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Abstract

The Asian multicoloured ladybird beetle, Harmonia axyridis, is utilized as a

major natural enemy of aphids in the field, greenhouses and orchards.

However, it has been looked as invasive predator distributing in world-

wide. To refine integrated pest management (IPM) against aphids, it is

important to evaluate the effects of insecticides on physiology and beha-

viour of the high adapted predators. Beta-cypermethrin, a broad-spectrum

insecticide, not only kills aphids at lethal concentrations but also affects

natural enemy of aphids. In our study, the age-stage, two-sex life table

was used to evaluating sublethal effects of beta-cypermethrin on the

predatory ladybird beetle H. axyridis. In the parent generation, the pre-

oviposition period of H. axyridis was significantly shortened (8.93 days)

after exposure to LC5 beta-cypermethrin (5% lethal concentration) as

compared with control (10.06 days). However, the oviposition period was

significantly longer (46.17 days instead of 43.90 days), and fecundity

(eggs per female) was significantly increased by 49.64% when compared

with control. In the F1 generation, the length of the juvenile stage was not

affected, but the oviposition period increased significantly (38.19 days

compared to 31.39 days in the control). This positive effect was translated

to the fecundity that increased significantly by 62.27% as compared with

control. According to the life-table analysis, the intrinsic rate of increase

(rm) was significantly higher in treatment (0.140 per day) than that in the

control (0.123 per day). In addition, the net reproductive rate (R0)

increased significantly by 91.53%. These results would be useful in assess-

ing the overall effects of beta-cypermethrin on H. axyridis and even for

discussing the ecological mechanism of the unexpected extension of

H. axyridis during IPM programme.

Introduction

The Asian multicoloured ladybird beetle, Harmonia

axyridis (Coleoptera: Coccinellidae), has been used

successfully to control insect pests of crops since

the early twentieth century (Colunga-Garcia and

Gage 1998). This natural predator has been a com-

ponent of integrated pest management (IPM) in

China but has also become an aggressive invasive

species in regions where it was introduced (Koch

2003).

Both larvae and adults of H. axyridis prey on aphids

found on a variety of plants, especially in orchards.

However, aphids are controlled mainly through

broad-spectrum chemical insecticides in most crop-

ping systems in China. These broad-spectrum insecti-

cides are harmful to beneficial arthropods as well

(Desneux et al. 2007). When using IPM to control
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aphids, their natural enemies may be exposed to pes-

ticides either directly contact with pesticide residues

on foliage while foraging on plants or prey (Jepson

1989), or indirectly ingesting pesticide-contaminated

food (e.g. prey) (Ahmad et al. 2003; Hua et al. 2004;

Torres and Ruberson 2004). The success of IPM pro-

grammes depends on the optimal use of selective

insecticides that are less harmful to natural enemies

(Tillman and Mulrooney 2000; Stark et al. 2007).

Such use requires knowledge of the side effects of the

selective insecticides on biological and behavioural

traits of natural enemies (Liu and Stansly 2004; He

et al. 2012; Yu et al. 2014).

From environmental and agronomical points of

view, it is important to study the lethal and sublethal

effects of insecticides on non-target arthropods. Sub-

lethal effects are defined as physiological and beha-

vioural effects on individuals that survive exposure to

a toxic compound at sublethal concentrations or doses

(Desneux et al. 2007). The negative impacts of insec-

ticides on non-target organisms have been extensively

investigated. In addition to death and reduced fecun-

dity, exposure to a toxicant may result in multiple

sublethal effects such as shortened lifespan and ovipo-

sition period and changes in oviposition behaviour

and fertility rates (Stark and Banks 2003; Stark et al.

