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a b s t r a c t

Experiments are designed to examine the effects of pymetrozine (Plenum WG-50s), a recent systemic

pesticide of the pyridine-azomethin family, on Pavlovian conditioning of harnessed foragers. In one set

of experiments bees learned a task in which they associated a conditioned stimulus with feeding. A

second set of experiments required the bees to learn a discrimination task. Within each experiment,

bees received 5 ml of sucrose only, the recommended field dose of Plenums (5 mL of .3 g L�1, .16 g L�1

of pymetrozine measured), or 100 times the field dose of Plenums WG 50 thirty minutes prior to

training (5 mL of 30 g L�1, 14 g L�1 of pymetrozine measured). The Plenums WG 50 was diluted with

.88 M sucrose to facilitate the drinking of the pesticide. In addition to varying the concentration, we

also investigated the effect of Plenums WG 50 on bees confined to an observation hive and a hive

located outside. The results indicated that prior exposure to Plenums WG 50 affected Pavlovian

conditioning only when bees were exposed to 100 times the recommended dosage.

& 2011 Elsevier Inc. All rights reserved.

1. Introduction

Proboscis conditioning is a reliable and sensitive bioassay for
determining the effects of agrochemicals on learning in honey
bees (Decourtye and Pham-Delegue, 2002; Mamood and Waller,
1990; Taylor et al., 1987; Weick and Thorn, 2002). What is little
explored is the effect of agrochemicals considered safe for
honey bees.

This is the fourth in a series of experiments investigating the
effect of pesticides thought to be harmless on the learning of
harnessed honey bee foragers. In our previous work we showed
that exposure to dicofol (Kelthanes), insect growth regulators
tebufenozide (Confirms2 F) and diflubenzuron (Dimilins2 L), and
an essential oil based pesticide all influenced learning (Abramson
et al., 2006; Abramson et al., 2004; Stone et al., 1997). Such
impairment may be critical for the honey bee colony health. Odor
learning plays an important role in the localization of rewarding
flowers (Cook et al., 2005; Menzel and Müller, 1996) as well as in
information transfer inside the colony (Farina et al., 2007). More-
over, slower or reduced learning may also have a determinant
contribution to fitness (Raine and Chittka, 2008).

In agriculture, homopterans are known to produce crop
damage following transmission of plant viruses (Nault, 1997).
Aphids have been shown to be a major vector of such viruses
(Fereres and Moreno, 2009; Harrewijn and Kayser, 1997). Conse-
quently, aphid infestation may be the cause of worldwide eco-
nomic losses of several million dollars (Tachtell, 1989). To
minimize such losses, large amounts of pesticides are used
(Pimentel, 2005) as each dollar invested in pesticide use is
followed by an increase of $4 in crop production returns
(Pimentel et al., 1992).

However, the environmental and health consequences of many
insecticides, especially for farmers, are now well recognized
(Devine and Furlong, 2007; Pimentel et al., 1992) and alternative
products and strategies have emerged (Devine and Furlong, 2007;
Kogan, 1998). In such a context, the integrated pest management
(IPM) strategy proposes to take into account simultaneously the
interest of the producers, the society and the environment
(Kogan, 1998) and suggests combining harmoniously several pest
control tactics, including the use of natural predators.

Pymetrozine, a recent systemic pesticide of the pyridine-
azomethin family, is currently presented as a potential good
product for an IPM program (Sechser et al., 2002). For example,
the selectivity of pymetrozine concerning the mortality of some
beneficial arthropods has been demonstrated (Jansen et al., 2011;
Sechser et al., 2002) as well as the combined efficiency of
pymetrozine and natural predators to kill aphids at reduced field
doses (Acheampong and Stark, 2004). At the behavioral level,
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pymetrozine involves the disruption of the aphid stylet insertion
response, and contrary to classical neurotoxic insecticides, no
effect on locomotion is observed (Harrewijn and Kayser, 1997). As
a consequence, the aphid is dying of starvation (He et al., 2010).

However, mortality studies are an incomplete way to assess
the effects of chemicals and sublethal doses may have large
indirect effects (Desneux et al., 2007). For example, the sex ratio
of the parasitoid Aphidius ervi is affected by the consumption of
pymetrozine contaminated aphids (Joseph et al., 2011). A specta-
cular non-lethal motor effect of pymetrozine has also been
observed in locusts: immediately after ingestion, the orthopteran
Locusta migratoria L. lifts and stretches the hindlegs and maxi-
mally extends the femur–tibia joints (Ausborn et al., 2005;
Kaufmann et al., 2004). Such a behavioral effect seems to be
mediated by the serotonergic system as the effect of pymetrozine
is mimicked by serotonin injection and counteracted by biogenic
amine receptor antagonists (Kaufmann et al., 2004).

As biogenic amine systems may be homologous among dis-
tantly related species (Degen et al., 2000); we might expect to
find detrimental effects in other arthropods. The honey bee
deserves particular attention here because of its many contribu-
tions in agriculture (Devillers, 2002). Biogenic amines are present
in the honey bee nervous system (Erber et al., 1993) and
modulate several dimensions of behavior. They can act as neuro-
transmitters, neuromodulators or neurohormones (Scheiner et al.,
2006). For example, octopamine seems to be involved in the
regulation of polyethism (Wagener-Hulme et al., 1999). Octopa-
min and serotonin are also involved in visually elicited behavior
like antennal responses (Erber and Kloppenburg, 1995). In the
context of Pavlovian conditioning, dopamine and serotonin
reduce the percentage of bees responding to a conditioned
stimulus (Mercer and Menzel, 1982). This last result is particu-
larly important in ecotoxicology as the proboscis extension
response (PER) protocol has become a standard test in bee
ecotoxicology (Abramson et al., 1999; Decourtye and Pham-
Delegue, 2002).

