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Conspecific egg quality and distribution pattern do not affect
life history traits of ladybird, Menochilus sexmaculatus
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Abstract

Egg cannibalism is very common among predaceous ladybirds. Studies have been done on coccinellids using egg as a diet but in-
formation on the influence of egg freshness and egg pattern on life history attributes of aphidophagous ladybird, Menochilus
sexmaculatus (F.) (Coleoptera Coccinellidae) under laboratory conditions are scarce. In our experiment, the first instars were
reared on fresh or frozen conspecific eggs in both clustered and scattered patterns. Incidence of cannibalism was not affected by
either egg freshness or clustering pattern. However, percent consumption by instars differed significantly with first and fourth in-
star consuming more of frozen clustered and fresh scattered conspecific eggs, respectively. F2 generation offspring had similar
development on frozen and fresh conspecific eggs. Females reared on frozen eggs had higher fecundity and percent egg viability
whereas longevity followed the reverse trend. However, overall fitness was similar on both diets, indicating that egg freshness did

not affect nutritional status.
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Introduction

Cannibalism is a widespread phenomenon and is known
across taxa from lower eukaryotes to higher primates
(Fox, 1975; Dong and Polis, 1992). It is a form of com-
petition that involves killing and gaining energy from
conspecifics (Claessen et al., 2004). Numerous costs of
cannibalism, like loss of inclusive fitness (Joseph et al.,
1999; Schausberger and Croft, 2001), risk of injury and
disease transmission during the attack (Pfennig et al.,
1998; Rudolf and Antonovics, 2007) are recognised, but
there are also evolutionary benefits. These are usually in
the form of competitive and nutritional advantages to
cannibals, in terms of, minimising competition (Pfennig,
1997; Trumbo and Valletta, 2007), providing population
stability and persistence (Ayasse and Paxton, 2002;
Kang et al., 2015).

Various laboratory studies and model analysis have
also demonstrated benefits of cannibalism in terms of
improved growth rate, survivorship, fecundity and lon-
gevity (Abdel-Salam and Abdel-Baky, 2001; Wu et al.,
2013). Adults of red flour beetle, Tribolium castaneum
(Herbst) are known to be more fecund when allowed to
eat eggs as larvae (Ho and Dawson, 1966). Predation of
conspecific eggs in apple snail is a usual behaviour
(Cazzaniga, 1990). Even the larval stages of Drosophila
melanogaster Meigen have been reported to attack con-
specific eggs under starved conditions (Ahmad et al.,
2015). Immature stages of insects are generally consid-
ered to be more vulnerable to cannibalism as compared
to the adult because of reduced mobility (Dixon, 2000;
Dixon and Agarwala, 2002), poor foraging capacity and
degree of spatial co-occurrence between stages (Dixon,
2000; Osawa, 1993).

In ladybird beetles, cannibalism of egg, larval and pu-
pal stages are frequent in the laboratory as well as in
fields (Dixon, 2000), with egg cannibalism being quite
common (Michaud and Grant, 2004; Omkar et al.,
2006; Santi and Maini, 2007). Cannibalism in ladybirds

has been demonstrated to be a function of relative vul-
nerability and frequency of encounters (Agarwala and
Dixon, 1993). Studies on different components of can-
nibalism in ladybirds have revealed that it is largely de-
pendent on the species, food availability (Agarwala and
Dixon, 1992; Devee et al., 2018), degree of relatedness
(Pervez et al., 2013), size disparity and larval density
(Michaud, 2003; Pervez et al., 2006). Even in the pres-
ence of a sufficient amount of essential prey, ladybirds
are known to preferably consume conspecific eggs
(Santi et al., 2003; Omkar et al., 2006). This has been
attributed to their high nutritional suitability (Omkar et
al., 2006; Ahmad et al., 2015) as first meal to early in-
stars by increasing their chances of survival (Agarwala
and Dixon, 1992; Omkar et al., 2006). It has also been
reported that the egg laying pattern also influences pre-
dation in ladybirds, with clusters being less attractive to
heterospecific predators (Agarwala and Dixon, 1993). It
is well recognised that quality as well as quantity of diet
influences the life history traits of ladybirds (Dixon,
2000; Omkar and Bind, 2004; Hamasaki and Matsui,
2006; Castro-Guedes et al., 2016).

