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Abstract A semi-field experiment was carried out in two peach orchards in northern Italy

to assess mortality due to predators and parasitoids on the exotic coccinellid Harmonia
axyridis (Pallas) (Coleoptera: Coccinellidae) in comparison with the native coccinellid

Adalia bipunctata L. (Coleoptera: Coccinellidae). The experiments were conducted in

cages to avoid the possible escape of the exotic ladybird (not yet established in Italy). Two

kinds of cage experiments were included: ‘exclusion cages’ (access by walking predators

impeded) and ‘free cages’ (walking predators free to enter). The cages, containing all the

stages of the two ladybird species, were placed in two localities and left for 24 h. All

ladybird stages used for the semi-field experiments came from a laboratory rearing. The

eggs of H. axyridis experienced less mortality than those of A. bipunctata. The ant workers

were the most frequent predators in ‘free cages’ but A. bipunctata cannibalism on eggs was

also detected. Larvae of both coccinellid species were predated equally but larval predation

of L1 and L2 was higher in comparison to predation of L3 and L4. Pupae and adults of both

exotic and native ladybirds were never attacked by predators. Predation on younger larval

stages was higher in the ‘free cages’ in comparison with ‘exclusion cages’. No ladybird

parasitisation was observed. The ‘free cage’ technique seems to provide a standardised and

realistic estimation of predation impact but more studies are needed to evaluate ladybird

parasitisation in semi-field conditions.
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Introduction

Biotic factors, including intraguild predation (IGP), can play an important role in the

establishment of exotic coccinellids, like Harmonia axyridis (Pallas) (Coleoptera: Cocci-

nellidae). For this reason quantifying the effects of natural enemies in such a system could

contribute to explaining and understanding the relationships between introduced species

and native ones. Increased understanding of the dynamics of natural enemies of coccin-

ellids could also contribute to an evaluation of the potential efficacy of biological control

agents against an invasive alien coccinellid that has established in a new area.

Although the knowledge of the natural enemies of coccinellids has progressed in recent

years, the real impact of the biotic factors on the population changes of coccinellids has

been poorly investigated (Hodek and Honek 1996; Lucas 2005). This scenario seems

particularly true for the predators of coccinellids, including vertebrates and invertebrates,

while parasitoids have received a little more attention (Iperti 1964; Cartwright et al. 1982;

Obrycki et al. 1985; Obrycki 1989) and a quantification of their impact was assessed in

various part of the world (Iperti 1964, Cartwright et al. 1982; Obrycki et al. 1985; Obrycki

1989; Hodek and Honek 1996; Geoghegan et al. 1998; Okuda and Ceryngier 2000).

Furthermore, the role of microorganisms as mortality factors of coccinellids has been

poorly investigated with limited information on entomopathogenic protozoans and fungi

(Hodek and Honek 1996). Fungal disease is considered to be one of the main biotic factors

causing winter mortality of coccinellids (see papers cited in Hodek and Honek 1996) and

recently the susceptibility of some species of coccinellids, including H. axyridis to

infection by Beauveria bassiana (Balsamo) Vuillemin has been studied by Roy et al.

(2007). Further data on the natural enemies of H. axyridis are included in the paper by

Kenis et al. (2007).

There is considerable interest in the role and prevalence of IGP among aphidophagous

predators, partly because such interactions among predators are thought to influence the

efficacy of biological control (Rosenheim et al. 1995). Declines in populations of native

aphidophages in North America have been linked to IGP by the exotic H. axyridis (Brown

and Miller 1998; Colunga-Garcia and Gage 1998). In a study measuring the impact of IGP

by H. axyridis on the control of the newly established soybean aphid, Aphis glycines
Matsumura in Michigan, Gardiner and Landis (2007) showed that while the exotic

H. axyridis does act as an intraguild predator and may contribute to local declines in

Aphidoletes aphidimyza (Rondani) (Diptera: Cecyiidomidae) and Chrysoperla carnea
(Stephens) (Neuroptera: Chrysopidae). In European countries, the impact of H. axyridis on

native coccinellids is uncertain but IGP interactions are thought to occur and to have an

influence on aphidophagous guilds. In general, in Europe H. axyridis is considered to be an

invasive alien species (Brown et al. 2007) and in the UK the IGP of immature stages of

British and Japanese coccinellids by the invasive ladybird H. axyridis has been demon-

strated (Ware and Majerus 2007).

