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Abstract

This paper reviews the available data on the risk potential posed by imidacloprid seed dressings to honey bees. Key studies are
briefly described and their results are discussed; of particular interest for this topic are the numerous field and semifield trials
which were carried out by different scientists from various institutions. From the reviewed studies a field-relevant NOAEC of 20
ppb is concluded for honey bees. Analytical studies on nectar and pollen samples of sunflower, rape and corn plants have shown
that residue levels of imidacloprid and toxicologically relevant imidacloprid metabolites are typically well below 5 ppb. When
comparing the NOAEC with the reported residue data, it becomes evident that imidacloprid seed-dressings will pose only a negli-
gible risk to honey bees. This conclusion is supported by the findings of more than 30 semifield and field studies conducted in
various regions of the world. Finally, the symptoms of the bee incidents in France, which were suspected to be related to imida-
cloprid seed-dressings, are described and factors potentially linked to these incidents are discussed.
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Introduction

One of the issues related to pesticides and bees which
has been discussed very intensively within the last
years, concerns the question whether or not seed dres-
sings containing the neonicotinoid insecticide imidaclo-
prid may pose a risk to honey bees. Nearly ten years of
intensive laboratory and field research by independent
experts and Bayer scientists should allow to conduct a
conclusive evaluation on this question. In this paper the
history of this issue is briefly reviewed, followed by a
summary of the key studies which were carried out to
highlight any potential link between an imidacloprid
seed dressing and bee hive damages. Finally, a conclu-
sive evaluation on the risk potential of imidacloprid
seed dressings for bees is drawn based on the current
state of knowledge.

Issue history
Gaucho®, a systemic insecticidal seed dressing (active

ingredient: imidacloprid), was first used in sunflower
crops in France in 1994. In response to a beekeeper´s
concern regarding possible adverse effects of this seed
treatment on bees, Bayer in cooperation with external
experts carried out several semifield and field studies to
re-examine the bee safety of this treatment under the
regionally prevailing use conditions. As in the pre-
registration studies, no indications of an adverse effect
potential were found. In 1997, severe bee colony and
honey yield losses were reported by French beekeepers,
and Gaucho® became accused again by some beekeep-
ers to be responsible for these effects. These bee hive
damages were reported to exhibit novel features such as
e.g. depopulated bee hives due to a treatment-related
disorientation of affected bees. The French Ministry of
Agriculture initiated an expert review in 1997 which

concluded no apparent link between the reported
symptoms and the Gaucho® seed treatment. However, in
order to minimize any uncertainty in this risk evaluation
the French experts recommended a replicated field
study. This large-scale field study, performed in 1998,
also showed no adverse effects of a Gaucho® seed
treatment. Nevertheless, the authorization of Gaucho® in
sunflower cultures was temporarily suspended by the
Ministry of Agriculture in 1999 based on the
“precautionary principle“ since the causal factors of this
seemingly novel bee malady were still obscure and a
laboratory study reported very low effect concentrations
of imidacloprid, the active ingredient of the seed dress-
ing Gaucho® to bees (Decourtye, 1998). Further studies
were requested from the notifier on rotational crops, and
these studies were carried out and submitted in 1999.
The study results showed that honey bees will not en-
counter relevant imidacloprid concentrations in rota-
tional crops from previous soil treatments with imida-
cloprid. In addition to these rotational crop studies, the
laboratory study of 1998 was repeated by an independ-
ent scientist who was not able to confirm the reported
low effect concentrations of imidacloprid. In addition,
the bee hive damages in sunflowers continued in spite
of the suspension of Gaucho®. in this crop since 1998.

