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Abstract

We examined the susceptibility of the worker honeybee Apis mellifera L. to pyrethroids. Bees were
intoxicated by selected synthetic pyrethroids (active substances: beta-cyfluthrin, deltamethrin, alpha-
cypermethrin, lambda-cyhalothrin, esfenvalerate, and bifenthrin) and 72 hours after intoxication the number
of surviving insects was determined. It was observed that the susceptibility of the honeybee to pyrethroids
(expressed herein as the survival rate) was changing in diurnal rhythm, ranging from 100% (for a majority
of substances in both seasons) to 11.1+0.37% (deltamethrin) and 11.1+0.73% (esfenvalerate) in spring, and
11.1£0.73% (esfenvalerate) and 4.6+0.17% (bifenthrin) in summer. The lowest susceptibility of bees to
pyrethroids occurred during the night, when the honeybees were characterized by reduced motility and did
not fly out for foraging, whereas the highest susceptibility was observed during the day, a natural time for
seeking food. Along with diurnal changes in the susceptibility described above, differences dependent on
the seasons in which the intoxication took place were also observed. Insects intoxicated in summer were less

susceptible to pyrethroids than those intoxicated in spring.
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Introduction is the application of synthetic insecticides [8]. More than

100 insecticide substances are known whose toxicity to

Among many probable reasons for the occurrence of bees has been proven. The toxicity of these substances,
colony collapse disorder [1-7], one of the most important including pyrethroids, is very often determined by their

chemical structure. They are the most commonly used
insecticides, utilized not only in agriculture, but also to
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destroy parasites in humans [9-11] and animals [12, 13],
and household pests [14-16]. The harmful impact of these
substances on bees has been described previously [17, 18].
The influence of pyrethroids involves, among other things,
a modification of the kinetics of voltage-sensitive sodium
channels [19-21], reduction in the AChE activity in the
synaptic space [21], and, at the macro level, a reduction in
colony size so that these chemicals act rapidly, causing the
death of bees away from the hive. Pyrethroid preparations
are characterised by a specific odour that may deter bees.
This is believed to be a cause of their lower toxicity in
field conditions compared to that which may be implied
by the laboratory tests results [22].

The diurnal and seasonal changeability of the
susceptibility to toxic compounds has been proved in many
organisms [23], including honeybees [24, 25]. In the case of
nectar-secreting plants, this calls for the recommendation
to use the plant protection products at a time of the day
when activity is reduced and, potentially, resistance
against these substances increases. The issue seems to be
important from the point of view of agricultural practices
and environmental protection. When pesticides are used
in the appropriate time of day, it is possible to reduce the
application doses of plant protection products (PPPs) and
their effectiveness would be adequate to eradicate pests.

The aim of the following research was to examine
whether the susceptibility of A. mellifera to pyrethroid
pesticides was related to the time of day and the season in
which the insects were exposed to the preparation.

Material and Methods

Worker honeybees were collected directly at hive
entrances in two apiaries located in Podleszany (2008)
and Tarnobrzeg (2009) of Sub-Carpathian Province.
According to the owners, colonies of bees from both
apiaries during both seasons of research were genetically
derived from the same source (the queens originated from
the same breeding of queen bees). The intoxication of the
insects took place at the turn of April and May (for spring
measurement) and in July (for summer measurement). In
total, 18,144 workers were used.

The aqueous solutions of the following insecticides
from the group of pyrethroids were used:

— Bulldock 25 EC. Producer: Irvita Plant Protection N.V;
active substance: beta-cyfluthrin — 25 g in 1 litre of the
agent; concentration of usable liquid 4 mg/L.

— Decis 005 UL. Producer: Bayer CropScience SA;
active substance: deltamethrin — 5 g in 1 litre of the
agent; concentration of usable liquid 3 mg/L.

— Fastac 100 EC. Producer: BASF Agro B.V.; active
substance: alpha-cypermethrin — 100 g in 1 litre of the
agent; concentration of usable liquid 3 mg/L.

