoid queens.

METHODS AND MATERIALS

Two colonies of Leptogenys diminuta (F. Smith 1857) were collected in the
Bogor Botanical Gardens, Indonesia, and were temporarily kept in artificial nests
where they were fed mealworms. Each colony contained one mated ergatoid
queen, some 10 virgin ergatoid queens, and approx. 250 workers (Ito, 1997; Ito
and Ohkawara, 2000). Both venom and Dufour glands were carefully dissected
from workers and from both virgin and mated queens. Further samples of virgin
queens were obtained from the same site and the Dufour glands preserved in
hexane.

Individual glands were sealed in thin-walled glass capillaries. These were
introduced directly into the injector port of a gas chromatograph, as described
by Morgan (1990). The operation of a Hewlett-Packard 5890 gas chromatograph
directly coupled to a 5970B mass selective detector was as described elsewhere
(e.g., Oldham et al., 1999). An immobilized polydimethylsiloxane phase in a
fused silica column (12 m × 0.2 mm, 0.33-mm film thickness, SGE, Milton
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Keynes, UK) was used in splitless mode (injection temperature 2508C) by crush-
ing the capillary tubes inside the injector port. The oven was programmed from
308C (2 min) at 88C/ min to 2508C. To separate the pentacosene isomers, the
temperature program was: 608C for 5 min, then rising 58C/ min to 2708C, and
maintained at that temperature for 7 min. Helium was used as carrier gas at a
flow of 1 ml/ min.

The compounds were identified by interpretation of their mass spectra and
using MS databases. Their identity was confirmed, where possible, by coinjec-
tion of synthetic standards. Fatty acid esters (Tables 1 and 2 below) were pre-
pared, either individually or as a mixture of several related esters, by the method
of Attygalle et al. (1987). A few milligrams of the appropriate alcohol and car-
boxylic acid and a drop of concentrated sulfuric acid were heated together in
a 1-ml Reacti-vial at 1208C overnight. The reaction mixture was then neutral-
ized with sodium hydrogen carbonate and extracted with hexane. Double bond
positions were determined by reaction with dimethyl disulfide under nitrogen
atmosphere (Billen et al., 1986).

RESULTS

Chemical analyses of the venom and Dufour gland secretions of Leptogenys
diminuta reveal that differences between workers and ergatoid queens chiefly
exist in the Dufour gland composition. No clear chemical differences between
mated and unmated queens could be seen in this secretion.

The venom gland of both workers and queens essentially contains a simi-
lar mixture of esters of 4-methyl-3-heptanol and common long-chain fatty acids
(Table 1). The free and volatile 4-methyl-3-heptanol forms a major constituent
in the secretion in both, but queens, in addition, have a higher proportion of 4-
methyl-3-heptanone (5% of the secretion in queens, less than 0.3% in workers)
(Figure 1). The small amount of pentacosenes found may be contaminants from
the Dufour gland, which contains very large amounts of pentacosenes.

The Dufour gland secretion of the mated queen consists of over 60 sub-
stances. A mixture of 9-pentacosene and 7-pentacosene in the approximate ratio
of 4 : 1 formed the major substances of the secretion. These two isomers together
formed a mean of 27% of the total secretion in the virgin females and 15% in the
mated queen. A series of sesqui- and diterpenes and a range of esters were also
present (Figure 2). The latter are mainly acetates (A1–A6) and esters of hex-
adecanol (palmityl alcohol) (P1–P3). The virgin females possess a somewhat
less complex mixture of the same hydrocarbons, terpenes, palmityl esters, and
acetates. Workers, on the other hand, present a much simpler Dufour gland secre-
tion. They share the same hydrocarbons in their gland as occur in the queens,
but lack the esters entirely. Instead, they contain free farnesene-type isomers
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TABLE 1. COMPOUNDS ANALYZED BY GC-MS IN VENOM GLANDS OF Leptogenys
diminuta WORKERS AND QUEENSa

Mean proportion (% ±SD)

