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Abstract Originally distributed in northeast Asia,
Harmonia axyridis (Coleoptera: Coccinellidae) is now
found throughout much of the temperate zone. In its
native area, H. axyridis maintains stable populations in
heterogeneous and temporary habitats because of its
great ability to find prey and reproduce, coupled with
density-dependent and self-regulatory population reg-
ulation. A negative correlation of H. axyridis on the
biodiversity of the aphidophagous community has
been observed in its native range. The decrease in
biodiversity may be mainly caused by the wider range
of habitats available to H. axyridis than to the
coexisting species. From a theoretical perspective,
density-dependent regulation of H. axyridis popula-
tions, e.g., cannibalism, may be more important in
maintaining the H. axyridis-dominated system, prob-
ably than is intraguild predation. Habitat heterogeneity
may also be important to the coexistence of H. axyridis
and other predators in both native and invaded areas.
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Introduction

Harmonia axyridis (Coleoptera: Coccinellidae) has
been introduced into the United States, and more
recently into European countries mainly for biological
control of aphids (e.g., Koch 2003; Brown et al. 2008;
Roy and Wajnberg 2008). However, H. axyridis is
now regarded as a pest in the new areas it has
colonized for a number of reasons including aggre-
gations of beetles on grapes in autumn that are
potential threats to the wine and fruit-growing indus-
tries (e.g., Koch et al. 2004; Roy and Wajnberg 2008),
and the beetles’ pattern of aggregation during winter
is considered a nuisance to humans (Kovach 2004). In
addition, this species may have negative impacts on
endemic ladybird species in the US and European
countries (e.g., Colunga-Gracia and Gage 1998;
Adriaens et al. 2003; Brown 2003; Roy and Wajnberg
2008; Brown et al. 2011). Much attention has been
paid to the invasion and establishment of H. axyridis
because it can successfully invade and establish in an
area in a short period, and H. axyridis abundance can
increase considerably, both in absolute numbers and
also relative to other native aphidophagous ladybird
beetles. The rapid establishment and increase in
abundance in a short period of time in invaded areas
by generalist predators such as H. axyridis, through
intentional or unintentional human activity, may be
rare in the history of introductions for biological
control and insect invasion. Therefore, H. axyridis
invasions have received much attention from
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conservation ecologists as well as biological control
scientists because of fears that H. axyridis may cause
extinctions in the endemic aphidophagous predators
of the invaded areas (e.g., Brown et al. 2011).

Harmonia axyridis is native to northeast Asia,
including China, Korea, Japan, and Siberia (e.g., Sasaji
1971). Less common in natural forests, this species is
generally found in agricultural fields, orchards, parks,
and residential yards and gardens, suggesting that the
original natural habitat of H. axyridis is disturbed areas
(e.g., riversides and shrublands) (Osawa N, personal
observations). H. axyridis also tends to prefer tree and
shrub lands, whereas Coccinella septempunctata,
another common aphidophagous species in Japan,
prefers grassy habitats, although these generalizations
have exceptions (e.g., Osawa 1991; Hironori and
Katsuhiro 1997). These habitat preferences are
reflected in differences in larval dropping behavior:
the H. axyridis larva has a sucker on the tip of the
abdomen, which prevents it from dropping acciden-
tally to the ground, whereas C. septempunctata feigns
death when it senses vibrations caused by predators
and often falls to the ground as a result (Sato et al.
2005). These differences in dropping behavior play an
important role in intra-guild differences in predation
between the two species (Sato et al. 2005). In Japan,
H. axyridis coexists with other aphidophagous preda-
tors (Osawa 1991). To predict the impact of H. axyridis
on the native aphidophagous guilds of invaded areas, it
is important to understand characteristics of the life
history and population dynamics of the species, as well
as its role within aphidophagous guilds in its natural
native habitats.

In this paper, I summarize characteristics of
H. axyridis populations in natural habitats by review-
ing published works and analyzing unpublished data.
I thus clarify the role of H. axyridis in the aphido-
phagous community in its native range.