— Karate-Zeon 050 CS. Producer: Syngenta Limited;
active substance: lambda-cyhalothrin — 50 g in 1 litre
of the agent; concentration of usable liquid 4 mg/L.

— Sumi-Alpha 050 EC. Producer: Sumitomo Chemical
Company Limited; active substance: esfenvalerate

— 50 g in 1 litre of the agent; concentration of usable

liquid 2 mg/L.

— Talstar 100 EC. Producer: FMC Corporation. Active
substance: bifenthrin — 100 g in 1 litre of the agent;
concentration of usable liquid 9 mg/L.

Worker honeybees were placed in a modified incubator
Q-Cell model ERC0750 in stable thermal conditions of
27°C+0.5°C, with the use of the natural L/D cycle (an
incubator with a glass window, placed in the utility room
with the window oriented north to get a natural diurnal
rhythm of light and darkness, and to prevent the exposure
of bees to direct sunlight). The animals had unlimited
access to food and water. Insects were taken from the hive
entrance no later than two hours before the insecticide
application. The contact apitoxicity was determined by an
individual dosing method. An applicator was used to place
a drop of the preparation (4ul) on the ventral part of the
insect’s thorax near the paraoesophageal ring. Water was
used in the control group. Each test was performed on 108
individuals (18 individuals in 6 repetitions). The assumed
duration of each measuring cycle was 72 hours. After this
time, the surviving insects were counted. We chose to use
72-hour testing because pyrethroids are compounds that in
animal tissues undergo rapid detoxification and, according
to our previous studies on different insects using PPPs, a
period of three days is critical as those insects that survived
this period usually regained full health [24-27].

The results were developed using Statistica for
Windows software v. 10 with the use of multivariate
analysis of ANOVA (Tukey’s test). The effect of the
application time was evaluated using one-way ANOVA
(Tables 2 and 4). Two-way ANOVA was used to determine
the combined effect of the application time and the season
(Table 5).

Results

In spring and summer bees from the control group
showed higher survivability than those observed in
the group treated with pyrethroids. The application
of pyrethroids caused a significant decrease in the
survivability of worker bees compared to the control
group (Tables 1 and 3).

Regardless of the season and the preparation used,
the susceptibility of bees to insecticides varied depending
on the time of application. The highest susceptibility was
exhibited by insects that were exposed to insecticides
during the day (i.e., in the period of naturally raised activity
of bees; Tables 1 and 3). In the experiments conducted
in spring, the survivability rates achieved several times
100% during the night hours, decreasing at the diurnal
peak of the insecticide action to 57.4% in insects treated
with beta-cyfluthrin, and to only 11.1% in bees treated
with deltamethrin and esfenvalerate (Table 1). Similarly,
in summer the survivability of bees was reduced to 11.1%
and 4.4% after the use of esfenvalerate and bifenthrin,
respectively. At that time, in the worker honeybee groups
treated with deltamethrin, esfenvalerate, and bifenthrin, no
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Table 1. The effects of insecticide intoxication with pesticides on survivability of honeybee (4. mellifera) workers in spring. A — control,
B — beta-cyfluthrin, C — delamethrin, D — alpha-cypermethrin, E — lambda-cyhalothrin, F — esfenvalerate, G — bifenthrin.

?lflt)ls‘ie n=108 Time of application

02:00 | 04:00 | 06:00 | 08:00 | 10:00 | 12:00 | 14:00 | 16:00 | 18:00 | 20:00 | 22:00 | 00:00

survi. (%) 100.0 | 100.0 | 100.0 99.1 92.6 90.7 93.5 100.0 | 99.1 | 100.0 | 100.0 | 100.0

