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Abstract 

Background The consumption of conspecific eggs by neonate larvae is a common behavior in aphidophagous coc‑
cinellids. However, it is still unknown what far‑reaching benefits can be brought to the artificial diet‑reared cannibals 
and whether the age of eggs and/or ovipositing parents can affect the cannibals’ fitness. Here, the multicolored Asian 
ladybird beetle, Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae) was used as a research model because it exhibits 
much stronger cannibalism behavior than other beetles. Nine types of eggs, varying according to parental age at ovi‑
position and egg age per se, were respectively provided as foods for H. axyridis neonate larvae until they developed 
to 2nd instar. After that, the larvae were fed on an artificial diet and whether egg consumption by neonate larvae 
had far‑reaching benefits was evaluated. Those larvae that directly fed on artificial diet since hatching were served as 
control.

Results Compared with the control beetles, the cannibal beetles (with few exceptions) had significantly higher 
2nd instar‑adult survivals (61.1–75.7% vs. 34.3%) and greatly shortened 2nd instar‑adult duration (22.7–24.6 days 
vs. 27.8 days). At adult emergence, the female cannibal beetles (with few exceptions) had significantly higher fresh 
weights than the control beetles (14.5–16.3 mg vs. 11.7 mg). Among the nine types of cannibals, non‑significant dif‑
ference was detected in almost all the measured developmental parameters.

Conclusion Consumption of conspecific eggs by neonate larvae of H. axyridis had far‑reaching benefits for their sub‑
sequent development on artificial diet, and neither the egg age nor parental age at oviposition affects the cannibals’ 
fitness. These findings provided new insights into the combined application of conspecific eggs and artificial diets in 
the mass rearing of coccinellids.
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Background
The consumption of eggs by conspecific individuals is a 
common phenomenon in many insect species (Wu et al. 
2021). Insect eggs are defenseless and abundant in digest-
ible proteins and lipids that make them ideal prey (Bay-
oumy and Michaud 2015). For aphidophagous ladybird 
beetles, females usually lay eggs not close to an aphid 
colony, and the predation ability of newly hatched larvae 
is relatively weak (Hemptinne et  al. 2000). The neonate 
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larvae therefore commonly consume conspecific eggs 
that are not hatched synchronously as their first meal 
(Osawa 1989). Many studies have shown that egg con-
sumption can bring extensive influences on the canni-
balistic ladybirds, for instance, affecting developmental 
rate, immature survival, adult body size, and even repro-
ductive capabilities (Bayoumy and Michaud 2015). For 
example, after cannibalizing conspecific eggs at neonate 
larva stage, Coccinella transversalis Fabricius (Omkar 
and Gupta 2007) and Hippodamia convergens Guerin-
Meneville (Bayoumy and Michaud 2015) obtained accel-
erated larval developmental rates and larger adult body 
size; a faster developmental rate was also observed in the 
cannibalistic larvae of Menochilus sexmaculatus (Fab-
ricius) (Singh et al. 2020). The far-reaching benefits of egg 
consumption by neonate larvae were mostly evaluated 
on high-quality natural or alternative prey and not con-
cerned the background of egg victims. It is still unknown 
what far-reaching benefits can be brought to the artifi-
cial diet-reared cannibals and whether the egg age and/
or parental age at oviposition can affect the cannibals’ 
fitness.

Studies have shown that the nutrients in eggs might 
vary greatly according to parental ages at oviposition and/
or egg ages per se. For example, it has been reported that 
proteins in Eupelmus vuilletti (CRW) eggs (Giron and 
Casas 2003) and lipids in Musca domestica L. eggs (McI-
ntyre and Gooding 2000) decreased with the increase of 
parental age at oviposition; while in Adalia bipunctata 
(L.) eggs, the lipid and glycogen strongly declined with 
the increase of egg age (Sloggett and Lorenz 2008).