Life history of H. axyridis

Harmonia axyridis is generally considered to have
two generations per year in Japan, although it
potentially has three or more in some years and
localities (e.g., Tanigishi 1976; Osawa 1991). In
Kyoto, in the center of Japan, adults of the overwin-
tering generation, i.e., the second and/or third and
fourth generations, terminate overwintering in late
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March and mate and lay eggs in April and May
(Osawa and Nishida 1992; Osawa 2000). Adults of
the first generation emerge in mid May to June
(Osawa 2000; Osawa and Nishida 1992). In mid-
summer, the beetles aestivate in small groups in leaf-
shelters on trees, e.g., Quercus glauca (Toda and
Sakuratani 2006). Aestivation probably is an adapta-
tion to survive high temperatures. Adults of the
second and/or third and fourth generations reappear
in autumn and mate and oviposit (Osawa, unpub-
lished data). They gradually fly toward whitish or
light-colored objects on hilltops or in valleys and at
the bases of mountains, and thereafter aggregate at
overwintering sites in early November (Obata 1986).
The intensity of white as an attractant compared with
other colors was confirmed by intensive field research
at the native range in China (Wang et al. 2010).
Except for natural rocks on mountainsides, the
selected overwintering sites were artificial objects,
e.g., houses, bridges, chimneys, wooden structures,
and telegraph poles (e.g., Tanigishi 1976). Field
experiments including different numbers of overwin-
tering individuals suggested that one adaptive role of
winter aggregation in H. axyridis is increased
survival rate of overwintering adults in larger groups
(Tanigishi 1976). This is largely consistent with
results of intensive field research at the native range
in China, which found that winter aggregation in
human habitats is a behavioral adaptation for cold
avoidance (Wang et al. 2010).

Dinocampus coccinellae (Hymenoptera: Braconi-
dae) is known to be an adult parasitoid of H. axyridis
(e.g., Maeta 1969). At the pupal stage, Phalacroto-
phora sp. (Diptera: Phoridae) is known to be a
parasitoid of H. axyridis (Osawa 1992a). The per-
centage of H. axyridis pupae killed by parasitism in
the field was 10.3% (Osawa 1992a). Interestingly,
prior to the pre-pupal stage, H. axyridis larva
provides an escape from parasitism through behav-
ioral means (Osawa 1992a). No egg parasitoids have
been observed in H. axyridis.

Alkaloids are traditionally regarded as a chemical
defense against predators in ladybird beetles (e.g.,
Brakefield 1985; Sloggett et al. 2009a, b), although
the intensity of toxicity of different species is highly
variable in alkaloids (e.g., Majerus 1994; Sloggett
et al. 2009a). Recent research has confirmed that
alkaloids also play an important role in the intensity
of intraguild predation in H. axyridis in invaded areas
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(e.g., Kajita et al. 2010; Sloggett et al. 2009a;
Sloggett and Davis 2010; Sloggett et al. 2011).

Cannibalism

Cannibalism plays an important role in the life
history of H. axyridis in the field. Cannibalism of
larvae generally occurs at all stages (egg, larval, pre-
pupal, and pupal) of H. axyridis. Osawa (1993)
estimated that 50% of eggs are killed through
cannibalism, with 20% preyed upon by non-siblings
(egg cannibalism by larvae derived from different
egg clusters) and 30% by siblings (egg cannibalism
by sibling larvae in an egg cluster). At the pupal
stage, 14.4% of all pupae are cannibalized (Osawa
1992a), mainly by the fourth instars.

Sibling cannibalism occurs in more than 90% of
H. axyridis egg batches in its native area (Osawa
1989). The existence of unhatched eggs and hatching
asynchrony are proximate factors affecting the
intensity of sibling cannibalism (Kawai 1978; Osawa
1992b). In H. axyridis, possible costs and benefits in
sibling cannibalism were considered from three kin-
related points of view: the cannibal, the victim, and
the mother (Osawa 1992b). The cannibalistic trait
was clearly beneficial to the cannibal at low aphid
density, whereas the cannibalized individual was
beneficial only when the victim was cannibalized at
low aphid density (Fig. 1) (Osawa 1992b). The
mother attained almost equal fitness at low aphid
density, regardless of the intensity of sibling canni-
balism, suggesting that sibling cannibalism is, at
least, not maladaptive for the mother at low aphid
density (Osawa 1992b). Therefore, sibling cannibal-
ism is adaptive for both the cannibal and the full
sibling victim at low aphid density, and the mother
attains equal fitness regardless of the intensity of
sibling cannibalism (Osawa 1992b). Thus, through
kin selection, sibling cannibalism at hatching plays an
important role in the persistence of H. axyridis
populations in nature (Osawa 1992b).

