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Abstract The aim of this study was to investigate the
effects of Elado® (10 g clothianidin & 2 g beta-cyfluthrin/
kg seed)-dressed oilseed rape on the development and
reproduction of mason bees (Osmia bicornis) as part of a
large-scale monitoring field study in Northern Germany,
where oilseed rape is usually cultivated at 25–33 % of the
arable land. Both reference and test sites comprised 65 km2

in which no other crops attractive to pollinating insects were
present. Six study locations were selected per site and three
nesting shelters were placed at each location. Of these
locations, three locations were directly adjacent to oilseed
rape fields, while the other three locations were situated
100 m distant from the nearest oilseed rape field. At each
location, 1500 cocoons of O. bicornis were placed into the
central nesting shelter. During the exposure phase, nest
building activities and foraging behaviour were assessed
repeatedly. Cocoons were harvested in autumn to assess
parasitization and reproduction including larval develop-
ment. The following spring, the emergence of the next
generation of adults from cocoons was monitored. High
reproductive output and low parasitization rates indicated
that Elado®-dressed oilseed rape did not cause any detri-
mental effects on the development or reproduction of mason
bees.
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Introduction

Pollination is one of the most essential ecosystem services
provided by nature not only to wild plant species, but also
for a number of arable crops (Klein et al. 2007). While
domesticated honey bees (Apis mellifera) are traditionally
thought of as the economically most important pollinator in
crop monocultures, recent research indicates that wild bee
pollinator species can be equally important (Garibaldi et al.
2013). Solitary bees are able to provide pollination services
in certain crops with similar or sometimes superior level of
efficiency (Bosch et al. 2006). In this regard, it has been
shown that they can replace honey bees (Winfree et al.
2007) or act synergistically with them (Garibaldi et al.
2013; Brittain et al. 2013). However, several studies imply
that populations of pollinating insects decline (Kearns et al.
1998; Biesmeijer et al. 2006; Potts et al. 2010). As one of
the factors responsible for the observed decline the inten-
sification of agriculture was identified, which might also
endanger pollination services (Goulson et al. 2015).

In Central Europe, a crop of high economic value is
oilseed rape (OSR). Mass-flowering OSR fields were found
to have a strong positive influence on the abundance of
generalist solitary bees (Holzschuh et al. 2013) and bees
of the genus Osmia have been shown to be efficient polli-
nators of OSR (Jauker et al. 2012a). Furthermore, several
studies indicated that high amounts of OSR at the landscape
scale have positive effects on solitary bees nesting in semi-
natural habitats (Jauker et al. 2012b; Diekötter et al. 2014).
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However, foraging in agriculturally managed fields also
enhances the risk of pollinating insects to be exposed to
PPPs, which might potentially harmful. Unmanaged (wild)
pollinators are considered to be more vulnerable than honey
bees due to different foraging behaviour and the fact that
nesting sites cannot be moved or covered during PPP
applications (Scott-Dupree et al. 2009), which is mostly
relevant for spray applications.

One class of PPPs commonly used in OSR are neoni-
cotinoids. Formulations containing neonicotinoids are often
used as seed treatment; their active substances are sys-
temically taken up by the plants and distributed to all tissues
(Elbert et al. 2008). The use as a seed dressing reduces the
risk for non-target organisms, because fewer applications
and lower rates are used than in foliar spray applications.
However, concerns have been raised about the exposure of
flower visiting insects due to the potential presence of the
substances in nectar and pollen (Blacquière et al. 2012).
Due to these concerns the use of the three neonicotinoids
imidacloprid, clothianidin and thiamethoxam was tem-
porarily banned in the European Union in crops attractive to
bees (European Commission 2013) to allow for more stu-
dies on potential side effects on pollinators.

Despite their ecological value and their potential as
pollinators in certain crops, solitary bees were not part of
the testing regime routinely used for the registration of
PPPs. It should be noted that the toxicity of products may
vary between Osmia and A. mellifera (Ladurner et al. 2005;
Biddinger et al. 2013). Also, differences in life history
strategies and foraging behaviour may alter the risk under
field conditions. Only recently have solitary bees as test
organisms, with an associated risk assessment, been
included in a new regulatory Guidance Document (EFSA
2013) which is not yet implemented. One reason for the
delayed implementation is the lack of robust and repro-
ducible test methods, which account for the biology of
solitary bees (synchronisation of emergence, feeding beha-
viour and regime etc.).

Lower tier studies with solitary bees often represent an
unrealistic worst case scenario where individual bees are fed
with high dose rates of neonicotinoid contaminated food in
the laboratory. For instance, a recent laboratory study (Jin
et al. 2015) reports detrimental effects on the ability of
Osmia cornuta to navigate. However, it has to be con-
sidered carefully whether sub-lethal effects found in
laboratory studies are reproducible under field conditions.
Furthermore, there is a debate as to whether rates used in
these experiments really represent the exposure in the field
(Carreck and Ratnieks 2014). Thus, a key question is how
neonicotinoids influence bees in real world agricultural
landscapes (Schmuck and Lewis, 2016, this issue). Mon-
itoring studies at the landscape level, however, have only
rarely been conducted.

To our knowledge there is only one study that assesses
the effects of a neonicotinoid seed treatment on solitary bees
in the field. Rundlöf et al. (2015) conducted a field study
with spring OSR grown from Elado®-treated seeds in
Sweden. Their study concludes negative effects for Osmia
species. However, there are a number of limitations with
regards to the methods used and their ability to realistically
assess the effect of the pesticide exposure (low number of
cocoons, different crop (spring OSR) with considerably
different amount of residues).

Here, we tested whether flowering winter OSR grown
from seeds treated with the active substance clothianidin has
any potential effects on the nest building activity, devel-
opment and reproduction of mason bees on the landscape
level.

Materials and methods

Test species

Osmia bicornis (red mason bee) (Megachilidae) is the most
abundant solitary bee species in Central Europe (Westrich
1989). This species is univoltine and polylectic. Its lifecycle
begins in spring when adult males emerge from their
cocoons. Males stay close to the nest to wait for females
which emerge few days later. After mating, females begin to
build and provision their nests. Nests are built in a wide
variety of cavities, which are either naturally occurring or
artificially provided. Females collect pollen and small
amounts of nectar to provision the separated brood cham-
bers. Each of the up to 30 brood chambers per nest contains
one egg (Westrich 1989). Fertilized eggs develop into
females and are found in the back end of the linear nest,
while unfertilized eggs are laid into the front brood cham-
bers and develop into males. Completely filled nests are
sealed with mud.

