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Abstract
Orius strigicollis is a predatory bug that attacks small arthropods, such as thrips, and augmentative
release of commercial strains has been widely conducted in greenhouses in Japan. The accurate evaluation of its effectiveness is essential for successful biological control programs. However, because
Orius species occur naturally in the ﬁeld, it is difﬁcult to discriminate O. strigicollis from other Orius
species. Furthermore, it is necessary to discriminate commercial strains of O. strigicollis from ﬁeld
populations. In this review, we introduce two types of molecular procedures: (1) a multiplex polymerase
chain reaction technique to identify Japanese Orius species, and (2) microsatellite DNA markers that
can be used to measure genetic diversity within populations of O. strigicollis and to discriminate ﬁeld
and commercial strains. The usefulness of molecular ecological approaches is also discussed.
Discipline: Insect pest / Plant protection
Additional key words: augmentative release, biopesticide, microsatellite DNA marker, natural enemy,
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Introduction
Chemical control of agricultural pests always poses
a risk of them developing resistance to the pesticides.
Therefore, integrated pest management (IPM) is essential for the control of pests, and augmentative release of
natural enemies is one of the most important techniques
for IPM29. In Japan, natural enemies must be registered
as biopesticides when they are provided as commercial
products, and 16 species were registered and sold as biopesticides in September, 2008. Although the registered
species were exotic in the early stage of IPM, researchers

have focused recently on the indigenous natural enemies
to the pests, because such species are innately adapted to
the environment in Japan and unexpected nontarget effects
can be avoided by using indigenous species28.
The anthocorid bugs, particularly Orius spp. (Heteroptera: Anthocoridae), are the most promising biological control agents of various minute pests, such as thrips,
aphids and mites15. Among seven species in the genus
distributed in Japan, O. sauteri (L.), O. strigicollis (Poppius), O. minutus (L.), and O. nagaii Yasunaga are frequently found in the ﬁeld30-32. Among these four species,
O. sauteri has been investigated most often as a biological
control agent of thrips, and its effectiveness in suppress-
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ing thrips has been demonstrated both in the ﬁeld and in
greenhouses11,13,18,19. Because of the high incidence of reproductive diapause with short day length6,7,9,12,22 and low
reproduction and predation rates at low temperatures8,18,19,
however, O. sauteri is not suitable for use during the winter. In contrast, because of a lower incidence of reproductive diapause9,22 and the ease of mass production, O.
strigicollis was proposed as an effective biological control
agent and was registered as a biopesticide in 2001.
In biological control programs, it is essential to select
appropriate species and evaluate released strains. These
Orius species, however, are morphologically similar to
each other and difﬁcult to discriminate. Furthermore, released biopesticide strains cannot be distinguished easily
from ﬁeld populations. With the arrival of a vast array of
molecular methods, however, it is now possible to develop
a system to recognize different species and strains without
morphological expertise24. In this article, we review molecular markers by which Orius species can be identiﬁed
and evaluated, and describe our new understanding about
the distribution of Orius species in Japan.

Molecular identiﬁcation of Orius species and its
application
1. Molecular identiﬁcation techniques
Because several Orius species often occur sympatrically21, proper identiﬁcation of each species is necessary
for the evaluation of their efﬁcacy in biological control
programs. Males are usually identiﬁed by their genitalia after dissection, but this process is time-consuming
and identiﬁes only adult males. Therefore, a polymerase
chain reaction–restriction fragment length polymorphism
(PCR-RFLP) method was developed to discriminate ﬁve
Japanese Orius species4,17. This method is complicated,
however, because restriction enzyme treatment is required
after PCR amplification. Therefore, a multiplex PCR
method, allowing simultaneous ampliﬁcation of several
fragments in a single PCR reaction, was developed based
on the DNA sequences of nuclear ribosomal DNA by designing species-speciﬁc primers for the internal transcribed
spacer regions3. Based on tests of 350 individuals of ﬁve
Orius species (O. minutus, O. sauteri, O. strigicollis, O.
nagaii, and O. tantillus), these species could be clearly
distinguished by a single multiplex PCR reaction (Fig. 1).
This technique is simple and requires no procedures other