In view of ladybirds predilection to cannibalism of
eggs, the nutritional status of eggs and the well-
established effect of food quality on development, we
decided to assess the effect of conspecific egg diet on
immature as well as adult stage of ladybird, Menochilus
sexmaculatus (F.) (Coleoptera Coccinellidae). This
species was selected as an experimental model due to
their abundance in local fields, high reproductive out-
put, and wide prey range (Omkar and Bind, 2004;
Omkar et al., 2005), also incidences of cannibalism
were observed among immature stages in fields as well
as laboratory. We also presented eggs either as frozen
or fresh and in scattered or clustered pattern to assess
ladybird preference for prey. It has earlier been ob-
served that ladybirds cannot detect frozen aphids
(Stubbs, 1980).While suitability of an egg versus con-
specific and heterospecific diet has been assessed pre-



viously in ladybirds (Michaud, 2003; Felix and Soares,
2004; Omkar et al., 2004) there is, to the best of our
knowledge, none on frozen versus fresh eggs. It is our
hypothesis that scattered eggs would be preferred more
as a prey as they would not give out aposematic signals
as suggested by Agarwala and Dixon (1993). Also,
fresh eggs would be more preferred and suitable as
food, since freezing may deteriorate egg nutritional
quality. Contrary reports are available on the suitability
of fresh diet (Sahayaraj and Jeyalekshimi, 2002;
Domingues et al., 2003).

Materials and methods

Stock culture

Adults of M. sexmaculatus (n = 40) were collected
from the agricultural fields of Lucknow, India (26°50'N
80°54'E). Adults were fed with ad libitum supply of
cowpea aphid, Aphis craccivora Koch (Hemiptera
Aphididae) infested on Vigna unguiculata L. reared in a
glasshouse (25 + 2 °C, 65 + 5% Relative Humidity).
Adults were paired and placed in Petri dishes (hereafter,
9.0 x 2.0 cm), which were placed in Biochemical Oxy-
gen Demand incubators (Yorco Super Deluxe, YSI-440,
New Delhi, India) at 25 + 1 °C, 65 + 5% RH, 14L:10D
photoperiod. Eggs laid were collected, and held in plas-
tic Petri dishes until hatching, which usually occurs
within 2-3 days. Once the first instars began moving on
or away from the remnants of their egg clutch, they
were removed using a fine camel hair paint brush from
the original Petri dishes and assigned individually to
clean experimental Petri dishes (size as above).

Collection of eggs used as a diet

Ten-day-old males and females (n = 30) were taken
from stock culture, paired and allowed to mate. The fe-
males were isolated post mating and placed in Petri
dishes (biotic and abiotic factors as above). Eggs laid
were collected daily and used as a diet in the experi-
ment.

Cannibalism of scattered and clustered eggs

To assess the effect of egg clustering pattern on con-
sumption and development of M. sexmaculatus, first in-
star larva (from stock) was placed in a Petri dish and
provided with either clustered (fresh or frozen) or an
equal number of scattered eggs (fresh or frozen). In case
of clustered pattern, eggs were placed in the centre of
the Petri dish, while single eggs were placed randomly
throughout the Petri dish. Fresh eggs were collected dai-
ly from an adult conspecific female, while frozen eggs
were refrigerated for 24 hours prior to using them in the
freezer (Godrej Eon, RT Eon 283 P 2.3 Refrigerator;
temperature, —18 °C) to prevent its hatching. The num-
ber of eggs provided differed with instars: first instar 20
eggs, second instar 40 eggs, third instar 60 and fourth
instar with 100 eggs.

