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INTRODUCTION

Mate choice, or intersexual selection (Andersson, 1994; 
Andersson & Simmons, 2006), which has evolutionary con-
sequences (Jennions & Petrie, 1997; Rodriguez & Greenfield, 
2003), has been investigated in numerous species, including 
insects (Birkinshaw & Smith, 2001; McNamara et al., 2004; 
Srivastava & Omkar, 2005; Fedina & Lewis, 2008; Watson & 
Simmons, 2010; Pandey & Omkar, 2013; Mishra & Omkar, 
2014). Although, mate choice is costly in terms of the energy 
and time expended in searching and assessing mates (John-
stone et al., 1996; Watson et al., 1998), risk of rejecting good 
mates (Real, 1990), risk of predation (Rowe, 1994) and injury 
(Bonduriansky & Brooks, 1998), it is still exhibited by both 
sexes.

Male mate choice is rarer than female mate choice, and oc-
curs when males: (i) transfer substantial quantities of nutrients 
during copulation, (ii) are involved in parental care, and (ii) 
the females vary greatly in quality (Jennions & Petrie, 1997; 
Bonduriansky, 2001). On the other hand, female mate choice 
is very common. It is believed that females benefit from cer-
tain male traits (Holland & Rice, 1998; Gavrilets et al., 2001), 
which leads to the co-evolution of certain preferred male traits 
and female mate preference (Kirkpatrick & Ryan, 1991; Jen-
nions & Petrie, 2000). 

Among the various extrinsic (e.g. risk of predation, ambi-
ent light, seasonal changes; Gamble et al., 2003; Borg et al., 
2006) and intrinsic (e.g. body size, experience, age; Mautz & 
Sakaluk, 2008) factors that influence mate choice in insects, 

age is thought to play a crucial role. Previous studies indicate a 
significant influence of age based mate choice in insects and its 
effect on reproduction of the parental generation, and develop-
ment and survival of their offspring (Fox et al., 2003; Moore 
& Harris, 2003; Avent et al., 2008; Perez-Staples et al., 2010; 
Prathibha et al., 2011; Pandey & Omkar, 2013). 

Despite the many studies on many insect species, age based 
mate choice has not been studied in ladybird beetles (Coleo-
ptera: Coccinellidae), the commonest insect predators of agri-
cultural pests. Although, many attempts have been made in the 
past to decipher age-specific mating incidences in ladybirds 
and their effects on reproduction and fitness of their progeny 
(Arnqvist & Nilsson, 2000; Srivastava & Omkar, 2004; Omkar 
& Pervez, 2005; Omkar et al., 2010; Omkar & Singh, 2010), 
the question of how mate age influences mate choice and mat-
ing behaviour in ladybirds is still unanswered. The present 
study explores the effects of age on mate choice, mating be-
haviour, reproduction and offspring development and survival 
in two aphidophagous ladybirds, Coccinella septempunctata 
L. and Coccinella transversalis Fab. 

Coccinella septempunctata is of Palearctic origin and 
is now ubiquitous owing to its euryphagous nature, and 
ecological plasticity in terms of both genetic and pheno-
typic polymorphisms (Omkar & Pervez, 2002; Hodek & 
Michaud, 2008); while C. transversalis is another large 
aphidophagous ladybird of Oriental region, native to India 
and found mainly in South Asia (Omkar & Bind, 1993). 
Since, C. septempunctata and C. transversalis are the most 
effective ladybird biocontrol agents in agricultural crops in 
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of C. septempunctata (120♂ and 120♀ per age group) and C. trans
versalis (120♂ and 120♀ per age group) were used in following 
experiments. These age categories were selected based on the fact that 
even when supplied with an abundance of food the fecundity and egg 
viability of adults 10–15 days, 30–40 days and 45–55 days post-eclo-
sion differed. Also, beyond the age of 55 days, reproduction ceases in 
both these species (Bista & Omkar, 2013, 2014).

To determine the effect of age on mate choice, young females of C. 
septempunctata and C. transversalis were each provided with males 
of three different age groups (young, middle aged and old) in a Petri 
dish (9.0 × 1.5 cm2), which were then observed for 30 min and the 
male with which the female mated recorded. The mating pair was 
placed in another Petri dish and the other two males discarded. The 
same experiment was replicated 10 times per ladybird species. 

