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with HP59970C Chemstation. Chromatography was carried
out on fused silica capillary columns (SGE, Milton Keynes,
U.K.) of dimensions 12 m X 0.32 mm with a 0.3 um coating,
and 12m X 0.2 mm with a (.25 um coating of polydimethyl-
siloxane (equivalent to OV-1). The sample was heated in
the injector to 220°C for 4 min before crushing (Morgan,
1990). The oven was programmed from 120°C to 270°C at
7Cmin~! then held isothermal, helium was used as the
carrier gas at 1 mimin~".

Gas chromatography was performed on some samples
using a Carlo Erba model 1760 gas chromatograph using
the same type and size of column which was programmed
from 120°C to 290°C at 5°Cmin .

Results

Comparison of the wing, leg and antenna samples of
B.terrestris showed a consistent hydrocarbon pattern, as
did the wing and antenna samples of the other four species,
indicating that the insects are coated with a species-specific
hydrocarbon layer of constant composition, i.e. the com-
position is the same on different parts of the body, and the
same on one individual as another. The volatile compounds
found on the cuticle and in the Dufour gland are listed in
Table 1. For B.terrestris terrestris the cuticular hydrocarbons
are linear and range in carbon number from Cj; to Cs;
with tricosane (10 in Table 1 and Fig. 1A) as the major
component. The cuticular hydrocarbons closely resemble
those found in the Dufour gland (see Fig. 1B and Table 1);
however, there is a much greater amount of the very large
molecule hentriacontenes (Cs;;:1) (26) and hentriacon-
tadienes (Cs;:2) (25) present in the Dufour gland. In
addition, the gland also contains four oxygen-containing
compounds which are absent from the cuticle, namely:
farnesol (a), 2,3-dihydrofarnesol (b), farnesylacetone (c)
and geranylcitronellol (d). The cuticular hydrocarbons of
B.terrestris audax are very similar to those of B.terrestris
terrestris, as might be expected for members of related
subspecies. The Dufour gland secretion of B.terrestris
audax is close in composition to the cuticular hydrocarbons
of that species (see Figs 2A and 2B and Table 1); however,
the Dufour gland contains five esters which are not seen on
the cuticle: farnesyl hexanoate (e), octyl hexadecenoate (f),
octyl hexadecanoate (g) and two unidentified unsaturated
esters (h) and (i). The presence of these esters in audax
and the absence of the terpenoids (a—d) distinguishes the
Dufour gland secretion of B.terrestris audax from that of
B.terrestris terrestris. Workers of B.pratorum have cuticular
hydrocarbons ranging from C,; to Cyy with tricosane (10)
and tricosenes (9) as major components. The pattern of
hydrocarbons present in the Dufour gland of B.pratorum
is very similar to that found on the cuticle (see Figs 3A
and 3B). B.pascuorum floris has cuticular hydrocarbons
between C21 and C27 and has a much greater relative
amount of pentacosenes (13) than the previous three
species (see Fig. 4A). This is also seen in the Dufour gland
secretion of B.pascuorum floris (Fig. 4B), with just a slight
difference in the relative proportions of (10) and (13). The

shift in retention times for the peaks in Fig. 4, relative to
the other four figures, is due to the samples being run on a
new column of 0.2 mm internal diameter. B.lapidarius has
both linear and methyl-branched cuticular hydrocarbons
with chain length between C;; and C5; with tricosane (10),
tricosenes (9), pentacosane (14) and pentacosenes (13) as
the major components. This pattern is matched closely
by the Dufour gland hydrocarbons of this species (see
Figs SA and 5B).

