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Abstract. 1. The ladybird Harmonia axyridis is an invasive alien species in many
countries and is predicted to have a negative impact on native biodiversity. However,
little is known on the status of this aphidophage as an intraguild predator of natural
enemies of aphids such as insect-pathogenic fungi.

2. The study assessed the predation of the aphid-specific pathogenic fungus Pandora
neoaphidis by adult and larval H. axyridis collected from the U.K. (an invasive
population) and Japan (a native population) relative to that of the ladybird Coccinella
septempunctata (native to the U.K.) and the non-U.K. C. septempunctata subspecies
brucki that were either starved or unstarved.

3. Overall, predation of uninfected aphids was greater than infected aphids and, when
given a choice, a preference for aphids was shown. However, the extent of this preference
was dependent on the species and origin of the coccinellid. Harmonia axyridis (U.K.)
consumed the greatest quantity of fungal cadavers and showed little preference for
uninfected aphids over infected aphids. In contrast, C. septempunctata rarely consumed
infected aphids. Life stage had no direct effects on predation but starved coccinellids
consumed more uninfected aphids than infected aphids.

4. Harmonia axyridis (U.K.) is a stronger intraguild predator of P. neoaphidis cadavers
than the native species C. septempunctata and, therefore, may have an impact on the
occurrence and persistence of P. neoaphidis. The differences in intraguild predation by
H. axyridis collected in the U.K. and those from Japan suggests that individuals that
invaded the U.K. could have a different genetic profile to those in its native range.

Key words. Allee effect, Coccinella septempunctata, Harmonia axyridis, Pandora
neoaphidis, predation.

Introduction

Biotic homogenisation is considered among the greatest threats
to biodiversity, with widely recognised ecological and evolu-
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tionary consequences (Olden & Poff, 2004; Olden et al., 2006).
The rapid increase in introduced exotic species worldwide and
the potential of these species to become invasive (Kajita et al.,
20006) further contributes to the problems associated with biotic
homogenisation. Many accidentally introduced species have
negligible effects and many of the species introduced with agri-
culture and forestry are beneficial and desirable (Williamson,
1999). However, the impact of some invaders is unquestionably
negative (Williamson, 1996). The harlequin ladybird, Harmonia
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axyridis Pallas (Coleoptera: Coccinelidae), is predicted to be
one such species (Majerus et al., 2006; Roy et al., 2006).

Harmonia axyridis has been used in many countries (U.S.A.,
South America, mainland Europe and the Middle East) as a clas-
sical biological control agent of pest insects, including aphids
and scale insects (Gordon, 1985; Iperti & Bertand, 2001; Roy
et al., 2006). Consequently it has become established in many
countries outside its native range of central and eastern Asia
(Kuznetsov, 1997). This voracious predatory ladybird is now the
dominant species of ladybird in many parts of North America
(Tedders & Schaefer, 1994; Smith et al., 1996; Hesler et al.,
2001) and has spread to regions far beyond intentional release
sites. Indeed H. axyridis has not been deliberately released in the
U.K. but in 2004 the first individual was recorded and it is now
considered as an established invasive species in England (Majerus
et al., 2006). The arrival of H. axyridis in countries where it has
not been deliberately released, and its expansion in areas where
it has, is cause for considerable concern both from ecological
and anthropogenic perspectives (Majerus et al., 2006).

Recent attempts have been made to quantitatively predict the
risk of an exotic species becoming invasive (van Lenteren et al.,
2003). Particular focus has been on classical biological control
agents (Hokkanen et al., 2003) and a recent methodology for
risk assessment has been proposed for the regulation and release
of exotic natural enemies (van Lenteren et al., 2003). This
general framework uses biological attributes [establishment,
dispersal, host range, direct effects (on non-target herbivores
and intra-guild predation) and indirect effects (competition with
native natural enemies)] to produce numerical risk index values.
Using this assessment process H. axyridis is allocated a high-
risk index (van Lenteren et al., 2003). Harmonia axyridis is a
polyphagous coccinellid and, as such, is predicted to be a major
threat to native biodiversity, both indirectly through resource
competition and directly as an intra-guild predator (Roy et al.,
2005). Although studies on this are sparse there is evidence to
suggest that H. axyridis is adversely affecting other aphidophages
(Sato et al., 2005). Indeed H. axyridis is one of the top predators
within aphidophagous and coccidophagous guilds (Brown &
Miller, 1998; Colunga-Garcia & Gage, 1998). Studies on the
effect of predation by H. axyridis on other aphidophages such
as the larvae of Neuroptera and some syrphids, parasitoids, and
fungal pathogens of aphids are lacking and urgently needed.

