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Abstract The seven-spot ladybird beetle, Coccinella sep-
tempunctata, is a major natural enemy of aphids in the field
and in greenhouses in China and is part of integrated pest
management (IPM). Imidacloprid, a highly efficient insec-
ticide that not only kills aphids at lethal concentrations, but
also can cause various sublethal effects in nontarget
organisms. To strengthen IPM and its sustainability, it is
important assessing possible side effects on natural enemies.
When the effects of sublethal concentrations (LC5 and 10%
LCS5) of imidacloprid on C. septempunctata were evaluated,
the adult longevity was shortened by 23.97 and 28.68 %,
and the fecundity reduced by 52.81 and 56.09 % compared
to control population. In the F; generation (i.e., the progeny
of the exposed individuals), the juvenile development was
slower by 1.44 days and 0.66 days, and the oviposition
period was shortened by 10 and 13 days, respectively. The
fecundity of the F, generation decreased by 17.88, 44.03
and 51.69 % when exposed to 1%LCS5, 10%LCS5, and LCS,
respectively. The results of demographical growth estimates
showed that the intrinsic rate of increase (r,,) and net
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reproductive rate (Ry) were lower in C. septempunctata
populations that had been exposed to sublethal concentra-
tions of imidacloprid. The results emphasize the importance
of assessing side effects of low imidacloprid concentrations
on such predator species, even at the transgenerational level.

Keywords Generalist predator - Neonicotinoid - Sublethal
effects - Transgenerational effects - Population dynamics

Introduction

Generalist arthropod predators are able to feed on many
phytophagous insects and mites in cultivated crops
(Bompard et al. 2013; Mirande et al. 2015; Pérez-Hedo and
Urbaneja 2015; Saeed et al. 2015; Biondi et al. 2016). The
seven-spot ladybird beetle, Coccinella septempunctata L.
(Coleoptera: Coccinellidae), is one of the beneficial
arthropod predators that are potential biological control
agents of aphids worldwide (Zhang et al. 2011; Lu et al.
2012). Both larvae and adults of C. septempunctata are
known to be effective predators on aphids that infest a
variety of plants, which is why the species was selected as
an effective natural enemy in an integrated pest manage-
ment (IPM) programme of aphid pests (Yu et al. 2014a;
2014b). However, in most cropping systems aphid popu-
lations are suppressed primarily through broad-spectrum
chemical insecticides, which can seriously harm beneficial
arthropods (Lu et al. 2012). The success of IPM pro-
grammes rely partially on optimised applications of selec-
tive insecticides, i.e. that are less harmful to natural enemies
(Desneux et al. 2007; Stark et al. 2007; Guedes et al. 2016).
However, this approach requires extensive knowledge of
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the side effects of pesticides on physiological and beha-
vioural traits of these arthropod biological control agents
(Desneux et al. 2004; Bengochea et al. 2014; Biondi et al.
2012b; 2015; Zhang et al. 2015).

Aphid natural enemies inhabiting the crop environment
are usually exposed to pesticides either topically in the form
of spray droplets (Desneux et al. 2006; He et al. 2012),
through contact with residues on foliage when foraging for
hosts/prey (Torres and Ruberson 2004; Biondi et al. 2012a),
or through feeding on pesticide-contaminated extra-floral
nectars (Gontijo et al. 2014; Moscardini et al. 2015) and/or
pesticide-contaminated hosts/prey (Ahmad et al. 2003;
Cabral et al. 2011). Insecticide exposure can result in acute
toxicity and/or sublethal effects (physiological and/or
behavioural effects on individuals that survive exposure to
the toxicant at sublethal concentrations or doses, Desneux
et al. 2007). Such effects may have important consequences
in exposed individuals, and at the population level (Stark
and Banks 2003; Ali et al. 2012; Abbes et al. 2015).
Therefore, a demographic analysis of effects of insecticides,
estimating their total effect on insect populations, is often
crucial for a complete insecticide risk assessment.