Fig. 1. Electrophoretogram of multiplex polymerase chain reaction for ﬁve Orius species and three prey species
PCR products of a single insect were applied to each lane. Only O. minutus showed PCR products longer than 800 bp.
Orius tantillus showed one band with a length of ca. 500 bp. Orius strigicollis, O. sauteri and O. nagaii showed two
bands, one longer than 600 bp, and a shorter band that depended on the species: longer than 400 bp (O. strigicollis),
between 400 and 200 bp (O. sauteri) and shorter than 200 bp (O. nagaii). Prey species did not show any bands. M:
molecular weight marker; 1-4: O. minutus; 5-9: O. strigicollis; 10-16: O. sauteri; 17-18: O. nagaii; 19: O. tantillus; 20:
Thrips palmi; 21: Ephestia kuehniella; 22: Tetranychus kanzawai; 23: no template DNA3.
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than PCR and subsequent electrophoresis, thus reducing
the cost of identifying species and increasing the number
of specimens that can be identiﬁed.
2. Geographic distribution of Orius strigicollis
Among the four major Orius species, only the distribution of O. strigicollis is limited to southwestern Japan.
However, their distribution areas and the factors limiting
them have not been surveyed in detail. By using molecular discrimination techniques as well as morphological
dissection, we identiﬁed Orius species collected on ﬂowers of the tall goldenrod, Solidago altissima L., in Kanto
district, east-central Japan, which is the northern limit of
the distribution of O. strigicollis23. The factor determining
this northern limit of O. strigicollis is the low temperature in winter23; the species is distributed in areas where
the daily minimum temperature in January is higher than
–1˚C on average and the number of days with a minimum
temperature lower than 0˚C was fewer than 50 days. Due

to this limitation, O. strigicollis is distributed only in the
coastal and urban areas in Kanto district.
In autumn from 2002 to 2007, we collected and identiﬁed Orius species from tall goldenrod ﬂowers throughout
southwestern Japan (Fig. 2). O. strigiciollis was found
only in coastal and urban areas. Interestingly, O. strigiciollis is the dominant species in southern Kyushu but it
is rarely distributed in northern Kyushu, where this species should be able to survive based on the temperature
in winter23. Because O. strigicollis is distributed in the
Okinawan islands, Taiwan and southern China as well31,
the species may have originated in the south of Japan or
more southern countries, with its distribution spreading
northward with recent climate warming23.
Conservation biological control, which manipulates
the environments in agro-ecosystems to enhance natural
enemies14, has recently attracted a great deal of attention
in Japan. The detailed information on the distribution of
Orius species described here will be necessary for the

Fig. 2. Species composition of Orius collected from ﬂowers of tall goldenrod, Solidago altissima, in autumn
from 2002 to 2007
The numbers of Orius adults identiﬁed are shown in circles. Orius strigicollis was found only in coastal
and urban areas in southwestern Japan. Arrows and the white square indicate ﬁeld populations and the
experimental sites (shown in Fig. 6).
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Fig. 3. Species composition of Orius collected from the various ﬂowers
The composition was significantly different among the height of the flowers on which
Orius species were collected (high: higher than 200 cm above the ground; mid: between 20
and 200 cm; low: less than 20 cm; Fisher’s exact test; p < 0.0001).
O.minutus,
O.strigicollis,
O.sauteri,
O.nagaii

