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Transgenerational effect on developmental attributes
of insects has been studied extensively. The present
study elucidates the role of diet on transgenerational
developmental duration and reproductive attributes of
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Propylea dissecta (Mulsant). We have found a signifi-
cant direct and transgenerational role of diet varia-
tions in feeding rhythms on the above attributes of P.
dissecta. Dampened response was found in offspring
fed on intermittent diet even when their parental gen-
eration was provided abundant food supply. Reduced
reproductive attributes were found in the progeny of
abundant diet parents reared on intermittent diet
than the kin of the same abundant fed parents which
were under other diet conditions.

Keywords: Feeding behaviour, ladybirds, pea aphid,
stress, transgenerational effect.

THE environment affects reproduction as well as devel-
opment of an individual directly and/or indirectly. Direct
effect on development and reproduction of multiple taxa
including insects are mediated through resource availabi-
lity, resource quality, climate variations', and many other
environmental factors’. When environment affects the
parents and influences the development and reproduction
of their progeny, indirect environmental effects are seen.
Often, this is known to occur through parental exposure
and experience’®. The nutritional environment of the
parental generation can probably influence the develop-
mental and reproductive potential of the next generation
through food-based maternal effects’. Diet manipulations
are possibly associated with increased longevity as well
as stress tolerance®’ in the offspring of starved diet
parents; for example, as in ladybird Anegleis cardoni
(Weise).

Reynolds et al.® reported that most insects feed in
bouts and have varying inter-feed gap lengths. Also, the
feeding period length of many insects is strongly corre-
lated to the preceding inter-feed gap duration’. Food
deprivation is compensated by controlling the total per-
centage of feeding time by adjusting feed bout length or
inter-feed gap length.

Studies have shown volumetric feedback response to
regulate meal length variability through gut stretch recep-
tors'™!!. There are other mechanisms between feeding
extremes that indicate patterns and trends extending from
minutes to hours. Previous studies also indicate that
rhythmic cycles are common in biological environments,
ranging from very fast biochemical alternations of
seconds or milliseconds inside cells to circadian rhythms
of individual organisms'>. Thus, we hypothesized the
following in the present study in two consecutive genera-
tions: (1) whether responses were dependent on the
frequency of food deprivation, and (2) whether the effect
of food deprivation on developmental plasticity is
transferred to the offspring through parental effect.
Thus, the main aim in the transgenerational assessments
was to evaluate whether progeny from starved parents
were inclined to cope with the lack of food by parental
perceptions.
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Adults of Propylea dissecta (Mulsant) were collected
from aphid-infested agricultural fields near Lucknow,
Uttar Pradesh, India, to establish a stock culture. Mating
pairs of adults were kept in clear plastic petri dishes
(9.0 x 2.0 cm) with pea aphids, Acyrthosiphon pisum
(Harris) (Hemiptera: Aphididae) reared on Vicia faba L.
(Fabaceae) (broad-bean cultures were maintained at
21°+ 1°C; 65 + 5% relative humidity (RH) in a glass-
house). Paired adults were kept in a BOD incubator
(YORCO; York Scientific Industries Pvt Ltd, India)
maintained at 27°+ 1°C temperature; 65+ 5% RH
and 14L : 10D photoperiod. The eggs laid were separated
and aphid prey supplies to adults were replenished
every 24 h. Adaptation of ladybirds to laboratory condi-
tions was ensured by maintaining the stock for four
generations prior to experimentation. Wild stock
was continually introduced to the breeding stock to pre-
vent inbreeding. Neonates were maintained individually
at the aforementioned laboratory conditions and experi-
ments were performed using the required developmental
stages.

Two group of studies were planned to evaluate: (i)
immediate (parental generation) and (ii) transgenerational
(progeny generation) response of food deprivation in two
successive generations.

Early third instar larvae (n =20 per treatment) were
individually put in plastic petri dishes under any one of
the following conditions: (i) food deprivation for 0 h
(control =no starvation); (ii) food deprivation for 24 h;
(iii) food deprivation for 48 h; (iv) food deprivation for
72 h, and (v) food deprivation for 96 h, so as to standard-
ize starvation durations for further experimentation. No
third instars subjected to 72 and 96 h food deprivation
survived. Third instar larvae were selected for starvation
standardization as these are sturdier than the early instar
and likely to survive stress better, and also because they
are more voracious. Also, exposing third instars to treat-
ments allowed a longer duration of exposure than would
be possible if fourth instars were used.

