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ABSTRACT

We investigated the response of males and females of ladybirds to different densities of aphids. This was studied using Coccinella sep-
tempunctata as the predator and Rhopalosiphum padi as the prey. Interactions between this ladybird and prey were observed on barley
(Hordeum vulgare). We established aphid colonies on barley at three different densities, 16, 32 and 84 aphids per pot. Adult ladybirds
placed in these colonies were then observed for 10 minutes or until they flew away. We hypothesized that females should consume more
aphids than males per unit time. The results of this experiment revealed that the risk of aphid mortality per plant depended on the sex of
the ladybird beetle. Female ladybirds consumed significantly more aphids than males per unit time. In addition the turning rate and time

spent resting differed between the sexes.
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Introduction

Several factors influence the rate at which predators
catch and consume prey (Maisonhaute and Lucas 2011;
Navodita et al. 2011) and one of the most important is
prey density (Ives et al. 1993; Yasuda 1995; Yasuda and
Ishikawa 1999). Results of experiments on predation rate
indicate a positive response of predation to aphid density
(Dixon 1959; Sinha et al. 1982; Carter et al. 1984; Rother-
ay 1989; Kindlmann and Razicka 1992; Ives et al. 1993).
Similarly experimental studies on biological control also
record a positive effect of aphid density on predation and
oviposition behaviour of ladybirds (Obrycki and Kring
1998; Iperti 1999; Kindlmann and Dixon 1997; Das and
Dixon 2011). Other studies, however, indicate that the
response of individual lady beetles to aphid density is ex-
tremely weak and only becomes detectable at the popula-
tion level (Ives et al. 1993). Positive relationships between
density of aphids and ladybird activity confirm the results
of experiments on the aggregation behaviour of coccinel-
lids (Frazer and Raworth 1985; Evans and Youssef 1992;
Iperti 1999; Schellhorn and Andow 2005).

Difference in the predatory activity of males and fe-
males is widely reported but has not been studied in de-
tail in ladybirds (Hemptinne et al. 1996; Dixon 2000).
There are few studies comparing the behaviour (turning
rate) associated with the differences in the predatory be-
haviour of two sexes (Griindbaum 1998; Dixon 2000).
Differences in their predatory behaviour are to be expect-
ed because males and females have different life history
strategies (Stearns 1989; Stearns 1992; Hemptinne et al.

1996). Females have to obtain sufficient energy over and
above that required to maintain themselves to be able to
produce eggs, find suitable oviposition sites and lay the
maximum number of eggs (Matsura and Morooka 1983;
Muthukrishnan and Pandian 1987). This indicates that
females need to spend more time foraging than males
(Muthukrishnan and Pandian 1987; Kerr 2008). Honek
(1985) has shown that sexes in ladybirds differ in their
foraging behaviour.

It is assumed that the sexes in ladybirds differ in the
rate at which they catch and consume prey. To test this
hypothesis we measured the predation rate of males and
females in different sized colonies of aphids. In addi-
tion, we also recorded whether the sexes spent the same
amount of time foraging and resting.

Materials and Methods
Plants and insects

Barley (H. vulgare) was grown in a controlled envi-
ronment room at 20 °C + 1 with a L16 : D8 photoperiod.
Bird cherry-oat aphid, Rhopalosiphum padi, was reared
on barley (cv. Golf) in multi-clonal cultures in a glass-
house at 20 °C + 1, with a L16 : D8 photoperiod and sup-
plementary lighting. Adult Coccinella septempunctata
were originally collected from natural habitats close to
Uppsala, Sweden (59°47' N and 17°39’ E) and reared for
several generations before they were used in the experi-
ments. They were reared in culture in cages with R. padi
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on barley (cv. Golf) and flowering oilseed rape, Brassica
napus L., as a source of pollen at 21 °C + 1, a photoperiod
of L16 : D8 and relative humidity of 60 + 10%. Insects
used in the experiments were adults.

Experimental design

This experiment aimed to determine the effect of
aphid density on predatory behaviour. Different num-
bers of aphids (84, 32 and 16) were placed on 4 barley
seedlings. Ten barley seeds were planted per pot and later
thinned out, so that there were 4 plants per pot. Cylin-
drical tubes were placed over the plants in each pot to
prevent the aphids from dispersing and so keeping the
number of aphids per plant constant.

