
INTRODUCTION

Coccinellids are key aphid predators under natural con-

ditions (Hagen, 1962). Adult beetles forage both within

and among individual host plants and host plant species in

order to find aphid colonies as, even in the absence of

natural enemies, numbers of aphids fluctuate on different

host plants during the season (Dixon, 1985). But despite

being significant bio-control agents of aphids (Frazer &

Gilbert, 1976), relatively little is known about the cues

used by adult coccinellids when searching for aphid

infested plants (Ferran & Dixon, 1993).

It was originally believed that adult ladybirds searched

at random, even though they possessed an extensive array

of sensory receptors (Murdie, 1971). However, it is now

clear that adult coccinellids do use various cues to ini-

tially locate prey habitat. For example, adult ladybirds are

attracted to and spend more time in areas that have prey

odour (Colburn & Asquith, 1970; Obata, 1986; Hattingh

& Samways, 1995; Mondor & Roitberg, in press). Adult

beetles also show preference for visual cues such as: dis-

tant vs. close objects, a simulated horizon with a tree line

vs. a flat one, vertical parallel lines vs. horizontal ones,

and simple ovate leaves vs. compound bipinnate or square

leaves (Collett, 1988; Hattingh & Samways, 1995).

Another yet unexplored visual cue that may provide adult

beetles with information on aphid presence is colour.

Ladybirds have three types of visual receptors: UV,

blue, and green receptors that allow them to respond to

wavelengths from 310–600 nm (Agee et al., 1990; Lin,

1993). Some ladybird species preferentially attack aphids

that contrast with their background (Harmon et al., 1998),

indicating colour perception. On a larger scale, young

plants and stressed plants, both of which are more suscep-

tible to aphid infestation, often take on more yellowish

hues than healthy, green plants (Lorenzetti et al., 1997).

Thus, the colour of the host plant may provide ladybirds

with information about aphid infestation. It is also unclear

how prior experience influences coccinellid foraging

behaviour (Ferran & Dixon, 1993). In ladybirds, diet

preference is altered as a result of experience (Houck,

1986; Ettifouri & Ferran, 1993). In a natural environment

responding to colour may be important as different ages,

and particularly different species, of plants (both aphid

infested and uninfested) take on different hues in the

green - yellow wavelengths between 500–600 nm. For

example, uninfested pea plants may appear more yel-

lowish than heavily infested bean plants. Thus, if preda-

tory coccinellids alter their behaviour as a result of prior

experience, it could result in significant changes in

predator efficacy (Kamil, 1983).

Using the multicoloured Asian lady beetle, Harmonia

axyridis Pallas, we investigated whether colour is used to

locate pea aphid, Acyrthosiphon pisum, colonies, by

allowing ladybirds to search different colours of pillars.

We also addressed whether predatory coccinellids alter

their behaviour after finding prey only on certain pillar

colours.

MATERIALS AND METHODS

Insects and Plants

Pea aphids, A. pisum, were collected from sweet pea,

Lathyrus odoratus “Cuthbertson” in Burnaby, British Columbia.

Aphids were reared in the laboratory on broad bean plants, Vicia

faba “Broad Windsor”, potted in standard garden soil. Bean

plants used for colony maintenance and for the experiments

were grown at 22–28°C, 25–75% rh, and 16L : 8D. Aphids were

maintained at 22–24°C, 50 20% rh, and 16L : 8D.

H. axyridis were collected as adults from several different

locations in Burnaby, British Columbia. They were reared in the
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laboratory on pea aphids and banana at 22–24°C, 50 20% rh,

and 16L : 8D. Adults used for the experiments were not more

than two generations from wild collected stock.

Experiment 1 - Unconditioned responses to yellow vs. green

pillars

In this experiment we examined whether H. axyridis have a

naive preference for yellow vs. green colour. Adult ladybirds

(n=13) were removed from rearing cages, placed in individual

Petri dishes, and held without food for 24 h. After this time, a

single ladybird beetle, selected at random, was placed inside a

Plexiglas cage (32 h × 32 w × 42 l cm). Inside the cage was a

green and a yellow pillar presented simultaneously, both made

of construction paper, measuring 13 cm in height × 8 cm in

diameter. These pillars were separated by approximately 20 cm

inside the Plexiglas cage. These pillars both reflected a signifi-

cant amount of light, as measured by a Cary 14 reflectance

spectrophotometer, in the range of hues visible to ladybird bee-

tles, 310–600 nm (Fig. 1) (Agee et al., 1990; Lin, 1993).

An individual ladybird beetle was placed between the 2 pil-

lars and allowed to search for 15 min. We recorded the number

of visits to, and the time spent searching on, each pillar for the

duration of the searching interval. The cage was then wiped out

with a damp cloth, the location of the pillars switched, and

testing of the next ladybird beetle commenced.