The main goal of this study is to assess the effects of doses of
an insecticide considered harmless to honey bees – pymetrozine –
on acquisition, extinction and discrimination of a conditioned
response using the PER conditioning protocol. If pymetrozine
significantly affects honey bee odor learning, the integration of
such a pesticide in IPM programs would be challenged. The doses
used in this study correspond to the recommended field dose as
stated on the label, and to the recommended field dose�100 to
try to show a dose–effect relationship.

The present experiment differs from previous ones in several
respects. First, the effect of the pesticide is assessed on both
acquisition and extinction trials. The vast majority of pesticide
studies from other laboratories only report acquisition measures.
The analysis of an insecticide should, in our opinion, include both
acquisition and extinction effects. The insecticide, for example,
may not influence the acquisition of a learned response but its
persistence when the unconditioned stimulus (or reward) is
discontinued. Second, we use 12 acquisition trials. Previous data
from our laboratory showed that assessing the effect of pesticides
using less training trials can lead to an erroneous interpretation
(Abramson et al., 1999).

Third, we use unpaired control groups. Unfortunately such
control groups are seldom included (El Hassani et al., 2005; Han
et al., 2010). We consider the use of such groups, where bees
receive a conditioned stimulus (CS) and an unconditioned stimu-
lus (US) but not connected, to be of critical importance when
assessing the effect of an insecticide on paired performance. It is
impossible without such a reference group to say that a pesticide
influences the performance of paired animals. As an added control
for paired vs. unpaired effects, we also include the use of a

discrimination control. The discrimination experiment represents
a more complex task than the simple conditioning and has the
advantage of serving as an additional control. Such controls are
particularly important in the context of ecotoxicology because the
chemicals may generate pseudoconditioning effects based on
nonassociative learning mechanisms (Abramson, 1994).

Fourth, we report data on the ability of honey bees to consume
the US. Without these data it is difficult to interpret the effect of
the pesticide on conditioned responses. The conditioned response
may not be established, or once established lose stability, because
the honey bees stops feeding. If the bees stop feeding, the
proboscis conditioning protocol becomes invalid (Abramson
et al., 2006).

The fifth unique aspect of this study is that for the first time
the effect of a pesticide is assessed not only using the traditional
outdoor colony situation but is also assessed in honey bees
confined to an observation hive. The rationale for this manipula-
tion was two-fold. Firstly, in cold weather climates it is not
possible to run honey bees all year round. A method needs to
be developed in which observation hives can be used. Secondly, as
free foraging honey bees may encounter various chemicals in the
environment near the hive, there is the need to isolate the
experimental hive from such an environment to guard against
unintended interactions between chemicals and exposure to the
tested molecule.

2. Materials and methods

2.1. Materials

Metal harnessing tubes constructed from 0.38 caliber shells, a ventilation

chamber to prevent the accumulation of the conditioned stimulus (CS) scent in the

testing area, plastic 20 cm3 syringes to present the CS and Hamilton microsyringes

to present the pesticide. Tweezers and filter paper strips were used to present the

sucrose US (for details see Abramson et al. (1999)). The conditioned stimulus

odors were cinnamon and lavender. The pesticide used was pymetrozine. Two

laboratory hives were used. One was kept outdoors and allowed to forage on

surrounding flowers and a sucrose feeder. The second colony was kept in a single

frame observation hive inside the laboratory. The honey bees were not allowed to

leave. The colony was queenless and food and water was provided. When the

number of bees in the observation hive decreased the hive was replaced with bees

from the mother colony.

2.2. Procedures

2.2.1. Overview of experimental design

Two types of conditioning experiments were performed. In both experiments,

1 of 3 levels of pesticide was fed to honey bees 30 min before training. The first

level was a control and contained sucrose only. The second level was the

recommended field dose. The third level was 100 times the recommended field

dose. The rationale for using 100 times the field dose was that we wanted to

acquire some data on whether a large acute dose of pymetrozine would affect

learning. We had no information prior to the experiment that such a large dose

would affect the honey bee. It is not uncommon for pesticide users to employ an

amount of an agro-chemical far beyond recommended doses. The selection of the

100 times the recommended dose was purely arbitrary. Bees were fed the

pesticides via a microsyringe. As a control against experimenter bias the pesticides

were placed in containers identified only by a number.

A conditioning trial began by picking up a bee and placing it in a fume hood.

The purpose was to remove CS and US scents from the training area. Several

seconds after being placed in the hood, the appropriate stimulus was introduced.

Following application of a stimulus, the animal was returned to a holding area and

a second animal was run. This continued until all the animals scheduled to be run

on that day received the required number of training trials. An attempt was made

to control for calendar variables and fluctuating hive conditions by running

animals from several groups daily.

Experiment 1 investigated the effects of pymetrozine on simple Pavlovian

conditioning where honey bees were trained to associate a CS with a US. Following

a 12 trial acquisition phase, an extinction phase was initiated in which the CS was

presented 12 times without the US. The performance of paired animals was

evaluated with an ‘‘unpaired’’ group receiving an identical number of CS and US

presentations but explicitly unpaired.

