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Abstract: Adults of the seven-spotted ladybird, Coccinella septempunctata Linnaeus (Col., Coccinellidae) were paired
for mating from very young to old age (1-50 days) to record the willingness to mate, attainment of sexual maturity
and onset of reproductive senescence in both the sexes. Mating commenced after 4 and 2 days of emergence of
male and female, respectively, and 100% mating was achieved at the young age in both cases (10 days). Willingness
to mate decreased with increase in the age from 40 to 50 days of both the sexes. Ladybird exhibited protandry.
Mating duration, fecundity and per cent viability of eggs of middle-aged males (20-30 days old) and females
(20 days old) were the highest. Mating duration and per cent viability of eggs were male age dependent, whereas
pre-oviposition and oviposition periods were mating stimulus dependent. Oviposition period and fecundity were
female age-dependent responses. Fecundity was highest when 20-day-old female and 30-day-old male were paired.
Onset of reproductive senescence started at the age of 30 days in males and 20 days in females. The present study
confirms the effect of ageing on male and female C. septempunctata and supports the Hansen and Price [J. Evol.
Biol. (1995) vol. 8, pp. 759-778] model that females mating with young and middle-aged males yield optimal

quality progeny.
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1 Introduction

Ageing has been reconized as a declining change from
maturity to senescence (RotusteN, 1982) and is widely
studied in insects. The decline in the force of natural
selection with increasing age may also be one of the
reasons for ageing (Mepawar, 1946), whereas, evolu-
tionary theory depicts that ageing is a response to the
pattern of externally imposed hazards on survival and
fertility (Priest et al., 2002).

Three theories predict the influence of age on mate
choice and fecundity in insects with respect to male
age. The viability indicator model or good genes model
predicts that females prefer older males (of higher
genotypic quality) to younger males (Trivers, 1972;
MANNING, 1985; KirkpaTRICK, 1987; ANDERSON, 1994;
Kokko and LinpstroM, 1996). The Hansen and Price
(1995) model proposes reduction in progeny output on
pairing with older males, with a simulation model
predicting that middle-aged males will be preferred to
others (Beck and PoweLL, 2000; Jones et al., 2000). A
few age-related studies have also focussed on the effects
of maternal and paternal age on ageing of offsprings
(Priest et al., 2002; Trecenza et al., 2003), whereas
others have explained ageing in terms of a trade-off
between fecundity and longevity of insects (SGro and

PArRTRIDGE, 1999; RoBINE and VaupeL, 2001; BarNes and
ParTRIDGE, 2003).

Most studies on ladybirds focus on prey—predator
interactions, predator’s searching efficiency and gen-
eral life history (Hopex and Honek, 1996; Hopek and
CeryNGIER, 2000), whereas only a few studies have
addressed reproductive behaviour and reproduction
(OBaTA, 1987; Isocal et al., 1990; Osata and Jouki, 1991;
Dixon and Kunpu, 1997; DixoNn and AcarwaLa, 2002;
OmkaRr and Pervez, 2002; OMkAR and Srivastava, 2002).
The need for an intensive study on sexual activity and
reproduction in ladybirds has recently been expressed
(Hopex and CErYNGIER, 2000).

Although a number of studies on age and ageing
in insects have been conducted (MancerL, 2001;
Heminger, 2002; Kirkwoop, 2002; Priest et al., 2002),
it is still a less-studied aspect in ladybirds with only
a few age-related studies on age-specific fecundity,
walking speed, predation and clutch size (PonsonBY
and CoprLanp, 1998; DixoNn and AcarwaLas, 2002;
Owmkar and Perviz, 2002). This prompted us to study
age as an indicator of quality of individual and its
effect on attainment of sexual activity, optimal
reproduction and onset of reproductive senescence in
the seven-spotted ladybird, Coccinella septempunctata
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Linnaeus, one of the most common ladybirds
worldwide and a predominant generalist predator
of aphids.

2 Materials and Methods

2.1 Stock maintenance

Individuals of C. septempunctata along with aphid, Aphis
craccivora Koch from host plant, Dolichos lablab Linnaeus
were collected from local agricultural fields and reared in the
laboratory [25 £+ 2°C, 60 £ 5% relative humidity (RH) and
12.00 : 12.00 hours (light : day)]. Adults were paired in Petri
dishes on ad libitum A. craccivora and allowed to mate. The
eggs laid were collected and reared from hatching to adult
emergence in glass beakers (11.0 X 9.0 cm) on daily replen-
ishment of A. craccivora-infested on D. lablab twig. The
emerging adults were sexed and used in experiments. All
experiments were performed under abiotic conditions similar
to that of stock culture.

