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Abstract

The short- and long-term consequences of monogamy and promiscuity in an
aphidophagous ladybird, Propylea dissecta (Mulsant) in terms of reproductive
performance and offspring fitness were investigated. Promiscuous females were
more fecund and laid more viable eggs than monogamous ones. Amongst
promiscuous females, those mated with multiple males (freedom for mate choice)
had significantly higher reproductive output than those mated daily with a new
unmated male. The increased reproductive output of females mated with an
unmated male each day in comparison to monogamous ones might possibly be a
result of their increased ejaculate size. The further increase in reproductive output,
when a female was allowed to choose a mate, may be because of repeated
preferential mating with the fitter males. Results on long-term consequences of
promiscuity revealed faster development and increased survival in offspring of
promiscuous females at 25, 27 and 30�C. The percent adult emergence was more
strongly influenced than development by the mating regime. There were no
statistically significant differences in survival of offspring of promiscuous females
(mate choice) at the three temperatures, while the percent survival of offspring of
monogamous females differed significantly. Offspring of promiscuous females
(mate choice) were fittest in terms of development and survival, which indicates
their probable better genetic constitution and subsequently that of chosen mates.
Thus, promiscuity has both short- and long-term benefits and is advantageous to
ladybirds. The presence of long-term benefits in terms of fitter offspring probably
indicates the evolutionary rationale behind the prevalence of promiscuity in
ladybirds.
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Introduction

Female mating patterns have broad implications for
conflicts of interest between the sexes (Parker, 1979), sexual
selection (Eberhard, 1996), and speciation (Arnqvist et al.,
2000) yet they are not so well understood. Repeated matings
and promiscuity are well-recorded phenomena in insects
and their occurrence has been of great interest to scientists
the world over. This is so because matings are known to

have high costs, such as time and energy consumption
(Thornhill & Alcock, 1983), increased predation risk owing to
decreased vigilance (Arnqvist, 1989), increased risk of
disease transmission (Hurst et al., 1995) and decrease in
longevity (Chapman et al., 1995; Omkar and G. Mishra,
unpublished data), yet repeated matings occur in nature.
However, in those insect species where females benefit
through either nutritional gifts or protection or parental
care by the male, repeated matings seem advantageous
(Fox et al., 1995; Eberhard, 1996; Arnqvist & Nilsson, 2000;
Hosken & Stockley, 2003). In recent years, research has
revealed numerous other direct and indirect genetic benefits
associated with increased number of matings.*E-mail: omkaar55@hotmail.com

Bulletin of Entomological Research (2005) 95, 527–533 DOI: 10.1079/BER2005386

https://doi.org/10.1079/BER2005386 Published online by Cambridge University Press

https://doi.org/10.1079/BER2005386


The increased benefits in comparison to the costs of
repeated matings explain their occurrence in insects. What
is still not clear is why do females not usually mate
repeatedly with a single male and why with multiple males?
This is despite the fact that in most insect species, females are
not known to derive many benefits from promiscuity but
rather, frequently incur direct costs (Chapman et al., 1995;
Blanckenhorn et al., 2002). Exposure to more males is likely
to make the female more susceptible to increased time and
energy expenditure, disease transmission and genetic
incompatibility.

Nevertheless, promiscuity is widespread, with females
mating with multiple males (Birkhead & Møller, 1998).
The possible reason behind this widespread incidence of
promiscuity in female insects in the absence of direct
benefits, is the presence of indirect benefits to the offspring
(Jennions & Petrie, 2000; Tregenza &Wedell, 2002; Hosken &
Stockley, 2003; Hosken et al., 2003). One hypothesis discusses
promiscuity as a means to avoid costs of inbreeding
depression, leading to increased egg viability (Tregenza &
Wedell, 2002), and fitter offspring of higher quality (Sakaluk
et al., 2002; Hosken et al., 2003).

