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Food supply at each life stage is of prime importance
that determines the organism’s fitness and also influ-
ences individual’s reproductive performance and
development. In this contest, we assessed the inter-
active effect of both larval and adult food regimes in
Propylea dissecta (Mulsant) individuals. For this, egg
batches were randomly selected and hatched larvae
(larval diet) were reared into two food regimes, abun-
dant (A) and scarce (S) till pupation. Post-emergence
(adult stage) the ladybird beetles of each food regime
were divided into two groups, abundant and scarce
and at the age of 10 days adults were paired in all
possible combinations. The results showed that indi-
viduals that were reared on abundant food mated for
longer and showed higher reproductive output than
other individuals. The adults provided with scarce and
abundant food regime both irrespective of life stages
showed similar mating durations and reproductive
output. Food supply at larval and adult stages in both
sexes plays important role in determining the repro-
ductive success.
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THE distribution and allocation of resources has critical
consequences on individual’s development and growth' ™.
In particular, the accessibility of adequate food supply is
one of the prime factors modifying growth of organism,
development and reproduction in animals* .

Food quality and quantity can fluctuate extensively in
different landscapes’ and food shortage during larval
development increases the duration of development. Food
scarcity also decreases organisms growth rate and body
mass as well as modifies the individuals reproductive
output in later lives™*”.

Earlier studies have reported that both larval and adult
stages of ladybird beetles have potential to survive in pro-
longed food stress conditions'™'", but their reproductive
performance might be a constraint in comparison to
adults given opportunity to feed on ad [libitum aphid
supply'*'*. Few more studies have found that the food
available to coccinellid larvae has a direct influence on
the reproductive fitness of the resulting adults'* . Dixon
and Guo'” suggested that this may be the result of food

*For correspondence. (e-mail: omkar.lkouniv@gmail.com)

CURRENT SCIENCE, VOL. 120, NO. 8, 25 APRIL 2021



RESEARCH COMMUNICATIONS

consumption at larval stages that shows on adult size and
variation in ovariole number. Although food in terms of
quantity for larval development and adult reproduction
have been well studied">'®"", there are no attempts made
so far to differentiate between the consequences of food
availability through larval and adult diet altogether in
adults.

Ladybird beetles are efficient bio-control agents be-
cause they predate on aphids, eggs of mites, cochineals
and aleyrodids'®*°. Larval growth and adult fecundity are
directly affected by the ephemeral nature of these pest
populations. Larvae developing in food-stressed condi-
tions turn out into smaller adults®'??. Studies in ladybirds
have shown that female oviposition decreases with
maternal size and males also decrease their ejaculate size
and accessory gland proteins which is directly dependent
on the food accessibility at the time of growth and deve-
lopment™ *°. If the energy for maintenance is reduced,
the life span becomes shorter and energy can be curtailed
for survival rather than reproduction® as reproduction is a
costly event for both the sexes. A recent study in P. dis-
secta revealed that food supply at both larval and adult
stage is essential in achieving higher mating success'®. It
has also been documented that food available at the time
of egg laying plays a crucial role in optimizing their re-
productive capacity'®. However, less information is avail-
able on the interaction connecting larval and adult life
stages in male and female ladybird beetles. Thus, it is
important to understand how plasticity in food availabili-
ty during larval and adults stages affect the mating indi-
viduals and their reproductive performance. In this paper,
we examine the plasticity (i.e. condition dependent) of
mating parameters and on reproduction in both the sexes
of P. dissecta by manipulating food supply at their larval
and adult life stages. Subsequently, based on these re-
sults, we examine the mating and reproductive strategies
associated with condition-dependent in P. dissecta.

Propylea dissecta (Mulsant), an aphidophagous lady-
bird beetle is quite common in agricultural and horticul-
tural landscapes of North India®’. It is polymorphic with
three morphspale, intermediate and typical®®. The sex
differentiation is quite prominent in P. dissecta. The sex-
specific characteristic for females are black markings on
their head and pronotum whereas a white band marking
on pronotum and head clearly demarcated males™.

Adults of P. dissecta of mixed body sizes of typical
morph were collected from the agricultural fields in
Lucknow, India (26°50’N, 80°54’E). Field collected
adults were paired in transparent plastic petri dishes
(14.5 x 1.5 cm?, one pair per dish) and placed in Bio-
chemical Oxygen Demand (BOD) incubators (Yorco
Super Deluxe, YSI-440 New Delhi, India) at 27 + 2°C,
65+ 5% RH and 14L : 10D photoperiod. They were given
ad libitum daily replenished supply of bean aphid, A.
craccivora (reared on host plant Vigna unguiculata L. in
a greenhouse at 25 +2°C, 65 £ 5% R.H. and 14L : 10D
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photoperiod). The eggs laid were collected and larvae
were reared till adult emergence and fed with ad libitum
aphids till 10 days.