Non-sibling cannibalism was more intense in the
middle and late in the oviposition periods and when
the egg clusters were located closer to an aphid
colony (Osawa 1989). Pupal cannibalism occurred
more intensely on host plants of aphid colonies than
at other pupal sites and near the aphid colony (Osawa
1992a). The higher rate of cannibalism near aphid

colonies may be caused by intensive searching by
H. axyridis larvae near aphid colonies (Osawa 1989,
1992a).

A few studies have quantitatively evaluated the
intensity of cannibalism among H. axyridis larvae in
nature (e.g., Takahashi 1989; Hironori and Katsuhiro
1997). However, in some cases, aphid populations
have been found to collapse before the completion of
H. axyridis larval development (Osawa 1992c). This
circumstantial evidence strongly suggests that larval
cannibalism, especially size-dependent cannibalism,
i.e., larger larvae cannibalize smaller larvae, occurs
intensively in some cases in H. axyridis. Intraguild
predation may also occur along with larval and pupal
cannibalism in field populations of H. axyridis.

Population dynamics and habitat characteristics

Larval mortality was found to be a key factor in
H. axyridis life tables (Osawa 1993; Hironori and
Katsuhiro 1997). Mortality at all stages tended to be
density dependent, except for mortality observed at
hatching due to sibling cannibalism (Osawa 1993).
The R? values range from 0.468 to 0.624, indicating
intense self-regulatory and stabilizing mechanisms in
H. axyridis populations (Osawa 1993). Aphid preda-
tion by H. axyridis larvae and aphid migration may
also play a certain role on the density dependence
through the food shortage at local patches, although it
is not confirmed. These stabilizing and persistent self-
regulatory mechanisms, based on density-dependent
mortality and unequal resource allocation of maternal
investment through sibling cannibalism at hatching,
promote survival in H. axyridis populations (Osawa
1993, 2000).

Population dynamics in animal are closely related
to habitat structure. The habitats of H. axyridis can be
categorized, according to the total number of beetles
and eggs that occur in them, into those habitats
suitable for survival and reproduction and those
providing temporary refuge (i.e., those having a few
adult arrivals and little oviposition) (Osawa 2000).
Refuge habitats include elder, Sambucus sieboldiana
(Caprifoliaceae), infected with the aphid Aulacort-
hum magnoliae, which is toxic to H. axyridis (Osawa
2000). S. sieboldiana is not lethal to H. axyridis adult
but prevents the larval development (Okamoto 1978,
Fukunaga and Akimoto 2007). H. axyridis moves
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Fig. 1 The cost and benefit of sibling cannibalism to the
cannibal and the victim in full sibling modified from Osawa
(1992b). Benefit and cost (Y axis) are evaluated from the mean
value of survival rate from the first to the second instar in full
sibling (r = 0.5). This experiment was done by individual
mark and recapture method distinguished for the larvae with

both short and long distances between these patchily
distributed habitats, and reproduces at sites that are
suitable in terms of prey quantity and quality (Osawa
2000). Thus, H. axyridis uses various types of
habitats, including those with toxic aphids, in main-
taining its populations.

The role of H. axyridis within aphidophagous
guilds

Data from Osawa (1991) are used here to assess the
role of H. axyridis in aphidophagous guilds. From
early April to early August 1988, 20-min censuses
were performed to collect all adult aphid predators,
except ants and spiders, at 23 sites (these included
seven species of plant with eight species of aphids),
and all the individuals were identified to species.
Individuals of H. axyridis were marked and released
at the same site to evaluate the number of individuals
of this species occurring in the habitats over the same
period (Osawa 2000). Data for the five most common
aphidophagous ladybird beetles; H. axyridis (n =
505), Coccinella septempunctata (n = 124), Propy-
lea japonica (n = 30), Scymnus posticalis (n = 91),
and Menochilus sexmaculatus (n = 125), (92.97% of
all coccinellids) were used for the analysis because
they occur at the same habitats during the observed
season. Morisita (1967) f# was used to analyze the
biodiversity of aphidophagous ladybird beetles.
Regression analysis was performed between relative
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different level of egg cannibalism (0, 1, 2, and 3 eggs) in a
field. Low and high aphid density were controlled daily (added
and/or removed by a fine brush) at 300 and 1200 aphid (Apis
spiraecola) per host tree (Citrus unshiu, 50 cm in height),
respectively