The production of high quality offspring by promiscuous
females has been attributed to a probable correlation
between the male’s success in sperm competition and
genetic quality; with the sperm of more successful males
being of higher genetic quality, i.e. the good sperm
hypothesis (Birkhead et al., 1993; Hosken et al., 2003).
Offspring of such males might be more competitive/
attractive (sexy sons) or may be genetically more viable
(good genes) (Jennions & Petrie, 2000). Though these
hypotheses have not yet been subjected to extensive
experimentation, there have been reports both for (Madsen
et al., 1992; Hosken et al., 2003) and against (Olsson et al.,
1996; Simmons, 2001).

Despite the interest in promiscuity in insects, the benefits
thereof and the reasons for its occurrence are still not clear.
In ladybirds, this aspect still remains untouched, despite
their highly promiscuous nature (Majerus, 1994). Repeated
matings as such have been well studied in ladybirds
(Bind, 1998; Omkar & Srivastava, 2002; Omkar, 2004; Omkar
& James, 2005; Omkar & Pervez, 2005) but studies on
promiscuity are still lacking. It was therefore decided to
undertake a study on the evolutionary significance of the
occurrence of promiscuity in ladybirds, with emphasis
on both the possible direct and indirect benefits. For
the purpose, an Oriental, aphidophagous locally abundant
ladybird, Propylea dissecta (Mulsant) (Coleoptera: Coccinelli-
dae) was selected as the experimental model. The primary
reason behind its selection as an experimental tool was its
prominent sexual dimorphism (Omkar & Pervez, 2000) and
relatively scarce literature (Omkar & Mishra, 2003, 2005;
Omkar & Pervez, 2003, 2005; Mishra & Omkar, 2004a,b, 2005;
Pervez & Omkar, 2003, 2004a,b,c; Pervez et al., 2004).

Materials and methods

Maintenance of stock

Adults of P. dissecta were collected from the agricultural
fields in the suburbs of the city of Lucknow, India, brought
to the laboratory and reared in pairs on an ad libitum supply
of Aphis craccivora Koch (Hemiptera: Aphididae) from bean
(Dolichos lablab L.) in Petri dishes (9.0r1.5 cm) at 25+2�C

and 65+5% R.H. The pairs were checked daily for
oviposition, the eggs collected and observed for hatching.
The neonates were transferred to muslin-covered beakers
containing A. craccivora and reared till adult eclosion.
Rearing was continued and the emerging F2 adults were
sexed and isolated on the basis of pronotal characteristics
(Omkar & Pervez, 2000). The F2 adults were used for
experiments to dilute the possible effects of variations in
fitness owing to varying diets of field collected adults.

Experimental design

Reproductive performance

Three experiments were designed by modifying the
method of Sakaluk et al. (2002) for studying effects of
monogamy and promiscuity in P. dissecta. The experiments
were: (i) 5-day-old virgin female paired with a 5-day-old
unmated male, allowing only a single mating per day
(monogamous, limited matings); (ii) 5-day-old virgin female
provided daily with a new unmated male of the same age
as female (allowing change in male age with female age) for
a single mating (promiscuous, no-choice); and (iii) 5-day-old
female paired with five 5-day-old unmated males, thus
allowing free will to choose her mate (promiscuous, mate
choice). The mating treatments were maintained for five
days. Though the last experiment seemingly allowed
unlimited matings, there is very little chance of such an
occurrence because of the observation of not more than a
single prolonged mating (5–6 h) in a day (Mishra & Omkar,
2004a); thus the probability of a total of approximately
5–6 matings in the experimental duration was high.
The pairs were formed in Petri dishes (9.0r1.5 cm) and
were provided ad libitum with A. craccivora (most preferred;
Omkar & Mishra, 2005) on D. lablab twigs (25+2�C; 65+5%
R.H.). After the five-day mating treatment, the females
were isolated and observations on daily oviposition and
percent egg viability for all the experiments made for
20 days post-treatment. There were ten replicates per
experiment with individuals in a single Petri dish forming
a replicate.

