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Life table gives the most comprehensive explanation of the survivorship, development, and reproduction of a population. The life
table parameters of ladybeetle, Hippodamia variegata (Coleoptera: Coccinellidae), on different densities (20, 40, 60, 80, and 100)
of third instar nymphs of Aphis gossypii were studied in a growth chamber (25 ± 1∘C, 65 ± 5% RH, and a photoperiod of 16L:
8D h). The adult preovipositional period and the total preovipositional period of female H. variegata were reduced as the prey
density increased. The oviposition period was longer when prey density increased. Female longevity also increased significantly
with increasing prey density. Fecundity was dependent on prey density. The lowest fecundity was obtained at density of 20 prey
(70.7 ± 8.3) and the highest at density of 100 (1132.2 ± 57.6 eggs). Intrinsic rate of increase was dependent on prey density and
ranged from 0.0788 ± 0.005 to 0.187 ± 0.009 d−1 (female/female/day) with increasing prey density. Net reproductive rate and gross
reproductive rate were also increased with increasing prey density. The peak reproductive values were dependent on prey density.
However, mean generation time decreased as prey density increased. It was concluded that the increase in the density of A. gossypii
nymphs had positive and significant effects on reproductive parameters of H. variegata.

1. Introduction

Aphids are a diverse group of plant feeding insects that are
predominantly found in temperate climate zones such as
North America, Europe, Central, and Eastern Asia [1]. They
cause damage directly by sucking plant sap, secrete honeydew
resulting in development of sooty mould on leaves and
shoots, and indirectly as vectors of certain plant viruses [2, 3].
The cotton aphid, Aphis gossypii Glover (Hemiptera: Aphidi-
dae) as a cosmopolitan and polyphagous species is widely
distributed in tropical, subtropical and temperate regions.
This aphid is a pest of cotton, cucurbits, and citrus and
principally attacks vegetables in fields and greenhouses [4].

The lady beetles are the most commonly known world-
wide beneficial insects [5]. The Coccinellids are of great
economic importance in agroecosystems through their suc-
cessful application in the biological control of many injurious
insects [6]. The variegated lady beetle, Hippodamia variegata

(Goeze), is an active predator used in the biological control
of aphids in cereals and oil plants in various countries [7–
9].This Coccinellid, as an important aphidophagous predator
in Europe [10], is widely distributed in a large portion of
the Palearctic region [7]. In Australia, the ladybeetle was
recorded preying on 12 aphid species and one psyllid species
attacking various crops, weeds, and ornamental plants [11].

Life table analysis is a standard ecological method to esti-
mate demographic parameters related to population dynam-
ics [12]. Estimation of vital statistics, such as intrinsic rate of
increase, generation time, finite rate of increase, and doubling
time, help explain oscillations in population density and
provide a better understanding of the population dynamics
of a species [13, 14]. Southwood [13] stated that the intrinsic
rate of increase is the most useful life table parameter to
compare the population growth potential of different species
under specific climatic and food conditions. By correlating
studies on the predation rate and life table and by considering
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variations due to age, stage, and sex into account, the growth,
stage variability, reproduction, and the predation rate can be
effectively characterized [15].

The life history of many insects has been studied using
the traditional female age-specific life table (e.g., [16–21]).
In a female age-specific life table, only female individuals
are taken into account, and the variable developmental rate
among individuals is ignored (e.g., [22–24]). The life table
parameters of H. variegata have been studied using tradi-
tional female age-specific life tables of individuals reared
on several species of aphids including Dysaphis crataegi
(Kaltenbach), A. gossypii, Myzus persicae Sulz, Brevicoryne
brassicae (L.), andRhopalosiphum padi (L.) as prey on various
crops under various environmental conditions [8, 25–28].
Chi and Liu [29] and Chi [30] developed an age-stage, two-
sex life table theory to take both sexes and variable develop-
mental rates among individuals into consideration. Chi and
Yang [15] applied the age-stage, two-sex life table to the preda-
tor, Proplyea japonicaThunberg (Coleoptera: Coccinellidae),
and showed it can properly include the variable predation
rate of different predator stages. Yu et al. [31] applied the
same life table in studying the predation rate of Lemnia
biplagiata (Schwartz) (Col., Coccinellidae) fed on A. gossypii.
Schneider et al. [32] also used this approach to study the effect
of glyphosate on the development, fertility, and demogra-
phy of Chrysoperla externa (Neuroptera: Chrysopidae). This
method was also used to study the life tables of the parasitoid
wasp, Aphidius gifuensis (Ashmead), (Hym., Braconidae),
and its host,Myzus persicae (Sulzer) (Hemiptera: Aphididae)
[33].

