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Orius albidipennis (Heteroptera: Anthocoridae): Intraguild
predation of and prey preference for Neoseiulus cucumeris
(Acari: Phytoseiidae) on different host plants
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A widespread interaction in natural enemy populations is intraguild predation
(IGP), the intensity and outcome of which may be influenced by several factors.
This study examined the influence of host plant characteristics on IGP between
Orius albidipennis (Reuter) and Neoseiulus cucumeris (Oudemans) in laboratory
experiments. The intraguild predation between the two predators was bi-direc-
tional, but predation by N. cucumeris on O. albidipennis is presumably of negli-
gible importance. Orius albidipennis preyed upon mite eggs and adults in the ab-
sence of Thrips tabaci (Lindeman) (Thysanoptera: Thripidae), but in its presence
predation on mite eggs was abandoned and predation on adult mites unchanged
(sweet pepper) or reduced (eggplant, cucumber). The IGP-level of O. albidi-
pennis on N. cucumeris was highest on sweet pepper and lowest on cucumber. In-
clusion of host plant aspects in evaluations of the IGP potential between predators
intended for simultaneous applications for biocontrol is thus of importance.
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1. Introduction

Intraguild predation (IGP), defined as killing and
eating among potential competitors (Polis et al.
1989), is a widespread interaction in natural en-
emy populations which in recent years has been
investigated for a variety of species (Rosenheim
et al. 1993, Rosenheim et al. 1995). IGP, which
occurs when one species (the intraguild predator)
predates on and competes with another species
(the intraguild prey) over a shared prey (extra-
guild prey), may be uni-directional if just one of
the two predator species engages in intraguild
predation or bi-directional if both predators pre-
date each other.

IGP may affect the outcome of biological pest
control (Colfer & Rosenheim 2001). Especially
in greenhouses, it has become common practice
to apply several biocontrol agents simultaneously
not only against different pest species but also
against just one pest species, e.g. parasitoids and
gallmidges against aphids, parasitoids and mirids
against whiteflies and predatory mites and minute
pirate bugs against thrips. In some situations such
programmes have been unsuccessful, which by
some has been attributed to IGP among the simul-
taneously applied beneficials and a resulting re-
duction in biological control efficiency (Myers et
al. 1989, Rosenheim et al. 1993, Hindayana et al.
2001, Rosenheim 2005). Thus, Snyder and Ives
(2001) showed that generalist carabids inter-
rupted aphid population control by the parasitoid
Aphidius ervi (Haliday) (Hymenoptera: Braconi-
dae) in alfalfa; Rosenheim ef al. (1993) con-
cluded that the effective biocontrol of aphids ex-
erted by lacewing larvae was disrupted by the
presence of other predators like damsel bugs and
assassin bugs in cotton fields; and Rosenheim
(2005) found that Orius tristicolor (White)
(Heteroptera: Anthocoridae), which alone effec-
tively suppresses spider mite population in cotton
fields, often fails to prevent pest outbreaks when
other predators like Geocoris spp. (Heteroptera:
Lygacidae) are present. These examples illustrate
that evaluation of the IGP potential and intensity
among biocontrol agents is essential in the selec-
tion of appropriate combinations of beneficial
species for biological control (Meyling et al.
2004).

Different factors may influence on IGP inten-

sity and outcome for instance the relative size,
density and growth rate of intraguild and extra-
guild prey as well as predator aggressiveness, ac-
tivity and habitat characteristics (Polis et al.
1989; Lucas et al. 1998; Christensen et al. 2002,
Muller & Brodeur 2002, Walzer et al. 2004). Al-
though host plant characteristics may affect for
example prey growth rate (e.g. Madadi et al.
2006) and predator mobility (e.g. Rott & Ponson-
by 2000a, b) as well as determine the refuge pos-
sibilities for the prey (Finke & Denno 2006), the
influence of host plants on IGP has only been
scarcely investigated (Roda et al. 2000). For eval-
uation of the soundness of combining beneficial
species for biocontrol the IGP potential should
therefore not just be evaluated on a single host
plant, but on several of the plant species for which
the beneficial combination is intended to be ap-
plied.