Based on starvation standardization results in third in-
stars, 500 randomly selected early (prior to sclerotization
post moulting) third instar larvae were individually put in
plastic petri dishes and provided either (i) ad libitum prey
supply till pupation (abundant, A); (ii) ad libitum prey
supply for 24 h followed by 12 h starvation (intermittent,
I), or (iii) 12 h ad libitum prey supply followed by 12 h
starvation (sub-intermittent, S). All treatments were con-
tinued until pupation. On emergence, adult mass was taken
2 h after emergence and following that, they were reared
on ad libitum prey until they were 10-days-old.

These 10-day-old adults, belonging to each of the three
larval food regimens, were allowed to mate once after
which the females were separated and maintained on ad
libitum feed. Oviposition and per cent egg viability were
documented over the next five days, and survival of
adults was also recorded.
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To determine the role of parental larval diet on life-
history attributes of offspring, we randomly selected
offspring (200 neonates from each parental diet regime,
i.e. A, I and S) from all three treatments of parental diet
experiments. These were reared separately in plastic petri
dishes and provided ad libitum prey till they reached third
instar stage. These third instars of each parent diet were
separately placed in plastic petri dishes and then put in
any one of the three groups, viz. A, I or S. Earlier instars
were not exposed to these treatments as they were unable
to sustain them. The experimental set-up thus consisted
of the following treatment groups, viz. (1) parental abun-
dant, larval abundant (AA), (2) parental abundant, larval
intermittent (AI), (3) parental abundant, larval sub-
intermittent (AS), (4) parental intermittent, larval abun-
dant (IA), (5) parental intermittent, larval intermittent
(IT), (6) parental intermittent, larval sub-intermittent (IS),
(7) parental sub-intermittent, larval abundant (SA), (8)
parental sub-intermittent, larval intermittent (SI), and (9)
parental sub-intermittent, larval sub-intermittent (SS).
Once adults emerged from these treatments, they were
separated and given ad libitum food. Mating pairs were
formed within the treatments when the adults were 10-
days-old. Oviposition of isolated females and per cent
egg viability were observed for five days just after mat-
ing, and survival of adults was also recorded.

Statistical significance of the data on partial develop-
mental duration, adult body mass as well as reproductive
attributes (which include fecundity and per cent egg via-
bility) of parental generation was determined by one-way
ANOVA followed by post-hoc Tukey’s honest test of
significance at 5% levels; variation in starvation regime
was considered as the independent factor.

To analyse the combined effect of diet of parent and
progeny generations, data on partial developmental dura-
tion, adult body mass as well as reproductive attributes
(fecundity and per cent egg viability) of progeny genera-
tion, were subjected to two-way ANOVA with diets of
parent and progeny generations acting as independent
factors. All analyses were done using MINITAB 15.0.

Results of one-way ANOVA revealed that both the
partial developmental duration and adult body mass of
parent generation adults were significantly influenced by
the diet regime provided to larvae (Table 1). Both repro-
ductive parameters (fecundity and % egg viability) were
highest when they had been fed on an abundant diet;
however, the lowest reproductive output was on intermit-
tent diet.

Two-way ANOVA revealed that partial developmental
duration was affected by parental as well as progeny
diets; and also revealed their significant interaction
(Table 1). On various sub-diet regimes, the progeny gen-
eration instars took the longest duration to develop on
intermittent diet while those maintained on abundant diet
regime took the shortest duration to complete develop-
ment. The results revealed that the development of
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Table 1. ANOVA showing the effect of diets on partial developmental duration, adult body mass and fecundity and per cent egg viability in both
parent as well as progeny generations respectively
Generation ANOVA
Parent One-way ANOVA Partial developmental duration F=63.42, P<0.001; df =2, 209
Adult body mass F=168.27, P<0.001; df =2, 209
Fecundity F=10.96; P<0.001;df=2, 44
% Egg viability F=17.00; P<0.002; df =2, 44
Progeny Two-way ANOVA Partial developmental duration Fparent generation = 23.57; P < 0.001; df =2, 359

Adult body mass

Fecundity

% Egg viability

Fprogeny generation = 12.48; P < 0.001; df'=2, 359
Fineraction = 2.84; P < 0.024; df =4, 359

Frarent gencration = 1.59; P = 0.206; df = 2, 359
FProgcny generation — 2594, P< 0001, df: 2, 359
Fimeraclion = 1736> P< 0001; df= 4, 359
FParent generation — 1222, P< 0001, df: 2, 44
FProgcny generation = 492, P< 0013, df: 2, 44
Finteraction = 6.28; P < 0.001; df = 4, 44

Frarent gencration = 15.76; P < 0.001; df = 2, 44
FProgcny generation = 259, pP= 00899 df: 2, 44
Finteraction = 628, P=0.1 14, df= 4, 44

immature stages of the progeny generation was quickest
on abundant (AA) and slowest on intermittent (II) feeding
regimes, regardless of the diet provided to the previous
generation. Similar result was also observed for adult
body weight. Progeny of parents fed with abundant diet
exhibited higher per cent egg viability and fecundity than
those that had been provided with intermittent or sub-
intermittent diet. However, progeny of parents reared on
intermittent diet laid significantly higher number of eggs
on intermittent diet than on abundant and sub-intermittent
diet. Also, progeny of parents reared on sub-intermittent
diet fared better on the same diet than on intermittent diet,
and almost at par on abundant diet. Per cent egg viability
also showed similar trends.