The foraging range of O. bicornis is typically less than
600 m (Gathmann and Tscharntke 2002, Zurbuchen et al.
2010). The active period of foraging and nest building
occurs between April and June, and lasts from 6 to 8 weeks.
Larvae hatch approximately 3 days after egg laying and
feed on the stored pollen and nectar. After the metamor-
phosis of the larvae to the adult, the bees remain in their
cocoons during winter and emerge in the following spring.

For this study, 18 000 cocoons were provided by bien-
enhotel.de (Rostock, Germany).

Study location and design

The exposure phase of this study was conducted at two
neighbouring study sites in the vicinity of Sternberg,
Mecklenburg-Vorpommern in Northern Germany. Each study
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site covered an area of approximately 65 km2 with a diameter
of 9 km. In autumn 2013 (Fig. 1), Elado®-dressed OSR seeds
were drilled at all study fields at the test site (Fig. 2), whereas
Elado®-free OSR seeds were drilled at the reference site
(Fig. 1). For a detailed description of seed treatment, OSR
fields and planting, see Heimbach et al. (2016, this issue).

Six study locations were established at the inner cores of
the test site and reference sites to prevent mason bees to
forage outside the study sites. Three out of the six study
locations were established at the edge of OSR fields, while
the other three were situated 100 m distant from the nearest
OSR field. At each study location, three nesting shelters
(containing up to three nesting blocks) were established in
front of a hedge or forest south-east-facing to be protected
against wind and rain and exposed to direct sunlight. Each
nesting shelter consisted of a plastic container fixed to two
wooden stakes (see Fig. 3). The opening of the shelter was
covered with chicken wire to prevent predation by birds.
Nesting blocks were obtained from bienenhotel.de
(Rostock, Germany). Their special design allowed a non-
destructive sampling of pollen as well as the later harvest of
cocoons: Nesting blocks consisted of a stack of several fibre
boards each drilled with semi-circular nesting tunnels,
which were closed on top by the overlying board. Each
board contained 10 rows of nesting tunnels arranged in
parallel (8 mm in diameter). Boards were lashed together
with a strap so that they could be removed and access to the
brood chambers was possible (see Fig. S1 Supplementary
material).

Two perforated cardboard boxes containing 1500
cocoons (sex ratio male:female 6:5) and in total eight
nesting blocks were placed within the three shelters at each
location, providing a total of 1600 nesting holes per study
location. In each nesting shelter, one nesting block was
placed facing south-east, while the two other blocks were
placed in a north-east direction. This setup was chosen
because of the behaviour of female mason bees when
searching for nesting sites: they would be attracted by the
south-east-facing blocks as these are clearly visible and then

Fig. 1 Reference site (fields with untreated seeds) used for the mon-
itoring of effects of flowering OSR grown from clothianidin-dressed
seeds on Osmia bicornis. Study locations are marked in blue; yellow
polygons indicate the study fields

Fig. 2 Test site (fields with treated seeds) used for the monitoring of
effects of flowering OSR grown from clothianidin-dressed seeds on
Osmia bicornis. Study locations are marked in blue, yellow polygons
indicate the study fields

Fig. 3 Example of the setup of nesting blocks at the study locations
used for the monitoring of effects of flowering OSR grown from
clothianidin-dressed seeds on Osmia bicornis. The nesting shelter in
the middle contains the cardboard boxes with cocoons
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explore the more sheltered north-east-facing blocks which
usually were preferred for nesting.

The exposure phase started at the beginning of OSR full
flowering (63–65 on the extended BBCH-scale) on 21 April
2014 with the placement of the cocoons (Day After Place-
ment 0). One day after the last assessment of nest occupa-
tion at the end of OSR flowering (DAP 32, 23 May 2014,
BBCH 74–79), the opening of the nesting shelters was
covered with gauze to avoid further nest building activities.
Subsequently, on DAP 35, nesting blocks were removed
from the study locations and transferred to a sheltered place
(an agricultural warehouse) to avoid predation or parasitism.

Assessments during the exposure phase

Emergence success from the initially provided cocoons was
assessed by counting all empty cocoons in the cardboard
boxes. This was done twice during the study in order to
determine the potential nest building activities.

Nest building activity was observed after sunset, when
female mason bees had returned to their nesting holes for
the night. Each nesting hole was illuminated with an electric
torch and the presence of bees was recorded. In order to
determine the start of nest building activities, the first
assessment took place on DAP 3. Since there were no
females present in 50% of all study locations (reference and
test site), the procedure was repeated the following days
until females were found at 75 % of all study locations.
After this date (DAP 5) assessments were continued on a
weekly basis. In addition to the observation whether
females are present, the number of nesting holes sealed with
mud was also counted per nesting block.

In order to assess foraging behaviour in nesting cavities,
pollen was collected from brood cells. Pollen for the com-
position analysis was sampled twice at every study location
during OSR flowering (DAP 12–13 and 19–20). Nesting
blocks were opened for the pollen sampling. 10 subsamples
were taken from each nesting block from different nesting
holes, these subsamples were pooled. Pollen was only
sampled from yet incomplete cells, which were unsealed
and did not contain any egg. This procedure was chosen to
ensure that all sampled pollen were from roughly the same
time and in order not to destroy any finished brood cells,
which would have had a negative influence on the outcome
of reproduction. Samples were taken from all nesting blocks
except for two nesting blocks at study location ORB that
did not yield sufficient amounts of pollen during the first
sampling event. A total of 190 samples were collected
(96 samples per sampling event, 8 nesting blocks per
location, and 6 locations at 2 sites, minus two samples as
mentioned). Pollen samples were stored deep frozen
(−18 °C) until required for microscopical evaluation.

Pollen for residue analysis was sampled likewise once
per study location during OSR blossom. The pollen samples
for residue analysis were shipped deep frozen on dry ice to
Eurofins Agroscience Services Chem GmbH, Hamburg,
Germany. Analyses of pollen samples were based on the
multi-residue sample preparation technique QuEChERS.
The clothianidin residue content was analysed by LC-MS/
MS. The Limit of Quantification (LOQ) was 1.0 µg/kg and
the Limit of Detection (LOD) 0.3 µg/kg. For further details
see Rolke et al. (2016, this issue).

