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A field study comparing development of Bombus impatiens colonies exposed to conventional and organic corn fields during pollen shed

Introduction
Pollinators are integral to the production of many crops. Eighty-seven of 115 of the world’s most
predominant crops depend at least partially on animal-mediated pollination1 and approximately 35% of
all global food production is from pollinator-dependent crops, with an economic value of CAN $240
billion annually 1,2. Of the pollinating insects, bees including honey bees (Apis spp.), bumble bees
(Bombus spp.) and solitary bees (Adrenidae spp., Halictidae spp., etc), are the most abundant and
economically important in agriculture. Though the domesticated European honey bee (Apis mellifera L.)
provides pollination services for many crops in North America, a diversity of bees, including nondomesticated pollinating bees, is necessary for generating maximum fruit set of many commodities1,3–5.
Honey bee and bumble bee population declines and shifting community structure have been
documented across North America. Over the past few years in the USA, overwintering losses of
approximately 30% of A. mellifera numbers have been recorded; generally, overwintering losses < 15%
are acceptable to beekeepers, anything over results in increasing concern. While it is unknown what
might be causing these losses, possible explanations may be a result of colony collapse disorder- CCD
(disappearance of worker bees), infection with pathogens such as Nosema apis, N. ceranae or Varroa
destructor Anderson and Cooper, lack of nutrition, poor management practices, and/or exposure to
pesticides7–10. While the number of colonies has remained stable or increased in subsequent summers in
Canada and the USA despite these losses11–14, there is concern as to whether other bees, both domestic
and non-domestic, have been affected by similar losses. Unfortunately, population declines of Bombus
occidentalis, B. pensylvanicus, B. affinis and B. terricola have also been noted in the USA, though these
declines are thought to be more strongly linked to habitat loss, pathogens and possible pesticide
exposure15–18.
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The neonicotinoid class of insecticides has been widely implicated as a contributing factor to bee
declines, with studies outlining the potential effects on both Apis and Bombus species 19,20. Concern over
neonicotinoids has escalated in recent years, resulting in a two year moratorium on neonicotinoid use
on bee-attractant crops in Europe, effective December, 2013. This study focuses on potential effects to
B. impatiens colonies when in close proximity to forage corn grown from seed treated with
neonicotinoids in comparison to those colonies in proximity to certified organic forage corn production
systems.

Neonicotinoids in agroecosystems
Neonicotinoid insecticides were first introduced in 1991 with imidacloprid as the first
commercial active ingredient 21–23. They are currently the most successful class of insecticides with
registration in over 120 countries accounting for 24% of all insecticide market shares in 2008. Of this
share, the N-nitroguanidine neonicotinoids thiamethoxam and clothianidin had $627 million and $439
million in sales in the USA in 2009, respectively 23. Neonicotinoids are now one of the most widely used
insecticides globally for major crops such as corn, soybean, cotton and canola 21.

Neonicotinoids act on the central nervous system by binding with the nicotinic acetylcholine
receptors (nAChRs), leading to hyper-excitation of nerve signaling resulting in paralysis and death.
Symptoms of neonicotinoid toxicity poisoning include knockdown, uncoordinated movements,
hyperactivity and tremors24. Insects are more strongly impacted by this mode of action than vertebrates
due to a higher affinity on the binding site of nAChRs as well as enhanced selectivity related to the
molecular structure of insect nAChRs 22,25. The relatively low toxicity of neonicotinoids to vertebrates
and their efficacy on a broad spectrum of insects has resulted in a shift away from the use of more
harmful chemicals such as organophosphorus and methylcarbamate insecticides 22,23.
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Neonicotinoids are systemic due to their polarity and high water solubility, allowing for easy
transfer of active ingredients from the roots to the rest of the plant with water uptake. Due to this
property, neonicotinoids are often delivered as seed-coatings or seed treatments, reducing the risk of
exposure to non-target organisms and pesticide applicators that can occur when applying foliar sprayed
formulations. However, there is the potential that bees and other pollinators may be exposed to
neonicotinoids in treated flowering crops and wind pollinated crops that produce an excess of pollen as
residues can end up in pollen and/or nectar21.

Previous laboratory experiments have suggested that bumble bees are more susceptible to
nitroguanidine neonicotinoids such as imidacloprid, thiamethoxam and its metabolite clothianidin than
cyano-containing neonicotinoids like thiacloprid and acetamiprid21,26. Cyano-containing neonicotinoids
(e.g., acetamiprid and thiacloprid) are not as toxic to insects due to their rapid metabolism27,28. While
the nitroguanidine neonicotinoids (e.g., clothianidin, thiamethoxam and imidacloprid) have the same
mode of action, they are chemically different and as a result must each be considered separately when
assessing affects to bumble bee health29.