Diet, parental as well as of progeny, was found to in-
fluence fecundity significantly, while no such effect was
seen on per cent egg viability regardless of parental diet
(Table 1).

Our findings reveal strong transgenerational impact of
food deprivation on development and reproduction of
ladybird beetles. Parent experiment revealed that the fluc-
tuating diet affects the development and survival of
stages experiencing food deprivation. We studied the
transgenerational effect of diet fluctuations (inter-feed)
on development and reproductive attributes of progeny of
the parent generation.

Ladybird larvae are more voracious and efficient in
catching aphids as they grow in size, with the fourth in-
star larvae taking 40% of the overall growth period and
eating 65% of the total food required to complete deve-
lopment"’. Fluctuations in the larval diet of parental gen-
eration influenced fecundity and per cent egg viability.
As expected, development was rapid under abundant
conditions rather than the two fluctuating interrupted diet
regimes. Fecundity in particular may be influenced by in-
termittent food, as it may lead to delayed development of
egg chorion'®. Loss in sperm production may be respon-
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sible for reduced egg viability'”. It was interesting to note
that in the parent generation, fecundity was higher in the
sub-intermittent fluctuation and not in the intermittent
one as expected, probably owing to more duration of food
availability than the former. It is likely that this could be
due to the lack of synchronicity of the intermittent regime
with the innate circadian rhythm of the used. The inter-
mittent regime apparently provides more ambiguous
knowledge on the availability of food, and is also out of
step with the intrinsic circadian rhythm. Conversely, sub-
intermittent diet in which the feeding pattern was equally
distributed in 12 h oscillation, resulted in a more predict-
able regime for the circadian rhythm of the insect. Food
quantity greatly influences the intrinsic growth and re-
productive rate of ladybirds'®.

In the progeny generation, fluctuations of the preced-
ing generation were reinforced. While it was expected
that those provided abundant conditions would perform
better regardless of the experience of the parent genera-
tion, this was found to be predominant when even the
parent generation experienced abundant conditions.
Adults with experience of sub-intermittent exposures in
parent and progeny generations performed reproductively
better or at par with adults that had a parent generation
with sub-intermittent and a progeny generation with
abundant diet.

The reduced egg viability under intermittent and sub-
intermittent fluctuating diet regimes may be due to varia-
ble length of non-feeding durations followed by short
feeding duration. Interestingly, progeny of abundant diet
parent provided with abundant intermittent (AI) diet
showed minimum fecundity with maximum egg viability
than those provided with intermittent and sub-intermittent
diets respectively. This is possibly attributable to cost—
benefit scenario where there is more egg with less viability
or vice versa, hence low number of eggs with more via-
bility substance and viability likelihood would be a gain
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in present cases. Studies also revealed that the scarcity of
food influences fitness of the progeny'’.

Similar results, though not as prominent, were obser-
ved for development of adult body mass in parent and
progeny generations. These can be attributed to the same
lack or presence of synchronicity with the innate circa-
dian rhythm, which resulted in stress alleviating or stress
inducing factors. These effects could be transmitted to the
developing offspring during various stages and in a varie-
ty of ways. Simply, the development of immature stages
could be constrained directly or indirectly. For example,
parents on intermittent and sub-intermittent dietary con-
ditions produce low-quality offspring'®. Nevertheless,
some contradictions in current research have shown that
nutrient shortage in parental diet was not made up entirely
by providing sufficient diet to the offspring; as in sooty
copper Lycaena tityrus Poda" and Telostylinus angusti-
collis (Enderlein) (Diptera: Neriidae)®.

The influence of diets of prior generations is similar to
that reported by Vijendravarma er al.?’, in that maternal
nutritional effects tend to have both beneficial and mala-
daptive impacts on the success of the offspring. The
present findings thus provide evidence of within and
transgenerational evolutionary mechanisms underlying
strategies of developmental variants during unfavourable
conditions. This study concludes that some kind of circa-
dian rhythm for feeding is present, that possibly exists for
feeding or non-feed durations in animals. Further experi-
ments are necessary on the probable transgenerational
effects in P. dissecta.
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