Materials and methods

Biological studies
The reviewed key studies cover a large range of test

designs from laboratory to complex field trials including
a couple of novel test designs which were developed to
investigate potential treatment-related effects of seed
treatments on the behavior of bees and bee colonies. In
standard laboratory studies the acute oral toxicity of
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imidacloprid was investigated by feeding bees with
spiked sugar solution. These studies were carried out
according to the international testing guidelines EPPO
170 and OECD 213 and 214 (EPPO, 1992; OECD, 1998
a, b) and findings reported by Schmuck (1999) and
Schmuck et al. (2001, 2003). Likewise, the chronic oral
toxicity of imidacloprid was investigated by a dietary
exposure of honeybees over 5 to 10 days (Decourtye,
1998; Belzunces et al., 1998; Colin et al., 1998; Kirch-
ner, 1999, 2000; Pham-Delègue et al., 2000; Suchail et
al., 2001; Schmuck, in prep.). Other endpoints investi-
gated in the laboratory included the associative learning
behavior of honeybees. In these tests an artificial
chemical stimulus is linked to the proboscis extension
reflex of the bees (Bitterman et al., 1983).

Short- and long-term effects of imidacloprid residues
in bee diets were also investigated under more natural
conditions in semifield and field tests. More than 30
semifield and field tests were performed by scientists
from the notifier as well as from universities and other
institutions. In some of these tests, bee colonies were
fed up to 39 days exclusively with an imidacloprid-
spiked diet such as corn pollen, sunflower honey, or
sugar solution. Likewise, chronic feeding tests with
pollen harvested from sunflowers or corn grown from
dressed seeds were conducted. For simulating most
natural exposure conditions, bee colonies were placed
next to sunflower or rape fields which had been drilled
with imidacloprid dressed seeds. In all these trials, bee
mortality, bee losses, foraging activity, bee behavior,
colony development, brood status and changes in pollen
and nectar stores were monitored (e.g. Belzunces et al.,
1998; Brasse, 1999; Schulz, 1999; Schmuck, 1999;
Kirchner, 1999; Schmuck et al., 2001; Scott-Dupree and
Spivak, 2001; Maus and Schöning, 2001; Maus, 2002;
Schuld, 2002) (figures 2 and 3). Furthermore, specifi-
cally designed field studies were conducted to investi-
gate in detail the sublethal effect potential of imidaclo-
prid. In these tests, antifeedant responses and treatment-
related effects on the intraspecific communication in
small bee hive nuclei were examined. For example,
Kirchner (1999) examined the dancing behavior of bees
in hive nuclei for accuracy of the communicated infor-
mation on the food source location (direction and dis-
tance from the hive) after a dietary exposure to imida-
cloprid. In other feeding studies with spiked sugar solu-
tion the effects of dietary exposures on large bee hive
colonies were investigated, with a particular focus on
field orientation of the bees. In these studies, bees were
individually marked and followed over the entire study
period (Schmuck,1999).

Residue analyses
Intensive analyses of imidacloprid residues in various

plant matrices were conducted to characterize the expo-
sure of honeybees to imidacloprid residues in seed-
treated crops. Investigated crop species included sun-
flower, rape, and corn. From each of these crops, nectar
(except for corn) and pollen samples were taken from
several field locations which differed in their soil and
climatic characteristics, and subsequently analysed. In
total, 18 residue analyses were performed on sunflower

pollen and nectar, 15 on rape nectar or pollen, and four
on corn pollen (e.g. Schmuck, 1999; Schmuck et al.,
2001; Schöning and Schmuck, 2003). The limit of de-
termination (LOD) for the parent compound in these
plant materials was 1.5 ppb, with a limit of quantitation
(LOQ) of 5.0 ppb. All nectar and pollen samples were
not only analysed for the parent compound but also for
insecticidally active plant metabolites of imidacloprid,
i.e. olefine-and hydroxy-imidacloprid (Nauen et al.,
2001; Schmuck et al., 2003). The LODs for these me-
tabolites were 1.5 ppb and 3.0 for hydroxy-imidacloprid
and olefine-imidacloprid, respectively (Schöning and
Schmuck, 2003). For a description of the analytical
methods applied, see Schmuck et al. (2001) and
Schöning (2001). Likewise, the persistence of imidaclo-
prid in soils and its potential for accumulation after re-
peated sowing of dressed seeds was investigated in long
term field dissipation studies (Krohn and Hellpointner,
2002).