IGP in coccinellid guilds was recently reviewed by Dixon (2000) and a review by

Pervez and Omkar (2006) focuses more specifically on the predator–predator interaction

involving H. axyridis. The problem of IGP in aphidophagous systems was critically

commented on by Lucas (2005); by an analysis of the literature this author states that IGP,
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like cannibalism, seems difficult to observe and quantify in the field and this explains the

scarcity of data within this topic. For example Cottrell and Yeargan (1998a, b) report the

amount of egg cannibalism by a coccinellid and direct observation of other predators

feeding on that coccinellid’s eggs.

In conclusion, although some data are available on the impact of natural enemies of

coccinellids, the degree of their influence has been poorly investigated. This is particularly

true for H. axyridis, an exotic species for which no field data on the natural enemies are

available in Italy.

The objective of this study was to assess the impact of natural enemies on exotic

H. axyridis, an East Palearctic species, compared with the native West Palearctic species

Adalia bipunctata L., using field cages studies. The native species was selected because it

is common in hedgerows and orchard trees (Hodek and Honek 1996) and is abundant in

northern Italy agroecosystems (Burgio et al. 2004, 2006). Furthermore A. bipunctata, as

H. axyridis, is a cosmopolitan species with strong colonisation potential and is expected to

establish in Japan (Kajita et al. 2000; Toda and Sakuratani 2006). A specific objective of

the research was to quantify the incidence of the entomophages on all life stages of the two

selected coccinellid species, in order to understand if the exotic species display a differ-

ential degree of protection against predation or parasitism in comparison with the native

one.

Materials and methods

Insect rearing

Coccinellids were reared in the entomological laboratories of Dipartimento di Scienze e

Tecnologie Agroambientali (DiSTA), Alma Mater Studiorum, University of Bologna. A

culture of A. bipunctata was initiated from field-collected specimens; H. axyridis was

supplied by the commercial insectary Koppert (The Netherlands). The biology and over-

wintering capacity of this biofactory-reared strain of H. axyridis were previously studied in

northern Italy (Bazzocchi et al. 2004; Lanzoni et al. 2004). Larvae of the two coccinellid

species were fed with frozen eggs of Ephestia kuehniella (Zeller). Adults were fed with

Aphis gossypii Glover that had been reared on potted summer squash (Cucurbita pepo L.)

plants. Adult coccinellids were maintained in Plexiglas cages (40 9 30 9 45 cm) and

larvae in plastic cylinders (Kartell�, Milano, Italy) (diameter = 18 cm, h = 18 cm). Both

adults and larvae were kept at 20–25�C with a relative humidity of 60–80% and photo-

period 16L: 8D.

Field cage experiments

Field cage experiments that assessed the impact of natural enemies on the exotic species

H. axyridis in comparison with the native A. bipunctata, were conducted in the summer of

2000 in two localities in Emilia-Romagna region (northern Italy). This period was chosen

because the occurrence of aphids and their antagonists are at the maximum population

level (Burgio et al. 2004, 2006) in this area. Field cage experiments were chosen to avoid

the possible escape of the exotic ladybird, not yet established in Italy (only recently this

species was recorded in Turin, Brown et al. (2007), but not yet in Emilia-Romagna region).

Two treatments (H. axyridis versus A. bipunctata) were compared and each composed of
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all the ontogenic stages (eggs, L1, L2, L3, and L4 larvae, pupae and adults, each stage

isolated in a separate cage). In addition to split predation by walking predators from

predation by all the predators, two kinds of field exposure were set up for each treatment:

‘exclusion cages’, where access by walking predators was impeded, and ‘free cages’, that

allowed access to all the predators.