Temperature, humidity, rain fall and wind conditions
were recorded at each location. Additionally, the relative
duration of sunshine exposure was recorded. A detailed
methodology for weather recordings as well as results are
given in Heimbach et al. (2016, this issue).

Assessments after the exposure phase

In autumn 2014, cocoons of offspring were harvested by
dismantling the nesting blocks to evaluate the reproductive
output, including an assessment of undeveloped larvae,
eggs and parasitism. Subsequently, cocoons were stored in a
refrigerator at about 2–4 °C for a duration of approximately
5 months. In spring 2015 (3 March 2015), all cocoons were
set up for emergence over a period of approximately
4 weeks. 10 days before the cocoons were removed from
the refrigerator, the incubating temperature was gradually
raised to 12.5 °C. Cocoons were then placed in a large,
black plastic box that was fitted with an “emergence trap”
(eclector) (see Fig. 4 for details). Temperature during
emergence was about 20 °C.

Emerged male and female bees were counted almost
every day until 30 March 2015. Prior to counting, bees were
anaesthetised with ether and subsequently released. The
number of cocoons that remained closed after 4 weeks were
counted and sliced with razor blades to check for undeve-
loped bees or parasites. During this assessment several bees
were found to be alive in the cocoons, but these individuals
were not counted as having successfully emerged because it
was not clear whether these bees would have managed to
emerge from their cocoons.

Statistical evaluation

Generalized linear mixed models (GLMMs) and General-
ized additive mixed models (GAMMs) provide a flexible
tool to analyse non-normal and normal data when mea-
surements are not independent due to spatial or temporal
grouping. Hence, GLMMs and GAMMS were applied to
study the fixed effects of treatment and environmental
conditions, while the study location and the individual
nesting block were included as random effects. In addition
Beta Regression Models were used.
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Poisson lognormal GAMMs were used to model the
relationship between the number of nesting females and
other covariables including the DAP, distance to OSR
fields, rotation of nesting block and weather covariables.
Study location C at the reference site was identified to differ
in the development of nesting females from other locations,
because differences in the weather and the combination of a
high density and great height of OSR plants at a very short
distance from the nesting shelters obstructed access for the
mason bees. For the pollen composition data, a beta
regression model was fitted to the relative amount of OSR.
Poisson GLMMs with observational level random effects
and zero-inflated negative binomial GLMMs were fitted to
the count data of reproduction endpoints.

Statistical evaluation was conducted with the statistical
software package “R” (version 3.0.1, R Development Core
Team, Vienna, Austria, 2013). GLMMs were fitted to the
data by using the packages “lme4” (Bates et al. 2015) and
“nlme” (Pinheiro and Bates 2015). For multiple compar-
isons of parameters the package “multcomp” (Hothorn et al.
2008) was applied.

The minimum detectable difference (MDD) concept has
been developed as an indicator of the power of a test a
posteriori for aquatic mesocosm/microcosm studies (Brock
et al. 2015). However, its calculation depends on the sta-
tistical analyses (or tests) applied to analyse the data. The
calculation of the MDD for the monitoring study extended
the MDD concept to suite the mixed model approach.

Augmented predicted confidence intervals were used as the
basis for the derivation of the MDD and MDD%.

Results

Emergence from cocoons released at the field sites

Emergence of O. bicornis started soon after the cocoons
were placed in the field: The first males emerged from the
cocoons as early as DAP 0 at all study locations, followed
by the first females on DAP 3. Nest building started shortly
afterwards so that the regular assessments were initiated. On
DAP 28, on average 91 % of the released bees had emerged
at all study locations (range 87–94 %). The emergence rate
did not differ between the reference (91.6 ± 3.2 %, mean ±
SD) and the test site (90.0 ± 2.7 %).

Nest building activities

Female mason bees accepted the nesting blocks at all study
locations. The number of nest building females increased
consistently over the course of the study period (despite
considerable variability caused by natural fluctuations)
(Fig. 5). Except at study location C of the reference site the
number of nesting females deviated from the pattern seen at
the other study locations from DAP 16 onwards. During the

Fig. 4 a Schematic overview of the contraption used to catch emer-
ging mason bees, b photograph from above

Fig. 5 Number of nesting female Osmia bicornis per nesting block.
Nesting blocks were either situated in a landscape with OSR fields
treated with clothianidin seed dressing (test site) or untreated fields
(reference site) and placed at the edge of the fields (edge) or ca. 100 m
distant from the fields (distant). DAP: Days after Placement. Assess-
ments were conducted over 2 days. Hardly any nesting activities were
observed before DAP 10–11. Study location ORC from the reference
site was excluded as an outlier (see text for details). The upper and
lower hinges of the boxplot correspond to the first and third quartiles
(the 25th and 75th percentiles). Whiskers extend from the highest
value to the lowest value within 1.5 times the interquartile range. Data
beyond the end of the whiskers are plotted as points
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course of the study the OSR at this location grew to
exceptional heights (up to 1.9 m) and also very close to the
shelters obstructing the access for female mason bees to the
nesting shelters. Since the final number of nesting females
at this study location was more than twice the standard
deviation below the mean it was regarded as an outlier and
excluded from further analysis (Table S1, Supplementary
material).

Statistical analysis revealed no significant influence of
either the treatment or the distance to the OSR fields on the
number of nesting mason bees (Tables 1–5). However, the
mean sunshine duration was shown to have a positive
influence. This influence is underlined by the fact that the
increase in the number of nesting females was rather slow at
the beginning of the study when the weather in the study
area was cold and rainy.

Predicted confidence intervals, MDDs, and MDD%s for
the number of nesting females were calculated based on
both the GAMM fitted to the data from DAP 3 to DAP 31,
and the GLMM fitted to the data from DAP 10 to DAP 31.
The predicted confidence intervals for the number of nesting
females partly overlapped for all DAPs (where calculated)
and increased with the DAP. During the first two assess-
ments, the number of female bees was close to zero with a
MDD < 1. However, the MDD% can be relatively large
because the calculation is carried out by dividing the MDD
by a very small reference site mean number. Therefore, the
first two assessments were excluded from the evaluation.

The MDD% derived from the fitted GAMM from DAP 3 to
31 ranged from 24.8 % to 71.0 %, while the MDD% derived
from the fitted GLMM from DAP 10 to 31 ranged from
26.6 % to 35.9 % (Table 5), indicating that the test system
would have been able to identify a relatively small treatment
effect, if present.