Neonicotinoid insecticides act selectively on the insects’
nicotinic acetylcholine receptors, and the use of these
insecticides rose sharply during the 1980s (Tomizawa and
Casida 2001; Pan et al. 2014). These agrochemicals have
been widely used to control various sap-sucking pests
(Tomizawa and Casida 2001) and recently they have been
tested on chewing insects with contrasting results (Chen
et al. 2015; van Herk et al. 2015). Nevertheless, their eco-
toxicological profile has been recently under scrutiny
(Blacquiere et al. 2012; Decourtye et al. 2013; Sanchez-
Bayo 2014; Sanchez-Bayo et al. 2016). Imidacloprid, a
neonicotinoid insecticide, is registered in about 120 coun-
tries for use in over 140 crops. As a broad-spectrum sys-
temic insecticide, it has proved extremely effective in
controlling pests when applied as a foliar spray, as a seed
treatment, and through irrigation (Palumbo et al. 2001;
Liang et al. 2012). In China, imidacloprid is currently
applied for controlling sucking insects in field crops,
orchards and vegetables grown in greenhouses (He et al.
2013; Qu et al. 2015).

Several studies have reported the impact of neonicotinoid
insecticides on predators belonging to the Coccinellidae
family. These studies focused on acute toxicity and on the
impairment of physiological and behavioural biological
traits (Smith and Krischik 1999; Vincent et al. 2000; Youn
et al. 2003; Lucas et al. 2004; Papachristos and Milonas
2008; Moser and Obrycki 2009; Eisenback et al. 2010;
Cabral et al. 2011; He et al. 2012; Fogel et al. 2013; Yu
et al. 2014). The acute toxicity of various insecticides at
field rates and mechanisms of resistance to them have been
investigated in C. septempunctata (Bozsik 2006; Ji et al.
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2011), and the toxic effects of dimethoate and hexaflumuron
on the predatory capacity and biological traits of C. sep-
tempunctata have also been reported (Singh et al. 2004,
Yu et al. 2014a; 2014b). However, the potential sublethal
effects of imidacloprid on C. septempunctata and the
potential changes at population level have not been docu-
mented yet. In this context, we aimed at assessing the
sublethal effects of imidacloprid at three low concentrations
on the development, fecundity and demographic parameters
of C. septempunctata.

Materials and methods
Insect rearing

Adults of C. septempunctata were collected from experi-
mental cotton fields (39°95'N, 116°28'E) of the Beijing
Academy of Agriculture and Forestry Sciences (BAAFS),
Beijing, China, during May 2013. The ladybird beetles were
transported to the laboratory and reared on the pea aphid,
Aphis craccivora Koch, at the Laboratory of Natural Enemies
Research, Institute of Plant and Environment Protection,
BAAFS. The environmental conditions were 25+ 2 °C;
65 % RH; 12D:12L (L-100, Suntech, Beijing, China).
Predators were maintained in custom-built culturing cages
(50 cm x 50 cm x 60 cm; 45 mesh plastic fabric on alumi-
nium frames) at a density of 40 pairs to a cage and fed daily
on pea aphids grown on fresh seedlings of broad bean
(Vicia faba L. ‘LinCan-5’) (Tan et al. 2014).

Insecticide and assessment of acute toxicity

Technical grade imidacloprid (95 %) was provided by Jiangsu
Changlong Chemical Co. Ltd, China. The chemical’s toxicity
was assessed using the method described by He et al. (2012)
which involves exposure to dry insecticide residues in glass
tubes. Preliminary experiments were carried out to establish
the range of concentrations to be tested using six concentra-
tions, beginning with 6.25 mg L™ and progressively doubling
each concentration to reach 200 mg L™'for the bioassay. An
aliquot of 820 pL of the solution of the insecticide in acetone
was placed in each glass tube (14.5cm long and 1.5cm in
diameter). Then, these tubes were immediately rotated using a
micro-rotator (American Wheaton Company) until the acet-
one had fully evaporated. Twenty 5-day-old adults of
C. septempunctata were exposed to each concentration, each
treatment being replicated three times. Controls were treated
only with acetone. The ladybird beetles were then reared in
the laboratory under the same conditions described above.
Mortality was recorded after 24 h—individuals that failed to
respond after being pushed with a fine paint brush were
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considered dead (He et al. 2012). This insecticide exposure
methodology was used in all the experiments.