2007). Such modifications have undoubtedly impor-

tant consequences for entire the population of which

the exposed individuals are members (Stark and

Banks 2003; Stark et al. 2004; Ali et al. 2012; Biondi

et al. 2013). Therefore, a demographic analysis of the

effects of insecticides, which estimates the total effect

of insecticides on whole populations, is crucial to

choosing new insecticides as components of IPM pro-

grammes. Moreover, the advantages of introduced

natural enemies in environment fitness, even positive

performance under toxic impacts, could benefit the

predators in population colonization and expansion in

exotic agroecosystem. Such sublethal insecticides

could be looked as a kind of negative-environmental

stimulation. In the IPM programme, widely spraying

the insecticides with may probably accelerate the

invasive processes by promoting their biological per-

formance. Similarly, we also need more empirical evi-

dences to indicate the sublethal effects of these

optimized insecticides may impulse the invasive

potency of the predators, such as H. axyridis.

Pyrethroids, a group of insecticides derived from

natural plant compounds (pyrethrins) isolated from

the genus Chrysanthemum (Casida 1980), have been

used in agricultural and home formulations for over

40 years and account for about 25% of the world

market for insecticides. Beta-cypermethrin, which

belongs to type II pyrethroids, is a broad-spectrum

insecticide used worldwide for controlling insect pests

in row crops, fruits and vegetables. Various lethal and

sublethal effects of beta-cypermethrin on various

insect pests have been reported recently (Han et al.

2011; Song et al. 2013; Wang et al. 2014). However,

its potential sublethal effects and the consequent

demographic changes on natural enemies have not

been adequately documented so far. The objective of

this study was to explore the sublethal effects of beta-

cypermethrin on development, fertility and demo-

graphic parameters of H. axyridis under laboratory

conditions. The results would provide useful insights

into the overall effects of beta-cypermethrin on

H. axyridis and benefit in optimizing its use as a com-

ponent of an effective pest management strategy in

the field.

Materials and Methods

Insect rearing

Adults of H. axyridis were collected from experimental

cotton fields (39°950N, 116°280E) of the Beijing Acad-

emy of Agriculture and Forestry Sciences (BAAFS),

Beijing, China, in May 2013. The beetles were reared

in the Laboratory of Natural Enemies Research, Insti-

tute of Plant and Environment Protection, BAAFS, on

the aphid Aphis craccivora Koch (Hemiptera: Aphidi-

dae) to establish the experimental population. The

population was maintained in cages (50 9 50 9

60 cm) made of aluminium frames covered with 100-

mesh plastic gauze). Each cage housed 40 pairs of

adults that were fed daily with aphids which were

reared on fresh seedlings of broad bean (Vicia faba L.

‘LinCan-5’) (Wang et al. 2013). The ambient environ-

ment was regulated using an automatic environmen-

tal management system (Sunauto, Beijing, China) at

25 � 1°C and 70% relative humidity, with 16 h of

light (1200 lux) alternating with 8 h of darkness.

Insecticide and acute toxicity assessment

Technical grade beta-cypermethrin (95%) was bought

from Jiangsu Changlong Chemical Co., Ltd (Jiangsu,

China). The toxicity of beta-cypermethrin to

H. axyridis was assessed by minor modifications to the

method described by He et al. (2012), which involves

exposing the insects to pesticide residues in glass

tubes. Based on preliminary experiments to establish

the range of concentrations to be tested, six concen-

trations of beta-cypermethrin were used for the bioas-

say, starting with 5 mg/l and doubling the
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concentration successively to reach 160 mg/l. An ali-

quot of 820 ll of the insecticide solution in acetone

was placed in each glass tube (14.5 cm long with a

diameter of 1.5 cm). These tubes were immediately

rotated using a micro-rotator (American Wheaton

Company) until their insides had been evenly coated

with the insecticide residue. Twenty adults of

H. axyridis (5 days old) were exposed to each concen-

tration with three replications. Controls were main-

tained using acetone alone. The ladybird beetles were

reared for 24 h under the laboratory conditions

described above. Mortality was recorded after the

exposure and individuals that failed to react when

pushed with a brush were considered dead (He et al.