A std. err. +0.00 | £0.00 | +0.00 | £0.17 | £0.33 | £0.21 | +£0.17 | £0.00 | +0.17 | £0.00 | £0.00 | =0.00

survi. (%) 100.0 | 100.0 | 85.2 92.6 90.7 713 59.3 574 | 833 80.6 | 935 | 87.0

5 std. err. +0.00 | £0.00 | +£0.42 | £0.21 | £0.21 | £0.75 | +0.33 | £0.33 | £0.45 | £0.34 | £0.17 | £0.33

survi. (%) 100.0 | 100.0 | 91.7 91.7 73.1 48.1 11.1 417 | 639 | 92.6 | 80.6 | 90.7

¢ std. err. +0.00 | £0.00 | +0.34 | £0.22 | £0.65 | £0.21 | £0.37 | £0.34 | £0.34 | £0.33 | £0.34 | =0.33

survi. (%) 100.0 | 100.0 | 100.0 | 93.5 93.5 72.2 55.6 61.1 83.3 88.0 | 100.0 | 94.4

b std. err. +0.00 | +£0.00 | +0.00 | +0.54 | £0.54 | £0.58 | +£0.63 | £0.77 | £0.52 | £0.70 | £0.00 | £0.52

survi. (%) 100.0 89.8 82.4 100.0 | 71.3 59.3 324 48.1 77.8 | 76.9 | 93.5 | 100.0

: std. err. +0.00 | £0.17 | £0.70 | £0.00 | £0.48 | £0.33 | +0.31 | £0.49 | +0.77 | £0.70 | £0.31 | £0.00

survi. (%) 100.0 | 100.0 | 100.0 | 92.6 | 49.1 16.7 11.1 56.5 82.4 | 92.6 | 100.0 | 92.6

f std. err. +0.00 | £0.00 | +0.00 | £0.49 | £0.40 | £0.52 | +0.73 | +£.65 | £0.48 | £1.15 | £0.00 | £0.33

survi. (%) 100.0 93.5 87.0 93.5 82.4 38.0 41.7 472 | 546 | 86.1 89.8 | 97.2

¢ std. err. +0.00 | +0.17 | £0.33 | £0.31 | £0.54 | £0.83 | +0.34 | £0.22 | £0.48 | £0.34 | £0.65 | £0.50
survivability at the level of 100% (Table 3) was noted in The analysis of seasonal changes in honeybee
any case. A lot of differences observed in the survivability susceptibility to pyrethroids showed that, apart from the
of insects in the 24-hour cycle proved to be statistically case of bees treated with beta-cyfluthrin, diurnal peaks
significant (Tables 2 and 4). of insecticide action in summer months occurred earlier

Table 2. The list of statistically significant differences in the survivability of the worker honeybees (4. mellifera) under the influence of
pesticides in spring, dependent on the hour of intoxication. A — control, B — beta-cyfluthrin, C — delamethrin, D — alpha-cypermethrin,
E — lambda-cyhalothrin, F — esfenvalerate, G — bifenthrin. 'P<0.05, ?P<0.01, *P<0.001.

Time of application

Active

subst 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

02:00° | 02:00° | 02:00°
04:00° | 04:00° | 04:00°
06:00° | 06:00° | 06:00°
10:00° | 10:00° | 10:00° | 10:00° | 08:00° | 08:00° | 08:00° | 10:00° | 10:00° | 10:00° | 10:00° | 10:00°
A 12:00° | 12:00° | 12:00° | 12:00° | 16:00° | 16:00° | 16:00° | 12:00° | 12:00° | 12:00° | 12:00° | 12:00°
14:00° | 14:00° | 14:00° | 14:00° | 18:00° | 18:00° | 18:00° | 14:00° | 14:00° | 14:00° | 14:00° | 14:00°
20:00° | 20:00° | 20:00°
22:00° | 22:00° | 22:00°
00:00° | 00:00° | 00:00°
02:00° | 02:00° | 02:00°
04:00° | 04:00° | 04:00°

06:00° | 06:00° pod pod pod s | 02:00°
12:00° | 12:00° | 02:00° 06:00° 1 06:00° 1 -06:00° 1 02:00° 1 "4 505 | 12:000 | 02:002
12:00° | 12:00° | 08:00° | 08:00° | 08:00° | 04:00°