All cages used consisted of a PVC container that varied in size according to the

ontogenic stage added: 25 9 18 9 11 cm for each of the preimaginal stages and

33 9 22 9 12.5 cm for the adult stage. Twenty-five eggs in clusters, 10 L1, L2, L3 and L4

larvae, pupae and adults were placed separately into the cages. Some summer squash

leaves infested with A. gossypii were added in each of the larval and adult cages. To avoid

specimens escaping, the inner surface of the cages was covered with PTFE (polytetra-

fluoroethylene, Algoflon1), an inert substance preventing the insects climbing up but not

falling down into the cage. This attribute was previously demonstrated in laboratory tests

(unpublished data). Moreover, the adult’s hind wings were distally cut. All the cages were

stored on open metallic shelves covered by a roof (100 9 40 cm, 100 cm above ground

level), in two organic peach orchards in the Bologna province (Imola, 41�1805700 N,

11�3903600 E and Mercatale, 44�230700 N, 11�2503700 E). Each shelf was wrapped in garden

netting of 1 cm2 mesh to prevent bird and mammalian predation. The exclusion of walking

predators was achieved by covering the base of the shelves containing the ‘exclusion

cages’ with insect glue (The Tanglefoot Company, MI, USA) and placing each cage in a

small basin full of water plus a surfactant (liquid soap). In each site, all the cages were

randomly arranged on four shelves (two for the exclusion system and two for the free

system) every 3 weeks, and a total of seven replicates, from June to September, in the site

of Mercatale, and five replicates, from July to September, in the site of Imola were

completed. For each replicate cages were left in the fields for 24 h, and then returned to the

laboratory. Temperature and relative humidity were continuously monitored in the site of

Mercatale.

The number of eggs, larvae of each instar, pupae and adults predated or missing was

recorded. Missing specimens were considered as totally preyed, due to the impossibility for

predators trapped in the cages to escape. In order to avoid cannibalism events, aphid

colonies were introduced in the cages. The alive specimens were reared individually in

cylindrical cages (8 cm diameter, 8 cm height) in a climatic chamber at 25 ± 1�C,

75 ± 10% RH and a photoperiod of 16L: 8D to assess parasitization of the coccinellid.

Adults were reared on A. gossypii for 30 days, and larvae were reared on E. kuehniella
frozen eggs until adult emergence. Egg-batches were kept at the same conditions until

eclosion.

Field sampling of coccinellids

In each site, four field samplings by means of mechanical knock down were carried out in

order to collect coccinellids within peach orchards, hedgerows and shrubs. This sampling

was employed in order to estimate the coccinellid assemblages and to assess the natural

parasitization in the study areas. Four field collections were carried out from July to

October. Mechanical knock down consisted of beating branches with a stick and collecting

the dislodged insects in a 90 cm diameter funnel for examination in the laboratory. Plants

were beaten 100 times on each of five branches of a tree or shrub. Plants and branches were

randomly selected at each sampling date. The collected coccinellids were identified to

species and reared at the same conditions as described for the field cage experiments.
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A v2 test in 2 9 2 contingency tables was carried out in order to compare the predation

ratio between the treatments (Zar 1984).

Results

Different arthropods entered the field cages and the insects found in both treatments are

listed in Table 1. The predators included: ant workers, C. carnea larvae and adults of the

coccinellids Hippodamia variegata (Goeze) and A. bipunctata. The wild specimens of

A. bipunctata were easily detected since they were characterised by uncut hind wings.

The predation on A. bipunctata eggs by predators was significantly higher in

comparison with the predation on H. axyridis eggs, in both sampling sites (Fig. 1). No

predation on pupae and adults occurred for either the exotic or native ladybirds. It is likely

that the larvae of the native and exotic species were preyed on by generalist predators. For

both coccinellid species, L1 and L2 instars were more likely to be eaten in comparison

with L3 and L4 (Fig. 1). The percentage predation for all the instars of A. bipunctata was

not different in comparison with predation on H. axyridis (P [ 0.05, v2 test).

In general, predation was higher in the ‘free cages’ in comparison with the ‘exclusion

cages’, for both coccinellid species and localities (Figs. 2, 3). In both sites, ants were the

most abundant generalist predator found in the ‘free cages’ (Table 1) and we suppose that

they play an important role in the predation of coccinellids, as reported also by Hodek and

Honek (1996).