2012).

LC5 was chosen as the sublethal concentration of

beta-cypermethrin and its acute toxicity to 5-day-old

adults of H. axyridis was assessed using the methodol-

ogy described above, using nine replicates, each with

20 adults maintained for 24 h under the same ambi-

ent conditions mentioned above. Mortality was

assessed 24 h after the exposure as described above.

Sublethal effects on H. axyridis in the parent generation

The LC5 of beta-cypermethrin for H. axyridis was

3.158 mg/l as calculated based on the regression

equation (see result section). The effects of exposure

to a sublethal concentration (LC5) of beta-cyperme-

thrin on the development and fecundity of H. axyridis

were assessed. The insects were exposed to the insecti-

cide as described above. Adult females and males were

paired and transferred to new plastic cups (7 cm in

diameter and 9 cm deep) covered with a fine nylon

net (45) mesh for ventilation and provided daily with

fresh bean leaves infested with 50–100 aphids. If the

male predeceased the female, another adult male was

introduced into the cup. Three replicates were main-

tained, each with 20 pairs.

Life table of H. axyridis in F1 generation

To estimate the impact of beta-cypermethrin on

development and fecundity in F1 generation of

H. axyridis, the numbers of surviving juveniles and

adults were recorded daily to generate the demo-

graphic parameters. Eggs from the parent generation

(exposed to beta-cypermethrin) were collected

within 24 h after they had been laid and transferred

to new petri dishes (9 cm in diameter) for life-table

studies. Each first-instar larva was moved to a fresh

plastic cup, kept in a growth chamber under the

conditions mentioned above and fed daily with a

fresh leaf infested with 50–100 aphids. Data on sur-

vival and development were recorded daily until

pupation. Newly emerged adults were paired, then

moved to new plastic cups and fed daily with ade-

quate numbers of aphids. Data on fecundity (the

number of eggs produced) and lifespan were

recorded daily until death. If the male predeceased

the female, another adult male was introduced into

the cup as a substitute. Data for the substitute were

not included in the data analysis.

Life-table analysis

The development time, survivorship, longevity of

individuals and female daily fecundity of H. axyridis

were analysed according to the age-stage, two-sex

life-table theory (Chi and Liu 1985; Chi 1988) using

a computer program TWOSEX-MSChart (Laboratory

of Theoretical and Applied Ecology, Department of

Entomology, National Chung Hsing University, Tai-

wan; Chi 2013). The age-stage-specific survival rate

Sxj (x = age, j = stage) is the probability that an

individual, after emerging from a newly laid egg,

will survive to age x and stage j; the reproductive

value (Vxj) is defined as the contribution of an indi-

vidual of age x and stage j to the future population;

the life expectancy (exj) is the period that an indi-

vidual of age x and stage j is expected to live; the

age-specific survival rate (lx) is the age-specific sur-

vival rate (the proportion of individuals from the

initial cohort alive at a given age); fx is the female

age-specific fecundity, and mx is age-specific fecun-

dity of the total population.

The demographic parameters were (i) net repro-

ductive rate (R0 = ∑lxmx): the population growth rate

per generation with regard to the number of female

offspring produced per female, lx is the proportion of

individuals surviving to age x, and mx is the number

of female produced per female of age x; (ii) mean

generation time (T = ∑xlxmx/R0): the average interval

separating births from one generation to the next;

(iii) intrinsic rate of natural increase (rm = ln(R0)/T):

the maximum exponential increase rate in a popula-

tion growing within defined physical condition, the

rm was calculated using the iterative bisection

method and the Euler–Lotka equation with the age

indexed from 0: ∑lx mxexp(-rmx) = 1; and (iv) finite

rate of increase (k = exp(rm)): the factor by which a

population multiplies. These four demographic

parameters were obtained from the computer pro-

gram, which includes a routine for estimating the

standard error of demographic parameters using the

bootstrap technique.
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Statistical analysis

The LC50 value was determined using a log-probit

model (Finney 1971). The dose–mortality relationships

were considered valid (i.e., they fitted the observed

data) when the observed data and the expected data did

not diverge significantly (P < 0.05). PoLoPlus ver. 2.0

(LeOra Software, Petaluma, CA, USA) was used for the

analysis. The mortality of adults exposed to beta-cyper-

methrin was analysed by t-test using ProStat (Poly Soft-

ware International, Pearl River, NY, USA).