2.2 Age-specific willingness to mate

Newly emerged adults of C. septempunctata were sexed and
kept separately in Petri dishes (9 cm X 1.5 cm) to maintain
their unmated status for 1, 2, 4, 6, 8, 10, 20, 30, 40 and
50 days. To record the onset of sexual activity in males,
1-day-old unmated male was paired with 1-day-old virgin
female in a Petri dish at 10.00 hours. The responses of
male and female were observed continuously for 30 min
and then after every hour till 18.00 hours. If mating
occurred, its duration was carefully recorded. Only
single mating was allowed and individuals were separated
post-mating and the female isolated for observation for
post-mating response in terms of eggs laid and their
viability. This procedure was repeated 10 times to record
mating incidences in each set. One-day-old males were
similarly paired with 2-, 4-, 6-, 8-, 10-, 20-, 30-, 40- and 50-
day-old virgin females. The experiment was also repeated
with unmated 2-, 4-, 6-, 8-, 10-, 20-, 30-, 40- and 50-day-
old males. Mating incidences at different ages of adults
were analysed by the chi-square test, correlated with age of
both sexes and the age-specific willingness to mate was
determined.

The willingness to mate was determined using following
formula:

N1 x100
N

w

where, W is the willingness (%) of a partner (male and
female) to mate, N1 the number of individuals of same age
that mated with counterparts of varying ages, and N the
number of individuals of same age that were paired with the
counterparts of varying ages (here, n = 100, as there were 10
set-ups of varying ages in 10 replicates).

2.3 Sexual maturity and reproductive senescence

To predict sexual maturity and reproductive senescence in
both sexes, isolated females (isolated after single mating from
above experiment) were further observed. They were reared
for their lifetime on daily replenished A. craccivora. The
adults were predicted to reach sexual maturity at the age
when 50% mating was achieved; the initial age at which
mating first occurred (2 days) and age at which 100% mating
was achieved (10 days) acting as the two extremes between
which observations were taken. Pre-oviposition, oviposition

and post-oviposition periods, fecundity and per cent viability
of eggs of each set were recorded to determine the age of start
of reproductive senescence.

As a result of mating in only small fractions in younger
adults (1-8 days), they were excluded from statistical analy-
sis. Data of 10-day-old males with females of different ages,
viz. 10, 20, 30, 40 and 50 days old and vice versa were
subjected to one-way anova followed by Tukey’s post hoc test
of significance and linear regression.

To analyse the overall effect of age of male and female,
data were pooled into three groups: young, middle and old
ages. In case of male, young (1-10 days), middle age
(20-30 days), and old (40-50 days) and in females, young
(1-10 days), middle age (20 days) and old (30 days) groups
were formed and one-way anova and linear regression were
applied. As a result of the non-responsiveness of 40- and
50-day-old females, in terms of reproductive output, with
males of different ages they were omitted from statistical
analysis, but mating duration of these females with males of
different ages were analysed. Analyses were performed using
the statistical software MINITAB (Minitab Inc., Philadel-
phia, USA) on personal computer.

3 Results
3.1 Age-specific willingness to mate

Newly emerged males (1-2 days old) did not mate.
Mating started in 4-day-old males and increased upto
100% at the age of 10 days. In females, mating started
relatively earlier (2 days) than in males (4 days); 20%
mating occurred between 2-day-old females and 8-day-
old males. Mating incidences of 10-day-old females
were more (90, 100, 70 and 10%) than the males (100,
70, 50, and 0%) with 20, 30, 40 and 50-day-old males
and females, respectively (table 1).

The willingness to mate was observed after 4 and
2 days of emergence in males and females, respectively.
Ten-day-old males and females were most willing to
mate; 8-, 10- and 20-day-old females were more willing
to mate than the same aged males and 30-, 40- and 50-
day-old males were more willing to mate than the same
aged females. Willingness to mate in males and females
started decreasing after the age of 30 and 20 days,
respectively (fig. 1).

3.2 Sexual maturity and reproductive senescence

Graphical interpretation revealed that the males
matured sexually at the age of 8.9 days and females
at the age of 9.8 days, revealing slight protandry in the
ladybird (fig. 2). Mating duration of young females
was significantly different with males of varying ages
(F =13.60; d.f. =4, 25; P < 0.001; table 2). Mating
duration of middle-aged female with middle-aged
males was the highest (70.00 £ 4.50 min) (F = 6.10;
d.f. = 3,20; P < 0.001; table 2). Differences in mating
durations of old female with young and middle-aged
males were also significant and the mating duration
was the lowest with old males (38.33 + 2.93 min)
(F=3.14; d.f. = 3, 20; P < 0.05; table 2; fig. 3).

