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Simple Summary: In chemical plant protection against pests it is very important to know the
indirect effects of insecticides on non-target organisms. This research shows the indirect effects of
two insecticides (thiacloprid and lambda-cyhalotrin as active substances) on two different species
of ladybirds, i.e., native in Europe Coccinella septempunctata and alien invasive species Harmonia
axyridis, which were fed with aphids previously intoxicated by an insecticide. The products tested
killed most instars of both ladybird species within 3 h of the start of the ingestion of the intoxicated
prey. The action of thiacloprid, to which the predators are exposed by the same route, was more
extended in time in both the coccinellids, and more variable between their developmental instars.
The applications of thiacloprid caused different responses in the two predator species, which is
nevertheless variable across instars.

Abstract: The sensitivity to thiacloprid and lambda-cyhalothrin ingested from prey organisms was
studied in Coccinella septempunctata and Harmonia axyridis, since the effect of ingestion exposure to
these insecticides is unknown in these species. All developmental stages of the ladybirds were fed
on Acyrthosiphon pisum treated with half or full field rate of the insecticides. Almost all instars were
killed within 3 h of the start of ingestion of lambda-cyhalotrin-treated prey. The action of thiacloprid
was more extended in time in both coccinellids and more variable between their instars. Reducing
the field rate of lambda-cyhalothrin seems to have no practical value for the survival of either of the
coccinellid species. Contrastingly, using half instead of the full field rate of thiacloprid may enhance
the chances of survival in L1, L2, and L4 larvae of both species. Of all developmental stages tested,
the survival dynamics of the adults of either species are closest to one another, whereas the apparent
difference in the species response to the dose rate of thiacloprid was found in the L4 stage.

Keywords: ladybirds; coccinellidae; aphicides; toxicity; mortality; survival

1. Introduction

The seven-spot ladybird, Coccinella septempunctata Linnaeus, 1758, is an abundant species
in a wide range of Eurasian, African, and North American agroecosystems [1]. European
populations of this coccinellid have been intensively studied [2–4], as it preys upon several
economically important aphid species. Until now, at least 27 aphid species have been recorded
as suitable food for C. septempunctata [3,5]. It has the status of native species in Europe and
is often listed as a natural enemy of many insect pests in variety of crops, such as alfalfa,
cereals, clover, maize, faba bean, oilseed rape, pea, potato, and sugar beet [6–8]. Because it is
also common in orchards, on wild herbaceous plants, shrubs, and trees, C. septempunctata is
considered the most abundant of all the coccinellid species in Poland [9].

The susceptibility of C. septempunctata to some pesticides was studied by Bozsik [10].
This author lab-tested five different insecticides at their field rates, for their acute detri-
mental side-effects on adult seven-spot ladybirds. Biological product based on Bacillus
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thuringensis, proved safe for the population of adults, was also used in his work. Pyriprox-
ifen, deltamethrin + heptenophos, and lambda-cyhalothrin were found to be moderately
harmful to adults of Coccinella septempunctata. More recent studies were conducted by
Sattar et al. [11]. Twelve active substances were analyzed, including lambda-cyhalothrin. It
was observed that this pyrethroid reduced the locomotion in C. septempuctata. The efficacy
of lambda-cyhalothrin on the coccinellid population may demonstrate that the effect of
insecticide pressure and their susceptibility to certain insecticides are similar across the
world. New research on the effects of various insecticides on ladybirds has been carried out
by many authors, including Skouras et al. [12,13], Tengfei et al. [14], and Zhixin et al. [15].

In contrast to C. septempunctata, the harlequin ladybird, Harmonia axyridis Pallas, 1773,
the species native to Asia, is considered an invasive, alien ladybird in Europe, to where
it had been introduced as biological control agent against aphids and coccids [16,17].
Nevertheless, the expansion of the species over many other parts of the world was mainly
spontaneous. Adults of the species are known to have strong dispersal capacity [18,19]
and studies in North America have shown that H. axyridis can quickly colonize large
areas [20]. The predator has been spreading rapidly in Europe, particularly since 2002,
and populations of the species now exist in at least 26 European countries [21]. The first
population of H. axyridis in Poland was recorded in 2006, but it has now colonized the
entire country [22,23]. It occupies almost the same agricultural, arboreal, natural, and
semi-natural habitats as the native C. septempunctata.