The multicolored Asian ladybird beetle Harmonia 
axyridis (Pallas) (Coleoptera: Coccinellidae), a preda-
tor of various aphid species, is an important biocontrol 
agent (Brown et  al. 2008), but also a successful invader 
throughout the world (Camacho-Cervantes et  al. 2017). 
It has been reported that H. axyridis exhibits much 
stronger cannibalistic behavior than many other aphi-
dophagous ladybird species (Reznik et al. 2017). Studies 
have shown that H. axyridis has an age-specific fecun-
dity consistents with the curves of Bieri model (Lanzoni 
et al. 2004), i.e. the daily oviposition first increased with 
age and reaches to the highest on day 12–20, and then 
decreased (e.g. about 20 eggs on day 40 and less than 
10 eggs on day 80) (Lanzoni et  al. 2004). Here, it was 
doubted whether maternal investments of H. axyridis in 
eggs varied according to parental ages at oviposition, and 
whether consumption of different types of eggs would 
bring different benefits to the cannibals.

In this study, H. axyridis neonate larvae were provided 
with different types of conspecific eggs and then, a series 
of developmental parameters were measured to explore 
the far-reaching benefits on the cannibals feeding on 

artificial diets. The results of this study may provide new 
insights into the combined application of conspecific eggs 
and artificial diets in the mass rearing of coccinellids.

Methods
Insects and plant materials
Six pairs of H. axyridis f. succinea adults (reddish back-
ground with dark spots on elytra) were collected from 
an alfalfa field in May 2017 in Lanzhou, Gansu province 
(36° 03′ 00″ N, 103° 07′ 03″ 3E). They were continuously 
reared on the green peach aphid, Myzus persicae (Sulz.), 
infesting on chili pepper seedlings, Capsicum frutescens 
L., in a nylon cage (50 × 50 × 50 cm) in the laboratory at 
Gansu Agricultural University, China. These laboratory 
colony of H. axyridis were maintained for more than 
2 years by almost six pairs in each generation. In order 
to reduce the risk of inbreeding depression, the larvae 
used for maintaining laboratory colonies were collected 
randomly from the offspring of six pairs of parents. All 
insects were reared in bioclimatic chambers at 25 ± 1 °C 
with 65% RH and 14 L: 10 D photoperiod.

Preparation of egg prey
Step 1, newly produced egg clusters were collected 
from the laboratory colony of H. axyridis and they 
were incubated in 3 cm Petri dishes. An immersed cot-
ton ball was supplied to ensure humidity. Three days 
later, 20 randomly selected newly hatched H. axyridis 
larvae were reared in 3  cm Petri dishes with one in 
each dish. They were fed on daily refreshed M. persi-
cae infesting on a pepper leaf, until pupation. Adult 
emergence was monitored every 12  h. The newly 
emerged adults were respectively collected and every 
2 pairs were reared in one Petri dish (9  cm in diam-
eter) for producing eggs with varying parental ages at 
the same period. Sufficient M. persicae infesting on 
pepper leaves were provided as food each day. Step 2, 
their eggs were collected when they developed to cer-
tain ages, i.e. 20–25 days old (namely young adults and 
abbreviated as Yng), 40–45  days old (namely middle-
aged adults and abbreviated as Mid), and 80–85  days 
old (namely old adults and abbreviated as Old). Basing 
on the curves of Bieri model that fits the age-specific 
fecundity, egg production of H. axyridis decreased to a 
low level at the age of 80 (Lanzoni et al. 2004). To pro-
duce sufficient eggs, four pairs of adults were reared for 
Yng and Mid groups, respectively, and eight pairs were 
used for Old group. During egg collection, the oviposi-
tion was monitored twice a day at an interval of 12  h. 
The eggs of each group were carefully collected by a 
fine brush and mixed together. Step 3, the eggs in each 
group were divided into three subgroups with differ-
ent in  vitro developmental ages, i.e. age 1 (fresh), age 
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2 (incubated for 1  day), age 3 (incubated for 2  days). 
Above egg ages were decided basing on the character-
istics that the average egg duration of H. axyridis was 
2.8  days (Lanzoni et  al. 2004). During incubation, the 
eggs were placed in a 9  cm plastic Petri dish with an 
immersed cotton ball to ensure humidity, and they were 
maintained at 25 ± 1  °C with 65% RH and 14 L: 10 D 
photoperiod (Fig. 1). These procedures were conducted 
from February to June, 2020.