The pre-oviposition periods of young, middle-aged
and old females did not vary significantly with increase
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Table 1. The number of males and females of C. septempunctata of increasing age that copulated with 1-, 2-, 4-, 6-,
8-, 10-, 20-, 30-, 40- and 50-day-old females and males (n = 10)
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Fig. 1. Willingness to mate of male and female
C. septempunctata of varying age
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Fig. 2. Predicted age of sexual maturity in male and
female C. septempunctata

in male age (F=1.69; df =4, 25 P <O0.1;
F=225 df. =3, 20; P < 0.1, F=3.21, d.f. =3,
20; P < 0.05; table 2). The oviposition periods of
young and middle-aged females with young, middle-
aged and old males were more significantly different
(F=3693; df =4, 25 P <0.001; F=5.63;
d.f. =3, 20; P < 0.001) than the old females with
different age groups of males (F = 1.82; d.f. = 3, 20;
P < 0.01; table 2; fig. 4).

Fecundities of young, middle-aged and old females
were significantly different when mated with males of

Female age (days)
Male
age (days) 1 2 4 6 8 10 20 30 40 50 ¥ (P-value)
1 0 0 0 0 0 0 0 0 0 0 -
2 0 0 0 0 0 0 0 0 0 0 -
4 0 0 2 2 4 4 0 0 0 0 14.541 (0.106)
6 0 0 2 3 5 5 4 4 3 0 12.041 (0.213)
8 0 2 4 5 5 7 1 1 0 0 9.786 (0.369)
10 0 2 4 5 7 10 10 7 5 0 16.361 (0.061)
20 0 0 0 4 4 9 10 7 4 1 24.814 (0.003)
30 0 0 0 4 6 10 7 7 4 1 19.599 (0.021)
40 0 0 2 3 6 7 4 4 3 0 17.161 (0.047)
50 0 0 0 0 1 1 3 2 0 0 7.418
)(2 - - 19.454 14.123 16.388 19.655 23.396 18.733 18.733 12.259
(P-value) 0.022)  (0.120)  (0.061)  (0.355)  (0.006)  (0.029)  (0.029)
60 - different age groups (F = 66.85; d.f. =4, 25; P <
O Male 0.001; F=13.57; d.f. =3, 20; P < 0.001; F = 4.83;
501 B Female d.f. = 3,20; P < 0.01; table 2; fig. 5). Per cent viab-

ility of eggs increased with increase in male age upto
30 days, thereafter declined in older males. Per cent
egg viability of different aged females with young,
middle-aged and old males was significantly different
(F=994; d.f. =4, 25; P < 0.001; F = 63.60; d.f. =
3, 20; P < 0.001; F=17.17;, d.f. =3, 20; P < 0.001;
table 2; fig. 6). Post-oviposition periods of young and
old females with the three age groups of males were
significantly different (F = 7.23; d.f. =4, 25; P <
0.001; F=1.43; d.f. =3, 20; P < 0.05), although in
the middle-aged females, the differences in post-
oviposition periods were not significant (F = 0.86;
d.f. =3, 20; P < 0.05; table 2).

Table 3 reveals relationships between the different
age groups of female with males of different ages.
Mating duration and oviposition period of young
females vary significantly than the middle-aged and old
females (P < 0.001). Fecundity of all three groups
of females varied significantly with the three age
groups of males (P < 0.001). Per cent egg viability,
however, was not female age dependent as it did not
differ significantly (P < I; table 3).

aNova revealed overall highly significant effect of male
age on mating duration and per cent viability of eggs
fertilized by young and old males (F = 31.97; d.f. = 2,
105; P < 0.001; F =40.02; d.f. =2, 51; P < 0.001).
Regression equations of mating duration and per cent
viability of eggs with different age groups of male were
Y =614-469X; R>=00710; P=0005 and
Y =97.9 — 455X; R*>=0.2940; P < 0.001, respec-
tively.

