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Abstract. The reproductive behaviour of a ladybeetle, Coccinella septempunctata was studied in detail. Males became sexually 
mature within 8.8 ± 0.3 days at 27°C, while females took 11.2 ± 0.4 days. Males exhibited courtship display in five steps: approach, 
watch, examine, mount and copulatory attempt. A prominent rejection display was shown by certain females who had not matured 
sexually, had recently mated or were about to oviposit. Males appeared to recognize females through chemical and some visual cues, 
such as size and body shape, with the chemical cues possibly playing a more significant role. Multiple matings took place within the 
same day. There was a gradual decrease with time in reproductive parametres, such as the duration of copulation, the number of 
copulatory bouts and the latent period from first to subsequent matings on the same day. The interval between mating bouts slightly 
increased from first to subsequent matings. The sexual status of males and females affected the duration of copulation, which was 
greatest in the case of unmated males and virgin females. Multiple matings increased the oviposition period, fecundity and percent 
hatching of eggs.

INTRODUCTION

Mating and reproduction are essential to assure the sur­
vival of a species (Omkar et al., 2000; Omkar & Pervez, 
2002). Reproductive behaviour and its various aspects 
maximize the chances of survival of future generations. 
The efforts involved and the resources spent in progeny 
production are directly related to the fate of each 
organism in the long-term process of evolution.

The cosmopolitan, seven-spotted ladybeetle, Coccinella 
septempunctata Linnaeus (Coccinellidae: Coleoptera) has 
great economic importance due to its wide prey range, 
which includes a number of potential pests of agricultural 
and horticultural crops (Omkar & Bind, 1993). Some 
information is available on the reproductive behaviour 
and performance of ladybeetles (Iwata, 1932; Kesten, 
1969; Semyanov, 1970; Obata, 1987; Obata, 1988a, 
1988b; Isogai et al., 1990; Obata & Johki, 1991; Omkar 
& Srivastava, 2001). Apart from a few reproductive 
aspects of C. septempunctata such as the maturation of 
testes (Isogai et al., 1990), mating duration (Obata & 
Johki, 1991) and ovipositional preference for different 
substrata (Isogai et al., 1990; Omkar & Srivastava, 2001), 
other important reproductive aspects remain unknown. 
The relative lack of information on the various aspects of 
reproduction has recently been highlighted in a review on 
the sexual activity in coccinellids (Hodek & Ceryngier, 
2000). We therefore studied the attainment of sexual 
maturity, mate recognition, courtship and mating behav­
iour, effect of sexual status of individuals on mating dura­
tion and effect of one, two and multiple matings on 
oviposition period, fecundity and percent hatching to fill 
this gap in knowledge.

MATERIALS AND METHODS 

To determine the pre-mating period
Pupae of C. septempunctata were collected from fields around 

the city of Lucknow (India), from September 1997 to March 
1998. A day after their emergence, adults were paired with 
sexually mature adults of the opposite sex (15 days old) and 
kept in glass Petri dishes (9.00 cm diameter and height 2.5 cm) 
with aphids, Lipaphis erysimi (Kaltenbach) and Aphis crac- 
civora Koch on host plant twigs, Brassica campestris and Doli- 
chos lablab, respectively, until maturation under laboratory 
conditions (temp. 25 ± 5°C and R.H. 65 ± 5%). The adults were 
paired daily at 1000 hrs and observed thereafter to see whether 
genital connection was established. The males and females were 
separated daily at 1800 hrs. This process was repeated daily till 
a proper genital connection was established and mating 
observed. The pairs were continuously observed for this time 
period, which was selected for convenience in observation. The 
females were re-paired daily with the same males. The pre­
mating periods of the male and female were taken as the 
maturity periods. The experiment was performed using ten rep­
licates.

To observe courtship behaviour
Ten-day-old males and twelve-day-old females were taken 

from stock culture and kept in glass Petri dishes (9.0 x 3.5 cm) 
with their natural prey on a host plant twig to observe courtship 
and mating behaviour under a binocular stereoscope (at 16 and 
40X magnifications). Obata (1987) divided the male courtship 
behaviour of Harmonia axyridis in five steps: (i) Approach - 
turning toward the live/dead body of a female from a distance of 
1 cm or less, (ii) Watch - pausing at a distance of about 0.5cm 
without any body contact, (iii) Examine - touching the opposite 
partner with his antennae and fore-legs, (iv) Mounting over the 
elytra of the female beetle, and (v) Copulatory attempt - bending 
the tip of abdomen downwards to fit into the genitalia of the 
female.
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The time between the establishment of genital contact and 
first abdominal shaking is known as the “latent period” and the 
lateral abdominal shakings during mating are referred to as 
“bouts”. Each bout comprises a number of units. The up and 
down body movements during bouts are termed as “strokes” 
(Obata, 1987). All the observations in this experimental subset 
were made in ten replicates.