In the site of Mercatale, one third instar of C. carnea was directly observed in the ‘free

cage’ system and this could have been responsible for the predation of all of the

A. bipunctata eggs. Also, in two collections in the site of Imola, A. bipunctata adults were

trapped in the ‘free cages’; in these two samplings the predation of eggs was again 100%

and we suggest that cannibalism strongly contributed to the egg mortality.

No parasitoids emerged from our exposed coccinellids in spite of the regular presence of

parasitoid wasps (Hymenoptera, Apocrita, Parasitica) in the cages, which indicates that

these wasps was not impeded from entering the cages. These parasitoids were not identified

and they were probably just attracted by aphid honeydew.

Among the naturally occurred species sampled in the field by beating, H. variegata was

the most abundant coccinellid in both localities (relative abundances were 52.3% (n = 57)

in Mercatale and 70.9% (n = 66) in Imola), followed by A. bipunctata (32.1% (n = 35) and

1.1% (n = 1), respectively) and Chilocorus spp. (11.0% (n = 12) and 24.7% (n = 23),

respectively). From the samples of native species collected in field and reared in labora-

tory, only one parasitoid emerged from one pupa of A. bipunctata. The species was

identified as Aprostocetus neglectus (Domenichini) (Hymenoptera: Eulophidae). The rate

of parasitism calculated on native species obtained by field samplings was very low (0.5%)

within the period of the experiment.

Discussion

Our cage system for ladybird seems to provide a standardised and realistic estimation of

mortality by predation, including IGP predation. These events are difficult to observe and

quantify in the field for aphidophagous predators (Lucas 2005) and probably for this reason

most of the observations on ladybirds are confined to the laboratory while only a few

experiments are conducted in semi-field or field conditions (Obrycki et al. 1998a, b;
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Gardiner and Landis 2007). In particular, life tables for two predatory ladybirds,

C. septempunctata and H. axyridis, were constructed through a field experiment (Hironori

and Katsuhino 1997) and provided quantification of cannibalism and IGP in relation to

these coccinellids. However, many factors concerning larval mortality were not known and

so it is difficult to be assured that the most important factors structuring the ladybird guild

were cannibalism and IGP (Hironori and Katsuhino 1997). Furthermore, in areas where an

Table 1 Number of insect adults trapped in the field cages (A.b. = Adalia bipunctata, H.v. = Hippodamia
variegata, C.c. = Chrysoperla carnea)

Mercatale Imola

Ant
workers

Hym.
parasitoids

A.b. H.v. C.c. Ant
workers

Hym.
parasitoids

A.b. H.v. C.c.

Harmonia axyridis

Free egg cages

Free larval cages
(L1–L2)

2 1 2

Free larval cages
(L3–L4)

3 3 1

Free pupal cages 2

Free adult cages

Exclusion egg
cages

1

Exclusion larval
cages (L1–L2)

1 1

Exclusion larval
cages (L3–L4)

Exclusion pupal
cages

3

Exlcusion adult
cages

1 1

Adalia bipunctata

Free egg cages 1 2 1 larvae

Free larval cages
(L1–L2)

2 1 2

Free larval cages
(L3–L4)

2 1 2

Free pupal cages 2 1

Free adult cages 2 1 1

Exclusion egg
cages

1 1

Exclusion larval
cages (L1–L2)

Exclusion larval
cages (L3–L4)

1

Exclusion pupal
cages

Exclusion adult
cages

1 1
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exotic is not yet recorded, only cage studies are recommended to avoid the establishment

of the species.