Pre-oviposition, oviposition, and post-oviposition
periods varied significantly with the age of females
(F =713.72; df. =2, 69; P < 0.001; F = 37.29;
d.f. =2,69; P < 0.001; F=22.79; d.f. =2,69; P <
0.001) and their relationship with the females’ age
was Y =194 + 109X, R>=0.9540; P < 0.001;
Y= 29.6-589X; R>=04900; P < 0.001;
Y =16.8 — 2.40X; R*= 0.2730; P < 0.001, respec-
tively. Fecundity also varied significantly with the
age of females (F = 36.13; d.f. =2, 69; P < 0.001;
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Table 2. Biological attributes of different aged females of C. septempunctata with males of different pooled age

Female  Male age Mating
age (in when duration Pre-oviposition Oviposition Fecundity Per cent Post-oviposition
days) mated (in min) period (in days) period (in days) (in eggs) viability period (in days)
10 10 52.50 + 1.13 12.17 + 0.00 29.50 £+ 1.13 312.83 £ 045 91.66 = 0.92 14.00 £+ 1.35
20 66.00 = 1.80 12.67 + 0.00 27.40 + 045 256.16 + 16.65 92.67 + 0.84 15.17 £ 2.70
30 68.67 = 1.80 12.33 £+ 0.68 25.17 £ 0.90 253.16 + 5.86 94.33 £ 0.24 13.00 £ 045
40 56.33 £ 2.70 13.33 + 0.23 17.50 £+ 0.23 150.38 + 5.85 86.76 + 2.61 20.33 £ 045
50 31.33 £ 1.35 13.83 £ 0.90 10.50 + 1.58 78.83 + 17.10 78.11 £ 5.92 19.50 + 1.35
F-value 13.60* 1.69%*** 36.93%* 66.85 * 9.94% 7.23%
20 10 48.00 + 5.85 23.33 £ 0.23 22.33 £+ 1.13 291.17 £+ 13.95 90.92 £+ 0.55 9.00 + 045
20 65.00 £ 5.85 23.50 + 0.45 22.50 £+ 0.68 290.67 + 15.75 92.42 + 0.63 9.00 + 045
30 70.00 £ 4.50 22.66 + 0.45 18.00 £+ 0.45 281.33 + 16.20 94.13 + 0.38 11.00 £ 045
40 40.33 + 0.45 25.50 + 0.45 15.33 + 0.00 202.83 £+ 0.45 79.04 £ 043 9.00 £ 0.45
F-value 6.10* D25k 5.63* 13.57* 63.60* 0.86%***
30 10 53.00 £ 5.85 33.00 £ 0.45 12.67 £+ 0.68 167.50 + 3.38 89.29 + 0.17 12.00 £+ 0.00
20 58.67 + 5.18 34.83 £ 0.23 12.57 £+ 0.68 165.00 + 5.40 93.07 + 1.34 12.50 £+ 1.13
30 65.00 = 1.35 36.67 = 0.00 9.83 £ 0.90 127.67 + 4.28 94.11 £+ 0.08 14.50 £ 0.23
40 38.33 £ 2.93 34.00 + 0.23 9.50 + 1.13 113.00 + 16.20 80.10 + 2.35 11.00 £+ 1.80
F-value 3,14k 3.2k 1.82%* 4.83%* 7.17* 1.43%%*%%
Values are mean + SE.
Values significant at *P < 0.001; **P < 0.01; ***P < (.05; ****P < 0.1.
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Fig. 3. Mating duration of males of different ages with
the females of different ages
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Fig. 4. Ovipostion period of females when mated with
males of different ages

fig. 7) and the relationship between fecundity
and female age can be depicted by the regres-
sion  equation Y =307 =46.0X;  R? = 0.2640;
P < 0.001.

4 Discussion

Younger (1-2-day-old) males and females were unwill-
ing to mate. Lack of elytral hardening and incomplete
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Fig. 5. Fecundity of females of different ages when
mated with the males of different ages

—&— Mating

- - duration | —
£ 70 ——Soviablity| T 190
é 60 T /\- T 95 “?
€S 50T 3
'-g 40 + +9 8
g 2
5 4 1
3 ® s 5
| Lso 5
'-g 10T o
= 0 t t 75

