
Summary. For the first time, a termite sex pheromone
secreted by tergal glands has been isolated and identified. In
the mandibulate nasute termite Cornitermes bequaerti, pair-
ing of swarming imagoes is mediated by a sex pheromone
secreted by females from their tergal glands. These well
developed sexual glands located in front of tergites 8, 9, 10
are essentially composed of class 1 and 2 cells, but also of
some glandular units of class 3 cells. The major volatile com-
pound of tergal secretion was isolated by solid phase
microextraction (SPME) and identified by GC-MS as
(3Z, 6Z, 8E)-dodecatrien-1-ol. Sex attraction bioassays with
synthetic (3Z, 6Z, 8E)-dodecatrien-1-ol showed that this
alcohol was the main component of the sex pheromone in
C. bequaerti. The cellular origin and the key role of
(3Z, 6Z, 8E)-dodecatrien-1-ol in the biology of termites are
discussed.

Key words: Sex pheromone, termites, Nasutitermitinae, ter-
gal glands, (3Z, 6Z, 8E)-dodecatrien-1-ol, SPME.

Introduction

Termites generally reproduce during dispersal flights of
alates that leave the mother colony and initiate new colonies
from bisexual pairs. Depending on each species, pairing is
mediated by females or/and males and different glands are
involved in sex pheromone secretion.

In Kalotermes flavicollis (Kalotermitidae), sex phero-
mones are secreted by sternal and tergal glands of both sexes
(Wall, 1971). In Zootermopsis nevadensis (Termopsidae),
Pasteels (1972) discovered male and female sex-specific
pheromones secreted by the sternal gland (Stuart, 1975). In

Trinervitermes bettonianus (Termitidae, Nasutitermitinae),
only female alates secrete sex pheromone from both the
sternal and tergal glands (Leuthold and Lüscher, 1974; Leut-
hold, 1977). In several species of Reticulitermes (Rhinoter-
mitidae), sex pheromone is only secreted by the sternal gland
of female imagoes (Stuart, 1969; Buchli, 1960; Clément,
1982), as in Pseudacanthotermes spiniger (Termitidae,
Macrotermitinae) that has a hypertrophied sternal gland
(Bordereau et al., 1991). In Syntermes dirus (Termitidae,
Nasutitermitinae), sex attraction is performed by female
alates with their tergal glands (Barth, 1955). In Macrotermes
annandalei and M. barneyi (Termitidae, Macrotermitinae),
Peppuy et al. (1998) have shown that the sex pheromone is
secreted by the posterior sternal glands of females. In
Hodotermes mossambicus (Hodotermitidae), sex pheromone
is secreted by male alates from their hypertrophied sternal
gland (Leuthold, 1977). In these examples, the distinction
between the actual sex attraction at distance and attraction
during tandem behaviour is not always clear. Postflight
behaviour and pairing in termites surely is less uniform than
previously thought and clearly deserves more attention to
understand the evolutionary tendencies of the phenomenon.

Besides the behavioural aspects, very little is known
about the chemical nature of sex pheromones in termites. N-
tetradecyl-propionate was claimed to be a sex pheromone in
Reticulitermes flavipes by Clément et al. (1989) but this sub-
stance required extra-physiological concentrations for elicit-
ing sex attraction. Mac Dowell and Oloo (1984) showed that
neocembrene was the trail-following pheromone in
Trinervitermes bettonianus and suggested it was probably the
sex pheromone but no sex attraction bioassays were per-
formed. (3Z, 6Z, 8E)-dodecatrien-1-ol was found to be the
sex pheromone of P. spiniger (Bordereau et al. 1991), R. san-
tonensis (Laduguie et al. 1994) and probably R. lucifugus
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males were introduced at the same time and at the same distance from
the pieces of paper. Two males were used because a single male is
deprived of tactile communication and shows rather unstable behaviour.
During 300 seconds the time spent by one or two males licking or pal-
pating the different pieces of paper was measured. After each bioassay,
Petri dishes were cleaned with ethanol and pentane, and the termites and
pieces of paper replaced. For all bioassays, the extracts were tested at a
concentration of one individual equivalent. Results obtained from 10
replicates were statistically analyzed by the Mann and Whitney U test.

