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Abstract
Circadian changes in the susceptibility of adult individuals of three cricket species: field cricket (Gryllus
campestris), house cricket (Acheta domesticus), and tropical house cricket (Gryllodes sigillatus) to insecticides
belonging to the group of synthetic pyrethroids (Bulldock 025 EC) and oxadiazine (Steward 30 WG) were tested in 2007 and 2008. The assessment included the intoxication of subsequent groups of animals with insecticides at four crucial times of the diurnal cycle – at sunrise, at noon, at sunset, and at midnight. Due to the
strongly developed territorial behaviour of Gryllidae, which may strongly affect the results of the analysis,
tests were performed both on animals kept separately and on groups of 10 individuals. The application of
Steward 30 WG and Bulldock 025 EC caused a significant decrease in the animals’ survival rate to the level
of 41% (intoxication at midnight) and 38% (intoxication at sunrise) in G. campestris; 50% (intoxication at sunset) and 61% (intoxication at midnight) in A. domesticus; and 45% (intoxication at midnight) and 50% (intoxication at sunrise) in G. sigillatus, respectively. In the case of G. campestris (the control group) and G. sigillatus (group treated with Bulldock 025 EC) the size of tested groups had a significant influence on their survival rate.
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Introduction
Crickets (Gryllidae) are often considered to be synanthropic species [1, 2]. Due to a strongly developed territorial behaviour [3-6] which prevents an overexpansion of
their population they produce loud sounds (reaching 100
dB) which may cause a particular kind of discomfort in
humans [7, 8]. In spite of this, they are not regarded as pests
[7]. However, the disadvantages mentioned above may
*e-mail: bpiechow@univ.rzeszow.pl

cause more serious problems, especially in the case of the
tropical species of crickets, including the house cricket
(Acheta domesticus), commonly found in Poland, or the
more and more common tropical house cricket (Gryllodes
sigillatus) [9], since under favorable conditions of human
housing they are able to perform mating activity throughout
the whole year (personal observations). To make matters
worse, these cricket species are omnivorous. They feed not
only on food waste produced by humans, but also clothing
made up of natural fabrics. Moreover, they eat skin and fur,
and contaminate the habitat by their droppings and moults.
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The application of plant protection agents in the places
of continuous human habitat is always a hazardous venture
as these preparations are not neutral to mammals [10-15].
Testing the effect of the time of intoxication on the susceptibility to insecticides may help to establish the proper time
for chemical substances application, so that the insecticidal
action is most effective. The aim of the following study was
to investigate to what extent the time of day, when the contact of toxic chemical with tested cricket occurred, could
modify the effect of the xenobiotic on the insect’s body, and
whether the size of a tested group could be significant.

Material and Methods
Animals
2880 imago forms of both sexes (1:1) of house cricket
(A. domesticus), field cricket (G. campestris), and tropical
house cricket (G. sigillatus) originating from a breeding
colony of the Department of Ecotoxicology UR were used
in the research. While in breeding colony, animals were
subjected to fixed thermal conditions 27.0±1.0ºC and natural light regime.

Chemicals
The aqueous solutions of the following insecticides
were used:
Steward 30 WG. Producer: Du Pont de Nemours.
Active ingredients: indoxacarb – 300 g in 1 kg of the agent.
The concentration of the usable liquid 2 g/L (G. campestris,
A. domesticus, and G. sigillatus),
Bulldock 25 EC. Producer: Irvita Plant Protection N.V.
Active ingredients: beta-cyfluthrin – 25 g in 1 liter of the
agent. The concentration of the usable liquid 0.2 g/L (G.
campestris and A. domesticus) and 0.18 g/L (G. sigillatus).

Experimental Procedure
Laboratory tests checking the influence of insecticides
on the survival rate of crickets were carried out in April (G.
campestris) and October (A. domesticus and G. sigillatus)
2007 and 2008 (six repetitions each time). Experiments
were conducted in fixed temperature of 23ºC using the natural diurnal rhythm of light and darkness. Animals had
unlimited access to food and water. Two types of tests were
performed. In the first one, the animals were kept in isolation from other individuals of the same species during the
whole test (the single test), in the second type of tests they
were collected in groups of 10 animals (the group test). In
both tests the number of individuals or groups used in one
repetition was 10.
Chronotoxicological experiments commenced at four
crucial times of the day: at sunrise, at noon, at sunset, and
at midnight. The established duration of each experimental
cycle was three days, starting from the first contact of an
animal with a preparation.