As model species we chose the ladybird Coccinella sep-
tempunctata as the predator and the aphid, Rhopalosiphum
padi, feeding on barley, Hordeum vulgare, as the prey.
There were 20 replicates of each treatment. Each replicate
consisted of a pot with same number of plants but different
numbers of prey. Altogether 60 pots were used per experi-
ment. For each replicate we randomly chose one ladybird,
which was placed at the base of a randomly chosen plant.
Different ladybirds and different plants were used in each
replicate to avoid pseudoreplication. Ladybirds were then
observed for 10 minutes or until they flew away. The sexes
of the ladybirds were determined at the end of each rep-
licate (Baungaard 1980). Also the number of aphids in
a pot was counted at the end of the observation time. The
predators were starved with access to water for 24 hours
before using them in the experiment. Each treatment was
observed on the same day to avoid the effect of different
weather conditions on the results. Each experiment was
divided into two days. Because of this, the predators used
on the second day were starved for 48 hours. Only nymphs
of aphids were placed on the plants. Aphids were allowed
to settle and form colonies similar to those observed in the
field for twenty four hours prior to the experiment.

Sampling method

We used focal sampling and continuous recording
(Grevstad and Klepetka 1992; Clark and Messina 1998),
which involved observing one individual for a specified
amount of time and recording several different categories
of behaviour. The following behaviours were observed:
a) killing; b) consumption of aphids; c) resting; d) turn-
ing; e) position where the aphids were killed (stem, leaf,
ground); f) giving-up time. We transformed certain types
of behaviours into proportions (Predation rate = No. of
aphids consumed/600s, Resting = time spent resting/600s,
Turning = No. of turns/600s, Average aphids per plant
= total No. of aphids per pot/number of plants per pot,
Risk of mortality = total No. of aphids killed / total No.
of aphids per pot, Time spent in patch = time spent in the
patch/600s). We measured the different types of behav-
iour differently. The behaviours that can be specified as

events (behaviour of short duration) were recorded as
number of events per unit time. The states that are be-
haviour patterns with a long duration were measured as
proportion of time spent performing the activity.

Data analysis

The GLM ANOVA with type II sum of squares was
used to test if the relationships between the variables were
significant (Schellhorn and Andow 2005). Dependent
variables were proportions hence binomial distribution
with link function log in GLM was used. Suitability of
particular models was examined using residual statistics.
For assessing statistical significance we used the Wald test
with a chi-square distribution. R statistical software was
used for the data analysis (R Development Core Team,
2009). To obtain linearly independent data the propor-
tions were logarithmically transformed. Each experiment
was divided into two days because of the time constraint.
Therefore, we have to be aware of variability connected
with the different days. This means that the results for
each experiment are nested within two days.

Results

The fewer aphids there were per pot, the greater was
the probability that an individual will be captured by
a predator (Fig. 1). The risk of mortality depended sig-
nificantly on the number of aphids per pot (x> = 6.45;
df = 1; df ;4= 57; p = 0.011) (Fig. 1) and was highest in
the treatment with the lowest number of aphids per pot
and lowest in the treatment with the highest number of
aphids per pot.

The relationship between risk of aphid mortality and
number of aphids per plant was different for the sexes
(Fig. 1). Females appeared to search more effectively than
males when there were fewer aphids per plant (x? = 9.55;
df=2;df ;= 56; p = 0.008). The proportion of total aphid
deaths was lowest on the ground, intermediate on the leaf
and highest on the stem (Fig. 2). There was a significant
difference between the sexes concerning the proportion
of aphids killed on different parts of the plants (x? = 0.23;
df = 3; df ;4= 176; p = 0.63). From Fig. 3 it can be seen
that the females killed significantly more aphids per unit
time than males only on plants with highest numbers of
aphids (x? = 6.73; df = 1; df ;= 18; p = 0.018). There was
a significant difference in the frequency of turning of the
two sexes (Fig. 4), females turned more frequently than
males (x> = 4.41; df = 1; df ;= 57; p = 0.036) and males
spent more time resting than females (x> = 3.95; df = 1;
df 4= 57; p =0.042) (Fig. 5). Fig. 5 shows that both sexes
spent significantly more time on the plants if previously
subjected to a long period of starvation (x> = 3.69; df = 1;
df, 4= 57; p = 0.049). Analysing the period of time spent
on the plants revealed that male residence time, unlike
that of females, significantly varied in relation to hunger

