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Abstract—Large, undamaged potato plants (>60 cm, 5-6 weeks old) attract
the Colorado potato beetle (Leptinotarsa decemlineata), but small potato plants
(15-25 cm high, 2-3 weeks old) do not. However, small plants become attractive to CPB when they are damaged. Mechanical damage inflicted with scissors results in short-term (lasting less than 15 min) attraction, while more
severe damage with carborundum powder results in a longer lasting attraction
(at least 1 hr). CPB adults are also attracted to small plants infested with CPB
and Spodoptera exigua larvae. After the larvae had been removed for 50 min
following a short duration (30 min) of feeding, CPB adults were no longer
attracted to the plants. However, when CPB larvae had been removed after
they had fed for 60-90 min, the plants were somewhat attractive to the beetles,
although significantly less than they had been when the larvae were feeding.
Attraction increased with time after feeding ceased. Furthermore, beetles were
strongly attracted to plants 50 min after larvae were removed when the plants
had been fed upon by larvae for 18-24 hr. Thus it appears that there are two
stages of attraction, first, to volatiles released directly from the wound site,
and second, to volatiles that are induced in response to herbivory. Chemical
analyses of the headspace of infested potato plants show that infestation results
in the emission of a mixture of chemicals that is qualitatively quite similar to
that emitted by undamaged plants. The major components of the mixture are
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that emitted by undamaged plants. The major components of the mixture are
terpenoids and fatty acid derivatives such as aldehydes and alcohols. The
emission rate of some of these chemicals declines after removal of the beetles,
while the emission rate of other chemicals increases with the duration of beetle
feeding and remains at a high level even after removal of the beetles. Thus,
the composition of the mixture changes temporally during and after herbivore
feeding, which may explain the recorded behavior of the beetles.
Key Words—Coleoptera, Chrysomelidae, Leptinotarsa decemlineata, olfaction, locomotion compensator, behavior, gas chromatography-mass spectrometry, terpenoids, lipoxygenase, fatty acid derivatives.

INTRODUCTION

When herbivores feed on a plant, cell damage results and there is a release of
volatiles from the wound site. In addition to such general damage-related effects,
herbivory may also result in the emission of plant volatiles that are not induced
by mechanical damage alone. Studies carried out in the past decade have shown
that a range of plant species become highly attractive to carnivorous arthropods
after damage by herbivores (reviewed by Vet and Dicke, 1992; Dicke, 1994;
Turlings et al., 1995; Takabayashi and Dicke, 1996). Two different types of
plant responses have been recorded: (1) Herbivory may lead to the emission of
relatively large amounts of plant volatiles that are not emitted or only emitted
in trace amounts by mechanically damaged plants or undamaged plants (Dicke
et al., 1990, Turlings et al., 1990). The composition of the blend emitted by
herbivore-infested plants may depend on the herbivore species that infests the
plant (Takabayashi et al., 1991, Turlings et al., 1993). This type of response
has been recorded in various plant species, such as lima bean, cucumber, corn,
and soybean (for reviews see Dicke, 1994; Takabayashi et al., 1994; Turlings
et al., 1995). (2) Alternatively herbivore infestation may lead to the emission
of a volatile blend that is qualitatively similar to that emitted by mechanically
damaged or undamaged plants. However, the amount released from herbivoreinfested plants is larger than that from mechanically damaged or undamaged
plants. This category is represented by cabbage plants (Blaakmeer et al., 1994;
Mattiacci et al., 1994; Agelopoulos and Keller, 1994).
Studies on volatiles from herbivore-infested plants have mostly been
restricted to the effects on carnivore behavior. These are considered to be adaptive responses by the plant, because an influx of carnivores often leads to the
decimation of herbivore populations (Dicke and Sabelis, 1989; Dicke, 1995).