14:00° | 14:00° | 04:00° \ \ \ \ : L | 08:00° | 14:00° | 04:00?

pod pod S| 14:000 | 14:00° | 10:00° | 10:00° | 10:00° | 12:00 ol pod pod
B | 16:00° | 16:00° | 12:00 \ \ , , : L | 1000 | 16:00° | 12:00

pod pod S 16:00°0 | 16:00° | 14:00° | 12:00° | 12:00° | 14:00 poe e pod

18:00° | 18:00° | 14:00 , 1 \ \ : L | 14:00° | 18:00' | 14:00

pod pod 1 20:00° | 20:00' | 16:00° | 18:00° | 18:00° | 16:00 pod pod pod

20:00° | 20:00° | 16:00 19000 | 20000 | 20:00° | 22:001 | 16:00° | 20:00° | 16:00

00:00 | 00:00? ’ ‘ ' ' 22:00°

22:00° | 22:00° | 22:00°
00:00° | 00:00° | 00:00°
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Table 2. Continued.

Time of application
Active
et | 02:00 | 04:00 | 06:00 | 08:00 | 10:00 | 12:00 | 14:00 | 16:00 | 18:00 | 20:00 | 22:00 | 00:00
. 3 . 3
02:00° | 02:00° 81;883 02:00° 83;883 02:00°
10:00° | 1000 04:00° | 04:00° | (<o | 04000 | 04:00° | 02:00"
00 | 1200 | 10:00° | 10:00° | 06:00° | 06:00° | (&L | 06:00° | (| 10:00° | 06:00° | 04:00'
100 | 1aoe | 120000 | 12:00° | 08:00° | 08:00° | [C k| 08:00° | | 12:00° | 08:00° | 10:00°
e | ieoo | 1e00r | 1400 | 14008 | 12:00° | 10:00° |5l | 10:00° | | 14008 | 12:00° | 12:00°
1800 | 18000 | 16:00° | 16:00° | 14:00° | 14:00° | 0l | 14000 | U0 | 16:00° | 14:00° | 14:00°
22000 | 23000 | 1800° | 18:00° | 16:00° | 18:00° | || 18:00° S0 | 18:00° | 16:00° | 16:00°
00000 | 0000t | 22:00° | 22:00° | 18:001 | 20:00° | " | 20:00° | " | 22:00° | 18:00° | 18:00°
: ' 20:00° | 22:00° | o, | 22:00° | 7 20:00° | 22:00"
00:00° | 00:00° | = 00:00° | = 00:00'
00:00° 00:00°
02:000 | 920 | .00
04:00° 82;883 0400° | o 00
12:00° | 12:00° | 12:00° 06:00° 1 ogor | 96:00° 1 42000 12:00°
SO L T 12:000 | 12:000 | 08:00° | So | 08:000 | 12:000 || 12:00°
14:00° | 14:00° | 14:00 10:00 06:00 14:00
D 14:00° | 14:00° | 10:00° 10:00° 14:00° 14:00°
16:00° | 16:00° | 16:00° | |50 | i | o | 1200 | | 14000 | S0 n | 16008 |8
18:00° | 18:00° | 18:00° | ' s0.000 | 1800 [ oo | 16000 | 18:000 |
00 | 20:00° | S0 | 22:00°
: S| 22
00:00° (2)3;883 00:00°
. 3
02:00° &nggz 02:00°
02:00° | 04:00° | 04:00° | 02:00° | 02:00°
. 3 . 3 . 3 . 3