abundance of an individual species (e.g., H. axyridis)
and the value of f§ at each site. Regression analysis
was also performed between number of individuals in
H. axyridis and number of an individual species,
and between relative abundance of H. axyridis and
number of an individual species. All statistical
analyses were performed using SAS (SAS Institute
2007).

In total, 886 individuals were collected, and at
57.00% (n = 505), H. axyridis was the dominant
species. The species-specific patterns of adult arrival
to the habitats may be caused by (1) species-specific
habitat preferences (e.g., Honek 1985) or (2) species-
specific prey preferences (Okamoto 1978; see Hodek
and Honek 1996) of the ladybird beetles.

Analysis of the relationship between relative
abundance and biodiversity of aphidophagous lady-
birds revealed that the only negative relationship was
between the proportions of H. axyridis and the
biodiversity of the five coexisting species of aphido-
phagous beetles (Fig. 2). Interestingly, a positive
relationship was observed in the case of S. posticalis,
while no relationship was observed in the cases of
C. septempunctata, P. japonica, and M. sexmaculatus
(Fig. 2). The negative relationship of H. axyridis is
largely consistent with patterns obtained in areas
invaded by H. axyridis, where the biodiversity of
native aphidophagous communities has been found to
decrease (e.g., Roy et al. 2008). However, it is
pointed out that the ecological effects of introduced
species on native organisms are difficult to quantify
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and many problems arise for the interpretation of
empirical data (Kindlmann et al. 2011). The negative
relationship of biodiversity between H. axyridis and
the coexisting species in this study is also regarded as
a typical pattern observed at dominant species with
the wider range of habitats: dominant species with
wider habitats tend to show a negative relationship
between relative abundance and Morisita’s index, the
reverse is true for less dominant species with
narrower habitats.

In this study, a positive relationship was found
between number of H. axyridis and that of
P. japonica, and that of C. septempunctata (Fig. 3a).
This suggests that (1) the habitat preference of
H. axyridis largely overlapped at least that of
C. septempunctata and P. japonica, and (2) habitats
with high numbers of H. axyridis can still support the
coexisting aphidophagous species at adult stage.
Furthermore, no relationship was observed between
the relative abundance of H. axyridis and the number
of ladybird beetles in all four of the coexisting
species (Fig. 3b). Therefore, relative and absolute
high abundance of H. axyridis did not decrease the
density of coexisting aphidophagous adult beetles per
se. These results also suggest that decreased commu-
nity biodiversity may be primarily caused by the
wider range of habitats available to H. axyridis than
to the coexisting species: the higher relative abun-
dance of H. axyridis in unsuitable habitats less
utilized by the coexisting species may result in the
decreased aphidophagous biodiversity in relation to
the increased relative abundance of H. axyridis (see
Fig. 2). The species-specific habitat and prey prefer-
ences of the coexisting ladybird beetles may be
strongly involved in producing this pattern in its
native range. The quality and quantity of prey aphids
affect the number of adult H. axyridis arriving and
ovipositing, although the density of prey aphids is
much higher than that of H. axyridis adults and eggs
(Osawa 2000). Taken together, these results suggest
that sufficient resources may still exist in a habitat for
adult arrival and reproduction of coexisting species
regardless of the number of arriving and reproducing
H. axyridis in its native range.