Young Middle Old

Different groups of males

Fig. 6. Mating duration and per cent viability of differ-
ent age groups of males in C. septempunctata

pigmentation in females up may be responsible for the
unresponsiveness of males towards newly emerged to
2-day-old females. This has also been reported earlier
(OBata, 1988; Maserus, 1994; Hopek and Honek, 1996;
Omkar and Srivastava, 2002). However, in the lady-
bird, Leptothea galbula (Mulsant) males were strongly
attracted towards female pupae and mounted imme-
diately after female emergence, but mating occurred
(1 h after eclosion) only after hardening of female
elytra (Ricuarps, 1980).
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Factor Stage of female Regression equation R*-value P-value T.'able 3: Regression equa-
tions of constant age female
Mating duration Young Y =123 -8.17X 0.4860 0.001 of C. septempunctata with
Middle-aged Y = 104 - 3.85% 0.0870 0.1 10-, 20-, 30-, 40- and
Old Y =103 - 3.23X% 0.0690 0.2 .
Oviposition Period Young Y = 60.40 — 4.80X 0.7910 o001 | >U-day-old males on mating
Middle-aged Y = 44.80 — 2.02X 0.2540 0.01 duration, oviposition period,
old Y =31.50 - 1.23X 0.1800 0.05 Jecundity and per cent
Fecundity Young Y =671 - 57.6X 0.8580 0.001 viability
Middle-aged Y =609 - 274X 0.4620 0.001
Old Y =475 -20.1X 0.3810 0.001
Per cent viability Young Y =91.30 - 0.012X 0.0010 1
Middle-aged Y =90.7 + 0.20X 0.0060 1
Old Y =956-0.11X 0.0020 1
24+ T 300 Middle-aged males had the highest mating inci-
@ 224 1 050 @ dence, which may be a result of prolonged mate
s &  deprivation. Decline in the willingness to mate and
3 207 + 200 g mating duration with the advancement of age perhaps
5 18+ g indicates the onset of senescence in males. Reproduc-
& 16/ |7 Oviposition period 7150 < tive status of the female also affects the stimulation of
2 —+— Fecundity 11003 male, as in Pyrrhocoris apterous (Heteroptera), in
é 14T § which the reproductive activity of the male is enhanced
g 12t 79 & by more than 10 days in the presence of reproductively
10 # # 0 active females than in the presence of reproductively
Young Middle old senescent females (Hopbkova et al., 1991). Physiological

Different groups of females

Fig. 7. Oviposition period and fecundity of different age
groups of females in C. septempunctata

Increased willingness to mate in both the sexes of
ladybirds was noticed after 4 days post-emergence.
Neurosecretory materials accumulate and activate the
receptivity centre in the brain for a few days after
emergence leading to stimulation for mating in cock-
roaches and during this time corpus allatum is inhib-
ited by neuro-signals from the brain, leading to low
oocyte maturation and yolk deposition. The coordi-
nated activity of the receptivity centre and corpus
allatum facilitates mating even when oocytes are small
and some yolk is deposited (Moore and Moorg, 2001).
The same may be true for ladybirds and could be the
reason for the delayed willingness to mate in
C. septempunctata. The post-emergence refractory
period of males and females also reduces the risk of
mating with siblings (AntoLin and Stranp, 1992) and
the incidence of inbreeding depression (Morian et al.,
1999).

Males of 4 days of age or more were more respon-
sive towards 8-, 10-, 20-, 30-day-old females. Response
of male to these females was probably the result of
change in visual and chemical cues of mature females.
Mature females (8-, 10-, 20- and 30-day-old) mated
more frequently than the young females (as evident by
the increased willingness quotient). It may be possible
that mature females reduced the mating rejections,
which may be a response to the increasing age as delay
in mating may probably lead to a permanent decline in
the reproductive quality of females (Moore and MoORE,
2001).

state, age and age difference between the two sexes of
the ladybirds were responsible for differences in the
sexual activity of ladybirds (Omkar and SRIVASTAVA,
2002; A. Pervez and OmKkAR, unpublished observations;
A. Omkar and G. MisHra, unpublished observations).

Lack of oviposition in 2- to 6-day-old females of
C. septempunctata after mating may be attributed to
the time needed for the development of eggs. The
results corroborated the existence of protandry in
C. septempunctata (OMKAR and Srivastava, 2002),
Harmonia axyridis (OBata, 1987), Cheilomenes sexmac-
ulata (Binp, 1998) and Propylea dissecta (PErvez and
OMKAR, unpublished observations). It has been sugges-
ted that if species have overlapping generations and
females mate several times during their lifetime then
there can be no advantage in males emerging and
maturing sexually earlier than females (Dixon, 2000). A
slight protogyny has however been reported in Adalia
bipunctata (HEmpTINNE et al., 2001).

Mature females oviposited just after a few hours of
mating; this indicates the presence of mature ova in
their reproductive tract. Old females show the decline
in fecundity. Thus, oviposition pattern of ladybirds
shows three stages, maturation, maturity and senes-
cence. At maturity, egg laying starts, reaches its peak
and then declines.