The TWOSEX-MSChart computer program was used

to calculate the demographic parameters (Chi 2013),

and the bootstrap technique (Efron and Tibshirani

1993) was used to calculate their mean and standard

error. Because bootstrapping uses random resampling,

a small number of replications will generate variable

means and standard errors. To reduce the variability,

we used 10 000 replications in this study. Differences

in life-history traits of H. axyridis between the control

and the treatment group were compared using t-tests at

5% level of significance using ProStat software (Poly

Software International, Pearl River, NY, USA). Differ-

ence in demographic parameters between the control

and the treatment group was compared using t-test by

the TWOSEX-MSChart computer program.

Results

Concentration–mortality response and acute toxicity

Based on the log-probit regression analyses, the LC50 of

beta-cypermethrin for H. axyridis was estimated at

26.17 mg/l (95% confidence interval: 20.63–30.59 mg/l;

regression equation: Y = 1.821X + 2.446, v2 = 0.50,

P = 0.233). The data fitted the linear model (no statisti-

cally significant deviation of data from the regression

equation). The LC5 of beta-cypermethrin for H. axyridis

was 3.158 mg/l as calculated based on the regression

equation. The LC5 of beta-cypermethrin led to

5.56 � 1.94% mortality (corrected mortality; Abbott

1925). This concentration induced no significant mortal-

ity when compared to the control (P < 0.05, t-test:

t = 0.936; P = 0.377). Thus, the LC5 of beta-cypermethrin

was classified as sublethal concentration according to Des-

neux et al. (2007), namely those that induce no statisti-

cally significant mortality in the experimental population.

Sublethal effects on longevity and fecundity in parent

generation

The effects of LC5 beta-cypermethrin on longevity

and fecundity of H. axyridis in the parent generation

are shown in fig. 1. The pre-oviposition period

decreased significantly (8.93 � 0.15 days) compared

to that in the control group (10.06 � 0.21 days)

(fig. 1a; t = 4.335, P < 0.001), whereas the oviposi-

tion period increased significantly (46.17 � 0.58 days

in treatment; 43.90 � 0.67 days in control) (fig. 1b;

t = 2.836, P < 0.001). There is no significant differ-

ence of adult longevity between the control and the

treatment group (fig. 1c; t = 1.438, P = 1.161). The

fecundity (eggs per female) increased significantly

(1008.60 � 15.53) as compared with control

(674.03 � 17.37) (fig. 1d; t = 16.49, P < 0.001).

Sublethal effects on development, longevity and

fecundity in F1 generation

The sublethal effects of beta-cypermethrin on the dura-

tion of each developmental stage, adult longevity, pre-

oviposition period, oviposition period and fecundity in

F1 generation are given in table 1. There were no signif-

icant differences with respect to the time taken by the

egg to hatch and the duration of each instar between

the control and the treatment group. However, the

pupal stages were significantly shorter in treatment

group when compared with control (t = 2.382,

P = 0.019). In addition, the pre-adult (duration of egg

to adult emergence) was also significantly shorter in

treatment group as compared with control (t = 2.332,

P = 0.022). There was no significant difference of adult

longevity between control and treatment group

(t = 1.603, P = 0.113). The longevity of females in the

treatment group was significantly longer when com-

pared with control (t = 2.038, P = 0.047). However, no

effect on longevity of males when the parent generation

exposed to beta-cypermethrin (t = 0.127, P = 0.899).