The volatiles emitted by herbivore-infested plants have other adaptive effects as
well. The compounds, especially the fatty acid derivatives produced through the
lipoxygenase pathway, may be toxic to herbivores such as aphids (Hildebrand
et al., 1993) or phytopathogenic fungi (Zeringue and McCormick, 1989; Croft
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et al., 1993). Such effects also contribute to plant defense. However, the
increased volatiles also make the plant stand out among its neighbors, and this
may represent a risk. Herbivores are well known to use plant volatiles to locate
a food plant (Visser, 1986), and if a plant increases its emission of volatiles,
this may be exploited by herbivores to locate a food plant. However, the volatiles
from an herbivore-infested plant represent a food source with competitors and
an elevated risk of carnivore influx. Thus, it is not possible to predict whether
herbivores will be attracted to these volatiles or whether they will use them to
avoid infested plants. Indeed, both types of responses have been found. Adult
two-spotted spider mites (Tetranychus urticae) were attracted to volatiles from
uninfested lima bean plants but avoided volatiles from spider-mite-infested leaves
unless the blend was diluted with volatiles from uninfested leaves (Dicke, 1986).
Avoidance behavior was also recorded for beet armyworm caterpillars (Spodoptera exigua) in response to com leaves infested by conspecifics (Turlings and
Tumlinson, 1991). In contrast, adult scarabaeid beetles (Maladera matrida and
Popillia japonica) were attracted to host plants infested by conspecific or by
heterospecific herbivores (Harari et al., 1994; Loughrin et al., 1995). It remains
unclear why some herbivore species are attracted and others avoid volatiles from
herbivore-infested plants. This may be caused by differences in herbivore biology, such as an improved use of host plant tissue when living in aggregations,
employment of secondary plant compounds in the defense against predators, or
as a method for meeting a suitable mate (Birch, 1984; Pasteels et al., 1988).
Alternatively, it may also depend on the type of plant response to herbivory,
i.e., on the type of information conveyed by the plant. For instance, if the blend
emitted by infested plants is the same as that from uninfested plants, the information on plant quality is more reliable than when the blends differ in composition (see above). In this paper we present data for another beetle species, the
Colorado potato beetle (Leptinotarsa decemlineata Say) (CPB) (Coleoptera:
Chrysomelidae) and demonstrate that it is attracted to small potato plants infested
with conspecific or heterospecific herbivores, but not to small undamaged plants.
The behavioral response of the Colorado potato beetle to plant volatiles
has been intensively studied. The beetles are attracted to volatiles from large
uninfested potato plants through odor-conditioned positive anemotaxis (e.g.,
Visser, 1976; Visser and Thiery, 1985; Thiery and Visser, 1986, 1987). Electrophysiological experiments demonstrated that the beetle's olfactory receptors
are sensitive to a range of components, especially C6 alcohols and derivatives
emitted by potato plants (Ma and Visser, 1978; Visser, 1979, 1983; de Jong
and Visser, 1988a,b). Here we show that attraction to uninfested potato plants
does not occur when the plants are small. However, when small plants are
infested by conspecific larvae they become highly attractive to adult beetles.
This also occurs after the CPB larvae have been removed from the plant. Interestingly, removal of CPB larvae from an infested plant first leads to a decreased
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attraction, which is followed by a temporal rise in attraction. This phenomenon
is affected by the preceding feeding duration of the infesting larvae. These data
are discussed in the context of different types of plant response to herbivore
infestation.
METHODS AND MATERIALS

Insects and Plants. Potato plants, Solanum tuberosum L. cultivar Surprise,
were grown in an air-conditioned greenhouse at 21 ± 2°C and a 16-hr photoperiod. The light was supplemented with 400-W high-pressure sodium-vapor
lamps hanging 1 m above pot level when daylight intensity fell below 240 W/
m2. Colorado potato beetles were reared on potato foliage at 20-25°C. Newly
emerged female beetles were collected from the laboratory stock culture and
placed individually in Petri dishes, where they were allowed to feed on an
excised potato leaf for 4 hr. The plant material was then removed and the beetles
were starved for at least 16 hr before the experiment. Beetles that did not eat
were excluded from the experiment.