Figure 6 shows the number of nests that were sealed with
mud after they were provisioned with pollen and female
mason bees had laid an egg inside. Numbers of completed
nesting holes were relatively low until the fourth assessment
(DAP 23–24), but increased markedly at the end of the
study period (on DAP 30/31). At the end of the field phase,
numbers of completed nesting holes tended to be lower at
the reference site edge locations than at the other study
locations. Statistical analysis showed that the number of
completed nesting holes were higher at the test site than at
the reference site (p< 0.001, Table 1). Furthermore, num-
bers of completed nesting holes were statistically sig-
nificantly higher at the locations 100 m distant from OSR
fields. Weather conditions also significantly influenced the
number of completed nesting holes (temperature, humidity,
wind speed, Table 1).

Predicted confidence intervals (CI), MDDs, and MDD%s
for the number of completed nesting holes were calculated
based on the GLMM fitted to the data from DAP 3 to DAP
31. The predicted CIs had almost no overlap and the pre-
dicted means in the test site were higher than those in the
reference site. The MDD% ranged from 53.7 % to 64.9 %
with a general decreasing trend with increasing DAP
(Table 5), indicating that the test system was able to identify
a moderate treatment effect, if present.

Fig. 6 Number of completed nesting holes of Osmia bicornis per
nesting block. Assessments were conducted over 2 days. Nesting
blocks were either situated in a landscape with OSR fields treated with
clothianidin seed dressing (test site) or untreated fields (reference site),
and placed at the edge of the fields (edge) or ca. 100 m distant from the
fields (distant). DAP: Days after Placement. Hardly any nesting
activities were observed before DAP 10–11. Study location ORC from
the reference site was excluded as an outlier (see text for details). The
upper and lower hinges of the boxplot correspond to the first and third
quartiles (the 25th and 75th percentiles). Whiskers extend from the
highest value to the lowest value within 1.5 times the interquartile
range. Data beyond the end of the whiskers are plotted as points

Table 1 Statistical significances of the influence of different factors
on nesting females and sealed nesting holes

Nesting females Completed nesting holes

Intercept 0.83± 0.18*** −7.73± 0.57***

Treatment 0.18± 0.09 1.34± 0.31***

Distant to OSR (100 m) −0.10± 0.10 0.88± 0.33**

Temperature sum 0.04± 0.01***

Wind speed sum −0.01± 0.01 −0.07± 0.02***

Mean sunshine duration 1.14± 0.22*** 0.71± 0.73

Nesting blocks were either situated in a landscape with OSR fields
treated with clothianidin seed dressing (test site) or untreated fields
(reference site) and placed at the edge of the fields (edge) or ca. 100 m
distant from the fields (distant). Summary of Poisson lognormal
GAMM/Poisson GLMM results. Study location ORC (reference site)
was excluded from the evaluation as an outlier (for details, see text).
The intercept is the estimated mean value of the dependent variable,
when all continuous variables are held at 0 and all categorical variables
are held at their baseline levels. Positive values indicate positive
interaction, negative values indicate negative interaction. Given are
parameter estimates ± standard deviation

***p< 0.001; **p< 0.01; *p< 0.05
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Pollen composition

The mean (± SD) amount of OSR pollen ranged between
10.6± 6.8 % (test site edge) and 21.4± 13.2 % (reference
site distant) (Fig. 7). Other important pollen sources were
Rosaceae (the subfamily Maleae with a maximum amount
of 34.7 % and other unspecified Rosaceae with a maximum
amount of 30.5 %) and Ranunculaceae (maximum amount
of 26.6 %). The proportion of OSR pollen was significantly
lower in brood cells at the test site compared to cells at the
reference site (p< 0.001, Table 2), reflecting the diverse
and inhomogeneous landscape (Heimbach et al. 2016, this
issue).

Residues

The clothianidin residues in pollen from nesting cells of
mason bees were very low. Only at two study locations at
the test site, clothianidin residues were found in quantifiable
concentrations (1.1 and 1.7 µg/kg, Rolke et al. 2016, this
issue). At the other study locations at the test site the resi-
dues were below the LOQ (LOQ = 1.0 µg/kg) and at the
reference site below the Limit of Detection (LOD = 0.3 µg/
kg). It is not possible to relate the amount of OSR pollen to
the residues in the pollen since samples were not collected
at the same day. The clothianidin metabolites TZNG and
TZMU were not detected in pollen from any study location.

Reproduction–larval development in autumn

Figure 8 shows the proportion of intact cocoons relative to
parasitized brood cells and undeveloped larvae/eggs. In

total 41 369 intact cocoons were harvested. Regardless of
treatment or distance to OSR fields, the proportion of intact
cocoons was greater than 0.9. Total mean parasitization
rates were 0.97 and 2.62 % for the edge and distant study
locations at the reference site, respectively, and 2.12 and
2.47 % for the edge and distant study locations at the test
site, respectively. Mean numbers (± SD) are presented in
Table S2 in the Supplementary material.

Since the numbers of undeveloped eggs and larvae were
significantly lower (p< 0.01, Table 3) at the test site, the
larval development seemed to be slightly better at the test site.

In general, weather conditions also affected the repro-
duction endpoints. Temperature and wind speed were

Fig. 7 Composition of pollen sampled from nesting blocks occupied
by Osmia bicornis. Nesting blocks were either situated in a landscape
with OSR fields treated with clothianidin seed dressing (test site) or
untreated fields (reference site), and placed at the edge of the fields
(edge) or ca. 100 m distant from the fields (distant). Mean percentage
of various pollen grains in pollen samples from the four experimental
groups, reference and test sites. Pollen species representing less than
5 % of the total amount at the reference site were grouped as “other”

Table 2 Statistical significances of the influence of the treatment for
the relative amount of Brassica napus (OSR) pollen in brood cells
(beta regression model) of Osmia bicornis

Amount of OSR
pollen

Intercept −1.69± 0.09***

Treatment −0.50± 0.10***

Nesting blocks from which pollen was collected were either situated in
a landscape with OSR fields treated with clothianidin seed dressing
(test site) or untreated fields (reference site) and placed at the edge of
the fields (edge) or ca. 100 m distant from the fields (distant). The
intercept is the estimated mean value of the dependent variable, when
all continuous variables are held at 0 and all categorical variables are
held at their baseline levels. Positive values indicate positive
interaction, negative values indicate negative interaction. Given are
parameter estimates ± Standard deviation

***p< 0.001; **p< 0.01; *p< 0.05

Fig. 8 Larval development of Osmia bicornis. Nesting blocks were
either situated in a landscape with OSR fields treated with clothianidin
seed dressing (test site) or untreated fields (reference site) and placed at
the edge of the fields (edge) or ca. 100 m distant from the fields
(distant). Proportion of intact cocoons in relation to undeveloped lar-
vae/eggs and parasite infested cells as assessed in autumn. Study
location ORC (reference site) was excluded as an outlier (see text for
details)
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negatively correlated with the number of undeveloped eggs
and larvae while the relative humidity affected only the
number of undeveloped larvae negatively (Table 3). The
mean sunshine duration was also an important predictor for
the number of undeveloped larvae indicated by a positive
relationship with the number of undeveloped larvae. How-
ever, since all weather variables were probably correlated
these findings have to be treated with caution.

