
INTRODUCTION

Hodek (1962, 1973) distinguished several types of prey
for aphidophagous ladybirds. One such division was suit-
able vs. unsuitable prey. Suitable prey could function
either as essential, enabling larval development and egg
production, or as alternative, enabling just survival or
accumulation of energetic reserves for overwintering
(Hodek, 1996). Unsuitable prey, which can include toxic
species, can be either rejected or accepted. This classifi-
cation arose from the finding that several aphid species
were accepted but unsuitable, i.e. they were inadequate
for larval development or oviposition. Michaud (2005)
stressed that the suitability of prey sometimes differed for
larval development and adult reproduction and proposed
a more detailed classification based on these differences.

Hodek (1956) found a low feeding rate of the most
common European ladybird Coccinella septempunctata

on elder aphid Aphis sambuci. Larvae did not complete
their development and eventually died during the 3rd or
4th instar. In England, however, half the individuals of
C. septempunctata that fed on A. sambuci survived to
become adults, although of very small size (Blackman,
1965).

Freshly emerged ladybird adults reared as larvae on
essential prey species died after 2–3 weeks when subse-
quently fed only with A. sambuci. Overwintered adults
fed before diapause with another prey were not affected
(Hodek, 1957b). Hodek (1957a) showed that the mor-
tality resulted from toxicity, rather than as the effect of

low feeding rate (consistently fewer than 20 aphids per
day in comparison to 50–150 suitable aphids). The cause
of low feeding rate on A. sambuci was not explained,
although “little attraction” was mentioned.

The target aphid, A. sambuci, feeds on elder Sambucus

nigra, which contains toxic compounds (D’Abrosca et al.,
2001), and the aphid probably sequesters these com-
pounds in its body. One of the toxins is cyanoglycoside
sambunigrin, producing hydrocyanate after enzymatic
splitting. Potential enzymes were identified in C. septem-

punctata (Kuznetsov, 1948). Another potentially toxic
compound is alkaloid sambucine (Auster & Schafer,
1956).

In natural conditions, C. septempunctata avoids feeding
on A. sambuci, except during the early season after over-
wintering, and does not lay eggs on S. nigra (Hodek,
1957b). Other ladybird species such as Adalia bipunctata

often develop on this prey (Nedv d, 1999), although at a
slower rate than on more suitable aphid species (Hodek,
1957a). Several aphids have been found to be toxic for
some ladybirds, either causing gradual poisoning (e.g.
A. sambuci), or an acute toxic effect (e.g. Aphis nerii

feeding on Nerius oleander) (Iperti, 1966).
Complex tritrophic ecological relationships between

host plant-aphid-predator have been the subject of several
investigations. Lists of suitable / essential prey species
would be better replaced by lists of host complexes
(Nedv d, 1999). Different host plants may differ in their
nutritional qualities for a given aphid species, which in
turn affects the development of ladybirds consuming the
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Abstract. In a laboratory experiment, we investigated the preference of larvae and adults of Coccinella septempunctata (Coleoptera:
Coccinellidae) for three aphid species: two essential prey, Acyrthosiphon pisum and Aphis philadelphi, and a toxic prey Aphis sam-

buci. Surprisingly, the toxic aphid was consumed at twice the rate of the two essential prey species. The stages and genders of the
ladybirds did not differ in their preference for aphid species. In the tritrophic interaction, in the field, on the elder host plant Sam-

bucus nigra, A. sambuci is usually avoided by C. septempunctata. To measure ladybird preference, apterous females of the three
selected aphid species were released in a Petri dish followed by a ladybird. After four hours, we removed the ladybird, counted the
number of aphids of each species that survived, and calculated the number of aphids of each species consumed in total. We exam-
ined preference by considering separately the first two aphids consumed by a predator (early feeding), and all remaining aphids con-
sumed thereafter (late feeding). The consumption rates of the first two individuals did not deviate from expected values with no
preference; i.e., ladybirds fed on aphids without choice in the beginning of experiment when they were hungry. The ladybirds did
express preference thereafter, but our hypothesis that the ladybirds should be able to distinguish among the aphids during later phase
of the experiment and choose the most profitable species, or at least distinguish between essential and toxic prey, was rejected .
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aphid (e.g. alfalfa vs. faba bean – Acyrthosiphon pisum –
C. septempunctata; Giles et al., 2002). There are also
cases when different host plants are infested by different
races or cryptic species of aphids (Aphis fabae complex;
Gauffre & D’Acier, 2006). Host plants may also provide
olfactory and visual stimuli recognised by predators in the
field, which may be missing in laboratory experiments
and thus affect the choice of particular prey (Ninkovic et
al., 2001; Zhu & Park, 2005).