In this study we investigated host plant effects
on the intraguild predation between two com-
monly used thrips predators: the minute pirate
bug O. albidipennis (Reuter) (Heteroptera: An-
thocoridae) and the predatory mite Neoseiulus
cucumeris (Oudemans) (Acari: Phytoseiidae), as
well as the consequent effect on the number of
extraguild prey consumed and the preference be-
tween intraguild and extraguild prey.

2. Material and methods

All experiments were done on three host plants:
cucumber (Cucumis sativa L., cv. Viking), sweet
pepper (Capsicum annuum L., cv. California
Wonder) and eggplant (Solanum melongena L.,
cv. Black Beauty). These host plants differ,
among other things, in the amount, shape and
length of the trichomes on their leaves (Fig. 1).
Sweet pepper is void of trichomes, while the tri-
chomes of cucumber are straight and those of
eggplant are umbrella shaped and entangled (Fig.
1). Even though the length of the cucumber tri-
chomes and the length of each arm of the eggplant
trichomes is approximately the same (ca. 0.5
mm), the shape of the eggplant trichomes result in
a larger trichome coverage of the leaf surface, as
clearly seen from Fig. 1. For comparison the
length of adult N. cucumeris is approx. 0.4 mm
(Zhang 2003) and that of first instar nymphs of O.
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Fig. 1. Scanning electron microscopic photos. —a. Cu-
cumber leaf surface (50x%). — b. Eggplant leaf surface
(200x%). — c. Sweet pepper leaf surface (50x%).

albidipennis ca. about 0.6 mm (Carnero et al.
1993).
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2.1. Predators and prey

Onion thrips, Thrips tabaci (Lindeman)
(Thysanoptera: Thripidae), was reared on bean
plants (Phaseolus vulgaris L. cv. Montano) in a
climate-controlled greenhouse room (25°C, 60%
RH, 16:8h L:D). When the two first leaves ap-
peared (three weeks after planting), their petioles
were cut and leaves subsequently placed in the
small vials (approx 20 ml) filled with water. The
vials were placed in Plexiglas containers
(19%14x8.5 cm) with lids ventilated with fine
mesh net. Synchronised cohorts of thrips were
made by placing adult thrips on these leaves and
transferring them to new ones after 24 hours.
Bean leaves containing thrips eggs were pre-
served in similar containers for 5 days for the de-
velopment of second instars, which were trans-
ferred to the experiments.

Predatory mites were supplied by EWH
BioProduction, Tapperngje, Denmark. Females
were taken from the shipments and placed on cu-
cumber leaf discs in small plastic containers (67
mm diameter; 57 ml volume) in a climate cabinet
at 25+1°C, 60+5% RH, 16:8h (L:D) (prey: mold
mites, Tyrophagus putrescentiae (Schrank)
(Acari: Acaridae)). Mite eggs used for experi-
ments were collected after 12h and positioned
randomly on the surface and trichomes of the leaf
discs used as experimental units. Adult females
used for experiments were max 48h old.

O. albidipennis, supplied by Bioplanet, Mar-
torano di Cesena, Italy, was collected in 1999 and
2002 from unsprayed open field zucchini, melon
and eggplant in Southwest Sicily (Gino Manza-
roli, pers. comm.). After receipt the bugs were
reared on Mediterranean flour moth eggs
(Ephestia kuehniella Zeller (Lepidoptera: Pyra-
lidae) supplied by EWH BioProduction) in venti-
lated glass jars (height 10 cm, diameter 7.5 cm)
with leaves of pilea (Pilea peperomioides Diels.)
supplied as oviposition substrate. Rearing took
place in a climate cabinet at the same conditions
as above.

