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ABSTRACT 
 

In this study, we have compared the sub-lethal effects of imidacloprid (Bestdor 25% WP ), 
acetamiprid (Mosiplan 20% WP), thiametoxam (Actara 25 % WG) and deltamethrin (Nu-Tox 5% EC) 
on the foraging activity and homing ability of honeybee workers under laboratory conditions. The 
tested concentrations were 0.00, 0.001, 0.01, 0.1, and 0.5 ppm for imidacloprid, 0.00, 0.1, 0.5, 1.0 and 
5.0 ppm for acetamiprid, 0.00, 0.001, 0.01, 0.05, and 0.1 ppm for thiametoxam and 0.00, 0.001, 0.01, 
0.1, and 0.5 ppm for deltamethrin. Two hours after the release, the arrival of the marked bees was 
recorded at the hive. For each treatment, the percentages of bees returned to the hive were estimated. 
The results showed that almost all the untreated honeybees returned to the hive (90%-100%), whereas 
the sucrose solution treated with each of the tested insecticides induced a decrease in both the 
foraging activity and homing ability. Among the tested insecticides, thiametoxam was the most 
effective followed by imidacloprid, deltamethrin and acetamiprid, respectively. For instance, at 0.1 
ppm the percentages of returned bees to the hive were 0.0, 23.33, 36.67 and 53.33 for thiametoxam, 
imidacloprid, deltamethrin and acetamiprid, respectively. It may be concluded that the administration 
of imidacloprid, thiametoxam can lead to the disappearance of honeybees from the hive, probably due 
to the disorientation caused by these substances.  
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Introduction 
 

Sub-lethal effects have been described as effects on physiology and behavior of an individual 
that has been exposed to a pesticide without directly causing death (Desneux et al., 2007). These 
effects have been studied, but it has drawn more attention recently (Thompson, 2003 and Desneux et 
al., 2007). Ignorance of sub-lethal measurements of traditional lethal aspects of insecticides, i.e, LD50 
or LC50, will definitely result in the under estimation of the chronic effects on non-target or beneficial 
insects. There is  a great deal of concern over the decline of the honeybee, Apis mellifera L, across the 
world. It has been termed colony collapse disorder and it might be attributable to the large-scale 
application of neonicotinoid insecticides, such as imidacloprid, thiametoxam and clothianidin 
(Chauzat et al., 2006; Cutler and Scott-Dupree, 2007; Ho and Cummins, 2007 and Oldroyd, 2007). 
Because the residues of these insecticides have been detected in the samples from the nectar pollen, 
plant tissues and soils (Cure et al., 2000; Schmuck et al., 2001  and  Bonmatin et al., 2003), it has 
been assumed that the homing ability of bee foragers may be severely affected by these insecticide 
residues collected in polluted fields, thereby jeopardizing the survival of the colony. However, 
without clear behavioral evidence, especially any abnormalities caused by no acute pesticides, it is 
difficult to quantify the sub-lethal effects on the insects. 

Kirchner (1999) and Schmuck (1999) found that the treatment of foragers with imidacloprid 
insecticide affected the communication of the waggle dance performed by foragers, suggesting that 
the signal transmission of their motor neurons could be impaired by the insecticide. They found that 
only 20 ppb from imidacloprid was enough to decrease the foraging activity in honeybee colonies and 
that the foraging behavior was suppressed at levels above 100 ppb after 30:60 min. Transitory 
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disruptions of foraging activity were observed at doses above 50 ppb and they persisted overnight at 
doses of 100 ppb. 

Iwasa et al. (2004) indicated that the acetamiprid and thiametoxam insecticides can also affect 
non- target insects such as honeybees. They studied the effects of acetamiprid and thiametoxam after 
acute sub-lethal treatment on the behavior of the honeybee (Apis mellifera L.) under controlled 
laboratory conditions. Their results suggest a particular vulnerability of honeybee behavior to sub-
lethal doses of acetamiprid.  