The eggs consumed were recorded daily and the in-
stars were provided with their pre-assigned diet every
24 hours. Percent consumption by each larval stage was
calculated.

126

All larvae were examined daily so that all the devel-
opmental transitions could be recorded. Each of the four
diet treatments i.e. clustered (fresh and frozen) and sep-
arated (fresh and frozen) was replicated 10 times.

Egg freshness and its effect on mating, develop-
ment, reproduction, fithess and longevity

To assess the effect of egg freshness on mating and
developmental parameters of M. sexmaculatus, first in-
star larvae were collected from stock and divided into
two groups. In the first group, larvae were provided
with a daily replenished diet of fresh conspecific eggs;
number of eggs provided were different for each instar,
as detailed above. In the second group, frozen conspe-
cific eggs were provided as food to the larvae. All the
eggs were provided in clustered form in the centre of the
Petri dish and their position were marked. Each larva
was reared individually in Petri dishes until adult emer-
gence on their respective diets. Post-emergence, males
and females were isolated and continued on their larval
diet type; with 100 conspecific eggs provided daily per
adult. Ten days post-emergence, males and females
from each diet group were paired and allowed to mate.
The females were isolated post mating and placed in Pe-
tri dishes (biotic and abiotic factors as above). The first
batch of eggs laid as collected and held in Petri dishes
until hatching. Each hatched larva (F, generation) was
reared individually in Petri dishes and continued on the
parental diet until adult emergence. Each larva was con-
sidered to be a replicate. Newly Emerged adults were
reared on a similar diet and when ten days old, were
paired in the following treatments: Qpresh X JFresn and
QFrozen X G'Frozen. The females were isolated post mating
and were supplied with ad libitum eggs according to
their diet groups. The position of the eggs supplied as
diet was marked using a marker to distinguish them
from the eggs laid by the females in both the diet
groups. Eggs laid were collected every 24 hours by
switching each female to clean Petri dish. The adults
were fed their respective diets till their death for the as-
sessment of longevity.

All the larvae in the above treatments were examined
daily so that all the developmental transitions could be
recorded. The mating parameters, i.e. time of com-
mencement of mating (TCM; duration from the instant
of cohabitation to intromission of aedeagus), latent peri-
od (LP; duration from intromission of aedeagus to first
abdominal shaking) and copulation duration (CD; time
from intromission until dismounting) of the pairs from
above mating treatments were recorded. The fecundity
(number of eggs laid) and percent egg viability (per-
centage of larvae emerged from total number of eggs
laid) was recorded for 5 days after first oviposition by
each female and longevity of adults was also recorded
on both the diets.

Following McGraw and Caswell (1996), and Omkar
and Mishra (2005), individual fitness (r) was also calcu-
lated as a performance measure using developmental
time (D), survival (m = 0 or 1) and potential fecundity
(V) using the following formula:

[In(mV)]

Fitness (r) = 5



Data analysis
Cannibalism of
clustered eggs
To compare the effect of egg freshness and pattern on
egg consumption, percent egg consumption and devel-
opment duration of larval instars, data were subjected to
two-way analysis of variance (ANOVA) with egg
freshness and egg pattern as independent factors. The
analysis was followed by a comparison of means using
post hoc Tukey’s HSD test at a = 0.05. All statistical
analyses were conducted using the MINITAB-16 statis-
tical software (Minitab Inc., State College, PA, USA).

scattered and

Egg freshness and its effect on
mating, development, reproduc-
tion, fitness and longevity

To assess the effect of egg quality on the mating, de-
velopment, fecundity, egg viability, fitness and longevi-
ty of adults, data were subjected to one-way ANOVA.
The analysis was followed by a comparison of means
using post hoc Tukey’s HSD test at o = 0.05. All statis-
tical analyses were conducted using the MINITAB-16
statistical software.