Gas chromatography and gas chromatography-mass 
spectrometry analyses

GC analyses were carried out with a Chrompack CP-9002
(Chrompack®, USA) instrument fitted with a split-splitless injector and
a flame-ionisation detector. A DBTM-Wax (30 m X0.32 mm i.d., 0.5
µm film thickness) fused silica capillary column was used for analyses
with temperature programming from 40°C to 240°C, at 2°C/min. Heli-
um was used as the carrier gas at a velocity of 37.5 cm/s. The tempera-
ture of injector and detector was set to 250°C and 270°C respectively.
Evaluation of the data was done automatically by a PC-software (Mae-
stro, Chrompack).

GC-MS analyses were carried out with a Nermag R10–10C
quadrupole mass spectrometer directly coupled to a Hewlett Packard
5890 gas chromatograph fitted with a splitless-split injector. The ana-
lytical column used was a fused silica capillary column (30 m, 0.32 mm
i.d.) coated with DB TM –5 (J&W Scientific, 1 µm film thickness). Heli-
um was used as the carrier gas at a velocity of 37 cm/s. The GC tem-
perature was programmed from 40°C to 220°C at 3°C/min. Electron
impact (EI) mass spectra were obtained with an electron energy of
70 eV by scanning the instrument from 25 to 300 a.m.u. in 0.8 sec.

Structural and ultrastructural observations

Histology was made on material fixed with Duboscq-Brasil’s mixture.
Samples were embedded in paraffin, cut in 7 µm sections and stained
with Heidenhain’azan.

For scanning electron microscopy, tergites 8, 9 and 10 were cleaned
by immersing in acetone for 1 hr, dried and covered with gold or gold-
palladium before observation under microscope Philips E.S.E.M. XL30
at the Center of Microscopy applied to Biology (CMAB, Dijon, France)
or under a LEO-400 microscope at MZUSP in Brazil.

For transmission electron microscopy, the specimens were fixed for
24 hr with glutaraldehyde-paraformaldehyde according to Friend and
Farquhar (1967), post-fixed in 1% osmium tetroxide for 1 hr, and
embedded in epon-araldite mixture. Ultra-thin sections were stained
with uranyl acetate and lead citrate according to Reynolds (1963). Sam-
ples were observed with a Hitachi H600 microscope.

Results

Alates and post-flight behaviour

In C. bequaerti, alates show a clear sexual dimorphism, with
females 25 to 50% heavier than males, and only females pos-
sess abdominal tergal glands. These glands are located in
front of tergites 8-9-10. The sternal gland present in both
sexes shows an unusual sclerotized and pigmented surface, it
is slightly larger in females than in males.

After flight and landing, both sexes spontaneously shed
their wings. While standing still the female assumes a calling
posture, exposing its 3 huge tergal glands (Fig. 1). Once
attracted, the male touches the female, placing its prothoracic
legs on the abdominal pleural membranes of the female. A
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grassei (Wobst et al. 1999). Termite sex pheromones are not
easy to study as dispersal flights generally occur only once a
year for few minutes and because very tiny quantities of
pheromones are secreted. Moreover, it is generally very dif-
ficult to purify the mixtures of glandular secretions extracted
by solvents. Noirot (1969) underlined our poor knowledge
about the structure of termite tergal glands, the nature and the
role of their secretions. Ampion (1980) presented a detailed
and comparative structural study about tergal glands in
Isoptera, but no data have been published on the nature of ter-
gal secretions. In our study, we have used the solid phase
microextraction (SPME) to isolate the component(s) specif-
ic to the gland secreting the sex pheromone in Cornitermes
bequaerti (Termitidae, Nasutitermitinae), and the GC-MS to
identify the first termite tergal sex pheromone. 

Materials and methods

Study site and study species

In Brazil, our study was carried out in Botucatu in the state of São Paulo,
at about 200 km west of São Paulo city. This hilly region, situated 800
meters above the sea level, is an ancient forested area now mostly cov-
ered with pastures, ants (Atta, Acromyrmex) and termites (Cornitermes
bequaerti, C. cumulans, Syntermes praecellens, S. grandis, S. nanus and
many species of full nasute Nasutitermitinae).