The 10-day-old adults were taken from the prepared
stock and allowed to mate. Postmating females were
separated for oviposition. Egg batches were randomly
selected from the stock from their first day to fifth day.
The hatched larvae (less than 2 hours old) were allowed
in one of the two food regimes, i.c. abundant (A) and
scarce (S) food (quantity followed as given in ref. 14), till
pupation (larval food/pre-emergence regime). Postemer-
gence, the individuals from each larval regime were again
split into postemergence dietary regimes, viz. abundant
and scarce (adult food regime; quantity of prey food fol-
lowed as given in ref. 14). On day 10 postemergence,
adults were paired and observed for mating in the follow-
ing combinations: (1) Axad X AaaQ; (2) Asad X Axs@;
(3) Aaad X Asa?; (4) Aaad X Ass?s (5) Aas? X Aan§s
(6) AxsS X AasPs (7) Aasd X Asa®s (8) Aasd X Ass s
(9) Asad X Aaa®; (10) Asad X Aps?s (11) Asad ¥
Asa®; (12) Asad x Ass®; (13) Assd X Apn?: (14)
Agsd X Aps?s (15) Agsd X Asa @ and (16) Agsd X Ass?
(subscripts denote the food regime abundant (A) and
scarce (S) larval and adult life stages respectively). The
mating parameters, viz. time to commence to mating
(TCM: time from the instant of cohabitation to mounting
of male over female) and mating duration (MD: time tak-
en from intromission till the male dismounting) were rec-
orded. Postmating females were provided with optimal
food regime (20 mg) and fecundity (number of eggs laid),
and per cent egg viability (number of eggs hatched x
100/total number of eggs) was recorded for five consecu-
tive days. Data for Apsd X AxaD; AxsS X Aas?:
Agad X AgaQ; Agsd X AgsQ treatments were taken from
ref. 13 as offspring of these pairs was used in a trans-
generational study. Each treatment was replicated 12 times.

Data of dependent variables which includes time to
commence mating, mating duration, fecundity and per
cent egg viability were tested for their normal (Kolmogo-
rov—Smirnov’s test) and homogenous (Bartlett’s test) dis-
tribution. Data collected were analysed by generalized
linear model with adults food regime (male and female)
treated as independent factors while time to commence
mating, mating duration, fecundity and per cent egg via-
bility were considered as dependent factors. All statistical
analyses were conducted using SPSS (version 20.0, SPSS
Company, Chicago, USA) statistical software.

Generalized linear model revealed that both male
(W=54.683, P<0.0001, df=3, 189) and female
(W=56.08, P=P<0.0001, df =3, 189) feeding regimes
significantly influenced the time to commence mating.
The interaction between these two factors was significant
(W=18.973, P=0.025, df=9, 183). The less time to
commence mating was in those pairs which were fed on
abundant feeding regime. The larval and adult food re-
gime of both sexes played a decisive role in determining
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time to commence mating however food regime at adult
stage had more impact (Figure 1 a).

Mating duration was significantly modified by both
male (W=118.661, P<0.0001, df=3, 189) and female
food regimes (W = 129.823, P <0.0001, df' =3, 189). The
interaction between the two given food regimes (W=
46.981, P<0.0001, df=9, 183) significantly influenced
mating duration. The adults with scarce and abundant
food regime irrespective of the sequence of diet regimes
showed similar mating durations (Figure 1 b).

Fecundity was affected significantly by male (W=
366.491, P<0.0001, df=3, 189) and female (W=
286.754, P <0.0001, df'= 3, 189) feeding regimes. Inter-
actions between male and female feeding regimes
(W=138.809, P<0.0001, df=9, 183) also had significant
effect. The fecundity of Ay, Q@ differed with male regime.
AxaQ laid the maximum number of eggs when mated
with Asad, followed by mating with Asd, Agad and
Agsd. Minimum fecundity was observed in pairs with
Agsd and AgsQ (Figure 2 a).