Offspring fitness

For the purpose of studying the long-term effects of
monogamy and promiscuity, offspring fitness in terms
of development and survival was studied at three different
temperatures, 25, 27 and 30�C.

Fifty eggs were selected randomly from each of the
three mating treatments and placed at each of the three
temperatures (25, 27 and 30�C). They were observed
for hatching and the neonates placed in a beaker
(6.5r9.5 cm) covered with muslin fastened with a rubber
band, at a maximum of five insects per beaker to avoid
overcrowding, with one beaker constituting a replicate.
A total of ten beakers containing a maximum of five larvae
each were placed at the three temperatures. Insects were
provided with an ad libitum supply of aphid A. craccivora on
the twigs of D. lablab. The duration required for development
from egg to adult emergence (observations taken twice every
24 h) and the number of individuals surviving were
recorded. Since there were five insects per beaker, the mean
values per beaker were considered as observation of a
replicate.
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Statistical analysis

Data on fecundity and percent egg viability were
subjected to one-way ANOVA and post hoc comparison of
means using Tukey’s test of significance. All percent data
were subjected to arcsine square root transformation to
normalize the data prior to being subjected to ANOVA.
Treatment effects were assessed with respect to two
measures of offspring fitness: total developmental time
(duration from egg to adult emergence) and percent adult
emergence (percentage of adults emerging from the initial
egg batch). To examine the effects of female promiscuity and
offspring rearing environment, the data were subjected to
two-way ANOVA with mating treatments as row factor and
temperature regimes as column factor. Analyses within
mating treatments and within temperature regimes were
also conducted. All analyses were done using statistical
software MINITAB.

Results

Reproductive performance

There were statistically significant differences in fecun-
dity of experimental females across the mating treatments
(F = 108.24; P< 0.001; table 1), with promiscuous females
having mate choice being highly fecund in comparision to
the monogamous females with limited matings. Comparison
within the two promiscuous groups revealed that females
with mate choice had significantly greater egg output than
those with no mate choice (table 1). The differences in
individual means of fecundity across the three treatments
were significant.

The percent viability of eggs was also significantly
affected by the mating treatment (F = 96.62; P< 0.001; table 1).
Eggs of females that mated with different males and also had
multiple mate choice were most viable while monogamous
ones with limited matings laid least viable eggs. The
differences between individual means across treatments

were significant for all the three experiments, as revealed
by comparison of means (table 1).

Offspring fitness

The developmental time changed significantly in
response to both mating treatments (F = 13.34; P< 0.001) and
temperature regimes (F = 311.00; P< 0.001) (table 2). The
interaction between these two was, however, not significant
(F = 1.73; P> 0.05). The number of neonates surviving till
adult emergence were also significantly influenced by the
mating treatments (F = 11.90; P< 0.001) and temperature
regimes (F = 23.07; P< 0.001). There was a small but
statistically significant interaction between temperature
regime and mating treatments on the percent adult
emergence (F = 5.37; P< 0.01); separate analyses of treatment
effects within temperature regimes failed to identify the
source of interaction.

Both the mating treatments and temperature regimes
significantly affected the development and percent adult
emergence. Specifically, while the increase in temperature
led to a statistically significant decline in developmental time
of immature stages of a mating treatment, the development
of immature stages at a particular temperature was fastest in
the offspring of promiscuous females with mate choice and
slowest in offspring of monogamous females (fig. 1). In the
case of percent adult emergence, the maximum emergence
was seen at 27�C in all mating treatments. However, at each
temperature, the highest survival was found for the
offspring of promiscuous females (fig. 2). The differences
in percent adult emergence of offspring of promiscuous
females with mate choice were not statistically significant at
the three temperatures (fig. 2).