proper conservation of these species and the management
of their habitat.
3. Vertical distribution of Orius species
We collected Orius adults from ﬂowers of a variety of
plants and identiﬁed them by male genitalia or molecular
techniques. Although O. sauteri, O. strigicollis, O. minutus, and O. nagaii can be found on a variety of plants, the
microhabitats of each species seem to be different (Fig. 3).
Orius sauteri adults were abundant on ﬂowers at less than
20 cm above the ground, such as white clover (Trifolium
repens L.). Orius minutus was mainly found on ﬂowers
higher than 200 cm above the ground, such as chestnut
(Castanea crenata Sieb. et Zucc.) and apple (Malus pumila
Mill.) trees, which was in accord with the previous observations31. Orius strigicollis tended to inhabit ﬂowers at
intermediate heights above the ground between 20 and 200
cm. The few O. nagaii individuals were found only on
low ﬂowers. The preference of these four species seems
to have no relation to plants or prey species.
To clarify whether O. sauteri, O. strigicollis and O.
minutus showed a differential distribution by height on the
same plant species, we investigated the species composition at different heights on mulberry (Morus alba L.) trees.
A mulberry ﬁeld (ca. 4,000 m2) was divided into four sections; the heights of trees were adjusted to high (180–190
cm) in two sections and low (70–80 cm) in the other sections by trimming. Orius individuals found within 15 cm
of the top of newly growing shoots were collected and
identiﬁed. The distribution of the three Orius species differed signiﬁcantly among heights (Fig. 4).
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Fig. 4. Differential distribution of three Orius species at the
different heights (high: 180–190 cm; low: 70–80 cm)
of Morus alba
The distributions of the species were significantly
different among heights (χ2-test; p < 0.01).

These ﬁndings allow the proposal of new usages of
Orius as biological control agents. For example, O. sauteri has a good possibility for biological control on lowheight plants, and O. minutus would be a good candidate
to control fruit tree pests. In fact, O. minutus was shown
to control two-spotted spider mites, Tetranychus urticae
Koch, in apple orchards25. These two species can play
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important roles in the situations where O. strigicollis cannot control pests effectively.

Intraspeciﬁc DNA markers of Orius strigicollis
1. Microsatellite DNA markers
Orius strigicollis is now widely used in Japan as a biological control agent in greenhouses29. Because O. strigicollis is common in the ﬁeld of coastal and urban areas,
it is difﬁcult to judge the effectiveness of released strains
in controlling pests. To discriminate among intraspeciﬁc
strains of O. strigicollis, we developed six microsatellite
DNA markers that distinguish ﬁeld and commercial populations2.
When genetic diversity within each ﬁeld population
collected on the tall goldenrod were tested, the inbreeding
coefﬁcient27 (FIS) was signiﬁcantly different from zero,
whereas biopesticide populations did not show such deviation. This indicated that the ﬁeld populations of O. strigicollis would generally show heterozygote deﬁcits. Orius
adults appear to immigrate into tall goldenrod habitats in
late autumn, attracted by herbivorous insects crowding on
the ﬂowers23. Thus, the heterozygote deﬁcits might result
from population genetic structures, such as the Wahlund
effect.
Genetic differentiation among populations was estimated by the ﬁxation index27 (FST) values. Field populations collected in geographically close areas showed
no genetic differentiation. In contrast, two biopesticide
strains were markedly differentiated genetically from any
field populations, revealing the high genetic specificity
of these strains. Speciﬁc alleles for biopesticide populations would be very useful for distinguishing released biopesticide from ﬁeld populations. No such speciﬁc alleles
were found, however, probably because the commercial
O. strigicollis populations were derived from somewhere
in Japan.
Biopesticide populations were also characterized by
signiﬁcantly less allelic richness than that of ﬁeld populations (Fig. 5). The biopesticide populations might have
lost genetic diversity through bottleneck effects and genet-