?g;g& 10:00° | 02:00° ?g;g& 04:00° | 06:00° 82;883 06:00° | 04:00' | 04:00' | 10:00° ?g;g&
oo | 12:00° | 08:00° | 7| 08:00° | 08:00° | [t | 08:00° | 08:00° | 08:00° | 12:00° |
B | a0 | 14000 | 12:000 |0l 12:000 | 10:000 | | 10:00° | 12:00° | 12:00° | 14:00° |
Lo | 16:00° | 14000 | E 00| 14000 | 14:00° | | 14008 | 14:00° | 14:00° | 16:00° |
Ie00r | 18000 [ 16:000 | 0| 16:00° | 18:00° | & | 18:00° | 16:00° | 16:00° | 18:00° |
So000 | 20000 | 00:00° | S| 22:00° | 20:00° | | 20:00° | 22:000 | 22:00° | 20:00° |
: ' 00:00° | 22:00° | o | 22:00° | 00:00° | 00:00° '
00:00° | o | 00:00°
02:00° | 02:00° | 02:00° | 02:00°
04:00° | 04:00° | 04:00° | 04:00° | 02:00°
06:00° | 06:00° | 06:00° | 06:00° | 04:00°
. 3 B 3 B 3 . 3
}gjggs }gjg& igjggs 10:00° | 08:00° | 08:00° | 08:00° | 08:00° | 06:00> | 10:00° }gjggs 10:00°
b | 1m0 | 1200t | 1a0or | 1200 | 12:00° | 10:00° | 10:00° | 12:00° | 10:00° | 12:00° | 0| 12:00°
Leo0 | 16008 | 16000 | 14:00° | 14:00° | 16:00° | 16:00° | 14:00° | 12:00° | 14:00° | |0 | 14:00°
1900 | 19000 | 18.000 | 16:00° | 18:00° | 18:00° | 18:00° | 18:00° | 14:00° | 16:00° | | "o | 16:00°
' ' ' 20:00° | 20:00° | 20:00° | 20:00° | 16:00° :
22:00° | 22:00° | 22:00° | 22:00° | 22:00?
00:00° | 00:00° | 00:00° | 00:00°
. 3
02:00° | 02:00° | o0 818&
06:00' o0 | 04007 | 0a00 | B S
. 3 . 1 N . 3 . 3 . . . 1 . 2
10:00° 115000 | 92091 12000 | 12:000 | 060000 | 0600 o600 | 0gi000 | 9200 | 12000 | 1000
12:00° | 12:00 . .| 08:00° | 08:00 . | 12:00 | 12:00
S 14:00 S 14:000 | 14:00 S S| 08:000 | 10:00 | 14:00 pod
G | 14:00° .| 14:00 . .| 10:00° | 10:00 . .| 14:00 | 14:00
S 16:00 S 16:000 | 16:00 ol o | 10:000 | 12:00 | 16:00 pod
16:00° | ooy | 16:00° [ | g | 18000 | 18000 [ S| 16:000 | | 16:00
18:00° | 18:00° | S 200000 | 200000 | S0C 1 L 18008 | 18:00°
20.00 00:00° | 2000 | a0 | 200" | 20:00
: ' ' 00:00° | 22:00
. 3 . 3
00:00° | 00:00 0000
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Table 3. The effect of insecticide intoxication with pesticides on survivability of honeybee (4. mellifera) workers in summer. A — control,
B — beta-cyfluthrin, C — delamethrin, D — alpha-cypermethrin, E — lambda-cyhalothrin, F — esfenvalerate, G — bifenthrin.