Results and discussion

Effect thresholds of imidacloprid to honey bees
The acute oral LD50 of imidacloprid to honey bees as

found in the majority of laboratory studies was between
40.9 and > 81 ng/bee with NOED values between 1 and
5 ng/bee (Schmuck, 1999; Schmuck et al., 2001, 2003).
In the literature, also some lower LD50 values are pub-
lished (Pflüger and Schmuck, 1991; Suchail et al.,
2000). These differences in the oral LD50 values may be
related to methodological aspects as discussed by Nauen
et al. (2001). In chronic feeding studies conducted under
laboratory conditions (5-10 day feeding studies with
worker bees) no-observed lethal effect concentrations
(NOEC) of > 20 ppb were reported (Colin et al., 1998;
Kirchner, 1999, 2000; Pham-Delègue et al., 2000; De-
courtye et al., 2003) (figure 1). Two studies, however,
reported lower NOEC values. A NOEC value of < 4 ppb
was published by Decourtye (1998) which, however,
could not be reproduced in subsequent studies of the
same research group (Decourtye et al., 2003). Suchail et
al. (2001) found 50% mortality rates after a dietary ex-
posure of young honeybees to 0.1, 1, and 10 ppb over
ten days. However, in this study all rates and all me-
tabolites tested revealed the same chronic toxicity pro-
file, irrespective of the presence or the absence of the
toxophor. For this reason and since these findings are
contradictory to all other reported values they need to be
carefully re-considered as discussed by Schmuck (in
prep.).

Regarding sublethal effects of imidacloprid, a labora-
tory NOEC of 10 ppb was found for associative learning
by Kirchner (2000). Pham-Delègue et al. (2000) and
Decourtye et al. (2003) claimed NOEC values between
6 and 48 ppb depending on the physiological state of the
tested bees (summer and winter bees, respectively).
However, the 6 ppb value is based on a single meas-
urement recorded briefly after application and it is con-
sidered highly unlikely that such a very transient short-
term effect will have any biological significance under
field conditions.
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Generally, results from laboratory trials have to be
evaluated with particular care since honeybees are sub-
jected to an artificial stress situation under the condi-
tions prevailing in the laboratory. More relevant and re-
liable for an evaluation of compound-related risks are
tests carried out under semifield (tents or tunnels) and
field conditions where honeybees encounter their natu-
ral environment within the social context of their col-
ony.

In field studies on the effects of imidacloprid-spiked
sucrose solutions on the intraspecific communication of
honey bees, Kirchner (1999) reported a NOEC of 10
ppb. At concentrations of 20 ppb hive bees perceived
the contaminant and responded by rejection of that food.
In response to this protective behavior, the recruitment
activity of honeybees decreased resulting in an overall
lower foraging activity at 50 ppb and higher. However,
up to a concentration level of 100 ppb, foraging bees
continued to sample spiked sucrose solution and had no
problems in returning to their hives over distances of
500 m. At study termination, the number of surviving
bees was not different between the treatment and the
control group. In further feeding studies with spiked su-
crose solution or pollen diets, no acute or chronic ad-
verse effects were recorded on bee mortality, bee losses,
foraging activity, bee behavior, colony development,
brood status and changes in pollen and nectar stores for
a dietary imidacloprid residue level of 20 ppb (e.g. Bel-
zunces et al., 1998; Brasse, 1999; Schulz, 1999;
Schmuck, 1999; Kirchner, 1999; Schmuck et al., 2001;
Scott-Dupree and Spivak, 2001; Maus and Schöning,
2001; Maus, 2002; Schuld, 2002) (figures 2 and 3).