2.2. Experimental unit

Leaf discs (4 cm diameter) cut from mature leaves
of each of the three host plants were chosen as ex-
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perimental units. Each leaf disc was positioned
upside down on moist filter paper (to prevent
thrips larvae from escaping) and placed in a plas-
tic container (67 mm diameter and 57 ml volume)
ventilated through a hole in the lid.

2.3. Intraguild predation experiments

All the experiments described below were con-
ducted separately on each host plant in climate
cabinets at 25+1°C, 60+5% RH. After termina-
tion of the experiments the numbers of dead and
live individuals were recorded. 15 replicates were
made of each experiment and the corresponding
control.

Since we suspected that the possible IGP in-
teraction between N. cucumeris and O. albidi-
pennis would be unidirectional with the latter be-
ing the intraguild predator, we first examined if NV.
cucumeris would be able to predate on O. albidi-
pennis by testing the predation by the largest and
most voracious stage of the mite (adult females)
on the most vulnerable stage of the bug (first
instar nymphs). Ten adult female mites were
placed on each leaf disc together with one first
instar O. albidipennis nymph. Controls consisted
of leaf discs each with just one O. albidipennis
nymph.

The second part of the experiments examined
the predation of adult female O. albidipennis on
various stages of the predatory mite with or with-
out access to thrips. The following combinations
of species were tested in experiments lasting 8h in
8:0h light:dark conditions (experiments 1-3) or
24h in 16:8h light:dark (experiments 4-8):

1) One female of O. albidipennis, 30 eggs of N.
cucumeris.

2) One female of O. albidipennis, 30 eggs of N.
cucumeris, 50 second instar 7. tabaci.

3) 30 eggs of N. cucumeris (control).

4) One female of O. albidipennis, 40 adult N.
cucumeris.

5) One female of O. albidipennis, 40 adult N.
cucumeris, 90 second instar 7. tabaci.

6) 40 adult N. cucumeris (control).

7) 40 adult N. cucumeris, 90 second instar 7.
tabaci (control).

8) 90 second instar 7. tabaci (control).

2.4. Data analyses

All data were tested for normality and non-para-
metric tests were used whenever data could not be
normalised. Prior to analysis observed mortality
was corrected for the mortality in the control with
Abbott’s formula (Abbott 1925).

For analysing the effect of the host plant on
the preference of O. albidipennis between second
instar 7. tabaci and eggs of N. cucumeris Manly’s
preference index (Cock 1978) was calculated for
each host plant and subsequently compared by
Fisher-Behrens test with Manly’s preference in-
dex being:

- Log(})
Log (7)) +Log ()

O

1

where f3, is the preference to prey typel (here N.
cucumeris) e and e, are the number of prey typel
and type2 remaining after the experiment, 4 and
A, is the number of prey typel and type2 pre-
sented to the predator. If the preference index is
close to 1, the predator prefers prey typel and if
close to 0 the prey type2 is preferred. An index
value close to 0.5 indicates no preference, i.e. pre-
dation is random. Manly’s index is the most ap-
propriate in the present case, since it applies to
data originating from experiments where killed
prey items are not replaced (Cock 1978; Sherratt
& Harvey 1993).

3. Results
3.1. Mortality of Neoseiulus cucumeris

Contrary to our expectations, the IGP interaction
between N. cucumeris and O. albidipennis was
not completely unidirectional with just the latter
species acting as intraguild predator —between 21
and 33% of the first instar O. albidipennis
nymphs died when exposed singly to 10 adult
mites. This mortality was significantly different
from the mortality in the control for sweet pepper
(Chi-square test: y*=6; df=1, p=0.014) and cu-
cumber (Chi-square test: x*=6; df=1, p=0.014),
but not for eggplant (Chi-square test: ¢*=1.934;
df=1; p=0.16). Personal observations (H. Mada-
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Table1. Comparison of the mortality of eggs and adults of Neoseiulus cucumeris with the mortality in the controls

on the three host plants (Kruskal-Wallis test, df=1).