?Slzls‘ie n=108 Time of application
02:00 04:00 | 06:00 | 08:00 | 10:00 | 12:00 | 14:00 | 16:00 | 18:00 | 20:00 | 22:00 | 00:00
survi. (%) 100.0 91.7 100.0 | 100.0 95.4 94.4 95.4 100.0 | 99.1 | 100.0 | 91.7 | 100.0
A std. err. +0.00 +0.22 | £0.00 | £0.00 | £0.17 | £0.45 | £0.31 | £0.00 | £0.17 | £0.00 | £0.22 | +0.00
survi. (%) 79.6 79.6 76.9 62.0 73.1 68.5 37.0 66.7 | 22.2 | 100.0 | 87.0 | 92.6
B std. err. +0.21 +0.33 | £0.60 | £0.40 | £0.79 | £0.33 | +0.80 | £0.68 | £0.26 | £0.00 | £0.33 | £0.61
survi. (%) 84.3 84.3 72.2 38.9 44.4 27.8 50.0 72.2 | 66.7 83.3 80.6 | 84.3
¢ std. err. +0.60 +0.65 | £0.52 | +0.68 | +0.68 | +0.45 | +0.52 | £0.58 | £0.37 | £0.52 | +£0.34 | +0.65
survi. (%) 100.0 82.4 94.4 54.6 78.7 16.7 50.9 769 | 889 | 935 | 944 | 100.0
b std. err. +0.00 +0.40 | =045 | £0.70 | +0.31 | £0.68 | +0.40 | £0.54 | £0.45 | £0.40 | +£0.45 | £0.00
survi. (%) 92.6 67.6 28.7 213 64.8 54.6 71.3 76.9 76.9 89.8 87.0 | 100.0
: std. err. +0.33 +0.79 | £0.40 | £0.79 | £0.49 | £0.70 | £0.54 | £0.65 | £0.60 | £0.17 | £0.33 | £0.00
survi. (%) 88.9 92.6 81.5 11.1 17.6 37.0 89.8 93.5 | 100.0 | 843 | 93.5 | 93.5
F std. err. +0.26 | £0.56 | +0.92 | £0.73 | +0.40 | £0.61 | £0.40 | £0.40 | £0.00 | +0.60 | £0.48 | £0.17
survi. (%) 86.1 74.1 4.6 5.6 15.7 37.0 75.0 63.9 | 889 | 91.7 | 8L.5 | 90.7
© std. err. +0.22 +0.49 | £0.17 | +£0.63 | +0.48 | +0.67 | +0.34 | £0.22 | £0.52 | £0.34 | +£0.33 | +0.33
(deltamethrin, alpha-cypermethrin at 12:00; lambda- Discussion
cyhalothrin, esfenvalerate at 8:00; bifenthrin at 6:00;
Table 3) than in spring months (deltamethrin, alpha- The presence of cyclic changes in honeybee activity
cypermethrin, lambda-cyhalothrin, esfenvalerate at 14:00; has been observed for nearly 100 years. With time passing,
bifenthrin at 12:00; Tables 1, 3, and 5). it has been proven that the age of the individuals, the

Table 4. The list of statistically significant differences in the survivability of worker honeybees (4. mellifera) under the influence of
pesticides in summer. A— control, B — beta-cyfluthrin, C — delamethrin, D — alpha-cypermethrin, E —lambda-cyhalothrin, F — esfenvalerate,
G — bifenthrin. 'P<0.05, 2P<0.01, *P<0.001.

Time of application

‘xf)‘svte 02:00 | 04:00 | 06:00 | 08:00 | 10:00 | 12:00 | 14:00 | 16:00 | 18:00 | 20:00 | 22:00 | 00:00

02:00° . 02:00°

06:00° 82;88] 06:00°
04:00° | 08:00° | 04:00° | 04:00° 0800 04:00° | 0oy | 04:00° | 08:00° | 04:00°
A 12:00' | 16:00° | 12:00' | 12:00! - L0 - 12:000 | "o | 12:00' | 16:00° | 12:00
22:00° | 18:00° | 22:00° | 22:00° 20:00 22:00° : 22:00° | 18:00° | 22:00°

20:00° 00:00 20:00°

00:00° : 00:00°

02:00° 02:00°
02:00° 04:00° 04:00° | 02:00°

: 06:00° 06:00° | 04:00° 06:00!

. 2 . 3
08000 | 0s:000 | 08:00" 8‘6‘3881 14:00° | 14:00° | 08:00° | 14:00° | 08:00° | 06:00° ?gjggl 08:00°
1000 | 1aoor | 14000 | [ro | 18:00° | 18:00° | 10:00° | 18:00° | 10:00° | 08:00° | 5o | 10:00°
B 1800 | 18000 | 1800 | G0 | 20:00° | 20:00° | 12:00° | 20:00° | 12:00° | 10:00° | 20| 12:00°
20000 | 200000 | 2000° | 5oogs | 22:00 | 22:00° | 16:00° | 22:00° | 14000 | 12:00° | | | 14:00°
: : 00:00" | 5700y | 00:00° | 00:00° | 18:00 | 00:00° | 16:00° | 14:00° | | " | 16:00°
00.00° 20:00° 20:00° | 16:00° : 18:00°

: 22:00° 22:00° | 18:00°
00:00° 00:00°
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Table 4. Continued.

