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The importance of olfaction in the initial orientation phase
in host selection by phytophagous insects is by now well
appreciated (Visser, 1986). It has been reported for several
insect species that the odour of a host plant influences
orientation behaviour. In the Colorado potato beetle,
Leptinotarsa decemlineata Say, the odour of potato plants elicits
an upwind locomotory response (Visser, 1976; Visser & Nielsen,
1977). This odour-conditioned anemotaxis increases the
probability of the beetle to encounter its host (Visser, 1988).
The composition of most plant odours is very complex. Some
phytophagous insects identify a host odour by the presence of a
single specific compound. The flea beetle Phyllotreta cruciferae,
for ' example, is attracted by allylisothiocyanate, a specific
compound of its cruciferous host plants (Feeny et al., 1970).
Other insects recognize host odours by the specific ratio of
general odour components. Visser & Ave (1978) demonstrated that
the so-called 'green odour' is important in the Colorado potato
beetles' recognition of the odour of its host, potato. Green
odour, which is composed of C-6 alcohols, aldehydes and the
derivative acetate, forms a significant part of all leaf odour
blends, but the proportions of its individual components show
differences between plant species (Visser et al., 1979).
THE OLFACTORY SYSTEM
Insects receive olfactory information by activation of
olfactory receptors. Most olfactory receptors are located in
sensilla on the antennae. The number of receptors varies
considerably between different insect species. The antennae of
Manduca sexta and Periplaneta americana contain about 177,000 and
195,000 olfactory receptors respectively (Sanes & Hildebrand,
1976; Boeckh et al., 1984), while the antenna I nerve of

1

•

!

Drosophila melanogaster is composed of 1800 axons (Venkatesh &
Singh, 1984).
Virtually all the olfactory sensilla of the Colorado potato
beetle's antenna are concentrated on the 5 distal segments
(Schanz, 1953). An ultrastructural study demonstrated that about
430 olfactory sensilla are distributed over the third distal
segment of the Colorado potato beetle's antenna (Boeckh & Selsam,
unpublished data). This represents 28.5% of the whole population
of the antennal olfactory sensilla (Schanz, 1953). Most of these
sensilla, about 90%, showed 2 dendrites in cross section, while
the remaining 10% showed 3 dendrites (Boeckh & selsam, unpublised
data). An estimate based on these data indicates that the
Colorado potato beetle's antenna contains about 3200 olfactory
receptors.
Electroantennogram recordings showed that the antennal
olfactory receptor system of the Colorado potato beetle is tuned
to the perception of general green leaf volatiles (Visser, 1979).
These recordings reflect the summed receptor potentials of
stimulated olfactory receptors. Individual receptors react
differentially to the applied stimuli and show a continuum in
their response spectra (Ma & Visser, 1978; Visser, 1983). The
sensitivity of the receptors to green leaf volatiles indicates an
important role of these compounds in host odour recognition by
the beetle.
Information from the olfactory receptors is directly conducted
to the brain via receptor axons. These axons terminate in
glomeruli, spheroidal neuropile structures in the deutocerebrum,
where synaptic contacts are made with interneurones. The number
of glomeruli is usually invariable within species and sex
(Rospars, 1983), and numbers have been reported varying from 19
in female Drosophila melanogaster (Stocker et al., 1983), to
about 1000 in Locusta migratoria (Ernst et aI, 1977).
Projection patterns of antennal receptors of female Colorado
potato beetles, obtained by cobalt chloride fillings of antenna I
nerves, reveal the presence of about 25-30 glomeruli in the
antenna I lobe (Fig. 1).
Projection patterns of sensilla of Drosophila melanogaster,
predominantly reflect the type of sensillum rather than its
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Fig. 1 Diagram of the nervous system in the head of an adult
Colorado potato beetle (left), and section through the deutocerebrum of a
female Colorado potato beetle (right), showing the projection areas of sensory
afferents. Cut e nd of antenna was kept in a 1 % cobalt chloride solution for 1
h, followed by treatment with ammonium sulfide, fixation in alcoholic Bouin's
solution and silver intensification (Timm's method) . AN , antennal nerve; DC,
deutocerebrum; G, glomerulus; OL , optic lobe; PC, protocerebrum; SOG,
suboesophageal ganglion. Bar represents 50 ~m .