Sweet pepper Eggplant Cucumber
1 p 1 p 1 p
Egg 22.7 <0.0001 22.7 <0.0001 221 <0.0001
Adult 24.3 <0.0001 234 <0.0001 23.7 <0.0001

Table 2. Average mortality of Neoseiulus cucumeris expressed as number of killed individuals (+S.E.) in the dif-
ferent species combinations at three different host plants. The mortality is corrected for the mortality in the control
(i.e. N. cucumeris alone). Oa = Orius albidipennis; Nc = Neoseiulus cucumeris; Tt. = Thrips tabaci. Means within
a row followed by the same letter are not significantly different (p>0.05). Diff. gives the p-value for the difference

between the means in the two preceding rows.

Combination Host plant

Sweet pepper Eggplant Cucumber
Oa + Nceggs' 16.6+2.6 a 15.9+1.5a 10.0¢1.9 a
Oa+Nceggs+ Tt 1.1£05a 0.4+0.174 a 0.3+0.138 a
Diff. p<0.0001 p<0.0001 p<0.0001
Oa + Nc adults 2 34.2+1.05 a 34.0+0.96 a 245212 b
Oa + Nc adults + Tt 2 34.6+0.60 a 26.8+1.39b 17.7¢1.42 ¢
Diff. p>0.05 p<0.0001 p<0.05

1) The experiments lasted 8h; 2) the experiments lasted 24h.

di) confirmed that these higher numbers of dead
Orius nymphs were a result of predation from .
cucumeris (Fig. 2). Comparison of the number of
dead mites observed in this experiment with the
mite mortality in experiment 6 revealed signifi-
cant differences for all host plants (Kruskal-
Wallis test: eggplant: x?=5.503, df=1, p=0.019;
cucumber: 1*=9.022, df=1, p=0.003; sweet pep-
per: x*=6.439, df=1, p=0.011) indicating that the
nymphs of O. albidipennis are able to predate on
adult mites.

The results of the experiments on the intra-
guild predation capacity of adult O. albidipennis
on predatory mites demonstrated that the pirate
bug in the absence of the extraguild prey (7.
tabaci) preyed upon both eggs and adults of N.
cucumeris — the mite mortality in combinations
with the pirate bug was significantly different
from the control (control mortalities (+ s.e): N.
cucumeris eggs on sweet pepper 0.07+0.067 %;
on egg plant 0.33+0.21 %; on cucumber
0.13+0.091; N. cucumeris adults: on sweet pep-
per 0.4+0.632 %; on egg plant 0.4+0.632 %; on

cucumber 0.12+0.368 %) for all host plants
(Table 1).

With the extraguild prey present O. albidi-
pennis completely abandoned predation of mite

Fig. 2. Predation by three adult Neoseiulus cucumeris
on a first instar nymph of Orius albidipennis (Photo:
H. Madadi).
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eggs, the mortality of which was no longer signif-
icantly different from that in the control (Kruskal-
Wallis test: p>0.05) irrespective of the host plant
species (Table 2). However, O. albidipennis still
displayed its characteristic as a mite predator to-
wards adult mites on all host plants in the pres-
ence of thrips (Table 2) with an unchanged preda-
tion on sweet pepper (Two-tailed Wilcoxon
Mann-Whitney test: Z=0.524, p=0.30) and a
significantly reduced predation on eggplant and
cucumber (#-test: cucumber: =2.67; p=0.013;
eggplant: =4.27 p=0.0002; Table 2).

Direct comparison between the predation of
O. albidipennis on mite eggs and adults, respec-
tively, is not possible due to differences in the
length of the experimental period — however, an
indication of the amount of predation on these
two mite stages can be obtained by assuming that
egg predation would have attained twice the ob-
served values had the experiments run for a full
24h (assuming that O. albidipennis only engage
in predation under lighted conditions). Fig. 3
presents the thus estimated predation.