C. bequaerti is a mandibulate neotropical Nasutitermitinae very
abundant in Brazil where it is often found in deforested areas in sympa-
try with C. cumulans. It builds earthen nests with small epigeous con-
structions. The habitacle, of 60–80 cm in diameter, is entirely sub-
terranean and contains several tens of thousands of individuals. This
species feeds on dry grass and may cause severe damage to pastures.
Dispersal flights generally occur in September-October at sunset.

Alates were collected on the campus of Botucatu, SP (Universidade
Estadual Paulista Julio de Mequita Filho, UNESP) in 1999. Behaviour-
al observations were performed in Brazil, while chemical analyses and
scanning electron microscopy were undertaken in São Paulo (MZUSP)
and in Dijon (France). Transmission electron microscopy was made in
France.

Pheromone extracts

Liquid phase extraction (LPE) with organic solvents and solid phase
microextraction (SPME) were used. For LPE, sternal and tergal glands
of male and female alates were prepared by immersion in pentane or
hexane for 12 h at 4°C. Glandular extracts were performed by dissect-
ing the glands from cold anesthesized individuals under a stereomicro-
scope with microscissors and forceps. For SPME, cold anesthesized
dealate females were artificially induced to expose their glands by
stretching the abdominal segments covering sternal or tergal glands. A
Supelco 65 µm-Polydimethylsiloxane/Divinylbenzene fiber for SPME
was gently rubbed against the tergal glands of 25 dealate females, and
immediately desorbed in the injection port of a gas chromatograph for
3 min for GC-MS analysis. Controls were prepared by rubbing non
glandular abdominal surfaces with the same type of fiber.

Sex attraction bioassays

Sex attraction bioassays were performed by introducing 2 males in a
15 cm Petri dish containing folded pieces of Whatman n° 1 filter paper
(1 cm2) treated with 20 µl pentanic extracts each. The solvent was evap-
orated immediately before the bioassay. Procedures for the control were
the same, except that the filter paper was treated with pentane only. Two



nuptial promenade in tandem is rapidly started with the
female as a leader, and the male licking the tergal secretions,
walking only with meso and meta-thoracic legs. After choos-
ing an appropriate site for nesting, both sexes dig the first
subterranean chamber in which they mate. It could not be
observed if a trail pheromone was released by the female
during the tandem running. When the pair looses contact, the
female immediately stops and starts again the calling behav-
iour by exposing its tergal glands for several tens of seconds.
If no male is attracted, the female walks few centimeters, then
stops for calling. Calling behaviour was never observed in
C. bequaerti males; only females secrete sex pheromone.

Origin of sex pheromone

Results are summarized in table 1. They show that the bio-
assays are not biased when using two males as these two
individuals never joined together for a long time on control
papers in the Petri dish. The males were strongly attracted by
female tergal gland extracts. In all cases, the males started
running rapidly toward the tergal gland extracts and met
each other on the extract. Then they stayed on the extract
showing a state of great excitement while licking and pal-
pating the piece of paper and each other alternately. On the
other hand, the males were only slightly attracted by extracts
of female sternal gland, and never showed any excitement
behaviour in contact with these extracts. When given a
choice between extracts of sternal and tergal female glands,
the male always chose the tergal gland extract. Thus, the
female sex pheromone of C. bequaerti is secreted by tergal
glands.

Identification of female sex pheromone

After SPME of the surface of tergal glands of 25 dealate
females, 9 main peaks were observed in GC. (Fig. 7a). The
most volatile compound was quantitatively important, and
could be identified by its retention time and its mass

spectrum as (3Z, 6Z, 8E)-dodecatrien-1-ol (Fig. 7b). The
other compounds were unsaturated and saturated, linear and
branched hydrocarbons from C 25 to C 30. By comparing the
compounds present on the non glandular tergal cuticle
(tergites 2-3-4) and those present on glandular areas (tergites
8-9-10), it could be observed that dodecatrienol was specific
to the tergal glandular area. The cuticular hydrocarbons,
except 2 unsaturated C 25 hydrocarbons were common to
glandular and non glandular abdominal integument.