Deltamethrin is a type II pyrethroid (Soderlund and Bloomquist, 1989). Its principal molecular 
mode of action is the modification of the sodium channel kinetics leading to hyperexcitation of the 
nervous system (Narahashi et al., 1992). Deltamethrin was found to be highly toxic to honeybees in 
acute toxicity tests (Atkins et al., 1981 and Faucon et al., 1985 a) and several studies reported that this 
insecticide induced sub-lethal effects during the foraging behavior in the honeybee. More precisely, 
the decrease of foraging activity was noted on fields treated with Decis formulation, which contains 
the active ingredient deltamethrin (Bocquet et al., 1980; Faucon et al., 1985 b and Florelli et al., 
1987). Also, sub-lethal doses of deltamethrin were found to disrupt the homing flight of foragers 
(Vandame et al., 1995). 

The aim of this work is to examine the effect of sub-lethal concentrations of orally applied 
imidacloprid, acetamiprid, thiametoxam and deltamethrin, on foraging behavior of honeybees under 
laboratory conditions.   

 
Materials and Methods 

 
This study was carried out in Department of Plant Protection, Faculty of Agriculture, Al-Azhar 

University, Nasr City, Cairo, Egypt, during two successive years from June 2014 to July 2016. Nine 
honeybee colonies (Carniolan F1 hybrid) of the same strength were selected, each colony consisted of 
four brood combs, two honey and pollen combs and headed by the same age of   new mated queens. 

The commercial formulations Bestdor 25% WP (imidacloprid), Mosiplan 20% WP 
(acetamiprid), Actara 25 % WG (thiametoxam) and Nu-Tox 5% EC (deltamethrin) were used. 
Experiments were carried out according to the methods designed to test sub-lethal doses of 
insecticides towards the honeybee (Arzone and Vidano, 1980). 

Easy to clean and well-ventilated wooden cages were used. The size of the test cages was 17 x 
17 x 17 cm, which seemed to be appropriate to the number of the tested bees. Groups of thirty bees 
per cage were held in the dark in an experimental room at      a temperature of 25 ± 2 °C. The relative 
humidity, around 50-70 %, was recorded throughout the tests. The collected bees were randomly 
allocated to test cages, which were randomly placed in the experimental room. The bees were starved 
for up to 2 h before the initiation of the test. The bees were deprived of food prior to treatment, so that 
all bees were equal in terms of their gut contents at the start of the test. Moribund bees were rejected 
and replaced by healthy bees before starting the test. 

Thirty bees foraging on 50% sucrose solution free of insecticides (untreated control) or 
contaminated with each insecticide for one hour were captured, individually marked with different 
colored number tags and released. The tested concentrations were 0.00, 0.001, 0.01, 0.1 and 0.5 ppm 
for imidacloprid, 0.00, 0.1, 0.5, 1 and 5 ppm for acetamiprid, 0.00, 0.001, 0.01, 0.05 and 0.1 ppm for 
thiametoxam, 0.00, 0.001, 0.01, 0.1 and 0.5 ppm for deltamethrin. Two hours after the release, the 
arrival of the marked bees was recorded at the hive. For each treatment, the percentages of bees 
returned to the hive were estimated. 

 
Results and Discussion 

 
The percentages of honeybees that returned to the hive after treatments with each of the 

neonicotinoid insecticides (two hours from the release) are shown in (Table 1 and Fig. 1), 96.67% of 
the untreated honey bees returned to the hive, whereas in the honey bees treated with imidacloprid 
0.001 and 0.01 ppm only 60% returned to the hive. At 0.1 ppm and 0.5 ppm of the insecticide, 
33.33% and 16.67% returned to the hive and 76.67% and 83.33% did not return, respectively. Despite 
the time spent to return to the hive, most of the control bees and of the bees treated with 0.001 ppm 
(more than 55%) returned to the hive. Only a few control bees and bees treated with 0.001 ppm 
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completely disappeared. Probably they were not able to return to the hive and died somewhere in the 
field. Increasing concentrations of imidacloprid also influenced the capability of the honeybees to 
leave in the cages. Treated honeybees also showed anomalous flying behaviour: they often fell in the 
land and their flight direction was not towards the hive. Treated bees seemed to be disoriented, and 
that could be the cause of their disappearance. 
 