Based on the above design, nine types of eggs varying 
according to parental ages at oviposition and egg ages 
per se were obtained, and they were named following 
the combination of the two factors, i.e. Yng-1, Yng-2, 
Yng-3, Mid-1, Mid-2, Mid-3, Old-1, Old-2, and Old-3. 
These eggs were separately provided as food for H. axy-
ridis neonate larvae that resulted in nine cannibal treat-
ments (Fig. 1).

Preparation of cannibals’ neonate larvae
Another ten newly hatched larvae were reared on 
M. persicae until pupation, and two pairs of newly 
emerged adults were selected and reared on M. persicae 
infesting on pepper leaves in a 9 cm Petri dish. Eggs of 
20–25 days old adults were collected and incubated in 
a new 9 cm Petri dish following the methods described 
above. The newly hatched larvae were subsequently 

provided with eggs or directly with artificial diet in fol-
lowing experiments (Fig. 1).

Egg consumption by neonate larvae
Neonate larvae (before dispersal and not consuming 
any eggs) were kept individually in a 3  cm plastic Petri 
dish with an immersed cotton ball to ensure humidity 
and provide water. Two eggs from each of the nine types 
were provided as a daily dietary for one neonate larvae 
because our preliminary experiment found that each first 
instar larva can consume 2–3 eggs per day. The larvae 
were fed on eggs for 2 days until they developed to 2nd 
instar and were then reared on artificial diets. Those neo-
nate larvae fed directly on the artificial diets were used 
as control (Fig. 1). In total, 35–37 larvae were reared for 
each of the nine egg consumption treatments and the 
control treatment.

Performance of cannibal beetles on artificial diet
The artificial diet used in this study was prepared accord-
ing to the methods described by Sun et al. (2018) with the 
following components: fine pork liver powder (10.0  g), 
yeast extract (1.0  g), sucrose (2.0  g), honey (1.0  g), lin-
seed oil + olive oil (1.9 ml, 1: 1.4 ratio by volume), potas-
sium sorbate solution (1.0  ml, 17  mg/ml in distilled 
water), and distilled water (15.0 ml). The 2nd instar can-
nibalistic larvae or 1st instar control larvae were indi-
vidually placed in a 3 cm Petri dish, and a diet patch was 

Fig. 1 The flow diagram of experimental design



Page 4 of 7Hao et al. Egyptian Journal of Biological Pest Control           (2023) 33:22 

provided and refreshed every other day. An immersed 
cotton ball was supplied to provide water. The develop-
mental stages of the larvae were monitored once a day 
and the survival rates of 2nd–3rd instar, 2nd–4th instar, 
2nd instar-pupa, and 2nd instar-adult as well as the emer-
gence rates of pupa-adult were determined. The survival 
rates were calculated following the equation: number 
of living individuals at each stage/total number of 2nd 
instar larvae × 100%; the emergence rate was calculated 
as number of adults/number of pupae × 100%. Mean-
while, the developmental time of each stage was recorded 
(days from one stage to the next stage), and the duration 
of 2nd–4th instar and 2nd instar-adult were also calcu-
lated (Fig.  1). After eclosion, the body weights of newly 
emerged adults (approximately 24 h old) were measured 
using an AE224C electronic balance (SDPTOP, China).