Three sublethal concentrations were chosen, namely
4.837 mg L™ (LCs), 0.484 mg L™'(10 % of LCs) and 0.048
mg L! (1 % of LCs) (see the result section) for assessing
sublethal effects. The toxicity of these three concentrations
was checked on 5-day-old adults of C. septempunctata,
using the method described above, but with nine replicates
(with 20 ladybird beetles each). All the experiments were
carried out in an incubator (Sanyo, M251H, Osaka, Japan)
under the following conditions— temperature, 25 + 2 °C;
relative humidity, 65 %;12 h of light alternating with 12 h
of darkness. Mortality was assessed following 24h of
exposure.

Sublethal effects of imidacloprid sublethal
concentrations on the parental generation (F)

The three aforementioned sublethal concentrations were
used for assessing the effects of imidacloprid on the
development and fecundity of C. septempunctata. Exposure
to the insecticide was performed using the method described
previously. Pairs of 10-day-old males and virgin females
were placed inside new and clean plastic cups (9 cm deep
and 7 cm in diameter) and fed daily on fresh leaves infested
with 50/100 mixed instars of A. craccivora. The number of
offspring was recorded daily until the female died. Dead
males were promptly replaced. Three replicates were carried
out, each with 20 pairs of ladybird beetles.

Trangenerational effects of imidacloprid sublethal
concentrations on C. septempunctata F, generation

To estimate the potential transgenerational impact of imi-
dacloprid sublethal concentrations on C. septempunctata
population dynamic, the survival and longevity of the pro-
geny (F,) of ladybird adults previously exposed to the three
concentrations of imidacloprid was monitored. The eggs
laid on leaves from F; individuals within 24 h following the
exposure were collected and transferred to clean Petri dishes
(9 cm in diameter) for use in the life table studies. Each
newly hatched first instar was moved individually to a
plastic cup (7 cm in diameter and 9 cm deep) and reared in a
growth chamber under the same conditions mentioned
above and fed daily with fresh leaves infested with 100
aphids. Survival and development were recorded daily until
pupation. Newly emerged adults were paired and moved to
a new plastic cup. The number of offspring (F,) was also
recorded daily until the female died. Dead males were
promptly replaced.

Data analysis

The LCsq value was determined through a log-probit model
(Finney 1971) and the using software PoLo Plus ver. 2.0
(Leora Software, Petaluma, CA, USA). The dose—mortality
relationship was considered valid, if the observed values
and the predicted values did not deviate from each other
significantly (P < 0.05). Datasets of the various biological
traits recorded were first tested for normality and homo-
geneity of variance using the Kolmogorov—Smirnov D test
and the Cochran test, respectively, and were transformed if
necessary. Untrasformed data are presented. Within each
dataset one-way analysis of variance (ANOVA) followed
by Tukey’s honestly significant difference (HSD) for mul-
tiple comparisons were carried out using ProStat (Poly
Software International, Pearl River, NY, USA).