Similar experiments were conducted using middle aged and old 
females, each of which was also replicated 10 times per ladybird spe-
cies. Similar experiments were also done using males (either young, 
middle aged or old) simultaneously provided with three differently 
aged females (young, middle aged and old). The experiments were 
carried out under the same abiotic conditions as the stock culture. This 
resulted in nine treatments (Table 1).

(ii) Effect of mate choice on mating behaviour
In a normal mating sequence, males of C. septempunctata initi-

ate a series of vertical thrusting movements with their abdomen 
soon after genital contact with the female. These are followed by 
wriggling movements (a gentle forward and backward movement 
of the abdomen with a simultaneous side-to-side component) and 
then a series of bouts of shaking (rapid lateral oscillations of the 
abdomen) between which they remain stationary. Thrusting and 
wriggling movements were observed only during the initial stag-
es of mating. The mating behaviour of C. transversalis was simi-
lar, but did not involve thrusting (Michaud et al., 2013; Table 2).

The latent period, number of thrusts, duration of the wriggling 
movements, number of bouts, interval between successive bouts 

India (Kumar et al., 2014), they were chosen for the pre-
sent study.

As the studies on age-specific mating incidences in ladybirds 
(see Srivastava & Omkar, 2004; Omkar & Pervez, 2005; Om-
kar et al., 2010; Omkar & Singh, 2010) indicate that middle-
aged mates have the highest fecundity and egg viability, and 
their offspring develop fastest; we hypothesized that: (i) under 
choice-test conditions, middle aged males / females would pre-
fer middle aged partners rather than young and old partners, 
and (ii) middle aged partners would be more likely to mate, 
and their reproductive attributes and the development and sur-
vival of their offspring would be better than that of young and 
old partners.

This study also aimed to assess: (i) the direct effect of 
male and/or female age on mating behaviour, reproduction 
and progeny fitness, and (ii) the indirect effect of individu-
al mating behaviour (if any) on reproduction and progeny 
fitness (after correcting for the effect of male and female 
age).

MATERIAL AND METHODS

Establishment of stock
Adults of C. septempunctata (n = 40; 20♂ and 20♀) and C. trans

versalis (n = 40; 20♂ and 20♀) were collected from agricultural 
fields adjoining Lucknow city (26°50´N, 80°54´E) and used to estab-
lish a laboratory stock culture, which was kept in an environmental 
test chamber (CH-6S, Remi Instruments, Mumbai, India) maintained 
at 27 ± 1°C, 65 ± 5% RH and a 14L: 10D photoperiod. Ad libitum 
quantities of the aphid, Aphis craccivora Koch infesting the stems 
of cowpea (Vigna unguiculata L.) plants maintained in glasshouse 
(23 ± 1°C; 65 ± 5% RH and 14L: 10D photoperiod) were fed to the 
ladybirds, which were reared for three successive generations to accli-
matize them to the laboratory conditions. In the first two generations, 
06 ladybirds collected from fields were added per generation to the 
established stock culture in order to prevent inbreeding.

Males and females of the third generation were sexed and 
paired in Petri dishes (9.0 × 1.5 cm2). The eggs were collected 
daily and egg hatch recorded. The larvae were reared in plastic 
beakers (15.0 × 12.0 cm2; height × diameter), which were replen-
ished daily with a bean twig infested with an ad libitum supply 
of A. craccivora. The newly emerged adults were isolated and 
placed individually in Petri dishes for use in the experiments de-
scribed below.

Experimental design
(i) Effect of age on mate choice

Unmated male and female adults of different ages (young: 10–15 
days post-eclosion, middle aged: 30–40 days, and old: 45–55 days) 

Table 1. The ages of the females and males mated in the nine 
different treatments used in the present study.

Treatment Mating pair
1 Young female × Young male
2 Young female × Middle aged male
3 Young female × Old male
4 Middle aged female × Young male
5 Middle aged female × Middle aged male
6 Middle aged female × Old male
7 Old female × Young male
8 Old female × Middle aged male
9 Old female × Old male

Table 2. Features of the mating behaviour of the two ladybird species.