Table 1: Effect of the tested insecticides on the percentages honey bees that returned to the hive after 2 hours of 
release. 

 Return%  

Insecticides 
Concentrations ( ppm ) *LC50 

ppm 0 0.001 0.01 0.1 0.5 1 5 
Acetamiprid 90.00 - - 53.33 23.33 16.67 06.67 80.99 
Deltamethrin 90.00 63.33 50.00 36.67 23.33 - - 00.30 
Imidacloprid 96.67 60.00 60.00 23.33 16.67 - - 2.58 
Thiametoxam 100.00 70.00 20.00 00.00 00.00 - - 1.50 

*Form our unpublished data  
 

 
Fig. 1: Effect of imidacloprid on honey bees that returned to the hive after 2 hours of release. 

 
The results indicated that acetamiprid was less effective on the foraging activity of honey bees 

(Table 1 and Fig. 2). The percentages of honeybees that returned to the hive were 53.33% and 23.33% 
at 0.1 and 0.5 ppm of this insecticidies, whereas in the honey bees treated with 0.1 and 0.5 ppm, 
53.33% and 23.33% returned to the hive. Only at acetamiprid 1 ppm and 5 ppm, 16.67 % and 6.67% 
returned to the hive and 83.33% and 93.33 did not, respectively.  Most of the untreated bees (90%) 
and 53.33% of the bees treated with 0.1 ppm returned to the hive. Only a few control bees and bees 
treated with 0.1 ppm completely disappeared. Probably they were not able to return to the hive and 
died somewhere in the field. Increasing concentrations of acetamiprid also influenced the capability of 
the honeybees to leave in the cages. Treated honeybees also showed anomalous flying behaviour: they 
often fall to the ground and their flight direction was not towards the hive. Treated bees seemed to be 
disoriented, and that could be the cause of their disappearance. 

Thiametoxam data in (Table 1 and Fig. 3) indicated that the percentages of honey bees that 
returned to the hive during the period of observation were 100% of the untreated bees and 70% and 
20% of the bees treated with 0.001, and 0.01 ppm of the insecticides. At 0.05 ppm and 0.1 ppm 
thiametoxam, the treated bees completely disappeared. Only a few bees treated with 0.001 ppm 
completely disappeared. Probably they were not able to return to the hive and died somewhere in the 
field. Increasing concentrations of thiametoxam also influenced the capability of the honeybees to 
leave in the cages. Treated honey bees also showed anomalous flying behaviour: they often fell to the 
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ground and their flight direction was not towards the hive. Treated bees seemed to be disoriented and 
that could be the cause of their disappearance. 

 

 
Fig. 2: Effect of acetamiprid on honey bees that returned to the hive after 2 hours of release. 

 

 
Fig. 3: Effect of thiametoxam on honey bees that returned to the hive after 2 hours of treatment. 

 
Our results clearly indicated that all the tested neonicotinoid insecticides reduced the percentages 

of the bees that returned to the hive. In this respect, thiametoxam was the   most effective followed by 
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imidacloprid and acetamiprid. Similar trends of results were reported by many authors. Bortolaotti et 
al. (2003) reported that imidacloprid at 100 ppb caused at delay in the homing behaviour and a 
temporary inhibition of the foraging activity of honey bees compared to the control. The 
concentrations of 500 and 1000 ppb caused complete disappearance of treated honey bees. Decourtye 
et al. (2004) showed that after feeding with sucrose solution contaminated with imidacloprid at the 
concentration of 24 µg kg-1 negative effective on the learning performance were observed in foraging 
bees subjected to both of factory conditioning procedures. Yang et al. (2008) showed that foraging 
behaviour of honey bees can be affected by imidacloprid with concentrations as far as 50 µg liter-1. 
No honey bee cold return to the feeding site in the way as an untreated bee if it was treated with a 
concentration > 800 µg liter-1 and this might be due disorientation and losing the way to the hive. 

