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ABSTRACT

Body size dependent mating patterns were investigated in an aphidophagous ladybird, Hippodamia variegata (Goeze), which was reared
on mustard aphid, Lipaphis erysimi (Kalt.). Both males and females of varying body sizes were used to test the hypothesis that bigger is
better. The costs of copulation on the life history traits of the mating partners were determined. Pairs of virgin beetles were allowed to mate
once under controlled conditions and the duration of copulation of heavy beetles (504.00 + 45.93 min) lasted significantly longer for than
that of light beetles (270.00 + 26.67 min). Body size was significantly positively correlated with duration of oviposition, fecundity and egg
viability. When light individuals mated with heavy partners, copulation lasted longer between heavy males and light females (483.00 +
54.73 min) than between light males and heavy females (378.20 + 83.03 min). These results support the hypothesis that males determine
the duration of copulation and that the reproductive success of large males is greater than that of small males. The longevity of heavy
males was significantly shorter (37.40 + 1.50 days) than that of light males (53.10 + 2.84 days). This difference in the longevity of beetles of
different sizes could contribute to the significant variation body size in H. variegata recorded both in the field and stock cultures, where light
males outnumber heavy ones. Thus, although large males have a reproductive advantage over small males, other factors, such as reduced

longevity, may constrain the evolution of even larger males.
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Introduction

Body size affects behaviour and performance of indi-
viduals in most animal species (Filin and Ovadia 2007).
This could be true of insects that vary greatly in body
size, especially in the same gender. Individual variation
in body size can be an indicator of individual differenc-
es in competitive ability (Filin and Ovadia 2007). Large
body size in females in most insects could be a result of
natural selection maximizing fecundity, which results
in female-biased sexual size dimorphism (Honek 1993;
Head 1995). Such females are competitively superior,
acquire more resources and are more fecund (Wall and
Begon 1987; Belovsky et al. 1996). It is interesting to note
that the frequency of small males is greater than that of
large males in wild populations (Pervez, unpubl. data).
Thus there is a significant variation in the body sizes of
both genders. In predaceous ladybirds (Coleoptera: Coc-
cinellidae) body size dependent sexual dimorphism is
recorded in many species (Kawauchi 1979; Hodek and
Honék 1996).

In life-history theory body size is directly associated
with reproductive effort and performance (Roff 1992).
This theory predicts that reproductive effort should in-
crease as life expectancy decreases (Roff 1992; Stearns
1992). However, there is little empirical evidence in sup-
port of this hypothesis. Thus, a study is needed that con-
clusively shows that life expectancy decreases with in-
crease in reproductive activity. The cost associated with
increased reproductive activity can be gender unbiased,

or only one gender bears this cost. Fecundity advantage
hypothesis states that egg production in most insects is
positively correlated with body weight or size (Leather
1988; Heliovaara et al. 1990; Honé¢k 1993; Preziosi et al.
1996; Tammaru et al. 1996; Honék et al. 2008). Hence,
big females have a greater fecundity and reproductive ac-
tivity than small females. Based on the above hypothesis
the expectation is that life expectancy will decrease with
fecundity, which needs to be addressed. Previous stud-
ies indicate that duration of mating affects fecundity and
fertility (Obata 1987; Obata and Johki 1991; Omkar and
Pervez 2005). Hence, in order to address the problem of
body size dependent reproduction, duration of mating
also needs to be taken into consideration.

Hippodamia variegata (Goeze) is an aphidophago-
us ladybird, which occurs in the hilly regions of North
India and was used in the present study as an experi-
mental model for addressing the above problem. It is
a Palaearctic ladybird, which has successfully established
itself worldwide (Natskova 1973; Belikova and Kosaev
1985; Gumovskaya 1985; Gordon 1987; Nicoli et al. 1995;
Krafsur et al. 1996; Wheeler and Stoops 1996). There are
a few studies on its predation potential (Fan and Zhao
1988; Obrycki and Orr 1990; Kalushkov et al. 1991; Sade-
ghi and Esmailli 1992; Singh and Singh 1994), but little is
known about mating in this species. Female H. variegata
mated only once can lay large numbers of eggs (Pervez
unpublished data). However, its reproductive capacity
is greatly enhanced if it mates more than once (Pervez
and Maurice 2011). In this paper we determine whether
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body size affects the duration of copulation in this spe-
cies of ladybird and if so which gender is most affected?
Additionally, we also tried to determine whether there is
atrade-off between life expectancy and reproduction and
its evolutionary significance.