Laboratory effects of neonicotinoids on Bombus impatiens
In a laboratory study, brood production ceased altogether when Bombus terrestris were fed 20
µg imidacloprid/kg pollen26 using formulated product (Confidor®, Bayer Crop Sciences) . Similar studies
with imidacloprid found that queen-less microcolonies of B. terrestris fed sugar water containing 6 µg/kg
technical imidacloprid demonstrated a reduction in worker fecundity30, while Whitehorn et al.31 found
that queen production and colony growth was significantly lower when B. terrestris were fed pollen and
sugar water containing 6 µg/kg and 0.7 µg/kg technical imidacloprid, respectively. Elston et al.21 found
that when B. terrestris colonies were fed a range of field realistic doses of technical thiamethoxam (1
3
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and 10 µg/kg) in treated honey water per day for 28 days they consumed less and produced fewer wax
cells. At the maximum dosage of 10 µg/kg, B. terrestris delayed initiation of nest building, laid fewer
eggs and produced no larvae. However, when B. terrestris were fed syrup with between 1 and 11 µg/kg
technical thiamethoxam there were no adverse effects on brood production or syrup and pollen
consumption8. Similarly, when B. impatiens were fed pollen with 6 µg/kg technical clothianidin there
were no adverse effects on newly emerged worker weights, foraging ability or the number of brood,
workers, drones and queens29. Despite these previously mentioned studies which may suggest
imidacloprid is more toxic to Bombus spp. than thiamethoxam or clothianidin when ingested, ScottDupree et al. 25 found that clothianidin was more toxic to B. impatiens than imidacloprid when applied
topically. This suggests that generalizations cannot be made across species in regards to impacts of
different neonicotinoids, as some species may be more susceptible to certain neonicotinoids than others
and toxicities of the neonicotinoids will vary based on whether they were ingested or contacted.

Behavioural modifications that may result in reduced foraging efficiency and thus colony
growth have also been reported in honey bees exposed to doses of imidacloprid in laboratory trials.
These behaviours include trembling, paralysis, uncoordinated movement and hyperactivity32,33. In
addition, B. terrestris has been reported to have reduced foraging efficiency34 with longer foraging
times26. These individual effects may have an impact on colony level health.

Field effects of neonicotinoids on Bombus impatiens
While laboratory effects on Bombus species are a useful tool for indicating toxicity or hazard,
they may not be representative of realistic effects caused by actual field conditions and dosage. For
instance, the mean concentration of thiamethoxam and clothianidin found in pollen collected from
seed-treated corn in the USA was reported to be 1.7 µg/kg, and 3.9 µg/kg respectively, suggesting
realistic doses may be much lower than those represented in the previously mentioned laboratory
4
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studies35. While a number of laboratory experiments have suggested that neonicotinoid use may cause
an unacceptable hazard to some bee species, there are relatively little published data on field studies
involving Bombus spp. exposure to neonicotinoid seed–treated crops. Of the few field studies that have
been published it is suggested that under normal conditions and use rates Bombus spp. will not be
adversely affected at the colony level by neonicotinoids. For instance, contrary to laboratory findings,
colonies of B. impatiens exposed to white clover (Trifolium repens L.) treated with imidacloprid (Merit®
75 WP, Bayer; 0.336 kg AI/ha) applied as a spray application showed no adverse results when the
treatment was followed with irrigation, as per label recommendations36. Tasei et al.37 also reported no
adverse effects to B. terrestris colony health when imidacloprid was applied as a seed treatment to
sunflower (Helianthus annuus c. ‘Rigasol’). Thompson et al.38 also found that oilseed rape or canola
(Brassica napus) seed-treated with clothianidin or imidacloprid had few adverse effects on overall B.
terrestris colony health, though hives exposed to imidacloprid treated fields displayed lower total
weights and decreased brood production, while hives exposed to clothianidin produced fewer workers.
However, this study was limited by a small sample size using only replicate per treatment (one control
field, one clothianidin treated field, one imidacloprid treated field) with many pseudo-replicates,
(multiple hives in each field). Placement of the hives also occurred at different times into treatment
field, so it is undetermined whether effects were in relation to the treatments or if it was a batch effect.
Due to the low concentrations of imidacloprid found in the residue analysis (<1 ppb), it is unlikely that
imidacloprid was the cause of the results found by Thompson et al. 38, but rather a batch or site effect is
more likely.

While it is unknown how many queens need to be reared per hive in order to maintain stable
populations year to year, queen numbers are an important factor to consider for overall health. If not
enough queens are produced, then there may be fewer colonies in consecutive years. Thompson et al. 38
5
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found that there were no differences in queen production between controls and neonicotinoid treated
fields and overall it was determined that fitness (number of drones + 2*[number of queens]) was
unaffected across the different treatments.