C.I. Abramson et al. / Ecotoxicology and Environmental Safety 78 (2012) 287–295288
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The unpaired group was included to ensure that any learning observed in the

pesticide groups was actually the result of the pairing between the CS and US and

not due to factors such as central excitatory state in which the honey bee extends

its proboscis to the presentation of an olfactory stimulus because it has been

sensitized by a sucrose feeding (Abramson, 1994). In addition to serving as a

control for the paired groups, we also wanted to know whether the pesticides

influence unpaired responding. This would be revealed by a high level of CS

responding in unpaired animals treated with the same pesticide formulations as

their match paired group.

Experiment 2 investigated the effects of pymetrozine on complex Pavlovian

conditioning where honey bees were trained to discriminate between two

CSs—one of which was always paired with a US. The rationale behind including

a discrimination experiment was to determine if exposure to the pesticide

influences different types of learning in the honey bee. We consider discrimination

learning to be more complex than the single CS experiment because the honey bee

must discriminate between two stimuli. The discrimination experiment also

served as a check for the paired/unpaired experiments because in discrimination,

each honey bee acts as its own control. It should be noted that the honey bee is

also required to make a discrimination in the simple learning situation. The

discrimination in the simple conditioning experiment is between the explicit CS

used in training and all background stimulation.

2.2.2. Preparation of CS and US delivery devices

In the simple learning situation, the CS consisted of exposure to cinnamon

odor (Gilbertie’s, Southampton, NY). In the complex learning situation one CS

consisted of cinnamon odor and the second CS consisted of the odor of lavender

(Gilbertie’s, Southampton, NY). The odors of cinnamon and lavender were selected

for the discrimination experiment because our previous work indicated that bees

consider these stimuli equally salient (Abramson et al., 2010a, 2010b). The CS

scent was first transferred to a to a 1 cm2 piece of filter paper (Whatman #4) using

a wooden dowel and then secured to the plunger of a 20 cm3 plastic syringe with a

metal thumbtack. The US was a .88 M sucrose feeding.

2.2.3. Capturing and harnessing honey bees

Worker honey bees (Apis mellifera: Hybrid var. Buckfast) were selected

randomly from either the laboratory colony or the observation hive (Université

de Picardie—Jules Verne, Amiens, France) between June and July, 2010. They were

captured individually in glass vials around 7:00 am on the day prior to use and

taken to the laboratory, where the vials were placed in an ice water bath. Bees

from the outside colony were captured at an artificial feeder indicating that the

sample consisted of forager bees. Forager bees are typically between 21–30 days

of age and have experience in such tasks as associating scents with reward,

learning to navigate, and learning locations (Giurfa, 2007). Such a method could

not be used for the observation hive. To capture bees from the observation hive, a

device was attached to the observation hive that would allow a few bees at a time

to exit the colony and, using the phototaxic responses of the bee, into a glass vial.

It was not possible for us to determine the age of observation hive subjects.

However, we did attempt to use only bees that had an active phototaxic response.

Bees collected in this way are a mixture of different behavioral specializations that

require either departure from the hive (e.g., foragers or nest cleaning bees) or

remaining near the entrance (e.g. guards).

When the bees became inactive to permit handling, they were removed from

the vials and secured in individual restraining harnesses by a small strip of duct

tape placed between the head and thorax and fastened to the sides of the harness.

Once harnessed, subjects were fed a .88 M sucrose solution until satiated and left

until training began the following morning.

2.2.4. Pymetrozine quantification in Plenums WG 50 solutions

Reverse-phase HPLC with UV detection was been used for pymetrozine

determination. The samples were investigated using an Ultra-Fast Liquid Chro-

matograph (UFLC) Prominence system equipped with an SPD-20 A detector

(Shimadzu, Champs-sur-Marne, France). Separation was carried out on a Hypersil

Gold Aq 2.0 mm i.d.�100 mm, 3 mm C18 column (Thermo Scientific, Illkirch,

France) using a mobile phase composed of solvent A¼H2Oþ .1% formic acid, and

solvent B¼CH3CNþ .1% formic acid. The elution gradient was t¼0 min, 100% A;

t¼2 min, 100% A; t¼10 min, 50% A; t¼12 min 50% A, t¼20 min, 0% A; t¼25 min,

0% A; t¼30 min 100% A and t¼35 min 100% A. The flow-rate and the sample

injection volume were .25 mL min�1 and 2 mL, respectively. The column oven was

kept at 30 1C and the UV detector was set at a wavelength of 254 nm. Under these

conditions pymetrozine showed a retention time of 6.4 min.

Pure pymetrozin (Pestanal, analytical standard from Sigma-Aldrich, St-Quen-

tin Fallavier, France) was diluted in pure water to prepare a range of standard

solutions with concentrations of .02, .05, .1, .2, .3 and .4 g L�1. The corresponding

pymetrozine calibration curves (peak area versus concentration) were obtained

from the least-squares linear regression with correlation coefficients R24 .995.

The analysis of .3 g L�1 (field dose) Plenums 50 WG samples prepared with a

.88 M (300 g L�1) sucrose solution lead to an average concentration (3 different

samples each injected 3 times) of .16 g L�1 in pesticide.

The analysis of a 30 g L�1 (100 times field dose) Plenums 50 WG sample

prepare as described above, lead, after injection of a 1/100 diluted solution in the

.88 M sucrose solution, to an average concentration (3 repeated injections) of

.14 g L�1 in pesticide.