The objectives of this study were to construct, describe,
and analyze life table parameters for H. variegata population
exposed to different densities of third instar A. gossypii. We
intended to find out the effect of prey density on life table
parameters such as age-stage-specific survival and fecundity,
reproductive value, net reproductive value (𝑅

0
), intrinsic

rate of increase (𝑟
𝑚
), and finite rate of increase (𝜆). These

parameters can be used to estimate the rate of increase of a
natural or released population [8] and to determine when to
release laboratory-reared coccinellids.

2. Materials and Methods

2.1. Insect Culture. Adult insects of H. variegata were col-
lected from an alfalfa field in the Shahrekord region, Cha-
harmahal, and Bakhtiari Province, Iran, in June 2010, and
reared on black eye bean (Vigna unguiculata L.) infested with
A. gossypii.

The A. gossypii nymphs were collected from a cucumber
field in Rasht area. They were reared on potted (20 cm in
diameter) cucumber varieties such as Super dominus and US
Agriseeds in a greenhouse (at average temperature of 25±1∘C
with the range of 18–35∘C) in order to have access to a steady
supply of prey for experiments.

2.2. Experimental Conditions. Transparent plastic containers
(15 × 13 × 3 cm) were used as experimental arena. All expe-
riments were carried out at 25 ± 1∘C, 65 ± 5% R.H., and a
photoperiod of 16 : 8 (L : D) h.

2.3. Life Table Study. Newly emerged 1st instar larvae of H.
variegata were released individually in experimental arenas
and offered densities of 20, 40, 60, 80, and 100 third instar
A. gossypii nymphs on black eye bean fresh leaves to study
their life table parameters. The duration of the successive
developmental stages and the mortality was recorded. When
fresh food was provided, the number of prey consumed
was counted daily at each prey density to determine the
total number of prey eaten (from 1st instar larva to adult).
After adult emergence, the lady beetles from the same prey
densities were allowed to mate and then were transferred
to individual experimental arenas as described earlier. The
dishes contained the same prey densities that the beetles had
been fed in their immature stages.Themortality and number
of eggs laid were recorded daily until all adults died. The
number of replicates was between 32 and 38 for both larval
and adult stages at each prey density.

2.4. Data Analysis. The life history data of all individuals
of H. variegata were analyzed according to an age-stage,
two-sex life table [29, 30].The program TWO-SEX-MSChart
[34] designed in visual BASIC for the Windows operation
system was used to analyze the data and population para-
meters. It is available at http://140.120.197.173/Ecology/
prod02.htm (ChungHsingUniversity) and http://nhsbig.inhs
.uiuc.edu/wes/chi.html (Illinois Natural History Survey).

The age-stage-specific survival rate (𝑠
𝑥𝑗
) (where 𝑥 =

age and 𝑗 = stage), the age-stage-specific fecundity (𝑓
𝑥𝑗
),

the age-specific survival rate (𝑙
𝑥
), the age-specific fecundity

(𝑚
𝑥
), and the population parameters (𝑟

𝑚
, the intrinsic rate

of increase; 𝜆, the finite rate of increase, 𝜆 = 𝑒𝑟; 𝑅
0
, the

net reproductive rate; 𝑇, the mean generation time) were
calculated accordingly. In the age-stage, two-sex life table, the
𝑙
𝑥
and𝑚