Per cent egg viability was significantly influenced by
male (W=67.613, P<0.0001, df=3, 189) and female
(W=35.967, P<0.0001, df=3, 189) feeding regimes,
however the interaction between male and female feeding
regime was insignificant (W =3.017, P =0.964, df=9,
183). Ladybirds reared on abundant food regime had
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Figure 1. Box and whisker plot showing effect of food quantity on

(@) time to commence mating and (b) mating duration in Propylea dis-
secta. The horizontal line within the box marks the median. The vertical
lines extending from the box are 1.5 times the length of the box. Circles
represent outliers. Subscripts on X-axis denote the food regime abun-
dant (A) and scarce (S) at larval and adult stage respectively.
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highest egg viability. Egg viability differed for Axad
with the variation in female nutritional status. Similarly it
also varies with difference in male nutritional status with
AanS (Figure 2 b).

Adults reared on abundant food regime post eclosion
were found to be more successful in maximizing their re-
productive success than their counterparts. Our results
show that if there was food stress at the time of early
growth and development, it can reduce the lifetime fit-
ness of individuals via modifying the body mass and
energy reserves, generally considered being free from
adult environment®. The successful growth and deve-
lopment of adults under food limited conditions is sug-
gestive towards the competency of ladybird beetles to
cope even in detrimental conditions.

When limited food was provided at both life stages,
males took longer to establish mating. However, male
and female food regime of both the sexes affected time to
commence mating. The enhanced mating performance
achieved by adults fed on abundant food regime may re-
flect conditional response. Previous studies have docu-
mented that individuals fed on ad libitum food supply get
benefitted in various ways than individuals from poor
food environment. These individuals also have longer
copulations and greater oviposition”*° 2. Few earlier stu-
dies have mentioned that males subjected to good food
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Figure 2. Box and whisker plot showing effect of food quantity on

(a) fecundity and (b) per cent egg viability in Propylea dissecta. The
horizontal line within the box marks the median. The vertical lines
extending from the box are 1.5 times the length of the box. Circles
represent outliers. Subscripts on X-axis denote the food regime abun-
dant (A) and scarce (S) at larval and adult stage respectively.
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supply deliver large quantities of ejaculates having more
ACP’s and thus possibly may be chosen as mates above
males reared in poor conditions®>~**.

In the present study, fecundity found to be a much bet-
ter speculator of reproductive fitness following various
food regimes than viability of eggs in P. dissecta. Maxi-
mum oviposition was observed by females fed on abun-
dant food regime during larval and adult life stages. This
is in accordance with previous studies elaborating that
egg-clutch size and ovipositional rate is regulated by the
quantity of food available at the time of female oviposi-
tion'”'®, Reduction in female fecundity under poor food
supply has been attributed to: (i) deficiency of dietary
proteins which facilitates the female oogenesis®>*®, (ii)
decrease in sperm production including ancillary fluids,
which in turn can reduce or limit female oviposition'®*’
and (iii) reabsorption of eggs in female genitalia or hold-
ing back of oviposition under scarce or poor food condi-
tions®®*?. These reasons collectively or individually can
modify the female fecundity.

The pairs with ad libitum food supply at both life stages
laid most viable eggs. For males and females, food
supply at both the stages plays crucial role in achieving
higher egg viability. The reduced viability was recorded
in the pairs having scarce diet. The reduction in egg via-
bility may be due to: (i) decrease yolk quality and quantity
owing to deficient nutrients, which might not be enough
to trigger or strengthen development™*’ and (ii) reduc-
tion in sperm production because of low rate of sperma-
togenesis in male genitalia and sperm survival in the
females genitalia*'. However, the pairs with abundant and
scarce diet at larval and adult stages or vice versa with
moderate viability show that they are capable of allocat-
ing resources and maximizing their fitness in the fluctuat-
ing environmental conditions.

This study highlights the effect of prey food supply to
larval and adult life stages of P. dissecta on mating and
oviposition success. Food supply in both the life stages
play a conspicuous role for sexes in their development
and establishment of mating. Individuals reared on scarce
food post-eclosion but with their larvae fed ad libitum
food had reduced mating and reproductive output. The
pairs reared on both scarce and abundant food regime
through their larval and adult food regime or vice versa
are able to survive prolonged food stress but the reduc-
tion in their reproductive performance was recorded rela-
tive to the adults fed on abundant food. The high
estimating and reproductive success was accomplished by
adults reared on abundant food regime, indicating that
food supply contributes a crucial role in growth, deve-
lopment and reproductive success which latently drives
their ecological and population dynamics.
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