H. axyridis is known for its strong impact on native ladybird species [24]. Compared
to other aphidophagous coccinellid species, the harlequin ladybird has been shown to have
superior competitive abilities regarding its feeding rate [20], intraguild predation [25–27],
and interactions with natural enemies [28–30]. Another factor possibly responsible for
the predominance of H. axyridis in various coccinellid assemblages could be its different
susceptibility to at least some of the currently used insecticides, as compared to other, native
species. The direct impact of pesticides on H. axyridis has been widely studied under field
and laboratory conditions, and for application to different agricultural systems [18,31–37],
showing that the species’ susceptibility to different pesticides is variable and depending on
the developmental stage. Some studies show that adults are more often less susceptible than
are immature instars [18,38]. Coccinellids may be also exposed to insecticides indirectly, by
consuming the insecticide-treated prey [39,40].

Each pesticide product should be studied not only to measure direct acute toxicity to
beneficial arthropods but also towards different sublethal effects inducing changes in their
physiology, development, adult longevity, fecundity, consumption rate, or any other effects.
Adverse impacts of insecticides on beneficial insects should be avoided by choosing an
appropriate active ingredient and dose rate. An extensive literature review on this topic
was accomplished by Desneux et al. [41]. Since that time several new studies have been
performed on this issue [28,42–45]. Likewise, comprehensive studies on the side effects of
even those commonly used insecticides are required to limit the adverse effects on adults
and larvae of beneficial arthropods, including ladybirds.

The present paper reports the ingestion exposure of two insecticides commonly used
against aphids and other pests in Europe, to all larval instars and adults of C. septempunctata
and H. axyridis, when fed on the insecticide-treated prey. The working hypothesis of the
present study is that the two predators vary in their susceptibility to aphicides applied to
control their prey.

2. Materials and Methods
2.1. Insects

The study was carried out as a series of laboratory tests. The ladybird beetles were
sampled from the field and reared in the laboratory. Adults of C. septempunctata were
collected from winter wheat and the adults of H. axyridis were sampled from Prunus
domestica subsp. syriaca (Syrian plum), in summer 2017. The number of beetles obtained
was at least 300 for each species to receive a uniform material for later testing. Ladybird
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beetles were reared at 25 ± 1 ◦C, 75 ± 5% RH, and 16L:8D photoperiod, in the net cages of
50 × 50 × 50 cm size, on pea seedlings (cv. Cysterski) grown in pots in a growth chamber
and infested by the pea aphid, Acyrthosiphon pisum (Harris). The pea seedlings were grown
in separate cages. One week old plants were infested by gently shaking a pot of aphid-
infested plants to dislodge pea aphids onto new seedlings. The aphids’ population built-up
on newly infested plants for 10 days and were then transferred to beetle-rearing cages
twice a week. The eggs of the coccinellids collected daily were monitored for eclosion.
Newly hatched larvae were placed individually into plastic Petri dishes of the ø 90 mm
and 10 mm height, and provided daily with ad libitum supply of A. pisum with 10% sucrose
water. They were monitored daily to record the number of molts until they reached the
stage appropriate for the test.

2.2. Insecticide Preparation

Commercially available insecticides Karate Zeon 050 CS (0.050 kg/L lambda-cyhalothrin,
Syngenta, further abbreviated as Karate) and Calypso 480 SC (0.480 kg/L thiacloprid,
Bayer, further abbreviated as Calypso) were used in the tests. Lambda-cyhalothrin and thia-
cloprid are group 3A (pyrethroids) and group 4A (neonicotinoids) insecticides respectively,
according to IRAC classification [46]. Lambda-cyhalothrin is an agonist of the sodium
channel, and thiacloprid—an agonist of the nicotinic acetylcholine receptor (NAChR) in the
nerve cells. Suspensions of the insecticides in distilled water were prepared for each test
at concentration equivalent to 100% or 50% of the recommended field rate of the product
diluted in 300 L water, as recommended on the labels for the control of aphids in the
crops most commonly grown in Poland: 16.7 mg/L or 8.3 mg/L lambda-cyhalothrin and
256.0 mg/L or 125.0 mg/L thiacloprid respectively. The suspensions were prepared no
sooner than 15 min before the start of each test.