𝑥
were calculated as

𝑙
𝑥
=

𝑘

∑

𝑗=1

𝑠
𝑥𝑗
,

𝑚
𝑥
=

∑
𝑘

𝑗=1

𝑠
𝑥𝑗
𝑓
𝑥𝑗

∑
𝛽

𝑗=1

𝑠
𝑥𝑗

,

(1)

where 𝑘 is the number of stages [29]. In this paper, the
intrinsic rate of increase was calculated using the iterative
bisection method from

∞

∑

𝑥=0

𝑒
−𝑟(𝑥+1)

𝑙
𝑥
𝑚
𝑥
= 1, (2)

with age indexed from0 [35].Themean generation time is the
time length that a population needs to increase to 𝑅

0
times of

its size as the stable age distribution and the stable increase
rate are reached, that is, 𝑒𝑟𝑡 = 𝑅

0
or 𝜆𝑇 = 𝑅

0
. Thus, it is

calculated as 𝑇 = ln𝑅
0
/𝑟. The gross reproductive rate (GRR)

is calculated as GRR = ∑𝑚
𝑥
.

The standard errors of the life table parameters were
estimated by the Jackknife technique [36, 37]. We used the
Duncan and LSD procedures [38] to compare the differences
among treatments following the description of Sokal and
Rohlf [37].
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Table 1: Developmental time, longevity, and fecundity of Hippodamia variegata females reared on different densities of Aphis gossypii (all
data ± SE).

Prey density Preadult period APOP TPOP Oviposition
period (day)

Fecundity
(eggs/female)

Female longevity
(day)

20 16.49 ± 0.29
a

13.19 ± 1.78
a
29.9 ± 1.91

a
11.95 ± 1.41

a
70.7 ± 8.3

a
81.78 ± 8.03

a

40 14.24 ± 0.13
b

11.67 ± 0.90
d
25.33 ± 0.87

b
47.11 ± 2.65

b
404.2 ± 44.4

b
84.83 ± 2.95

a

60 13.97 ± 0.06
bc

8 ± 0.57
bc

22.07 ± 0.58
b
58.8 ± 23.91

b
787.7 ± 23.9

c
86.33 ± 2.36

a

80 13.71 ± 0.07
bc

7.31 ± 1.46
b

21 ± 1.50
b

59 ± 57.64
c

1319.8 ± 45.2
d

87.73 ± 2.09
a

100 13.65 ± 0.09
c

5.67 ± 1.19
dc

19.89 ± 1.19
b
64.62 ± 2.45

c
1332.2 ± 57.6

d
94.31 ± 2.04

b

APOP: adult preovipositional period; TPOP: total preovipositional period (from egg to first oviposition). Within columns, values followed by the same letter
do not differ significantly (𝑃 < 0.0001) using the Duncan-LSD procedure.
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Figure 1: Density-dependent longevity of female Hippodamia var-
iegata fed on different densities of third instar nymphs of Aphis
gossypii.

3. Results

Developmental time of H. variegata was affected by prey
densities.The total developmental time (fromfirst instar larva
to adult) decreased with increasing prey density, up to 100
preys/day (𝐹 = 280.67; df = 5, 188; 𝑃 < 0.0001). The
shortest developmental time was obtained at a prey density
of 100 aphids/day, and the longest was at a prey density of
20 aphids/day (Table 1). The adult preovipositional periods
(APOP), that is, the duration from adult emergence to first
oviposition, was also significantly shorter in females fed on
100 preys per day than those fed as larva and adults on lower
prey densities (𝐹 = 10.75; df = 4, 84; 𝑃 < 0.0001).