Raw data on the development, survival and daily
fecundity were analysed using the software TWOSEX-MS
Chart (Chi 2012), according to the age-stage, two-sex life
table theory (Chi and Liu 1985; Chi 1988). The age-stage-
specific survival rate (S,;) (x=age, j=stage) is the probability
that a newly laid egg will survive to age x and stage j; the
reproductive value (V,;) is the contribution of an individual of
age x and stage j to the future population; and life expectancy
(eyj) is the time that an individual of age x and stage j is
expected to live. The age-specific survival rate (x) is the
proportion of individuals in the initial cohort alive at a given
age; the female age-specific fecundity (f,), and the age-
specific fecundity (m,) is the mean number of female pro-
geny produced per female.The estimate demographic para-
meters are as follows: (1) net reproductive rate (Ry=).LJn,),
(2) mean generation time (7= xl,m,/Ry), (3) intrinsic rate of
natural increase (r,,=In(Ry)/T), and (4) finite rate of increase
(A=exp(ry,). The above-mentioned demographic parameters
were obtained from TWOSEX-MS Chart, which includes a
routine for estimating the standard error of demographic
parameters using the bootstrap technique.

Results
Imidacloprid concentration—-mortality relationship

Based on the log-probit regression analysis, the LCsy of
imidacloprid for C. septempunctata was estimated at
36.753mgL™" (95% confidence interval: 30.31-44.60
mg L™"). The data fitted the linear model with the regres-
sion equation Y=1.873X +2.073 (y*=1.78, P=0.193). The
LCs of imidacloprid for C. septempunctata was 4.838 mg
L', as calculated based on the regression equation. The
predator mortality at 0.048 mg L™ (1 % of LCs), 0.484 mg
L7'(10 % of LCs) and 4.837 mg L™'(LCs), were 3.33 +0.19 %,
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6.67 +£0.24 %, and 7.78 +0.24 %, respectively (corrected
mortality; Abbott 1925). These concentrations of imida-
cloprid were considered sublethal because they induced
no statistically significant (F3, 34=1.735; P=0.179)
mortality in the experimental population when compared
to the control population (2.22 +0.12 %) (Desneux et al.
2007).

Sublethal effects on longevity and fecundity in the
parental generation (F)

The effects of the three sublethal concentrations of imida-
cloprid on longevity and fecundity of C. septempunctata in
the parental generation are shown in Fig. 1. The pre-
oviposition period of C. septempunctata exposed to 0.484
mgL7'(12.10+1.16 days) and 4.837mgL™'(11.80+
1.609 days) of imidacloprid increased significantly compared
to that in the control population (9.30 + 1.38 days) (Fig. 1A;
F; 76=2293, P<0.001); whereas the oviposition period
decreased significantly after exposed to these corresponding
concentrations (Fig. 1B; F3 ,5=456.28, P<0.001). A
similar trend was observed in the longevity of adults
(Fig. 1C; F5; 75=362.63, P<0.001). In addition, the
fecundity (eggs per female) was lowered significantly,
(Fig. 1D; F, ,4=371.46, P <0.001).

Sublethal effects on development, longevity and
fecundity of the F; generation

The effects of the three sublethal concentrations of imidaclo-
prid on the length of the development period of each instars

and fecundity of C. septempunctata in the F, generation are
reported in Table 1. There were no significant differences
between the control and the various treatments except for the
first instars, in which exposure to 0.484 mg L™ of imidaclo-
prid resulted in significantly slower development than that in
other groups. This translated to an overall slower juvenile
development when exposed to this concentration
(F5 168=15.813, P<0.001). The longevity of adults was
significantly shorter at all the three concentrations than that of
adults in the control population (F3, ;65 =39.207, P <0.001).
Overall, the total longevity of C. septempunctata was sig-
nificantly lower in 4.837 mg L™ imidacloprid treatment than
that in the control (F3, ;65 =33.467, P <0.001).

The adult pre-oviposition period (APOP) refers to the
beginning of reproduction and remained unaffected by
exposure to imidacloprid, as did the total pre-oviposition
period (TPOP), which refers to the period from the begin-
ning of the life table study to laying the first egg (Table 1).
However, the oviposition period was significantly shortened
(F3 9§=44.38, P<0.001) in case of exposure to imida-
cloprid at all the three sublethal concentrations (Table 1).
Furthermore, fecundity was also affected adversely, being
significantly decreased by 17.88, 44.04 and 51.69 % at the
three concentrations compared to that in the control (F3, ¢g
=81.99, P <0.001).