2.3. Tests

Acyrthosiphon pisum was reared on pea seedlings as previously described. The aphid-
bearing stems and leaves of pea were excised from the whole plant, dipped in the insecticide
suspension or in distilled water (reference, i.e., untreated control) for 5 s, and then dried in
the fume hood for 20 min. Thus, intoxicated prey were then dislodged onto Petri dishes
using a fine brush, and stored there until they were offered to ladybirds, usually for no
longer than 20 min. This procedure made it possible to have good insecticide coverage of
aphids and to avoid direct contact of predators with the treated plants. Insecticide-treated
or water-treated aphids were added to each Petri dish containing 5 individuals of the same
instar of C. septempunctata, or H. axyridis, similarly as described by Hurej and Dutcher [39].
The adults and the L1–L4 instars of the predators were taken for each test the time they
hatched or moulted in a suitable number. Starved adults were used in the tests as 4-day
old individuals. Mortality was recorded at 1, 3, 24 and 48 h after the first prey was offered.
Predatory larvae and adults were considered dead if they did not move their legs when
stimulated with a fine brush. In each run of the experiment 5 replicates were used in the
treatment, and another 5 replicates used in the respective reference test carried out on the
same day. Each replicate used 5 coccinellid individuals of the same instar.

2.4. Statistical Analysis

Mortality was expressed in percentage values. Mortality correction, based on survival
rates from the relevant reference tests, was calculated according to Abbott [47]. The raw data
did not show normal distribution and the parametric ANOVA was not carried out. Instead,
Kaplan-Meier (K-M) survival analysis and the Mantel-Haenszel test were used to plot survival
functions for each predator species and to find out differences between them. Both procedures
are available in Statistica 13 software (1984–2016 Dell Inc., Round Rock, TX, USA).
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3. Results
3.1. Survival; Lambda-Cyhalothrin

Comparing survival function for H. axyridis and C. septempunctata (Figures 1–4, Table 1)
suggests that survival dynamics of the two predators were more often different from one
another after their prey was exposed to thiacloprid (Calypso), compared to when they were
exposed to lambda-cyhalothrin (Karate Zeon).

Figure 1. Survival dynamics of larvae and adults of the two predators after foraging on the prey
treated with Karate Zeon at 100% recommended field rate.

Figure 2. Survival dynamics of larvae and adults of the two predators after foraging on the prey
treated with Karate Zeon at 50% recommended field rate.
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Figure 3. Survival dynamics of larvae and adults of the two predators after foraging on the prey treated with Calypso at
100% recommended field rate.

Figure 4. Survival dynamics of larvae and adults of the two predators after foraging on the prey treated with Calypso at
50% recommended field rate.
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Table 1. Significance of differences between survival dynamics of Harmonia axyridis and Coccinella
septempunctata after their foraging on insecticide-treated prey.

Product Code;
Percentage of the Recommended Field Rate [%] Instar * Z ** p

KARATE; 100

L1 −0.514 0.610
L2 0.000 1.000
L3 −2.044 0.040
L4 −2.563 0.010
A −2.044 0.040

KARATE; 50

L1 −1.540 0.12
L2 −0.566 0.570
L3 −0.559 0.580
L4 −0.228 0.820
A −0.960 0.340

CALYPSO; 100

L1 −1.633 0.100
L2 −2.819 0.005
L3 4.036 0.005
L4 4.004 0.005
A 1.217 0.220

CALYPSO; 50

L1 −0.278 0.781
L2 −1.950 0.051
L3 −2.413 0.016
L4 3.910 0.000
A 0.041 0.968

* A—adults, L1, L2, L3, L4—larval stages. ** Statistical significance is shown for pairwise comparisons of Kaplan-
Meier survival functions for H. axyridis vs. C. septempunctata, for adults and larval instars separately, in each
(product × dose rate) treatment. Survival dynamics are assumed to be significantly different at p ≤ 0.05. The
survival functions compared are plotted pairwise in the Figures 1–4.

At the full field rate of Karate, significant differences were found between the two
species in survival of L3, L4, and adults, and in these instars the longer survival of C.
septempunctata was observed (p = 0.04, p = 0.01, p = 0.04, L3, L4, adults respectively,
Figure 1). Survival of the L1 and L2 instar seems similar in both species (n.s., Figure 1). At
the half field rate of Karate the survival dynamics of the two predators were statistically
uniform (n.s., Figure 2).