Data analysis
All statistical analyses were performed with R 4.0.2. First, 
the differences between each of the nine egg consump-
tion treatments and the control treatment were com-
pared to evaluate what fitness benefits had been obtained 
by the cannibal beetles. General linear models with 
binomial distribution (link = “logit”) were performed 
for the survival rates and the emergence rates of pupa-
adult. In these models, the proportion of survived indi-
viduals and the two treatments were served as response 
variables and explanatory variables, respectively. For the 

developmental time and body weights of newly emerged 
adults, a t test was used. Second, whether the two fac-
tors (parental age at oviposition and egg age per se) and 
their interactions had significant effects on cannibals’ fit-
ness were further analyzed. General linear models with 
binomial distribution (link = “logit”) were performed for 
survivals and adult emergence rates, and the proportion 
of survived individuals and the two factors with inter-
action were used as response variables and explanatory 
variables, respectively. For developmental time and body 
weights, two-way analysis of variance (ANOVA) was 
utilized. Before analysis, the data of developmental time 
were log10 transformed to meet the normal distribution, 
but untransformed data were presented. For ANOVA, 
means were separated using Tukey’s HSD test (p < 0.05).

Results
Survivals
Compared with the control beetles, the cannibal bee-
tles had significantly higher 2nd–3rd instar surviv-
als (χ2 = 4.205–4.466, df = 1, p = 0.035–0.040), 2nd 
instar-adult survivals (except Yng-3, 61.1–75.7% vs. 
34.3%) (χ2 = 5.182–12.864, df = 1, p = 0.0003–0.023) 
(Fig.  2A), and significantly higher pupa-adult emer-
gence rates (except Yng-3 and Mid-3, 76.5–92.6% vs. 
48.0%) (χ2 = 5.105–13.604, df = 1, p = 0.0002–0.024) 
(Fig.  2B). During the pre-imaginal development, the 
cannibal beetles Old-1, Old-2, Old-3, Yng-1 and Yng-3 

Fig. 2 Performance of Harmonia axyridis cannibals when feeding on artificial diets. Stage‑specific survivals (A) and the pupa‑adult emergence 
rates (B). Here, the typical morphology of unsuccessfully emerged pupa (left) and the malformed newly emerged adults (right) was highlighted 
(C). Asterisk indicates a significant difference between the egg cannibal beetles and the control beetles at each stage (p < 0.05), while ns means 
non‑significant difference (p > 0.05). For stage‑specific survivals (A), those treatments in the same box with dotted line had similar variation trends as 
compared to the control treatment, and they were labelled with shared symbol
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had significantly higher 2nd–4th instar survivals than 
the control beetles (χ2 = 7.316–7.609, df = 1, p = 0.006–
0.007); the cannibal beetles Yng-2, Yng-3 and Old-2 had 
significantly higher  2nd instar-pupa survivals than the 
control beetles (χ2 = 5.299–7.441, df = 1, p = 0.006–0.021) 
(Fig. 2A). In the experiments, a large proportion of pupae 
in the control treatment either died or emerged was 
found as malformed adults, and their typical morpholo-
gies were shown in Fig. 2C.

As for the two factors that probably brought different 
effects on the cannibal beetles, neither parental ages at 
oviposition nor egg ages per se significantly affected the 
cannibals’ survivals of 2nd–3rd instar, 2nd instar-pupa, 
2nd instar-adult or emergence rate of pupa-adult (paren-
tal age at oviposition: χ2 = 0–4.100, df = 2, p = 0.129–
1.000; egg age: χ2 = 0–2.857, df = 2, p = 0.240–1.000), 
and these two factors had also non-significant interac-
tion effect (χ2 = 0–7.931, df = 4, p = 0.094–1.000). For 
the development from 2nd instar to 4th instar, only 
parental age at oviposition significantly affected the 
survivals (χ2 = 9.997, df = 2, p = 0.007), and neither egg 
ages nor their interaction with parental ages at oviposi-
tion caused significant influence (egg ages: χ2 = 0.270, 
df = 2, p = 0.874; interaction: χ2 = 2.900, df = 4, p = 0.575) 
(Fig. 2).