Effects on survival rate, life expectancy, reproduction
value and fecundity of the F; generation

The negative effect of imidacloprid was obvious when the
age-stage survival rate in adults (Fig. 2) and life expectancy

Fig. 1 Effect of sublethal
imidacloprid concentrations
(1% of LCs, 10 % of LCs and
LC5s) on the pre-oviposition (A)
and oviposition periods (B),
longevity (C), and fecundity (D)
of Coccinella septempunctata
(Fp) adults exposed to dry
insecticide residues. The results
are means (+ SE). Histograms
bearing different letters are
significantly different at
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(e,) (Fig. 3) were plotted against the concentrations. Imidaclo-
prid decreased the life expectancy, the decrease being gradual,
for example, 25-day-old females and males that had not been
exposed to imidacloprid were expected to live 51.70 and
48.88 days on average and those exposed to 4.837 mgL™
imidacloprid, 39.78 and 37.75 days. The reproductive value
(Vyj) is the contribution of individual of age x and stage j
to the future population (Chi and Su 2006). Females near the
peak of their reproductive abilities contributed more to the
population than those at other ages and stages did. Exposure to
sublethal concentrations of imidacloprid decreased the
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reproductive values gradually: 34-day-old females not exposed
to imidacloprid had a markedly higher reproductive value,
232.30, when compared to 155.44 in those exposed to 4.837
mg L™ imidacloprid concentration (LC5) (Fig. 4). The age-
specific survival rate (I,), female age-stage-specific fecundity
(f,), and age-specific fecundity of total population (m,) are
reported in Fig. 5. The curve of I, is a simplified version of S,;.
Exposure to sublethal concentrations of imidacloprid lowered
the survival rate and fecundity: in the control population, the
maximum female age-stage-specific fecundity (f,) was 35.95
eggs (at 40 days), compared to 25.52 eggs (at 37 days) and
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Fig. 3 Effect of sublethal 90
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24.51 eggs (at 37 dayss) in insects exposed to imidacloprid at
0.484 and 4.837 mg L™, respectively.

Effects on the F; generation demographic parameters

The demographic parameters of C. septempunctata estimated
using the bootstrap technique are presented in Table 2. The
intrinsic rate of increase (r,,) was significantly lower in pre-
dators exposed to imidacloprid at 0.484 and 4.837 mg L™ than
in those in the control population. The finite rate of increase (1)
showed the same trend. The net reproduction rate (R) at 0.484

and 4.837 mg L™ was significantly lower than in the control
population, and so was the mean generation time (7) at 4.837
mg L™, Moreover, the T values at the two lower imidacloprid
concentrations were significantly higher than the 7 value in the
control population.

Discussion

When insecticides are applied as foliar sprays in the field to
suppress various arthropod pests, natural enemies of those
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Fig. 4 Effect of sublethal 70 300
concentrations (1 % of LCs, -~ Egg Control Control
10 % of LCs and LCs) of o— 1 250
imidacloprid on the reproduction 50 1 —— L2 —e— Female
value (V) of the progeny (F;) of —o— L3 200
Coccinella septempunctata 01 14 180
adults exposed to dry insecticide 30{ —© Pupa
id
resiaues 20 | 100
10 4 50
09 0
70 300
0.048 mg L* 0.048 mg L
"3 250
50 4
200
40 A
’?S 150 1
k 30 A
-’ 100 4
© 20
E 10 4 50 1
<
» 01 0
2 300
=R 0.484 mgL? 0.484 mg L™
€=) 250 1
2 i 200 4
=]
a 40 4
160 1
2 \
20 4 100 1
10 4 50 1
0 0 WU SSU——. —
70 300
4.837 mg Lt : 1
60 A g 250 4.837mglL
50 |
200
40 1
150
100
i \
0 + ~