Many experiments measuring the suitability (e.g.
assessed as consumption rate, duration of development,
and resulting adult weight) of several prey species for
ladybirds have been conducted (for C. septempunctata by
Hauge et al., 1998; Kalushkov & Hodek, 2004; for older
studies, see summary table in Hodek, 1996). The design
of those experiments, however, included only one prey
species offered to one predator species (nonetheless, these
experiments were sometimes described as preference
studies). Choice / preference among several prey species
offered simultaneously has been studied rarely. Some of
the feeding preference experiments used two very dif-
ferent types of prey [e.g. the spirea aphid, Aphis citricola,
and the twospotted spider mite, Tetranychus urticae

(Lucas et al., 1997); Aphis gossypii and conspecific (lady-
bird) eggs (Omkar et al., 2006)]. The preference for
aphids Aphis pomi over caterpillars of Choristoneura

rosaceana was confirmed for C. septempunctata and
Harmonia axyridis (Lucas et al., 2004). C. septempunc-

tata females more readily attacked aphids (Acyrthosiphon

pisum) than weevil (Hypera postica) larvae (Evans et al.,
2004).

True food preference studies – behavioural selection
between several food types – are best performed by cafe-
teria experiments, as has been done for several insect
taxa. In this type of experiment, equal (surplus) numbers
or amounts of several food types are offered to an animal
for a standard time period, and the number of prey items
(or amount of food) consumed is then determined. Easily
studied are preferences of herbivores (e.g. caterpillars;
Dorn et al., 2001), and granivores (e.g. ground beetles;
Hon k et al., 2005, 2006). Multichoice (cafeteria) experi-
ments with insect predators are more difficult and thus
less frequent.

Blackman (1967) found that larvae of the ladybird
Adalia bipunctata preferred the more suitable aphid,
Myzus persicae, over Aphis fabae, but they could not
avoid feeding on the toxic Megoura viciae mixed with
suitable Acyrthosiphon pisum, and eventually died.
Larvae of C. septempunctata ate even more M. viciae

than A. pisum. The quality of mixed diets depended on
the quality of the constituent aphid species (Nielsen et al.
2002). Larvae of C. septempunctata that were given pure
toxic A. sambuci and a mixed diet of A. sambuci and suit-
able M. persicae died within 18 days and none of the
larvae developed to fourth instar. The predation rate of
the polyphagous bug Macrolophus pygmaeus was higher
on the aphid Myzus persicae than on Macrosiphum

euphorbiae when offered simultaneously (Lykouressis et

al., 2007). H. axyridis preferred the most suitable Myzus

persicae over Aphis fabae (Soares et al., 2004).
We hypothesized that aphidophagous predators such as

C. septempunctata might recognize particular prey items
as suitable or toxic even if they were separated from the
host plant. The objective of this study was to quantify the
preference/rejection of suitable vs. toxic aphid species in
a laboratory small cafeteria experiment, where individual
ladybirds could choose among three aphid species.

MATERIAL AND METHODS

We collected adult ladybirds (C. septempunctata) in March at
an overwintering site near eské Bud jovice, South Bohemia,
Czech Republic (square grid KFME: 7051; coordinates:
48°55´N, 14°19´E). We kept them in a refrigerator (about 6°C).
Some individuals were separated into pairs, kept in Petri dishes
(9 cm diameter), and provided with filter paper (folded
accordion-style), and a small vial with water. They were placed
in an incubator at 25°C and 18L : 6D. These pairs were fed ad
libitum with living aphids Acyrthosiphon pisum reared on young
Vicia faba plants.

Egg clutches produced by these pairs were transferred daily
into similar Petri dishes. Larvae after hatching were fed also
with A. pisum. They were used for the experiment as mid fourth
instars. We assumed balanced sex ratio among the larvae, since
there were no signs of presence of male killing agents, i.e.

almost all larvae hatched from eggs (cf. Majerus, 2006).
A second group of adults was transferred one week before the
experiment from cold storage to rearing conditions as mentioned
above. Both these adults and larvae were deprived of food one
day prior to the experiment.