Results

Cannibalism of scattered and clustered eggs

Two way ANOVA revealed significant effect of egg
freshness (Frreshness = 6.77, P =10.013, df = 1,39) and pat-
tern (Fpagerm = 18.81, P = 0.000, df = 1,39) along with
their interaction (Frreshness x pattem = 91.05, P = 0.000,
df = 1,39) on egg consumption by first instar, with max-
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imum consumption of frozen clustered eggs (figure 1).
However results were found to be insignificant for sec-
ond instar (Fereshness = 0.44, P =0.510, df = 1, 39; Fpattern
= 2.77, P = 0.105, df = 1,39; Fereshness x pattern = 1.00,
P =0.325; df = 1,39). Third instar consumed maximum
number of fresh eggs (Frreshness = 21.42, P = 0.000,
df = 1,39) in both clustered and scattered pattern
(Fpatern = 0.00, P = 0.983, df = 1,39), however, their in-
teraction (Frreshness x Pattern = 3.00, P = 0.092, df = 1,39)
was found to be insignificant. Reverse was observed for
fourth instar, consumed maximum number of separated
eggs (Fpawem = 7.02, P = 0.012, df = 1,39) in both fresh
and frozen condition (Frreshness = 1.88, P = 0.179,
df = 1,39), but their interaction was found to be insignif-
icant (Frreshness x Pattern = 1.41, P =0.243, df = 1,39).

Two way ANOVA on percent egg consumption re-
vealed that the consumption by first instar was signifi-
cantly influenced by both egg freshness and pattern;
maximum percentage of frozen conspecific eggs were
consumed in clustered pattern (F = 23.05, P = 0.00,
df = 1,39) (figure 2). Results revealed insignificant ef-
fect of freshness and pattern on consumption by second
instar (F = 1.20, P = 0.280, df = 1,39). Third instar lar-
vae consumed the maximum of fresh conspecific eggs
(F =14.91, P = 0.000, df = 1,39) of both clustered and
separated pattern (F = 1.00, P = 0.323, df = 1,39), how-
ever, interaction of egg freshness and pattern was found
to be insignificant (F = 0.93, P = 0.341, df = 1,39). Egg
freshness and pattern had insignificant effect on con-
sumption by fourth instar (F = 141, P = 0.243,
df=1,39).

Developmental duration of immature stages was not
influenced by both egg freshness and pattern (table 1).

B Fresh Separated

bA

Larval Instars

Figure 1. Number of eggs consumed by different larval instars when reared on equal number of clustered (fresh or
frozen) and separated = scattered (fresh or frozen) conspecific eggs. Values are mean + SE. Lowercase and upper-
case letters indicate comparison of mean within diet treatments and among different larval instars respectively.
Similar letters indicate lack of significant difference (P > 0.05).
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Figure 2. Effect of egg freshness and pattern on percent egg consumption by larval instars of M. sexmaculatus. Val-
ues are mean + SE. Lowercase and uppercase letters indicate comparison of mean within and between treatments.
Similar letters indicate lack of significant difference (P > 0.05).

Effect of egg freshness on mating, development,
reproduction, fithess and longevity

The results of one-way ANOVA revealed that total
developmental duration of larval instars was not affect-
ed by the freshness of eggs provided even when their
parents had been reared in larval and adult stages on the
same diet (table 2). The resultant adults also did not
show any significant variation in mating parameters, i.e.
time to commencement of mating (TCM) (F = 3.87,
P = 0.069, df = 1,15), latent period (LP) (F = 0.13,
P = 0.724, df = 1,15) and copulation duration (CD)
(F =0.04, P = 0.840, df = 1,15) (figure 3). However,
fecundity, percent egg viability, and longevity were sig-
nificantly influenced by egg freshness. The females
reared on frozen conspecific eggs had higher fecundity
(F=16.69,P =0.001, df = 1,15) and percent egg viabil-
ity (F =26.49, P = 0.000, df = 1,15) (figure 4) but short-
er lifespan as compared to those reared on fresh conspe-
cific eggs. Females, in general, lived significantly long-
er than the males (Fremale = 21.54, P = 0.000, df = 1,15;
Fumale = 59.70, P = 0.000, df = 1,15) on both diets (fig-
ure 5). Fitness values, however, did not differ signifi-
cantly with egg freshness (F = 0.01, P = 0.907,
df=1,15) (figure 6).
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Discussion