Discussion

The results reveal that promiscuous females had high
fecundity and percent egg viability, thus revealing apparent
short-term benefits of promiscuity. Increase in number of
eggs with repeated matings is well documented (Fox et al.,
1995; Eberhard, 1996; Omkar & Srivastava, 2002; Omkar,
2004), but the effects of promiscuity have not yet been
confirmed, at least in ladybirds.

The decreased fecundity and percent egg viability in
monogamous P. dissecta even after repeated matings may
be a result of the decreased ejaculate size of males on being
subjected to subsequent matings, as has been previously
reported for other insects (Fox et al., 1995; Savalli & Fox,
1999). It is possible that females in nature may preferentially
select quality mates by mating more often or by mating
each time with unmated ones, so as to increase her
reproductive fitness and the number and quality of offspring

Table 1. Effect of monogamy and promiscuity on reproductive
performance of Propylea dissecta.

Treatments Fecundity Percent egg
viability

5 matings, 1 male 455.00+26.36a 83.13+2.07a
5 matings, 5 males 516.20+23.57b 88.81+3.29b
Unlimited matings,
5 males (mate choice)

561.50+14.80c 95.32+1.99c

F-value 108.24 96.62

Values are mean+SD.

Table 2. Effect of mating treatments and temperature regimes on offspring fitness in Propylea dissecta.

Variable Source df MS F P values

Developmental time Mating treatment 2 1.76 13.34 < 0.001
Temperature regime 2 41.05 311.00 < 0.001
Treatmentrtemperature 4 0.23 1.73 > 0.05

Adult emergence Mating treatment 2 364.20 11.90 < 0.001
Temperature regime 2 706.00 23.07 < 0.001
Treatmentrtemperature 4 164.30 5.37 < 0.01
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(Fox & Hickman, 1994). The status of males in some insects is
determined by the quality and quantity of ejaculate size
(Savalli & Fox, 1999). The quality is determined by genetic
composition of individuals and intra- as well as inter-specific
variations (Sakaluk & Smith, 1998; Schaus & Sakaluk, 2002),
while quantity is mating history dependent (Fox et al., 1995;
Savalli & Fox, 1999). This variation in male ejaculate size
may be responsible for mate choice as well as the
reproductive output. It is also likely that a female that has
mated with males having small ejaculate size might go on to
mate again more rapidly to fulfill her sperm/nutritional
requirements.

Female P. dissecta which mated with five males provided
one at a time had lower fecundity and egg viability than
those paired with five males (all males together),
i.e. promiscuity along with probable mate choice increased

reproductive output. It is possible that the latter females
may have mated with the more desirable and potent males
more than once to increase her fitness and number of
progeny. Thus, the higher levels of fecundity and percent
egg viability could be a possible result of repeated matings
with higher quality males in the group. Though this
experimental treatment allows the female to exercise her
opportunity to mate with multiple mates, it may not always
be the case. Selective matings, if they occur, may be a result
of either female choice based on male quality or of male
competition. The latter reason seems more plausible in
P. dissecta, where copulation is a male dominated event, with
young females being forced to mate by older males despite
their reluctance, at least under laboratory conditions (Omkar
& Pervez, 2005). During forced matings with a different male
each time, it is possible that there might have been genetic
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Fig. 1. Total developmental period of offspring of Propylea dissecta subjected to monogamy and promiscuity at three temperatures:
K, monogamous setup with five matings; , promiscuous setup with five matings; &, promiscuous setup with mate choice.
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Fig. 2. Percent adult emergence in offspring of Propylea dissecta subjected to monogamy and promiscuity at three temperatures:
K, monogamous setup with five matings; , promiscuous setup with five matings; &, promiscuous setup with mate choice.
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incompatibility between the females and males leading to
lesser reproductive output (Olsson et al., 1996). A recent
study indicates that promiscuity is also a means of reducing
the costs of inbreeding depression (Tregenza & Wedell,
2002). Further, it is not possible that females in nature would
mate with an unmated male each and every time and thus
the experiment allowing mate choice is a more realistic
experimental interpretation of natural conditions.