3.2. Survival; Thiacloprid

After exposure to the prey treated with Calypso, survival dynamics varied significantly
between C. septempunctata and H. axyridis in the instars L2–L4, at both field rates of the
product (Figures 3 and 4). The survival of L2 was apparently higher in C. septempunctata
compared to H. axyridis (Figures 3 and 4 L2, Table 1, Calypso 100% and 50% field rate, L2:
p = 0.005 and p = 0.051 respectively). The L4 plots demonstrate large difference between
survival of the two predators at both field rates of Calypso, but contrary to L2 the survival
of L4 instars was higher in H. axyridis than in C. septempunctata, irrespective of the dose rate
(Figures 3 and 4 L2, Table 1, Calypso 100% and 50% field rate, L4: p = 0.005 and p = 0.000
respectively). The survival of L3 instars was significantly different between the predators
(Figures 3 and 4 L3, Table 1, Calypso 100% and 50% field rate, L4: p = 0.005 and p = 0.016
respectively). Survival of the L1 and of the adults compared between the two species at the
same field rates are similar and statistically uniform.

4. Discussion

Insecticides are chemical compounds commonly used to control arthropods pests.
However, at the same time they may have negative impacts on non-target beneficial
organisms, important as natural enemies [40,45]. Both acute and sublethal effects have
often been studied on different organisms, including ladybirds [36–38,42,45,48].
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The two insecticides used in the present study show different modes of action. Accord-
ingly, apart from the inter-specific variation in mortality, differences were demonstrated be-
tween the two products in their activity on the same predator species. Lambda-cyhalothrin
was shown to act quickly in all instars of both predators and, in spite of the indirect expo-
sure, it left almost no survivors after 3 h when applied at the full dose rate, or after 24 h,
when used at half the field rate.

Significant variations in susceptibility to lambda-cyhalothrin were observed in rela-
tion to different coccinellid species occurring within cotton fields in Brazil [49]. In this
study, seven and eighteen populations of lady beetles exhibited greater values of LD50
and LD90, respectively, than the highest recommended field rate of lambda-cyhalothrin
(20 g a.i./hectare ≈ 0.2 g a.i./L). In another study, Jalali et al. [50] demonstrated that
lambda-cyhalothrin, while consumed with the treated aphids, was 25 times as toxic to
adults and 8 times as toxic to larvae of A. bipunctata, as was dimethoate, the organophos-
phate synaptic poison of acetylcholinesterase. While comparing the toxicity of different
insecticides to two aphid species and to H. axyridis, Cho et al. [51] found alphamethrin
“much safer to the predator than to the pest”. Yet the esfenvalerate and the alphamethrin
(=alpha-cypermethrin, CAS No.: 67375-30-8), similarly to the lambda-cyhalothrin used
in the present study, all belong to the so called “type II pyrethroids”, i.e., the compounds
containing the ∝-cyano group [52]. Despite their chemical relatedness, their toxicity is
varied in different insect species and their instars. Our results indicate that C. septempunc-
tata and H. axyridis are two other species next to A. bipunctata which are susceptible to
lambda-cyhalothrin when feeding on contaminated aphids.

The insecticidal activity of thiacloprid was, in the present study, more extended in time
but more variable between developmental stages of each species. It allowed a considerable
number of individuals to survive beyond the 48 h limit of the test, as mirrored in the
censored observations, and, contrary to lambda-cyhalothrin, the mortality brought about
by thiacloprid was, most often, in L3 and L4 instars, lower in H. axyridis when compared
to C. septempunctata. However, it was the L2 instar of C. septempunctata that survived
thiacloprid exposure significantly better than H. axyridis.

What should be considered unusual is the reversed dose/mortality response observed
in H. axyridis after indirect exposure to thiacloprid. It seems plausible that, contrary
to Karate, Calypso used at concentrations equivalent to 100% of the field rate exerts
some kind of deterrent effect on predators (whether via olfactory or gustatory route),
making it periodically restrain from the consumption of prey and subsequently resume
foraging, the phenomenon taking place repeatedly. This might have reduced the overall
toxin consumption beyond the level achieved in 50% field rate treatment, simultaneously
allowing an extra time interval for its degradation in the insect organism and resulting
in lower mortality. It is also known that the voracity of adults and the oldest larvae is
greater than that of the younger instars in most ladybird species. It seems possible that
the lower content of toxin in the prey exposed to 50% of the field rate is compensated for
by the higher consumption rate of it and that, conversely, at the 100% field rate, a similar
amount of toxin is taken up at a more rapid pace, as its content in the prey tissue is higher.
Consequently, although the mortality induced by the prey exposed to the higher field rate
ensues at an earlier time than that brought about by the lower field rate, the two survival
dynamics observed at both field rates closely follow one another for most of the time.