One study (Colin and Bonmatin, 2000) reports effects
on foraging and feeding behavior at residue levels of as
low as 1.6 ppb. Unfortunately, no analytical verification
of the test concentration was made in this study, and
therefore, this value has to be considered with reserva-
tion, considering the bulk of data (see above) showing
much higher NOEC values for this endpoint.

In support to a field-relevant NOEC of 20 ppb, no ad-
verse effects were found in any semifield and field trials
carried out on either seed-dressed crops or with pollen
from seed-dressed plants.

From the results of the referenced key studies, it can
be concluded that no adverse effects are expected under
field conditions for imidacloprid residue levels of 20
ppb or less. The definition of this NOAEC is based on
the following findings:
• No chronic mortality occurred at concentrations of <

20 ppb (reported lower NOEC values from laboratory
trials were found to be not consistent with findings
from other researchers and are not supported by find-
ings from higher Tier studies)

• No antifeedant effects occurred at concentrations of <
20 ppb (reported lower NOEC values were not sup-
ported by a weight-of-evidence approach)

• Short-term behavioral effects observed at concentra-
tions < 20 ppb were very transitory (< 1 hr, Decourtye
et al., 2003)

• Hive performance was not affected at concentrations
of < 20 ppb over 39 days

• No loss of foraging bees was observed at concentra-
tions of < 100 ppb
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Figure 1. Summary of the study results on honey bee mortality after chronic exposure to imidacloprid residues. The
white stars mark the NOEC found in the respective study, the gray stars the LOEC. In cases where no LOEC is
given, no effect was found in the respective study and the NOEC given corresponds to the highest dose tested.



54

200019991998199719961995 2001

Bayer, France
Sunflower

BBA, Ger
Rape

AgView, Canada
Rape

Hohenh., Ger
Phacelia

Bayer, France
Sunflower

Bayer, Ger
Maize

Bayer, GER
Sunflower

Bayer, Ger
Summer Rape

Bayer,GB/Sweden
Sunflower

Bayer,GB/Sweden
Summer Rape

3x

3x

3x

2x

ACTA, France
Sunflower

Figure 2. Overview of the semifield studies carried out. Gray stars represent studies conducted by Bayer, black stars
studies carried out by independent scientists. Studies were performed under various conditions regarding all rele-
vant parameters (location, climatic conditions, soil conditions, crops, bee strains). No adverse effects were found
under natural conditions.
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Figure 3. Overview of the field studies carried out. Gray stars represent studies conducted by Bayer, black stars
studies carried out by independent scientists. Studies were performed under various conditions regarding all rele-
vant parameters (location, climatic conditions, soil conditions, crops, bee strains). No adverse effects were found
under natural conditions.
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Exposure of honeybees to imidacloprid residues in
the field

For an evaluation of the risk potential posed to honey
bees by seed dressing applications of imidacloprid the
residue levels encountered in the field is of particular
interest; the crucial question here is to which residue
levels of imidacloprid or imidacloprid metabolites for-
aging bees will be exposed in the field.

In sunflower crops, the imidacloprid residue levels in
nectar and pollen were in all but one sample below the
LOD of 1.5 ppb. Only one out of 18 analysed samples
showed a higher residue level of 1.6 ppb. In rape, resi-
due levels between < 1.5 and 5 ppb were recorded in the
nectar and pollen samples. Only in one out of 15 ana-
lysed samples, a higher residue level was detected (7.8
ppb in a pollen sample). In corn pollen, the residue level
detected was between < 1.5 and 5 ppb. (Schmuck, 1999;
Schmuck et al., 2001). The two insecticidally active
plant metabolites, olefine-and hydroxy-imidacloprid
were never detected in either nectar or pollen of any in-
vestigated crop species (Schmuck, 1999; Schmuck et
al., 2001; Schöning and Schmuck, 2003).