Developmental time
Compared with the control beetles, all cannibal beetles 
had significantly shortened developmental time of 2nd–
3rd instar (2.1–2.6  days vs. 4.4  days) (t = 9.776–13.807, 
df = 1, p < 0.001), 2nd–4th instar (6.8–8.0  days vs. 
10.2  days) (t = 6.387–10.763, df = 1, p < 0.001) and 2nd 
instar-adult (22.7–24.6  days vs. 27.8  days) (t = 3.096–
5.297, df = 1, p ≤ 0.005); most cannibal beetles also had 
significantly shortened developmental time of 3rd–4th 
instar (except Yng-2, Yng-3 and Mid-2; t = 2.256–3.724, 
df = 1, p = 0.0004–0.028) and 4th instar-pupa (except 
Yng-3 and Old-2; t = 2.561–5.339, df = 1, p ≤ 0.013). 
However, all cannibal beetles had similar developmental 

time of pupa-adult as compared to the control beetles 
(t = − 1.975 to − 0.120, df = 1, p = 0.059–0.905) (Table 1).

Neither parental ages at oviposition nor egg ages per se 
significantly affected the cannibals’ developmental time 
of 4th instar-pupa, or pupa-adult, or from 2nd instar-
adult (parental ages at oviposition: F2, 213–271 = 0.699–
2.707, p = 0.069–0.489; egg age: F2, 213–271 = 0.132–2.473, 
p = 0.086–0.877). In addition, these two factors had 
non-significant interaction effect on the developmen-
tal time of  4th instar-pupa (F4, 271 = 1.714, p = 0.147) 
and 2nd instar-adult (F4, 213 = 1.153, p = 0.332). In other 
development stages, the developmental time of 2nd–
3rd instar was only significantly affected by egg ages (F2, 

315 = 6.334, p = 0.002), while the developmental time of 
3rd–4th instar and 2nd–4th instar was only significantly 
affected by parental ages at oviposition (3rd–4th instar: 
F2, 308 = 8.956, p < 0.001; 2nd–4th instar: F2, 307 = 8.882, 
p < 0.001). Specifically, cannibal beetles consuming eggs 
that had been incubated for 1 day (age 2) generally had 
shorter developmental time of 2nd–3rd instar than those 
consuming eggs that had been incubated for 2 days (age 
3); cannibal beetles consuming eggs that produced by 
Old-group parents generally had shorter developmen-
tal time of 3rd–4th instar and 2nd–4th instar than those 
consuming eggs that produced by Yng-group parents 
(Table 1).

Body weight of newly emerged adults
Compared with the control beetles, the female can-
nibal beetles (except Yng-3, Mid-2, and Old-1) had sig-
nificantly higher fresh weights in adulthood (t = − 3.993 
to − 2.489, df = 1, p = 0.002–0.029); however, all male 
cannibal beetles only had slightly higher body weights 
(t = − 1.495 to − 0.096, df = 1, p = 0.162–0.926). In addi-
tion, neither parental ages at oviposition (female: F2, 

109 = 0.010, p = 0.990; male: F2, 92 = 0.072, p = 0.930) nor 
egg ages per se (female: F2, 109 = 0.136, p = 0.873; male: 
F2, 92 = 0.474, p = 0.624) significantly affected the can-
nibals’ body weights. Meanwhile, there was non-signifi-
cant interaction effect between these two factors (female: 

Table 1 Developmental time (days ± SE) of Harmonia axyridis cannibals when feeding on artificial diets

Asterisk in each row indicates a significant difference between the cannibal beetles and the control beetles (p < 0.05), while ns means non-significant difference 
(p > 0.05)

Control Yng-1 Yng-2 Yng-3 Mid-1 Mid-2 Mid-3 Old-1 Old-2 Old-3

2nd–3rd instar 4.4 ± 0.2 2.3 ± 0.1* 2.1 ± 0.1* 2.6 ± 0.1* 2.2 ± 0.1* 2.1 ± 0.1* 2.3 ± 0.1* 2.3 ± 0.1* 2.1 ± 0.1* 2.4 ± 0.1*