pests are also likely to be exposed to the insecticides when
foraging on the treated plants, with various direct and
indirect effects. In the present study, sublethal concentra-
tions of imidacloprid (LCs, 10 and 1 % of LCs) adversely
affected the biological performances of the progeny of the
exposed predators, i.e. through transgenerational effects.
The adverse effects included a longer juvenile development
duration, shorter lifespans and lower fecundity.
Imidacloprid is a neonicotinoid insecticide and is an
agonist of insect nicotinic acetylcholine receptors. The
toxicity symptoms in insects include loss of coordination,
tremors and paralysis. In our study, the juvenile
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development duration was significantly longer in the beetles
exposed to sublethal concentrations of imidacloprid, simi-
larly to other studies in which imidacloprid extended
development time of immature Hippodamia undecimnotata
(Papachristos and Milonas 2008). An hypothesis that could
explain this phenomenon is that imidacloprid may affect the
fitness of F, insects by reducing the feeding activity of their
parents because ladybird beetles were unable to move or
feed properly after being exposed to sublethal concentration(s)
of imidacloprid (Nauen et al. 1998; Ramirez-Romero et al.
2008; Han et al. 2010; He et al. 2013). The anti-feeding
properties of imidacloprid induce inhibition in absorption of
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Fig. 5 Effect of sublethal concentrations (1 % of LCs, 10 % of LCs
and LCs) of imidacloprid on the survival rate (I,), female age-specific
fecundity (f,) and age-specific fecundity (m,) of the progeny (F;) of
Coccinella septempunctata adults exposed to dry insecticide residues

nutrients, or a disruption of the hormonal balance in insects
(Gerami et al. 2005; Han et al. 2012). Moreover, the
decrease in resource acquisition, and in particular energy, in
toxicant-contaminated organisms may match with recent
theoretical models based on Dynamic Energy Budget the-
ories, in which all toxicological data (from all stages and
times) can be integrated in a time-independent parameters
on the energy budget framework (Baas et al. 2010; Jager
and Zimmer 2012).

Reproduction-related traits represent typical levels of
insect populations in life-table studies (Stark et al. 2004,
Desneux et al. 2007). In the present study, fecundity in
parental and in F; generations decreased through exposure
to sublethal concentrations of imidacloprid (Fig. 1D,
Table 1). This observation is consistent with earlier
laboratory studies reporting lower fecundity in adult
Encarsia inaron and Eretmocerus mundus following
exposure to sublethal concentrations of imidacloprid (Soh-
rabi et al. 2012, 2013). Moreover, the number of eggs laid
by the predatory coccinellid H. undecimnotata exposed to
imidacloprid was reduced by one-third compared to that in
the control population (Papachristos and Milonas 2008). A
reduction in the fecundity of Rodolia cardinalis females
exposed to imidacloprid was also reported by Grafton-
Cardwell and Gu (2003). Similar results have been reported
with another neonicotinoid insecticide, namely acetamiprid,
which lowered the fecundity of female Eriopis connexa by
22-44 % and their fertility by 37-45 % (Fogel et al. 2013).

Reproduction in arthropods is largely regulated by neu-
rohormones; neurohormonal imbalance resulting from the
toxic effects of an insecticide may affect normal reproduc-
tive functions (Desneux et al. 2007). Parental reproductive
physiology may be disrupted when the neurosecretory
system is negatively affected by toxicants. Imidacloprid
specifically targets the nicotinic acetylcholine receptors in
insects (Palumbo et al. 2001). As a consequence, beha-
vioural effects in predators are likely because sophisticated
nervous activity is required in the process of prey
detection by predators (Desneux et al. 2007). More recently,
He et al. (2012) reported that sublethal concentrations of

Table 2 Demographic parameters (mean + SE) of the progeny (F;) of Coccinella septempunctata adults exposed to sublethal concentrations (1 %

of LCs, 10 % of LCs and LCs) of imidacloprid

Demographic parameter Control

Sublethal concentration of imidacloprid (mg L™")