Theoretical study has suggested that intraguild
predation, in a simple three-species system where one
of the competitors is also a predator and the other is
its prey, provides a rich array of possible outcomes,
including exclusions, coexistence, priority effects

Harmonia axyridis
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Fig. 2 The relationship between relative abundance and
biodiversity of the aphidophagous ladybirds (Morisita’s f)
from field data (Osawa 1991). The data was collected through
daily sampling from early April to early August in 1988 at 23
sites with seven species of plants with eight species of aphids at
Botanical Garden, Kyoto University (35°02" N 135°47 E).
Asterisks (¥*) and n.s. indicate statistical significance for the
linear regressions from F-test at P < 0.05 and P > 0.05 level,
respectively

(i.e., negative/positive impact on ecological commu-
nity development due to prior arrival at a site),
alternative stable states, and increases in resource
levels (Fig. 4a) (Polis and Holt 1992). Intraguild
predation has been paid much an attention to explain
the negative impact of H. axyridis on native aphido-
phagous communities in invaded areas, especially at
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larval stages, as clarified by several authors in
laboratory experiments (e.g., Yasuda and Ohnuma
1999; Yasuda et al. 2004; Ware and Majerus 2008,
see also Koch 2003; Kindlmann and Houdkova 2006;
Pell et al. 2008). However, intraguild predation may
be rare in communities because the intermediate
predators in such configurations face a double
jeopardy of competition and predation from the top
predators and are therefore vulnerable to exclusion
(Pimm and Lowton 1978). In aphidophagaous lady-
bird beetles, habitat spatial variation and predation
timing may play an important role on reducing the
occurrence of intraguild predation from the several
empirical studies (e.g., Takahashi and Naito 1984;
Schellhorn and Andow 2005; see also Sloggett 2008).
Furthemore, habitat segregation and heterogeneity
are generally believed to weaken the intensity of
intraguild predation because they reduce the speed of
energy flow (i.e., predation) and competition, result-
ing in a higher chance of survival of coexisting
consumers in the system (Fig. 4a). Especially in
aphidophagous communities, it is suggested that
habitat segregation and heterogeneity increase the
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survival chance of the coexisting consumers by
escaping from predation (Pell et al. 2008). In addition
to the resources distribution pattern, timing of prey
predation, size of habitat, and quality and quantity of
prey requirements of the coexisting species also may
play important roles in the intensity of intraguild
predation by predators. Therefore, I hypothesize that
stabilizing and persistent self-regulatory mechanisms
of H. axyridis in its native range prevent this species
from becoming numerous enough to reduce the
diversity of aphidophagous predators through intra-
guild predation (Fig. 4b). Cannibalism, in particular,
plays an important role in maintaining the system at
all stages of H. axyridis development because can-
nibalism directly decelerates the amount and speed of
energy flow from resources and consumers toward
H. axyridis (Fig. 4b). Indeed, habitat heterogeneity is
likely important also. For example, temporal and
spatial habitat variation in habitat suitability were
shown to play an important role in the coexistence of
the recent invader Adalia bipunctata and native
species such as H. axyridis or C. septempunctata
within aphidophagous guilds in Japan (Toda and
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(a) cannibalism (b)

H. axyridis

Predator )
C. septempunctata
P. japonica
Consumer S. posticalis
M. sexmaculatus
Resource

Resource

Fig. 4 Intraguild predation occurs when one consumer of a
resource also eats another consumer (Pim and Lowton 1978;
Polis and Holt 1992) (a) and intraguild predation of other
ladybird beetles by the predator H. axyridis is hypothesized to
occur in its native range, with H. axyridis also subject to
significant cannibalism (b). Arrows indicate direction of
energy flow

Sakuratani 2006). The finding suggests a vacant niche
for A. bipunctata in Japan. Considered together,
studies conducted on H. axyridis in its native range
provide some evidence that increased habitat hetero-
geneity may enhance the potential for the coexistence
of the exotic H. axyridis and native aphidophagous
predators in invaded areas.