The present results reveal an increase in both fecundity
and hatching success in P. dissecta while in crickets an
improvement in either fecundity (Simmons, 1987) or percent
egg viability (Tregenza & Wedell, 1998) is observed with
increased levels of promiscuity. The difference in results in
these two studies on crickets perhaps owes to the difference
in experiments, with Simmons (1987) being a more realistic
design having increased number of matings. The number of
matings might also influence the benefits of polyandry.
A few studies on the benefits of optimal mating rates have
been conducted in insects (Leather, 1990; Tregenza &
Wedell, 1998; Arnqvist & Nilsson, 2000; Wedell et al.,
2002). Arnqvist & Nilsson (2000) suggest that like optimal
mating rates there might be an optimal degree of polyandry
beyond which female fitness declines. Notably, in the pine
beauty moth, Panolis flammea Denis & Schiffermüller
(Lepidoptera: Noctuidae), the sex ratio leading to optimal
fecundity was three males paired with a female, though
optimal fertility required a sex ratio of one male/female
(Leather, 1990). Optimal mating rates of one and three
matings with suboptimal reproductive performance at two
matings have been reported in Callosobruchus maculatus
(Fabricius) (Coleoptera: Bruchidae) (Nilsson, 2004).

The experiments on the effect of promiscuity on offspring
fitness (developmental durations and adult emergence) at
different temperatures were designed for the purpose of the
evaluation of long-term benefits. Different temperatures
were considered as indicators of environmental stressors.
Results revealed that the differences in survival of offspring
of promiscuous females with mate choice were insignificant
at the three temperatures, revealing them to be more fit at
dealing with environmental stresses. Though the develop-
mental durations of offspring of promiscuous females with
mate choice were lowest, the effect was more substantial on
the survival of offspring.

The efficacy of offspring with different parental mating
histories in dealing with environmental stresses has
previously been studied in crickets with nutrition dep-
rivation acting as a stressor (Sakaluk et al., 2002). While the
development time and survival of offspring did not differ
with the levels of promiscuity (Sakaluk et al., 2002), weight
and size of adult male offspring increased (Sakaluk et al.,
2002). This variation in crickets is important and has a
probable evolutionary rationale since larger males are
preferred over smaller ones as mates in crickets (Sakaluk,
1985; Burpee & Sakaluk, 1993) while there are no known
advantages of larger size to females (Will & Sakaluk, 1994).
Larger male crickets may enjoy increased mating success
owing to their success in agonistic interactions with smaller
opponents (Souroukis & Cade, 1993; Hack, 1997) and their
increased attractiveness to females (Brown et al., 1996;
Bateman et al., 2001). This reason, however, does not apply
in the case of ladybirds where smaller males are considered
more efficient mates in prey-deprived conditions (Yasuda &
Dixon, 2002). Larger size of female progeny may be more
beneficial in ladybirds since number of ovarioles and egg

output are size dependent (Stewart et al., 1991). Though no
apparent differences in the sizes were found in the adults,
the effects of parental promiscuity on offspring size needs to
be further investigated.

The study does reveal that promiscuity in ladybirds
provides both short- and long term benefits in the form of
increased reproductive performance and better adaptability
of the offspring to counter environmental stresses support-
ing the evolutionary significance of incidence of promiscuity
in nature.

Acknowledgements

The authors are thankful to Dr Tom Tregenza, School of
Biology, University of Leeds, Leeds, UK for his critical
comments and suggestions, which helped improve the
manuscript. GM is thankful to the Council of Science and
Industrial Research, New Delhi for providing financial
assistance in the form of a fellowship.

References

Arnqvist, G. (1989) Multiple mating in a water strider: mutual
benefits or intersexual conflict? Animal Behavior 38, 749–756.