Pandora neoaphidis (Remaudiere and Hennebert) Humber
is an aphid-specific fungal pathogen and is the most common
entomopathogen of aphids in temperate regions. It is capable
of causing epizootics in field populations of aphids and has,
therefore, received considerable attention as a potential biologi-
cal control agent (Pell et al., 2001). Pandora neoaphidis and
aphidophagous coccinellids utilise the same resource (aphids)
and are regarded as being in the same guild. Adult Coccinella
septempunctata L. ladybirds also prey upon P. neoaphidis-
infected aphids, making them intraguild predators of the fungus
(Roy et al., 1998, 2003; Roy & Pell, 2000). However, C. sep-
tempunctata does not consume entire P. neoaphidis-sporulating
cadavers and has no overall negative impact on the transmission
of the fungus (Roy er al., 1998, 2003; Roy & Pell, 2000). This
paper assesses the intraguild predation of P. neoaphidis by
H. axyridis (Japanese and British origin) relative to that of

C. septempunctata and its Japanese subspecies, C. septempunctata
subspecies brucki Mulsant.

Materials and methods
Rearing aphids

Apterous adult pea aphids, Acyrthosiphon pisum Harris, were
used in the experiment. These aphids were maintained on broad
bean plants, Vicia faba L. (cultivar: The Sutton), until 2-5 h
prior to the start of the experiment, at which time they were re-
moved from the host plant and placed at —20 °C. This killed the
aphids whilst ensuring that their tissues remained intact. It was
important to immobilise the uninfected aphids to ensure compa-
rability with the infected aphids. These aphid cadavers will
henceforth be referred to as uninfected aphids.

Rearing coccinellids

Laboratory reared adult and fourth-instar coccinellid larvae
were used in this experiment. These cultures were established
using adult coccinellids collected from four field locations: H.
axyridis collected from the U.K. (Battersea Park, London) and
Japan (Fuchu, Honshu), C. septempunctata collected in the U.K.
(Cambridge/Norfolk) and C. septempunctata subspecies brucki
collected in Japan (Fuchu, Honshu). The experiment was carried
out using the F, generation of U.K.-collected coccinellids and
the F, generation of coccinellids collected in Japan. Adult coc-
cinellids were all female and had undergone eclosion within 8
weeks of the experiment, whilst larvae were of mixed sex but had
all undergone third ecdysis within the same week as each other.
The coccinellids were kept in batches of five individuals within
90 mm diameter single-vented Petri dishes and maintained at
22 °C (LD 14:10 h). All individuals were fed an excess of
A. pisum up to and including the day of the experiment, unless
starved individuals were required, in which case no food was
provided for 12 h (larvae) or 24 h (adults) prior to the start of the
experiment.

Cultivating Pandora neoaphidis

Pandora neoaphidis isolate X4 (from Rothamsted Research
collection, original host species = A. pisum) was used in this
experiment. The culture was maintained by regular in vivo pas-
sage through A. pisum, as described by Wilding (1970). Pandora
neoaphidis-infected aphid cadavers were dried and stored at
4 °C and 20% relative humidity in darkness until required and
for no longer than 3 months. These infected cadavers will
henceforth be referred to as infected aphids.

Bioassay procedure

Forty-eight observational arenas consisting of a 90 mm diame-
ter Petri dish containing a piece of filter paper (90 mm diameter)
that had been moistened using tap water were prepared for each
replicate of the experiment. Six potential prey items were arranged
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in a hexagonal formation 40 mm apart in each arena. Arenas con-
tained either six uninfected aphids, six infected aphids, or three of
each prey type (arranged alternately). The infected aphids were
added to the arenas 16 h prior to the start of the experiment and
maintained at >95% relative humidity to allow rehydration and
sporulation to occur. Uninfected aphids were not added to the are-
nas until immediately prior to the start of the experiment. Finally,
a single adult/larval coccinellid that was either starved or un-
starved was placed in the arena. This gave a total of 48 treatment
combinations (three arena designs x two life stages x four coc-
cinellid types x two starvation levels). The arenas were arranged
in a row in randomised order and maintained under ambient labo-
ratory conditions. The number of prey items consumed entirely
was assessed after 30, 60, 90, 120, 150, and 180 min. The experi-
ment was replicated three times per day on 2 days.