The MDD% for undeveloped individuals in brood cells
ranged from 34.6 % to 78.9 % depending on the methodo-
logical power of the data generated (Table 5). This indicates
that for the reproduction endpoints a small to medium dif-
ference could have been determined as statistically sig-
nificant using the collected dataset, if present.

Reproduction – emergence after over-wintering

The evaluation of emergence success after overwintering
was based on all intact cocoons harvested in autumn of the
previous year which were in total 41 369. From theses
cocoons 38 650 individuals (male and female) emerged
successfully. The proportion of emerged males and females
in relation to undeveloped individuals (male, female,
pupae), which remained in the cocoons is presented in
Fig. 9. Regardless of treatment or distance to the OSR
fields, the proportion of successfully emerged bees was
greater than 0.9. Mean numbers (± SD) are presented in
Table S3 in the Supplementary material.

Table 4 presents the results of the statistical analysis for
the emergence after over-wintering. Significantly more

males (p< 0.05) emerged from cocoons at the test site
compared to the reference site. Significantly higher numbers
of undeveloped females (p< 0.001) and pupae (p< 0.01)
were found in the remaining cocoons from the reference
site. No parasites were found in remaining cocoons. The
distance to OSR fields had no statistically significant
influence on the emergence of adult bees. Significantly
more undeveloped pupae were recorded for the study
locations 100 m distant from OSR fields (s< 0.01), whereas
more undeveloped females occurred in cocoons from the
edge of the OSR study locations (p< 0.001).

Predicted confidence intervals, MDDs, and MDD%s for
emerged males and females from F1 generation were cal-
culated based on the GLMM fitted to the data from the
emergence period. The MDD% for emerged females ranged
from 27.5 % to 34.0 %, and for emerged males from 31.2 %
to 39.5 % (Table 5). These small MDD% ranges indicate
that the experimental design of the study allowed the
detection of relatively small treatment effects, if present.

The MDD%s for the different contents of remaining
cocoons after emergence of offspring ranged between
14.0 % and 25.6 % for undeveloped individuals (Table 5).
This indicates that for the cocoon-related endpoints, a small
difference could have been determined as statistically sig-
nificant using the collected dataset, if present.

Discussion

The unique reproductive biology and foraging behaviour of
O. bicornis in the evaluation of potential side effects of
clothianidin-treated OSR were the main focus of this study.

Table 3 Statistical significances of the influence of different factors
on larval development of Osmia bicornis

Development

Undeveloped eggs Undeveloped larvae

Intercept 1.46 ± 0.32*** 2.71± 0.20***

Treatment −1.17 ± 0.44** −0.75± 0.26**

Distant to OSR (100 m) 0.38 ± 0.24 0.26± 0.15

Temperature sum −0.78 ± 0.32* −0.38± 0.18*

Humidity sum −0.35 ± 0.18 −0.39± 0.10***

Wind speed sum −0.26 ± 0.13* −0.33± 0.08***

Mean sunshine duration 0.34 ± 0.18 0.65± 0.11***

Nesting blocks were either situated in a landscape with OSR fields
treated with clothianidin seed dressing (test site) or untreated fields
(reference site) and placed at the edge of the fields (edge) or ca. 100 m
distant from the fields (distant). Summary of Poisson lognormal
GLMM results. Study location ORC (reference site) was excluded
from the evaluation as an outlier (see text for details). The intercept is
the estimated mean value of the dependent variable, when all
continuous variables are held at 0 and all categorical variables are
held at their baseline levels. Positive values indicate positive
interaction, negative values indicate negative interaction. Given are
parameter estimates± standard deviation

***p< 0.001; **p< 0.01; *p< 0.05

Fig. 9 Emergence of Osmia bicornis. Nesting blocks were either
situated in a landscape with OSR fields treated with clothianidin seed
dressing (test site) or untreated fields (reference site) and placed at the
edge of the fields (edge) or ca. 100 m distant from the fields (distant).
Proportion of females/males successfully emerged in relation to
undeveloped individuals as assessed in spring after over-wintering.
Study location ORC (reference site) was excluded as an outlier (see
text for details)
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Mason bees mainly foraged in the surrounding hedges and
trees to provision their brood cells, the mean percentage of
OSR pollen in the larval food per site was ca. 10–20 %,
which is comparable to results found by Holzschuh et al.
(2013). As food-generalists (Westrich 1989), the red mason
bee forages on a wide variety of plants, but Rosaceae and
Ranunculaceae are particularly favoured (Westrich 2014),
which was also reflected in our data.

Statistically significant fewer OSR pollen was found in
brood cells at the test site. It might be argued that the
residues of clothianidin in nectar and pollen had repellent
properties, which caused mason bees to reduce their fora-
ging on the treated OSR. However, we did not monitor the
foraging activity of O. bicornis on OSR fields and the
collection of pollen from brood cells is not appropriate to
conclude a repellent effect.

There are, however, several circumstances to reject such
an effect: The found differences in pollen collected by red
mason bees were most likely biased by the comparatively
high percentage of OSR pollen found at the distant study
locations of the reference site, in combination with a high
number of samples that yielded high statistical power to

detect even small differences. Furthermore, the variation in
the collection of OSR pollen might also be dependent from
the availability of alternative foraging resources, which
were estimated (Heimbach et al., 2016, this issue) but not
controlled for in this study. Therefore, we believe that the
statistical significance does not necessarily point to biolo-
gical relevance.

In conclusion, we could show that O. bicornis was
exposed to clothianidin via residues found in the pollen.
This exposure and therefore the risk is limited due to the
foraging behaviour of O. bicornis.