Time of application
Active
por | 02:00 | 0400 | 06:00 | 08:00 | 10:00 | 12:00 | 1400 | 16:00 | 18:00 | 20:00 | 22:00 | 00:00
02:00° | 02:00° | 02:00°
. 3 . 2
gijg& 04:00° | 04:00° | 04:00° 81882
08:00° | 08:00° | (oo | o fony | 06:00° | 06:00° | 06:00° | o | e | 08:00° | e o | 08:00°
10:00 | 10:00° | = | T | 12:000 | 10:001 | 12:00° |t | 10000 | | 10:00°
C | 12000 [ 12:000 | | e | 16008 | 16:00° | 16:00° | T | 12:000 || 12:00°
14:00° | 14000 | | | 18008 | 18000 | 18:001 | | S| 1400 | | 14:00°
18:00° | 18:00° : 52000 | 20:00° | 20:00° | 20:00° : o000 | 18:00° : 18:002
o000 | 22:00° | 22:000 | 22:00° 00.00°
: 00:00° | 00:00° | 00:00° :
02:00°
02:00° o 02:000 o
02:00° 04:00° | 02:00° 8‘6‘;883 04:00° 82;883
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Table 5. The list of statistically significant seasonal differences in
the survivability of worker honeybees (4. mellifera), dependent
on the influence of pesticides. A — control, B — beta-cyfluthrin, C
— delamethrin, D — alpha-cypermethrin, E — lambda-cyhalothrin,
F — esfenvalerate, G — bifenthrin. 'P<0.05, 2P<0.01, *P<0.001.

gﬁg:te Time of application
A 04:003%; 22:00°
B 02:00%; 04:00%; 08:00%; 10:00%; 14:00°; 18:00%;
20:00°
C 02:00%; 04:00%; 06:00%; 08:00°%; 10:00°; 12:00%;
14:00%; 16:00°
D 04:002%; 08:00% 10:00'; 12:00%; 16:00°
E 04:00%; 06:00%; 08:00%; 14:00°; 16:00°
8 06:00%; 08:00%; 10:00%; 12:00°%; 14:00%; 16:00%;
18:00?
G 02:00"; 04:00%; 06:00%; 08:00°%; 10:00%; 14:00%;
16:00%; 18:00°

functions they fulfil in the nest [28], the synchronization
with other individuals in the colony [28-30], and the time
of gathering nectar from plants [31] have the largest effect
on the functioning of these insects’ biological clocks.

In this study used individuals that had already done
their cleansing flights. This meant that the bees showed
a distinct 24-hour rhythm of activity. Rodriguez-Zas [28]
gives examples of transcripts in the bodies of worker
foragers and nurses whose content changes according to
a daily cycle, including gene products involved in the
development of and increasing the response to stimuli
in the visual system of foragers; muscle development,
including the development of structures involved in
muscle contraction and the development of myofilaments
in nurses; and the generation of precursor metabolites
and the energy in the two groups of workers. In addition,
transcription of the genes encoding P-450 daily rhythm
occurs in both foragers and nurses.

The rhythm of resistance against insecticides is a
result of diurnal and seasonal changes in gene expression
related to the detoxification system, for which the pattern
of expression depends on the time of day when honeybee
workers are foraging [32]. The phenomenon of cyclic
changes in the susceptibility against insecticides in
the case of honeybees correlates with the time of most
intensive secreting nectar by flowering plants in a given
season, as well as the ambient temperature enabling flights
to seek food [33]. The phenomenon of cyclic changes in
honeybee susceptibility to pesticides also was observed in
our study. It is possible that the nectar secreted by plants or
temperature changes during the day are factors responsible
for differences in the susceptibility A. mellifera to
xenobiotics that depends on the time of year as observed
in our study.