location on the flagellum, suggesting that individual glomeruli
might represent functional units in the deutocerebrum (Stocker et
al., 1983). Interneurones which are stimulated as a result of the
perception of female sex pheromone components innervate the
macroglomerulus, a deutocerebral neuropile structure which is
found exclusively in males. It has been demonstrated for Manduca
sexta that a trans-sexually grafted male antenna induces the
formation of a deutocerebral structure resembling the
macroglomerulus in a gynandromorphic female (Schneiderman et al.,
1982). These gynandromorphic females show behavioural responses
to pheromones (Schneiderman et al., 1986).
A number of deutocerebral interneurones, the so-called output
neurones, have their axons running to the protocerebrum, where
they terminate in 2 neuropile structures, i.e. in the mushroom
bodies and in the lobus lateral is protocerebralis (Boeckh et al.,
1984; Matsumoto & Hildebrand, 1981). In these structures
olfactory information is integrated with other sensory input,
like visual, taste and mechanosensory information (Erber &
Menzel, 1977; Homberg, 1984; Schildberger, 1981). The number of
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deutocerebral output neurones is relatively small compared to the
number of input antenna I fibres. In the cockroach Periplaneta
americana, for example, each antenna contains 195,000 olfactory
receptors, and only 260 output neurones leave the deutocerebrum
(Boeckh et al., 1984). The convergence of olfactory information
causes an increase in the sensitivity of deutocerebral neurones,
compared to the sensitivities of individual receptors. Boeckh &
Selsam (1984) reported a 100-fold amplification of the signal in
pheromone sensitive interneurones in the American cockroach. The
number of output neurones in the Colorado potato beetle is still
unknown, but the 100 to 1000-fold increase in sensitivity of
deutocerebral neurones (De Jong & Visser, 1988) originates from
the input convergence in its deutocerebrum.
BEHAVIOURAL RESPONSE TO OLFACTORY STIMULATION
Visser & Ave (1978) reported a disruption in the odour
conditioned anemotaxis of Colorado potato beetles, when the
ratios between components of the potato leaf odour were changed
artificially. We extended these experiments with 5 green odour
components, i.e. Cis-3-hexen-l-ol, trans-2-hexenal, cis-3-hexenyl
acetate, trans-2-hexen-l-01 and 1-hexanol, and recorded the
beetle's response on a locomotion compensator in front of a wind
tunnel. The experimental set-up has been described previously
(Visser, 1976; Thiery & Visser, 1986), and a more detailed
description of this equipment will be presented elsewhere (Visser

& Thiery, in prep.).
We used 2-day-old female beetles from our laboratory stock
culture, which were fed for 2 h on potato foliage and then
starved for at least 12 h prior to the experiments. Locomotory
responses to wind (situation A), wind + potato leaf odour
(situation B), and wind + potato leaf odour + 1 green odour
component (situation C), were recorded for 4 min each. Green
odour components were added by flowing air (1 l j min) over 1 ml of
the test chemical, which was diluted in paraffin oil (10~3 vjv),
and with a contact surface with the air of 1.23 cm 2 .The
container with the test chemical was placed in the wind tunhel
between the 6 potato plants standing in the dark upwin6 section
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Table 1.
Orientation responses of female Colorado potato beetles to (A) wind,
(B) wind + potato plant odour, and (C) wind + potato plant odour + 1 green
odour component. Upwind orientation expressed as the quotient of upwind
displacement and the total length of the walking track; data represent group
means.

Experiment

1
2
3
4
5

N~ 35l
N~34
N~35

N~35
N~35

A: Wind

0.611
0.496
0.546
0.562
0.608

a2

a
a
a
a

B: A + Host odour
0.792
0.787
0 . 731
0.794
0.862

b
b
b
b
b

C: B

+

Compound

0.463
0.484
0.445
0.382
0.750

a
a
a
a
a

cis-3-Hexen-l-ol
trans-2-Hexena1
cis-3-Hexenyl acetate
trans-2-Hexen-l-ol
l-Hexanol

1 Number of beetles.
2 Different lette r s on a line indicate statistical differences between
treatments of an experiment at P < 0.02 (2-tailed, Wilcoxon matched-pairs
signe d-ranks test; Siegel, 1956).

of the wind tunnel. The air flow leaving the wind tunnel was set
at 80 cm/s (4320 l/min). upwind orientation is expressed as the
quotient of upwind displacement and the total length of the
walking track.
Addition of green odour components prevented the release of a
positive anemotactic response of the beetle, demonstrating the
importance of these 5 compounds in the recognition of host plant
odour. No significant differences were observed between responses
to situationi A and C (Table 1). Thiery & Visser (1986) obtained
similar results when odour of potato plants was combined with
odour of wild tomatoes or cabbage. Towards the latter odour
blends, the beetles did not show odour-conditioned anemotaxis,
their responses were identical with those towards odourless wind.
These results illustrate the specificity of the chemical message
emanating from the host plants.
PRESENT ANALYSES
The composition of plant odours is analyzed by the Colorado
potato beetle's olfactory system. Behavioural evidence suggests
that this system can distinguish the characteristic ratios of
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green odour components in potato plant odour from those in other
plant odours. The study presented in this thesis was undertaken
to investigate the coding mechanism and central processing
underlying host odour recognition in the Colorado potato beetle.
Responses of neurones to stimulation with volatiles were recorded
at 2 levels. Chapter 2 describes responses of deutocerebral
neurones to stimulation of the antenna with 5 green odour
components and the odour of a paraffin oil extract of potato
leaves. Chapters 3 and 4 report on effects of odour mixtures on
the olfactory receptors. The effects of feeding experience on the
perception of olfactory information is described in Chapter 5.
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