2.2.5. Experiment 1: simple Pavlovian conditioning

Two hundred and forty honey bees were divided into two equal groups.

One hundred and twenty bees were used in the outside hive experiments

and one hundred and twenty bees were used in the observation hive experiments.

The two groups of one hundred and twenty bees were further divided into three

subgroups of forty bees each. These three subgroups were divided into two

groups consisting of twenty paired animals and twenty unpaired animals each.

Results from an a priori power analysis (Faul et al., 2007) indicated that only six

bees were necessary in each of these final subgroups in order to detect a

medium effect size (f¼ .25) with power (1–b)¼ .80. Therefore, the current sample

size was deemed sufficient. Twenty paired and twenty unpaired animals received

5 mL of sucrose only (control) 30 min before training, a second group of twenty

paired and twenty unpaired animals received 5 mL of .16 g L�1 of pymetrozine

(Plenums WG 50, field dose), and the final twenty paired and twenty unpaired

animals received 5 mL of 14 g L of pymetrozine (Plenums WG 50, 100 times field

dose). Plenums was diluted with .88 M sucrose to facilitate the drinking of the

pesticide.

Animals in the paired groups received 12 acquisition trials followed

by 12 extinction trials. A non-overlap procedure was used in which the CS

terminated before the US was presented. The CS was a 3 s presentation of

cinnamon odor; the US duration was a 2 s feeding. The interstimulus interval

(time between the onset of the CS and onset of the US) was 3 s. When a non-

overlap procedure is used the interstimulus interval is identical to the CS duration.

The intertrial interval (the time interval between the end of the US and the

beginning of the CS) was 10 min.

Animals in the unpaired groups received 12 CS presentations and 12 US

presentations in a pseudorandom order. For half the unpaired animals, stimulus

presentations consisted of three successive sequences of CS US US CS US CS CS US.

For the remaining animals the sequence consisted of US CS CS US CS US US CS. The

interval between stimulus presentations was 5 min—half the time than that used

for the paired animals. The rationale behind using a 5 min intertrial interval (ITI)

for unpaired animals was to keep the time between CS presentations approxi-

mately 10 min. If a 10 min ITI was used, the time between CS presentations would

be approximately 20 min and any difference between paired and unpaired

animals might be accounted for in terms of such nonassociative effects as the

time spent harnessed. Following the 12 CS and US presentations, the unpaired

experiment was terminated (no extinction trials).

Responses to the CS were visually categorized into 1 of 2 states during

each trial. If a subject extended its proboscis after the onset of the CS, but before

the US was presented, a response was registered. Otherwise, a nonresponse was

recorded.

2.2.6. Experiment 2: complex Pavlovian conditioning

The designed differed from that used in the simple learning experiment in that

two CSs were used—one of which was paired with a feeding, and extinction was

not tested. In addition, there was no unpaired group. The unpaired group is

unnecessary in discrimination experiments because each subject serve as its own

control.

One CS was the odor of cinnamon used in the simple learning experiments and

the second was the odor of lavender. The CS followed by a feeding was the CSþ

and the CS not followed by a feeding was the CS� . For half the animals CSþ was

cinnamon and the CS� lavender; for the remaining animals the CSþ was lavender

and the CS� cinnamon.

One hundred and twenty honey bees were divided into two equal groups.

Sixty bees were used in the outside hive experiments and sixty bees used in the

observation hive experiments. The sixty bees were further divided into three

subgroups of twenty bees each. One subgroup of twenty bees received 5 mL of

sucrose only (control) 30 min before training, a second subgroup of twenty

received 5 mL of .3 g L�1 of Plenums WG 50 (field dose), and a final twenty

received 5 mL of 30 g L�1 of Plenums WG 50 (100 times field dose). Within each

group of twenty bees, ten received a CSþ of cinnamon and a CS� of lavender. The

remaining ten bees received a CSþ of lavender and a CS� of cinnamon.

Acquisition consisted of 12 presentations of both the CSþ and CS� so that a

total of 24 trials were conducted. The presentation of the CSs consisted of three

successive sequences of CSþCS�CS�CSþCS�CSþCSþCS� . Learning was con-

sidered to have taken place if the bee extended its proboscis after the onset of the

CSþ but before presentation of the US, and if the bee stopped responding to the

CS� , which was not paired with a feeding.

As in the previous experiment a non-overlap procedure was used. The CS

duration was 3 s and the US duration 2 s. The intertrial interval was reduced from

10 min to 5 min. The rationale behind using a 5 min ITI in the discrimination

experiments was to keep the time between CSþ presentations approximately

10 min. If a 10 min ITI was used, the time between CSþ presentations would be

approximately 20 min and any difference between our simple and complex

C.I. Abramson et al. / Ecotoxicology and Environmental Safety 78 (2012) 287–295 289
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learning experiments can be accounted for in terms of such nonassociative effects

as time spent harnessed.

Responses to the CS were visually categorized into 1 of 2 states during

each trial. If a subject extended its proboscis after the onset of the CS, but before

the US was presented, a response was registered. Otherwise, a nonresponse was

recorded.

2.3. Statistical analysis

Despite the fact that the dependent variable is measured in term of proportion

of subjects showing the PER (dichotomous variable), a conventional ANOVA has

been used for statistical analysis. The rationale of such test rely on the fact that it

has been previously showed that such a test is adequate with large sample size

(Lunney, 1970) when there are no missing data, and when the measurement of the

dependent variable is at fixed intervals (Abramson et al., 2010a).