Our ‘exclusion cages’ did not completely prevent access by walking predators but in

general it was discriminated between the predation by walking predators like ants from

groups of flying predators. The predators collected, including ant workers, could have been

also attracted by aphids within the cages, thus resulting in an overestimation of their

importance as coccinellid predators. Among polyphagous predators, ant workers were the

most abundant insects found in the cages in our experiment and we speculate that this

group plays a fundamental role in the predation of eggs. Ants can affect IGP in aphido-

phagous systems and this complex topic was reviewed by Lucas (2005). For example ants

can prey on aphids, or ants may attend aphids and protect them against predators and

parasitoids. Ants most often associated with aphids and coccinellids include Lasius spp.

and Formica spp. (Hodek and Honek 1996) and many observations confirm that ants are
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Fig. 1 Total percentage of predation on different life stages (eggs, L1–L4, pupae and adults) of native
(Adalia bipunctata, A.b.) and exotic ladybird (Harmonia axyridis, H.a.) in field cages at the Imola (a) (eggs
v2 = 77.37; df = 1; P = 0.00001; A.b. N = 250; H.a. N = 250; L1 v2 = 0; df = 1; P = 0; A.b. N = 100; H.a.
N = 100; L2 v2 = 0.34; df = 1; P = 0.55; A.b. N = 100; H.a. N = 100; L3 v2 = 2.76; df = 1; P = 0.096; A.b.
N = 100; H.a. N = 100; L4 v2 = 2.02; df = 1; P = 0.155; A.b. N = 100; H.a. N = 100; pupae A.b. N = 94;
H.a. N = 97; adults A.b. N = 100; H.a. N = 100) and Mercatale (b) (eggs v2 = 35.5; df = 1; P = 0.00001;
A.b. N = 350; H.a. N = 350 ; L1 v2 = 2.39; df = 1; P = 0.12; A.b. N = 139; H.a. N = 140; L2 v2 = 3.37;
df = 1; P = 0.0663; A.b. N = 140; H.a. N = 131; L3 v2 = 0.36; df = 1; P = 0.54; A.b. N = 135; H.a.
N = 138; L4 v2 = 1.39; df = 1; P = 0.23; A.b. N = 140; H.a. N = 140; pupae A.b. N = 138; H.a.
N = 134; adults A.b. N = 120; H.a. N = 140) field sites. Data pooled for collection times
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hostile to enemies of attended aphids. Predatory ants may attack any insects within their

foraging territories (Hodek and Honek 1996) and our data seems to confirm these

observations.

In our semi-field study, C. carnea was likely responsible for predation on A. bipunctata
eggs. In fact, C. carnea completed preimaginal development when fed A. bipunctata eggs

but it did not complete preimaginal development on H. axyridis eggs (Santi and Maini

2006).

Our data demonstrate that eggs of H. axyridis are protected against intraguild predation

more than eggs of A. bipunctata, because the egg-predation was significantly lower than

that of the native species. This evidence confirms the results of laboratory experiments on

IGP and cannibalism on H. axyridis and A. bipunctata (Burgio et al. 2002). In a laboratory

study Cottrell (2005) reported that the H. axyridis eggs were predated on to a lesser extend
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Fig. 2 Percentage of predation on Harmonia axyridis (H.a.) (eggs, L1–L4, pupae and adults) in
exclusion (e.c.) versus free cages (f.c.) in the site of Mercatale (a) (eggs v2 = 1.83; df = 1; P = 0.17; e.c.
H.a. N = 175; f.c. H.a. N = 175; L1 v2 = 26.04; df = 1; P = 0.00001; e.c. H.a. N = 70; f.c. H.a. N = 70;
L2 v2 = 26.01; df = 1; P = 0.00001; e.c. H.a. N = 65; f.c. H.a. N = 66; L3 v2 = 2.29; df = 1; P = 0.13;
e.c. H.a. N = 70; f.c. H.a. N = 68; L4 v2 = 0; df = 1; P = 0; e.c. H.a. N = 70; f.c. H.a. N = 70; pupae e.c.
H.a. N = 67; f.c. H.a. N = 67; adults e.c. H.a. N = 175; f.c. H.a. N = 175) and on Adalia bipunctata (A.b.)
in exclusion (e.c.) versus free cages (f.c.) in the site of Mercatale (b) (eggs v2 = 0.40; df = 1; P = 0.52; e.c.
A.b. N = 175; f.c. A.b. N = 175; L1 v2 = 0.49; df = 1; P = 0.48; e.c. A.b. N = 69; f.c. A.b. N = 70; L2
v2 = 15.48; df = 1; P = 0.0001; e.c. A.b. N = 70; f.c. A.b. N = 70; L3 v2 = 1.79; df = 1; P = 0.18; e.c. A.b.
N = 68; f.c. A.b. N = 67; L4 v2 = 2.12; df = 1; P = 0.14; e.c. A.b. N = 70; f.c. A.b. N = 70; pupae e.c.
A.b. N = 69; f.c. A.b. N = 69; adults e.c. A.b. N = 70; f.c. A.b. N = 50)
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than those of the native species Coleomegilla maculata DeGeer and Olla v-nigrum
(Mulsant). For these reasons H. axyridis seems to display a competitive advantage in