The response to thiacloprid of the tested predators observed in the present study may
be described as, most of the time, less predictable and more variable between adults and
larvae (in both species), contrary to their rapid and rather uniform response to lambda-
cyhalothrin. The results presented indicate that, contrary to lambda-cyhalothrin, using
thiacloprid may sometimes work in favor of H. axyridis (based on the higher survival of L3
and L4 instars), but the data for L2 instar testify to the opposite (the higher survival of C.
septempunctata). Claiming any apparent advantage of H. axyridis over C. septempunctata in
exposure to thiacloprid would require a carefully designed field study in order to confirm
the laboratory results.
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On the other hand, our study may suggest that in the case of thiacloprid, both lady-
birds are sensitive to the dose rate of the product used against their prey, and their survival
is higher at the lower dose, for most of the time. This last conclusion is nevertheless
vulnerable to criticism, as in our study the data on thiacloprid seem too inconsistent for
valid conclusions.

5. Conclusions

1. Of the two tested insecticides, lambda-cyhalothrin kills most instars of Coccinella septem-
punctata and Harmonia axyridis within a 3 h period since the start of ingestion of intoxi-
cated prey. The action of thiacloprid to which the predators are exposed by the same
route is more extended in time in both the ladybirds, and more variable between their
instars. It also allows for the survival of a considerable number of individuals beyond
48 h.

2. The applications of lambda-cyhalothrin against aphids are likely to impair population
dynamics to the similar extent in C. septempunctata and H. axyridis, whereas the
applications of thiacloprid cause different response in the two predator species. The
most apparent difference between the species was found in L4 larvae, where higher
survival of the L4 instar was observed in H. axyridis compared to C. septempunctata,
irrespective of the dose rate used.

3. Reducing the field rate of the insecticides containing lambda-cyhalothrin has no
practical value for the survival of either of the coccinellid species tested. Contrastingly,
while applying thiacloprid insecticides, using half of the full field rate of the product
instead may probably enhance the chances of survival in L1–L2 and, to a lesser degree,
in L4 larvae, of both ladybird species.
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22. Przewoźny, M.; Barłożek, T.; Bunalski, M. Harmonia axyridis (Pallas, 1773) (Coleoptera: Coccinellidae) new species of ladybird
beetle for Polish fauna. Pol. J. Entomol. 2007, 76, 177–182.

23. Ceryngier, P. Ladybird conquers the world. Studying the expansion of H. axyridis in Poland. Res. Prog. Ecol. Acad. 2008, 3, 34–36.
24. Masetti, A.; Magagnoli, S.; Lami, F.; Lanzoni, A.; Burgio, G. Long term changes in the communities of native ladybirds in Northern

Italy: Impact of the invasive species Harmonia axyridis (Pallas). BioControl 2018, 63, 665–675. [CrossRef]
25. Michaud, J.P. Relative toxicity of six insecticides to Cycloneda sanguinea and Harmonia axyridis (Coleoptera: Coccinellidae). J.

Entomol. Sci. 2002, 37, 93. [CrossRef]
26. Hironori, Y.; Katsuhiro, S. Cannibalism and interspecific predation in two predatory ladybirds in relation to prey abundance in

the field. Entomophaga 1997, 42, 153–163. [CrossRef]
27. Yasuda, H.; Kikuchim, T.; Kindlmann, P.; Sato, S. Relationships between attack and escape rates, cannibalism, and intraguild

predation in larvae of two predatory ladybirds. J. Insect Behav. 2001, 14, 373–384. [CrossRef]
28. Yasuda, H.; Evans, E.W.; Kajita, Y.; Urakawa, K.; Takizawa, T. Asymmetric larval interactions between introduced and indigenous

ladybirds in North America. Oecologia 2004, 141, 1432–1939. [CrossRef]
29. Dutcher, J.D.; Estes, P.M.; Dutcher, M.J. Interactions in entomology: Aphids, aphidophaga and ants in pecan orchards. J. Entom.