Biological activity of synthetic dodecatrienol

Results are summarized in Table 1. Synthetic dodecatrienol
clearly induced attraction of C. bequaerti males at 1 ng con-
centrations and further elicited excitement behaviour at 10 ng
concentrations. When offered a choice between 10 ng dode-
catrienol and extracts of tergal glands (glands 8–10), males
stayed longer on glandular extract. In contrast, when offered
a choice between 100 ng dodecatrienol and extracts of tergal
glands 8–10, they clearly preferred synthetic dodecatrienol. 
From these results, it could be concluded that dodecatrienol
is the main component of the female sex pheromone of C.
bequaerti. Bioassays suggest that this compound is secreted
at a concentration situated between 10 and 100 ng. By GC of
extracts of sternal glands, its concentration was estimated at
20–30 ng per female.

Structure of tergal glands

Tergal glands are located at the anterior part of tergites 8 – 10
and are highly developed. Glandular areas are 1.5 ¥ 106 µm2,
1.2 ¥ 106 µm2, 0.8 ¥ 10 6 µm2 for tergites 8–10, respectively.
They are normally covered with the posterior margin of
the preceding tergite but are exposed at calling posture
(Fig. 1).

When observed in scanning electron microscopy, the
cuticular surface of female tergal glands shows a fine scaled
structure different from the more smooth adjacent non glan-
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Table 1. Sex attraction bioassays : Choice tests for male dealates between pieces of filter paper impregnated with pentane (control), with extracts of
sternal gland, tergal glands (8–10) at the concentration of one female equivalent or with synthetic (3Z, 6Z, 8E)-dodecatrien-1-ol (DTE-OH) at con-
centrations 1ng, 10 ng and 100 ng. The bioassay consists in measuring the time spent by one or two males licking or palpating the different pieces of
filter paper. Duration of the bioassay = 300 seconds. Results expressed in the table are mean time in seconds with standard deviation. N = 10 repli-
cates. (S) = time significantly different from that of control or tergal glands bioassay (Mann and Whitney U test, p < 0.01)

Bioassay Time (sec)

Control Tergal glands Sternal glands DTE-OH 1 ng DTE-OH 10 ng DTE-OH 100 ng

1 1.5 ± 1.6 – – – – –
2 3.1 ± 1.9 248.4 ± 31.9 (S) – – – –
3 5.1 ± 3.0 – 37.1 ± 10.4 (S) – – –
4 – 228.4 ± 82.8 16.7 ± 10.2 (S) – – –
5 6.5 ± 4.3 – – 188.6 ± 29.1 (S) – –
6 3.4 ± 2.4 – – – 260.1 ± 42.5 (S) –
7 – 216.8 ± 37.3 – – 78.9 ± 41.3 (S) –
8 – 58.6 ± 19.5 – – – 221.7 ± 60.6 (S)
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Figure 1. Female dealate of Cornitermes bequaerti in a calling posture. Tergal glands 8, 9, 10 are well exposed during releasing of the sex pheromone.
X = 7
Figure 2. Surface of tergal gland of tergite 8 th observed with scanning electron microscope, showing microscaled structure and narrow openings
(arrow) of class 3 cells. X = 1,600
Figure 3. Histological section of tergal gland of tergite 8 th coloured with azan. The gland is covered by the posterior margin of the 7 th tergite. The
glandular epithelium (arrow) is essentially composed of class 1 cells with basal nuclei and highly developed apical microvilli, and class 2 cells with
central nuclei and granulous cytoplasm. Class 3 cells are rare. The cuticle (c) covering the gland is composed of partially stabilized material (meso-
cuticle), and shows an aspect different from the normal cuticle (see detail Fig. 6). X = 160
Figure 4. Semi thin section coloured with methylene blue of tergal gland of tergite 8 th showing numerous granulous areas (arrow) corresponding to
secretory class 2 cells. X = 300
Figure 5. Ultra-thin section of tergal gland of tergite 8 th showing class 1 cells (1) and secretory vesicles associated with mitochondria of class 2 cells (2).
X = 5,500
Figure 6. Ultra-thin section of glandular cuticle. The loose texture of this special cuticle allows the passage of the secretion of class 1 and 2 cells
(arrows), whereas secretion of class 3 cells is released through canals (cc). X = 6,500



dular cuticle (Fig. 2). Each scale corresponds to an underly-
ing epidermal cell, more or less hexagonal in form and mea-
sures 10–12 µm in width. Narrow openings (0.4–0.5 µm in
diameter) are visible between scales, the density of these
openings varies across the gland. 