3. Results

3.1. Experiment 1

3.1.1. Paired versus unpaired acquisition for observation hive bees

Fig. 1 displays the proportion of responses (proboscis exten-
sion) for the observation hive bees receiving the control, field, or
100 times the field concentration of Plenums WG 50 for both the
paired and unpaired conditioning.

A 2 (Group: paired, unpaired) by 12 (Trial: each of 12 trials)
split-plot analysis of variance was conducted, with repeated
measures on the Trial factor. The Group�Trial interaction
was statistically significant, F(11,1298)¼22.15, po .001, partial
Z2
¼ .16. The Group main effect was also significant, F(1,118)¼

126.13, po .001, partial Z2
¼ .52. A higher proportion of bees in

the paired groups responded compared to those in the unpaired
groups for each trial other than for the first trial (in which there
was no significant difference between the groups). The difference
between paired and unpaired groups demonstrates that associa-
tive learning occurred with honey bees obtained from the
observation hive.

3.1.2. Acquisition for varying concentrations of Plenums WG 50 for

observation hive bees

Of the sixty bees assigned to the paired conditioning described
in Experiment 1, a 3 (Dose: control, field, 100 times field) by 12

(Trial: each of 12 trials) split-plot analysis of variance was
conducted, with repeated measures on the Trial factor. The
Dose� Trial interaction was not statistically significant,
F(22,627)¼1.52, p¼ .06, partial Z2

¼ .05. The main effect for Dose
was statistically significant, F(2,57)¼4.36, p¼ .02, partial Z2

¼ .13.
Pairwise comparisons were performed using Tukey’s correction
for Type I error inflation. They indicated that a significantly higher
proportion of bees in the control group responded compared to
bees that received a concentration of 100 times the field dose.
There were no significant differences between the control and
field concentration bees or between the field concentration and
100 times the field concentration bees. Lastly, the main effect for
Trial was also statistically significant, F(11,627)¼21.97, po .001,
partial Z2

¼ .28. In other words, as can be seen in Fig. 1 (described
above), a higher proportion of bees responded in the later trials
compared to the trials at the beginning of training.

3.1.3. Extinction for varying concentrations of Plenums WG 50 for

observation hive bees

Once the sixty bees assigned to paired conditioning in Experi-
ment 1 (and discussed again in Experiment 2) showed acquisition of
the conditioned response during the first 12 trials of the experiment,
the following 12 trials (trials 13–24) were used to demonstrate
extinction. Results from a 3 (Dose control, field concentration, 100
times field concentration) by 12 (Trial: each of 12 trials) split-plot
analysis of variance indicate that the Dose�Trial interaction was
statistically significant, F(22,627)¼1.72, p¼ .02, partial Z2

¼ .06. The
Dose main effect was significant, F(2,57)¼14.31, po .001, partial
Z2
¼ .33. The Trial main effect was also significant, F(11,627)¼19.31,

po .001, partial Z2
¼ .25. As can be seen in Fig. 1, the proportion of

responding for bees in all three groups decreases across the 12 trials,
as is expected for extinction to occur. The bees receiving 100 times
the field concentration of Plenums consistently respond less than
the bees in the other two groups for each trial. Moreover, the bees
that received the field concentration respond less than the control
bees until the 10th extinction trial (trial 22), after which the control
group responded with less frequency.

3.1.4. Paired versus unpaired unconditioned responses for

observation hive bees

Of the one hundred twenty bees described in Experiment 1, a 2
(Group: paired, unpaired) by 12 (Trial: each of 12 trials) split-plot
analysis of variance was conducted examining the proportion of
their unconditioned responses during acquisition. Results indicate
that the Group�Trial interaction was not statistically significant,
F(11,1298)¼1.49, p¼ .13, partial Z2

¼ .01. The main effect for
Group was also not significant, F(1,118)¼ .24, p¼ .62, partial
Z2
¼ .002. However, the main effect for trial was significant,

F(11,1298)¼5.31, po .001, partial Z2
¼ .04. In other words,

although there was a significant change in the proportion of
unconditioned responses over the 12 trials (a decrease in
responses), there was no difference between the paired and
unpaired groups. Due to the lack of difference between the
groups, they were compared together in the next section.

3.1.5. Unconditioned responses for varying concentrations of

Plenums WG 50 for observation hive bees

Fig. 2 shows the proportion of unconditioned responses for the
paired and unpaired groups across the 12 trials for those receiving the
control, field concentration, or 100 times the field concentration of
Plenums WG 50. A 3 (Dose: control, field concentration, 100 times
field concentration) by 12 (Trial: each of 12 trials) split-plot analysis
of variance was conducted, with repeated measures on the Trial
factor. The Dose�Trial interaction was statistically significant,
F(22,1287)¼2.43, po.001, partial Z2

¼ .04. The main effect for Dose
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was also significant, F(2,117)¼11.13, po.001, partial Z2
¼ .16. Addi-

tionally, the Trial main effect was significant, F(11,1287)¼5.42,
po.001, partial Z2

¼ .04. As can be seen in Fig. 2, the proportion of
unconditioned responses starts high for all groups. Across the 12
trials, the paired and unpaired bees that were pre-fed a dose of 100
times the field concentration begin to respond less than the bees fed
the other doses.