Statistical analyses

The numbers of whole prey items consumed by each time point
in the uninfected aphids only and infected aphids only treatments
were analysed using repeated measures ANOVA to assess the effect
of treatment, predator type, life-stage, starvation, and time on pre-
dation levels. To assess the relative preference for uninfected and
infected prey items in the mixed treatment, the numbers of unin-
fected (c,) and infected (c,) aphids consumed were first adjusted to
allow for zero counts (i.e. [ = c,+ 0.05 and r = ¢, + 0.05, respec-
tively), and then log ratios (log(l/r)) calculated. Hence, where no
preference was shown between prey types log(l/r) = 0; where un-
infected aphids were the preferred prey item log(l/r) > 0; and
where infected aphids were the preferred prey item log(1/r) < 0.
The log ratios were analysed using a repeated measures ANOVA to
assess the effect of predator type, life-stage, starvation, and time.
Standard error of the difference (SE,) was calculated.

Results

Single choice treatments

Predation was affected by prey type (F, ;s = 95.72, P <
0.001), predator type (F, .. = 3.44, P < 0.05), life stage (F

3,155

1,155

Intraguild predation of Pandora neoaphidis 177

=4.97, P < 0.05), starvation level (F]Y155 =8.64, P < 0.01), and
time (F,, ,,, ¢ = 103.85, P < 0.001). The effects of prey type
and predator type both varied with time (F,, ., = 27.77,
P < 0.001, and F,,, o = 3.23, P < 0.01, respectively).
Interactions also occurred between prey type and predator type
(F3,55 = 9-87, P < 0.001), and between prey type and starva-
tion level (F\ 55 = 13.95, P < 0.001). Both these interactions
varied over time [F,,, = 3.88, P < 0.001 (Fig.1), and
F, 345 = 452, P = 0.01 (Fig.2), respectively]. There was
also an interaction between life stage and prey type (F, 5 =
6.03, P < 0.05; Fig.3a), and between life stage and predator
type (F 55 = 2.90, P < 0.05; Fig. 3b). Both these interactions
were consistent over time. No other terms were statistically
significant at the 5% level.

After 180 min, on average, 2.17 uninfected aphids had been
consumed compared with 0.59 infected aphids (n = 96, SE; =
0.137), starved coccinellids had consumed 1.60 prey items and
unstarved coccinellids only 1.16 (n = 96, SE; = 0.137), and
the greatest predation was by C. septempunctata subspecies
brucki with a mean of 1.73 prey items consumed followed by
H. axyridis U.K. (1.67 prey items) and finally C. septempunc-
tata and H. axyridis Japan, which both consumed 1.06 prey
items on average (n = 43, SE; = 0.194).

Differences between the overall numbers of uninfected and
infected aphids consumed were relatively large for C. septem-
punctata (difference = 1.49, SE| = 0.244) and C. septempunc-
tata subspecies brucki (2.14, SE; = 0.244), but much smaller
for H. axyridis (U.K.) (0.46, SE; = 0.244) and H. axyridis
(Japan) (0.69, SE = 0.244). However, these relative differ-
ences changed with time. The greatest predation of aphids was
by C. septempunctata subspecies brucki, which consumed more
uninfected aphids after 30 min (mean = 1.17) than any other
predator [0.79, 0.46, and 0.38 for C. septempunctata, H. ax-
yridis (Japan), and H. axyridis (U.K.), respectively, n = 24,
SE,, = 0.274] and continued to consume this prey item until
the final observation, at which point it had consumed a mean
of 3.21 uninfected prey, approximately 50% more than the next
most voracious predator of uninfected prey, C. septempunctata
(2.08, n = 24, SE, = 0.274). Harmonia axyridis (Japan) was
the least voracious of the ladybirds tested having consumed
only 1.54 uninfected aphids on average (n = 24) by the final
observation. In contrast the greatest predation of infected aphids
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Fig. 2. Mean number (n = 48) of Acyrthosi-
phon pisum or Pandora neoaphidis-sporulating
fungal cadavers consumed over a 180-min
observation period in either the aphid or fungal
cadavers treatments by coccinellids that had
been provided with food until immediately
prior to the start of the experiment (Unstarved)
or had been starved prior to the start of the
experiment. SE_ (Standard Error of the Dif-

ference) for comparisons within each starvation
level-prey type combination = 0.096, SE for
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was by H. axyridis (U.K.), which consumed a mean of 1.5 of this
prey item by the final observation compared with H. axyridis
(Japan), C. septempunctata subspecies brucki, and C. septempunc-
tata, which consumed on average 0.58, 0.25, and 0.04, respectively
(n = 24, SED = 0.274). Although predation of infected aphids
occurred within 30 min in treatments containing C. septempunctata

all other comparisons = 0.194.

subspecies brucki and both the U.K. and Japanese strains of H.
axyridis, C. septempunctata was not observed feeding on infected
aphids in any replicate until the final observation when it still only
consumed an average of 0.04 prey items (n = 24; Fig. 1).