The glandular epithelium is about 70–80 µm in height
and covered with a cuticle less sclerotized than that of the
respective tergite. On histological sections stained with azan,
this glandular cuticle appears to be composed of a thin outer
layer coloured in amber comprizing the epicuticle and a par-
tially sclerotized layer (2–2.5 µm), an intermediary blue-
yellow granulous layer (4.5–5.5 µm) and an inner red layer
of mesocuticle (4– 5 µm) (Fig. 3).
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Figure 7. a Gas chromatogram of an extract of the tergal gland surface
after Solid Phase Microextraction. The volatile component (1) is specif-
ic to the glandular area and corresponds to (3Z, 6Z, 8E)-dodecatrien-1-
ol. Sex attraction bioassays with synthetic standard have shown that this
alcohol is the main component of the female sex pheromone of Cor-
nitermes bequaerti. Peaks 2 to 9 are cuticular hydrocarbons, respective-
ly: 2: unsaturated linear C25, 3: unsaturated linear C25, 4: mix of satu-
rated and unsaturated linear C25 and C26, 5: saturated linear C25, 6:
saturated and branched C27, 7: saturated and branched C28, saturated
29, 8: unsaturated and branched C30. Except hydrocarbons 2 and 3, all
other hydrocarbons are common to glandular and non glandular areas.
b EI (70 eV) mass spectrum of peak 1 corresponding to (3Z, 6Z, 8E)-
dodecatrien-1-ol

B

A

On semi-thin sections stained with methylene blue,
numerous ovoid and granulaceous areas, easily recognizable
in the cytoplasm, probably correspond to class 2 secretory
cells (Fig. 4).

At the ultrastructural level, the glandular epithelium
appears essentially composed of class 1 and 2 cells according
to Noirot and Quennedey’s terminology 1974; 1991). Class 3
cells with reservoirs and cuticular ducts are more rarely
observed. Class 1 cells appear as elongated and narrow cells
(40–50 µm in height, 3–5 µm in diameter) that join both the
basement membrane and the cuticle, bearing highly devel-
oped microvilli at the apex (10–15 µm in length) and contain
many dense granules within their cytoplasm. Their nuclei are
generally located at the basis of the cells. Class 2 cells are
ovoid in shape (30–35/10 µm) and have no contact with the
basal membrane and cuticle. Their cytoplasm is filled with
abundant small clear droplets, associated with very numer-
ous small mitochondria (Fig. 5). Most often, their nuclei are
located in the center of the cells. Their secretion necessarily
migrates through or between class 1 cells before being
released from the gland. Glandular units of class 3 cells are
scarce and composed of a glandular cell with a receiving
canal and a canal cell surrounding a thin conducting canal
which goes through the cuticle and opens at the surface of the
cuticle (Fig. 6). 

Discussion

This study shows that in Cornitermes bequaerti pairing is
mediated by female dealates that secrete a sex pheromone
from 3 huge abdominal tergal glands. The same situation
occurs in another mandibulate Nasutitermitinae, Syntermes
dirus (Barth, 1955). In contrast, in other species, both tergal
and sternal glands are involved in postflight behaviour. For
example, in the full nasute Trinervitermes bettonianus, a long
distance sex attraction is assumed by tergal glands while a
short distance sex attraction is mediated by the sternal gland.
This sternal gland also secretes a trail-following pheromone
during the nuptial promenade, allowing the pair to reunite if
an accidental disconnection occurs (Leuthold, 1977). In
species without tergal glands, the sternal gland is generally
hypertrophied and secretes both sex pheromone and trail-
following pheromone, as is the case in Pseudacanthotermes
spiniger and P. militaris (Bordereau et al., 1991; 1993).

