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CHAPTER 5. EFFECTS OF FEEDING EXPERIENCE ON HOST ODOUR PERCEPTION
IN THE COLORADO POTATO BEETLE
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R. DE JONG, J.H. VISSER, E.A. VAN STRIEN & C.M. NIJHOF

Effect s of feeding exper i ence on olfactory orientation of the Colorado
pota to beetle, Leptinotarsa decemlineata Say, towards different plant odours
were studied using a locomotion compensator in front of a wind tunnel. Non
experienced beetles are a ttra c ted solely by the odour of potato plants . Potato
plant odour is attractive to the beetles regardle s s of their feeding
experience. Upwind orientation towards the odour of bittersweet and tomato
plants is not significantly enhanced by a feeding experience on these plant s .
The odour of bittersweet plants however, i s attractive to beetles with
experience on tomato plants. Electroantennogra m recordings demonstrate that
feeding experience affect s responses of olfactory receptor s in a quantitative
and qualitative way . This plasticity in receptor responses may be partly
re s ponsible, in addition to the central nervous system , for modifications in
the olfactory orientation of the Colorado potato beetle.

The Colorado potato beetle, Leptinotarsa decemlineata Say, has
a limited range of host plants, all of which are solanaceous
species. The beetle was originally found in the eastern part of
the United States where it fed on buffalo bur, Solanum rostratum.
Nowadays, the beetle is a serious pest of the United States'
potato and tomato crops. The beetle has also invaded continental
Europe where its most important host plant is potato.
Bongers (1970) conducted experiments to test the suitability
of 5 different Solanum species as hosts for Colorado potato
beetles from the Wageningen laboratory stock culture.
Bittersweet, Solanum dulcamara, proved to be a suitable
foodplant, although on this plant species the beetles' mortality
was higher than on the best host, potato, Solanum tuberosum. On
tomato plants, Lycopersicon esculentum, there was considerable
mortality, but still could be used as a food plant. The black
night shade, Solanum nigrum, and the woolly night shade, Solanum
luteum, were unsuitable as hosts.
Studies on behavioural responses of Colorado potato beetles
showed that the beetles can distinguish between odour of a host
plant and of non-host plants (Visser & Nielsen, 1977). Odour of
potato plants elicits upwind walking behaviour in the beetle
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(Visser, 1976; Visser & Nielsen, 1977; Thiery & visser, 1986).
The ratios of 'green odour' components in leaf odours playa key
role in the beetle's olfactory discrimination (Visser & Ave,
1978).
Visser (1979) and Ma & Visser (1978) demonstrated that the
Colorado potato beetle's antenna 1 receptor system is sensitively
tuned to the perception of green odour components. More detailed
studies on the beetle's mechanism of olfactory coding have been
conducted by De Jong & Visser (1988a and b). They recorded
neuronal responses at the receptor level and at the deutocerebral
level to stimulation of the antenna with green odour components.
Visser & Thiery (1986) demonstrated that prior feeding
experience on potato leaves enhances the upwind responses of
Colorado potato beetles towards potato plant odour. The
underlying mechanism of this phenomenon remained unknown, but it
indicates that the beetle's response to a host odour is not
fixed.
EFFECTS OF FEEDING EXPERIENCE ON ORIENTATION
It has been demonstrated for different species that adult
insects are able to modify their responses to certain odour
stimuli as a result of experience. Non-experienced females of the
parasitoid Asobara rufescens, for example, are not responding to
the odour of yeast. After experience with host larvae feeding in
yeast, however, these wasps are attracted by yeast odour (Vet &
Van Opzeeland, 1984). The present study was undertaken to see
whether the orientation behaviour of Colorado potato beetles
towards different plant odours is influenced by feeding
experience.
Newly-emerged female beetles were collected from the
laboratory stock culture (reared under 10 h photophase), and kept
isolated in petri dishes. Prior to the experiments, 1 group of
beetles was starved for at least 12 h (non-experienced beetles),
while the other beetles were fed for 4 h on 1 of 3 different food
plants before being starved for at least 12 h. The plants used as
food plants were: potato, bittersweet and tomato. Behavioural
responses of the beetles to plant odours were studied using a
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Table 1. Effects of feeding experience on the orientation responses of female
Colorado potato beetles to wind and wind carrying plant odour. Upwind
responses expressed as the quotient of upwind displacement and the total
length of the walking track; data represent group means.
Stimuli