To study mate recognition (cues involved)
Three female models were provided to each male ladybeetle 

as substitutes for a live female to study mate recognition cues. 
For this purpose, a sexually mature (10 days old) unmated male 
was introduced at the centre of a Petri dish (9 cm x 2.5 cm) con­
taining the model. The models were: (i) a freshly dead female 
(female was killed by placing cotton swab dipped in 70% 
alcohol on her head), (ii) a one-day-old dead female (collected 
from the stock culture), and (iii) a seven-day-old dead frozen 
female (collected from stock culture and frozen at -10°C). The 
male behaviour was studied and observations made (Obata, 
1987) under a binocular stereoscope (at 16 and 40X magnifica­
tions). Ten observations were made for each type of model and 
a new male used each time.

To study the effect of multiple matings on the same day
Mature male (10 days old) and female ladybeetles (12 days 

old) were introduced into a glass jar (height 9 cm x 13 cm 
diameter) with aphid-infested twigs. The number of matings in a 
day and the effect of the number of previous matings on the 
duration of copulation, bouts, latent period and the time interval 
between two bouts were observed. The behaviour of the two 
sexes during and after copulation was recorded. All the observa­
tions along with the mating and post-mating behaviour were 
made continuously from 1000 hrs to 1800 hrs in ten replicates.

To study the effect of previous matings
To observe the effect of male and female sexual status on the 

duration of copulation, the following pairs of ladybeetles were 
arranged and allowed to mate: (i) an unmated male with a virgin 
female, (ii) a copulated male with a virgin female, (iii) an 
unmated male with a mated female, and (iv) a copulated male 
with a mated female. The copulated males and females that 
were selected for the experiments had mated three times in the 
previous 24 hours. Five replicates were observed for each treat­
ment.

To study the effect of multiple matings
To record the effect of one, two and multiple matings (i.e. 

more than five matings) on the oviposition period, fecundity and 
percent hatching, male and female ladybeetles were kept sepa­
rately after emergence until they attained sexual maturity (10 
days for males and 12 days for females) and then allowed to 
mate only once, twice or multiple times. The ladybeetles were 
separated daily after a single mating and the same pair reformed 
the next day for the next mating(s), as required. The females 
were maintained for their entire lifetime after mating to conclu­
sively determine their oviposition period and fecundity. All the 
eggs were observed to allow calculation of the percent hatching 
of eggs. Ten replicates were made.

The data were analyzed using a one-way ANOVA and the 
comparison of means was done using Bonferroni’s method 
using the software “Statistix-4.1”.

OBSERVATION AND RESULTS

The pre-mating period
Males became sexually mature earlier than females at 

27°C. Males took a mean of 8.8 ± 0.3 days (N = 10) after

emergence before mating, while females took a mean of 
11.2 ± 0.4 days (N = 10). Females showed a prominent 
rejection display in the early days after emergence, before 
they finally mated. Reluctant females moved away from 
the male. In those cases where the male had a strong grip 
on the female, she raised her abdomen or kicked off the 
male with her hind legs.
Courtship behaviour of the male

Ten pairs of sexually mature (10-day-old males and 12- 
day-old females) but unmated adults were observed. 
Courtship was male dominated and exhibited by the male 
alone. The males quickly approached the females from a 
distance of about 1cm (approach), thereafter watched the 
females from the side without any body contact (watch) 
and examined by touching the antennae of the females 
with their antennae (examine). Following this, the males 
made copulatory attempts by climbing over the elytra of 
the females (mount), bent and finally inserted their 
aedeagus into the genitalia of the female ladybeetles 
(copulatory attempt) culminating in the commencement 
of mating.
Mate recognition (cues involved)

Males differed in their responses to different models of 
females. When a freshly dead female was introduced in a 
Petri dish containing the male, there was an increase in 
male movement and he approached the female. The male 
observed the dead female from all sides, but did not 
examine her by touching her mouthparts and antennae. 
The male ladybeetle directly mounted on the female 
elytra and tried to shake his body laterally and after 5-6 
unsuccessful mating attempts, the male left the female. 
Seven out of ten males mounted the freshly dead females 
and three stopped after examining them and did not 
mount.