3.1.6. Paired versus unpaired acquisition for outside hive bees

Fig. 3 displays the proportion of responses (proboscis exten-
sion) for the outside hive bees receiving the control, field, or 100
times the field concentration of Plenums WG 50 for both the
paired and unpaired conditioning.

A 2 (Group: paired, unpaired) by 12 (Trial: each of 12 trials)
split-plot analysis of variance was conducted, with repeated
measures on the Trial factor. The Group�Trial interaction was
statistically significant, F(11,1298)¼17.19, po .001, partial
Z2
¼ .13. There was a main effect for Group, F(1,118)¼52.02,

po .001, partial Z2
¼ .31. Similar to the results obtained with the

bees from the observation hive, a higher proportion of bees in the
paired groups responded compared to those in the unpaired
groups for each trial other than for the first two trials (in which
there was no significant difference between the groups). As with
the observation hive, this result demonstrates associative learning
for outside hive bees.

3.1.7. Acquisition for varying concentrations of Plenums WG 50 for

outside hive bees

Of the sixty bees assigned to the paired conditioning with
outside hive bees, a 3 (Concentration: control, field, 100 times
field) by 12 (Trial: each of 12 trials) split-plot analysis of
variance was conducted, with repeated measures on the Trial
factor. The Dose�Trial interaction was statistically significant,
F(22,627)¼3.22, po .001, partial Z2

¼ .10. The main effect for Dose
was also statistically significant, F(2,57)¼13.63, po .001, partial
Z2
¼ .32, as was the main effect for Trial, F(11,627)¼18.82,

po .001, partial Z2
¼ .25. Pairwise comparisons indicate that the

100 times the field concentration bees responded significantly
less than the bees in the control group and the bees that receive
the field concentration. There were no significant differences
between the control and field concentration bees. In other words,
it appears that across the 12 trials, the highest concentration of
Plenums WG 50 reduced the level of the conditioned response
compared to the field concentration and the control group.

3.1.8. Extinction for varying concentrations of Plenums WG 50 for

outside hive bees

For the sixty bees assigned to paired conditioning, the 12 acquisi-
tion trials were followed by 12 extinction trials (trials 13–24).
A 3 (Dose: control, field concentration, 100 times field concentration)
by 12 (Trial: each of 12 trials) split-plot analysis of variance was
conducted, with repeated measures on the Trial factor. Results
indicate that the Dose�Trial interaction was statistically significant,
F(22,627)¼2.61, po.001, partial Z2

¼ .08. The Dose main effect was
also significant, F(2,57)¼11.55, po.001, partial Z2

¼ .29. The main
effect for Trial was also significant, F(11,627)¼13.37, po.001, partial
Z2
¼ .19. As can be seen in Fig. 3, extinction was demonstrated in that

the proportion of responding for bees in all three groups decreases
across the 12 trials. However, the bees receiving 100 times the field
concentration of Plenums WG 50 consistently respond less than the
bees in the other two groups for each trial. In fact, they did not
respond at all for the majority of the trials, likely a result of them not
having demonstrated acquisition to the same degree as the other two
groups.

3.1.9. Paired versus unpaired unconditioned responses for outside

hive bees

Of the one hundred twenty bees described in Experiment 6,
the proportion of their unconditioned responses during acquisi-
tion was examined using a 2 (Group: paired, unpaired) by 12
(Trial: each of 12 trials) split-plot analysis of variance, with
repeated measures on the Trial factor. The Group�Trial interac-
tion was not statistically significant, F(11,1298)¼1.03, p¼ .42,
partial Z2

¼ .01. The main effect for Group was also not significant,
F(1,118)¼ .20, p¼ .65, partial Z2

¼ .002. However, the main effect
for trial was significant, F(11,1298)¼6.88, po .001, partial
Z2
¼ .06. In other words, similar to the results obtained with the

bees in the observation hive, although there was a significant
change in the proportion of unconditioned responses over the 12
trials (a decrease in responses), there was no difference between
the paired and unpaired groups. Due to the lack of difference
between the groups, they were compared together in the next
section.

3.1.10. Unconditioned responses for varying concentrations of

Plenums WG 50 for outside hive bees

Fig. 4 shows the proportion of unconditioned responses for the
paired and unpaired groups across the 12 trials for those receiving
the control, field concentration, or 100 times the field concentra-
tion of Plenums WG 50 for the bees from the outside hive.
Results of a 3 (Dose: control, field concentration, 100 times field
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concentration) by 12 (Trial: each of 12 trials) split-plot analysis of
variance indicate that the Dose� Trial interaction was statistically
significant, F(22,1287)¼2.40, po .001, partial Z2

¼ .04. The main
effect for Dose was statistically significant, F(2,117)¼17.36,
po .001, partial Z2

¼ .23. Further, the main effect for Trial was
also significant, F(11,1287)¼7.04, po .001, partial Z2

¼ .06. As can
be seen in Fig. 4, the proportion of unconditioned responses starts
high for all groups. Across the 12 trials, the proportion of
responses decrease, particularly for the paired and unpaired bees
that were pre-fed a dose of 100 times the field concentration.