Features of the mating behaviour Explanation

Bouts Rapid lateral oscillations of the abdomen
Latent period Delay in the establishment of genital contact
Number of thrusts Number of vertical thrusting movements with the abdomen
Duration of wriggling movements Number of a gentle forward and backward movements of the abdomen with a simultaneous

side-to-side component
Number of bouts Number of rapid lateral oscillations of the abdomen
Interval between successive bouts Period between two successive bouts
Duration of mating Time taken to complete mating
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and total duration of mating were recorded under a stereoscopic 
binocular microscope at 16 × magnification for ten pairs random-
ly selected from each of the above nine mating treatments (total-
ing 90 pairs). In cases where fewer than 10 individuals mated in a 
particular treatment the number of replicates was increased until 
the appropriate number was recorded. The results of these mate 
choice experiments were however not included in the analysis. 

(iii) Effect of mate choice on reproductive attributes
Every 24 h, the males and females used in the above nine treat-

ments per ladybird species [experiment (ii)] were allowed to mate 
for 2 h after which they were separated and reared individually in 
Petri dishes (size as above) and provided daily with an ad libitum 
supply of A. craccivora. Daily oviposition and egg hatching were re-
corded for the next 20 days.

(iv) Effect of mate choice on the development and survival 
of their offspring

The eggs of C. septempunctata and C. transversalis were ran-
domly collected from each of above treatments [experiment (iii)]
and their hatching recorded at 27°C. One hundred newly emerged 
larvae from each treatment (totaling 900 larvae) were reared in 
beakers (15.0 × 12.0 cm; height × diameter; 10 larvae per beaker), 
which were replenished daily with bean twigs infested with an 
ad libitum supply of A. craccivora. The time of moulting of the 
larvae was recorded. Number surviving each moult and the dura-
tion of each larval instar was recorded. Observations were made 
every 24 h and the survival and durations of the different stages 
recorded. The total developmental period, percentage of larvae 
that pupated and percentage adult emergence were calculated.

Statistical analysis
All data were checked for normal distribution using Bartlett’s 

test for normality and percentage data were subjected to arcsine 
square root transformation prior to analysis. The percentages of 
mating incidences in the different age combinations were ana-
lyzed using chi-square (χ2) tests.

The dependent factors, mating behavioural attributes (latent 
period, number of thrusts, duration of wriggling movements, 
number of bouts, interval between successive bouts and total du-
ration of mating), reproduction (fecundity and egg viability) and 
immature development and survival, were subjected to one way 
ANOVA, followed by Tukey’s post hoc comparison of means, 
with age of males and females as independent factors.

In addition, the reproduction and progeny attributes (dependent 
factors) were individually subjected to an analysis of covariance 
(ANCOVA), followed by Tukey’s post hoc comparison of means, 
with each mating behavioural attribute of the mating partners 
treated as independent factors and the age of the males and fe-
males as covariates (to nullify the confounding effect of age). De-
pendent factors were further regressed against the individual mat-
ing behavioural attributes. This was done to assess the indirect 
effect of mating behaviour on reproduction and progeny attrib-
utes. All analyses were done using statistical software MINITAB 
16 (Minitab Inc., State College, Pennsylvania, USA).

RESULTS

(i) Effect of age on mate choice
The mate choice based on percentage mating revealed that 

young females of C. septempunctata (χ2 = 11.55; P < 0.01) and 
C. transversalis (χ2 = 9.50; P < 0.01) preferred middle aged 
males as mates over young and old males. Similarly, middle 
aged females preferred middle aged males as mates (C. sep
tempunctata: χ2 = 20.66; P < 0.01; C. transversalis: χ2 = 17.55; 

P < 0.01). Old females did not show a significant preference 
for males of a particular age, mating with the first male they 
encountered (Table 3).

In both species, young males preferred middle aged females 
as mates over young and old females (C. septempunctata: χ2 = 
9.55; P < 0.01; C. transversalis: χ2 = 6.88; P < 0.05). Similarly, 
middle aged males showed a significant preference for mid-
dle aged females (C. septempunctata: χ2 = 16.88; P < 0.01; C. 
transversalis: χ2 = 13.55; P < 0.01). However, old males did 
not show a significant preference for mating with females of a 
particular age, mating with the first female they encountered. 
This study, therefore, indicates that middle aged females and 
males are the preferred mates (Table 3).
(ii) Effect of the ages of the mating pair on their 
mating behaviour