Wind
Wind + Potato odour

Wind
Wind + Bittersweet odour

Wind
Wind + Tomato odour

Non-experienced
Beetles

Beetle s experienced on
Potato

Bittersweet

Tomato

0.671 a l
0.793 b
(N~40)2

0.613 a
0 .76 8 b
(N~39)

0.595 a
0.809 b
(N=42)

0.592 a
0.743 b
(N=39)

0.563 a
0.670 a

0.469 a
0.652 a

0.596 a
0.671 a

(N~42)

(N~39)

(N~4l)

0.478 a
0.700 b
(N=4l)

0.699 a
0.653 a

0.623 a
0.608 a

(N~40)

(N~40)

0.662 a
0 . 659 a
(N=40)

0.523 a
0.534 a
(N~40)

1 Data were compared in each pair of stimuli and different letters indicate
statistical differences at P < 0 . 02 (2-tailed. Wilcoxon matched-pairs
signed-ranks test; Siegel. 1956).
2 Groups of beetles were tested for only 1 pair of stimuli; N is number of
beetles per group.

locomotion compensator in front of a wind tunnel (visser, 1976;
Thiery & Visser, 1986). In this way, walking tracks were recorded
for 4 min each, and responses of beetles to wind were compared
with responses to wind carrying 1 test plant odour. The test
plants, i.e. 6 potato, 6 bittersweet or 8-9 tomato plants, were
standing in the dark upwind section of the wind tunnel. The air
flow leaving the wind tunnel was set at 80 cm/s (4320 l/min). The
quotient of upwind displacement and the total length of the
walking track was used as the parameter to describe the intensity
of the beetles' upwind response.
The results presented in Table 1 show that non-experienced
beetles are attracted solely by the odour of potato plants. For
these beetles, the odour of bittersweet plants or tomato plants
did not elicit a response different from the response to wind.
The results indicate further that feeding experience did not
change dramatically the innate odour preference of Colorado
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potato beetles: potato plant odour was attractive to the beetles,
•

I

regardless of their feeding experience . Feeding experience on
bittersweet or tomato plants, did not significantly enhance the
upwind response of the beetles towards the odour of the plant
species with which they were experienced. However, feeding
experience on tomato plants did influence the beetle's
orientation behaviour. The odour of bittersweet plants was
attractive to beetles with experience on tomato plants and not to
beetles with exper i ence on other plants (Table 1).
The results of the experiments conducted by Visser & Thiery
(1986) show that potato plant odour recognition is enhanced by a
2 h experience on potato leaves. Experience on other plants,
then, may adjust the innate odour preference in the direction of
that plant odour. The data in Table 1 show that this possible
change of preference does not include attraction towards odour
emanating from the plants on which the beetles obtained prior
feeding experience.
Visser & Nielsen (1977) analyzed behavioural responses of
Colorado potato beetles on a walking plate to odour stimuli, by
the division of walking tracks into 5 categories (criterion A)
and by measuring the time required for the beetles to reach the
upwind edge of the walking plate (criterion B). They found, using
criterion A, that beetles fed with potato for 48 hand
subsequently starved for 24 h showed similar responses to potato
odour and bittersweet odour. With criterion B, however, responses
were significantly different. Beetles fed on bittersweet
responded to both odours equally by both criteria, indicating an
effect of feeding experience on the beetle's behaviour. In our
experiment, we did not observe significant differences between
responses to wind and to wind carrying odour of bittersweet
plants in beetles fed with potato or bittersweet (Table 1). The
discrepancy between the results of Visser & Nielsen (1977) and
our results may be due to certain limitations in the recording of
behavioural res ponses on a walking plate.
According to Bongers (1970), the potato plant is the most
suitable host for the beetles, followed by bittersweet. Tomato is
a far less suitable host. For the beetles, therefore, bittersweet
may be more similar to potato than tomato, which also may be
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Table 2. Orientation responses of non-experienced female Colorado potato
beetles to wind and wind carrying plant odour. Upwind responses expressed as
the quotient of upwind displacement and the total length of the walking track;
data represent group means.