Queens

Number in Mol. mass and Virgin Mated Worker
Figure 1 Compound diagnostic ions (N c 3) (N c 1) (N c 10)

1 4-Methyl-3-heptanone 128 5.7 ± 5.6 5.1 0.3 ± 0.6
57, 43, 71, 86

2 4-Methyl-3-heptanol 130 21.0 ± 18.7 24.1 13.4 ± 5.4
59, 41, 55, 112

3 4-Methyl-3-heptyl 366 1.7 ± 0.3 1.2 0.6 ± 1.3
palmitoleate 57, 112, 237, 254

4 4-Methyl-3-heptyl 368 5.4 ± 1.3 4.8 4.8 ± 1.8
palmitate 57, 112, 237, 254

5 9-Pentacosene and 350 3.8 ± 2.1 9.5 4.7 ± 1.4
7-pentacosene 41, 55, 69, 83

6 4-Methyl-3-heptyl 382 1.0 ± 0.2 1.1 1.2 ± 0.4
heptadecanoate 57, 112, 253, 270

7 4-Methyl-3-heptyl 392 24.9 ± 11.7 10.4 8.4 ± 3.0
linoleate 57, 112, 263, 280

8 4-Methyl-3-heptyl 394 26.8 ± 15.8 20.2 35.8 ± 7.8
oleate 57, 112, 265, 282

9 4-Methyl-3-heptyl 396 9.7 ± 2.6 23.6 30.9 ± 3.4
stearate 57, 112, 267, 284

Mean amount per 24 43 35
insect (mg)

a Approximately determined quantities per gland by gas chromatography on N individual samples.

(F1–F3), which were found only in one of the unmated females and not in the
queen. Compound F3, the most abundant of them, was the same bishomofarne-
sene (M+ 232) as one of those found in the ant Manica rubida (Jackson et al.,
1990) and in Formica lemani (Ali et al., 1987), there described as a homofarne-
sene. The presence and proportions of these substances were surprisingly con-
stant from one worker to another. Squalene was present in very variable amounts
in all samples, but we regard it as a possible contaminant. The quantity of many
minor substances (∼0.1%) was so small that satisfactory mass spectra could not
be obtained for identification. Where substances were not fully identified, their
diagnostic ions (with their percent intensity) are given in Table 2.

DISCUSSION

Leptogenys diminuta is a common group-raiding ant species in South East
Asia, that has colonies of approximately 250 workers and one ergatoid queen
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FIG. 2. Typical chromatograms of the Dufour gland contents of a virgin queen, a mated
queen, and a worker of Leptogenys diminuta. The identification of the peaks is given in
Table 2. Sq c squalene, probably a contaminant from manipulation.

(Ito, 1997). After an individual scout has found prey, it returns to the nest while
laying a pheromone trail. In the nest, it then uses pygidial gland secretions
to recruit nestmates, which it leads back to the prey, following its earlier trail
(Maschwitz and Mühlenberg, 1975).

The venom gland substance, 4-methyl-3-heptanol, was already described
as the trail pheromone of L. diminuta workers (Attygalle et al., 1988). A mix-
ture of C9–C18 acetates was found in the Dufour glands of queens and workers
of species of Formica, Lasius, and Camponotus ants (Bergström and Löfqvist,
1968, 1970, 1973). Although our analysis confirms the presence of 4-methyl-3-
heptanol in L. diminuta workers (13% of volatile secretion), we also found it
in the queen’s venom gland, where it occurs in still higher amounts (21%). It
is known that old virgin ergatoid queens perform similar tasks to workers. For-
aging by virgin ergatoid queens was occasionally observed in the field, while it
could also be observed in the laboratory that virgin ergatoid queens sometimes
join the group of workers that are recruited to prey. They thus can actively par-
ticipate in foraging, and occasionally may even sting prey (Ito and Ohkawara,
2000). These preliminary behavioral observations may explain the presence and
use of the active trail substance 4-methyl-3-heptanol in the venom gland of both
workers and ergatoid queens.