3.2. Experiment 2

3.2.1. Discrimination for observation hive bees

Fig. 5 displays the proportion of CSþ and CS� responses for
bees receiving the control, field concentration, and 100 times the
field concentration. Except for the first two trials, the bees
responded more when presented with the CSþ than when
presented with the CS� and they gave with very few responses
for CS� , suggesting that the bees were successfully discriminat-
ing. A 2 (Group: CSþ , CS�) by 12 (Trial: each of 12 trials) within
subjects analysis of variance yielded a significant Group by Trial
interaction, F(11,649)¼15.20, po .001, partial Z2

¼ .20. The Group
main effect was also significant, F(1,59)¼100.17, po .001, partial
Z2
¼ .63.
A 3 (Dose: control, field concentration, 100 times the field

concentration) by 12 (Trial: each of 12 trials) was conducted for
the CSþ responses. Results yielded a significant Dose by Trial
interaction, F(22,627)¼2.76, po .001, partial Z2

¼ .09. The main
effect for Dose was also significant, F(2,57)¼11.23, po .001,
partial Z2

¼ .28. The Trial main effect was also significant,
F(11,627)¼13.68, po .001, partial Z2

¼ .19. Pairwise comparisons
reveal that the bees that received 100 times the field concentra-
tion responded significantly less than both the control bees and
those that received the field concentration. There were no
differences between the control bees and those that received
the field concentration. These results can be seen in Fig. 5, in that
the proportion of the bees that received 100 times the field
concentration is lower than both other groups starting at the
second trial.

The proportion of unconditioned CSþ responses were exam-
ined with a 3 (Dose: control, field concentration, 100 times the
field concentration) by 12 (Trial: each of 12 trials) split-plot

analysis of variance, with repeated measures on the Trial factor.
Results indicate a significant Dose by Trial interaction,
F(22,627)¼2.23, p¼ .001, partial Z2

¼ .07. The Dose main effect
was also significant, F(2,57)¼15.98, po .001, partial Z2

¼ .36, as
was the Trial main effect, F(11,627)¼2.25, p¼ .01, partial Z2

¼ .04.
Pairwise comparisons reveal that the bees that were pretreated
with 100 times the field concentration responded significantly
less than the other two groups of bees. Moreover, there was not a
significant difference between the bees in the control group and
those that were pretreated with the field concentration. Fig. 6
displays the proportion of unconditioned responses from the bees
when presented with the CSþ . Although the proportions of

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5 6 7 8 9 10 11 12
Trials

P
ro

po
rti

on

Paired Control
Paired Field Dose
Paired 100 x Field Dose
Unpaired Control
Unpaired Field Dose
Unpaired 100 x Field Dose

Fig. 4. Proportion of unconditioned responses for the paired vs. unpaired outside

hive bees that received the control, field concentration, and 100 times the field

concentration.
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5 6 7 8 9 10 11 12
Trials

P
ro

po
rti

on

Observation Hive CS+ Control
Observation Hive CS+ Field Dose
Observation Hive CS+ 100 x Field Dose
Observation Hive CS- Control
Observation Hive CS- Field Dose
Observation Hive CS- 100 x Field Dose

Fig. 5. Proportion of responses for CSþ and CS� for the observation hive bees

that received the control, field concentration, and 100 times the field

concentration.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5 6 7 8 9 10 11 12
Trials

P
ro

po
rti

on

Observation Hive CS+ Control
Observation Hive CS+ Field Dose
Observation Hive CS+ 100 x Field Dose

Fig. 6. Proportion of unconditioned responses for CSþ for the observation hive

bees that received the control, field concentration, and 100 times the field

concentration.

C.I. Abramson et al. / Ecotoxicology and Environmental Safety 78 (2012) 287–295292



Author's personal copy

responses for the bees that were pretreated with the control and
field concentrations remain high across the 12 trials, the propor-
tion for the bees that received the highest dose of the pesticide
declines across the trials.

3.2.2. Discrimination for outside hive bees

Fig. 7 displays the proportion of CSþ and CS� responses for
bees receiving the control, field concentration, and 100 times the
field concentration. The bees responded more when presented
with the CSþ than when presented with the CS� .

Results from a 2 (Group: CSþ , CS�) by 12 (Trial: each of 12
trials) within subjects analysis of variance yielded a significant
Group by Trial interaction, F(11,649)¼10.00, po .001, partial
Z2
¼ .14. The Group main effect was also significant,

F(1,59)¼91.77, po .001, partial Z2
¼ .61, showing a discrimination

phenomenon.
Additionally, a 3 (Dose: control, field concentration, 100 times

the field concentration) by 12 (Trial: each of 12 trials) was
conducted for the CSþ responses. Results yielded a significant
Dose by Trial interaction, F(22,627)¼4.57, po .001, partial Z2

¼ .14.
The main effect for Dose was also significant, F(2,57)¼28.00,
po .001, partial Z2

¼ .50. The Trial main effect was also significant,
F(11,627)¼12.23, po .001, partial Z2

¼ .18. Similar to the results
with the observation hive bees, pairwise comparisons reveal that
the bees that received 100 times the field concentration responded
significantly less than both the control bees and those that
received the field concentration. Again, there were no differences
between the control bees and those that received the field
concentration. These results can be seen in Fig. 7, in that the
proportion of the bees that received 100 times the field concen-
tration is lower than both other groups starting at the third trial.
The consistently low proportion of responses for the 100 times the
field concentration group suggests that this higher dose of
pesticide inhibited the bees’ ability to discriminate.