Host plant had a significant influence on the
intraguild predation by O. albidipennis on adults
of the predatory mite (Table 2) both in the pres-
ence (ANOVA: F=50.21; df<2, p<0.0001) and in
the absence of thrips (Kruskal-Wallis test:
%*=15.369, df=2, p=0.0005; Table 2). In the ab-
sence of extraguild prey predation on adult mites
was lowest on cucumber, and of the same magni-
tude on the two other host plants, but access to
both prey species reduced intraguild predation
significantly on eggplant and cucumber, resulting

in significant differences in predation level be-
tween all three host plants (Table 2). Contrary to
this the intraguild predation on mite eggs, occur-
ring only in the absence of thrips, was not influ-
enced by the host plant species (Kruskal-Wallis
test: ¢*=5.72, df=2, p=0.057; Table 2).

3.2. Thrips mortality

Thrips mortality in the presence of either or both
of the predators was in all experiments signifi-
cantly different from the control (Chi-square test:
p<0.001). The mortality imposed on thrips from
O. albidipennis in the presence of N. cucumeris
eggs (which were not predated upon) was not sig-
nificantly different on the three host plants
(ANOVA: F=0.66, df=2, p=0.52) while the mor-
tality inflicted by adult predatory mite alone was
significantly different (ANOVA: F=27.71, df=2,
p<0.0001) being highest on eggplant and lowest
on sweet pepper (Table 3).

Thrips mortality in the presence of both pred-
ators was only significantly increased on sweet
pepper compared to the mortality inflicted by
adult predatory mites alone, with the resulting
combined predation on thrips being uninfluenced
by the host plant species (Kruskal-Wallis test:
¥ *=2.547, df=2, p=0.28; Table 3).

O. albidipennis showed a significant prefer-
ence (t-test: p<0.001) for thrips over predatory
mite eggs on all three host plants, the preference
index (+S.E.) being 0.015 (£0.006), 0.039
(£0.020) and 0.014 (+0.007) for the cucumber,
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Table 3. Average mortality of second instar Thrips tabaci expressed as number of killed individuals (£S.E.) in the
different species combinations at three different host plants. The mortality is corrected for the mortality in the con-
trol (i.e. T. tabaci alone). Oa = Orius albidipennis; Nc = Neoseiulus cucumeris; Tt. = Thrips tabaci. Means within a
row followed by the same letter are not significantly different (p>0.05). Diff. gives the p-value for the difference

between the means in the two preceding rows.

Combination Host plant

Sweet pepper Eggplant Cucumber
Oa+Nceggs + Tt' 27.2+2.39 a 30.93+1.63 a 33.87+1.76 a
Oa + Nc adults + Tt 2 63.6+2.26 a 67.53+2.97a 68.0+2.34 a
Nc adults + Tt 2 35.4+2.93 a 66.67+2.17 b 56.7+2.1 ¢
Diff. p<0.001 p>0.05 p>0.05

1) The experiments lasted 8h; 2) The experiments lasted 24h.

sweet pepper and eggplant, respectively, without
any differences between host plants (Fisher-
Behrens test: p>0.05).

4. Discussion
4.1. Mortality of Neoseiulus cucumeris

Our study demonstrated that the intraguild inter-
actions between O. albidipennis and N. cucu-
meris were not as unidirectional as anticipated
since adult predatory mites were able to prey
upon first instars of the pirate bug. However, con-
sidering the similarity in size between first instar
nymphs of O. albidipennis and second instar 7.
tabaci (Fig. 2) combined with the general poly-
phagous nature of N. cucumeris (e.g. McMurtry
& Croft 1997) this is perhaps not so surprising af-
ter all, although no other study to our knowledge
has reported predation by predatory mites on pi-
rate bugs. The magnitude of intraguild predation
from N. cucumeris on first instar nymphs of the
pirate bug was relatively low. In addition, we do
not expect that the mites will be able to prey on
larger instars of O. albidipennis due to their in-
creased size and defence capabilities. Conse-
quently we judge that impact of intraguild preda-
tion from mites on pirate bug populations will be
negligible.