For the number of nesting females no factor other than
the mean sunshine duration was found to have a significant
influence and in particular there was no evidence for any
treatment-related effect. However, slightly more completed
nesting holes were found at locations 100 m from the OSR
fields at both sites. In addition, more completed nesting
holes were found at the test site. Nevertheless, this result has
to be interpreted with care because of differences in the nest
building rates at different study locations. This can originate
from mason bees closing their nesting hole after finishing
nest building regardless of whether the nesting hole was

Table 4 Statistical significances of the influence of different factors on emergence of Osmia bicornis

Emerged individuals Undeveloped individuals

Males Females Males Female Pupae

Intercept 4.14± 0.14*** 4.47± 0.17*** 3.69± 0.11*** 4.54± 0.07*** 4.28± 0.08***

Treatment 0.41± 0.18* 0.26± 0.21 −0.21± 0.15 −0.59± 0.11*** −0.33± 0.12**

Distance to OSR (100 m) −0.02± 0.18 0.14± 0.21 0.25± 0.14 −0.70± 0.11*** 0.27± 0.10**

Nesting blocks from which cocoons were harvested were either situated in a landscape with OSR fields treated with clothianidin seed dressing (test
site) or untreated fields (reference site) and placed at the edge of the fields (edge) or ca. 100 m distant from the fields (distant). Summary of Poisson
GLMM Results. Study location ORC (reference site) was excluded from the evaluation as an outlier. The intercept is the estimated mean value of
the dependent variable, when all continuous variables are held at 0 and all categorical variables are held at their baseline levels. Positive values
indicate positive interaction, negative values indicate negative interaction. Given are parameter estimates ± standard deviation

***p< 0.001; **p< 0.01; *p< 0.05

Table 5 Summary table of
minimum detectable differences
(MDDs), relative MDDs
(MDD%), and relative
differences (%) for various
measures of mason bee
development and reproduction

Assessment Variables MDD MDD% Difference (%)

Development of mason bees Nesting females (DAP 10–31) 3.6–29.1 26.6–35.9 +32.6

Nesting females (DAP 3–31) 0.0–19.2 24.8–71.0 +19.4

Completed nesting holes 0.0–22.0 53.7–64. 9 +282.0

Larval development Undeveloped eggs 4.1–6.6 74.1–78.9 −74.8

Undeveloped larvae 5.4–6.6 34.6–36.7 −52.6

Emergence Emerged males 0.0–62.6 31.2–39.5 +6.1± 30.1

Emerged females 0.1–22.4 27.5–34.0 +21.0± 50.2

Undeveloped pupae 13.3–14.7 14.0–20.2 −27.8± 47.2

Undeveloped males 10.2–10.3 19.9–25.6 −19.2± 3.3

Undeveloped females 8.5–17.9 18.4–19.2 −44.7± 101.5

Nesting blocks were either situated in a landscape with OSR fields treated with clothianidin seed dressing
(test site) or untreated fields (reference site) and placed at the edge of the fields (edge) or ca. 100 m distant
from the fields (distant). Study location ORC (reference site) was excluded from the evaluation as an outlier
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filled completely with brood cells or not. This means that
some mason bees finish their nest building earlier than
others. Hence, the number of completed holes is a highly
variable factor. As we did not record the number of cocoons
per nesting tube, the number of closed nesting holes per se
is of limited value to draw any conclusion on treatment-
related effects.

The relative duration of sun exposure was the most
important weather variable for the development of mason
bees, since the number of both nesting females and off-
spring was significantly positively correlated with the sun-
shine duration at nesting shelters. The distance of nesting
shelters to OSR fields did not have any significant effects on
mason bee development. Furthermore, less undeveloped
larvae and eggs were found at the test site in comparison to
the reference site. This effect is not considered treatment-
related, but might be due to variation in the microclimatic
conditions between the study locations.

The higher proportion of male to female offspring
reflected the reproductive strategy of red mason bees as
their mating system (described in detail in Seidelmann,
1999) requires more males than females to be present.
Nevertheless, statistical analysis showed that significantly
more males were produced at the test site in comparison to
the reference site. Populations under stress are known to
shift their offspring production to a more male biased ratio
(Bosch & Kemp, 2002).This shift can also be a reaction to
declining foraging efficiency later in the season or a strategy
to minimize the risk of parasitism (which increases with
time absent from the nest) (Seidelmann 2006). However,
parasitization rates below 3% are low compared to other
investigations on parasitization of mason bees (Seidelmann
1999). Furthermore, our data do not necessarily hint to a
shift in the production of offspring. While indeed statisti-
cally significant more male offspring were found at the test
site, also more females were found at the test site, although
this result was not statistically significant.

In order to obtain data of ecological relevance, our focus
was not on individual mason bees, but to monitor any
potential impact on the populations of Osmia bicornis. Our
data bear no evidence for an adverse effect on the overall
fitness of populations of red mason bees. Our results clearly
indicate that no adverse effect on nesting activity was
caused by the treatment. This is in contrast to a recent study
by Rundlöf et al. (2015) who reported a negative impact.
While they found that nesting activities of Osmia bicornis
completely ceased on fields adjacent to spring OSR fields
treated with a clothianidin containing formulation, they
cannot provide data that connect the observed effect with
the exposure to clothianidin. As the mason bees found no
nests at all at the treated fields they cannot provide any
pollen analysis that could show that mason bees foraged on
the treated crop. No assessment of actually nesting females

(e.g., counting of females in the tubes in the evening after
daily bee flight) of Osmia was performed. It would be of
interest to know how many of the emerged females started
building a nest and to get a feeling if there is an influence of
natural occurring populations in the surrounding of the
nesting shelters. Problematic is also the low number of
mason bees released in the field. Only 27 cocoons (12
female, 15 male) were placed at each field. Since the authors
state an average emergence from these cocoons of ca. 0.4
and considering that only females build nests, their data are
based on less than five individuals per field. Failure to build
nests could also have been caused by failure to mate at such
low densities. Furthermore, the study was conducted out-
side the peak activity of Osmia bicornis, therefore, it is
possible that it was also outside the flowering period of
other floral resources important to mason bees, which also
could have influenced nesting success.

Under consideration of all these aspects, we think that
the conclusion that their observed effect was treatment-
related is a bit biased. Nevertheless, even if the observed
effects are real, the amounts of residues found in Rundlöf
et al. (2015) are far higher in comparison to ours and other
studies, which could provide an alternative explanation for
the different outcome. A detailed discussion on this subject
can be found in Rolke et al. (2016, this issue).

