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Executive summary 
Three recent studies in which bees were dosed with neonicotinoids showed sub-lethal 
effects on bees [1-3]. The results from these studies contrast with a growing body of 
evidence from field studies that has failed to show an effect of neonicotinoids when 
bees are allowed to forage naturally in the presence of crops treated with 
neonicotinoids [4-8]. The evidence suggests the reason for this difference is over-
dosing of bees in the dosing studies; in all cases there is evidence that the doses of 
neonicotinoids presented to bees under laboratory or semi-field conditions were 
unrealistically high. The dosing studies therefore represented the extreme case in a 
field situation. In the only study in which dose was measured [1] the dose was much 
greater than would have ever been experienced in a field situation. 
 
A concentration of 1-5 µg/l of neonicotinoid in nectar appears to be the threshold below 
which an effect tends not to be observed [9] and most residue measurements in the 
nectar and pollen of treated crops are normally at or below this level [4,6,7,10,11]. In 
addition, examination of bee foraging shows that they tend not to feed exclusively on 
treated crops [7], thus diluting any effects of neonicotinoids. Consequently, the 
evidence of effects of neonicotinoids on bees come from studies [1-3] in which doses 
were likely to have been at least 2-10 times above this threshold. 
 
There is a possibility that field studies did not have the statistical power to show effects 
but the accumulated evidence across several independent studies suggests that this is 
unlikely and, any effects that are present are likely to be small and not biologically 
significant. Moreover, oilseed rape (OSR) requires insect pollinators to support its 
productivity [12-18]. The fact that OSR treated with neonicotinoids has been a 
productive crop for over a decade in the UK is itself evidence that pollinator 
populations, including bees, are not being reduced by the presence of neonicotinoids. 
 
Conclusion: While this assessment cannot exclude rare effects of neonicotinoids on 
bees in the field, it suggests that effects on bees do not occur under normal 
circumstances. This assessment also suggests that laboratory based studies 
demonstrating sub-lethal effects on bees from neonicotinoids did not replicate realistic 
conditions, but extreme scenarios.  Consequently, it supports the view that the risk to 
bee populations from neonicotinoids, as they are currently used, is low. 

1. Background 
1.1. Neonicotinoids are a class of chemical derived from naturally-occurring plant 

compounds – nicotines - with insecticidal properties. Five neonicotinoid compounds 
are approved for use as pesticides in the UK and EU.  Of these, clothianidin, 
imidacloprid and thiamethoxam are of similar acute toxicity to bees.  Acetamiprid 
and thiacloprid are far less acutely toxic and are structurally different (being cyano-
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substituted neonicotinoids whilst the other three compounds are nitroguanidine-
substituted).  Concerns about the effects of neonicotinoids on bees have therefore 
focussed on clothianidin, imidacloprid and thiamethoxam.  

1.2. The focus of this assessment is on the use of these three neonicotinoids as seed 
treatments in plants that are attractive to pollinators, such as oilseed rape (OSR), 
maize and sunflowers, although the focus here is on OSR. In the field, 
thiamethoxam is metabolised to clothianidin [19].  

1.3. Imidacloprid was the first neonicotinoid to be used in the UK, being introduced in 
the mid-1990s.  Since then, the use of neonicotinoids has steadily increased.  In 
the UK, most oilseed rape and sugar beet crops and a substantial proportion of 
cereals crops are now grown from seed treated with clothianidin, imidacloprid or 
thiamethoxam.  A number of horticultural crops are also treated with 
neonicotinoids. In the UK imidacloprid has almost ceased to be used in seed 
treatments on OSR [7] which has a suspected  higher levels of persistence in the 
environment [20,21]. 

 

2. The evidence  
Recent studies of greatest relevance are: 

2.1. Henry et al. [1] dosed honey bees with a single dose of 67 µg/l of thiamethoxam in 
20 µl of sucrose solution. This is the equivalent of a full daily dose in a single bolus 
of 20 µl. They tracked the behaviour of honey bees and found that this dose of 
thiamethoxam caused a degree of homing failure possibly because of 
disorientation. 