The present results have, for the first time,
demonstrated that adult O. albidipennis is an
intraguild predator of predatory mites, a charac-
teristic also documented for other species of

Orius against mites, as well as against other bene-
ficials like O. majusculus (Reuter) (Christensen
et al. 2002, Jakobsen et al. 2002, Brodsgaard &
Enkegaard 2005); O. insidiosus (Say) (Ramakers
1993, Sanderson et al. 2005); O. laevigatus
Fieber (Wittmann & Leather 1997) and O. tristi-
color (White) (Cloutier & Johnson 1993). Intra-
guild predation by O. albidipennis on predatory
mite eggs only occurred in the absence of extra-
guild prey, presumably caused by an affinity of O.
albidipennis for the larger and mobile thrips,
whereas adult mites were preyed on both in ab-
sence and presence of thrips, although the level of
intraguild predation on two of the host plants was
significantly reduced in the latter case. Similar re-
ductions in the level of intraguild predation as a
result of addition of extraguild prey have also
been reported by others (e.g. Sengonca & Frings
1985, Gillespie & Quiring 1992, Cloutier &
Johnson 1993, Lucas et al. 1998, Hindayana et al.
2001, Christensen et al. 2002). The level of
intraguild predation, as well as the influence of
extraguild prey, seen in this study is generally
comparable to that reported for O. tristicolor
preying on N. cucumeris (Gillespie & Quiring
1992) and for O. majusculus preying upon
Iphiseius degenerans Berlese (Acarina: Phyto-
seiidae) (Brodsgaard & Enkegaard 2005).

The host plant species affected the level of
intraguild predation of O. albidipennis on adult
predatory mites but not on mite eggs. The level of
intraguild predation was lowest on cucumber, the
medium trichomed host plant. This is contrary to
our expectations, namely that the dense and long
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trichomes of eggplants would offer the highest
degree of protection to the predatory mites or, al-
ternatively, impede the movements of O. albidi-
pennis the most. Trichome density has been
shown by Roda et al. (2000) to influence intra-
guild predation levels on Typhlodromus pyri
Scheuten (Acari: Phytoseiidae) eggs by the west-
ern flower thrips Frankliniella occidentalis
(Pergande) (Thysanoptera: Thripidae) with a sig-
nificantly reduced IGP on pubescent apple leaves
compared to glabrous leaves.

4.2. Thrips mortality

The level of thrips predation by O. albidipennis
which seems comparable to its predation on the
larger-sized larvae of F occidentalis (Blaeser et
al. 2004), was uninfluenced by the host plant spe-
cies, which, however, significantly affected
thrips predation by N. cucumeris, a phenomenon
also described by other authors for the same
(Brown et al. 1999) or other species of phyto-
seiids (e.g. Koveos & Broufas 2000, Rott &
Ponsonby 2000b). Surprisingly, thrips predation
by N. cucumeris was lowest on the smooth leaved
sweet pepper and highest on the densely tricho-
med eggplant. Trichomes therefore do not seem
to provide refuges for the thrips or to impede the
movement of the predatory mites, and other host
plant characteristics must be consequently re-
sponsible for the observed differences.

Thrips mortality in the presence of both pred-
ators did not differ from thrips mortality inflicted
by adult predatory mites alone, except on sweet
pepper. This result is puzzling in view of the fact
that O. albidipennis reduced mite populations the
most and that N. cucumeris preyed the least on
this particular host plant. However, the result in-
dicates — together with the fact that sweet pepper
is a poor host plant for 7' tabaci compared with
eggplant and cucumber (Madadi et al. 2006) —
that only on sweet pepper will it be beneficiary to
apply both predators compared to relying solely
on predatory mites for thrips control.