3rd–4th instar 5.8 ± 0.2 5.1 ± 0.2* 5.7 ± 0.3 ns 5.5 ± 0.2 ns 4.8 ± 0.2* 5.5 ± 0.2 ns 5.0 ± 0.2* 4.8 ± 0.2* 4.7 ± 0.2* 4.9 ± 0.2*

4th instar‑pupa 13.8 ± 0.5 11.3 ± 0.6* 12.0 ± 0.6* 12.9 ± 1.0 ns 10.1 ± 0.5* 11.0 ± 0.4* 11.4 ± 0.5* 11.0 ± 0.5* 12.7 ± 0.9 ns 10.2 ± 0.4*

Pupa‑adult 5.3 ± 0.3 5.6 ± 0.2 ns 5.4 ± 0.1 ns 5.3 ± 0.2 ns 5.4 ± 0.2 ns 6.2 ± 0.3 ns 5.3 ± 0.2 ns 5.5 ± 0.1 ns 5.3 ± 0.1 ns 5.8 ± 0.2 ns

2nd–4th instar 10.2 ± 0.3 7.5 ± 0.2* 7.8 ± 0.3* 8.0 ± 0.2* 7.1 ± 0.2* 7.4 ± 0.3* 7.2 ± 0.2* 7.1 ± 0.2* 6.8 ± 0.2* 7.3 ± 0.2*

2nd instar‑adult 27.8 ± 0.9 23.9 ± 0.8* 23.9 ± 0.5* 23.4 ± 0.6* 22.7 ± 0.5* 24.6 ± 0.7* 23.2 ± 0.6* 23.3 ± 0.4* 23.0 ± 0.7* 23.0 ± 0.5*
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F4, 109 = 2.276, p = 0.066; male: F4, 92 = 0.363, p = 0.834) 
(Table 2).

Discussion
Egg cannibalism is considered to be an adaptive response 
under resource-limited conditions (Khodaei and Long 
2020). In this study, egg consumption by neonate larvae 
of H. axyridis greatly favored their subsequent devel-
opment on artificial diets. Compared with the control 
beetles, almost all cannibal beetles had significantly 
increased 2nd instar-adult survivals (61.1–75.7% vs. 
34.3%) and significantly reduced 2nd instar-adult dura-
tions (22.7–24.6  days vs. 27.8  days). In particular, egg 
consumption had prominent far-reaching benefits in the 
survivals of the last developmental stage, i.e. the pupa-
adult emergence rates of most cannibal beetles (76.5–
92.6%) were significantly higher than those of the control 
beetles (48.0%).

The insect-free artificial diets of many predatory lady-
bird beetles have been shown to be inferior in nutrition 
(Sun et al. 2017). Here, when directly feeding on artificial 
diets (control beetles), a large proportion of pupae (52%) 
died or emerged as deformed adults. Similarly, low sur-
vivals at adulthood were commonly observed in other 
artificial diet-fed ladybird beetles, e.g. Coccinella septem-
punctata L. (Sarwar and Saqib 2010), Eriopis connexa 
(Germar) (Silva et  al. 2009), and Cleobora mellyi (Mul-
sant) (Bain et  al. 1984). However, when several conspe-
cific eggs were consumed by the neonate larvae (cannibal 
beetles), 75% of the pupae successfully emerged as nor-
mal adults. The metamorphosis development from pupa 
to adult is a complex biochemical process (Damos et al. 
2011). Here, except for supplying essential nutrients, 
other components in eggs, such as carotenoids (Winters 
et al. 2014), alkaloids (e.g. (-)-adaline) (Paul et al. 2018), 
etc. might also play vital roles. For example, one previous 
study has revealed that supplementation of β-carotene in 
artificial diet can greatly improve the 1st instar-adult sur-
vivals of H. axyridis (Sun et al. 2018). At adult emergence, 
the body weights of female cannibal beetles (except Yng-
3, Mid-2, and Old-1) were significantly higher than those 
of the control beetles. Adult body size is an important 
factor that determines the fitness of insects, including 
survival, mating success or fecundity (Kemp et al. 2006). 