colonizing new areas, that could be partially responsible for high competitiveness of this

species compared to native species in many countries (Elliott et al. 1996; Brown and

Miller 1998; Colunga-Garcia and Gage 1998; Gardiner and Landis 2007). The results of

the laboratory studies of Cottrell (2005) agree with those of our semi-field trials. Ladybirds

defend themselves with bitter-tasting alkaloids, volatile pyrazine and quinolenes (Pasteels

et al. 1973; Hodek and Honek 1996; Ware et al. (2007), and surface alkanes (Hemptinne

et al. 2000). Agarwala and Dixon (1992) demonstrated that larvae and adults of Coccinella
septempunctata L. and A. bipunctata were reluctant to eat conspecific eggs treated with a

water extract of the other species’ eggs.

The most important result that emerged from our experiments is that the eggs of the

exotic H. axyridis are more protected against predation in comparison with those of the

native ones. This evidence could explain the success of H. axyridis in niches already
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Fig. 3 Percentage of predation on Harmonia axyridis (H.a.) (eggs, L1–L4, pupae and adults) in exclusion
(e.c) versus free cages (f.c.) in the site of Imola (a) (eggs e.c. H.a. N = 125; eggs f.c. H.a. N = 125; L1
v2 = 5.32; df = 1; P = 0.021; e.c. H.a. N = 50; f.c. H.a. N = 50; L2 v2 = 8.31; df = 1; P = 0.004; e.c. H.a.
N = 50; f.c. H.a. N = 50; L3 v2 = 0; df = 1; P = 0; L4 v2 = 2.04; df = 1; P = 0.15; e.c. H.a. N = 50; f.c.
H.a. N = 50; pupae e.c. H.a. N = 47; f.c. H.a. N = 50; adults e.c. H.a. N = 50; f.c. H.a. N = 50) and on
Adalia bipunctata (A.b.) in exclusion (e.c.) versus free cages (f.c.) in the site of Imola (b) (eggs v2 = 35.2;
df = 1; P = 0.00001; e.c. A.b. N = 125; f.c. A.b. N = 125; L1 v2 = 5.32; df = 1; P = 0.021; e.c. A.b.
N = 50; f.c. A.b. N = 50; L2 v2 = 1.77; df = 1; P = 0.183; e.c. A.b. N = 50; f.c. A.b. N = 50; L3 v2 = 4.0;
df = 1; P = 0.045; e.c. A.b. N = 50; f.c. A.b. N = 50; L4 e.c. A.b. N = 50; f.c. A.b. N = 50; pupae e.c. A.b.
N = 47; f.c. A.b. N = 47; adults e.c. A.b. N = 50; f.c. A.b. N = 50)
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exploited by other coccinellids; however our findings showed that predation by generalist

predators on H. axyridis larvae was similar to that observed on A. bipunctata larvae.

Other experiments and sampling techniques that allow us to study IGP and cannibalism

in the field need to be developed particularly to estimate the impact of parasitoids and

general parasitism in the field. We suppose that the exposure time of 24 h in our experi-

ment might be insufficient to estimate the rate of parasitism in field. The parasitism of

coccinellids is influenced by the period of the year and by many factors and variables

(climatic and biotic, the latter including the relative densities of ladybirds) (Hodek and

Honek 1996) and it is probably a local-scale phenomenon. Collection of coccinellid

specimens, by manual or beating samplings, should be employed to integrate with cage

systems and to avoid an under-estimation of the parasitism due to the consumption of

parasitized coccinellids.
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