Experiment 2 - Conditioned responses to yellow vs. green

pillars

This experiment determined whether ladybirds alter their

behaviour after prior experience with certain pillar colours and

the presence of aphid prey. Adult H. axyridis were removed

from rearing cages and placed, in groups of 20, in Plexiglas

cages, the same dimensions as the bioassay cage. Inside each

cage was a yellow and a green pillar, (see Experiment 1) with a

Petri dish on the top of each pillar. Inside one cage, food was

given on the top of both pillars (control), in a second cage food

was only given on the top of the yellow pillar (conditioned to

yellow), and in the third cage food was only given on the top of

the green pillar (conditioned to green). Food consisted of aphids

(that had been previously frozen) and slices of ripe banana, and

was replaced every second day for the duration of the experi-

ment. In order to get the food, ladybird beetles had to crawl to

the top of the correct coloured pillar.

After three weeks, ladybird beetles (n=39; n=13 for each

treatment) were removed from the cages, placed in individual

Petri dishes, and held without food for 24 h. After this time, an

individual ladybird beetle, selected at random, was placed inside

a Plexiglas cage with a yellow and a green pillar, devoid of

food. An individual ladybird beetle was placed between the two

pillars and allowed to search for 15 min. We recorded the

number of visits, and the time spent searching, on each colour of

pillar for the duration of the searching interval. The cage was

then wiped out with a damp cloth, the location of the pillars

switched, and testing of the next ladybird beetle commenced.

Statistical analyses

Statistical analyses for all experiments were conducted using

JMP IN (SAS Institute Inc., 1997). For both analyses, testing

sequence of the ladybirds was analyzed as a covariate, to deter-

mine whether beetles responded to the presence of previous

searching beetles on the pillars. For Experiment 1 testing

sequence was not a significant covariate, thus one factor

repeated measures analyses of variance were conducted. The

main factor in the analyses was sex of ladybird (male vs.

female), and the repeated measure was the colour of pillar

(yellow vs. green). A repeated measures design was used due to

the lack of independence between choices, within a choice test

(Sokal & Rohlf, 1981; Zar, 1984). The t-test for paired compari-

sons is an alternative method of analysis (Sokal & Rohlf, 1981),

however repeated measures designs allow us to add multiple

main factors to the analysis. A separate analysis was conducted

for both the number of visits to each colour of pillar (x’ = ( x) +

( x + 1)), and the time spent searching each pillar (x’ =

log10 x + 1).

For Experiment 2, testing sequence was a significant covari-

ate, thus two factor repeated measures analyses of covariance

were conducted, with sex of ladybird (male vs. female) and con-

ditioning stimulus (conditioned to both colours vs. conditioned

to yellow vs. conditioned to green) as main factors. The

repeated measure was again pillar colour, with separate analyses

being conducted for both the number of visits to each colour of

pillar (x’ = ( x) + ( x +1)), and the time spent searching each

pillar (x’ = log10 x+1). If ladybirds do alter their foraging behav-

iour after pairing colour with prey availability, we would expect

to see significant interactions between our main factors and

pillar colour.

RESULTS

Experiment 1 - Unconditioned responses to yellow vs.

green pillars

There was no significant difference between the

number of visits made by male and female beetles to pil-

lars (male – 0.833, SE = 0.477 vs. female – 0.650, SE =

0.131; F1,11 = 0.0271, P = 0.872). However, more visits

were made by beetles to yellow pillars than to green pil-

lars (yellow – 1.077, SE = 0.211 vs. green – 0.308, SE =

0.133; F1,11 = 11.585, P = 0.0059). As there was no sig-

nificant interaction, both male and female beetles pre-

ferred yellow pillars (F1, 11 = 2.751, P = 0.125) (Fig. 2a).

Male and female ladybirds spent similar amounts of

time on the pillars (male – 50.67, SE = 23.48 vs. female –

61.60, SE = 36.41; F1,11 = 0.0733, P = 0.792). More time

was spent by beetles on yellow vs. green pillars (yellow –

113.23, SE = 53.32 vs. green – 4.92, SE = 2.56; F1,11 =

13.340, P = 0.0038). As there was no significant interac-

tion, both male and female beetles spent more time on

yellow pillars (F1,11 = 1.724, P = 0.216) (Fig. 2b).
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Fig. 1. Spectral reflectance of yellow and green pillars used in

the experiments, as compared to a black control.



Experiment 2 - Conditioned responses to yellow vs.

green pillars

Neither conditioning stimulus (both colours – 1.27, SE

= 0.29 vs. green – 0.46, SE = 0.19 vs. yellow – 0.50, SE =

0.13; F2,29 = 2.29, P = 0.119), nor sex of beetle (male –

0.91, SE = 0.21 vs. female – 0.39, SE = 0.094; F1,29 =

0.0173, P = 0.896) resulted in different numbers of visits

to pillars. There was no conditioning stimulus by sex

interaction (F2,29 = 0.146, P = 0.865), indicating that under

the different conditioning stimuli male and female beetles

visit similar numbers of pillars, in general. Testing

sequence was a significant covariate (F1,29 = 6.804, P =

0.014), as beetles tested earlier in the experiment tended

to make more visits to pillars than beetles tested later in

the experiment. However, conditioning significantly

altered beetles responses to colours, as beetles subjected

to different conditioning stimuli did not all prefer yellow

as compared to green pillars (F2,29 = 3.80, P = 0.034)

(Fig. 3a). Males and females visited the two pillar colours

in the same proportions (F1,29 = 0.476, P = 0.496), and

there was no sex by conditioning stimuli by pillar colour

interaction (F2,29 = 2.015, P = 0.152) (Fig. 3a). There also

was no testing sequence by pillar colour interaction

(F1,29 = 0.358, P = 0.554), indicating that beetles exhibited

consistent preferences for pillar colours throughout the

experiment.