Arnqvist, G., Edvardsson, M., Friberg, U. & Nilsson, T. (2000)
Sexual conflict promotes speciation in insects. Proceedings of
the National Academy of Sciences, USA 97, 10460–10464.

Arnqvist, G. & Nilsson, T. (2000) The evolution of polyandry:
multiple mating and female fitness in insects. Animal
Behavior 60, 145–164.

Bateman, P.W., Gilson, L.N. & Ferguson, J.W.H. (2001) Male
size and sequential mate preference in the cricket Gryllus
bimaculatus. Animal Behavior 61, 631–637.

Bind, R.B. (1998) Bioecology and behaviour of a ladybird beetle,
Cheilomenes (=Menochilus) sexmaculata (Fabricius)

(Coleoptera: Coccinellidae). 164 pp. PhD thesis, University of
Lucknow.

Birkhead, T.R. & Møller, A.P. (Eds) (1998) Sperm competition and

sexual selection. 826 pp. London, Academic Press.
Birkhead, T.R., Møller, A.P. & Sutherland, W.J. (1993) Why

do females make it so difficult for males to fertilize their
eggs? Journal of Theoretical Biology 161, 51–60.

Blanckenhorn, W.U., Hosken, D.J., Martin, O.Y., Reim, C.,

Teuschl, Y. & Ward, P.I. (2002) The costs of copulating in
the dung fly Sepsis cynipsea. Behavioural Ecology 13, 353–358.

Brown, W.D., Wiedmann, J., Andrade, M.C.B., Mason, A.C. &

Gwynne, D.T.M. (1996) Female choice for an indicator of
male size in the song of the black-horned tree cricket
Oecanthus nigricornis (Orthoptera, Gryllidae, Oecanthinae).
Evolution 50, 2400–2411.

Burpee, D.M. & Sakaluk, S.K. (1993) Repeated matings offset
costs of reproduction in female crickets. Evolutionary
Ecology 7, 240–250.

Chapman, T., Liddle, L.F., Kalb, J.M., Wolfner, M.F. &

Partridge, L. (1995) Costs of mating in Drosophila melano-
gaster females is mediated by male accessory gland
products. Nature 373, 241–244.

Eberhard, W.G. (1996) Female control: sexual selection by cryptic

female choice. 472 pp. Princeton, New Jersey, Princeton
University Press.

Fox, C.W. & Hickman, D.L. (1994) The influence of oviposition
substrate on female receptivity to multiple mating in

Evolutionary significance of promiscuity in Propylea dissecta 531

https://doi.org/10.1079/BER2005386 Published online by Cambridge University Press

https://doi.org/10.1079/BER2005386


Callosobruchus maculatus (Coleoptera: Bruchidae). Annals of
the Entomological Society of America 87, 395–398.

Fox, C.W., Hickman, D.L., Raleigh, E.L. & Mousseau, T.A.

(1995) Paternal investment in a seed beetle (Coleoptera:
Bruchidae): influence of male size, age, and mating history.
Annals of the Entomological Society of America 88, 101–103.

Hack, M.A. (1997) Assessment strategies in the contests of male
crickets, Acheta domesticus (L.). Animal Behavior 53, 733–747.

Hosken, D.J., Garner, T.W.J., Tregenza, T., Wedell, N. & Ward,

P.I. (2003) Superior sperm competitors sire higher-quality
young. Proceedings of the Royal Society of London, Series B 270,
1933–1938.

Hosken, D.J. & Stockley, P. (2003) Benefits of polyandry: a life
history perspective. Evolutionary Biology 33, 173–194.

Hurst, G.D.D., Sharpe, R.G., Broomfield, A.H., Walker, L.E.,

Majerus, T.M.O., Zakjarov, I.A. & Majerus, M.E.N. (1995)
Sexually transmitted disease in a promiscuous insect,
Adalia bipunctata. Ecological Entomology 20, 230–236.