The adult pre-oviposition period (APOP) refers to the

beginning of adult stage, and the total pre-oviposition

period (TPOP) is counted from the beginning of the life-

table study to production of the first egg. Both periods

were significantly shorter in the treatment group when

compared with their respective control (t = 2.691,

P = 0.009; t = 2.765, P = 0.008). The oviposition period

was significantly longer by 17.80% as compared with

control (t = 5.691, P < 0.001). This positive effect was

reflected in the significantly increased fecundity (eggs

per female), an increase of 62.44% over that in the con-

trol group. (t = 11.14, P < 0.001) (table 1).

Sublethal effects on survival rate, fecundity, life

expectancy and reproduction value in F1 generation

The age-stage-specific survival rate (Sxj) represents the

probability that an egg will produce an individual
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Table 1 Sublethal effects of beta-cypermethrin on developmental time and fecundity on Harmonia axyridis in F1 generation

Developmental time (days)

Control Beta-cypermethrin Statistic

n Mean � SE n Mean � SE P t d.f.

Egg 60 3.10 � 0.046 60 3.10 � 0.039 0.999 0.000 118

First instar 52 2.71 � 0.063 53 2.58 � 0.068 0.178 1.357 103

Second instar 47 2.89 � 0.055 49 2.90 � 0.053 0.954 0.057 94

Third instar 44 3.00 � 0.056 49 3.02 � 0.054 0.795 0.260 91

Fourth instar 44 4.00 � 0.065 47 4.02 � 0.048 0.791 0.266 89

Pupa 44 6.48 � 0.10 47 6.17 � 0.082* 0.019 2.382 89

Pre-adult 44 22.09 � 0.112 47 21.74 � 0.098* 0.022 2.332 89

Adult longevity 44 51.68 � 1.085 47 53.85 � 0.826 0.113 1.603 89

Total longevity 44 56.18 � 3.878 47 60.93 � 3.693 0.175 1.369 89

Female 23 74.48 � 1.44 27 77.30 � 0.36* 0.047 2.038 48

Male 21 73.00 � 1.58 20 73.30 � 1.77 0.899 0.127 39

Adult pre-oviposition period of female adult (APOP) 21 9.65 � 0.31 20 8.74 � 0.17* 0.009 2.691 48

Total pre-oviposition period of female counted from birth (TPOP) 21 31.83 � 0.348 20 30.63 � 0.268* 0.008 2.765 48

Oviposition period 21 31.39 � 1.16 20 38.19 � 0.49* <0.001 5.691 48

Fecundity (offspring) 23 649.26 � 33.17 27 1053.56 � 18.07* <0.001 11.14 48

*Significant differences in the same row based on t-test using ProStat software (P < 0.05).

Fig. 1 Effects of sublethal concentration of beta-cypermethrin on pre-oviposition period (a), oviposition period (b), adult longevity (c) and fecundity

(d) of Harmonia axyridis in parent generation. The results are means (�SEM), and the asterisk indicates significant differences based on the t-test

(P < 0.05).
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who survives to age x and stage j. The significantly

positive effects of beta-cypermethrin on the age-stage

survival rate in adults are evident in fig. 2. The life

expectancy (exj) of H. axyridis – the duration for which

an individual who has attained age x and stage j is

expected to live after attaining that age – is plotted in

fig. 3; the two groups did not differ significantly in

terms of that parameter. The reproductive value (Vxj)

is the contribution of individual of age x and stage j to

the future population: females near the peak of their

reproductive ability contribute considerably more to

the population than those at other ages and stages.