The present findings indicate that the intra-
guild predation that becomes possible at a simul-
taneous application of the two thrips predators
may cause a decline in the predatory mite popula-
tion and thus result in a thrips biocontrol that is

less than additive (sweet pepper) or cancelling
out (eggplant, cucumber). However, caution must
of course be taken when results from small scale
laboratory experiments are used to predict inter-
action outcomes under greenhouse conditions.
Among other things cutting leaves may affect
trichome erectness and the chemical composition
of'the leaves, which in turn may influence the bio-
logy of the observed species. Consequently, addi-
tional more long termed studies under more prac-
tical conditions are needed to further elucidate the
practical implications of the intraguild relation-
ship between O. albidipennis and N. cucumeris.

Acknowledgements. This project was done in Denmark
during a sabbatical leave of the first author. We thank tech-
nician Steen Meier for preparing the plant material. Dr.
Jose Bresciani, Department of Ecology, University of Co-
penhagen, Faculty of Life Sciences, Denmark, is gratefully
acknowledged for assisting with scanning electron micros-
copy. The first author is indebted to Gitte Christiansen for
her kind assistance during the experiments. This research
was supported by the University of Tehran, Vice Chancel-
lor for research, project no.718/3/742 and the University of
Aarhus, Faculty of Agricultural Sciences.

References

Abbott, W. S. 1925: A method of computing the effective-
ness of an insecticide. — J. Econ. Entomol. 18: 265—
268.

Blaeser, P., Sengonca, C. & Zegula, T. 2004: The potential
use of different predatory bug species in the biological
control of Frankliniella occidentalis (Pergande) (Thy-
sanoptera: Thripidae). — J. Pest Sci. 77: 211-219.

Brown, A. S. Scott, Simmonds, M. S. J. & Blaney, W. M.
1999: Influence of host plants on the predation of
thrips by Neoseiulus cucumeris, Iphiseius degenerans
and Orius laevigatus. — Entomol. Exp. Appl. 92:
283-288.

Bredsgaard, H. F. & Enkegaard, A.2005: Intraguild preda-
tion between Orius majusculus (Reuter) (Hemiptera:
Anthocoridae) and Iphiseius degenerans Berlese
(Acarina: Phytoseiidac). — IOBC-WPRS Bulletin
28(1): 19-22.

Carnero, A., Pena, A., Perez-Pardon, F., Garrido, C. &
Garcia, M. H. 1993: Bionomics of Orius albidipennis
Reuter and Orius limbatus Wagner. — IOBC-WPRS
Bulletin 16(2): 27-30.

Christensen, R. K., Enkegaard, A. & Brodsgaard, H. F.
2002: Intraspecific interactions among the predators
Orius majusculus and Aphidoletes aphidimyza. —
IOBC-WPRS Bulletin 25(1): 57-60.

Cloutier, C. & Johnson, S. G. 1993: Predation by Orius
tristicolor (Hemiptera: Anthocoridae) on Phytoseiu-



40

lus persimilis (Acarina: Phytoseiidae): testing for
compatibility between biocontrol agents. — Environ.
Entomol. 22: 477-482.

Cock, M. J. W. 1978: The assessment of preference. — J.
Anim. Ecol. 47: 805-816.

Colfer, R. G. & Rosenheim, J. N. 2001: Predation on im-
mature parasitoids and its impact on aphid suppres-
sion. — Oecologia 126: 292-304.

Finke, D. L. & Denno, R. F. 2006: Spatial refuge from in-
traguild predation: implications for prey suppression
and trophic cascades. — Oecologia 149: 265-275.

Gillespie, D. R. & Quiring, D. J. M. 1992: Competition
between Orius tristicolor (White) (Heteroptera: An-
thocoridae) and Amblyseius cucumeris (Oudemans)
(Acari: Phytoseiidae) feeding on Frankliniella occi-
dentalis (Pergande) (Thysanoptera: Thripidae). —
Can. Entomol. 124: 1123-1128.