ic drift during laboratory rearing, as well as through possible selection during mass production. The importance of
quality control in mass-production procedures of biological
control agents has been recognized, and the genetic structure of laboratory populations is one of the most important
factors1. When several strains are reared, contamination
of different strains should be avoided. Some genetic effects such as bottleneck and genetic drift often reduce or
alter the attributes of reared populations. By quantifying
genetic composition within populations, such deterioration
can be easily monitored.
2. Post-release evaluation
The effectiveness of O. strigicollis as a biological
control agent released in a greenhouse was evaluated by
microsatellite markers20. Eggplants were planted in October 2002, and the population dynamics of Orius and thrips
were monitored until June 2003. A commercial strain of
O. strigicollis was released three times in the greenhouse
where an IPM program was conducted. In contrast to the
insecticide-sprayed greenhouse, in which thrips could not
be controlled after March, the density of thrips was at a
low level in the IPM greenhouse from October to June.
After the harvest, Orius collected in the greenhouses and
on weeds outside were identiﬁed by the multiplex PCR
method (Table 1). In the IPM greenhouse, almost all the
Orius individuals were O. strigicollis, and in the insecticide-sprayed greenhouse the dominant species was also
O. strigicollis. Outside of the greenhouses, however, the
most dominant species was O. nagaii, followed by O. sauteri. In this case, the O. strigicollis collected in the IPM
greenhouse should be descendants of the released strain;
however, it is also possible that wild O. strigicollis intruded into the greenhouses. We compared the microsatellite
allele frequencies of O. strigicollis collected from three experimental sites (the IPM greenhouse, insecticide-sprayed
greenhouse and weedy area), four ﬁeld populations in this
district (indicated by arrows in Fig. 2), and a released biopesticide population. The three experimental populations
were genetically very close to the biopesticide population,
whereas the ﬁeld populations were signiﬁcantly different

Table 1. Species composition of Orius collected at three experimental sites, where a
biopesticide strain was released in a greenhouse to control thrips on eggplants20
Site

O. strigicollis

O. sauteri

O. nagaii

n*

IPM greenhouse

91.7%

8.3%

0.0%

24

Insecticide-sprayed greenhouse

79.4%

17.6%

2.9%

34

Weedy area

29.0%

32.3%

38.7%

31

*n: Total number of Orius adults collected.
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Fig. 5. Example of allele frequencies of a microsatellite marker in Orius strigicollis
Allele frequencies of OstMS009 in two fields and two commercial
populations are shown. The number of alleles detected was greater in the
field populations than in the biopesticide populations. In a biopesticide
Oristar-A® (Sumitomo Chemical, Co. Ltd.), no polymorphisms were detected
in this locus2.
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so that the molecular ecological approach has not been established in biological control. Nevertheless, through the
recent development of isolation techniques33, microsatellite
markers have been developed for biological control agents,
especially in parasitoid wasps5,10,26.
By using molecular markers, the uncertain factors
that previously caused difficulties in biological control
programs can be measured quantitatively. We hope that
the molecular ecological approach reviewed here will be
developed and used more widely for the further development of IPM programs.
Fig. 6. Pairwise ﬁxation index (FST) among Orius strigicollis
populations
A: among field populations (collection sites are
shown in Fig. 2); B: between ﬁeld and experimental
sites; C: between ﬁeld populations and a biopesticide
population; D: among experimental sites; E: between
experimental sites and a biopesticide population.
When F ST is zero, the populations compared are
considered to be genetically identical20.

(Fig. 6). Therefore, the Orius strain collected in the IPM
greenhouse, which successfully controlled thrips, was not
a ﬁeld strain but the released biopesticide strain. These
results indicated that the preservation of released Orius
by reducing insecticide spray was important in controlling
thrips in the IPM program.

Conclusion and future remarks
Biological control programs often fail because of the
lack of understanding about the fundamental biology of
the biological control agents or its target pests, including
the population genetic structure, dynamics, overwintering, reproduction, and host preference16. Identiﬁcation of
species is the ﬁrst step in understanding such factors, but
this is sometimes difﬁcult due to the agents’ small size.
The advent of PCR, however, has allowed ampliﬁcation
of molecular markers from small amounts of DNA, even
from a single insect egg.
Molecular markers can also help us to evaluate the
effect of biological control agents at the intraspecific
level. For example, although small arthropods cannot be
observed directly during a long-term cultivation period,
inherited genetic markers can enable us to monitor them
over generations. Microsatellite DNA markers have been
widely employed in molecular ecological studies because
their high polymorphism makes the markers suitable for
studying intraspeciﬁc variation. However, microsatellite
markers are difﬁcult to isolate from the arthropod genome,
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