Field dissipation studies revealed that residues of imi-
dacloprid will remain in the soil after harvest (Krohn
and Hellpointner, 2002). However, no significant accu-
mulation of imidacloprid in soils has been recorded. The
maximum soil residue level after long-term and re-
peated use of imidacloprid on the same field will never
exceed the soil residue levels resulting from a single ap-
plication by more than 40%. In addition, plant bioavail-
ability of aged soil residues is greatly reduced as indi-
cated by the increasing Koc value with time (Krohn and
Hellpointner, 2002). Thus, no relevant exposure of
honey bees is expected in nectar or pollen of crops suc-
ceeding imidacloprid seed-dressed croppings. This as-
sumption has been supported by residue analyses of
nectar and pollen samples from rape, sunflower and
corn plants grown in soils with residues up to a level of
18 ppb imidacloprid. In all nectar and pollen samples,
residues were well below the LOQ (Schmuck et al.,
2001).

Conclusions

The available results from numerous studies carried
out by various scientists from different institutions
strongly support the conclusion that crops grown from
seeds dressed with imidacloprid do not pose any signifi-
cant risks to honeybees under field conditions. Nectar
and pollen residue levels from different locations and
crops were all below the field-relevant NOAEC of 20
ppb as determined in various laboratory, tunnel and
field studies. There is also no evidence of an adverse
effect of imidacloprid seed-dressings from the numerous
semi-field and field studies conducted in Argentinia,
Canada, France, Germany, Hungary, Italy, Sweden, UK,
and the USA (figures 2 and 3). Additionally, although
Gaucho® has now been suspended for almost five years,
bee incidents in sunflower crops are still going on in
France, which shows that the presumed link between the
French bee damages and a imidacloprid seed treatment

in sunflower is not existing.

The French bee incidents: possibly related factors
If no link exists beween imidacloprid seed dressings

and the French bee incidents, the question is raised which
other factors may be involved in causing the reported
“bee malady”. The French bee incidents have been de-
scribed in detail by some of the concerned beekeepers
(Aletru et al., 1998). According to this description, the
incidents are characterized by the occurrence of apathetic,
immobilized bees, which tend to aggregate on the ground
outside the bee hives. Furthermore, bees are trembling
and bee hives gets depopulated due to disorientation of
foraging bees. Affected bees are attacked by guardian
bees at the hive entrance. Morphologically, the abdomina
of affected bees appear blackish and shiny. Usually, ap-
proximately one third of the bees of a colony show these
symptoms. On the colony level, the malady results in se-
vere bee losses without apparent mortality, and a strongly
decreased yield of honey; the syndrome commonly ap-
pears in July or August. It is worth to mention that this
syndrome was occurring already long before the intro-
duction of imidacloprid to the market (see also the web-
site: http://www.beekeeping.com/spmf/bd.htm); and it
likewise still continues after suspension of Gaucho® in
sunflower cultures.

Considering the data at hand, it seems very likely that
the “French Bee Malady” is caused by a complex of
heterogenous factors - which nevertheless manifest
themselves in similar symptoms - or in a combination of
several factors (see e.g. Mackensen, 1951; Bailey, 1963;
Oertel, 1965; Haydak, 1970; Atkins, 1975; Kauffeld et
al., 1976; Wilson and Menapace, 1979; Kulinkevic et
al., 1982, 1983, 1984; Bruce et al., 1990; Boecking and
Drescher 1991; Ritter, 1996; reviewed by Schmuck,
1999), which include:
• Varroa infestation
• Bacterial diseases (in particular spiroplasms)
• Adverse climatic conditions (e.g.: mild winters which

induce early beginning brood activity, followed by
cold springs; very cold or very hot summers)

• Physiological incompatibilities (e.g.: attempts to es-
tablish bee strains in areas where inappropriate cli-
matic conditions prevail, for instance establishing bees
from New Zealand in Northern regions)

• Genetic incompatibilities (e.g. insemination of queens
using drones with incompatible genetic material)

• Inappropriate bee management practices (e.g. inap-
propriate Varroa treatment, exaggerated pollination
activity)

• Poisoning incidents (pesticide spray application, over-
dosed Varroa treatment)
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