Materials and methods

Stock maintenance

Adults of H. variegata were collected from fields of
Brassica campestris L. plants that were heavily infest-
ed with the aphid, Lipaphis erysimi (Kalt.) at Chamoli,
North India, and brought to the laboratory. They were
paired in Petri dishes (2 x 9 cm diameter) containing
an ad libitum supply of L. erysimi on twigs of mustard
(B. campestris) plant and kept in an Environmental Test
Chamber (REMI Instruments, India) at 25 + 2 °C, 65 +
5% R.H and 12L : 12D. The Petri dishes were checked
daily for eggs, which were collected and monitored to de-
termine how long it took then to hatch. After hatching,
the neonates were transferred to muslin-covered beak-
ers containing an ad libitum supply of aphids and reared
to the adult stage. The emerging F, adults were sexed by
carefully examining their genitalia under a stereoscopic
trinocular (Model SZB-46) connected to a personal com-
puter. These adults were then kept in two groups, viz.
heavy (males with body sizes ranging from 8 to 11 mg
and females ranging from 14 to 16 mg) and light individ-
uals (males with body sizes ranging from 5 to 7 mg and
females ranging from 10 to 13 mg).

Reproductive parameters of heavy and light beetles
Ten-day-old virgin pair of ladybirds were kept togeth-
er in a Petri dish (size and prey as above) and allowed
to mate once. After mating, they were isolated and both
genders were kept under close observation until they
died. The duration of copulation, pre-oviposition peri-
od, oviposition period, fecundity, % egg viability, male
longevity and female longevity were recorded for each
pair. The above data were subjected to a one-way ANO-
VA and the means compared using a Tukey’s Honest Test
of significance. Pearson’s correlation coefficients of the

relationship between mating duration, fecundity, % egg
viability and longevity, and body size in terms of weight
were calculated using statistical software, SAS. The rela-
tionships between the different parameters and body size
were subjected to linear regression analysis using SAS.

Results

The results revealed significant associations between
body size and all the reproductive parameters studied
(Table 1). The longest duration of copulation was re-
corded between heavy males and heavy females (504.00 £
45.93 min). This was significantly longer than that re-
corded for light males and females (270.00 + 26.67 min).
When light individuals were mated with heavy partners,
the duration of copulation of heavy males with light fe-
males (483.00 + 54.73 min) was longer than that of light
males and heavy females (378.20 + 83.03 min). There
were significant positive correlations between oviposition
period (r=0.56; p < 0.001), fecundity (r = 0.50; p < 0.001)
and female longevity (r = 0.40; p < 0.01), and female
body size. There were significant positive correlations be-
tween mating duration (r = 0.48; p < 0.01), percentage
egg viability (r = 0.46; p < 0.01) and fecundity (r = 0.58;
p < 0.001), and male body size. Oviposition period, fe-
cundity and percentage egg viability were significantly
greater for females that copulated with heavy than light
males.

The reproductive advantage of heavy males resulted
in a trade-off in longevity. Heavy males had a signifi-
cantly shorter life (37.40 + 1.50 days) than light males
(53.10 + 2.84 days). Male longevity was significant-
ly negatively correlated with their body size (r = —0.45;
p < 0.01). The relationships between mating duration, fe-
cundity and longevity, and body size in terms of weight
are presented in Figure (la-d). This reveals that mating
duration was positively correlated with male body weight
and fecundity was positively correlated with female body
weight (Figure 1a,b). However, male longevity was nega-
tively correlated with duration of copulation (Figure 1c¢).
Similarly, male longevity was negatively correlated with
male body weight.

Table 1 The duration of copulation, period of oviposition, fecundity, egg viability and male female longevities recorded for mating pairs of
H. variegata of different body sizes (HM = Heavy Male, LM = Light Male, HF = Heavy Female, LF = Light Female).