Starved coccinellids consumed 63% more uninfected aphids
(mean = 2.69) than did unstarved coccinellids (mean = 1.65)
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by the end of 180 min, whereas starved coccinellids (mean =
0.52) consumed 22% fewer infected aphids than did unstarved
coccinellids (mean = 0.67, n = 48, SE;| = 0.194). However,
the relative differences between prey types and starvation levels
depended on time (Fig. 2).

On average, adults consumed 1.05 prey items and larvae 0.78
prey items (n = 576, SE; = 0.122). However, adult coccinel-
lids preyed more on uninfected aphids than did larvae (on aver-
age 1.80 and 1.23 aphids, respectively) whereas larval and adult
coccinellids preyed similarly on infected aphids (on average
0.33 and 0.31 cadavers, respectively, n = 283, SE; = 0.173;
Fig.3a). Harmonia axyridis (U.K.) larvae on average ate more
prey items than adults of the same species; the reverse was true
for the three other predator types, with adults of C. septempunc-
tata subspecies brucki eating on average around twice the
number of prey items compared to their larval counterparts
(Fig.3b).

Mixed treatment

The mean numbers of whole uninfected and infected aphids
consumed for each treatment combination are given in Table 1.
Preferences for the two prey types differed amongst the times
(Fy5001 = 779, P < 0.001) and the predator type (F,; =
6.50, P < 0.001), and these predator differences changed with
time (F, 62001 = 217, P < 0.05) (Fig.4). No other terms were
statistically significant at the 5% level. Although no predator
type showed a preference for infected aphids, the preference for
uninfected aphids was considerably less for H. axyridis (U.K.)
than for the remaining three predators at all observation times.
After 180 min, the mean log ratio for H. axyridis (U.K.) was
0.29 (57% of consumed prey items were uninfected) compared
to means of 0.75 (68%), 1.02 (74%), and 1.20 (77%) for
H. axyridis (Japan), C. septempunctata subspecies brucki, and
C. septempunctata, respectively (n = 24; SE = 0.224). After
an initial preference for uninfected aphids, the mean log ratio
for H. axyridis (U.K.) remained relatively small and constant
over the observation period indicating no strong preference for one
prey item over the other. This was in contrast to C. septempunctata
and C. septempunctata subspecies brucki, which showed a consist-
ent increase in their mean log ratio over the observation period,
indicating an increasingly strong preference for uninfected
aphids with time.

Discussion

Previous laboratory studies demonstrated that, in the absence
of choice, C. septempunctata was an intra-guild predator of
P. neoaphidis (Pell et al., 1997; Roy et al., 1998, 2003). The
results from this study demonstrate that both fourth-instar larvae
and adults of H. axyridis and C. septempunctata subspecies
brucki also engage in intra-guild predation of P. neoaphidis in
the no-choice experiments. From earlier work it was evident
that C. septempunctata adults and larvae consumed significantly
more uninfected aphids than infected aphids and rarely consumed
entire cadavers (Pell er al., 1997; Roy et al., 1998, 2003). The
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experiments described here also support these findings.
Furthermore, both C. septempunctata subspecies brucki and
H. axyridis (Japan) behaved similarly to C. septempunctata and
consumed more uninfected aphids than infected aphids. Indeed
C. septempunctata subspecies brucki was the most voracious
predator in terms of consumption of uninfected aphids com-
pared to the other ladybirds [H. axyridis (U.K. and Japan) and
C. septempunctata] but was the least voracious when feeding
on infected aphids. These results would suggest that in Japan,
where C. septempunctata subspecies brucki and H. axyridis
co-occur, C. septempunctata subspecies brucki may have a
competitive advantage over H. axyridis in terms of aphid preda-
tion. However, H. axyridis (U.K.) consumed similar numbers of
uninfected and infected aphids, suggesting they were equally
palatable in the absence of choice. It is therefore possible that
H. axyridis (U.K.) could have a greater negative impact on P.
neoaphidis populations than C. septempunctata, C. septempunc-
tata subspecies brucki, and even than H. axyridis (Japan). As
in previous studies on C. septempunctata, all starved ladybirds
evaluated here consumed more infected aphids than unstarved
individuals (Pell ez al., 1997; Roy et al., 1998, 2003). However,
after a period of feeding in the choice experiment, the tendency
to consume uninfected aphids as opposed to infected aphids
increased over time for C. septempunctata, C. septempunctata
subspecies brucki, and H. axyridis (Japan) but not for H.
axyridis (U.K.), which failed to discriminate between different
prey types over time and consumed a relatively high number of
infected aphids. This is likely to increase its negative impact on
P. neoaphidis further.