Table 1. List of statistically significant differences in survival rate
of three species of cricket depending upon the size of the group.
Species

Compound

Time

Level of
significance

G. campestris

control

sunrise

p<0.001

G. sigillatus

Bulldock 025 EC

sunrise

p<0.05

A 4 µl drop of preparation (water – in the control group)
was applied on the ventral part of the insect’s thorax, near
the suboesophageal ring, with the use of an automatic
pipette. After 20 seconds, unabsorbed volume of the substance was removed with a blotting paper.
The statistical analysis was carried out using Statistica
software, version 10.0. The survivability of insects was
determined using one-way ANOVA with the time of the day
or the size of the group as main factors. Statistical significance of individual differences was determined using
Tukey's post-hoc test.

Results
Figs. 1-3 present the effects of the time of day when the
intoxication occurred (sunrise, midday, sunset, midnight)
and the number of animals in tested groups on the survival
rate, within 72 hours from the contact of animals with tested insecticides, in individuals belonging to three different
species of Gryllidae.
In general, pesticides used in the study caused a reduction in cricket survival rates, both in the single tests and in
the group tests (Figs. 1, 2, 3, Table 2). The only exception
was G. campestris. During the single tests after the intoxication with insecticides its survival rate was similar to the
one obtained in other studied cricket species (Figs. 1b, 1c).
However, in this case in the control group the survival rate
in the group test was much lower than that in the single test
(Fig. 1a, Table 1). Moreover, only in the case of this species,
a significant influence of the time of the day when the
intoxication occurred on the survival rate of control animals
was observed.
In animals treated with Steward 30 WG and Bulldock
025 EC (Figs. 1b, 1c, 2b, 2c, 3b, 3c) the susceptibility to
insecticides was variable, depending on the phase of circadian rhythm, when these substances were applied.
Therefore, in all the cases, animals intoxicated during the
day (especially at noon) showed a higher survival rate than
those treated with insecticides at other times of the day. In
crickets intoxicated with Steward 30 WG (Figs. 1b, 2b, 3b),
in the group tests, the survival rate was slightly higher than
in the single tests. Bulldock 025 EC (Figs. 1c, 2c, 3c) had
an opposite effect – animals kept separately showed higher
survival rates after contact with this substance, compared to
the animals tested in groups.
Only in the case of G. sigillatus was the survival rate
after intoxication with the pesticide dependent on the size
of the group (Fig. 3 Table 1).
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Discussion
Our experiments showed that Steward 30 WG and
Bulldock 025 EC were least toxic during the lowest activity of insects, which confirms our previous research carried
out on Leptinotarsa decemlineata [16] and on young [17]
and old worker bees Apis mellifera [18]. It seems likely that
in the case of all studied species, adjusting the time of insecticide application into the fluctuation of the animal's activity may have a beneficial effect on their selective elimination (reducing harm to other species). Conversely, particularly in the case of honeybees, this mode of action may contribute to their protection against poisoning.
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Fig. 1. Mean survival rate of adult individuals of field cricket
(G. campestris) depending upon the time of intoxication and
size of tested group. Panel a – control, Panel b – Steward 30
WG, Panel c – Bulldock 025 EC.
Statistically significant differences in the case of one individual
were marked as: *p<0.05, **p<0.01, ***p<0.001;
Statistically significant differences in the case of the group of
10 individuals were marked as ^p<0.05, ^^p<0.01, ^^^p<0.001.

Fig. 2. Mean survival rate of adult individuals of house cricket
(A. domesticus) depending upon the time of intoxication and
size of tested group. Panel a – control, Panel b – Steward 30
WG, Panel c – Bulldock 025 EC.
Statistically significant differences in the case of one individual
were marked as: *p<0.05, **p<0.01, ***p<0.001;
Statistically significant differences in the case of the group of
10 individuals were marked as ^p<0.05, ^^p<0.01, ^^^p<0.001.

Also, the size of the tested group may influence the survival rate of animals. This phenomenon is explicitly visible
mainly in the case of G. campestris – the biggest and the
most aggressive individuals of the same species among all
the tested crickets. Gryllidae males are characterized by a
significant territoriality. They are extremely aggressive
against other individuals of its species, especially when
thermal conditions are forcing a procreative behaviour, and
also because of the presence of females [19]. That is why,
in the control group consisting of 10 individuals, the most
important factor determining survivability was inter-individual interaction. In such groups, only females survived
until the end of the experiment because the males were
fighting each other. Such a phenomenon was not observed
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Table 2. List of statistically significant differences in survival rates between control and intoxicated representatives of three cricket
species depending upon intoxication time.
Level of significance
Size of group