When a one-day-old dead female was provided to the 
male, he showed signs of approach by turning his direc­
tion of movement, but never came close to the female and 
always maintained a distance of more than 1.0 cm from 
the female. All ten males approached the one-day-old 
dead females but only three ventured near enough to 
watch and examine her. The rest of the seven males nei­
ther watched nor examined the female. When a com­
pletely dry seven-day-old dead and frozen female was 
placed with a male, none of the ten males approached, 
watched or examined the female; her presence was 
ignored.
Effect of multiple matings on the same day

The ladybeetles mated frequently in a single day (4-6 
times) with an intervening period ranging from 10 to 45 
min. Rejection of male advances by the female was 
observed during the intervening periods. The duration of 
copulation decreased significantly with subsequent mat­
ings on a single day from 81.80 ± 3.93 to 25.00 ± 0.94 
min (F = 97.69; df = 9; P < 0.0001) (Table 1). The latent 
period also decreased significantly with an increase in the 
number of matings from 7.31 ± 0.33 to 3.84 ± 0.25 min 
(F = 35.77; df = 9; P < 0.0001). After the completion of 
the latent period, the male started the bouts. During bouts,
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Table 1. Comparison of copulatory period, latent period, interval and number of bouts during first, second, third and fourth mat­
ings of C. septempunctata (n = 10).
Matings in one day Copulatory period 

(min)
Latent period 

(min)
Interval (sec) No. of bouts per mating

1st mating 81.80 ± 3.93a 7.31 ± 0.33a 21.39 ± 0.57a 141.50 ± 6.62a
2nd mating 56.10 ± 2.17b 5.11 ± 0.19b 22.97 ± 1.20a 93.70 ± 6.03b
3rd mating 33.60 ± 2.27c 4.56 ± 0.21bc 23.72 ± 1.20a 52.20 ± 3.90c
4th mating 25.00 ± 0.94c 3.84 ± 0.25c 24.34 ± 0.29a 32.00 ± 1.26d
F-value 97.69* 35.77* 1.98** 96.79*
Values are mean ± S.E.
Means followed by the same letter within a column are not significantly different. 
* Significant at P < 0.0001; ** Significant at P < 0.2.

the male held the female with his first two pairs of legs 
and the hind legs were kept on the substratum for support 
and balance. In a regular pattern, the male first shook his 
abdomen laterally (3-5 units per bout) and then moved up 
and down for a while (1-2 strokes). Thereafter, he rested 
for a very brief period (interval), which increased with the 
subsequent matings but not significantly from 21.39 ± 
0.57 to 24.34 ± 0.29 sec (F = 1.98; df = 9; P < 0.2). There 
was a significant decrease in total number of bouts from 
first to fourth matings from 141.50 ± 6.62 to 32.00 ± 1.26 
(F = 96.79; df = 9; P < 0.0001). Thus, the copulatory 
period, latent period and number of bouts during first, 
second, third and fourth matings gradually decreased but 
the interval between the bouts slightly increased.
Mating, termination and rejection displays

These observations were made in all of the experi­
mental set ups. The female sometimes moved around 
slowly with the male on her back at random to find a 
comfortable place where the tip of her abdomen was 
curved slightly upwards to facilitate mating. The male 
occasionally rubbed the female elytra with his mouthparts 
or hind legs during the course of mating. The male 
rubbed the two parameres (accessory genital organs pre­
sent on either side of the aedeagus) onto the ventral sur­
face of female abdomen.

During the last phase of mating, the male remained sta­
tionary for a few minutes (2-4 min). Thereafter the 
female showed termination display by kicking away the 
male ladybeetle. In the post-mating period, both the male 
and female ladybeetles cleaned their mouthparts and 
antennae with their forelegs. The females of C. septem-

Fig. 1. Effect of sexual status on duration of copulation (n =
5).

punctata were observed ejecting a spermatophore 1-3 
hours after mating, though this was not a very regular fea­
ture. About 48.39% of the total females observed were 
found to eject the spermatophore, which was yellowish in 
colour with the consistency of a gel and was shaped like a 
balloon. It dried soon after ejection and was not con­
sumed by the female. Females that had mated multiple 
times (4-6 times) ejected spermatophores more consis­
tently (79.56%) than the females, which had mated 2-3 
times (20.44%). Females that had mated only once were 
not observed ejecting a spermatophore.