Jennions, M.D. & Petrie, M. (2000) Why do females mate
multiply? A review of the genetic benefits. Biological

Reviews 75, 21–64.
Leather, S.R. (1990) Sex-ratio and reproductive success in the

pine beauty moth, Panolis flammea (Den. & Schiff.)
(Lep., Noctuidae) Journal of Applied Entomology 109,
200–204.

Madsen, T., Shine, R., Loman, J. & Hakansson, T. (1992) Why
do female adders copulate so frequently? Nature 355,
440–441.

Majerus, M.E.N. (1994) Ladybirds. 367 pp. London, Harper
Collins.

Mishra, G. & Omkar (2004a) Diel rhythmicity in certain life
events of a ladybird, Propylea dissecta (Mulsant). Biological
Rhythm Research 35, 269–276.

Mishra, G. & Omkar (2004b) Influence of parental age on
reproductive performance of an aphidophagous ladybird,
Propylea dissecta (Mulsant). Journal of Applied Entomology

128, 605–609.
Mishra, G. & Omkar (2005) Influence of light components on

the life attributes of an aphidophagous ladybird, Propylea
dissecta (Coleoptera: Coccinellidae). International Journal of
Tropical Insect Science 25, 32–38.

Nilsson, T. (2004) Polyandry and the evolution of reproductive

divergence in insects. 70 pp. PhD thesis, Umea University,
Sweden.

Olsson, M., Shine, R., Madsen, T., Gullberg, A. & Tegelstrom,

H. (1996) Sperm selection by females. Nature 383, 585.
Omkar (2004) Reproductive behaviour of two aphidophagous

ladybird beetles, Cheilomenes sexmaculata and Coccinella

transversalis. Entomologia Sinica 11, 47–60.
Omkar & James, B.E. (2005) Reproductive behaviour of an

aphidophagous ladybeetle, Coccinella transversalis (Coleop-
tera: Coccinellidae). International Journal of Tropical Insect
Science 25, 96–102.

Omkar & Mishra, G. (2003) Ovipositional orientation of an
aphidophagous ladybird beetle, Propylea dissecta (Mulsant).
Insect Science and Its Application 23, 211–219.

Omkar & Mishra, G. (2005) Preference-performance of a
generalist predatory ladybird: a laboratory study. Biological
Control 34, 187–195.

Omkar & Pervez, A. (2000) Sexual dimorphism in Propylea
dissecta (Mulsant), (Coccinellidae: Coleoptera). Journal of

Aphidology 14, 139–140.
Omkar & Pervez, A. (2003) Influence of prey deprivation on

biological attributes of pale morph of the ladybeetle,

Propylea dissecta (Mulsant). Insect Science and Its Application
23, 143–148.

Omkar & Pervez, A. (2005) Mating behavior of an aphidopha-
gous ladybird beetle, Propylea dissecta (Mulsant). Insect
Science 12, 37–44.

Omkar & Srivastava, S. (2002) The reproductive behaviour of an
aphidophagous ladybeetle, Coccinella septempunctata

Linnaeus. European Journal of Entomology 99, 465–470.
Parker, G. (1979) Sexual selection and sexual conflict.

pp. 123–166. in Blum, M. & Blum, N. (Eds) Sexual selection
and reproductive competition in insects. New York, Academic
Press.

Pervez, A. & Omkar (2003) Predation potential and handling
time estimates of a generalist aphidophagous ladybird,
Propylea dissecta. Biological Memoirs 29, 91–97.

Pervez, A. & Omkar (2004a) Functional and numerical
responses of Propylea dissecta (Mulsant) (Col., Coccinelli-
dae). Journal of Applied Entomology 128, 140–146.

Pervez, A. & Omkar (2004b) Temperature dependent life
attributes of an aphidophagous ladybird beetle, Propylea

dissecta (Mulsant). Biocontrol Science and Technology 14,
587–594.