Recording of Beetle Behavior. Locomotory responses of the CPB were
measured using a locomotion compensator in front of a low-speed (80 cm/sec)
wind tunnel as described in detail by Thiery and Visser (1986). Incoming air
was filtered through activated charcoal and then passed through the wind tunnel
containing the potted plant material. Using a small piece of reflective tape glued
to the insect's elytra, movements of the CPB were detected and compensated
for by the rotation of the 50-cm-diam. sphere on which the insect was positioned.
The insect effectively remained in the same position relative to the wind tunnel.
The rotation of the sphere was detected by two pulse generators, which allowed
the movement to be recorded and analyzed by a microprocessor. Visual surroundings were made homogeneous by the use of a horizontal circular white
plate around the sphere and a black curtain surrounding the apparatus. The light
intensity was set at 1750 lux by means of two high-frequency illumination units
(2500 Hz) that were suspended over the sphere. Each unit contained six daylight
fluorescent lamps. The beetle's position was recorded every second, and walking
speed and direction calculated. Five variables were used to quantify the adult
beetle's behavior: (1) walking speed (millimeters per second), (2) vector length
(millimeters), the resultant displacement from the origin after 300 sec; (3)
straightness, the quotient of the vector length and the total length of the walking
track; (4) upwind length (millimeters), the upwind displacement after 300 sec;
and (5) upwind fixation, the quotient of upwind length and the total track length
(Thiery and Visser, 1986, 1987; de Jong, 1988). Upwind fixation varies between
— 1 (absolutely straight downwind movement) and +1 (absolutely straight
upwind movement). Variables were compared by Kruskal-Wallis one-way analysis of variance, followed by Mann-Whitney U tests among treatments with
Bonferroni correction for a.

ATTRACTION OF COLORADO BEETLE TO INFESTED POTATO PLANTS

1007

When beetles are strongly attracted by volatiles blown from the wind tunnel, their walking behavior on the sphere is characterized by a longer vector, a
higher straightness value, longer upwind length, and higher upwind fixation
value than in a control situation and often a higher walking speed (Thiery and
Visser, 1986). The most informative indicator of attraction is upwind fixation,
which is a measure of the degree of direct upwind movement.
Experiments. In all treatments, two pots (5 liters) containing four tubers
per pot were used. Plants were placed in a controlled environment room at 25
± 1 °C, 16-hr photoperiod, during feeding treatments. Small, young plants were
placed on a platform in the tunnel so that their leaves were in the center of the
airstream in the wind tunnel. The airflow was measured at the outlet of the
tunnel constriction. Unless otherwise stated, plants were left in the wind tunnel
for 50 min before the experiment was started to allow them to equilibrate. Ten
adult beetles were used per experiment per experimental day. Individual beetles
were observed for 5 min in response to a wind control, to control plants, and
to treated plants. Initially experiments were conducted to compare the response
of beetles to undamaged plants of different sizes and/or ages (small, 15-25 cm,
2-3 weeks old; medium, 35-45 cm, ca. 4 weeks old, and large, >60 cm,
5-6 weeks old). Medium-sized plants were stressed by shaking using a Titertek
laboratory beaker shaker at speed setting 2 and the response of adult beetles
monitored.
The following treatments were carried out using small plants of which 30
leaflets per pot were handled as follows: (1) leaflets damaged manually by
cutting (scissors were used to cut off a 2-mm strip of tissue); (2) leaflets damaged
by applying carborundum powder (180 grit) with a piece of damp cotton wool;
(3) leaflets damaged by 10 early third instars of CPB per clip cage (2 cm
diameter), one clip cage per leaflet—the larvae consumed all available tissue
before the assay was completed; (4) leaflets damaged by 10 early second-instar
CPB per clip cage, in which case they did not consume all available tissue
before the experiment was completed; (5) plants fed upon by 10 early secondinstar CPB per cage for 30 min (add 20 min to find the total time, i.e., 10 min
for the cages to be put on the plant and 10 min for them to be removed) before
the plants were placed in the wind tunnel and tested for their attractiveness after
larvae were removed; (6) as for treatment 5, but the CPB larvae were allowed
to feed for 60-90 min, after which they were removed. Plants were placed in
the wind tunnel and tested for up to 24 hr following removal of the larvae. In
between two windtunnel tests each lasting ca. 2 h, the plants were placed in a
controlled environment room at 25 ± 1°C; (7) leaflets fed upon by one secondinstar CPB per clip cage for 18-24 hr—thereafter the beetle larvae were removed
and the plants were placed in the wind tunnel and tested for their attractiveness
for up to 24 hours after removal of the larvae; and (8) as in treatment 7, but
leaflets were damaged by three early second-instar S. exigua per clip cage. Plants
of the same age that had experienced similar incubation durations were assayed
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as controls. The experiments were conducted at 25 ± 2°C, and were repeated
up to 10 times. All larvae used were deprived of food for 60 min prior to
treatments.