Therefore, the cannibal beetles should have a superior 
reproductive performance than the control beetles.

The variation in the ages of eggs and ovipositing par-
ents did not cause a great difference in the fitness of 
cannibals. For the nine groups of cannibal beetles, their 
pre-imaginal survivals (except for the 2nd–4th instar 
survivals) and developmental time of 2nd instar-adult, 
4th instar-pupa and pupa-adult were not significantly 
affected by the above two factors. Finally, all cannibal 
beetles had similar fresh weights in adulthood. From 
these, it can be deduced that all egg victims had similar 
contents of nutrients and/or other non-nutritional com-
ponents. Although the contents of some species may vary 
according to parental age at oviposition and/or egg age 
(Sloggett and Lorenz 2008), functional mutual indemni-
fication of different compounds would contribute to the 
nearly undifferentiated benefits of different egg victims. 
In A. bipunctata, with the increase of egg ages, the lipid 
and glycogen contents gradually declined, whereas the 
free carbohydrate contents increased (Sloggett and Lor-
enz 2008); in eggs of C. septempunctata, the total con-
centration of carotenoids increased with the increase of 
parental age at oviposition (Winters et al. 2014).

Conclusions
The results demonstrated that providing several con-
specific eggs for the neonate larvae might be a suitable 
approach for rearing H. axyridis larvae with artificial 
diets. More importantly, the background of egg victims 
(i.e. egg ages and parental ovipositing ages) was not 
required to be concerned.

Abbreviations
Yng‑1  Harmonia axyridis cannibals which fed on fresh eggs produced by 

young adults (20–25 days old)
Yng‑2  Harmonia axyridis cannibals which fed on eggs produced by 

young adults (20–25 days old) and incubated for 1 day
Yng‑3  Harmonia axyridis cannibals which fed on eggs produced by 

young adults (20–25 days old) and incubated for 2 days
Mid‑1  Harmonia axyridis cannibals which fed on fresh eggs produced by 

middle‑aged adults (40–45 days old)
Mid‑2  Harmonia axyridis cannibals which fed on eggs produced by 

middle‑aged adults (40–45 days old) and incubated for 1 day
Mid‑3  Harmonia axyridis cannibals which fed on eggs produced by 

middle‑aged adults (40–45 days old) and incubated for 2 days

Table 2 Body weights (mg ± SE) of newly emerged female and male adults of Harmonia axyridis when feeding on artificial diets

Asterisk in each row indicates a significant difference between the cannibal beetles and the control beetles (p < 0.05), while ns means non-significant difference 
(p > 0.05)

Control Yng-1 Yng-2 Yng-3 Mid-1 Mid-2 Mid-3 Old-1 Old-2 Old-3

Female 11.7 ± 0.9 16.3 ± 0.7* 14.5 ± 0.6* 14.0 ± 1.5 ns 15.4 ± 0.8* 14.2 ± 0.8 ns 15.5 ± 0.7* 13.8 ± 0.8 ns 16.1 ± 1.0* 15.2 ± 0.7*

Male 12.1 ± 0.9 13.6 ± 0.9 ns 13.3 ± 0.6 ns 13.5 ± 0.8 ns 13.9 ± 0.9 ns 12.2 ± 0.7 ns 13.9 ± 0.9 ns 13.4 ± 0.7 ns 13.3 ± 0.9 ns 13.2 ± 0.7 ns
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Old‑1  Harmonia axyridis cannibals which fed on fresh eggs produced by 
old adults (80–85 days old)

Old‑2  Harmonia axyridis cannibals which fed on eggs produced by old 
adults (80–85 days old) and incubated for 1 day

Old‑3  Harmonia axyridis cannibals which fed on eggs produced by old 
adults (80–85 days old) and incubated for 2 days
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