Roy et al. (1998) reported that feeding damage by C. septem-
punctata to moribund (infected but prior to sporulation) or
sporulating aphid cadavers reduced subsequent conidia produc-
tion but did not decrease transmission. It is likely that the impact
of damage by other coccinellids, such as C. septempunctata
subspecies brucki or H. axyridis (Japan), which only partially
consume cadavers, or consume very few cadavers, would be
similar, although this requires further investigation. The pres-
ence of foraging C. septempunctata ladybirds is also known
to increase transmission of P. neoaphidis by increasing aphid
movement and hence the probability of contact with the patho-
gen and also through direct pathogen vectoring. This is likely to
be the case for H. axyridis and C. septempunctata subspecies
brucki although this also requires further evaluation (Roy ez al.,
2001). However, given that H. axyridis (U.K.) consumed entire
cadavers and hence has the potential to reduce pathogen population
density significantly more than the other coccinellids, enhanced
transmission due to foraging activity may be impeded. As an in-
itial study, these experiments were, of necessity, on a small spa-
tial scale and used immobile prey items. Further work should be
carried out on an increased scale and complexity, and focus on
the impacts of H. axyridis (U.K.) on transmission.

The pronounced difference in prey consumption between
H. axyridis originating from the U.K. and those from Japan
suggests the influence of microevolution: change in the genetic
composition of a population (Hartl & Clark, 1989). Differences
in phenotypic traits, including feeding behaviour, between pop-
ulations can be a consequence of Allee effects and exponential
growth from a small founding population, rather than being due
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Table1. Mean number of Acyrthosiphon pisum (A) and Pandora neoaphidis-sporulating cadavers (F) consumed by Coccinella septempunctata,
C. septempunctata subspecies brucki, Harmonia axyridis (Japan), or H. axyridis (U.K.) when given a choice of prey items over a 180-min observation
period. The coccinellids were either adult or larvae and had been provided with food until immediately prior to the start of the experiment (UnStv.) or

had been starved (Stv.).

Time (min)
30 60 90 120 150 180
Predator species A F A F A F A F A F A F
Coccinella septempunctata
Adult
UnStv. 0.33 0 1.17 0.33 1.33 0.33 1.67 0.33 1.83 0.33 1.83 0.33
Stv. 0.5 0 1 0 1.5 0 1.67 0 1.83 0 1.83 0
Larvae
UnStv. 0.5 0 0.83 0 1 0 1.5 0 1.5 0 2 0
Stv. 0.17 0 0.67 0 1 0 1.33 0 1.5 0 2 0
C. septempunctata subspecies brucki
Adult
UnStv. 0.5 0 0.67 0 0.83 0 0.83 0 0.83 0 0.83 0
Stv. 0.33 0.17 1 0.17 1 0.33 1.83 0.5 1.83 0.67 2 0.83
Larvae
UnStv. 0.33 0 0.5 0 0.83 0 0.83 0 1 0 1.3 0
Stv. 1.17 0 1.67 0 1.83 0 2 0 2.33 0 2.33 0
Harmonia axyridis (U.K.)
Adult
UnStv. 0.17 0 0.17 0 0.17 0.33 0.17 0.33 0.33 0.33 0.33 0.33
Stv. 0.33 0 0.33 0.17 0.67 0.17 0.83 0.17 0.83 0.33 1 0.33
Larvae
UnStv. 0.17 0 0.5 0.17 0.67 0.17 1.17 0.5 1.33 0.5 1.33 0.67
Stv. 0.17 0 0.33 0.33 0.5 0.5 0.83 0.67 1 0.83 1.17 0.83
H. axyridis (Japan)
Adult
UnStv. 0.17 0 0.17 0 0.17 0 0.33 0 0.5 0 0.5 0
Stv. 0.67 0 0.83 0.17 1.33 0.17 1.83 0.33 1.83 0.33 2.17 0.33
Larvae
UnStv. 0.17 0 0.17 0 0.17 0 0.33 0.17 0.33 0.17 0.83 0.33
Stv. 0.5 0 0.83 0 0.83 0.33 0.83 0.5 1.17 0.67 1.5 0.83