Collection of Headspace Volatiles. Pots (2 liters) containing two potato
plants (2-3 weeks old, 15-25 cm tall) were placed in a 20-liter stainless steel
vessel with an airtight Perspex cap. Technical air, cleaned by passage through
275 g anhydrous potassium hydroxide, 175 g molecular sieves 4A and 13X
(Linde), and 180 g activated charcoal, used to generate the airstream (0.5 liters/
min) (Dicke et al., 1990; Blaakmeer et al., 1994) was passed through the container containing the plant to be analyzed for 70 min (24.5 liters). This was
done to remove contaminated air from the container before headspace collection
was started. The volatiles were trapped during the subsequent 2 hr (flow 0.5
liters/min) in a 160 X 4-mm glass tube containing 90 mg Tenas TA at the outlet
of the vessel. A series of four collections was made from each of the experimental plants. This consisted of collections from: the undamaged plants, the
plants with 20 clip cages each containing three early second-instar CPB, the
same plants with larvae still feeding after 18 hr, and from the aforementioned
plants with larvae removed for 24 hr.
Analysis of Headspace Volatiles. The collected volatiles were removed
from the Tenax by heating the trap in a Thermodesorption Cold Trap Unit
(Chrompack, Middelburg, The Netherlands) at 250°C for 10 min and flushing
with a He flow of 10 ml/min. The compounds were cryofocused in a cold trap
(0.52-mm ID deactivated fused silica) at ca. -85°C (Dicke et al., 1990). By
ballistic heating of the cold trap to 220°C the volatiles were transferred to the
analytical column (Supelcowax 10, 60 m x 0.25 mm ID, 0.25-/*m film thickness), which was connected to a Finnigan MAT 95 mass spectrometer. The
column was programmed from 40°C (3 min hold) to 270°C (4 min hold) at
4°C/min and the initial helium velocity was 30 cm/sec. The mass spectrometer
was operated in the 70 eV EI ionization mode and scanning was done from
mass 24 to 400 at 0.7 sec/decade. Identification of the compounds was done by
comparison of the mass spectra with those in the Wiley library and in the
Wageningen Mass Spectral Database of Natural Products and by comparing the
retention indices.
RESULTS

Behavioral Responses of Adult CPB
No Damage. When undamaged potato plants of different size were placed
in the wind tunnel, adult female beetles starved for 16 hr were significantly
attracted by volatiles from potato plants more than 60 cm tall. The response to
small, young plants (15-25 cm tall) was not significantly different from that to
wind only, even when the wind tunnel was filled with 12 pots of plants (data
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not shown). This is clear from all parameters measured. The beetles walked
faster and the tracks had a longer vector length, higher straightness, longer
upwind length, and higher upwind fixation when large plants (>60 cm) are
placed in the wind tunnel, than when small plants (15-25 cm) or wind only
were offered (Table 1, A; Figures 1A and 2A and B).
Mechanical Damage. Medium-sized plants (35-45 cm) that were not attractive to the beetles when offered in the wind tunnel became attractive when the
plants were shaken throughout the experiment (Table 1, B; Figure IB). Furthermore, small plants (15-25 cm) became attractive to the beetles after they
were mechanically damaged with carborundum powder. This attraction lasted
throughout an experiment with 10 beetles (ca. 60 min). Twenty-four hours after
the damage was performed, the attraction was no longer present (Table 1, C;
Figure 1C). Results from leaf cutting experiments (scissors) are not shown
because it was found that leaves had to be cut repeatedly during the course of
the experiment in order to sustain attraction of the beetles. It appeared that the
wounds healed rapidly after cutting and that beetle attraction disappeared within
15 min after cutting the leaves.
