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searchs in treated individuals); and period 3 (i.e., succes-

sive path lengths 11 to 15) where the behavior was the

same as described in period 1.

Experiment 5. Preliminary observations (not quanti-

fied) in experiment 2 of temporary knockdown effects at

higher imidacloprid concentration and stay on plates were

confirmed in experiment 5 at a concentration of 0.3 g/l

imidacloprid. There were 33.3, 58.3, 86.1, 97.2 and

88.9% (n=36 individuals per duration) of larvae knocked

down respectively after exposure for 5, 30, 60, 90 and

120 min to imidacloprid-treated plates and 10.8% (n=39

larvae) in the control.

As the percentages of larvae knocked down were high

(i.e. > 86%) in treatments  60 min, experiments on loco-

motory behavior were performed only with larvae from

the control, and from shorter treatments. Among the treat-

ments there were significant differences in the duration of

stay on plates, the number of stops, and the angular speed

(Table 4). For the stay on plates, number of stops, and

angular speed, the differences were markedly higher in

the 30-min treatment than in the control and the 5-min

treatment. There were no significant differences in linear

speed among treatments. For the 30 min treatment, larvae

stayed longer on treated plates because of an increase in

number of stops and an increase in angular speed.

Experiment 6. Locomotory behavior of larvae was

affected as observed in experiment 5, even 24 h after con-

tact with imidacloprid-treated plates (Table 5). Compared

with control larvae, duration of stay on untreated plates

was significantly higher in larvae treated for both 10 and

60 min. This greater duration resulted from a significant

increase in the number of stops, a significant increase in

angular speed and a significant decrease in linear speed.

All behavioral parameters had similar values for larvae

exposed to treated plates for 10 and 60 min.

DISCUSSION

In integrated pest management programs, H. axyridis

will likely be exposed to insecticide residues on crops. In

field situations, exposure of coccinellid predators to pesti-

cides, including imidacloprid, may occur as a result of

ingestion of treated prey, direct exposure to sprays or by

contact with treated surfaces. Our study focused on the

latter two mechanisms, with particular reference to larval

biology and locomotory behavior.

Imidacloprid had a lethal effect when applied topically

(Experiment 1), as found for H. convergens adults by

Kaakeh et al. (1996). Contact with imidacloprid-treated

plates did not affect larval mortality (Experiment 2), or

larval growth (Experiment 3). However, there were sig-

nificant differences in average weight gain per day

(Experiment 3). Because there is a linear relationship

between the number of aphids consumed and larval

weight (Ferran & Larroque, 1977), larval weight parame-

ters sug  gest that the predatory capacity of larvae will be

unaffected by contact with imidacloprid-treated surfaces.

However, larvae that contacted imidacloprid residues

showed a knockdown effect (Experiment 5). Knockdown

effects, also observed in other coccinellid predators, e.g.

504

b probability associated with calculated F

a value of the computed statistic F, from Anova.

3.48(0.009)61.4 ± 5.348.7 ± 4.9
Angular speed

(degrees per sec)

3.10(0.003)9.5 ± 0.19.8 ± 0.2
Linear speed, excluding

stops (mm per sec)

3.13(0.002)7.8 ± 0.76.2 ± 0.7
Number of stops 

(per sec)

2.39(0.002)59.8 ± 14.237.7 ± 11.2
Stay on glass plate

(sec)

Fa(p)b

Imidacloprid

-treated plate

(n= 53) 

Control

(n=54)
Behavioral parameter

(mean ±SEM)

TABLE 3. Locomotory behavior of H. axyridis third instar

larvae walking on imidacloprid-treated (0.3 g/l) plates

Fig. 1. Locomotory behavior of H. axyridis third instars

walking on untreated (control) and imidacloprid-treated glass

plates. The 5 min video recording was divided into 15 succes-

sive path lenghts of 20 seconds each. Vertical bars are standard

error of means.
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