In both C. septempunctata and C. transversalis the latent 
period, number of thrusts (recorded only for C. septempunc
tata), duration of wriggling movements, number of bouts, in-
terval between successive bouts and total duration of mating, 
did not vary significantly with the age of the female partner. 
However, the mating behaviour of male partners was signifi-
cantly associated with their age. Tukey’s post hoc comparison 
of means revealed that the numbers of thrusts recorded for 
males of different ages of C. septempunctata in the different 
mating treatments did not differ significantly (F = 1.56; P > 
0.05). However, for males of different ages, the latent periods 
(C. septempunctata: F = 3.83; P < 0.01; C. transversalis: F = 
5.73; P < 0.01), duration of wriggling movements (C. septem
punctata: F = 12.87; P < 0.01; C. transversalis: F = 13.40; P 
< 0.01), number of bouts (C. septempunctata: F = 17.46; P < 
0.01; C. transversalis: F = 19.01; P < 0.01), interval between 
successive bouts (C. septempunctata: F = 13.38; P < 0.01; C. 

Table 3. Age based mate choice by adults of C. septempuncta
ta and C. transversalis (d.f. = 2; * and ** denote F-values signifi-
cant at P < 0.05 and P < 0.01, respectively; NS denotes χ2-values 
that are not significant, P > 0.05).

C. septempunctata
Mate age Young ♂ Middle ♂ Old ♂ χ2

Young ♀ 8 18 4 11.55**
Middle ♀ 6 21 3 20.66**
Old ♀ 11 14 5 4.66NS

Mate age Young ♀ Middle ♀ Old ♀ χ2

Young ♂ 9 17 4 9.55**
Middle ♂ 6 20 4 16.88**
Old ♂ 8 15 7 4.22NS

C. transversalis
Mate age Young ♂ Middle ♂ Old ♂ χ2

Young ♀ 11 16 3 9.50**
Middle ♀ 7 20 3 17.55**
Old ♀ 10 14 6 3.55NS

Mate age Young ♀ Middle ♀ Old ♀ χ2

Young ♂ 9 16 5 6.88*
Middle ♂ 5 19 6 13.55**
Old ♂ 9 14 7 2.88NS
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transversalis: F = 12.74; P < 0.01) and total duration of mating 
(C. septempunctata: F = 14.79; P < 0.01; C. transversalis: F 
= 16.21; P < 0.01) in both species differed significantly in the 
different mating treatments (Table 3). Comparison of means 
for both species revealed that the latent periods and inter-
vals between successive bouts were shortest, numbers of 
bouts greatest, and duration of wriggling movements and 
total duration of mating longest for middle aged males, fol-
lowed by young and old males (Table 4).
(iii) Effect of the ages of the mating pair on 
reproduction

In both C. septempunctata and C. transversalis, fecun-
dity (C. septempunctata: F = 22.69; P < 0.01; C. transver
salis: F = 36.7; P < 0.01) and egg viability (C. septempunc
tata: F = 14.91; P < 0.01; C. transversalis: F = 14.78; P < 
0.01) differed significantly with the age of female and male 
partners, respectively. Fecundity and egg viability were 
highest for middle aged females and males; and lowest for 
old females and males, respectively (Table 5).

In addition to the significant influence of female and 
male age on fecundity and egg viability, respectively, anal-
ysis of covariance revealed a significant influence of cer-

tain mating behavioural attributes on reproduction in both 
species, with a significant association between latent pe-
riod and fecundity in both C. septempunctata and C. trans
versalis, but no clear trend in these two parameters (Figs 1 
and 2). ANCOVA further revealed a significant association 
between the duration of wriggling movements, number of 
bouts, interval between successive bouts and total duration 
of mating and egg viability in both ladybirds. Egg viability 
increased with increase in the duration of wriggling move-
ments and number of bouts in both species, and decreased 
with increase in the interval between successive bouts in 
C. transversalis. However, there was no clear association 
between egg viability and total duration of mating in either 
species; and between egg viability and the interval between 
successive bouts in C. septempunctata (Tables 5–6; Figs 1 
and 2).
(iv) Effect of the ages of the mating pair on the 
immature development and survival of their offspring

In both species, percentage pupation (C. septempunc
tata: F = 14.17; P < 0.01; C. transversalis: F = 10.01; P < 
0.01), percentage adult emergence (C. septempunctata: F 
= 12.79; P < 0.01; C. transversalis: F = 13.62; P < 0.01) 

Table 4. Effect of mate age on the mating behaviour of C. septempunctata and C. transversalis (values are mean ± S.E.; df = 22, 
89; * and ** denote F-values significant at P < 0.05 and P < 0.01, respectively; NS denotes F-values that are not significant at P > 0.05; 
lower case letters are for comparison of means for males of different ages mating with females of a particular age).