2.2. Whitehorn et al. [2] dosed bumble bees with sugar solution containing 0.7 or 1.4 
µg/kg and pollen containing 6 or 12 µg/kg of imidacloprid for 2-4 weeks. The bees 
were then left to forage freely in the field. The end point of the experiment was the 
growth in mass of the bee colonies. There was a dose-dependent response in 
growth of the colonies with those colonies receiving no dose growing fastest and 
those with the highest dose growing slowest. There was also a reduction in the 
number of new queens produced by the dosed colonies. 

2.3. Gill et al. [3] dosed bumble bees with sugar solution containing 10 µg/l of 
imidacloprid. They observed impairment of foraging that resulted in a reduction of 
colony productivity shown by a reduced number of worker bees within the colonies. 

2.4. Thompson et al. [7] (also see Appendix I) placed bumble bee colonies within 
landscapes known to contain oilseed rape (OSR) treated with neonicotinoids. They 
measured colony growth rate, production of queens, neonicotinoid residues in 
nectar and pollen, and the kind of pollen being collected by the bees. They found 
no relationship between colony growth and neonicotinoid residues within pollen or 
nectar in the colonies. The bumble bee colonies  grew to up to twice the mass of 
the untreated groups in the Whitehorn et al. [2] experiment. Even though the bees 
were located next to fields of OSR, at all sites the proportion of pollen from OSR 
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was <26% of the pollen returned by bees showing that bumble bees foraged on 
many different food sources. 
 

3. Interpretation  
3.1. The Henry et al. [1], Whitehorn et al. [2]  and Gill et al. [3] studies all used 

artificial dosing of bees with sucrose solutions. Only in Henry et al. [1] was the 
dose rate controlled. In this case, bees were given an estimated full daily dose in a 
single bolus of 20 µl. This is unrealistic for two reasons:  

3.1.1. Bees would normally metabolise the pesticide as they receive it while 
foraging across the whole day [9] and so would not be exposed to such a 
high single dose. 

3.1.2. The study assumes that bees only feed on food sources that have been 
treated with pesticide.  An assumption which evidence from Thompson et al  
[7] would suggest is incorrect. 

Consequently, the design of the dosing regimen used by Henry et al. [1]  gives a 
very high probability of showing deleterious effects of the pesticide. It is most likely 
to represent an unusually extreme case in a field situation, not the average or 
normal case. 

3.2. Neither the Whitehorn et al. [2] nor the Gill et al. [3] studies measured the dose 
received by the bees so it is not possible to assess whether the dose was realistic. 
However, the following rational suggests that in both studies bees were over-dosed 
with neonicotinoids. The study designs were biased towards showing a deleterious 
effect of neonicotinoids because: 

3.2.1. Both the Whitehorn et al. [2] and Gill et al. [3] studies relied upon provision 
of sugar solution with neonicotinoid concentrations similar to those measured 
in the nectar of OSR. However, there is a substantial literature showing that 
both honey bees and bumble bees adjust their foraging rate and their 
metabolism depending upon the quality and quantity of their food available. 
When fed syrup in experiments in the lab, bees increase their metabolic rate 
and their food intake [22-28]. This will have the effect of increasing the dose 
rate meaning that bees in these experiments probably ate more of the 
pesticide than they would have in the wild. 

3.2.2. Moreover, Gill et al. [3] used a concentration of neonicotinoid in sugar 
solution that was about x6 that found in nectar of treated crops, including 
OSR [1,4], so the dosing in this study would have been at the high end of the 
potential spectrum. Even if, as claimed by Gill et al. [3], this was likely to be 
only 50% of the consumption by these bees then the dose was still high. Gill 
et al. [3] admitted that their treatments were “at the high end” of what might 
be found in the field.  In the early stage of the experiment, this would 
constitute a dose rate of about 10 ng/day/worker bee in the early growth 
phase of the study. This constitutes about x7 what Henry et al. [1] 
considered to be a reasonable daily dose for honey bees and about x10 what 
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another lab-based study [9] considered to be the threshold of effect. Finally, 
Gill et al. [3] also used 7 literature sources as justification for their dosing 
regimen only 3 of which were original sources and in all cases these 
contained potential sampling bias that would, if used uncritically, tend to 
magnify the level of exposure of the bees. Consequently, it appears that Gill 
et al. [3] used unrealistically high doses and failed to simulate field 
conditions. 