Research objectives and predictions
The goal of this field study is to determine if common eastern bumble bee (Bombus impatiens
Cresson) colonies are adversely affected when exposed to forage corn (Zea mays) grown from seed
treated with the neonicotinoid insecticides clothianidin and/or thiamethoxam in southern Ontario. B.
impatiens is an economically important pollinator in Canada, both as a non-domesticated and
domesticated species for field and greenhouse pollination17. Corn seed is commonly treated with
clothianidin and thiamethoxam but there is limited data available to show whether bumble bees actively
forage on corn pollen thus creating a potential exposure pathway to neonicotinoid residues in pollen.
This study will provide useful information on the potential colony level effects resulting from exposure
to pollen produced by corn grown from neonicotinoid treated seed. It is predicted that B. impatiens
does not rely on corn as a primary pollen source, and as such there will be no adverse effects on colony
development after exposure to corn grown from neonicotinoid treated seed during pollen shed.

Methods
Experimental colonies
‘Class A’ commercial multi hives of queen-right B. impatiens were obtained from Biobest Canada
Ltd. (Leamington, Ontario) prior to the onset of pollen shed in corn fields. Each multi hive consisted of
three separate colonies that were provided with artificial nectar supplement Biogluc® ad libitum. Hives
were kept outside the Biocontrol Building at the Main Campus - University of Guelph and allowed to
forage naturally for three days prior to placement in their field locations. Based on the near-nest
6
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foraging range of B. impatiens, preferring to stay within 1km of their colony 39,40, it is highly unlikely that
the colonies had any exposure to crops grown from seed treated with neonicotinoids during this holding
period, as the nearest crop farm was over 3.5 km away. Hives were ordered in two separate batches,
with hives destined for conventional fields ordered two weeks prior to hives destined for organic fields.
This was due to the delay in pollen shed timing seen in organic corn fields, and to limit the time that
hives would need to be held at the University of Guelph.

Field sites
Under ideal conditions, fields used in the study would be selected having everything in common
except the factor of interest. This would mean selecting replicates of fields that were planted with
untreated seed or seeds treated with only thiamethoxam or clothianidin; all fields would also need
consistent farming practices as well as consistency in agronomic and environmental factors. However,
due to logistical and economic constraints, this design was not possible, nor is it representative of actual
exposure scenarios in southern Ontario. As an alternative and more realistic approach, cooperative
growers were identified who were going to plant either organic corn seed (untreated) or conventional
corn seed (treated with either thiamethoxam or clothianidin) in southern Ontario. The corn cultivar and
treatment regime was chosen by the growers and we worked it into our study protocol. A total of eight
field sites with four replicates for each growing method (conventional n=4, organic certified n=4) were
selected (Table 1, Figure 1).

7

A field study comparing development of Bombus impatiens colonies exposed to conventional and organic corn fields during pollen shed

Table 1- Field site locations for a field study examining effects of exposure to conventional (C)
neonicotinoid seed-treated or organic certified (O) corn on commercial B. impatiens hives. Four multihives were placed in individual corn fields grown from conventional neonicotinoid treated seed and four
multi-hives were placed in individual corn fields grown from organic certified corn, Ontario 2013.
Field

Location

Corn Variety

% of
Total
Seed

Corn
Traits1

Active Ingredients

Fungicides

Hive
introduction

Insecticides2

A

C1: Guelph, ON
43.61957,
-80.30654

Pride Seeds
A5909G2

100

RR2, Bt

ipconazole,
metalaxyl-M,
trifloxystrobin

clothianidin
(Poncho® 250)

July 17

B

C2: Centre
Wellington, ON
43.69529,
-80.29894

Pride Seeds
A5120G2

100

RR2, Bt

fludioxonil,
metalaxyl-M,
azoxystrobin

clothianidin
(Poncho® 250)

July 24

C

C3: Elora, ON
43.70922,
-80.47040

DeKalb Hybrid
DKC3803

50

RR2, LL

ipconazole

clothianidin
(Poncho® 250)

July 22

Pioneer Seeds
P8906R

16.7

RR2

fludioxonil,
mefenoxam,
thiabendazole,
azoxystrobin

thiamethoxam
(Cruiser® 5FS)

Pioneer Seeds
39B23/

16.7

LL, HX1,
RR2

Pioneer Seeds
38B11

16.7

HX1, LL,
RR2

Pickseed
2751GSX

73

Genuity
SmartStax,
LL, Bt

Pioneer Seeds
38B14

27

HXX, LL,
RR, CX250

D

C4: Elora, ON
43.70922,
-80.47040

thiamethoxam
(Cruiser® 5FS)
fludioxonil,
metalaxyl-M,
azoxystrobin

thiamethoxam
(Cruiser® 5FS)
clothianidin
(Poncho® 250)