Mating pairs Latent period
(s)

Number
of thrusts

Duration of 
wriggling move-

ments (min)

Number
of bouts

Interval b/w
successive
bouts (s)

Duration
of mating (min)♀ Age ♂Age

C. septempunctata

Young
Young 8.03 ± 0.23b 120.10 ± 4.59b 26.50 ± 1.62b 261.30 ± 4.00b 4.62 ± 0.21b 67.80 ± 2.76b

Middle aged 7.50 ± 0.22a 125.00 ± 3.14b 26.60 ± 1.58b 287.00 ± 4.53c 4.22 ± 0.15a 70.70 ± 2.98b

Old 8.10 ± 0.28c 92.90 ± 4.57a 20.00 ± 1.75a 196.60 ± 9.96a 5.17 ± 0.18c 59.40 ± 1.54a

Middle
Young 8.13 ± 0.20b 122.20 ± 4.01b 24.50 ± 1.83b 261.30 ± 4.00b 4.62 ± 0.21b 65.70 ± 1.78b

Middle aged 7.40 ± 0.27a 127.50 ± 2.79b 27.40 ± 1.72c 297.10 ± 6.92c 4.12 ± 0.13a 71.70 ± 2.54c

Old 8.60 ± 0.27c 87.60 ± 3.86a 19.10 ± 2.41a 198.60 ± 10.80a 5.26 ± 0.21c 59.40 ± 1.65a

Old
Young 8.10 ± 0.18b 112.50 ± 5.19b 21.80 ± 1.68c 250.80 ± 5.86b 4.71 ± 0.17b 65.50 ± 1.96b

Middle aged 7.70 ± 0.15a 121.60 ± 4.24b 19.10 ± 1.41a 283.10 ± 5.60c 4.22 ± 0.19a 69.40 ± 2.96b

Old 8.90 ± 0.38c 77.70 ± 3.14a 18.00 ± 2.58a 191.80 ± 11.88a 5.34 ± 0.18c 57.80 ± 1.36a

F ♀-age (P-value) 1.19NS 1.31NS 0.17NS 0.31NS 0.40NS 0.31NS

F ♂-age (P-value) 3.83** 1.56NS 12.87** 17.46** 13.38** 14.79**

C. transversalis

Young
Young 8.17 ± 0.21b

Absent

7.30 ± 0.21b 148.20 ± 6.49b 4.81 ± 0.09b 24.60 ± 1.34b

Middle aged 7.66 ± 0.14a 8.60 ± 0.27c 185.20 ± 4.23c 4.18 ± 0.11a 28.70 ± 1.56c

Old 8.60 ± 0.53c 5.80 ± 0.20a 115.90 ± 4.81a 5.66 ± 0.18c 19.00 ± 1.61a

Middle
Young 7.79 ± 0.32b 7.50 ± 0.17b 156.90 ± 5.23b 4.68 ± 0.10b 24.90 ± 1.64b

Middle aged 7.64 ± 0.15a 8.60 ± 0.31c 200.70 ± 6.69c 4.01 ± 0.14a 29.70 ± 1.76c

Old 8.50 ± 0.46c 6.20 ± 0.25a 121.10 ± 5.18a 5.50 ± 0.12c 19.30 ± 1.52a

Old
Young 8.36 ± 0.28b 7.20 ± 0.20b 142.40 ± 6.47b 4.93 ± 0.08b 23.30 ± 1.67b

Middle aged 7.68 ± 0.12a 8.40 ± 0.16c 184.30 ± 6.82c 4.30 ± 0.09a 28.30 ± 1.47c

Old 8.60 ± 0.58c 5.60 ± 0.31a 108.50 ± 6.01a 5.84 ± 0.21c 18.40 ± 2.70a

F ♀-age (P-value) 1.33NS 0.31NS 0.23NS 0.40NS 0.17NS

F ♂-age (P-value) 5.73** 13.40** 19.01** 12.74** 16.21**



652

and total duration of development (C. septempunctata: F 
= 13.77; P < 0.01; C. transversalis: F = 19.43; P < 0.01) 
of the immature stages depended significantly on the age 
of the female, but not of the male. Percentage pupation 
and percentage adult emergence were highest and the total 
duration of development of immature stages shortest for 
middle aged females, whereas fewer of the progeny of old 
females survived and took much longer to complete their 
development (Table 5).