Pervez, A. & Omkar (2004c) Prey dependent life attributes of an
aphidophagous ladybird beetle, Propylea dissecta (Mulsant).
Biocontrol Science and Technology 14, 385–396.

Pervez, A., Omkar & Richmond, A.S. (2004) The influence of
age on reproductive performance of a predatory ladybird
beetle, Propylea dissecta. Journal of Insect Science 4, 1–8.

Sakaluk, S.K. (1985) Spermatophore size and its role in the
reproductive behaviour of the cricket, Gryllodes supplicans
(Orthoptera: Gryllidae). Canadian Journal of Zoology 63,
1652–1656.

Sakaluk, S.K. & Smith, R.L. (1998) Inheritance of male parent
investment in an insect. American Naturalist 132, 594–601.

Sakaluk, S.K., Schaus, J.M., Eggert, A.K., Snedden, W.A &

Brady, P.L. (2002) Polyandry and fitness of offspring reared
under varying nutritional stress in decorated crickets.
Evolution 56, 1999–2007.

Savalli, U.M. & Fox, C.W. (1999) The effect of male mating
history on paternal investment, fecundity and female
remating in the seed beetle Callosobruchus maculatus.
Functional Ecology 13, 169–177.

Schaus, J.M. & Sakaluk, S.K. (2002) Repeatibility of sperm
number across multiple matings in three cricket species,
Gryllodes sigillatus, Gryllus veletis and Gryllus texensis
(Orthoptera: Gryllidae). Canadian Journal of Zoology 80,
582–585.

Simmons, L.W. (1987) Female choice contributes to offspring
fitness in the field cricket, Gryllus bimaculatus (De Geer).
Behavioural Ecology and Sociobiology 21, 313–321.

Simmons, L.W. (2001) The evolution of polyandry: an
examination of the genetic incompatibility and good-
sperm hypothesis. Journal of Evolutionary Biology 14,
585–594.

Souroukis, K. & Cade, W.H. (1993) Reproductive compe-
tition and selection on male traits at varying sex ratios in
the field cricket, Gryllus pennsylvanicus. Behaviour 126,
45–62.

Stewart, L.A., Dixon, A.F.G., Ruzicka, Z. & Iperti, G. (1991)
Clutch and egg size in ladybird beetles. Entomophaga 36,
329–333.

Thornhill, R. & Alcock, J. (1983) The evolution of insect mating

systems. 576 pp. Harvard University Press, Cambridge,
Massachusetts.

532 Omkar and G. Mishra

https://doi.org/10.1079/BER2005386 Published online by Cambridge University Press

https://doi.org/10.1079/BER2005386


Tregenza, T. & Wedell, N. (1998) Benefits of multiple mates in
the cricket, Gryllus bimaculatus. Evolution 52, 1726–1730.

Tregenza, T. & Wedell, N. (2002) Polyandrous females avoid
costs of inbreeding. Nature 415, 71–73.

Wedell, N., Gage, M.J.G. & Parker, G.A. (2002) Sperm
competition, male prudence and sperm limited females.
Trends in Ecology and Evolution 17, 313–320.

Will, M.W. & Sakaluk, S.K. (1994) Courtship feeding in
decorated crickets: is the spermatophylax a sham? Animal

Behavior 48, 1309–1315.

Yasuda, H. & Dixon, A.F.G. (2002) Sexual size dimorphism in
the two spot ladybird beetle Adalia bipunctata: develop-
mental mechanism and its consequences for mating.
Ecological Entomology 27, 493–498.

(Accepted 21 July 2005)
� CAB International, 2005

Evolutionary significance of promiscuity in Propylea dissecta 533

https://doi.org/10.1079/BER2005386 Published online by Cambridge University Press

https://doi.org/10.1079/BER2005386


https://doi.org/10.1079/BER2005386 Published online by Cambridge University Press

https://doi.org/10.1079/BER2005386

