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ABSTRACT 

Cannibalism is common phenomena amongst coccinellids and serves as vital 
alternative feeding strategy which can prolong survival during periods of prey scarcity. 
Cannibalism of larvae and adult of Hippodamia variegata Goeze (Coleoptera, 
Coccinellidae) were studied in the laboratory conditions (25±1°C, 60±5 % RH and 16h L: 
8h D). In the first experiment, different larval instars and adults transferred into Petri 
dishes near the eggs separately. Results showed that, average egg cannibalism by 1st, 
2nd, 3rd, 4th instars larvae and adult were 3, 6, 9, 21 and 23.5 number respectively. In 
the second experiment, older larval instars (2nd, 3rd and 4th instars) and adults 
transferred into Petri dishes near the younger instars larvae separately. Results 
showed that, younger larvae by older larvae were eaten. A linear correlation curve 
showed the dependency of cannibalism on the developmental stages of H. variegata. 
The results obtained here provide information about the cannibalism of H. variegata 
that might be useful for IPM programs because may be disrupt biological control of 
pest aphids. 
Key words: Ladybirds, Integrated Pest Management, Hippodamia variegate and 
Cannibalism. 
 
INTRODUCTION
Cannibalism is defined as a frequent behavior in carnivorus animals when individuals eat 
other individuals of the same species (Miesner et al., 2011). 
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Ladybirds (Coleoptera: Coccinellidae) are holometabolous insects and as such begin 
their life cycle as an egg, which hatches to give rise to a larva that generally passes 
through four instars before pupation and metamorphosis into an adult. With only a few 
exceptions the aphidophagous species lay their eggs in clusters and the coccidophagous 
species lay their eggs singly or in very small groups (Majerus, 1994; Dixon, 2000).  
The majority of ladybirds are carnivorous, both the larvae and the adults feeding on 
aphids, which cause damages in agricultural crops. Cannibalism is an important 
mortality factor in natural population of several species of ladybird beetles (Osawa, 
1989; 1993; Hironori and Katsuhiro, 1997). 
Ladybird beetles are known to be voracious predators of plant pests such as aphids 
(Hemiptera: Aphididae) (Hodek, 1973; Gordon, 1985). They have been used for 
biological control against scales, aphids, and other pest insects (Obrycki and Kring, 
1998).  
Hippodamia variegata Goeze is aphidopgagous species. In the absence of food the risk 
of cannibalism greatly increases (Agarwala and Dixon, 1992). Cannibalism is common in 
aphidophagous ladybirds and in nature often reduces juvenile survival dramatically 
(Dixon, 2000). Egg cannibalism by larvae is common in Coccinellidae and is known to be 
advantageous for the cannibals. Furthermore, larvae of aphidophagous ladybirds usually 
produce an oviposition-deterring pheromone, which inhibits oviposition by females 
(Martini et al., 2009). 
Colonies may increase the incidence of cannibalism in many species (Fox, 1975). In 
ladybirds, eggs cannibalism by larvae and adults in the field has been recorded for 
several species (Mills, 1982; Takahashi, 1989; Osawa, 1989).   
In Japan, H. axyridis, with high ability of prey searching and reproduction, and with the 
density-dependent and self-regulatory population regulation through various types of 
cannibalism, maintains a stable population in heterogeneous and temporal habitats. 
(Osawa, 2009). Study conducted by Osawa and Ohashin (2008) showed that the 
percentage of cannibalism per hatched larval cluster in H. yedoensis was 3.36 times 
larger than that in H. axyridis. Lack of research on the biology and its beneficial 
utilization leads to the present work. Purpose of this research is to the study a 
phenomenon of cannibalism in H. variegata under laboratory conditions. This is 
important in biological control because cannibalism reduce the efficiency of ladybirds.  
 
MATERIAL AND METHODS 
To maintain the culture of black bean aphid (A. fabae), sugar beet (Beta vulgaris) plants 
were grown in the micro-plots sized 2x3 meter, and maintained at the experimental 
field of Faculty of Agricultural Sciences, Boroujerd Isalamic Azad University, Iran. Aphis 
fabae and H. variegata were collected from the unsprayed sugar beet fields and reared 
on planted beets in micro-plots. Population of aphids and ladybirds rapidly increased; 
thereafter some pairs of ladybirds were selected for oviposition.  
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The selected pairs were kept in separate Plexiglas cage (6x11x23 cm3) to get the batches 
of eggs for single cohort offspring to minimize the variation in the experiments. A 
blotting paper was spread over its inner surface for egg laying. Two experiments were 
conducted: in the first experiment, 50 eggs were laid, with help of soft hair brush, and 
transferred in other Petri dishes (6x11x23 cm3) separately. Then different larval instars 
(1st, 2nd, 3rd and 4th instars) and adults from stock culture were obtained and kept 
starved for 24 hours before each trial to homogenize their hunger level, then 
transferred into Petri dishes near the eggs separately. Experiments were carried out in 
ten replicates. The eggs were observed regularly (for 24 hours in 6 hours interval) and 
numbers of egg consumed (cannibalized) by each individual larva or adult in each run, 
were calculated and recorded. 
In the second experiment, some of the first instars larvae from stock culture were 
obtained and transferred into Petri dishes separately. Then older larval instars (2nd, 3rd 
and 4th instars) and adults from stock culture were obtained and kept starved for 24 
hours before each trial to homogenize their hunger level, then transferred into Petri 
dishes near the first instars larvae separately. The same experiments were conducted on 
2nd, 3rd and 4th larval instars taking care for each larval instar, so that the older larval 
instars were placed together in Petri dishes. Experiments were carried out in ten 
replicates for each run. The larvae were observed regularly (24hours with 6 hours 
interval) and numbers of larvae consumed (cannibalized) by each individual larva or 
adult in each run, were calculated and recorded.  
Differences in consuming and cannibalism were tested by analysis of variance (ANOVA). 
If significant differences were detected, multiple comparison were made using Duncans 
Multiple Range test (p<0.05).  
All experiments were conducted in Entomological laboratory (with temperature 25±1°C, 
60±5 % relative humidity and photoperiod of hours 16L: 8D) at Faculty of Agricultural 
Sciences, Boroujerd Islamic Azad University, Boroujerd, Iran, during the year 2010. 
 