The total preovipositional period (TPOP), that is, the
duration from egg to first oviposition, was longer at 20 prey
per day, andnonoticeable changewas observed at higher prey
densities (𝐹 = 15.55; df = 4, 84; 𝑃 < 0.0001). The densities
of 40 and 60 prey per day provided to immature stages and
adult predators led to significantly longer oviposition periods
than those fed on 20 preys per day. Females fed on 80 and 100
preys per day had also significantly longer oviposition periods
than those fed on lower prey densities (𝐹 = 25.92; df =
4, 84; 𝑃 < 0.0001). The prey densities provided to immature
stages and adults had significant effect on female longevity.
It was increased as prey density increased (Figure 1). The
female fecundity was found to be significantly prey density
dependent (𝐹 = 29.365; df = 1, 3; 𝑃 = 0.050) (Figure 2).
Those females fed on 20 preys per day had significantly lower
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Figure 2: Relationship between fecundity of Hippodamia variegata
and different densities of third instar nymphs of Aphis gossypii.
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Figure 3: Density-dependent net reproductive rate (𝑅
0

) of Hippo-
damia variegata fed on different densities of third instar nymphs of
Aphis gossypii.

fecundity than those fed on 40 preys per day. Females fed on
80 and 100 preys per day had significantly higher fecundity
than those fed on 60 preys per day (𝐹 = 37.22; df = 4, 84;
𝑃 < 0.0001) (Table 1). The net reproduction rate (𝑅

0
) (𝐹 =

9.99; df = 4, 177; 𝑃 < 0.0001) increased significantly with
increasing prey densities per day (𝐹 = 34.267; df = 1, 3;
𝑃 = 0.029) (Figure 3). The gross reproductive rates (GRR)
(𝐹 = 8.06; df = 4, 177; 𝑃 < 0.0001) were also found to be
significantly prey density dependent (𝐹 = 21.094; df = 1, 3;
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Table 2: The population parameters: intrinsic rate of increase (d−1), finite rate of increase (d−1), net reproductive rate (offspring/individual),
mean generation time (day), and gross reproductive rate (offspring/individual) ofHippodamia variegata reared on different densities ofAphis
gossypii.

Prey density Intrinsic rate of
increase (𝑟

𝑚

)

Finite rate of
increase (𝜆)

Net reproductive
rate (𝑅

0

)

Mean generation
time (𝑇)

Gross reproductive
rate (GRR)

20 0.0788 ± 0.005
c

1.0821 ± 0.005
c

42.76 ± 7.55
c

47.6 ± 1.86
a

85.34 ± 12.64
a

40 0.14618 ± 0.007
b

1.1574 ± 0.009
b

196.62 ± 39.8
bc

37.74 ± 2.83
b

229.64 ± 40.25
a

60 0.1551 ± 0.009
b

1.1678 ± 0.010
b

337.57 ± 67.6
b

37.52 ± 1.43
b

528.23 ± 144.2
b

80 0.1689 ± 0.013
ab

1.1841 ± 0.016
ab

587.74 ± 117.82
a

36.13 ± 1.26
b

700.87 ± 119.19
b

100 0.18700 ± 0.009
a

1.2056 ± 0.011
a

621.09 ± 116.56
a

34.39 ± 1.26
b

641.52 ± 116.4
b

Within columns, values followed by the same letter do not differ significantly (𝑃 < 0.0001) using the Duncan-LSD procedure.
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Figure 4: Relationship between gross reproductive rate of Hippo-
damia variegata and different densities of third instar nymphs of
Aphis gossypii.
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𝑃 = 0.019) (Figure 4). The finite rate of increase (𝜆) (𝐹 =
18.78; df = 4, 177; 𝑃 < 0.0001) showed an increase as prey
densities increased. The intrinsic rate of increase (𝑟

𝑚
) (𝐹 =

19.96; df = 4, 177; 𝑃 < 0.0001) showed a decelerating rate of
increase as prey densities increased. It was also significantly
density dependent (𝐹 = 15.896; df = 1, 3; 𝑃 = 0.028)
(Figure 5). Increasing prey density resulted in shorter mean
generation time (𝑇), as it was longer at 20 prey per day and no
noticeable change was observed at higher prey densities (𝐹 =
8.53; df = 4, 177; 𝑃 < 0.0001) (Table 2). The life expectancy
of a newly emerged female and male ladybeetles ranged from