to adaptation (Roderick & Howarth, 1999; Hufbauer & Roderick,
2005). It is very likely that H. axyridis (U.K.) originated from
founding individuals released as biological control agents in
mainland Europe (Majerus et al., 2006). It is therefore possible,
but speculative, that H. axyridis (U.K.) individuals represent a
highly polyphagous and voracious subpopulation that is not rep-
resentative of the H. axyridis populations found in Japan. This
requires further investigation and the authors plan to investigate
genetic and ecological variability amongst H. axyridis subpopu-
lations. However, our studies are the first to indicate fundamen-
tal differences in behaviour between H. axyridis (U.K.) and
H. axyridis (Japan).

Alternatively, these differences could also be attributed to ad-
aptation to mass production imposed selection criteria. Insects
produced as classical biological control agents will have been
subject to both intentional and unintentional selection criteria
during commercial development. For example, it is common
practice to rear H. axyridis on the eggs of the lepidopteran
Ephestia kuehniella Zeller and also on liver-based artificial diet
during mass production (Ferran et al., 1997; Specty et al., 2003).
Indeed complete development of H. axyridis is possible on

E. kuehniella (Specty et al., 2003). It is interesting to note that
the liver-based artificial diet used in laboratory culture of H.
axyridis is highly susceptible to fungal growth and, therefore,
it is likely that H. axyridis (U.K.) would have been exposed to
fungal contaminated food sources in previous generations. In
contrast H. axyridis (Japan) were collected from the field in
Japan, without any deliberate selection criteria, and have only
been in laboratory culture for two generations.

The recognition that significant levels of genetic variability
exist between populations of insects has influenced the regula-
tion of biological control (Hufbauer & Roderick, 2005). For
example, permission to release new arthropod agents of inva-
sive weeds is now commonly given for a single population on
which host specificity tests have been performed. This is a very
different approach from that advocated by DeBach (1964), who
suggested that individuals from many populations should be in-
troduced, and has arisen from the recognition that individuals
from separate locally adapted populations may result in unin-
tended consequences (Hoffman et al., 2002). Our studies further
demonstrate that individuals of a particular species released for
biological control may not be representative of the overall
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comparisons within each predator = 0.1267, 30
SE, for all other comparisons = 0.2244.

population. The importance of assessing the host specificity of
the subpopulation to be released should be carefully considered,
particularly with a species such as H. axyridis which is attrib-
uted high-risk status as a biological control agent (van Lenteren
et al., 2003).

This paper has explored the unidirectional intra-guild interac-
tions between H. axyridis, C. septempunctata, and C. septem-
punctata subspecies brucki and the aphid pathogenic fungus P.
neoaphidis. It is concluded that all these coccinellids prey on
fungal infected cadavers but that H. axyridis (U.K.) is a stronger
intra-guild predator in these interactions than the other coccinel-
lids tested. Intra-guild predators can impact dramatically on the
population dynamics of intra-guild prey (Polis et al., 1989).
Indeed intra-guild predation can be a major mortality factor lim-
iting populations of such prey below their carrying capacities
(Leving & Franks, 1982; Leving & Adams, 1984; Polis et al.,
1989; Burgio et al., 2002). The efficacy of exotic predatory coc-
cinellids as biological control agents of introduced plant pest
species has been demonstrated in a number of field studies
(Hodek & Honek, 1996; Smith et al., 1996). The issues of non-
target impacts of introduced (classical) biological control agents
have also been widely addressed (Howarth, 1991; Samways,
2005). Two ladybird species, H. axyridis and C. septempunctata,
have been widely documented as successful invaders (Tedders &
Schaefer, 1994; Evans, 2000, 2004; Majerus et al., 2006). It is
hypothesised that a major factor contributing to the success of
these two invasive species is their tendency to engage in intra-
guild predation of other ladybirds and indeed other aphidopha-
gous and coccidophagous predators (Kajita er al., 2000, 2006).
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