July 22

E

O1: Teviotdale,
ON
43.82420,
-80.73773

Pioneer P9675

N/A

N/A

N/A

August 1

F

O2: Teviotdale,
ON
43.82420,
-80.73773

Pioneer P9675

N/A

N/A

N/A

August 1

G

O3: St. Mary’s,
ON
43.23822,
-81.23957

Pioneer P9675

N/A

N/A

N/A

July 31

H

O4: Granton,
ON
43.209,
81.246

Pioneer P9675

N/A

N/A

N/A

July 31

1RR2
2

= Roundup Ready 2; Bt = Bacillus thuringiensis; LL = Liberty Link; HX1 = Herculex I; HXX = Herculex Xtra; CX250 = Cruiser Extreme 250
Poncho® 250 (Bayer) and Cruiser® 250 (Syngenta) both contain 0.25 mg AI/kernel
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Figure 1- Field site locations for a field study examining effects of exposure to conventional
neonicotinoid seed-treated or organic certified corn on commercial B. impatiens hives. Four multi-hives
hives were placed in individual corn fields grown from conventional neonicotinoid treated seed (sites AD) and four multi hives were placed in individual corn fields grown from organic certified corn (sites EH), Ontario 2013.

One multi-hive was placed in each field when 25-35% of anthers were dehiscing and silks were
visible on more than 50% of 75 randomly inspected corn plants. Corn was not treated with any foliar
insecticides at any of the eight sites for the duration of the time the bees were present (Table 2).
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Table 2- Dates of movements of Bombus impatiens multi-hives into organic (O) or conventional (C)
neonicotinoid treated corn fields, transport to a post-exposure site at the Land Force Central Area
Training Centre (LFCATC), and termination (freezing) following removal from LFCATC, Ontario 2013.
Colony
O1
O2
O3
O4
C1
C2
C3
C4

Colony introduced to
corn fields (mm-dd)
08-04
08-01
07-30
07-30
07-21
07-25
07-22
07-25

Colony transported to
LFCATC (mm-dd)
08-09
08-06
08-04
08-04
07-27
07-31
07-27
07-31

Colony removed from
LFCATC (mm-dd)
09-09
09-09
09-04
09-04
08-27
09-04
08-27
09-04

Hives were placed on stands elevated at 1.25 m near field edges in an area that offered some
protection from wind and rain. This height was chosen to protect hives from predators (e.g., skunks)
while ensuring B. impatiens’ flight path was at a relative level to corn tassels. The hive was oriented so
that the opening of two colonies faced onto the field while the third colony oriented in the direction
away from the field (Figure 2).
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Figure 2- Multi-hive used in a field study (Summer 2013) examining effects of exposure to conventional
neonicotinoid seed-treated or organic certified corn on commercial Bombus impatiens hives in southern
Ontario. Multi-hives contained three colonies of B. impatiens; two colony openings faced corn fields and
one colony opening faced away from the corn field into the hedgerow.

At the end of the 5-6 day exposure period, multi-hives were transported to an isolated natural
pasture located at the Land Force Central Area Training Centre (LFCATC, Meaford, Ontario; Lat
44.66354, Long -80.666839) for approximately 30 days (Table 2) where the bees were able to forage on
flowering plants that were not exposed to neonicotinoid insecticides. The closest fields with crops
grown from seeds treated with neonicotinoids were 10 km away. At the end of the 30 day period at
LFCATC, colonies were transported back to the University of Guelph and freeze-killed by placing them in
a -20⁰C freezer for approximately 5 days.
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Observations
Pollinator counts were conducted on four separate sunny days (between 0900 and 1300 h)
while multi-hives were in the experimental corn fields. Observation zones of 2500 m2 (50 x 50 m) were
established extending into the corn field from the multi-hive locations with observation ladders placed
near each corner of the zone (Figure 3); counts were conducted from a stationary position on each
ladder over a 5-min interval, for a total 20-min assessment time at each field on each day. All tassel
visiting pollinator species within 1 m from the ladder were identified by sight to the lowest taxonomic
level possible and recorded.

Figure 3- Placement of observation area ladders for identifying foraging pollinator species in relation to
Bombus impatiens multi-hive placement in corn fields, southern Ontario, 2013.
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Post freezing, hives were dissected at the University of Guelph and bees were dried for 48 h at
15°C in order to determine number and dry weight of queens, workers and drones. Number of honey
pots, pollen pots and brood cells were also determined for each hive. Total colony weight was recorded
prior to hive dissection.