ANCOVA further revealed a significant association be-
tween the latent period and percentage adult emergence in 
both species, but no clear trend between percentage adult 
emergence and latent period (Tables 5–6; Figs 1 and 2).

DISCUSSION

In both C. septempunctata and C. transversalis the age 
of the adults affected their choice of mates, fecundity and 
the development and survival of their progeny. Results re-
vealed that middle aged males were the preferred mates 
of young, middle aged and old females of both species. 
Similarly, males of all ages preferred middle aged females, 
probably because such a choice increases their fitness. 
Moreover, old mates were avoided by both males and 
females. A decline in mating and fertilization success be-
yond a certain age was recorded in the present study and 
is reported for a wide range of insects (Price & Hansen, 
1998; Jones et al., 2000; Kidd et al., 2001; Bonduriansky 

Fig. 1. Associations between mating behaviour and the reproductive and progeny attributes of C. septempunctata (r2-values ≥ 0.50 have P-
values < 0.05 and indicate strong associations between the parameters; while r2-values < 0.50 have P-values ≥ 0.05 and indicate weak associa-
tions between the parameters). 
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& Brassil, 2002; Jones & Elgar, 2004; Beck & Promislow, 
2007; Omkar et al., 2010). In contrast, there are studies that 
report a high female preference for old males (Proulx et al., 
2002; Avent et al., 2008).

How adults perceive a potential partner’s age is not 
known in ladybirds, but visual cues do not seem to play 
a role. Perhaps a pheromone(s) is accumulated inside the 
body and then secreted, which helps both sexes to perceive 
a potential partner’s age. Probably middle aged males and 
females produce and secrete higher concentrations of the 
pheromone(s) that act as chemical cues for the opposite 
sex and helps them determine the age of potential partners. 
However, in young and old adults, probably the production 
of the pheromone(s) is either very low or has ceased and 

as a consequence they are less preferred as potential mates. 
The early production of sex pheromones and their role in regu-
lating courtship behaviour has been studied in Drosophila 
melanogaster (Moulin et al., 2004).

Females that prefer and mate with middle-aged males prob-
ably benefit by an increase in fecundity and egg viability, and/
or faster development of their offspring compared with those 
that mate with old males. Moreover, the trade-off model pro-
posed by Beck et al. (2002) suggests that females should prefer 
to mate with middle aged males as their reproductive attributes 
are greater than those of old males. In contrast, some empiri-
cal evidence indicates that young males are of higher quality 
than middle aged and/or old males (Price & Hansen, 1998; 
Pervez et al., 2004). However, female preference for old males 

Fig. 2. Associations between mating behaviour and the reproductive and progeny attributes of C. transversalis (r2-values ≥ 0.50 have P-values 
< 0.05 and indicate strong associations between the parameters; while r2-values < 0.50 have P-values ≥ 0.05 and indicate weak associations 
between the parameters). 
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has been ascribed to a positive correlation between male age 
and values of sexually selected traits (Hansen & Price, 1995). 
Thus, female preference for old males does not necessarily 
support the idea that it evolved due to “good genes” (Hansen 
& Price, 1995).

Similarly, young and middle aged males preferred to mate 
with middle aged females. Although, it might be more ad-
vantageous for a male to mate with a young female be-
cause: (i) she has a longer oviposition period than middle 
aged /old females, and could thus potentially keep using 
sperm for longer and (ii) even if a middle-aged female 
offered benefits in the short term, owing to an immediate 
higher fecundity or reduced sperm competition (Bondurian-
sky, 2001), it is possible that her potential longer life is the 
most important. However, the greater preference of males 
for middle aged females is probably because it results in 
their producing higher quality rather than a greater number 
of offspring. 