In nature, adults of H. axyridis concentrate on the
arrival and oviposition at the favorable habitats with
high aphid density (Osawa 2000), indicating that H.
axyridis mainly targets these habitats to maintain the
populations and cannot recognize a habitat and main-
tain its population at low aphid density. This suggests
that H. axyridis is not a suitable agent for classical
biological control where the object is to maintain aphid
densities at low levels through the areas. These
problems with the use of the generalist predator H.
axyridis for biological control should be seen as a
warning that intensive research, especially on the
ecology of the native habitat, is needed before using
and releasing organisms into novel environments (see
Snyder and Evans 2006). Moreover, artificial selection
through the mass rearing of the released H. axyridis,
together with natural selection in invaded areas and
small source populations, may lead to modifications of
the genetic traits of H. axyridis. These selective forces
may have favored aggressive traits associated with
inter- and intra-specific competition, i.e., cannibalism
and intraguild predation. In fact, Roy et al. (2008)

clarified that intraguild predation toward infected
aphids by Pandora neoaphidis by H. axyridis collected
at invaded area was more intense than those collected
at its native range. Further ecological and genetic
monitoring of populations of H. axyridis in invaded
areas is required.

Acknowledgments Many thanks are due to the organizing
committee, especially Drs. M. Kenis, H. Roy, D. Badenbreier,
and R. Ware, of the IOBC/WPRS Harmonia meeting held at
Engelberg, Switzerland in September 2010 for providing me
the opportunity to present a study of H. axyridis in its native
range, which was the basis for this paper. I thank two
anonymous reviewers for valuable comments and suggestions
on this manuscript. This study was supported in part by a
Grant-in-Aid for Scientific Research from the Ministry of
Education, Culture, Sports, Science and Technology of Japan
(No. 20405047) to N. Osawa.

References

Adriaens T, Branquart E, Maes D (2003) The mutlicoloured
Asian ladybird Harmonia axyridis Pallas (Coleoptera:
Coccinellidae), a threat for native aphid predators in
Belgium? Berg J Zool 133:207-208

Brakefield PM (1985) Polymorphic Miillerian mimicry and
interactions with thermal melanism in ladybirds and a
soldier beetle: a hypothesis. Biol J Linn Soc 26:243-267

Brown MW (2003) Intraguild responses of aphid predators on
apple to the invasion of an exotic species, Harmonia
axyridis. BioControl 48:141-153

Brown PMJ, Adriaens T, Bathon H, Cuppen J, Goldarazena A,
Higg T, Kenis M, Klausnitzer BEM, Kovar I, Loomans
AJM, Majerus MEN, Nedved O, Pedersen J, Rabitsch W,
Roy HE, Ternois V, Zakharov IA, Roy DB (2008) Har-
monia axyridis in Europe: spread and distribution of a
non-native coccinellid. BioControl 53:5-21

Brown PMJ, Frost R, Doberski J, Sparks T, Harrington R, Roy
H (2011) Decline in native ladybirds in response to the
arrival of Harmonia axyridis: early evidence from Eng-
land. Ecol Ent 36:231-240

Colunga-Gracia M, Gage SH (1998) Arrival, establishment,
and habitat use of the multicolored Asian lady beetle
(Coleoptera: Coccinellidae) in a Michigan landscape.
Environ Entomol 27:1574-1580

Fukunaga Y, Akimoto S (2007) Toxicity of the aphid Aula-
corthum magnoliae to the predator Harmonia axyridis
(Coleoptera: Coccinellidae) and genetic variance in the
assimilation of the toxic aphids in H. axyridis larvae.
Entomol Sci 10:45-53

Hironori Y, Katsuhiro S (1997) Cannibalism and interspecific
predation in two predatory ladybirds in relation to prey
abundance in the field. Entomophaga 42:153-163

Hodek I, Honek A (1996) Ecology of coccinellidae. Kluwer
Academic Publishers, Dordrecht, The Netherlands

Honek A (1985) Habitat preference of aphidophagous cocc-
inellids (Coleoptera). Entomophaga 30:253-264

@ Springer



620

N. Osawa

Kajita Y, Obrycki JJ, Sloggett JJ, Haynes KF (2010) Intra-
specific alkaloid variation in ladybird eggs and its effects
on con- and hetero-specific intraguild predators. Oecolo-
gia 163:313-322

Kawai A (1978) Sibling cannibalism in the first instar larvae of
Harmonia axyridis Pallas (Coleoptera: Coccinelidae).
Kontyl 46:14-19

Kindlmann P, Houdkova K (2006) Intraguild predation: fiction
or reality? Popul Ecol 48:317-322