Long-chain esters are frequently found in the Dufour gland secretion of
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TABLE 2. COMPOUNDS ANALYZED BY GC-MS IN DUFOUR OF Leptogenys diminuta
WORKERS AND QUEENS

Queens
Mol. mass and

Number in diagnostic ions Virgin Mated Workers
Figure 2 Compound (abundance %) (N c 3) (N c 1) (N c 12)

F1 Farnesene 1 − − +
41 (100), 69 (53), 81 (79)

F2 Farnesene 2 − − +
41 (100), 69 (54), 95 (58)

F3 Bishomofarnesene
232
41 (100), 69 (32), 79 (36), 107 (24)

− − ++

HD Hexadecanol
242
43, 55, 69, 224

+ + −

D1 Springene
272
41, 69, 81, 93, 272

+ + −

D2 Farnesylacetone
262
43, 69, 107, 262

+ + −

D3 Farnesyl acetate
264
41, 69, 81, 107, 264

+ + −

D4 Diterpene
308
43 (100), 67 (55), 79 (41), 308 (6.3)

+ ++ −

A1 Palmityl acetate
284
43, 55, 61, 224

+ ++ −

A2 Oleyl acetate
310
43, 55, 61, 250

+ ++ −

A3 Stearyl acetate
312
43, 57, 61, 252

+ ++ −

A4 11-Eicosenyl acetate
338
43, 55, 61, 278

+ ++ −

A5 Docosadienyl acetate
364
43, 55, 61, 304

+ ++ −

A6 Tetracosadienyl acetate
392
43, 55, 61, 332

+ ++ −

H1 Tricosane
324
43, 57, 71, 85

++ ++ +

H2 9-Pentacosene and
350
41, 55, 69, 83

++ ++ ++

7-pentacosene (4 : 1)

H3 Pentacosane
352
43, 57, 71, 85

+ + +

H4 Heptacosene
378
41, 55, 69, 83

++ ++ +

P1 Palmityl octanoate
368
57, 43, 145, 224

+ + −

P2 Palmityl decanoate
396
43, 57, 173, 224

+ + −

P3 Palmityl dodecanoate
424
43, 57, 201, 224

+ + −

Mean total amount 2.0 8.8 0.17
per insect (mg)
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a number of ant species (Blum, 1981; Attygalle et al., 1990). It is remarkable
that esters are abundantly present in L. diminuta queens, but not in workers.
Although the functional significance of this difference is not yet clear, it may be
relevant that an inhibitory effect of some aliphatic esters on ovary development
has recently been reported in honeybees (Mohammedi et al., 1998). As the main
difference between queens and workers is in terms of reproduction, the chemi-
cal differences in their Dufour glands may be seen in a reproductive context,
although no experimental data in this regard are available. Figure 2 indicates
that the virgin queens do not contain as great a quantity of esters as does the
mated queen. A second sample of virgin queens from the same site collected
a year later confirmed their composition, but only one mated queen was ever
found. A quantitative difference in the ester pattern of mated and virgin queens
therefore can not be stated with confidence.

Although esters are frequently found as part of their exocrine secretions
of species in several insect orders, higher mass esters are found almost exclu-
sively in the Hymenoptera, with long-chain acetates common in Formica, Lasius,
and Camponotus (Blum, 1981). We have also found complex mixtures of higher
esters in the Dufour glands of some Cataglyphis species (Morgan et al., unpub-
lished).

Farnesene isomers and homologs have been found frequently in the Dufour
gland secretion of ants (Attygalle and Morgan, 1984). The large number of pos-
sible isomers of farnesene homologs with 16, 17, or 18 carbon atoms, most of
which have not yet been synthesized (see Morgan and Thompson, 1985) makes
exact identification of these compounds from mass spectra alone very difficult.
Springene has been found in the Dufour gland of the primitive Australian ant
Nothomyrmecia macrops (Billen et al., 1988), and the army ant Aenictus rotun-
datus (Oldham et al., 1994).
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