level (x* = 8.87; df = 1; df ;4 = 33; p = 0.005) (Fig. 6).
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Fig. 1 Differences between the sexes (male = grey line and
female = black line) in the risk of mortality (Risk of mortality
expressed as total number of kills/total number of aphids in the
pot per study period) vs. average number of aphids per plant.
Dashed lines indicate the SE.
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Fig. 2 Barplot of the proportion of total aphid deaths that occurred
on the ground and on the leaves and stems of the plants searched
by male (black) and female (grey) ladybirds. The bars show the SE.
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Fig. 3 The numbers of aphids killed (rate of predation) when male
or female ladybirds were released on plants infested with one of
three different densities of aphids (16, 32 and 84 aphids per pot).
The bars show the SE.

Discussion

The results presented confirm that female ladybirds
are more active and consume significantly more aphids
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Fig. 4 Turning rates (turning is expressed as a number of turns per
study period) recorded for male and female ladybirds. The bars
show the SE.
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Fig. 5 The length of time spent resting (resting is expressed as
a number of times observed resting per study period) by male and
female ladybirds. The bars show the SE.
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Fig. 6 Tendency for males and females to stay in a patch. The bars
show SE. Black bar is for the first day and grey bar for the second day.

than males. According to Hemptinne et al. (1996) and
Honek (1985) the searching behaviour of the sexes dif-
fer because the females search for favourable oviposition
sites whilst the males search for females. Females have

European Journal of Environmental Sciences, Vol. 2, No. 1



54  JanSiposetal.

to obtain sufficient energy over and above that required
to maintain themselves to be able to produce eggs, find
suitable oviposition sites and lay as many eggs as possible
(Matsura and Morooka 1983; Muthukrishnan and Pan-
dian 1987; Allen et al. 1992). This indicates that females
need to spend more time foraging for aphids than males,
which only have to maintain themselves and search for
mates.

The greatest difference in the proportion of kills oc-
curred on the leaves, where the aphids seemed to be
fairly evenly spread and of an intermediate abundance.
Here, the females killed a larger proportion of the to-
tal aphids than males. In addition, the relationship be-
tween the risk of an aphid being killed and the number
of aphids per plant depended on the sex of the ladybird.
The females searched more actively at low prey densities
than males. This suggests that females are better adapted
to search or search more intensively for prey than males
(Muthukrishnan and Pandian 1987; Hemptinne et al.
1996; Kerr 2008).

The results also indicate that adult ladybirds stayed
longer in a patch when they had been starved for two
days than when starved for one day. This longer residence
time might be a result of the predator’s need to satisfy
their hunger (Muthukrishnan and Pandian 1987; Kerr
2008). However, with regards to gender, this could also
be linked to the search for mates (Honek 1985; Hemp-
tinne et al. 1996). Differences in the time spent in a patch
by the sexes of ladybirds might be due to their different
priorities (Stearns 1992). In the current study, the males
on the first day were possibly not hungry and therefore
searched for females instead of food and as a conse-
quence spent less time in the patch (Honek 1985; Hemp-
tinne et al. 1996). Their relatively longer stay in the patch
on the second day might be because of their increased
hunger level. The females on the other hand stayed for
arelatively constant time in the patch, because they were
actively searching for food to satisfy their hunger and
need to mature eggs (Muthukrishnan and Pandian 1987;
Allen et al. 1992; Hemptinne et al. 1996; Yoshitaka and
Yoshimi 1999).

Conclusions

The results confirm that the predation rate of the sexes
of ladybirds differ significantly. Aphids are at a greater
risk of being eaten when females are foraging on a plant
and this may be associated with their cost of reproduc-
tion. Females need to harvest more energy than males
as they need to produce eggs, find a suitable oviposition
site, lay as many eggs as possible and maintain themselves
(Muthukrishnan and Pandian 1987). Turning rate, which
indicates predatory activity, was higher in females. Males
spent more time resting than females. This confirms that
females are more active in searching for prey and there-
fore a greater threat to aphids than males.
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