Kindlmann P, Olga MCC, Dixon AFG (2011) Ecological effects
of invasive species on native communities, with particular
empbhasis on the interactions between aphids and ladybirds.
BioControl. doi:10.1007/s10526-011-9384-4

Koch RL (2003) The multicolored Asian ladybird, Harmonia
axyridis: a review of its biology, uses in biological con-
trol, and non-target impacts. J Insect Sci 3:32-47

Koch RL, Burkness EC, Wold SJ, Hutchison WD (2004)
Phytophagous preferences of the multicolored Asian lady
beetle (Coleoptera: Coccinellidae) to autumn ripening
fruit. J Econ Entmol 97:539-544

Kovach J (2004) Impact of the multicolored Asian lady beetle
as a pest of fruit and people. Am Entomol 50:165-167

Maeta Y (1969) Biological studies on the natural enemies of
some Coccinellid beetles. 1. On Perilitus coccinellae
(Schrank). Kontyl 37:147-166 (In Japanese)

Majerus MEN (1994) Ladybirds. Harper Collins Publishers,
London, UK

Morisita M (1967) The seasonal variation of butterflies in
Kyoto. In: Morisita M, Kita T (eds) Nature-ecological
study. Cyuoukoronnsha, Tokyo, pp 95-132 (In Japanese)

Obata S (1986) Determination of hibernation site in the lady-
bird beetle, Harmonia axyridis Pallas (Coleoptera, Coc-
cinellidae). Kontyl 54:218-223

Okamoto H (1978) Laboratory studies on food ecology of
aphidophagous lady beetles (Coleoptera: Coccinellidae).
Mem Fac Agri Kagawa Univ 32:1-94 (In Japanese with
English summary)

Osawa N (1989) Sibling and non-sibling cannibalism by larvae
of a lady beetle Harmonia axyridis Pallas (Coleoptera:
Coccinellidae) in the field. Res Popul Ecol 31:153-160

Osawa N (1991) Ecological studies on the ladybird beetle
Harmonia axyridis Pallas in a natural population. Ph.D.
Thesis, Kyoto Univ (In Japanese)

Osawa N (1992a) Effect of pupation site on pupal cannibalism
and parasitism of the ladybird beetle Harmonia axyridis
Pallas (Coleoptera: Coccinellidae). Jpn J Entomol
60:131-135

Osawa N (1992b) Sibling cannibalism in the ladybird beetle
Harmonia axyridis: fitness consequences for mother and
offspring. Res Popul Ecol 34:45-55

Osawa N (1992c¢) A life table of the ladybird beetle Harmonia
axyridis Pallas (Coleoptera Coccinellidae) in relation to
the aphid abundance. Jpn J Entomol 60:575-579

Osawa N (1993) Population field studies of the aphidophagous
ladybird beetle Harmonia axyridis Pallas (Coleoptera:
Coccinellidae): life tables and key factor analysis. Res
Popul Ecol 35:335-348

Osawa N (2000) Population field studies on the aphidophagous
ladybird beetle Harmonia axyridis (Coleoptera: Cocci-
nellidae): resource tracking and population characteristics.
Popul Ecol 42:115-127

@ Springer

Osawa N, Nishida T (1992) Seasonal variation in elytral colour
polymorphism in Harmonia axyridis (the ladybird beetle):
the role of non-random mating. Heredity 69:297-307

Pell JK, Baverstock J, Roy HE, Ware RL, Majerus MEN
(2008) Intraguild predation involving Harmonia axyridis:
a review of current knowledge and future perspectives.
BioControl 53:147-168

Pimm SL, Lowton JH (1978) On feeding on more than one
trophic level. Nature 275:542-544

Polis GA, Holt RD (1992) Intraguild predation: the dynamics
of complex trophic interactions. Trends Ecol Evol
7:151-154

Roy HE, Wajnberg E (2008) From biological control to inva-
sion: the ladybird Harmonia axyridis as a model species.
BioControl 53:1-4

Roy HE, Baverstock J, Ware RL, Clark SJ, Majerus MEN,
Baverstock KE, Pell JK (2008) Intraguild predation of the
aphid pathogenic fungus Pandora neoaphidis by the inva-
sive coccinellid Harmonia axyridis. Ecol Ent 33:175-182