Sci. 1999, 34, 40–56. [CrossRef]
30. Saito, T.; Bjørnson, S. Horizontal transmission of a microsporidium from the convergent lady beetle, Hippodamia convergens

Guérin-Méneville (Coleoptera: Coccinellidae), to three coccinellid species of Nova Scotia. Biol. Control 2006, 39, 427–433.
[CrossRef]

31. Finlayson, C.J.; Alyokhin, A.V.; Porter, E.W. Interactions of native and non-native lady beetle species (Coleoptera: Coccinellidae)
with aphid-tending ants in laboratory arenas. Environ. Entomol. 2009, 38, 846–855. [CrossRef]

32. James, D.G. Pesticides susceptibility of two coccinellids (Stethorus punctum picipes and Harmonia axyridis) important in biological
control of mites and aphids in Washington Hops. Biocontrol Sci. Technol. 2003, 13, 253–259. [CrossRef]

33. Youn, Y.N.; Seo, M.J.; Shin, J.G.; Jang, C.; Yu, Y.M. Toxicity of greenhouse pesticides to multicolored Asian lady beetles, Harmonia
axyridis (Coleoptera: Coccinellidae). Biol. Control 2003, 28, 164–170. [CrossRef]

34. Galvan, T.L.; Koch, R.L.; Hutchison, W.D. Effects of spinosad and indoxicarb on survival, development, and reproduction of the
multicolored Asian lady beetle (Coleoptera: Coccinellidae). Biol. Control 2005, 34, 108–114. [CrossRef]

35. Moser, S.E.; Obrycki, J.J. Non-target effects of neonicotinoid seed treatments; mortality of coccinellid larvae related to zoophy-
tophagy. Biol. Control 2009, 51, 487–492. [CrossRef]

36. Niedobová, J.; Skalský, M.; Faltýnek Fric, Z.; Hula, V.; Brtnický, M. Effects of so-called “environmentally friendly” agrochemicals
on the harlequin ladybird Harmonia axyridis (Coleoptera: Coccinelidae). Eur. J. Entomol. 2019, 116, 173–177. [CrossRef]

37. Dai, C.; Ricupero, M.; Puglisi, R.; Lu, Y.; Desneux, N.; Biondi, A.; Zappalà, L. Can contamination by major systemic insecticides
affect the voracity of the harlequin ladybird? Chemosphere 2020, 256, 126986. [CrossRef] [PubMed]

http://doi.org/10.2478/v10245-011-0006-5
http://doi.org/10.1002/ps.1221
http://www.ncbi.nlm.nih.gov/pubmed/16649191
http://doi.org/10.1007/s12600-017-0577-y
http://doi.org/10.1007/s12600-019-00731-4
http://doi.org/10.1093/jee/toz146
http://doi.org/10.1007/s10526-007-9132-y
http://doi.org/10.1007/s10530-016-1077-6
http://doi.org/10.1093/jis/3.1.32
http://www.ncbi.nlm.nih.gov/pubmed/15841248
http://doi.org/10.1007/PL00011990
http://doi.org/10.1007/s10526-011-9379-1
http://doi.org/10.1007/s10526-018-9891-7
http://doi.org/10.18474/0749-8004-37.1.83
http://doi.org/10.1007/BF02769893
http://doi.org/10.1023/A:1011175430247
http://doi.org/10.1007/s00442-004-1680-6
http://doi.org/10.18474/0749-8004-34.1.40
http://doi.org/10.1016/j.biocontrol.2006.06.012
http://doi.org/10.1603/022.038.0338
http://doi.org/10.1080/0958315021000073510
http://doi.org/10.1016/S1049-9644(03)00098-7
http://doi.org/10.1016/j.biocontrol.2005.04.005
http://doi.org/10.1016/j.biocontrol.2009.09.001
http://doi.org/10.14411/eje.2019.018
http://doi.org/10.1016/j.chemosphere.2020.126986
http://www.ncbi.nlm.nih.gov/pubmed/32445995


Insects 2021, 12, 434 10 of 10

38. Rasheed, M.A.; Khan, M.M.; Hafez, M.; Zhao, J.; Islam, Y.; Ali, S.; Ur-Rehman, S.; Zhou, X. Lethal and sublethal effects of
chlorpyrifos on biological traits and feeding of the aphidophagous predator Harmonia axyridis. Insects 2020, 11, 491. [CrossRef]

39. Hurej, M.; Dutcher, J.D. Indirect effect of insecticides on convergent lady beetle (Coleoptera: Coccinellidae) in Pecan Orchards. J.
Econ. Entomol. 1994, 87, 1632–1635. [CrossRef]

40. Swaminathan, R.; Jat, H.; Hussain, T. Side effects of a few botanicals on the aphidophagous coccinellids. J. Biopestic. 2010, 3, 81–84.
41. Desnaux, N.; Decourtye, A.; Delpuech, J.M. The sublethal effects of pesticides on beneficial arthropods. Annu. Rev. Entomol. 2007,

52, 81–106. [CrossRef]
42. Moens, J.; De Clercq, P.; Tirry, L. Side effects of pesticides on the larvae of the hoverfly Episyrphus balteatus in the laboratory.