Conclusion

As monitoring studies at the landscape level are complex,
difficult to conduct and highly resource-intensive they are
not regularly performed for the assessment of risk of PPPs
to pollinating insect species. However, they provide an
assessment that cannot be obtained from lower tier studies,
e.g., in relation to realistic exposure levels and the relevance
of the measured endpoints.

This is particularly true for mason bees as standardised
methods for testing are not available and consequently
different methods for the assessment of effects of PPPs may
lead to different (even contrasting) results. Furthermore,
repeating field and monitoring studies in subsequent years
and/or other locations might be desireable in order to
address remaining questions. However, a repetition of this
monitoring study was not feasible because the logistics and
demands of resources of such a big landscape study exceed
common practices by far. Alternatively, certain aspects
might even be addressed by specially designed lower tier
studies.

The results that we obtained by employing appropriate
methods under realistic field conditions show no adverse
effects on populations of red mason bees (Osmia bicornis)
in a landscape monitoring study with high proportion of
winter OSR fields treated with Elado®.

1688 B. Peters et al.



Acknowledgments Funding of all expenses for this study was
through Bayer CropScience AG. The authors thank the farmers from
the Sternberg area for their cooperation and for many helpful discus-
sions on the study design during multiple information events in
Sternberg (Germany). Prof. Dr. Hans-Toni Ratte (ToxRat Solutions
GmbH, Alsdorf, Germany) kindly supervised the statistical evaluation
of this study. Dr. Fred Heimbach (tier3 solutions GmbH, Leverkusen,
Germany) acted as project coordinator of the entire monitoring project.
The authors thank Johann-Christoph Kornmilch (bienenhotel.de) for
valuable support as scientific advisor during the course of the study
and three anonymous reviewers whose comments considerably
improved the manuscript.

Funding Funding of all expenses for this study was through Bayer
CropScience. Although the study design was discussed with the
sponsor, they had no role in the implementation, data collection and
interpretation of results.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interests.

Ethical approval All applicable international, national, and/or
institutional guidelines for the care and use of animals were followed.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

Bates D, Mächler M, Bolker B, Walker S (2015) Fitting Linear Mixed-
Effects Models Using. J Stat Software 67 (1)

Biddinger DJ, Robertson JL, Mullin C et al. (2013) Comparative
toxicities and synergism of apple orchard pesticides to Apis
mellifera (L.) and Osmia cornifrons (Radoszkowski). PLOS One
8:e72587. doi:10.1371/journal.pone.0072587

Biesmeijer JC, Roberts SPM, Reemer M et al. (2006) Parallel declines
in pollinators and insect-pollinated plants in Britain and the
Netherlands. Science 313:351–354. doi:10.1126/science.1127863

Blacquière T, Smagghe G, van Gestel AM et al. (2012) Neonicotinoids
in bees: a review on concentrations, side-effects and risk
assessment. Ecotoxicology 21:973–992. doi:10.1007/s10646-
012-0863-x

Bosch J, Kemp WP (2002) Developing and establishing bee species as
crop pollinators: the example of Osmia spp. (Hymenoptera:
Megachilidae) and fruit trees. B Entomol Res 92:3–16. doi:10.
1079/BER2001139

Bosch J, Kemp WP, Trostle GE (2006) Bee population returns
and cherry yields in an orchard pollinated with Osmia
lignaria (Hymenoptera: Megachilidae). J Econ Entomol
99:408–413

Brittain C, Williams N, Kremen C, Klein A-M (2013) Synergistic
effects of non-Apis bees and honey bees for pollination services.
Proc Biol Sci 280:20122767. doi:10.1098/rspb.2012.2767

Brock TCM, Hammers-Wirtz M, Hommen U et al. (2015) The
minimum detectable difference (MDD) and the interpretation of
treatment-related effects of pesticides in experimental

ecosystems. Environ Sci Pollut Res 22:1160–1174. doi:10.1007/
s11356-014-3398-2

Carreck NL, Ratnieks FLW (2014) The dose makes the poison: have
“field realistic” rates of exposure of bees to neonicotinoid
insecticides been overestimated in laboratory studies? J Apic Res
53:607–614. doi:10.3896/IBRA.1.53.5.08

Diekötter T, Peter F, Jauker B et al. (2014) Mass-flowering crops
increase richness of cavity-nesting bees and wasps in modern
agro-ecosystems. GCB Bioenergy 6:219–226. doi:10.1111/gcbb.
12080

EFSA (2013) Guidance on the risk assessment of plant protection
products on bees (Apis mellifera, Bombus spp. and solitary bees).
EFSA J 11:266. doi:10.2903/j.efsa.2013.3295

Elbert A, Haas M, Springer B et al. (2008) Applied aspects of neo-
nicotinoid uses in crop protection. Pest Manag Sci 64:1099–1105.
doi:10.1002/ps.1616

European Commission EC (2013) COMMISSION IMPLEMENTING
REGULATION (EU) No 485/2013 of 24 May 2013 amending
Implementing Regulation (EU) No 540/2011, as regards the
conditions of approval of the active substances clothianidin,
thiamethoxam and imidacloprid, and prohibiting the use and sale
of seeds treated with plant protection products containing those
active substances. Off J Eur Union 139:12–26.

Garibaldi LA, Steffan-Dewenter I, Winfree R et al. (2013) Wild pol-
linators enhance fruit set of crops regardless of honey bee abun-
dance. Science 339:1608–1611. doi:10.1126/science.1230200

Gathmann A, Tscharntke T (2002) Foraging ranges of solitary bees.
J Anim Ecol 71:757–764

Goulson D, Nicholls E, Botias C, Rotheray EL (2015) Bee declines driven
by combined stress from parasites, pesticides, and lack of flowers.
Science 347:1255957–1255957. doi:10.1126/science.1255957

Heimbach F, Russ A, Schimmer M, Born K (2016) Large-scale
monitoring of effects of clothianidin dressed oilseed rape seeds
on pollinating insects in Northern Germany: implementation of
the monitoring project and its representativeness. Ecotoxicology

Holzschuh A, Dormann CF, Tscharntke T, Steffan-Dewenter I (2013)
Mass-flowering crops enhance wild bee abundance. Oecologia
172:477–484. doi:10.1007/s00442-012-2515-5

Hothorn T, Bretz F, Westfall P (2008) Simultaneous inference in general
parametric models. https://epub.ub.uni-muenchen.de/2120/.