Pollen collection
Pollen was collected from returning forager bees during sunny days over a minimum two-day
period, until a total of 18 bees returning to hive entrances with pollen loads were caught per field. Bees
were then individually frozen at -20°C at the University of Guelph. Hives were left in the field an extra
day if necessary to collect all 18 bees. Individual bee weights before and after pollen load removal were
taken in order to determine pollen load weight. Pollen was then pooled together by field site and sent to
Johanne Parent (Laboratoire BSL; Montreal, QC) for pollen analysis and plant species identification 41–43.

In order to obtain corn pollen directly from the field, tassels are commonly bagged and shaken.
Lower quantities of pollen produced in summer 2013 required that other methods be used for collection.
Instead, pollen samples were collected directly from the forage corn during pollen shed, as described by

Ribeiro et al.44 At the onset of pollen shed, a minimum of 15 young corn tassels were selected from
within the observation area of each site. Tassels were returned to the lab at the University of Guelph
and placed in a beaker of water next to a window, isolated from one another by field to avoid
contamination. Upon dehiscing, tassels were lightly tapped over paper until a sufficient amount was
obtained for residue analysis (i.e., 2-3 days). Pollen was then sieved to remove debris and sent to AgriFood Laboratories (Edmonton, AB) for residue analysis.

To determine concentrations of clothianidin and thiamethoxam present in corn pollen, the
pollen was homogenized and fortified with deuterated neonicotinoid insecticides and then extracted
13
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with acetonitrile. The resulting acetonitrile extract was then subjected to liquid-liquid partitioning with
hexane to remove bulk nonpolar co-extracted components. The acetonitrile extract was next further
cleaned by performing dispersive solid phase extraction with C18 and PSA (primary-secondary amine)
adsorbents. The acetonitrile was then evaporated and the residue was reconstituted with a mixture of
methanol and water. The final extract was analyzed using liquid chromatography-tandem mass
spectrometry (LC-MS/MS). Quantitation was performed using internal standardization with matrixmatched (bee pollen) calibration standards over a range from 0.5 to 25 ppb (Tom Thompson, pers.
comm.1).

Statistical methods
The numbers and dry weights of each caste per treatment (organic versus conventional) were
analyzed using SAS v9.3 (SAS Institute, Cary, NC, USA, 2011) with a type one error rate of α=0.05 for all
comparisons. Differences were also determined in hive weight, number of brood cells, number of honey
pots, number of pollen pots, total pollinators present and carried pollen loads per 18 bees between
organic and conventional hives. A mixed variance analysis was run on all variables, with the treatment as
the fixed effect and the nested effect of field within treatment as a random effect, in order to
incorporate any differences between field treatments (e.g. fungicides, different farming practices, etc.).
Fixed effects were tested using an F-test, while the random effects were compared using a Z-test.
Residuals were then generated to confirm whether they met the assumptions of an analysis of variance
(ANOVA). Residual normality was determined using Shapiro-Wilk’s test and studentized residuals were
plotted against treatment effects, field effects and predicted values; Levene’s test was then run to
confirm equality of variances. Least squared means were then generated and compared using a pairwise
t-test to determine significance between organic and conventional fields for each variable being
1

Tom Thompson, Alberta Agriculture and Rural Development; Animal Health, Welfare and Agri-Food Laboratories
Division; Edmonton, Alberta
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measured. Lund’s test of studentized residuals was used to confirm the absence of outliers within the
data.
In instances where ANOVA assumptions were met and the nested effect (field[treatment]) was
insignificant based on the Z-test, the random nested effect was removed from the model and the
analysis was rerun 45.

Results
Data analyses
The mixed variance analysis determined that the nested effect was insignificant in every model
and as such was removed from all analyses. Assumptions of the ANOVA were met in all cases except for
worker weights and pollen pot numbers, which were log transformed. Queen bee numbers, weights of
queen bees, total hive weights and honey pot numbers all displayed unequal variance in generated
residuals. To account for instances where unequal variance was found in residuals between treatments,
Satterthwaite’s t-test was run. t-tests determined that there were significantly more workers in organic
sites compared to conventional sites, with a mean difference of 31.9 ± 25.74 (P=0.0061). Multi-hives
placed in organic fields also had drones with a mean weight difference of 3.7g ± 3.80 higher than drones
found in conventional sites (P=0.0247, Table 3).
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Table 3- Endpoints (mean ± SD) measured in Bombus impatiens colonies (n=12) after exposure to corn
(Zea mays) fields grown from neonicotinoid treated seed (conventional) or untreated seed (organic
certified) during pollen shed, Ontario 2013.
Endpoint measured