It was also observed that a female rejected male 
advances when she had recently mated (28.00 ± 3.69 min; 
range: 10-45 min). Sometimes the females which rejected 
the male copulatory attempts laid eggs soon after (17.00 ± 
1.87 min: range: 10-25 min).
Effect of previous matings

The mean copulation period of unmated males with 
virgin females, unmated males with mated females, copu­
lated males with virgin females and copulated males with 
mated females was 89.00 ± 3.33, 68.80 ± 3.43, 45.80 ± 
2.84 and 32.00 ± 3.32 min, respectively (Fig. 1). The 
longest copulation period was observed in unmated male 
copulated with virgin female (89.00 ± 3.33 min) and the 
shortest duration was in case of mated male with mated 
female (32.00 ± 3.32 min). The decrease in the copulatory 
period with change in the sexual status was statistically 
significant (F = 60.47; df = 4; P < 0.0001).
Effect of multiple matings on fecundity and 
hatchability

The mean oviposition period was 5.00 ± 0.42, 8.00 ± 
0.49 and 24.50 ± 1.17 days, when the mating pairs of C. 
septempunctata were allowed to mate only once, twice 
and more than five times, respectively (F = 185.47; df = 
9; P < 0.0001) (Fig. 2). The fecundity was 94.70 ± 4.73, 
193.50 ± 5.23 and 705.50 ± 6.02 eggs with one, two and 
multiple matings, respectively (F = 3754.21; df = 9; P < 
0.0001) (Fig. 3). The mean percent hatching of eggs was 
77.72 ± 2.14, 88.59 ± 1.07 and 95.58 ± 0.41 percent after 
one, two and multiple matings, respectively (F = 41.65; df 
= 9; P < 0.0001) (Fig. 4). The oviposition period, fecun­
dity and percent hatching were at a maximum in the case 
of multiple mating and a minimum in the case of a single 
mating.
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10).

DISCUSSION

The pre-mating period
Adult C. septempunctata did not copulate for a number 

of days after emergence and this period may be recog­
nized as the minimum duration required for sexual matu­
ration. The long pre-mating period in males, despite their 
testicular follicles being mature even at emergence 
(Hodek & Honek, 1996), can also be attributed to the 
considerable time taken for the hardening of elytra in this 
ladybeetle (Hodek, personal communication). The long 
pre-mating period for females also reflects that they are 
not fit to reproduce immediately after emergence, 
probably due to the immature condition of their gonads. 
Pre-mating periods have also been recorded for C. sep­
tempunctata (Obata & Johki, 1991), Harmonia axyridis 
(Obata & Hidaka, 1987; Obata & Johki, 1991), Cheilo- 
menes sexmaculata (Obata & Johki, 1991; Verma et al., 
1993; Bind, 1998), Propylea japonica (Obata & Johki, 
1991), Scymnus nubilus (Kumar & Chakraborty, 1997) 
and Adalia bipunctata (Hemptinne et al., 2001).
Courtship behaviour and cues involved in mate 
recognition

The small male ladybeetle is a relatively active indi­
vidual and dominates the courtship behaviour. The male 
is possibly stimulated by chemical releases from the 
female ladybeetle. The courtship behaviour by the male 
ladybeetle is exhibited in five steps of approach, watch, 
examine, mount and copulatory attempt. The same steps, 
with the exception of examine, are displayed by a sexu­
ally mature male towards a freshly dead female probably

Fig. 4. Effect of number of matings on percent hatching of 
eggs (n = 10).

Fig. 3. Effect of number of matings on fecundity (n = 10).

still containing chemicals in her body. The approach 
behaviour was absent in the males when presented with a 
one-day old dead female, though a definite interest was 
observed through the presence of a marked orientation 
display. The seven-day old dead and frozen female was 
completely ignored. The quick approach of a male 
towards the freshly dead female suggests that the male 
possibly recognized the female through some chemical 
stimuli released by her, such as a sex pheromone, which 
stimulated a copulatory behaviour similar to that dis­
played towards a live female. Although the size and shape 
of the female dummy attracted the male, his behaviour 
with a one-day-old dead female suggested that he did not 
exhibit the complete range of courtship and mating 
behaviours, perhaps because of the absence of chemical 
factor in the female dummy. The orientation displayed 
suggests that visual cues were also helpful in mate 
finding, but it is the chemical cues which perhaps played 
a more important role in the final approach and subse­
quent mating. The absence of any prominent courtship 
behaviour towards the one-day dead female even in the 
presence of the visual cues lends further support to the 
hypothesis that chemical cues perhaps play a more impor­
tant role than physical cues. The role of the visual cues is 
seen by the complete ignoring of the seven-day-old dead 
female, which was slightly discoloured and distorted. The 
pheromones released by the female along with the 
species-specific alkanes present on the elytra of ladybee- 
tles probably play an important role in the recognition of 
mates using chemical stimuli (Hemptinne et al., 1998). 
On the basis of the results obtained it can be reasonably 
postulated that though the chemical and visual cues have 
a synergistic effect, it is perhaps the presence of an attrac- 
tant chemical that leads to the culmination of courtship 
behaviour and consequently the mating. These findings 
are in agreement with behavioural observations on H. 
axyridis (Obata, 1987) and Tricholyga bombycis 
(Veerana & Nirmala, 1989). Courtship behaviours of the 
male, such as watch, examine and touching the antennae 
of the female ladybeetle, was possibly in response to 
chemical stimuli released by the female. The male pos­
sibly received the chemical stimulus through olfactory 
receptors, which are mainly situated on their antennae.
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This hypothesis is also supported by the observations of 
Paragleneafortunei (Wang et al., 1991).
Multiple matings on the same day