There is a significant correlation between the time of
day, the season of intoxication, and the toxicity of applied
preparations. Our results indicate that the higher the bees’

operational readiness to achieve food (but not the work
itself, because the methodology used in our study almost
prevented bees from demonstrating increased physical
activity) that is seen during the day and determined by the
cyclic activity of biological clocks [29], the stronger the
toxic effect of chemical stressors. As indicated by Xu et al.
[32] and Lamia et al. [34], time for foraging is one of the
most important zeitgebers in animal organisms. This fact
has been additionally confirmed by tests carried out on
young worker bees in which some of the cyclic phenomena
characteristic of older worker bees were not observed
[35]. Other reactions of this type, such as the rhythmic
changes of the susceptibility to insecticides [24] in young
bees, are not so clearly visible as in older individuals [25].
Our results coincide with the assumptions of Eesa and
Cutcomp [36], who, after analyzing many publications
concerning the chronotoxicology of insects, concluded
that in most cases the toxins have a stronger effect on
animals in the daily phase of activity than during the
resting phase. Due to the increased activity of animals, the
intensified metabolism contributes to a faster absorption
and spread of the toxins.

On the other hand, different results were obtained by
Onyeocha and Fuzeau-Braesch [37] and Pszczotkowski
and Dobrowolski [23]. These investigators suggested that
the highest activity of the detoxification system coincided
with the time of the acquisition of food. However, it
should be taken into account that the bees also used the
stocks of food stored in the hive, therefore the period of
foraging was not necessarily coincident closely with the
time of feeding.

Bees, which are genetically incapable of pesticide
detoxifying, are unique in the world of insects, whose
resistance to plant protection chemicals has become the
rule rather than the exception. Compared to other insects,
the honeybee genome has just 46 genes responsible for
cytochrome p450 functioning, unlike other insects, which
have 80 or more [38], and it contains less than 20% of
genes of the CYP4 clade, which is strongly associated
with pyrethroid resistance in other species [39].

Knowledge about the impact of circadian phenomena
on the susceptibility of the honeybees to biocides can be
used to reduce the losses in the number of bee families
in agricultural areas, especially when the use of crop
protection formulations also takes place with a certain
cyclicity [40].

We have found that all preparations applied during
the light phase of the day were more toxic to worker
bees than the same preparations used at night. During
the spring, episodes of daily maximum and minimum
honeybee susceptibility to insecticides occurred about two
to four hours later than in the summer. It can be expected
that cyclical succession of seasons of the year also can
affect the diurnal rhythm of regulatory mechanisms in the
honeybee body. It is likely that the season of the year is
decisive here, especially because in a study on behaviour
of the worker honeybees in a thermal gradient chamber
Grodzicki and Caputa [41] showed that the rhythm of
ambient temperature selection is different between spring
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and summer, which is linked to the annual rhythm of
honeybee colony development. Nevertheless, the studied
insecticides, even when applied at significantly lower
doses than those recommended to control pests on crops,
were always characterized by high toxicity to worker bees.

As indicated above, the 24-hour rhythms may
determine the force of the biocide action. However, it is
known that biocides can also modify the rhythmicity by
themselves [42]. In the case of worker bees this may mean
that sub-lethal doses of substances could break down the
time of day in which bees usually fly (flight times do not
match the peak of the nectaring period). Hence, bees that
forage in abnormal times of the day may have a higher risk
of exposure to the biocides applied in the evenings.

Conclusions

1. Pyrethroid insecticides, in doses applied, appeared to
be toxic to worker bees 4. mellifera.

2. Worker bees A. mellifera were more susceptible to
pyrethroid action during the day than at night.

3. Insummer, the time of day of the highest susceptibility
of worker bees to pyrethroid action occurred several
hours earlier than in spring.
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