Hive weight (g)
No. honey pots
No. pollen pots
No. brood cells
No. workers
Worker weight (g)1
No. drones
Drone weight (g)1
No. queens
Queen weight (g)1

t-test statistics2

Corn seed type

Conventional
883.3 ± 153.0
331.3 ± 138.1
32.6 ± 21.38
554.8 ± 136.0
96.0 ± 26.85
6.7 ± 2.46
99.5 ± 39.66
7.3 ± 3.48
9.25 ± 6.61
3.1 ± 2.45

Organic Certified
843.2 ± 101.4
270.2 ± 68.39
19.2 ± 9.4
505.0 ± 99.24
127.9 ± 24.59
9.1 ± 3.30
112.1 ± 33.54
11.1 ± 4.09
7.5 ± 2.78
2.2 ± 0.93

t= 0.76, P= 0.4585
t= 1.37, P= 0.1881
t= 1.99, P= 0.0651
t= 1.03, P= 0.3164
t= -3.04, P= 0.0061
t= 2.03, P= 0.0551
t= -0.84, P= 0.4104
t= -2.41, P= 0.0247
t= 0.85, P= 0.4112
t= 1.20, P= 0.2494

1 Measurements
2

represent total dry weights
Bolded statistics are significant at alpha = 0.05

Pollinator counts
Pollinator counts were conducted in neonicotinoid seed treated and organic certified fields
during the last week of July, 2013 and in the first week of August, 2013, respectively. There were very
few B. impatiens found foraging on corn, and overall there was no difference in the number of
pollinating insects found foraging on conventional corn than organic corn (Table 4).
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Table 4- Total number of pollinating insects observed foraging on corn (Zea mays) during pollen shed in
corn fields grown from certified organic seed or conventional (neonicotinoid) treated seeds, southern
Ontario 2013. There was no significant difference between the total number of pollinators at each field
type (n=12, P=0.7846).
Pollinators
B. impatiens
Bombus spp. (other than impatiens)

Conventional (#)
6
5

Organic (#)
1
2

Apis mellifera
Other bees (Adrenidae, Halictidae)
Other pollinators/ beetles
Total

1
68
144
224

7
22
138
170

Pollen collection
Overall, there was no significant difference in the amount of pollen that bees collected from
either treatment type (t= -1.23, P= 0.2209). One observation was removed as an outlier (Studentized
residual = 11.9031) as it was most likely recorded incorrectly, with a bee weight of 0.0978 g and a pollen
load weight of 0.8692 g. Removing this outlier did not affect significance, but did lower the mean. Bees
collected from organic sites were found to carry an average pollen load of 0.010 g ± 0.0068, while bees
collected from conventional sites had an average pollen load of 0.009 g ± 0.0074. Analysis of the bumble
bee pollen loads showed a wide range of foraging sources (Appendix, Table 1). Bombus impatiens found
in certified organic and conventional corn fields foraged most heavily on what was believed to be
Solanum dulcamara (bittersweet nightshade), while obtaining very little pollen from corn tassels (Figure
3).
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*Very similar to

Figure 3- Composition of top five pollen loads collected from corbicula of Bombus impatiens at fields
grown from conventional neonicotinoid treated corn (Zea mays) seed and organic certified corn seed,
southern Ontario 2013.
Pollen collected directly from organic certified corn tassels in August showed no detectable
levels of clothianidin and thiamethoxam, at a minimum detection limit of 0.1 µg a.i./kg. Low
concentrations of clothianidin were found in the pollen collected from conventional neonicotinoid seed
treated corn in July, while there were no detectable levels of thiamethoxam (Table 6).
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Table 6- Concentrations of the neonicotinoid insecticides, thiamethoxam and clothianidin, found in
pollen collected from conventional neonicotinoid seed treated corn (Zea mays) (Sites A-D) and organic
certified (Sites E-H) corn tassels, Ontario 2013 (pesticide limit of detection = 0.1 µg/kg)
Field Site
A
B
C
D
E
F
G
H