The present study revealed that M. sexmaculatus is able
to complete its reproduction and development on an ex-
clusive diet of fresh as well as frozen conspecific eggs.
Neither pattern (clustered or scattered) nor did the egg
freshness had a significant effect on total consumption
by immature stages. However, percent egg consumption
of frozen clustered eggs was significantly higher by first
instars and of fresh scattered eggs by fourth instars. The
developmental duration of immature stages and mating
parameters of adults (TCM, LP, and CD) were found to
be similar on both diets, however, fecundity and percent
egg viability were more on frozen conspecific eggs;
longevity followed the reverse trend.

Egg freshness and pattern had no significant effect on
consumption by larval instars. Among developing larval
instars, fourth instar larvae consumed the maximum
number of eggs (fresh or frozen) as has been reported
earlier (Coccinella septempunctata L.) (Omkar and Sri-
vastava, 2001; 2003; Hodek et al., 2012; Kumar et al.,
2014) as the fourth instar larvae require more energy for
pupation and metamorphosis (Omkar and Srivastava,
2001).
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Figure 3. Effect of egg freshness on mating parameters: TCM (Time to Commencement of Mating), LP (Latent Pe-
riod) and CD (Copulation Duration) of M. sexmaculatus. Values are mean + SE. Lowercase letters indicate com-
parison of mean within treatments. Similar letters indicate lack of significant difference (P > 0.05). (CE = Conspe-

cific Eggs).
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Figure 5. Effect of egg freshness on longevity of
M. sexmaculatus. Values are mean + SE. Lowercase
letters indicate the comparison of means within diet
treatments. Similar letters indicate lack of significant
difference (P > 0.05). (CE = Conspecific Eggs).
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Figure 6. Effect of egg freshness on fitness of
M. sexmaculatus. Values are mean + SE. (CE = Con-
specific Eggs).
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Clustered and scattered eggs were eaten in similar
amounts by M. sexmaculatus larvae, which was contrary
to our hypothesis. Agarwala and Dixon (1993) have also
reported that the incidence of cannibalism is similar in
singly laid as well as clustered eggs. However, they
have found that predatory attempts by heterospecifics
were more likely on single eggs than clustered ones.
The clustering of eggs works as a defensive mechanism
against intraguild predation rather than cannibalism has
been strongly suggested (Mueller et al., 1984; Agarwala
et al., 1998). Studies on ladybirds, Cycloneda sanguinea
(L.), Harmonia axyridis (Pallas) and Olla v-nigrum
(Mulsant) have however revealed that the probability of
cannibalism was higher for clustered eggs as compared
to single eggs, which is probably because in nature the
chances of an encounter with clustered eggs are more
likely (Michaud and Grant, 2004).

The percent egg consumption at each larval stage re-
vealed that the egg freshness did have a significant ef-
fect on the preference of pattern by first and fourth in-
stars. First instars preference for frozen clustered and
fourth instars for fresh scattered eggs, probably indi-
cates, that either (a) younger instars find clusters easier
to find and consume than later instars, or (b) the nutri-
tional content of the eggs differ with freshness and thus
their suitability differs for each instar. However, the lat-
ter reason is not supported in studies on brown marmo-
rated stink bug, Halyomorpha halys (Stal) (Skillman
and Lee, 2017), where there was no alteration in the nu-
trient content of the eggs when frozen within 1 or 3 days
of oviposition. However, for confirmation, nutritional
analysis of eggs is required. The attractiveness of the
clustered eggs to the first instars resulting in increased
percent consumption may be attributed to their limited



mobility immediate after hatching (Agarwala and Dix-
on, 1993).

