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Data analysis

To compare characteristics of egg clusters between a female

with and without a male, t-test was performed. From the pre-

liminary analysis of the laboratory data, the identity of female

(= female code) was not a significant factor affecting the

number of cannibalized eggs per cluster, and cluster size

(One-way ANOVA: F9, 94 = 1.511, p = 0.1554, F9, 94 = 1.254, p =

0.2723, respectively). Accordingly, I performed a two-way

ANOVA after stepwise removal of non-significant terms to ana-

lyze the number of cannibalized eggs per cluster and cluster size

in the laboratory data. Female code was a significant factor

affecting the percentage of sibling cannibalism per cluster

(One-way ANOVA: F9, 94 = 3.085, p = 0.0028), suggesting that

the clusters laid by one female could not be treated as inde-

pendent units. Accordingly, I used a two-level nested ANOVA

to analyze the relationship between the percentage of sibling

cannibalism and cluster size. To analyze the effect of oviposi-

tion interval on cluster size, the number of cannibalized eggs per

cluster, and the percentage sibling cannibalism per cluster, the

oviposition interval was divided into two categories: short (= 1

day) and long (  2 days). Thereafter, the comparison was made

using Tukey-Kramer HSD test. A four-way ANOVA was used

to analyze the field data because different females may lay each

cluster, judging from their short stays at each habitat (Osawa,

2000). The percentage data of sibling cannibalism were arcsine

transformed before linear regression analysis because the

original percentage data in my experiment fall below 30% and

over 70% (Sokal & Rohlf, 1980). For all of these statistical

analyses, I used JMP Discovery Software (SAS, 2000).

RESULTS

A laboratory experiment

There were no significant differences in cluster size,

cluster egg total, number of eggs cannibalized per cluster,

percentage sibling cannibalism per cluster, and oviposi-

tion interval between a female with and without a male

(Table 1). Among the factors that might have affected

how many eggs were cannibalized per cluster, the effect

of cluster size was significant when I eliminated other

factors (i.e., oviposition interval, interaction between

cluster size and oviposition interval, and interaction

between oviposition interval and mating) from the model

(p < 0.0001; F3, 100 = 35.606, R2 = 0.516 and p < 0.0001,

for the model; Table 2). The occurrence of mating and the

interaction between cluster size and the occurrence of

mating were not significant factors affecting the number

of cannibalized eggs per cluster (p = 0.1256, p = 0.0993,

respectively; Table 2). The oviposition interval signifi-

cantly affected the cluster size (p = 0.0014; Table 3),

whereas the effect of the interaction with the occurrence

of mating was not significant (p = 0.1775; Table 3). Fur-

thermore, the effect of occurrence of mating on the

cluster size was only marginally significant (p = 0.0639;

Table 3). There was also a marginally significant relation-

ship between cluster size and the percentage of sibling

cannibalism per cluster (p = 0.0525; F19, 84 = 2.619, R2 =

0.372 and p = 0.0014 for the model; Table 4). Cluster size

and the number of cannibalized eggs per cluster in long

oviposition period were significantly larger than those in

short one (p < 0.05 and p < 0.05, respectively: Fig. 1).

However, no significant difference was observed in the

percentage sibling cannibalism per cluster between short

and long oviposition intervals (p > 0.05: Fig. 1).

45

Fig. 1. The comparison of cluster size, the number of canni-

balized eggs per cluster, and the percentage of sibling canni-

balism per cluster between short (= 1 day) and long (  2 days)

oviposition interval. An asterisks (*) indicates significance of

the P <0 .05 level, n.s. indicates non-significance. Vertical lines

indicate ± 1 × standard errors.

*t-test

0.1013  1.844 ± 0.172   1.466 ± 0.151 Oviposition interval

0.219337.198 ± 2.94842.077 ± 2.625% sibling cannnibalism per cluster

0.0754  8.457 ± 1.35911.724 ± 1.210No. of eggs cannibalized per cluster

0.1326207.200 ± 35.470291.200 ± 35.470Cluster egg total

0.303622.522 ± 1.86525.103 ± 1.660Cluster size

P*
a female without a male

 (mean ± S.E.)

a female with a male 

(mean ± S.E.)

TABLE 1. Comparison between females with males and females without males in the laboratory experiment.



Field experiments

Cluster size and the direct distance from a cluster site to

the nearest aphid colony were significant factors affecting

the number of cannibalized eggs per cluster when other

factors (i.e., cluster site, the occurrence of aphid colonies

on the same shoot, and the occurrence of aphid colonies

on the same twig) were eliminated (p < 0.0001,

p = 0.0082, respectively; F4, 96 = 21.476, R2 = 0.472, and p

< 0.0001 for the model; Table 5). The effect of the route

distance from a cluster site to the nearest aphid colony

and the occurrence of clusters on the same shoot were not

significant (p = 0.0803, p = 0.1712, respectively; Table

5). Moreover, there was a weak but significant relation-

ship between the percentage of sibling cannibalism per

cluster and cluster size (F-test: F1, 99 = 10.765, R2 = 0.098,

and p = 0.0014; Fig. 2). There was also a weak but sig-

nificant relationship between cluster size and the direct

distance from a cluster to the nearest aphid colony (F-test:

F1, 99 = 7.284, R2 = 0.069, and p = 0.0082; Fig. 3). How-

ever, there was no significant relationship between the

percentage of sibling cannibalism and the direct distance

from a cluster to the nearest aphid colony (F-test:

F1, 99 = 0.884 and p = 0.349; Fig. 4).

DISCUSSION

The results of this study showed that cluster size was

clearly an important factor affecting both the number and

the percentage of eggs cannibalized per cluster.

Moreover, the field experiments indicated that there was a

weak but significant relationship between cluster size and

the direct distance from a cluster site to the nearest aphid

colony. In the case of sibling cannibalism, a cannibal eats

two types of eggs; infertile or fertile eggs dying at an

early developmental stage, i.e. never-hatched eggs, and

fertile eggs with delayed hatching. The existence of

never-hatched eggs is regarded as direct maternal invest-

ment (i.e. the mother can control production of these

directly) for the offspring, whereas that of fertile eggs

with delayed hatching as indirect and/or fortuitous

maternal investment (i.e. the mother does not control pro-

duction of these directly) for females. Kawai (1978)

reported sibling cannibalism in Harmonia axyridis was

directed to 56% never-hatching and 44% of delayed

hatching eggs, respectively. When a cannibal eats fertile

eggs with delayed hatching, the differentiation in

46

Fig. 2. The relationship between cluster size and the per-

centage of sibling cannibalism per cluster in the field experi-

ment. The percentages were arcsine transformed.

Fig. 3. The relationship between the direct distance (cm) from

a cluster site to the nearest aphid colony and cluster size in the

field experiment.

Fig. 4. The relationship between the direct distance (cm) from

a cluster site to the nearest aphid colony and the percentage of

sibling cannibalism per cluster in the field experiment. The per-

centages were arcsine transformed.

This is the remaining ANOVA model after stepwise removal of

nonsignificant terms (oviposition interval, cluster size × ovipo-

sition interval, and oviposition interval × mating) at the ovi-

posited shoot at the P < 0.1 level. 

4,320.168100Residual

0.09932.769119.6071
Mating×cluster

size

< 0.000190.1973,896.6631Cluster size

0.12562.385103.0481Mating

PF-ratioSSdfSource

TABLE 2. Two-way ANOVA of the number of cannibalised

eggs per cluster vs. the occurrence of mating and cluster size in

the laboratory experiment.
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