Clothianidin (µg/kg)
0.8
0.4
0.1
0.3
<0.1
<0.1
<0.1
<0.1

Thiamethoxam (µg/kg)
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

Discussion
When exposed to corn fields grown from conventional neonicotinoid treated seed during pollen
shed, it is unlikely that B. impatiens are adversely affected at the colony level. While differences in
worker numbers and drone weight were noted, overall colony vitality does not seem to be negatively
impacted.
Levels of clothianidin (both as a treatment or metabolite of thiamethoxam) found in corn pollen
collected from conventional neonicotinoid seed treated corn were far below levels commonly used in
laboratory studies, supporting the claim that laboratory studies may not be reflective of field realistic
doses. Many laboratory studies fed bees doses of clothianidin and thiamethoxam between 1 – 11 µg/kg
corn pollen or syrup8,21,29, while our analysis showed conventional neonicotinoid treated seed corn only
contained clothianidin at 0.1-0.8 µg/kg pollen. Thiamethoxam breaks down rapidly in plants to
clothianidin and other metabolites; this reflects our findings of the presence of clothianidin in corn
pollen but no thiamethoxam. For example, a laboratory study found it only took three days for
clothianidin concentrations to double thiamethoxam concentrations after a thiamethoxam soil drench
was applied to cotton46. Concentrations of clothianidin observed in this study are below mean
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concentrations found in grain corn pollen reported by the US EPA, where there was found to be 3.9
µg/kg corn pollen35. In addition to low clothianidin concentrations in corn pollen, B. impatiens foraged
very little on corn pollen (0.7% of total pollen loads in both conventional and organic certified placed
hives), further reducing concentrations of clothianidin potentially consumed by bumble bees. In
agricultural crop-land, bumble bees tend to rely heavily on hedgerows for adequate forage resources, as
there is usually a wider diversity of flowers than within crop fields47. This was observed in this study,
with the majority of pollen identified as non-crop species, most likely growing in hedgerows around the
fields (Appendix, Table 1).
While more workers were found in hives maintained in organic certified fields, this difference is
most likely not biologically significant, as queen and drone productions were still maintained and
foraging was not affected as determined by the number of honey and pollen pots found in hives. As
queen numbers were unaffected between treatment groups, colony numbers would probably remain
steady the following year. It is also unlikely that this difference in worker numbers was caused by
exposure to corn pollen containing clothianidin, as concentrations determined in this study (0.1-0.8
µg/kg pollen) were far below concentrations used in laboratory studies where no adverse effects were
observed. For example, Franklin et al.29 determined that when B. impatiens were fed syrup solution
containing clothianidin at 6 µg/kg, there were no differences in worker numbers compared with control
treatments.
The recording of fewer workers in hives from conventional fields may be due to initial colony
size differences, as hives were ordered from BioBest Canada Ltd in two separate batches. Hives were
ordered at the onset of pollen shed, but as conventional neonicotinoid treated fields began to shed
pollen earlier than organic certified corn, hives destined for conventional neonicotinoid seed-treated
fields were ordered roughly 2.5 weeks in advance of organic certified placed hives. The second batch of
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hives (organic certified placed) may have simply had higher initial worker numbers than the first batch of
hives that was placed in the conventional neonicotinoid treated fields. If further studies are done, bee
counts should be taken prior to placement in field to obtain initial numbers and allow for statistical
corrections.
There was a wide diversity of plants to forage on (as noted in Appendix, Table 1) and, pollen
loads were found to be the same between bees collected from organic certified fields compared with
bees collected from neonicotinoid seed-treated fields. This suggests that pollen abundance was similar
in neonicotinoid seed-treated fields as it was in the organic fields and thus food availability was likely
not a factor in the difference in worker numbers; more likely this decrease in worker numbers is due to
a batch effect. Total drone numbers were also not taken into account when calculating differences in
drone weights between treatments. In order to obtain more accurate weight data, a sampling of the
weight of 30 drones per treatment may have provided us with data more reflective of hive health.
During post-exposure observations, similar numbers of bees were seen leaving multi-hives and
returning from foraging flights within the 5 min observation period. This pattern suggests that foraging
ability of B. impatiens is not affected by exposure to corn grown from conventional neonicotinoid
treated seed during pollen shed, when pollen contains between 0.1-0.8 µg/kg clothianidin. This is
supported by Franklin et al.29 who found no adverse effects in foraging ability when B. impatiens were
fed pollen containing 6 µg/kg clothianidin.

Conclusion
It is unlikely that B. impatiens exposed to corn grown from conventional neonicotinoid
treated seed are adversely affected at the colony level from direct exposure to pollen. This study found
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that B. impatiens in southern Ontario foraged very little on forage corn pollen, and that residues found
in corn pollen were below concentrations where adverse effects were reported in laboratory trials.
Future studies may want to analyze pathogen loading prior to field placement as well as after
removal from fields. It would also be useful to test surrounding surface water for neonicotinoid
residues, as that may provide another exposure pathway for B. impatiens. Methods for collecting pollen
directly off of Bombus spp. corbicula without harming the bees should also be developed; pollen traps
were initially used for this experiment but were unsuccessful at collecting enough pollen for plant
species identification.
It was difficult to determine presence of a direct relationship between use of clothianidin and
thiamethoxam as it was not possible to select treatment fields that had been treated with only one or
both of the neonicotinoids, with no other variables altered between control and treatment fields.
However, the field treatments used in this study represent realistic exposure scenarios in southern
Ontario, and as such it is likely that under normal use conditions, clothianidin and thiamethoxam cause
no adverse effects in B. impatiens colony development when applied as a seed treatment to forage corn.
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Appendix
Table 1. Total pollen composition of samples obtained from corbicula of Bombus impatiens exposed to
corn (Zea mays) fields grown from organic certified (OG) corn seed and conventional neonicotinoid
treated (CV) corn seed during pollen shed, Ontario 2013. Bolded figures represent the five most
abundant pollen sources in each field type, in addition to corn pollen. (n=18 bees per site).
Multi Hive
Total sample
weight (g)