The single-mated females were found to be less
fecund than those which mated several times. Single
mating does not maximize female fitness and the
positive effects of remating on egg production rate may
be attributed to the stimulating or gonadotropic effects
of mating (Arnqvist and NiLsson, 2000). Longer post-
oviposition period of younger females than of the older
ones suggests that cessation of oviposition was tem-
porary and re-mating can again induce oviposition in
ladybirds. Multiple matings increase the fecundity of
C. septempunctata (OMkAR and Srivastava, 2002). The
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fecundity of single-mated females of C. septempunctata
was found to be comparatively lower than the single-
mated P. dissecta (PErvez, 2002).

The highest fecundity was recorded at the age of
20 days and per cent viability was maximum after
mating with males aged 30 days. These results again
reveal asynchrony in the maturation of male and female
ladybirds. Asynchrony in the initiation of gonadal
maturation was also reported earlier (Isocar et al.,
1990; Ceryncier et al., 1992; OMKAR and SRIVASTAVA,
2002) but at the middle age this asynchrony in the level of
gonadal maturation disappears (Dixon, 2000). This
asynchrony may be ascribed to the difference in food
consumption, assimilation and rate of metabolism. The
effect of asynchrony on reproduction has been studied in
detail in P. dissecta (Omkar and Misara, unpublished
observations).

Selection against old females is also related to mate
choice, as choice of old females by males may lead to
loss of sperm because of their reduced fecundity.
Similarly no mating between older females and old
males may be a result of senescence. Influence of male
age on fecundity of female C. septempunctata supports
the study on other insects, viz., seed beetle Stator
limbatus and Callosobruchus maculatus in which vary-
ing male age has a seemingly significant role in shaping
the fecundity of females (SavaLLr and Fox, 1998, 1999).
During the insemination process of C. septempunctata,
the sperms are transferred via a sac-like spermato-
phore, which is usually ejected by the female after
copulation (Oeata and Jomki, 1991; Owmkar and
Srivastava, 2002). Thus, essential nutrients may be
transferred via a spermatophore resulting in increased
female fitness. The females inseminated by old males
might probably receive a small ejaculate and fewer
nutrients. An effect of male age on ejaculate size has
previously been found in C. maculatus (Fox et al.,
1995). The present finding supports the view that there
is genetic variation in male investment (SavaLLr et al.,
2000) and that females use nutrients within the
ejaculates during oogenesis (THornHILL and ALCOCK,
1983; Fox et al., 1995; SavaLLr and Fox, 1998, 1999).

The decline in viability of eggs fertilized by old males
also suggests a possible decrease in sperm count in old
males showing a senescence trajectory, which may be
responsible for selection for young and middle-aged
males and females against old ones. These findings
agree with the Hansen and Price (1995) model that
young and middle-aged males are better quality mates.
Although a few studies suggest that male genetic
quality remains constant with age (Beck and PowgLL,
2000), our findings suggest male genetic quality
decreases after a certain age. It could be due to rates
of deleterious mutation higher in older males than in
young ones (Hansex and Price, 1995; Crow, 1997). The
decline in mating and post-mating responses of both
the sexes of ladybird with age reveals that along with
many other constraints of life history, senescence also
regulates physiology (e.g. rate of metabolism) of the
organism and these changes from the maturity through
senescence constitute the ageing process (ROTHSTEIN,
1982). Early senescence in females may be attributed to
the constraint of fecundity.

Conclusions

(1) Males were willing to mate at the age of 4 days
and females at the age of 2 days. (ii)) 100% adults
were willing to mate at the age of 10, 20 and 30 days.
(iii) C. septempunctata shows slight protandry, males
mature slightly earlier than the females. (iv) 2-6-
day-old females although mated did not oviposit.
(v) Young males preferred young females. (vi) Mid-
dle-aged males mated more successfully with the
young females. (vii) Mating duration and per cent
viability of eggs were male age dependent and
declined after the male age of 30 days. (viii) Fecundity
was female age dependent, and it was maximum at
the female age of 20 days. (ix) Maximum fecundity
can be achieved by pairing the 20-day-old female with
30-day-old male. (x) Senescence in male and female
ladybird started after 30 and 20 days of emergence,
respectively.

The results of this study can be exploited in mass
multiplication  practices for  propagation  of
C. septempunctata by identifying optimum age for
reproduction thereby allowing formation of optimum
aged pairs for maximum progeny output. Similar
studies on other biological control agents would also
help pave the way for effective mass multiplication.
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