The small cafeteria experiment was set up in Petri dishes
(9 cm diameter) with a 3 × 3 cm piece of wet cellulose. The
walls of the lower dish were painted with polytetrafluor-
ethylene, making them quite smooth and thereby preventing
aphids from crawling onto the upper dish. The small cafeteria
experimental design (three prey species) was used instead of a
more typical large cafeteria design (many prey types) for the
following reasons: because the consumption rates of the lady-
birds were low, either (a) few aphids of each species might be
eaten during the experiment if many aphid species were avail-
able, making statistical analyses problematic, or (b) the experi-
ment would need to be much longer if run with large cafeteria
design, in which case many aphids would die during the experi-
ment and would have to be replaced, whereas others would be
born and would have to be removed regularly.

Ten wingless adult females of each of three species of aphids
were gently transferred from their host plant to each Petri dish.
Aphis sambuci were obtained from twigs of their host plant,
elder Sambucus nigra. Aphis philadelphi was selected as a con-
generic species with A. sambuci, similar in size (3 mm) and
appearance and collected from the ornamental shrub sweet
mockorange Philadelphus coronarius. Acyrthosiphon pisum

grown on faba bean V. faba was included as a control, since it
was used as prey for both larvae and adults before experiment,
and as a reference species for comparison with other small cafe-
teria experiments that we have run (Salvucci et al., unpubl.).
A. pisum is larger (4 mm) and possesses much longer legs than
the other two species. Experiments were run from late May to
early June, a period when adults and larvae of C. septempunc-

tata were abundant on many wild plants.
One ladybird (male, female or larva) was added to each

experimental Petri dish about 30 min after aphids were released.
The experiments were conducted at 25°C and under natural illu-
mination enforced with a fluorescent lamp (11 W, 40 cm above
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dishes). The experiments were run around mid-day, when lady-
birds have high and stable consumption rates (Nakamuta, 1987).
C. septempunctata feed around mid-day, while thermoregulative
basking was regularly observed during cool mornings (Hon k,
1985).

We observed the behaviour of each ladybird until it consumed
two aphids. The species identity of the first and second aphid
eaten was recorded for “early feeding”. Ladybirds then con-
tinued to feed on other aphids (“late feeding”). We checked the
dishes each hour, and removed dead aphids and neonates. When
five individuals of a particular aphid species were eaten or had
died we replaced them with new aphids regularly distributed
throughout the dish to ensure that many aphids were available
for choice. After four hours, we removed the ladybird, counted
the number of remaining aphids of each species and calculated
the number of aphids eaten. Each of a total of 40 ladybirds was
used only once.

We used repeated measures ANOVA (repeated 3 prey species
for each individual predator) to analyse effects of the three
aphid species and of stage and sex of predator (larva, male,
female) on the number of prey consumed. In the analysis of
early feeding, we used non-transformed data (there were only 0,
1, or 2 prey consumed, and such numbers are not suitable for
logarithmic transformation). Numbers of aphids eaten during the
second phase of experiment (late feeding) were likely to follow
Poisson or lognormal distribution. To improve the normality and
homoscerascity of numbers of aphids, we applied log (x + 1)
transformation, which at the same time transformed multiplica-
tivity to additivity, which is important for observing interactions
between factors in repeated measures ANOVA (Zar, 1999).
Medians of consumption rates were also tested using Friedman
ANOVA.

RESULTS

Average numbers of aphids of each species eaten
during the first phase of experiments (early feeding, Table
1) were slightly different from the expected value in the
absence of choice (0.67, i.e. two aphids out of three spe-
cies eaten by each ladybird). Stage and sex of ladybirds
had no effect on the choice, since the interaction between
stage/sex and aphid species in repeated measures
ANOVA was non-significant (F = 0.74, p = 0.57). There
was a weak selection (choice) between the three aphids (F
= 3.3, p = 0.04), although Tukey HSD test between aphid
species showed no preference, i.e. no significant differ-
ence between any pair of species out of the three. During
the early feeding, there was no indication of prey rejec-
tion, but in some instances, the prey escaped.

During late feeding, there was no significant difference
in average consumption rate between the stages/sexes (F
= 1.45, p = 0.25) – larvae were only slightly less vora-
cious than adults, and females slightly more than males.
However, there was a strong choice for the aphid species
(F = 8.3, p = 0.00055) revealed by ANOVA. Rates of
consumption of A.pisum and A. philadelphi were similar,
and both were less than the rate of consumption of
A. sambuci (Table 1). This difference was also found
between medians of consumption rates (Friedman
ANOVA 2 (N = 40, df = 2) = 13.5, p = 0.001. Tukey
HSD test between aphid species showed a significant dif-
ference of consumption rate of A. sambuci and that of
other two species; A. pisum was eaten less than A. phila-

delphi, but non-significantly. There was no interaction (F
= 0.65, p = 0.63) between the two predictors (aphid spe-
cies x stage/sex) – larvae, males, and females showed the
same type of choice (Fig. 1).