Colorado Potato Beetle Damage. Adult beetles were attracted to small
plants when CPB larvae were actively feeding on them (Table 1, D; Figure 2C,
and 3A). However, the beetles were not attracted to plants 50 min after the
larvae had been removed following a 30-min feeding duration (Table 1, E;
Figure 3B). A somewhat longer feeding duration by CPB larvae, i.e., 60-90
min, resulted in a slight although significant attraction 50 min after removal of
the beetle larvae, and this attraction was significantly greater 150 min after
removal of the larvae (Table 1, F; Figures 2D-F, and 3C). Finally, when CPB
larvae had been feeding on potato plants for 18-24 hr, the plants were highly
attractive 50 min after removal of the beetles. This level of attraction was similar
to that recorded 150 min after removal of beetles that had fed on a plant for
60-90 min (Figure 3C). Five to 24 hr after removal of the beetle larvae, the
response of adult beetles to the damaged plants was not significantly different
from their response to undamaged plants or wind only (Table 1, G; Figure 3D).
Beet Army Worm Damage. Infestation of small potato plants by Spodoptera
exigua larvae for 18-24 hr rendered these plants highly attractive to adult CPB
50 min after removal of the caterpillars (Table 1, H; Figure 4). This level of
attraction was similar to that of plants that had been infested for 18-24 hr with
Colorado potato beetle larvae and from which the beetle larvae had been removed
50 min before the experiment (Table 1, G; Figure 3D).
Chemical Analyses
Undamaged potato plants released small amounts of volatiles (Table 2): a
total of 146 peak units, equivalent to ca. 58 ng/2 hr were collected (depending
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FIG. 1. Upwind fixation (mean ± SE) of beetles on the locomotion compensator in front
of the wind tunnel when offered: (A) undamaged plants of different size, (B) small plants
(35-45 cm) that are motionless in the wind tunnel or plants that are shaken in the wind
tunnel, (C) plants with or without mechanical damage applied with carborundum powder.
Different letters indicate significant differences (P < 0.05).
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FIG. 2. Representative walking tracks of adult CPB females when offered; (A) wind,
(B) undamaged small (15-25 cm) potato plants, (C) potato plants infested with CPB
larvae, (D) potato plants that had been infested with CPB larvae for 60-90 min and from
which the larvae had been removed 50 min prior to the test, (E) from which the larvae
had been removed 150 min prior to the test, or (F) from which the larvae had been
removed 18-24 hr prior to the test.
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FIG. 3. Upwind fixation (mean ± SE) of beetles on the locomotion compensator in front
of the wind tunnel when offered potato plants with different duration infestation by CPB
larvae and plants from which the CPB larvae had been removed prior to using them as
an odor source in the wind tunnel. (A) CPB feeding during test, (B) CPB had been
feeding for 30 min and were then removed prior to testing the plants in the wind tunnel,
(C) CPB larvae had been feeding for 60-90 min and were then removed prior to testing
the plants in the wind tunnel, (D) CPB larvae had been feeding for 18-24 hr and were
then removed prior to testing the plants in the wind tunnel. Different letters indicate
significant differences (P < 0.05).
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FIG. 3. Continued.

on the compound, a unit peak area represents 0.3-0.5 ng). /3-Caryophyllene and
i8-selinene were the most abundantly emitted compounds. Infestation with CPB
larvae resulted in a 7- to 10-fold increase in the amount of chemicals emitted,
and this level was still recorded after the larvae have been removed for 24 hr
(Table 2). Several chemicals were emitted at maximal rates as soon as after 2
hr of CPB infestation (Table 2A), while the emission rate of others increased
with the duration of herbivory (Table 2B). These data show that the composition
of the volatile blend emitted by potato plants changes with time.