CV01
0.207

CV02
0.045

CV03
0.144

CV04
0.046

Field Designations
Mean CV
OG01
0.111
0.098

0G02
0.150

0G03
0.140

0G04
0.170

Mean OG
0.140

Pollen Source
Total % Composition
Lotus
42.6
34.0
0.2
0
19.2
31.4
0
1.4
0
8.2
Solanum
35.2
38.4
96.4
89.0
64.8
23.4
70.8
67.6
67.2
57.3
dulcamara*
Coronilla
9.6
0
0
0
2.4
8.8
0
0
0
2.2
Fabaceae (folded)
3.2
0
0
0
0.8
5.4
0
0
0
1.4
Type Trifolium
2.8
11.2
0
1.8
4.0
3.6
0
0
0
0.9
hybridum
Type Taraxacum
1.2
1.4
1.0
0.2
1.0
12.4
11.8
25.6
23.2
18.3
Plantago
1.0
0
0
0
0.3
0
0
0
0
0.0
Cirsium/ Carduus
0.8
0
0
0
0.2
0.2
1.2
2.2
0.6
1.1
Convolvulus
0.4
0
0
0
0.1
0
0
0
0
0.0
arvensis
Hypericum
0.4
0
0
0
0.1
4.2
0
0
0
1.1
Hypericum*
0
0.2
1.2
0.2
0.4
0
0
0
0
0.0
Apiaceae
0.2
0
0
0
0.1
0
0
0
0
0.0
Type Aster/
0
8.2
0.2
0
2.1
0
0
0
0
0.0
Solidago
Echium vulgare
0
0.6
0
0
0.2
0
0
0
0
0.0
Type Melilotus
0
0.6
0
0
0.2
0
0
0
0
0.0
Arctium
0
0.4
0
0
0.1
0
7.6
0
0.8
2.1
Medicago sativa*
0
0.2
0
6.0
1.6
3.0
1.4
0
2.2
1.7
Type Stachys
0
0
0.8
0.2
0.3
0
6.8
0
0
1.7
Trifolium pratense 0
0
0.2
0.1
1.6
0
0.8
0
0.6
Ranunculaceae
0
0
0
0
0
1.6
0
0
0
0.4
Type Vicia cracca
0
0
0
0.6
0.2
1.0
0
0
0
0.3
Fabaceae+
0
0
0
0
0
0.8
0
0
1.8
0.7
Brassicaceae
0
0
0
0
0
0.4
0
0
0
0.1
Dipsacus/ Knautia
0
0
0
0
0
0
0.4
0.2
0.8
0.5
Campanula
0
0
0
0
0
0
0
0
0.6
0.2
Coronilla*
0
0
0
0
0
0
0
0
0.2
0.1
Folded
0
0
0
1.0
0.3
0
0
0
0
0.0
Indeterminable
1.0
3.0
0.2
0.8
1.3
2.2
0
2.2
0
1.1
Unknown
0.8
0
0
0
0.2
0
0
0
0
0.0
Zea mays
0.8
1.8
0
0
0.7
0
0
0
2.6
0.7
*Denotes pollen similar to this species, but could not be verified
+ Denotes undifferentiated, regrouped pollen
Type Aster / Solidago: Aster, Arnica, Filago, Helianthus, Petasites, Rudbeckia, Tussilago / Solidago, Anaphalis, Antennaria, Bellis,
Bidens, Erigeron, Eupatorium
Type Melilotus: Melilotus, Astragalus, Ononis, Oxytropis
Type Stachys: Stachys, Ajuga, Galeopsis, Lamium, Leonurus, Scutellaria
Type Taraxacum: Liguliflorae (Taraxacum, Arnoseris, Cichorium, Crepis, Hieracium, Hypochoeris, Lactuca, Lapsana, Leontodon,
Picris, Sonchus, Tragopogon)
Type Trifolium hybridum: Trifolium p.p. : Trifolium hybridum, T. agrarium, T. arvense, T. repens, ...; Medicago lupulina
Type Vicia cracca: Vicia cracca, V. sepium, Lathyrus
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