Time
G. campestris

A. domesticus

G. sigillatus

Steward 30 WG

1

sunrise

p<0.001

p<0.001

p<0.001

Bulldock 025 EC

1

sunrise

p<0.001

p<0.05

p<0.001

Steward 30 WG

10

sunrise

-

p<0.05

p<0.001

Bulldock 025 EC

10

sunrise

-

-

p<0.001

Steward 30 WG

1

midday

-

p<0.05

p<0.001

Bulldock 025 EC

1

midday

-

-

p<0.01

Steward 30 WG

10

midday

-

-

p<0.001

Bulldock 025 EC

10

midday

-

-

p<0.01

Steward 30 WG

1

sunset

p<0.001

p<0.001

p<0.001

Bulldock 025 EC

1

sunset

-

p<0.001

p<0.001

Steward 30 WG

10

sunset

-

p<0.001

p<0.001

Bulldock 025 EC

10

sunset

-

p<0.05

p<0.001

Steward 30 WG

1

midnight

p<0.001

p<0.001

p<0.001

Bulldock 025 EC

1

midnight

p<0.01

p<0.001

p<0.001

Steward 30 WG

10

midnight

p<0.001

p<0.001

p<0.001

Bulldock 025 EC

10

midnight

-

p<0.001

p<0.001

to such an extent in intoxicated groups because animals
were paralyzed to a greater or lesser degree by neurotoxins
applied to them. This way, paradoxically, insects were protected against biting one individual by another because the
competitors were paralyzed or the transmission of stimuli
in their bodies was impaired [20]. Gryllus campestris are
big crickets that are extremely aggressive toward individuals belonging to the same species [21]. Males, which are
larger and have more symmetrical shapes, usually tend to
achieve greater reproductive success [22, 23]. Such a phenomenon was not observed in G. sigillatus, where the main
factor determining its attractiveness to females was the
sound emitted, but not the male's size [21]. So the competitiveness in this species is linked to an aggression to a lesser extent, but to a greater extent to the stridulation. A.
domesticus is also less aggressive toward individuals of the
same species (personal observations). It is likely that the
possibility of rapid energy loss by the cricket which is much
smaller than in G. campestris is responsible for this situation [24]. In those crickets the victory in the fight against
other individuals of the same species is due to determination in the fight rather than an individual's size [25].
We suppose that at least in the case of insects showing
distinct aggression toward the representatives of its own
species, the size of a tested group can significantly affect
the final result of the experiment. As the aggression of
Gryllidae males is changing in the presence of females [3,
5], experiments on separated animals could give different
results than experiments on groups, depending on the size

of the group and the sex distribution. However, this kind of
experiment has not yet been conducted.
Steward 30 WG is the preparation whose total effect on
survival rate is modified by the size of the tested group.
This insecticide causes blocking the conduction of action
potentials in excitable cell membranes by increasing the
period of sodium channels’ closed state [20, 14], thereby
reducing survivability. On the other hand, in the group of a
bigger size Steward 30 WG causes an increase in the survival rate compared to tests on animals kept separately.
Conversely, under the same conditions Bulldock 025
EC, which induces lowering of the threshold of the action
potential generation [26, 13] causes a reduction in cricket
survivability. Consequently, it may be assumed that when
choosing agents to eliminate Gryllidae, the population density among potential environmental stressors should be
taken into consideration.
Plant protection agents are harmful not only to organisms they are used against but also to humans. Recent
decades have shown that pests, especially those belonging
to the class of insects, very quickly become resistant to
insecticides used against them. Hence searching for new
preparations has been intensified and procedures of currently used biocides have been improved. The use of integrated plant protection schemes based on combining different methods of pest elimination is becoming more and more
popular. Our previous studies [16-18] indicate that in the
process of integrated plant protection the natural rhythm of
both pests and beneficial insects sharing the same area
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Fig. 3. Mean survival rate of adult individuals of tropical house
cricket (G. sigillatus) depending upon the time of intoxication
and size of tested group. Panel a – control; Panel b – Steward
30 WG; Panel c – Bulldock 025 EC.
Statistically significant differences in the case of one individual
were marked as: *p<0.05, **p<0.01, ***p<0.001;
Statistically significant differences in the case of the group of
10 individuals were marked as ^p<0.05, ^^p<0.01, ^^^p<0.001.

11.

12.

13.

should be considered. This would allow increasing the efficiency of pest elimination with the simultaneous limitation
of the access to biocides of such organisms as A. mellifera,
which should not be in contact with toxic substances.

14.

Conclusion

15.

1. In Gryllidae the susceptibility against insecticides
varies in a 24 hour period.
2. Only in the case of G. sigilatus does the size of a tested
group affect susceptibility to insecticides used in
research.
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