SAS Institute (2007) JMP User’s Guide, ver. 7.02. SAS Insti-
tute, Inc., Cary, NC

Sasaji H (1971) Fauna Japonica, Insecta: Coccinellidae. Aca-
demic Press of Japan, Tokyo

Sato S, Yasuda H, Evans EW (2005) Dropping behaviour of
larvae of aphidophagous ladybirds and its effects on
incidence of intraguild predation: interactions between the
intraguild prey, Adalia bipunctata (L.) and Coccinella
septempunctata (L.), and the intraguild predator, Harmo-
nia axyridis Pallas. Ecol Entomol 30:220-224

Schellhorn NA, Andow DA (2005) Response of coccinellids to
their aphid prey at different spatial scales. Popul Ecol
47:71-76

Sloggett JJ (2008) Weighty matters: body size, diet and spe-
cialization in aphidophagous ladybird beetles (Coleoptera:
Coccinellidae). Eur J Entomol 105:381-389

Sloggett JJ, Davis AJ (2010) Eating chemically defended prey:
alkaloid metabolism in an invasive ladybird predator of
other ladybirds (Coleoptera: Coccinellidae). J Exp Biol
213:237-241

Sloggett JJ, Haynes KF, Obrycki JJ (2009a) Hidden costs to an
invasive intraguild predator from chemically defended
native prey. Oikos 118:1396-1404

Sloggett JJ, Obrycki JJ, Haynes KF (2009b) Identification and
quantification of predation: novel use of gas chromatog-
raphy-mass spectrometric analysis of prey alkaloid
markers. Funct Ecol 23:416-426

Sloggett JJ, Magro A, Verheggen FJ, Hemptinne J-L, Hutchi-
son WD, Riddick EW (2011) The chemical ecology of
Harmonia axyridis. BioControl. doi:10.1007/s10526-011-
9376-4

Snyder WE, Evans EW (2006) Ecological effects of invasive
arthropod generalist predators. Ann Rev Ecol Syst
37:95-122

Takahashi K (1989) Intra- and interspecific predation of lady
beetles in spring alfalfa fields. Jpn J Entomol 57:199-203
(In Japanese with English summary)

Takahashi K, Naito A (1984) Seasonal occurrence of aphids
and their predators (Col. Coccinellidae) in Alfalfa fields.
Bull Natl Grassl Inst 29:62-66

Tanigishi K (1976) Hibernation of the lady beetle, Harmonia
axyridis. Insectarium 13:294-298 (In Japanese)


http://dx.doi.org/10.1007/s10526-011-9384-4
http://dx.doi.org/10.1007/s10526-011-9376-4
http://dx.doi.org/10.1007/s10526-011-9376-4

Ecology of Harmonia axyridis in natural habitats

621

Toda Y, Sakuratani Y (2006) Expansion of the geographical
distribution of an exotic ladybird beetle, Adalia bipunc-
tata (Coleoptera: Coccinellidae), and its interspecific
relationships with native ladybird beetles in Japan. Ecol
Res 21:292-300

Wang S, Michaud JP, Tan XL, Zhang F, Guo XJ (2010) The
aggregation behavior of Harmonia axyridis in its native
range in Northeast China. BioControl 56:193-206

Ware RL, Majerus MEN (2008) Intraguild predation of immature
stage of British and Japanese coccinellids by the invasive
ladybird Harmonia axyridis. BioControl 53:169-188

Yasuda H, Ohnuma N (1999) Effect of cannibalism and pre-
dation on the larval performance of two ladybird beetles.
Entmol Exp Appl 93:63-67

Yasuda H, Evans EW, Kajita Y, Urakawa K, Takizawa T
(2004) Asymmetric larval interactions between introduced
and indigenous ladybirds in North America. Oecologia
141:722-731

Author Biography

Naoya Osawa is an ecological entomologist. His research
focus is mainly on population dynamics of aphidophagous
ladybird beetles in relation to their life history characteristics.

@ Springer



	Ecology of Harmonia axyridis in natural habitats within its native range
	Abstract
	Introduction
	Life history of H. axyridis
	Cannibalism
	Population dynamics and habitat characteristics
	The role of H. axyridis within aphidophagous guilds
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