Stimuli

Non-experienced Beetles l

Wind
Wind + Bittersweet odour
Wind + Tomato odour

0.563 ab 2
0.670 b
0.454 a

lOne group of 42 beetles was tested.
2 Different letters indicate statistical differences at P < 0.02 (2-tailed,
Wilcoxon matched-pairs signed-ranks test; Siegel, 1956).

reflected in the respective plant odour qualities. Non
experienced beetles indeed show a significant more intense upwind
response to the odour of bittersweet plants than to the odour of
tomato plants (Table 2). Assuming that the beetle's innate odour
preference shifts towards the odour of the experienced plant, the
experience on tomato, then, could change the beetle's preference
more than the experience on bittersweet. When these changes are
in the same direction, this may explain why the odour of
bittersweet plants is attractive to beetles with experience on
tomato plants (Table 1).
EFFECTS OF FEEDING EXPERIENCE ON OLFACTORY RECEPTORS
It is generally assumed that behavioural modifications are
controlled by the central nervous system. Erber et al. · (1980)
demonstrated that in honey bees memory formation for odours can
be disrupted by cooling the antennal lobes and the mushroom
bodies

~n

the protocerebrum. Coss et al.

(1980) described changes

in the morphology of interneurones in these mushroom bodies,
which were associated with cumulative nursing and foraging
experiences of the bees.
There is, nevertheless, also evidence that the sensitivity of
insect chemoreceptors is flexible. Food quantity and quality can
affect the sensitivity of peripheral chemoreceptors involved in
feeding behaviour (Blaney et al., 1986). Response levels in
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Table 3. Correlations between relative EAGs of left and right antennae from
the same newly-emerged beetles to green odour components. Data represent
Spearman rank correlation coefficient rs and probability P (2-tai1ed, non
parametric Spearman rank correlation test; Siegel, 1956).
Compound 1
cis-3-Hexen-1-o1

Fema1es 2

rs
P

trans-2-Hexena1

rs
P

cis-3-Hexeny1 acetate

trans-2-Hexen-1-o1
1-Hexano1

~

~

rs

~

~

~

Ma1es 2
0.02

0 . 05
0.881

P

0.51
0.130

P = 0.001

0.68

rs

~

- 0.928

rs

~

rs

~

0.93
0.73

P = 0.029

P = 0.017

rs = 0.60
P = 0 . 019

P

rs = 0.95
P = 0.001

rs = 0.48
P = 0.23 3

rs

=
=

-0.12
0.764

Total

rs
P

~

~

rs
P

rs

~

~

~

0.13
0.578
0.76
0.001
0.71

P = 0.001

rs

~

0.43

P = 0.063

rs = 0.70
= 0.001

P

1 Compounds were at a dilution in paraffin oil of 10- 1 ~vjv) , except for the
standard which is cis-3-hexen-1-o1 at a dilution of 10- (vjv).
2 Groups of 10 female and 10 male beetles were tested.

maxillary taste sensilla in Manduca sexta caterpillars, for
example, depend on the diet (Schoonhoven, 1967 and 1969; stadler

& Hanson, 1976), and this may influence host discrimination
(Schoonhoven, 1969; stadler & Hanson, 1976). Little is known
about the mechanism underlying this type of receptor modulation.
It has been suggested that receptor sensitivity is controlled by
one or several hormones, through effects on the ionic composition
of the dendritic liquor, or by peripheral regulation of the spike
generating process (Blaney et al., 1986). In order to examine
whether the responses of olfactory receptors in the Colorado
~.