Mating Duration of copulation | Oviposition Period Fecundity - Male longevity | Female longevity
R A . . % Egg Viability . .
Pair (in min) (in days) (in eggs) (in days) (in days)
HM and HF 504 +45.93a 8.00 £ 0.56a 142 +15.20a 51.12+2.63a 37.40 £1.50b 69.90+2.11a
HM and LF 483 £ 54.73a 5.11+0.58b 94.60 + 1.19ab 43.73 £ 1.03ab 3450+ 1.30b 46.10 + 2.63¢
LM and HF 378.20 £ 26.26ab 4.60+0.72b 85.60 + 16.69b 40.47 £5.33ab 47.10 £ 1.30a 56.20 £+ 2.07ab
LM and LF 270.00 + 26.67b 2.14 +0.29¢ 27.00 +2.45¢ 23.80 +6.85b 53.10+8.97a 64.10 + 1.53ab
F-value 6.96* 18.26* 13.47% 3.55%* 8.55% 23.63*

Values are Mean =+ SD.
F-values are significant at *P < 0.001 and **P < 0.05; Tukey’s test range = 3.80; df = 3, 36.
In each column, means followed by different letters are significantly different.
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Fig. 1 Relationship between (a) mating duration and male body weight, (b) fecundity and female body weight, (c) male longevity and mating
duration, and (d) male longevity and male body weight of H. variegata feeding on aphid, L. erysimi.

Discussion

It is evident from the results that the body size of adults
has a significant role in mating and reproduction. We re-
corded exceptionallylonger durations of mating for H. varie-
gata than is recorded for similar sized or even any other
ladybirds. Prolonged mating is reported for P dissecta,
where it ranges between 176-275 min (Omkar and Pervez
2005). Heavy adults copulated for longer than light adults,
which supports our initial hypothesis that bigger is better.
Amongst adults, mating with heavy males contributed
more in terms of mating duration, which indicates that
male body size could be the factor determining the dura-
tion of mating. Prolonged mating by heavy males indicates
they may ejaculate a greater quantity of sperm (Pervez et
al. 2004), which could result in a higher percentage egg vi-
ability. Prolonged mating in the ladybird, Propylea dissecta
(Mulsant) results in a higher percentage of eggs hatching
despite the fact that adults mate only once (Pervez 2002).

Mating between heavy males and heavy females re-
sulted in both higher fecundities and egg viabilities com-
pared to those resulting from mating between light males
and light females, which again supports the hypothesis
that bigger is better. The higher fecundity recorded for
light females that copulated with heavy males indicate
that the males are providing an excess of non-sperm
substances which induce females to lay more eggs. For
instance, in many insects, male seminal fluid proteins
transferred during a female’s first mating stimulate an
increase in fecundity and decrease in receptivity to re-
mating (Wolfner 2002; Sirat 2011). This provides the first

male to mate with a female with the potential advantage
of re-mating with the same partner. This, however, has
not yet been recorded in ladybirds.

We recorded a positive relationship between fecundity
and body weight. Heavy females were more fecund than
light females, which supports the body size-fecundity
advantage hypothesis. The fecundity and body size rela-
tionship is central to life-history models of age and size at
maturity (Kozlowski 1992; Stearns 1992; Roft 2002). The
low fecundity recorded in the present study is due to the
fact that L. erysimi is not a preferred food of H. variegata
(Omkar and Pervez 2004).

We recorded a significant negative correlation between
the longevity of males and their body size, which clearly
indicates a trade-off. The longevities of the heavy males
were significantly shorter than those of light males. This
trade-off, however, was not evident in females indicating
that fecundity is not associated with their life expectancy.
This is not the case in other insects in which high fecun-
dity is associated with a shorter life expectancy in females
(Partridge and Harvey 1985; Hunt et al. 2002). The de-
crease in male longevity could significantly affect the body
size variation in H. variegata observed both in the field
and stock cultures, as light males outnumber heavy ones
(Pervez, unpubl. data). Although the reproductive bene-
fits associated with large body size in males would appear
to put them at a selective advantage, other factors such as
reduced longevity may constrain further increases in their
body size. In addition, large males may experience other
costs, e.g. costs of dispersal and physiological maintenance
when food is limiting, which are more likely to occur in
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wild populations. The cumulative effects of these factors
may also constrain the evolution of larger males.

Thus, we conclude that: 1) heavy males mate for longer
than light males, 2) females that mate with heavy males have
a higher fecundity than those that mate with light males,
3) fecundity is a function of female body size, which sup-
ports the body size-fecundity advantage hypothesis, and
4) heavy males have a shorter life span than light males.
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