3.2.3. To justify their dosing levels Whitehorn et al. [2] referred to two studies 
[11,29] only one of which quoted any quantitative evidence of the 
concentration in plants and this referred to crushed sunflowers or sunflower 
pollen and not OSR. Even then the “low” concentration fed in pollen was x2 
the mean concentration measured in the reference study they used to guide 
the concentration used in the experiment. Consequently, it appears that 
Whitehorn et al. [2] did not know what dose the bees were receiving and the 
likelihood is that they received a much greater dose than would have been 
experienced in the field.  

3.3. The general conclusion is that all of these studies have presented bees with doses 
that represent the extreme upper levels to which bees are likely to be exposed. 
They are, therefore, an examination of an extreme case or they may not be realistic 
in any circumstances. 

3.4. In contrast, while the Thompson et al. [7] study had design limitations because of 
the field conditions under which the study was conducted, it is representative of an 
increasing number of field-realistic studies [4-8] that have failed to find an effect of 
neonicotinoids on bees. Why is this? 
 

4. Reasons for the difference between field-
realistic and dosing studies 
4.1. There are three main lines of evidence to explain the difference: 

4.1.1. As explained above, dosing experiments appear not to produce realistic 
doses as experienced by bees in the field; all of the dosing to date is, at best, 
close to the upper end of the range that bees are likely to experience and, at 
worst, it is well beyond that level. 

4.1.2. As demonstrated by Thompson et al. [7] some bees have very catholic 
tastes and are unlikely to feed only on crops treated with neonicotinoids. In 
the case of the Thompson et al. [7] study, the crop pollen was a minor part 
of the food taken by bumble bees even though it was the dominant flowering 
species in the landscape. This may be why bees and other wild pollinators 
perform best when there are diverse local flower communities upon which to 
feed and there is evidence that appropriately managed agro-systems can 
benefit bee pollinators over natural or semi-natural systems  [30-37]. The 
overall effect of this will be to reduce exposure of pollinators like bees to 
plants treated with pesticides. 
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4.1.3. The kind of behavioural changes observed in toxicity dosing studies [1-3] 
tend only to occur at doses above 1-5 ng/day which was equivalent to 
feeding at a syrup concentration of 1-5 µg/l [9]. The level of residues found 
within nectar and pollen in bumble bee colonies by Thompson et al. [7], 
which were similar to those found in free-ranging honey bees given similar 
exposures [6], were below or at the lower end of this threshold and this is 
consistent with other evidence of residues measured in relevant materials 
[4,6,10,11,38] although residue concentrations can be highly variable [39]. 
This evidence suggests that populations of bees in free-ranging situations do 
not normally experience the levels of neonicotinoids that result in sub-lethal 
toxic effects. This, together with the dilution effect of bees not always feeding 
upon treated crops, is the most likely reason why field studies do not 
demonstrate the same effects as studies where bees are given artificial 
doses of pesticide. An alternative possibility is that field studies [4-8] do not 
have the statistical power to detect these effects. However, the accumulated 
evidence across several independent studies suggests that this is unlikely 
and that, even if effects are present and remain undetected, then these 
effects are small and unlikely to be biologically significant. 

4.2. Insects are significant pollinators of crops like oilseed rape where yields can 
collapse in the absence of pollinators [12-18]. In the UK, neonicotinoids have 
been used as seed treatments on OSR for 10 years. This suggests that if 
pesticide use was reducing pollinator effectiveness then this would also be 
detrimental to crop productivity. Consequently, the claim that treatment of 
OSR with neonicotinoids kills pollinators is partly countered by the success of 
the crops themselves. 
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