Mating parameters, i.e. TCM, LP and CD, were not
affected by the freshness of the egg diet and were statis-
tically similar on frozen eggs, which suggests similar
nutritional content of the eggs. Nutritional status of
adults is known to directly influence mating and repro-
ductive parameters (Aluja et al., 2001; Fricke et al.,
2008). However, in wolf spider, Pardosa milvina
(Hentz), the quality of diet has no effect on time to
commence mating and mating duration (Wilder and
Rypstra, 2008).

Fecundity and percent egg viability was higher on fro-
zen eggs as compared to fresh eggs. Studies in cuttle-
fish, Sepia officinalis (L.) (Domingues et al., 2003)
demonstrated higher fecundity on frozen shrimp,
Palaemonetes varians (Leach). On the contrary, a study
by Abdel-Salam and Abdel-Baky (2001) on H. axyridis
demonstrated that females were more fecund on Sito-
troga cerealella (Olivier) fresh eggs as compared to fro-
zen ones. Several studies using different species of al-
gae have concluded that frozen algae can be a suitable
substitute for fresh algae (Baer and Goulden, 1998).
Cotelle and Ferard (1996) reported significant differ-
ences in fecundity of Daphnia magna Straus on frozen
algae (Raphidocelis subcapitata Kors.) at different tem-
peratures i.e. =20, —80 and —196 °C compared with
fresh algae with highest fecundity on fresh diet followed
by frozen diet (—80 °C). As fecundity cannot be used as
an only factor for determining the performance of the
beetle, we also calculated individual fitness (r) integrat-
ing the fecundity along with survival and developmental
duration (McGraw and Caswell, 1996; Omkar and
Mishra, 2005), the results of which were similar on both
the diets indicating suitability and similar nutritional
profile of both the diets. This also went against our hy-
pothesis that fresh eggs would be better suited for life
history traits than frozen eggs.

Freshness of eggs, did however have a significant ef-
fect on the longevity of adults. Adults reared on fresh
conspecific eggs tend to live longer than those reared on
frozen conspecific eggs. It is possible that transgenera-
tional rearing on a specific diet, may exacerbate/ im-
prove the insignificant nutritional changes, which may
be confirmed by biochemical analysis (Domingues et
al., 2003; Andersen, 2012; Skillman and Lee, 2017) of
fresh and frozen eggs. Sahayaraj and Jeyalekshmi
(2002) reported that adults of Rhynocoris marginatus
(F.) tended to live longer on live Corcyra cephalonica
(Stainton) larvae compared to frozen ones.

Freshness of egg or difference in availability pattern
had no significant effect on immature development of
M. sexmaculatus attributing to insignificant changes in
the nutritional value of the frozen diet. Studies in preda-
tory stinkbug Eocanthecona furcellata (Wolff) also re-
ported insignificant difference in development of adults
on live and frozen larvae of Spodoptera litura (F.) (Ya-
suda and Wakamura, 1992). Thus frozen diet can be
used for rearing under laboratory conditions when aphid
density is low.

In conclusion, our study demonstrated: (i) no prefer-
ence for clustered eggs over scattered eggs; total con-

sumption by immature instars were similar on both diets
indicating that the clustering of eggs does not outweigh
the likelihood of cannibalism, (ii) however, percent con-
sumption of clustered (fresh or frozen) and separated
(fresh or frozen) differed with instars, (iii) egg freshness
did not affect mating and reproductive parameters
while, fecundity and percent egg viability increased on
frozen eggs. Longevity followed the reverse trend, (iv)
immature development was not affected by both egg
pattern and egg freshness, and (v) the overall perfor-
mance of beetle was similar on both diets. Since aphi-
dophagous ladybird M. sexmaculatus utilizes frozen
conspecific eggs for growth, development, and repro-
duction as on the fresh conspecific eggs, the frozen eggs
can be used as an alternative diet under laboratory con-
ditions.
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