DISCUSSION

It was hypothesized that selection would result in ani-
mals that tend to hunt for their prey efficiently. Such is
the case for H. axyridis fed with Myzus persicae and
Aphis fabae (Soares et al., 2004). Under a mixed diet
regime, feeding rate gradually increased with the propor-
tion of M. persicae. Relative growth rate was not
affected, while fecundity and fertility increased. Our
finding that C. septempunctata selects unsuitable prey,
however, is contradictory to optimal foraging theory.

We expected that the two first prey items eaten (during
early feeding) would be chosen randomly, without any
preference for aphid species, because starved ladybirds
should not miss any chance to feed. We found that fewer
individuals of the control species A. pisum were con-
sumed in comparison to the two Aphis species, but the
difference was not significant.
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Lowercase letters indicate significant differences on 5% level.
Early feeding = two first prey items consumed in the beginning
of experiment, when ladybird was hungry; late feeding = all
other prey items.

3.02.68 ± 1.56 b0.80 ± 0.72 aA. sambuci

1.51.73 ± 1.32 a0.80 ± 0.76 aA. philadelphi

1.01.38 ± 1.35 a0.40 ± 0.59 aA. pisum

Median
Late feeding
Mean ± S.D.

Early feeding
Mean ± S.D.

TABLE 1. Consumption rates of individuals (adults and larvae
pooled) of C. septempunctata on three aphid species. Numbers
of aphids eaten per ladybird (N = 40) during four hours.

Fig. 1. Consumption rates per 4 h of C. septempunctata larvae
(L – solid diamonds), males (M – open squares), and females (F
– open circles) on three aphid species. Api = Acyrthosiphon

pisum, Aph = Aphis philadelphi, Asa = Aphis sambuci. Bars =
standard errors of means.



When only the first prey item consumed is considered,
there is still slight selection against A. pisum. This species
has longer legs than the two Aphis species, and may
escape an attack more often by walking or kicking. The
dropping behavior that is typical of A. pisum (e.g. 73% of
individuals dropped from the host plant in presence of
C. septempunctata in the study of Losey & Denno, 1998),
could not be effective on the bottom of our Petri dishes.
We do not think that active ladybird choice occurs in
early feeding. No choice behaviour was found during
similar small cafeteria experiments between A. pisum as
standard and other aphid species (Salvucci et al.,
unpubl.). Handling (i.e., consumption) time was not
measured precisely in our experiments, but it seemed to
be longer (up to 5 min) for larger A. pisum with long legs
than for the two smaller species (as short as 2 min). But
the total consumption time of all items represented a
small part of the total time of the experiment, and thus
any differences in consumption time between prey spe-
cies contributed little if anything to ladybird
preference/rejection as measured here.

The mean consumption rate (adults and larvae pooled)
was 7.8 aphids per ladybird per four hours, which would
result in 47 aphids per 24 h if ladybirds continued to feed
at such a rate for an entire day. In fact, they do no not
feed so much at night, and our ladybirds were starved for
a day prior the experiment. C. septempunctata ate about 7
adult aphids Schizaphis graminum per hour in both labo-
ratory and field (McConnell & Kring, 1990). They ate
either 105 aphids Macrosiphum avenae (Ghanim et al.,
1984) or 116 such aphids (Wetzel et al., 1982) per day.
Sinha et al. (1982) reported a strong functional response
of larvae of C. septempunctata to varying density of
Lipaphis erysimi, that resulted in a range of 33–349
aphids consumed (or at least damaged) per day. The low
feeding rates observed in our experiment may have
resulted from the slight toxic effect of consumed A. sam-

buci, as suggested by the low feeding rate (20 aphids per
day) observed by Hodek (1956) on pure diet of A. sam-

buci.
There were small differences in feeding rate between

the stages/sexes. More importantly, larvae, males, and
females had the same patterns of choice. We used post-
diapause, preoviposition adults to minimize variability in
feeding rate. Although supplied with the same amount of
food, reproducing ladybirds gradually decreased their
feeding rate with increasing age (Dixon & Agarwala,
2002).