Qualitatively, the volatile blends emitted by intact and infested potato plants
were not strikingly different. Those compounds that were emitted in large
amounts by infested plants were emitted in low amounts by uninfested plants,

FIG. 4. Upwind fixation (mean ± SE) of beetles on the locomotion compensator in front
of the wind tunnel when offered potato plants on which Spodoptera exigua larvae had
been feeding for 18-24 hr and from which the larvae were removed prior to testing the
plants in the wind tunnel. Different letters indicate significant differences (P < 0.05).
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while those compounds that were emitted in low amounts by infested plants
were not recorded in the headspace of intact plants. This is probably because
these compounds were emitted at a rate below the detection limit of the GCMS. Among the volatiles recorded, terpenes were the dominant category. Among
these are two homoterpenes 4,8-dimethyl-l,3(E),7-nonatriene and 1,4,8-trimethyl-l,3(£),7(£'),ll-tetradecaene, that are emitted by a several other plant
species when infested by herbivores (Dicke, 1994). In addition, several fatty
acid derivatives were recorded.

DISCUSSION

Wound-Induced Attraction and Time Lag in Postwounding Attraction. We
have demonstrated that undamaged small potato plants are not attractive to adult
female CPB. Disturbing the plants by shaking or by mechanical damage makes
the plants attractive to the beetles. Previous studies on the response of CPB to
undamaged potato plants have used mainly older and larger (>60 cm high)
plants and also consistently found attraction (e.g., Visser, 1976; Visser and
Thiery, 1985; Thiery and Visser, 1986, 1987). First indications were that older
plants are more attractive than younger plants (Visser, 1976), which is confirmed
by our study.
From the experiments with wounding by scissors, it is clear that the plants
heal rapidly and that in this case adult beetles are attracted to volatiles released
directly from the wound site. It seems likely that the same phenomenon is
observed when the larvae are allowed to feed for 30 min. When the larvae cease
feeding, the wound site heals and volatiles are no longer released, resulting in
no attraction by the adult. When larvae are allowed to feed for 60-90 min, there
is some attraction to the plant after removal of the larvae. Attraction is observed
to increase significantly approximately 150 min after removal, indicating a secondary release of volatiles that presumably have been induced in response to
wounding. Beetles were highly attracted to plants 50 min after larvae were
removed following 18-24 hr of feeding, again suggesting that attractive woundinduced volatiles were being released from the plant. Thus, it appears that there
are two stages of attraction, first, to volatiles released directly from the wound
site, and second to volatiles that are induced in response to herbivory.
From chemical analyses of the headspace volatiles from plants prior to the
infestation with CPB larvae, during infestation, and after removal of the beetles,
different categories of chemicals can be discerned on the basis of their emission
patterns. The emission pattern of the chemicals from group A (Table 2) seems
to correlate best with behavioral analyses. This group contains aldehydes, two
terpenes, and an alcohol and its butyl ester. Of these compounds three, (Z)-3hexen-1-ol, heptanal, and linalool, are known to be perceived by the beetles'
olfactory chemoreceptors (Visser, 1979). The chemicals in group B (Table 2)
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may also play a role, but if they are important in the attraction, a longer period
of attraction after removal of the beetles would be expected. Two chemicals
from this group are known to be perceived by the beetles: limonene and methyl
salicylate (Visser, 1979; Ma and Visser, 1978). No information is available on
the effect of the chemicals in group C on CPB olfaction, while in the miscellaneous group (group D, Table 2), (Z)-3-hexenyl acetate yields distinct electroantennogram responses from beetles (Visser, 1979).
Headspace Volatile Composition from Potato Plants. A marked difference
with previous analyses of odor composition of pototo plants is that those analyses
almost exclusively recorded fatty acid derivatives (green odors) when applying
steam distillation extraction (Visser et al., 1979), but headspace sampling similar
to that done here (Visser, 1983) showed that besides these compounds, sesquiterpenes are markedly present in the air over cut, fully grown potato plants.