The preference of mates also affected their reproductive be-
haviour. The duration of wriggling movements, numbers of 
bouts and duration of mating were longest and the latent peri-
ods and bout intervals shortest when middle aged males were 

the mates. The reverse was true for old males. This probably 
indicates that: (a) they ejaculate more sperm (Bonduriansky, 
2001), and (b) guard mates in order to avoid sperm compe-
tition (Parker, 1974). The increased transfer of seminal fluid 
may be attributed to: (a) preferential transfer, and /or (b) the 
preferred males have more sperm (Ueno, 1994). Both young 
and old males probably ejaculate significantly lower quality 
and less sperm than middle aged males (Jones & Elgar, 2004), 
which is possibly associated with their mating for a shorter 
time with fewer wriggling movements and bouts. Thus, the 
more prolonged mating by middle aged males may result in 
the ejaculation of a greater quantity of sperm into the sper-
mathecae of females, which can fertilize the ova when males 
are not available and may result in increased lifetime viability 
(Pervez et al., 2004).

In the present study, fecundity was significantly associated 
with female age and egg viability with male age. Fecundity 
and egg viability were highest for middle aged females and 
males and lowest for old females and males, respectively. The 
greater fecundity and egg viability of middle aged females and 
males may be ascribed to the availability of a greater number 
of mature ova and better quality sperm (Obata, 1988). Similar 

Table 5. Effect of mate age on the reproductive attributes, and immature development and survival of their offspring for C. septem
punctata and C. transversalis (d.f. = 22, 89; values are mean ± S.E.; values followed by different lower case letters are significantly 
different; * and ** denote F-values significant at P < 0.05 and P < 0.01, respectively; NS denotes F-values that are not significant at 
P > 0.05; lower case letters are for the comparison of the means for males of different ages mating with females of a particular age).

Mating pairs Fecundity
(No. of eggs)

Egg viability
(%)

Pupation (%) Adult emergence
(%)

Total duration
of development (days)♀ Age ♂ Age

C. septempunctata

Young
Young 322.80 ± 9.42a 84.08 ± 1.52b 72.00 ± 1.33ab 66.00 ± 1.63a 15.73 ± 1.22a

Middle 328.80 ± 11.35a 89.21 ± 2.57c 74.00 ± 1.63b 68.00 ± 2.00a 15.45 ± 1.20a

Old 299.30 ± 8.83b 76.37 ± 1.18a 71.00 ± 1.00a 65.00 ± 1.67a 15.99 ± 1.21a

Middle
Young 382.10 ± 11.77a 85.92 ± 2.86b 82.00 ± 2.00a 77.00 ± 2.60ab 14.44 ± 1.18a

Middle 400.10 ± 13.21b 90.01 ± 1.64c 83.00 ± 2.13a 81.00 ± 3.14b 14.24 ± 1.18a

Old 374.20 ± 9.45 a 78.26 ± 1.28a 81.00 ± 1.80a 76.00 ± 1.63a 14.60 ± 1.20a

Old
Young 224.60 ± 13.25ab 83.95 ± 2.68b 62.00 ± 1.33a 56.00 ± 2.21ab 17.17 ± 1.25a

Middle 236.80 ± 10.75b 88.73 ± 2.69c 64.00 ± 1.63a 58.00 ± 1.33b 17.70 ± 1.33a

Old 207.80 ± 5.07a 74.92 ± 1.39a 62.00 ± 2.00a 54.00 ± 1.63a 17.44 ± 1.21a

F ♀-age (P-value) 22.69** 0.25 NS 14.17** 12.79** 13.77**
F ♂-age (P-value) 0.19 NS 14.91** 0.34 NS 0.40 NS 0.23 NS

C. transversalis

Young
Young 739.30 ± 10.06ab 85.86 ± 1.83b 70.00 ± 1.49a 68.00 ± 2.00a 15.37 ± 1.24a

Middle 767.90 ± 13.03b 90.68 ± 2.73c 72.00 ± 1.33a 69.00 ± 2.33a 15.26 ± 1.22a

Old 732.50 ± 16.39a 77.44 ± 1.25a 70.00 ± 1.49a 66.00 ± 2.21a 15.54 ± 1.22a

Middle
Young 871.80 ± 24.17ab 87.50 ± 1.53b 82.00 ± 1.33ab 78.00 ± 2.00ab 13.79 ± 1.18a