potato beetle are influenced by feeding experience, the following
experiments were conducted.
Electroantennogram (EAG) recordings were made from newly
emerged female beetles which were collected from the laboratory
stock culture (reared under 18 h photophase). The EAG method has
been described by Visser (1979). We modified the method of
stimulus delivery by using a 2 s stimulation time (1 ml/s). EAGs
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of different antennae from 1 beetle tend to correlate to their
relative sensitivities (Table 3). After the determination of EAG
responses of 1 antenna of each beetle to a set of test chemicals,
the beetles were numbered and kept isolated. For 2 days, these
beetles were either starved, fed with leaves of 1 of the
following plant species: ~otato, bittersweet, or tomato.
Following this, EAGs of the beetles' other antennae were
recorded. The test chemicals, i.e. cis-3-hexen-l-ol, trans-2
hexen-l-ol, cis-2-hexen-1-ol, trans-3-hexen-1-ol, cis-3-hexenyl
acetate, trans-2-hexenal, hexanal, 1-hexanol, 2-hexanol, 3
hexanol and 1-octen-3-ol (each at a dilution in paraffin oil of
10- 1 , v/v), are known to give clear EAG responses (Visser, 1979).
These compounds are distributed in various plant species
including solanaceous species, except for cis-2-hexen-l-ol,
trans-3-hexen-l-ol, 2-hexanol and 3-hexanol, which are geometric
isomers of plant compounds. The response to cis-3-hexen-l-ol was
used as the standard response (equals 100%).
Figure 1 shows the relative EAG spectra of the newly emerged
female beetles. The effects of the different treatments on
beetles' EAG responses are represented in Figure 2. The
sensitivities of antennae are affected by prior feeding
experience. The absolute EAG value for the standard was
significantly increased for beetles fed on potato and on
bittersweet. These sensitivity changes affect the responses to
the other test chemicals in the same direction but in a
disproportionate way (Fig. 2). Beetles which were starved showed
a decrease in their relative EAG responses to trans-2-hexen-1-ol,
cis-2-hexen-l-ol, hexanal, 1-hexanol, 2-hexanol and 3-hexanol,
and an increase to cis-3-hexenyl acetate and trans-2-hexenal.
Feeding experience on potato induced a decrease in relative EAG
respon~es

to cis-3-hexenyl acetate, trans-2-hexenal, hexenal, 2

hexanol and 3-hexanol. Beetles fed with bittersweet and tomato
showed decreased relative EAG responses to hexanal, 1-hexanol, 2
hexanol and 3-hexanol, and to trans-3-hexen-l-ol, 2-hexanol and
3-hexanol, respectively.
Receptor sensitivities in a number of insect species have
shown a direct relationship to age and feeding history (Rees,
1970; Roelofs & Comeau, 1971; Davis & Takahashi, 1980). The
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100%
[026 mV)

Fig. 1
Relative EAG spectra of
newly-emerged non - experienced female
Colorado potato beetles (N = 161) .
. Chemicals were at a dilution of 10-1
in paraffin oil (v/v).
cis-3-Hexen-l-ol was used as the
standard. Bars at top of columns
indicate 99%-confidence intervals.

responses of receptors can change at varying amounts of ingested
food (Bernays & Chapman, 1972) as well as at differences in food
quality (Schoonhoven, 1969) _ The observed changes in sensitivity
in the Colorado potato beetle's olfactory receptors may be due to

a combination of these factors_ Our results demonstrate that
relative EAG spectra change in all 4 groups of beetles and in
each group differently (Fig_ 2) _ The beetle's feeding history,
therefore, affects the responses of the population of olfactory
receptors both qualitatively and quantitatively_
A few hours feeding experience can induce a change in the
Colorado potato beetle's behavioural response (see above and
Visser & Thiery, 1986) _ The observed effects on the olfactory
receptors in the beetles were measured after a 2-day starvation
period or a 2-day feeding experience, and demonstrate a certain
plasticity in the antenna I receptor

system~

It is unclear

however, whether such peripheral changes can occur within a few
~ours.

Moreover, it is unknown whether such changes are important

for the modification of the beetle's behavioural response. Work
on other insect species, however, indicates that even relatively
small changes in receptor sensitivities affect behavioural
performance significantly (Blaney et al., 1986) _ Changes at the
peripheral level induced by feeding experience, therefore, may be
partly responsible, in addition to the central nervous system,
for modifications in the olfactory orientation of the Colorado
potato beetle.
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Fig. 2
Effects of prior feeding experience for 2 days on EAG responses of
female Colorado potato beetles. Solid lines represent changes in mean relative
EAG values, broken lines r epresent changes in mean absolute EAG values. I,
starved (N = 40); II, fed with potato leaves (N = 41); III, fed with
bittersweet leaves (N ~ 39); IV, fed with tomato leaves (N = 41).
cis-3-Hexen-l-ol is the standard. All chemicals were at a dilution in paraffin
oil of 10- 1 , vjv . Statistical differences between relative EAG values before
and after treatments are indicated with 1 a s terisk at P < 0 . 05 (2-tailed) and
with 2 asterisks at P < 0 . 005 ( 2 -tailed, Wil c o ~ on matched-pairs signed-ranks
test ; Siegel, 1956). Statistical differences between ab s olute EAG values of
the standard before and after treatment s a t P < 0 . 05 ( 2 -tailed) are indicated
by +.
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