Exposure to LC5 beta-cypermethrin increased the

reproductive value. In control, a 35-day-old female

had a markedly higher reproductive value, 164.06,

whereas a 35-day-old female exposed to LC5 beta-

cypermethrin had the highest reproductive value of

203.6 (fig. 4). The age-specific survival rate (lx),

female age-specific fecundity (fx) and age-specific

fecundity of the total population (mx) are shown in

fig. 5. The curve of lx is a simplified version of Sxj. The

survival rate and fecundity of the exposed population

were greater than those of the respective control

groups: the maximum value of fx in the control group

was 24.96 eggs at 37 day, compared to 35.15 at

51 day in the treatment group.

Sublethal effects on demographic parameters in F1

generation

The means and standard errors of the demographic

parameters as calculated using the bootstrap tech-

nique are presented in table 2. The intrinsic rate of

increase (rm) was significantly higher in the treatment

population (0.140 per day) as compared to the control

(0.123 per day). The similar variation tendency was

observed in the finite rate of increase (k) and the net

reproduction rates (R0). The R0 obtained in treatment

group (474.79 offspring) was significantly higher than

control group (247.89 offspring). The mean genera-
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tion time (T), on the other hand, was significantly

lower in the treatment group (43.86 days) when com-

pared with control (44.58 days).

Discussion

The role of natural enemies as biological control

agents is well recognized and extensively documented

(Symondson et al. 2002). H. axyridis, an effective

agent in controlling aphids, is likely to be exposed to

relatively low concentrations of broad-spectrum beta-

cypermethrin because it is widely used in orchards in

China. Therefore, apart from the acute lethal effects

that usually occur at high doses, the natural enemies

may also be exposed to sublethal doses of insecticide.

The side effects of pesticides on natural enemies war-

rant a more ecologically relevant endpoint as a mea-

sure of effect (Desneux et al. 2007; Stark et al. 2007).

In the present study, we provide experimental evi-

dence of the sublethal and stimulatory effects of

reduced concentrations of beta-cypermethrin on

H. axyridis that demonstrate a longer oviposition per-

iod, higher reproductive levels and enhanced popula-

tion growth in both the parent and F1 generation.

The pre-oviposition period of H. axyridis in both the

parent and F1 generations was significantly shortened

compared to that in the respective control groups.

This result was consistent with an earlier report that

the third-instar nymphs of Supputius cincticeps exposed

to very low doses of permethrin developed into

females with a shorter pre-oviposition period (Zanun-

cio et al. 2003). However, in the present experiment,

the oviposition period in individuals exposed to the

insecticide turned out to be significantly longer:

H. axyridis showed a compensatory response to inter-

ference with its development, as suggested by Town-

send and Luckey (1960), in the form of a longer

duration of one instar and a shorter duration of

another. This response may be explained as hormesis,

which is based on the allocation of available energy
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(Sibly and Calow 1986) to different physiological pro-

cesses by lowering the value of one parameter and

raising the value of another.

The side effects of a pesticide include not only the

individual mortality and field performance of a given

natural enemy but also its population dynamics.
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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). Life tables are one of the most useful tools in

the study of insect population dynamics (Gao and

Yang 2015). The age-stage, two-sex life table includes

both sexes as well as variable development rates

among individuals and has been used in studying

many members of Coccinellidae; for example, popula-

tion dynamics of Cheilomenes sexmaculata under differ-

ent conditions (Zhao et al. 2015) and predation rates

of Lemnia biplagiata (Yu et al. 2005), Hippodamia varie-

gate (Farhadi et al. 2011), and Harmonia dimidiate (Yu

et al. 2013). In addition, the life table was used to

evaluate the effect of the herbicide glyphosate on the

predatory insect Chrysoperla externa (Schneider et al.

2009).

The age-stage, two-sex life table was used to evalu-

ate the effect of sublethal concentration of beta-cyper-

methrin on H. axyridis. Under laboratory conditions,

the mean values of the intrinsic increase rate (rm) and

the net reproductive rate (R0) tended to be higher in

the treatment groups than in the corresponding con-

trol groups (table 2). All these traits affect population

fitness profoundly. The demographic approach fol-

lowed in the present study demonstrates that beta-

cypermethrin at a low concentration (LC5) stimulated

fecundity (eggs per female).