We are not able to fully explain the preference of
C. septempunctata for the toxic prey A. sambuci over two
very suitable prey species A. pisum and A. philadelphi.
C. septempunctata regularly reproduced on A. philadelphi

in the field (Nedv d, 1999), while Adalia bipunctata suf-
fered high larval mortality on “Aphis fabae” from
P. coronarius (Kalushkov, 1998). The discrepancy
between avoidance of A. sambuci in the field (Hodek,
1957b) and acceptance in laboratory may be attributable
to the lack of warning signals associated with the host
plant, S. nigra. Ladybirds may simply avoid searching for

food on plants that produce particular volatiles. In other
cases, the plant volatiles may attract aphid predators. The
smell of accumulated honeydew of different aphids,
which was missing in our experiments, may also be
selected by predators (Havelka & Syrovátka, 1991),
instead of the sensory stimuli provided by the aphids
themselves.

During the experiment, we did not observe ill health of
ladybirds caused by the toxins ingested with A. sambuci.
Instead, we observed only somewhat lower feeding rate.
In previous experiments, the larvae died (Hodek, 1956) or
50% developed to much smaller adults (Blackman, 1965)
only after exclusive ingestion of this aphid species. We
confirmed in rearing experiments (unpublished data) that
larvae of C. septempunctata fed from hatching (on May
25 and May 30) exclusively with A. sambuci, died during
the fourth instar after a long period of low rate feeding.
Hodek (1956) suggested seasonal differences in the
chemical (nutritional) composition of A. sambuci (in
experiments started on June 24, death occured in or
before 4th instar, in experiments initiated July 22, death
occured in or before 3rd instar). Earlier (May) rearing did
not yield better survival.

The toxin was probably acquired by the aphids from the
host plant. In a similar experiment, slower development
rate and higher mortality was recorded in the ladybird
H. axyridis when fed on the aphid Aulacorthum magno-

liae on elder, Sambucus sieboldiana, than when fed on
this aphid from potato, Solanum tuberosum (Fukunaga &
Akimoto, 2007). The aphids evidently absorb toxic sub-
stances or their precursors from elder (as noted in the
Introduction). However, in another experiment (inpub-
lished data), H. axyridis larvae performed well in feeding
on A. sambuci reared on S. nigra, resulting in normal
adults.

The amount of toxin in our experiment was diluted by
the volume of other prey consumed, and the action of tox-
ins, if any, may be delayed beyond the four hours of
observation in the present experiment. While leaves of
S. nigra were always present with the aphids in Hodek’s
(1956) experiments, searching ladybirds in our trials had
no warning signal (volatiles from host plant or problems
with digestion/regurgitation) to avoid the toxic prey. The
toxins may also have been broken down by the aphids
when they were removed from the plant and placed in the
Petri dish.

Although these proposed mechanisms can explain a
lack of avoidance of the unsuitable prey, the active pref-
erence for A. sambuci observed here requires some addi-
tional explanation. We speculate that these aphids may
differ in size, physical structure, behaviour and/or their
own chemical defence (not acquired from plant) from
congeneric species, so as to make them preferred prey
under our experimental conditions.

Our experimental design in fact measured ladybird
preferences (reaction to visual, olfactory and taste stimuli)
as well as aphid defence (except for dropping down).
Physical structure such as cuticle stiffness, length of
appendages and overall body size may affect acceptance
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of particular prey by ladybirds. However, the two Aphis

species were of equal size, and the larger A. pisum should
be preferred by the large predator C. septempunctata

according to the hypothesized relationship between
predator and prey body size of Dixon & Hemptinne
(2001). But this hypothesis was not empirically supported
within guilds of aphidophagous ladybirds (Dixon, 2007),
and is also contradicted by our experiments.

As evolution has proceeded, toxic A. sambuci may have
lost escape behaviour (walking away, kicking) or ability
to produce and discharge defensive secretion from
abdominal cornicles. Prey mobility, included in escape
behaviour as a defensive mechanism, was found to be
important for prey selection in H. axyridis provided with
aphid Hyaliodes vitripennis and spider mite Tetranychus

urticae (Provost et al., 2006). The role of defensive secre-
tions from aphid cornicles has been reviewed by Pasteels
(2007).

Such losses (of defensive behaviour or secretion) would
not be penalised by natural selection because the aphids
are still sufficiently protected by the host plant and its
compounds in natural conditions. The escape behaviour
and defensive secretion of A. sambuci remain to be com-
pared with congeneric species.
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