RESULTS  
The average cannibalism between different developmental stages and egg of H. 
variegata is presented in Fig. 1. The average cannibalism of eggs by larval instars 1, 2, 3, 
4 and adults were 3, 6, 9, 21 and 23.5 respectively. Number of eggs consumed increased 
the older the larval instars. The results of the ANOVA showed a significant difference 
between the cannibalism of eggs and growth stages (P< 0.05). Duncan test results also 
showed that the average egg cannibalism and developmental stages of H. variegata are 
at different levels. Our investigation had shown how all developmental stages except 
pupa can consume eggs. The mean cannibalism of different developmental stages of H. 
variegata, is presented in Fig. 2. The average adult cannibalism rate for larval instars 1, 
2, 3, 4 and pupa were 5.4, 3.5, 1.5, 0 and 1.5 respectively. The results showed that 
adults are feeding on all developmental stages except 4th grubs and themselves.  
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Average fourth grubs cannibalism rate from larvae instars 1, 2, 3, 4, and pupa were 6.4, 
5.4, 3.5, 0, and 3.5 respectively. The results showed that 4th instars fed on all 
developmental stages except themselves and adults. Both adults and fourth instars 
larvae do not feed themselves and each other. Average third grub cannibalism rate from 
larvae instars 1, 2, 3, 4, and pupa was 4.5, 1.5, 0, 0, and 0 respectively. The results 
showed that 3rd instars are fed of all growth stages except themselves, 4th grubs, Pupae 
and adults. 
Also 2nd grub with mean 3.1 has cannibalism only from 1st grub. The results showed that 
the larval instars of the same age who does not feed itself. 
The results of the ANOVA showed a significant difference exists between the 
cannibalism rate and growth different stages (P< 0.05). Duncan test results also showed 
that the average cannibalism from growth different stages and developmental stages of 
H .variegata are at different levels. Between average adult feeding of larvae and pupa 
were not significant differences (Fig. 2).  
 
DISCUSSION 
Results showed that highest and lowest egg cannibalism rate were associated with adult 
and first grub respectively. Rahimkhan et al., (2003) also held the same opinion. Eggs 
were more sensitive to cannibalism than other growth stages. Probably the reason for 
that is that, eggs have no power to move, so were most vulnerable to cannibalism, 
which corresponds to findings of other researches (Mills, 1982; Takahashi, 1989; Osawa, 
1989). Mills (1989) showed that larvae of the ladybird eat the eggs of their own species 
and this cannibalism increases as egg density rises. 
Experiments by Rahimkhan et al., (2003) with C. septempunctata revealed that fourth 
instar larvae were voracious and consumed. So far, few studies have been done on 
cannibalism of H. variegata. Laboratory studies in Europe also demonstrated the strong 
tendency of H. axyridis to prey on larvae of indigenous ladybirds (Burgio et al., 2002; 
Sato and Dixon, 2004; Felix and Soares, 2004; Noia et al., 2008; Ware and Majerus, 
2008). 
Cannibalism and intraguild predation are both common phenomena amongst 
aphidophagous coccinellids and serve as vital alternative feeding strategies which can 
prolong survival during periods of aphid scarcity (Ware et al., 2008). When larvae of H. 
axyridis were paired together on aphid-infested plants, no cannibalism between them 
was detected (Alhmedi, 2010). 
There are several ways to combat the cannibalism. The extent of egg predation depends 
on the defensive alkaloids present in eggs of individual species (Agarwala and Dixon, 
1992; Sloggett and Davis, 2010). Lady beetles avoid egg predation by reducing 
oviposition where other adults are present, ovipositing on plants associated with less 
exposure or incidence of intraguild predation (Seagraves, 2009). In aphidophagous 
ladybirds, larvae reflexively exude hemolymph, i.e. reflex bleeding, when disturbed.  
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The 80% of eggs of C. septempunctata brucki were cannibalized when no H. axyridis 
hemolymph was present; however, only 20% of eggs were cannibalized when H. axyridis 
hemolymph was present (Sato et al., 2009). There is a worry therefore that such 
intraguild predation could disrupt biological control of pest aphids. 
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