Hormesis refers to possible enhanced performance

of individuals at low levels of exposure to toxic agents

that are harmful at high levels of exposure (Calabrese

and Baldwin 2003). The phenomenon has been

reported in many arthropod pests and natural ene-

mies, and it has been linked to pest outbreaks and

potential problems due to insecticide resistance

(Guedes and Cutler 2014). In the present study, we

ascertained whether hormesis, especially with refer-

ence to fecundity traits, occurs in H. axyridis during or

after exposure to a sublethal concentration of beta-

cypermethrin: our findings indicate that it does, as

shown by a 49.64% increase in fecundity in the par-

ent generation. Moreover, the enhanced reproduction

was also showed in the F1 generation as well (the

increase was 62.27%). These results can be ascribed

to hormesis as defined by Calabrese and Baldwin

(2001). The stimulated reproduction observed in the

present study is consistent with that a sublethal con-

centration of beta-cypermethrin stimulated popula-

tion growth in Plutella xylostella (Han et al. 2011).

Similar results were reported for other pyrethroid

insecticides: for instance, P. xylostella laid more eggs

after being exposed to sublethal doses of fenvalerate

(Sota et al. 1998; Fujiwara et al. 2002) and applica-

tion of synthetic pyrethroids led to a resurgence of

A. gossypii in cotton (Nandihalli et al. 1992). More

recently, outbreaks of red mite were attributed to del-

tamethrin-induced hormesis (Cordeiro et al. 2013).

Hormesis has also been reported with other insecti-

cides; for example, laboratory experiments suggest

that exposure to sublethal concentrations of imidaclo-

prid could stimulate reproduction in Myzus persicae

(Cutler et al. 2009; Yu et al. 2010) and in A. glycines

(Qu et al. 2015).

The success of IPM programme depends on the

optimal use of selective insecticides that are less

harmful to natural enemies of pests (Tillman and

Mulrooney 2000; Stark et al. 2007). And the coordi-

nation with pesticides directly affects the control

effect of natural enemies. As the benefits to the

natural enemy, the sublethal effects of the pesticides

may impulse the population colonization and expan-

sion of the predators, as our results showed that sub-

lethal concentration of beta-cypermethrin affected

H. axyridis favourably by stimulating its fecundity: this

observation indicates the potential of combining the

application of beta-cypermethrin with the release

predatory species at a suitable time as a component of

IPM programme. Due to the high adaptability of inva-

sive natural enemy insects, they can successfully

colonize to adverse environment and replace other

predator. H. axyridis was considered as aggressive

Table 2 Sublethal effect of beta-cypermethrin on demographic parameters of Harmonia axyridis in F1 generation

Demographic parameter

Estimated by using bootstrap method

Control Beta-cypermethrin d.f. t P

Intrinsic rate of increase: rm (per day) 0.123 � 0.005 0.140 � 0.004* 118 20.97 <0.05

Finite rate of increase: k (per day) 1.313 � 0.005 1.151 � 0.005* 118 11.04 <0.05

Net reproductive rate: R0 (offspring/individual) 247.89 � 42.82 474.79 � 68.32* 118 21.68 <0.05

Mean generation time: T 44.58 � 0.50 43.86 � 0.414* 118 7.14 <0.05

*Significant differences in the same row based on t-test using TWOSEX-MSChart computer program (P < 0.05).
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invasive species in the introduced regions. In our

study, the fitness of H. axyrids was increased because

sublethal concentration of beta-cypermethrin induced

the higher reproduction. The positive reaction to

insecticide stress may contribute the high invasive

ability of H. axyridis. In addition, further studies on

the mechanism of hormesis induced by beta-cyperme-

thrin in H. axyridis would be certainly worthwhile.
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