The proportion of unconditioned CSþ responses were exam-
ined with a 3 (Dose: control, field concentration, 100 times the
field concentration) by 12 (Trial: each of 12 trials) split-plot
analysis of variance, with repeated measures on the Trial factor.
Results indicate a significant Dose by Trial interaction,
F(22,627)¼1.72, p¼ .02, partial Z2

¼ .06. The Dose main effect
was also significant, F(2,57)¼12.78, po .001, partial Z2

¼ .31, as

was the Trial main effect, F(11,627)¼4.38, po .001, partial
Z2
¼ .07. Pairwise comparisons indicate that the bees that received

100 times the field concentration responded significantly less than
both other groups. There was no significant difference between
the control group and the group that received the field concentra-
tion. Fig. 8 portrays the unconditioned responses for the CSþ of
the bees that received the control, field concentration, and 100
times the field concentration doses of the pesticide. The propor-
tion of responses for the control group remains high across all 12
trials. Although the proportion appears to decline across the 12
trials for the bees that were pretreated with the field concentra-
tion, this group was not statistically significant from the control
group. The bees that received the highest dose respond signifi-
cantly less across the 12 trials compared to both the control group
and the group that received the field concentration.

4. Discussion

The main results of the experiments indicate that receiving a
concentration of 100 times the field dose of pymetrozine (14 g L)
affects the acquisition, the extinction and the discrimination of the
conditioned PER in honey bees. Such results confirm the fact that
insecticides purported to have high selectivity may also have effects
on beneficial arthropods. Because behavioral effects have also been
observed in other insects (Ausborn et al., 2005; Kaufmann et al.,
2004) our results are not surprising. As the serotonergic system has
already been proved to be involved in the effect of pymetrozine
(Kaufmann et al., 2004), the same mechanism may also be involved
in honey bees.

It has been previously shown that pymetrozine disrupts the
aphid feeding response (Harrewijn and Kayser, 1997). The disrup-
tion of feeding is particularly important for honey bees, especially
during nectar foraging behavior that involves a repetitive consum-
matory response with proboscis extension. That is why we also
focused on unconditioned responses to sugar solution following
pymetrozine consumption. We show that pymetrozine reduces the
unconditioned feeding responses of honey bees. Although our study
does not say if this reduction may cause the death of honey bees by
starvation under field conditions, our result is the first report of a
feeding decrement of pymetrozine in insects other than aphids. It
should also be noted that the feeding decrement directly affects
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proboscis conditioning learning in honey bees because such learning
critically depends upon the feeding response. Unfortunately, the
present study cannot say if pymetrozine directly affects associative
learning mechanisms or only the underlying nonassociative reflex-
ive component involved in Pavlovian conditioning.

Our results question the relevance of pymetrozine in IPM
programs where the global impact of agricultural practices is
considered. But as we show that pymetrozine does not influence
PER learning at field doses but only at 100 times the field dose,
pymetrozine may consequently still remain a good candidate in
such programs. However, we must notice that two kinds of
arguments may challenge this conclusion. Firstly, field dose
experimental bee in our experiments received only one dose of
5 mL of .16 g L pymetrozine. It is possible that honey bees collect
repeated doses during foraging trips, increasing the overall dose
they would consume. Secondly, the field dose is a reference dose
for honey bee intoxication studies only if farmers follow the
pymetrozine usage recommendations. However, pesticide over-
use seems to be a common phenomenon, especially in developing
countries (Ngowi, 2003; Xu et al., 2008).

At the methodological level, and contrary to the majority of
pesticide PER conditioning studies that use only 3 trials (El
Hassani et al., 2005; Han et al., 2010), our protocol included 12
acquisition and 12 extinction trials. This procedural feature is for
us especially important. Firstly, a foraging bee encounters numer-
ous flowers during a foraging trip. Consequently, the ecological
realism and the applied relevance of the PER conditioning test
may be questioned if the study involves very few trials. Secondly,
the data in Figs. 1, 5 and 7 show that differences between
experimental groups emerge only after several trials. With only
a few conditioning trials it is possible to underestimate the effect
of a pesticide on learning. Finally, a small number of trials
captures only the initial acquisition phase of the learning process
and provides no information about the asymptotic level or the
stability of responding.

Moreover, our protocol also involved unpaired control groups.
When repeating stimulus presentation with several trials, non-
associative learning such as pseudoconditioning may occur. The
hypothesis that a chemical may increase sensitization during
successive trials cannot a priori be ruled out. One of the proper
control procedures consists of an unpaired arrangement of CS and
US (unpaired group). In the present study, the percentage of PER
is significantly lower in unpaired groups than in paired groups,
showing that pymetrozine does not sensitize the honey bee.

No significant difference was obtained between honey bees
from a closed observation hive or from the outside colony. This
result confirms previous studies showing no differences between
PER conditioning levels during summer (Ray and Ferneyhough,
1997). Moreover, the absence of differences between queen and
queenless colonies in PER conditioning scores previously shown
(Skirkevi�eius and Blažyte- �Eereškiene, 2009) suggest that the
absence of the queen in the observation hive did not play a
determinant role.

5. Conclusion

In the present study, the oral consumption of pymetrozine (5 mL
of .16 g L or 14 g L) on honey bee PER conditioning was investigated.
The consumption of pymetrozine before the conditioning experi-
ment significantly impaired the acquisition, the extinction, and the
discrimination of a conditioned response. However, the effect of
pymetrozine is observed only in animals given 14 g L (100 times the
field dose). The effect of pymetrozine on Pavlovian conditioning is
accompanied by a significant decrease of the unconditioned
response. The relevance of pymetrozine in integrated pest

management programs is supported in the context of bee keeping
practices, but only if the consumed dose of pymetrozine remains
low and if farmers use the recommended dose in their fields.
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