Different Plant Responses to Herbivory: Their Effect on Herbivore and
Carnivore Behavior. The characteristics of attraction of CPB to infested potato
plants are different from the attraction of P. japonica beetles to infested apple
plants (Loughrin et al., 1995). The differences between the data for CPB-potato
interactions and P. japronica-app\e interactions may be compared with the two
classes of plant-carnivore interactions (see Introduction). Attraction to apple
foliage of P. japonica beetles is effected by long-term herbivore damage, but
not by mechanical damage or fresh herbivore damage (Loughrin et al., 1995).
Furthermore, long-term (overnight) herbivore damage but not short-term (2 hr)
herbivore damage leads to the emission of eight chemicals that are not emitted
by undamaged leaves. Thus, apple resembles plants such as lima bean, cucumber, corn, and soybean (Dicke et al., 1990, Turlings et al., 1990; Dicke,
1994; Takabayashi et al., 1994), and this is supported by studies on headspace
composition from apple foliage infested with spider mites (Takabayashi et al.,
1991). These plant species attract carnivorous arthropods when damaged by
herbivores, but not when damaged mechanically or after fresh herbivore damage
(Sabelis and van de Baan, 1983; Dicke et al., 1990; Turlings et al., 1990).
They respond to long-term herbivore damage with the production of several
chemicals that are not emitted in response to mechanical damage or short-term
feeding damage (Dicke et al., 1990; Turlings et al., 1990; Takabayashi et al.,
1994). In contrast, potato plants become attractive as soon as CPB larvae start
feeding on them. The chemical blend emitted by infested potato plants does not
differ qualitatively between freshly damaged (2 hr infestation) and long-term
damaged (24 hr infestation) plants (Table 2). Thus, the response of potato to
herbivory resembles that of cabbage plants. Cabbage plants that are infested by
caterpillars (Pieris species) become highly attractive to the parasitic wasps Cotesia glomerata and Cotesia rubecula that use these caterpillars as hosts (Steinberg
et al., 1992, 1993; Blaakmeer et al., 1994; Mattiacci et al., 1994; Agelopoulos
and Keller, 1994; Geervliet et al., 1994, 1997). Moreover, cabbage plants also
become attractive to wasps when damaged mechanically, but this effect quickly
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disappears if damage is not continued (Steinberg et al., 1993; Geervliet et al.,
1994; Agelopoulos and Keller, 1994).
Herbivore Biology as a Factor Determining Attraction or Avoidance to
Volatiles from Infested Plants. Herbivore biology most likely determines whether
an herbivore is attracted or repelled by volatiles from plants infested by conspecifics. Aspects that are likely to play a role are whether the herbivore has an
aggregated life-style and whether the investigated herbivore stage is the one that
makes the foraging decision leading to such a life-style (e.g., the adult female
butterfly instead of the caterpillars; see Turlings and Tumlinson, 1991). Another
aspect that is likely to be important is whether the herbivore has many natural
enemies that may be attracted by the infested plant's volatiles and whether the
herbivore has an effective defense to attracted predators. For instance, chrysomelid beetles are well known for their chemical defenses, and many chrysomelid
species live in large aggregations that can do substantial damage to their host
plant (Pasteels et al., 1988). Some predators of CPB are known, such as Coleomegilla maculata (Coleoptera: Coccinellidae) (Giroux et al., 1995) and Perillus
bioculatus (Heteroptera: Pentatomidae) (Hough-Goldstein and Whalen, 1993).
It remains unclear whether these predators exert a strong selection pressure on
CPB. It will be interesting to investigate the response of CPB predators to potato
plants infested by CPB in a comparable way.
CONCLUSION

We have demonstrated that the CPB employs volatiles from herbivoreinfested potato plants and that herbivore removal is followed by a short reduction, subsequent increase, and final decrease in attractiveness. Plant species
differ in the way they respond to herbivory, which determines the characteristics
of the signal that herbivores as well as their natural enemies have at their disposal
during foraging behavior. It will be interesting to investigate the behavioral
response of herbivores to conspecific and heterospecific herbivore damage in
other plant-herbivore systems as well as to compare these with responses of
carnivores to the same volatile blends.
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