Discussion

We have demonstrated first that the composition of the
cuticular oil (because it is a liquid rather than a solid wax)
of bumblebees is constant over different parts of the body,
and therefore we used the antenna as a representative part
of the cuticle well away from possible contamination by
the Dufour gland secretion. In the figures, in each case,
the gas chromatogram of hydrocarbons from the antenna
is shown above that of the Dufour gland. We have not
quantified the hydrocarbons present on the cuticle and in
the gland because, whereas there was little variation in
composition between members of the same species, the
total amount of secretion did vary over the few samples of

_each species that were available. The qualitative differences

between species are evident to the eye and did not merit a
statistical analysis. However, there is typically between 10
and 100 times more secretion in the Dufour gland than on
the antennal funicle. ,

The hydrocarbons of the outer cuticular surface are
presumed to come from small epidermal glands that dis-
charge their secretions through cuticular pores. The Dufour
gland and the venom gland are derived from epidermal
tissue and still possess a cuticular lining. It should not be
surprising therefore if tissues of common origin produce
similar chemicals. However, we have also examined the
cuticle and Dufour gland of workers of the honeybee
Apis mellifera carnica, but we did not find this same cor-
respondence between the cuticular hydrocarbons and the
Dufour gland hydrocarbons. Indeed we are not aware of
any other reports of this similarity within the Hymenoptera.

In the bumblebee species studied here, it would appear
that the glandular secretion has retained this primitive
resemblance to the cuticular oil. The close resemblance at
least emphasizes the point that the cuticular surface is
covered with a liquid oil and not a solid wax, since the
glandular material is clearly liquid. A liquid oil can move
laterally over the hydrophobic cuticular surface, covering
those parts less well supplied with secretory cells.

Howse (1975) first proposed that social insects might
use cuticular hydrocarbons as odour recognition cues.
Numerous studies on the cuticular oil of social insects
have demonstrated this material plays a part in species
and individual recognition (Howard & Blomquist, 1982;
Bonavita-Cougourdan et al., 1987; Bagneres et al., 1990).
It is possible, therefore, that the Dufour gland secretion of
bumblebees plays a part in the recognition process through
its identification with the cuticular oil.
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Table 1. Volatile compounds present in the cuticle and Dufour gland of five Bombus species.

Species

B.ter .ter. B.ter.audax B.pratorum B.pascuorum B.lapidarius
Compound and

number in figures C DG C DG C DG C DG C DG

Linear hydrocarbons
1 Nonadecenes - t
2 Nonadecane - t
3 Eicosenes - -
4 Eicosane - -
5 Heneicosenes - t
6 Heneicosane ++ +++
7 Docosenes
8 Docosane
9 Tricosenes

10 Tricosane

11 Tetracosenes

12 Tetracosane

13 Pentacosenes

14 Pentacosane

15 Hexacosenes

16 Hexacosane

17 Heptacosenes
18 Heptacosane

19 Octacosenes

20 Octacosane

21 Nonacosadienes
22 Nonacosenes

23 Nonacosane

24 Triacontane

25 Hentriacontadienes
26 Hentriacontenes
27 Hentriacontane
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Branched hydrocarbons
28 5-Methyltricosane - - - - - - - -
29 9-Methyltricosane - - - - - - - -
30 11-Methyltricosane - - - - - - - -
31 5-Methylpentacosane - - - - - - - -
32 11-Methylpentacosane - - - - - - - -
33 13-Methylpentacosane - - - - - -~ - -
34 9-Methylnonacosane - - - - - - - -
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Terpenoid components
a Farnesol - t - - - - - - - -
b 2,3-Dihydrofarnesol - + - - - - - - - —
¢ Farnesylacetone - + — - - - - - - -
d Geranylcitronellol - ++ - - - - - - - -

Esters
e Farnesyl hexanoate - - -
f Octyl hexadecenoate - - -
g Octyl hexadecanoate - - -
h Unknown ester - - -
i Unknown ester - - -
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* +++, Major component; ++, intermediate component; +, minor component; t, trace. C = cuticle, DG = Dufour gland.

We have recently shown in ants that the postpharyngeal may help to lubricate and waterproof the cuticle. The
gland in the head is filled with an oily mixture of hydro- postpharyngeal gland is not present in bumblebees, and we
carbons with the same composition as the cuticular oil considered the possibility that the Dufour gland in Bombus

(Bagneres & Morgan, 1990), and suggested that the gland might perform the same function as the post-pharyngeal
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Fig. 1. Gas chromatograms of (A) a cuticle sample taken from the antenna of a single worker of B.terrestris terrestris and (B) a single
Dufour gland. Numbers and letters on peaks correspond to those in Table 1.