For the first time, a sex pheromone of Nasutitermitinae
secreted by tergal glands has been identified. This
pheromone elicits both attraction at distance and during the
tandem behaviour. By using SPME, the major component
specific to the surface of the sexual glands could be easily
detected, identified and tested on males. Surprisingly, the ter-
gal sex pheromone is (3Z, 6Z, 8E)-dodecatrien-1-ol, the
same molecule identified as sex pheromone in Reticuliter-
mes santonensis (Rhinotermitidae) (Laduguie et al., 1994)
and P. spiniger (Termitidae Macrotermitinae) (Bordereau et
al. 1991), and secreted by the sternal gland in both species.
These two species do not have tergal glands. In R. santonen-
sis, the sternal gland shows two cellular lobes, the anterior



lobe is composed of class 1 and 2 cells, the posterior lobe of
class 3 cells (Quennedey 1971, 1977); in P. spiniger, the ster-
nal gland of the female alate only possesses class 1 and 2
cells. Thus, (3Z, 6Z, 8E)-dodecatrien-1-ol is probably secret-
ed by class-1 and 2 cells. Class 2 cells are especially remark-
able, their cytoplasm entirely filled with clear droplets close-
ly associated with numerous small mitochondriae, suggest-
ing active metabolism. They could be the main site of syn-
thesis of this sex pheromone. 

Results show again that (3Z, 6Z, 8E)-dodecatrien-1-ol
plays a major role in the biology of termites. This alcohol is
present in wood decayed by the fungus Gloephyllum trabeum
and eaten by some Rhinotermitidae (Matsumura et al., 1969).
It is also the major component of the trail-following
pheromone and the sex pheromone of several species of
Rhinotermitidae and Termitidae (Pasteels and Bordereau,
1998). The dual function of this molecule is resulting from
different amounts of pheromone secreted by workers and
alates and from the different sensitivity of the respective
castes to this alcohol (Bordereau et al., 1993). (3Z, 6Z, 8E)-
dodecatrien-1-ol without doubt plays a crucial role in strate-
gies of chemical communication in termites that appear
much less based on specificity than in ants, although even in
these Hymenopteran social insects, anonymous signals also
exist for recruitment such as 3-Ethyl-2,5-dimethylpyrazine
for species of several myrmicine genera (Hölldobler et al.,
2001). In termites, an extreme pheromonal parsimony is
observed, the same molecule being secreted by different
glands, different species and for different functions. Thus,
(3Z, 6Z, 8E)-dodecatrien-1-ol is an anonymous signal (Höll-
dobler and Carlin, 1987) for a great number of species of
termites with different bio-ecological characteristics. How-
ever, (3Z, 6Z, 8E)-dodecatrien-1-ol is not an anonymous
signal for all Isoptera. In the “lower” termites, such as Mas-
totermitidae, Hodotermitidae, Zootermopsidae and Kaloter-
mitidae it has not been found until now and pseudergates or
workers of these termites are not sensitive to this molecule.
Even in Termitidae where (3Z, 6Z, 8E)-dodecatrien-1-ol is
especially active, other molecules have been identified for
trail-following or sex pheromones. Thus, in several Asiatic
and African Macrotermes, the trail-following pheromone is
the monoene (3Z)-dodecen-1-ol (Peppuy et al., 2001a, b)
whereas it is the diene (3Z, 6Z)-dodecadien-1-ol in other fun-
gus-growing termites (Peppuy, 1999).

The contradiction between the structural complexity of
sternal glands of termites suggesting complex and diverse
pheromonal secretions, and the apparent chemical uniformi-
ty and simplicity has been often underlined (Quennedey,
1977; Pasteels and Bordereau, 1998). This is illustrated by
our results showing the secretion of identical compounds by
different glands. However, only the major volatile compo-
nents of trail-following or sex pheromones have been identi-
fied whereas species-specific or caste-specific behavioural
responses could be elicited by minor components (Howard et
al., 1976; Kaib et al., 1982; Affolter and Leuthold, 2000;
Reinhard and Kaib, 2001; Peppuy et al., 2001b). This could
perhaps partly explain the ultrastructural complexity of
secretory glands. Moreover only compounds involved in

trail-following or sex attraction have been investigated for
sternal secretions. Other chemical components volatile or
not, and especially those secreted by class 3 cells, could be
implicated in other related phenomena of sex behaviour, such
as chemical stabilization or inactivation of pheromonal
secretions, secretion of ligands for transport of pheromone
through the cuticle, cohesion of the tandem during nuptial
promenade, stimulation of mating after digging of the copu-
larium, or even in resistance to diseases (Traniello and
Leuthold, 2000). All these substances could intervene in the
functional complexity of sexual glands of termites. Without
doubt, the SPME will be a useful technique, in the future, for
the analysis of this chemical complexity that may mediate a
variety of behaviors in termites. 
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