Beetles subjected to different conditioning stimuli spent

different amounts of time searching pillars (both colours

– 154.65, SE = 32.14 vs. green – 58.00, SE = 33.93 vs.

yellow – 63.65, SE = 24.57; F2,29 = 3.57, P = 0.041). Male

and female beetles did not spend different amounts of

time on pillars (male – 83.79, SE = 21.08 vs. female –

88.39, SE = 35.84; F1,29 = 0.794, P = 0.380). After being

exposed to the different conditioning stimuli, male and

female beetles spent similar amounts of time on pillars

(F2,29 = 0.487, P = 0.619). Testing sequence was a signifi-

cant covariate (F1,29 = 10.096, P = 0.0035), as beetles

tested earlier in the experiment tended to spend more time

on pillars than beetles tested later in the experiment. Once

again, conditioning significantly altered beetles responses

to colours, as beetles subjected to different conditioning

stimuli did not all spend more time on yellow as com-

pared to green pillars (F2,29 = 6.458, P = 0.0048) (Fig. 3b).

Males and females spent similar amounts of time on the

two pillar colours (F1,29 = 1.162, P = 0.290). There was a

trend towards a sex by conditioning stimuli by pillar

colour interaction (F2,29 = 2.930, P = 0.069) (Fig. 3b).

There also was no testing sequence by pillar colour inter-

action (F1,29 = 0.047, P = 0.830), indicating that beetles

exhibited consistent preferences for pillar colours

throughout the experiment.

CONCLUSIONS AND DISCUSSION

Ladybird beetles do not search plants randomly for

aphid prey. Both sexes of naive H. axyridis, are preferen-

tially attracted to and spend more time on yellow com-

pared to green pillars, perhaps resembling young or

stressed plants, both of which aphids may be found upon

in greater numbers (Lorenzetti et al., 1997). It is impor-

tant to note that our pillar colours differed in not only

hue, but also intensity. While intensity may be an impor-

tant component of attraction, wavelength itself is

extremely important, at least for captures on field traps

(Mensah, 1997). Coccinellids under natural conditions

would be exposed to a wide range of host plant colours.

Further experimentation is required to determine the

attractiveness of both hue and intensity. Once attractive-

ness to colour is understood, it may be possible to

manipulate natural enemy behaviour using these stimuli

(Udayagiri, 1997).

Preferential attraction to yellow is not a fixed response

as, through pairing the presence of food with yellow or

green colour, we were able to significantly alter the lady-

bird beetles foraging behaviour. Beetles that were given

food on both pillar colours still preferred yellow pillars,

perhaps reinforcing the beetles naive responses. Beetles

conditioned to yellow or green pillars though, showed

altered behaviour in that they both visited and spent

similar amounts of time on both colours. It is uncertain

why yellow conditioned beetles did not show similar, or
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Fig. 2. (a) Mean number (± 1 SE) of visits and (b) mean time (sec ± 1 SE) spent, by naive H. axyridis on yellow vs. green col-

oured pillars during 15 minute search intervals.



even stronger, responses to yellow pillars than naive bee-

tles. Male and female beetles made similar numbers of

visits to pillars after exposure to different conditioning

stimuli. However, there was a trend towards females

spending more time on pillar colours on which they

received reinforcement, and males spending more time

foraging on colours opposite to that which they were rein-

forced.

Nutritional differences between male and female bee-

tles may account for the difference in searching

behaviour. Male beetles consume very few aphids com-

pared to female beetles (Smith, 1965; Hemptinne et al.,

1996). Thus, it is possible that 24 h of starvation did not

provide the same amount of hunger in male beetles com-

pared to that in female beetles. Further, Obata (1997) has

observed that male H. axyridis encountering an aphid

colony will often not feed, but continue walking. Thus,

male beetles may be more focused on mate searching

rather than food searching.

One caveat, it was clear from our experiment that bee-

tles respond to the presence of previously searching bee-

tles, as ladybirds tended to make fewer visits and spend

less time on pillars the later in the experiment they were

tested; much like ladybird larvae (Marks, 1977). By ana-

lyzing testing sequence as a covariate, we were able to

substantially reduce its associated error from our experi-

ment, as it was similar under all experimental treatments.

As a result, by incorporating testing sequence into our

analyses, conditioning effects were even more apparent

than if we had not taken this variable into account. Future

studies, however, should a priori control for beetle

responses to the presence of other beetles, when

searching for prey.

Thus, many questions remain unanswered about the

response of ladybirds to host plant colours, and the

altered responses after reinforcement. For instance, how

does attraction to colour function in a heterogeneous

habitat, where a variety of cues are present? More

research is required to understand predatory coccinellid

search behaviour to augment biological control efforts.
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