The obtained results also indicated that thiametoxam was more effective than imidacloprid in 
reducing the foraging activity of honey bee, whereas acetamiprid was the least effective. The 
differences in the behavioral toxicity of thiametoxam, imidacloprid and acetamiprid may be due 
differences in chemical structure and mechanism of insecticide metabolism in treated bees. Iwasa et 
al. (2004) previously reported that the cyano- substituted neonicotinoids were less toxic to honey bees 
by more than two orders of magnitude as compared to the nitro substitution in laboratory studies 
where the insecticides were topically applied. This reduced toxicity appears to be the result of 
increased metabolism by P450s and the fact that the metabolites have low bee toxicity. Similarly, 
Brunet et al. (2005) reported that in their study, it appeared that acetamiprid was very rapidly 
metabolised and distributed in the honey bee. The lower toxicity of   acetamiprid, compared with that 
of imidacloprid, could be explained by the appearance of less toxic metabolites.  

Considering the effect of the pyrethroid deltamethrin on the foraging activity and homing ability 
of honey bee workers, our results (Table 1 and Fig. 4) showed that this insecticide was as effective as 
or even more effective than the tested neonicotinoids.   

 

 
Fig. 4: Effect of deltamethrin on honey bees that returned to the hive after 2 hours of treatment. 

 
The percentages of honey bees that returned to the hive during the period of observation were 

90% of the untreated bees, while in the honey bees treated with deltamethrin at 0.001, 0.01, 0.1, and 
0.5 ppm, 63.33%, 50%, 36.67% and 23.33 were returned to the hive,  respectively. From above data, 
it is clear that despite the time spent to return to the hive, most of the control bees and of the bees 
treated with 0.01 ppm (more than 50%) returned to the hive. It is likely that the disappeared bees got 
lost and died somewhere in the field. Treated honey bees also showed anomalous flying behaviour 
they often fell to the ground and their flight direction was not towards the hive. These results indicate 
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that deltamethrin was as effective as or more effective than the tested neonicotinoids in reducing the 
foraging activity and homing ability of the treated honey bees. 

In this respect, Decourtye et al., (2004) found that the contamination of sugar solution with 
imidacloprid (24 µg kg _1) and deltamethrin (500 µg kg-1) induced a decreases in both the foraging 
activity on the food source and activity at the hive entrance. The significantly increased mortality and 
the ‘‘knock-down’’ effect in the deltamethrin exposed foragers might lead to a reduction of the 
foraging activity, since it could reduce the proportion of effective foragers. They added that the lethal 
effect induced by deltamethrin killed a part of the foragers visiting the contaminated source but did 
not affect the renewal of native foragers visiting the feeder after treatment. Similar behavior after 
deltamethrin application has been classically described in laboratory and field experiments (Faucon et 
al., 1985 a, b).  

The action on the molecular target can lead to the induction of observable or non-visible effects. 
The toxic substance may impair important processes involved in cognitive functions, behavior or 
integrity of physiological functions. The neural effects of insecticide the have repercussions on: 
cognitive functions including learning and memory, habituation olfaction and gustation navigation 
and orientation behavior, including foraging, physiological functions including there, regulation and 
muscle activity. (Belzunces et al., 2012) 

Regarding toxic dynamics, the starting point of the toxic effect of substance introduced in the 
organism and the molecular target. Thus although all effects could be regarded as molecular, the 
molecular interaction between toxics and targets my result (macroscopic) impacts that can be 
observed at cell tissue, organ, individual and sporulation levels deriding on their noxious action.   
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