0.048 0.484 4.837

0.144 +£0.005 a

1.155 +0.005 a
474.470 £77.091 a

42.683 +0.554 b

Intrinsic rate of increase: r,,,(d")
Finite rate of increase: 4 (d™!)
Net reproductive rate: R, (offspring/individual)

Mean generation time: 7" (d)

0.138 +£0.004 ab

1.148 +0.005 ab

427.719 £ 63.671 a
437718 £0.479 a

0.130 +0.004 b

1.138 +£0.005 b
280.748 +£42.128 b

43328 +0.431 a

0.132+0.004 b

1.142 +£0.005 b
244.361 + 36.668 b

41.403+£0.345 ¢

Different letters within the same row indicate significant difference based on bootstrap technique with 10,000 re-samplings (df = 225)
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imidacloprid may decrease the reproductive capacity in S.
Jjaponicum by affecting their feeding capacity.

Demographical estimates are one of the most useful tools
for studying the dynamics of insect populations in an eco-
toxicological framework. With continued development and
extended use, life tables are widely used in evaluating pest
control through natural enemies, insect resistance and bio-
logical pesticides (Gao and Yang 2015). For example,
Schneider et al. (2009) used the life table method for
evaluating the effect of the herbicide glyphosate on the
predatory insect Chrysoperla externa whereas Biondi et al.
(2013) used this approach to estimate the population
dynamics of a generalist parasitoid (Bracon nigricans)
exposed to some bioinsecticides. Recently, the age-stage,
two-sex life table has been used to describe the population
characteristics of Cheilomenes sexmaculata under different
conditions (Zhao et al. 2015).

The side effects of pesticides on natural enemies asso-
ciated to crop pests in ecotoxicological field have hinted the
need of more ecological relevant endpoints as measures of
the impact of pesticides on beneficial species (Stark et al.
2004; Desneux et al. 2007). Thus, they should include not
only the individual mortality and field performance of a
given natural enemy, but also its population dynamics.
Demographic parameters are particularly useful in assessing
sublethal effects at the population level and are also
essential in estimating population growth in ecological
studies (Stark and Banks 2003; Biondi et al. 2013). In the
present study, the imidacloprid effects on fertility had
drastic consequences on the estimated demographic para-
meters, such as the net reproductive rate (R), the intrinsic
rate of increase (r,,), and the finite rate of increase (1) that
tended to be lower in the populations exposed to imida-
cloprid at 0.484 and 4.837 mg L™ compared to those values
in the control population whereas the mean generation time
(7) tended to be higher. The reduction in population growth
rates indicated an intense reduction in the next generation
population. Using demographic approach, our results
demonstrate that imidacloprid at sublethal concentrations
can suppress the growth of C. septempunctata populations
by lowering both survival and reproduction.

In some cropping systems, employing natural enemies
alone to control pests carries some economic risk in modern
agriculture system (e.g. see Ragsdale et al. 2011), due to
their potential inefficiency to keep the pest populations
below the economic threshold. Strengthening the research
on natural enemies of insect pests can help to the devel-
opment of more precise combination strategies to improve
the efficacy and the stability of IPM programmes. The
results of the present study show that imidacloprid would
markedly lower the populations of C. septempunctata by
lowering their fecundity. Such a decrease could limit the
efficacy of using predators as biocontrol agents in crops

@ Springer

where imidacloprid is widely used, with negative implica-
tions for IPM programmes. The results of the present
experiment, together with recent evidences about potential
stimulatory effects of neonicotinoid sublethal concentra-
tions on prey reproduction, namely on aphids (Guedes et al.
2016; Tan et al. 2012; Wang et al. 2017), on the side effects
on nontarget populations of various natural enemies (He
et al. 2012; Fogel et al. 2013; Malaquias et al. 2013; Zotti
et al. 2013) and pollinators (Desneux et al. 2007; Blacquiere
et al. 2012; Cresswell et al. 2012; Decourtye et al. 2013;
Sanchez-Bayo 2014), suggest that more selective insecti-
cides should be employed when natural enemies are present.
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