Middle 893.00 ± 26.61b 91.11 ± 2.64c 85.00 ± 1.67b 81.00 ± 1.80b 13.57 ± 1.23a

Old 858.60 ± 15.54a 78.19 ± 1.05a 81.00 ± 1.00a 77.00 ± 1.53a 13.91 ± 1.20a

Old
Young 465.10 ± 21.01b 84.28 ± 1.80b 63.00 ± 1.53a 57.00 ± 1.53ab 16.90 ± 1.17a

Middle 494.30 ± 25.36b 89.84 ± 2.69c 64.00 ± 1.63a 59.00 ± 1.80b 17.25 ± 0.16b

Old 417.00 ± 20.44a 76.04 ± 1.10a 61.00 ± 2.33a 55.00 ± 1.67a 17.16 ± 1.21b

F ♀-age (P-value) 36.77** 0.23 NS 10.01** 13.62** 19.43**
F ♂-age (P-value) 0.09 NS 14.78** 0.36 NS 0.45 NS 0.20 NS
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findings were also reported earlier (Mishra & Omkar, 2004; 
Pervez et al., 2004; Pandey & Omkar, 2013). However, the 
females that mate at a young age start ovipositing later prob-
ably because their immature gonads take some time to mature 
(Hemptinne et al., 2001). The decline in fecundity and egg via-
bility with age is indicative of ladybird senescence (Srivastava 
& Omkar, 2004), which results in the deterioration of their re-
productive organs in old age (Dixon & Agarwala, 2002; Sriva-
stava & Omkar, 2004). Age-related decline in sperm quantity 
and viability has been attributed to general senescence or ac-
cumulation of germ line mutations in old individuals (Kidd et 
al., 2001; Szczesny et al., 2003). Old age or delayed mating 
resulted in reduced reproductive potential, as is also reported 
in female cockroaches (Moore & Moore, 2001), hide beetles, 
Dermestes maculatus DeGeer (Jones & Elgar, 2004), the ori-
ental beetle, Anomala orientalis Waterhouse (Wenninger & 
Averill, 2006) and the bean weevil, Acanthoscelides obtectus 
Say (Maklakov et al., 2007).

Percentage pupation and adult emergence were highest and 
the developmental time of their offspring shortest for middle 
aged females of C. septempunctata and C. transversalis. The 
shorter total developmental periods for the offspring of middle 
aged females are similar to those reported by Fox (1993) and 
Fox et al. (2003) for the seed beetle, Callosobruchus macu
latus (F.). The opposite was recorded for the offspring of old 
parents. This is probably due to the increased incidence of mu-
tations in old parents, as suggested by various ageing theories 
(Medawar, 1952; Hamilton, 1966; Partridge & Barton, 1993; 
Pletcher & Curstinger, 1998). The prolonged development 
of the offspring of old parents is similar to that recorded for 
Drosophila melanogaster (Mills & Goldstein, 1985), stink 
bugs, Podisus nigrispinous (Dallas) and Podisus maculiventris 
(Say) (Mohaghegh et al., 1998) and the cockroach, Nauphoeta 
cinerea (Olivier) (Moore & Harris, 2003).

The significant associations of: (i) the latent period with 
fecundity, (ii) duration of wriggling movements, number of 

bouts, interval between successive bouts and total duration of 
mating with egg viability, and (iii) latent period with percent-
age adult emergence, indicate that the reproductive and prog-
eny attributes are a function of the age of the mates and their 
sexual activity. Middle aged females may have a higher num-
ber of ova to mature, while middle aged males may transfer 
better quality and more sperm, which probably enhances their 
reproductive and progeny attributes.

In brief, (i) middle aged mates of both species were pre-
ferred by young, middle aged and old adults; (ii) mating 
behaviour and egg viability were significantly associated 
with male age; while female age was significantly associ-
ated with fecundity and the duration of development and 
survival of their offspring; (iii) shortest latent periods and 
bout intervals, highest numbers of bouts, longest duration 
of wriggling movements and mating, and maximum egg 
viability were recorded for middle aged males; while the 
fecundity, percentage pupation and adult emergence were 
highest and duration of immature development shortest for 
middle aged females. Thus, the results of the present study 
indicate that for the fast production of these species in the 
laboratory for use in the augmentative biocontrol of aphids 
it would be best to use middle aged individuals of C. sep
tempunctata and C. transversalis.
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