Jauker F, Bondarenko B, Becker HC, Steffan-Dewenter I (2012a)
Pollination efficiency of wild bees and hoverflies provided to
oilseed rape. Agric For Entomol 14:81–87. doi:10.1111/j.1461-
9563.2011.00541.x

Jauker F, Peter F, Wolters V, Diekötter T (2012b) Early reproductive
benefits of mass-flowering crops to the solitary bee Osmia rufa
outbalance post-flowering disadvantages. Basic Appl Ecol
13:268–276. doi:10.1016/j.baae.2012.03.010

Jin N, Klein S, Leimig F, Bischoff G, Menzel R, (2015) The neoni-
cotinoid clothianidin interferes with navigation of the solitary bee
Osmia cornuta in a laboratory test. J Exp Biol 218(18):2821–2825

Kearns CA, Inouye DW, Waser NM (1998) Endangered mutualisms:
the conservation of plant-pollinator interactions. Annu Rev Ecol
Syst 29:83–112

Klein A-M, Vaissiere BE, Cane JH et al. (2007) Importance of pol-
linators in changing landscapes for world crops. Proc R Soc B
Biol Sci 274:303–313. doi:10.1098/rspb.2006.3721

Ladurner E, Bosch J, Kemp WP, Maini S (2005) Assessing delayed
and acute toxicity of five formulated fungicides to Osmia lignaria
Say and Apis mellifera. Apidologie 36:449–460. doi:10.1051/
apido:2005032

Pinheiro J, Bates D (2015) Linear and nonlinear mixed effects models.
http://CRAN.R-project.org/package=nlme.

Potts SG, Biesmeijer JC, Kremen C et al. (2010) Global pollinator
declines: trends, impacts and drivers. Trends Ecol Evol 25:
345–353. doi:10.1016/j.tree.2010.01.007

Large-scale monitoring of effects of clothianidin-dressed oilseed rape seeds on pollinating... 1689

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1371/journal.pone.0072587
http://dx.doi.org/10.1126/science.1127863
http://dx.doi.org/10.1007/s10646-012-0863-x
http://dx.doi.org/10.1007/s10646-012-0863-x
http://dx.doi.org/10.1079/BER2001139
http://dx.doi.org/10.1079/BER2001139
http://dx.doi.org/10.1098/rspb.2012.2767
http://dx.doi.org/10.1007/s11356-014-3398-2
http://dx.doi.org/10.1007/s11356-014-3398-2
http://dx.doi.org/10.3896/IBRA.1.53.5.08
http://dx.doi.org/10.1111/gcbb.12080
http://dx.doi.org/10.1111/gcbb.12080
http://dx.doi.org/10.2903/j.efsa.2013.3295
http://dx.doi.org/10.1002/ps.1616
http://dx.doi.org/10.1126/science.1230200
http://dx.doi.org/10.1126/science.1255957
http://dx.doi.org/10.1007/s00442-012-2515-5
https://epub.ub.uniuenchen.de/2120/
http://dx.doi.org/10.1111/j.1461-9563.2011.00541.x
http://dx.doi.org/10.1111/j.1461-9563.2011.00541.x
http://dx.doi.org/10.1016/j.baae.2012.03.010
http://dx.doi.org/10.1098/rspb.2006.3721
http://dx.doi.org/10.1051/apido:2005032
http://dx.doi.org/10.1051/apido:2005032
http://CRAN.R-roject.org/packagelme
http://dx.doi.org/10.1016/j.tree.2010.01.007


Rolke D, Persigehl M, Peters B, et al. (2016) Large-scale monitoring
of effects of clothianidin dressed oilseed rape seeds on pollinating
insects in northern Germany: residues of clothianidin in pollen,
nectar and honey. Ecotoxicology

Rundlöf M, Andersson GKS, Bommarco R, et al. (2015) Seed coating
with a neonicotinoid insecticide negatively affects wild bees.
Nature. doi: 10.1038/nature14420

Schmuck R, Lewis G (2016) Review of field and monitoring studies
investigating the role of nitro-substituted neonicotinoid insecti-
cides in the reported losses of honey bee colonies (Apis mellifera).
Ecotoxicology

Scott-Dupree CD, Conroy L, Harris CR (2009) Impact of currently
used or potentially useful insecticides for canola agroecosystems
on Bombus impatiens (Hymenoptera: Apidae), Megachile
rotundata (Hymentoptera: Megachilidae), and Osmia lignaria
(Hymenoptera: Megachilidae). J Econ Entomol 102:177–182

Seidelmann K (1999) The function of the vestibulum in nests of a
solitary stem-nesting bee, Osmia rufa (L.). Apidologie 30:19–29.
doi:10.1051/apido:19990103

Seidelmann K (2006) Open-cell parasitism shapes maternal investment
patterns in the red mason bee Osmia rufa. Behav Ecol
17:839–848. doi:10.1093/beheco/arl017

Westrich P (1989) Die Wildbienen Baden-Württembergs. Ulmer, Stuttgart
Westrich P (2014) Wildbienen: Die anderen Bienen. Pfeil Verlag,

München
Winfree R, Williams NM, Dushoff J, Kremen C (2007) Native bees

provide insurance against ongoing honey bee losses. Ecol Lett
10:1105–1113. doi:10.1111/j.1461-0248.2007.01110.x

Zurbuchen A, Landert L, Klaiber J et al. (2010) Maximum foraging
ranges in solitary bees: only few individuals have the capability to
cover long foraging distances. Biol Conserv 143:669–676.
doi:10.1016/j.biocon.2009.12.003

1690 B. Peters et al.

http://dx.doi.org/10.1038/nature14420
http://dx.doi.org/10.1051/apido:19990103
http://dx.doi.org/10.1093/beheco/arl017
http://dx.doi.org/10.1111/j.1461-0248.2007.01110.x
http://dx.doi.org/10.1016/j.biocon.2009.12.003

	Large-scale monitoring of effects of clothianidin-dressed oilseed rape seeds on pollinating insects in Northern Germany: effects on red mason bees (Osmia bicornis)
	Abstract
	Introduction
	Materials and methods
	Test species
	Study location and design
	Assessments during the exposure phase
	Assessments after the exposure phase
	Statistical evaluation

	Results
	Emergence from cocoons released at the field sites
	Nest building activities
	Pollen composition
	Residues
	Reproduction&#x02013;nobreaklarval development in autumn
	Reproduction &#x02013; emergence after over-wintering

	Discussion
	Conclusion
	ACKNOWLEDGMENTS
	References