Phytoparasitica 2011, 39, 1–9. [CrossRef]
43. Abbes, K.; Biondi, A.; Kurtuls, A.; Ricupero, M.; Russo, A.; Siscaro, G.; Chermiti, B.; Zappalà, L. Combined non-target effects of

insecticide and high temperature on the parasitoid Bracon nigricans. PLoS ONE 2015, 10, e0138411. [CrossRef]
44. Moscardini, V.F.; Gontijo, P.C.; Michaud, J.P.; Carvalho, G.A. Sublethal effects of insecticide seed treatments on two Nearctic lady

beetles (Coleoptera: Coccinellidae). Ecotoxicology 2015, 24, 1152–1161. [CrossRef]
45. Ricupero, M.; Abbes, K.; Haddi, K.; Kurtulus, A.; Desneux, N.; Russo, A.; Siscaro, G.; Biondi, A.; Zappalà, L. Combined thermal

and insecticidal stresses on the generalist predator Macrolophus pygmaeus. Sci. Total Environ. 2020, 729, 138922. [CrossRef]
46. IRAC—Insecticide Resistance Action Committee, Mode of Action Classification. 2019. Available online: http://www.irac-online.

org/documents/moa-structures-poster-english (accessed on 25 October 2019).
47. Abbott, W.S. A method of computing the effectiveness of an insecticide. J. Econ. Entomol. 1925, 18, 265–267. [CrossRef]
48. Biondi, A.; Zappalá, L.; Stark, J.D.; Desneux, N. Do biopesticides affect the demographic traits of a parasitoid wasp and its

biocontrol services through sublethal effects? PLoS ONE 2013, 8, e76548. [CrossRef] [PubMed]
49. Rodrigues, A.R.; Spindola, A.F.; Torres, J.B.; Siqueira, H.A.; Colares, F. Response of different populations of seven lady beetle

species to lambda-cyhalothrin with record of resistance. Ecotox. Environ. Saf. 2013, 96, 53–60. [CrossRef]
50. Jalali, M.A.; Van Leeuwen, T.; Tirry, L.; De Clercq, P. Toxicity of selected insecticides to the two-spot ladybird Adalia bipunctata.

Phytoparasitica 2009, 37, 323–326. [CrossRef]
51. Cho, J.R.; Hong, K.J.; Yoo, J.K.; Bang, J.R.; Lee, J.O. Comparative toxicity of selected insecticides to Aphis citricola, Myzus malisuctus

(Homoptera: Aphididae), and the Predator Harmonia axyridis (Coleoptera: Coccinellidae). J. Econ. Entomol. 1997, 90, 11–14.
[CrossRef]

52. Yu, S.J. The Toxicology and Biochemistry of Insecticides; CRC Press: London, UK, 2008.

http://doi.org/10.3390/insects11080491
http://doi.org/10.1093/jee/87.6.1632
http://doi.org/10.1146/annurev.ento.52.110405.091440
http://doi.org/10.1007/s12600-010-0127-3
http://doi.org/10.1371/journal.pone.0138411
http://doi.org/10.1007/s10646-015-1462-4
http://doi.org/10.1016/j.scitotenv.2020.138922
http://www.irac-online.org/documents/moa-structures-poster-english
http://www.irac-online.org/documents/moa-structures-poster-english
http://doi.org/10.1093/jee/18.2.265a
http://doi.org/10.1371/journal.pone.0076548
http://www.ncbi.nlm.nih.gov/pubmed/24098793
http://doi.org/10.1016/j.ecoenv.2013.06.014
http://doi.org/10.1007/s12600-009-0051-6
http://doi.org/10.1093/jee/90.1.11

	Introduction 
	Materials and Methods 
	Insects 
	Insecticide Preparation 
	Tests 
	Statistical Analysis 

	Results 
	Survival; Lambda-Cyhalothrin 
	Survival; Thiacloprid 

	Discussion 
	Conclusions 
	References