84 to 97 and 69 to 80.4 days at different prey densities,
respectively. The reproductive value (V𝑥𝑗) is the contribution
of individuals of age 𝑥 and stage 𝑗 to the future population
(Figure 6). However, the peak reproductive value appeared
at ages of 49 day on 20 prey/day, 67 day on 40 prey/day, 45
day on 60 prey/day, 39 day on 80 prey/day, and 37 day on 100
prey/day. This showed that female lady beetles at ages of 37,
39, 45, 49 and 67 days made the highest contribution to the
population when reared on 100, 80, (60 and 20), and 40 prey
densities per day, respectively. The peak reproductive value
was also shown to be prey density dependent (𝐹 = 15.715;
df = 1, 3; 𝑃 = 0.029) (Figure 7).

4. Discussion

Statistically significant differences were obtained in the bio-
logical and life table parameters of H. variegata at varying
densities of third instar nymphs of A. gossypii. The pre-
ovipositional periods and the total preovipositional period
of the female predator were reduced with increasing prey
density. Yaşar and Ozger [39] also observed that increasing
Hyalopterus pruni density as prey resulted in shorter pre-
ovipositional and total pre-ovipositional periods in Adalia
fasciatopunctata revelierei (Mulsant). Atlihan andGüldal [40]
also obtained similar results in the study of S. subvillosus
(Goeze) fed onHyalopterus pruni (Geoffroy).The oviposition
period increased as prey density increased. Feeding on
different prey densities had significant effects on the longevity
and reproduction of H. variegata, as increasing prey density
increased these parameters directly. Studies on the effect of
prey density on the longevity and fecundity of other predators
are also in agreement with our findings [39–41]. Longevity
was not significantly different up to 80 preys per day, but there
was a significant difference among 80 preys/day and the other
prey density levels. The lowest fecundity was observed at 20
prey/day, but a rapid increase was found at higher density
levels with no significant difference between 80 and 100 preys
per day. According to these results, it can be concluded that an
increase in prey density will result in longer longevity which
in turnwill lead to a directly density-dependent reproduction
rate.

It was revealed that at higher prey densities, the peak
reproductive value would occur at earlier ages of the female
predator.This is most probably due to the amount of biomass
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Figure 6: Age-stage-specific reproductive value ofHippodamia variegata fed on 20, 40, 60, 80, and 100 ofAphis gossypii at 25±1∘C, 70%±5%
relative humidity, photoperiod 16 : 8 h (L : D).

that an individual female obtains at higher prey availability. A
prey density dependency was found in the peak reproductive
value of female H. variegata. Research workers have also
found some other kinds of relationships among life table

parameters as Yu et al. [31] proved a relationship among gross
reproduction rate, net reproduction rate, and preadult sur-
vivorship of Lemnia biplagiata (Col.: Coccinellidae) feeding
on A. gossypii.
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The intrinsic rate of increase (𝑟), the finite rate of increase
(𝜆), the net reproduction rate (𝑅

0
), and the gross reproductive

rates (GRR) also showed some kinds of direct prey density
dependency. Atlihan and Güldal [40] obtained similar trends
in demographic parameters of S. subvillosus (Goeze) fed on
different densities of Hyalopterus pruni.

Based on the results obtained by us, the lady beetle, H.
variegate, can be considered as an effective biocontrol agent
of A. gossypii, as it developed successfully to adult stage at all
prey densities and reproduced even at lower prey densities.
However, it is obvious that higher prey densities are more
suitable than lower ones to rear this predator and increase its
population. According to the results, it can be also concluded
that H. variegata is a useful natural enemy in the population
dynamics of its preys, especially A. gossypii. This study could
result in the development of management tactics to control
aphid pests, as this kind of laboratory studies provide better
insights into the management development and population
dynamics of insects.
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[39] B. Yaşar and S. Ozger, “Development, feeding and reproduction
responses of Adalia fasciatopunctata (Mulsant) (Coleoptera:
Coccinellidae) to Hyalopterus pruni (Geoffroy) (Homoptera:
Aphididae),” Journal of Pest Science, vol. 78, no. 4, pp. 199–203,
2005.
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