The decrease in the duration of copulation and the 
number of bouts suggested that these might probably be 
related to the physiological state of the male ladybeetle. 
The vigorous bouts are rigid and energy consuming 
activity and probably responsible for the sperm transfer 
into the genital tract of the female ladybeetle (Srivastava, 
2000). Subsequent matings on a single day may lead to a 
state of exhaustion. This probably leads to an increase in 
the duration of the interval between bouts and the latent 
period. The decrease in interval is, however, not signifi­
cant and this may be due to the comparatively less 
exhaustion induced by the significant reduction in copula- 
tory period and number of bouts with successive matings. 
Somewhat similar observations have been made in H. 
axyridis (Obata, 1987). Similar to C. septempunctata, 
multiple matings were also recorded in other ladybeetles, 
viz. Adonia variegata, Scymnus quadrillum (Kapur, 
1942), Thea cincta (Bagal & Trehan, 1945), Nephus 
regularis (Rawat & Modi, 1969) and C. sexmaculata 
(Vermaetal., 1993; Bind, 1998).

The female terminated mating by kicking away the 
male with her hind legs after a pronounced period of mat­
ing, which suggests that the female initiates the termina­
tion of mating possibly after her satiation, as has also 
been pointed out by Wang et al. (1990). The observations 
made in due course of the experiment suggest that the 
female exhibits rejection display at the times when she 
was not sexually mature, had recently mated or was about 
to oviposit. Similar observations in ladybeetles have also 
been reported earlier (Majerus & Kearns, 1989).
Effect of previous matings

That the longest mating duration occurred in the case of 
unmated males with virgin females showed that the 
sexual status of both the male and female affected the 
copulatory period. That the sexual status of the male has a 
pronounced effect on the duration of copulation can also 
be suggested. The maximum copulatory period in the case 
of mating between unmated males and virgin females 
suggested that possibly they were more vigorous than 
those of mated male and mated female ladybeetles. 
Similar findings were also reported in H. axyridis (Obata, 
1987).
Effect of multiple matings

Once mated, females laid eggs in response to the first 
mating for a few days. As the number of matings 
increased, the duration of oviposition also increased. 
Although once mated females laid a considerable number 
of eggs, their fecundity increased greatly after multiple 
matings. Multiple matings increased the fertility, viability 
and percent hatching of eggs. This enhanced fecundity 
and egg viability is in response to the enhanced fertiliza­
tion owing to the increased and more frequent supply of 
sperm (Srivastava, 2000). Similar findings have been 
reported for other ladybeetles, viz. A. bipunctata, P. qua-

tuordecimpunctata and H. quadripunctata (Majerus, 
1994) and C. montrouzieri (Kaufmann, 1996).

Thus, it can be inferred that: (i) the female C. septem­
punctata takes longer to mature than the male, (ii) the 
courtship behaviour is male dominated and displayed in 
five steps, viz. approach, watch, examine, mount and 
copulatory attempt, (iii) the female resists male advances 
when she is sexually immature, has recently mated or is 
about to lay eggs, (iv) chemical (pheromones) and visual 
cues have a synergistic effect on mate recognition and the 
former may possibly play a more defining role, (v) mul­
tiple matings on a single day showed a decline in the 
energy consuming processes of the mating due to exertion 
and subsequent exhaustion, (vi) unmated males and virgin 
females showed the most vigorous mating, and (vii) mul­
tiple matings led to increased oviposition period, fecun­
dity and percent hatching.
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