Hindayana, D., Meyhofer, R., Scholz, D. & Poehling. H.
M. 2001: Intraguild predation among hoverfly, Epi-
syrphus balteatus de Geer (Diptera: Syrphidae) and
other aphidophagous predators. — Biol. Control 20:
236-246.

Jakobsen, L., Enkegaard, A. & Bredsgaard, H. F. 2002:
Interactions between the two polyphagous predators
Orius majusculus and Macrolophus caliginosus. —
IOBC-WPRS Bulletin 25(1): 115-118.

Koveos, D. S. & Broufas, G. D. 2000: Functional response
of Euseius finlandicus and Amblyseius andersoni to
Panonychus ulmi on apple and peach leaves in the la-
boratory. — Exp. Appl. Acarol. 24: 247-256.

Lucas, E., Coderre, D. & Brodeur, J. 1998: Intraguild pre-
dation among aphid predators: characterization and in-
fluence of extraguild prey density. — Ecology 79:
1084-1092.

Madadi, H., Kharrazi-Pakdel, A., Ashouri, A. & Mohag-
hegh, J. 2006: (Life history parameters of Thrips taba-
ci (Thys.: Thripidae) on cucumber, sweet pepper and
eggplant under laboratory conditions.) — Journal of
Entomological Society of Iran 25: 45—-62. [In Persian;
English abstract].

McMurtry, J. A., & Croft, B. A. 1997: Life-styles of phyto-
seiid mites and their roles in biological control. — An-
nu. Rev. Entomol. 42: 291-321.

Meyling, N. V., Enkegaard, A. & Bredsgaard, H. F. 2004:
Intraguild predation by Anthocoris nemorum (Hete-
roptera: Anthocoridae) on aphid parasitoid Aphidius
colemani (Hymenoptera: Braconidae). — Biocontrol
Sci. Techn. 14: 627-630.

Muller, C. B. & Brodeur, J. 2002: Intraguild predation in
biological control and conservation biology. — Biol.
Control 25: 216-223.

Myers, J. H., Higgins, C. & Kovacs, E. 1989: How many
insect species are necessary for the biological control
of insects? — Environ. Entomol. 18: 541-547.

Polis, G. N., Myers, C.N. & Holt, R. D. 1989: The ecology
and evolution of intraguild predation: potential com-
petitors that eat each other. — Annu. Rev. Ecol. Syste-
mat. 20: 297-330.

Ramakers, P. M. J. 1993: Coexistence of two predators, the

Madadi et al. + ENTOMOL. FENNICA Vol. 19

anthocorid Orius insidiosus and the phytoseiid Ambly-
seius cucumeris on sweet pepper. — IOBC-WPRS
Bulletin 16: 133—136.

Roda, A., Nyrop, J., Dicke, M. & English-Loeb, G. 2000:
Trichomes and spider-mite webbing protect predatory
mite eggs from intraguild predation. — Oecologia
125: 428-435.

Rosenheim, J. N. 2005: Intraguild predation of Orius tristi-
color by Geocoris spp. and the paradox of irruptive
spider mite dynamics in California cotton. — Biol.
Control 32: 172-179.

Rosenheim, J. N., Wilhoit, L. R. &. Armer, C. N. 1993: In-
fluence of intraguild predation among generalist insect
predators on the suppression of an herbivore popula-
tion. — Oecologia 96: 439—449.

Rosenheim, J. N., Kaya, H. K., Ehler, L. E., Marois, J. J. &
Jaffee, B. N. 1995: Intraguild predation among biolo-
gical-control agents: theory and evidence. — Biol.
Control 5: 303-335.

Rott, A. S. & Ponsonby, D. J. 2000a: The effects of tempe-
rature, relative humidity and host plant on the beha-
viour of Stethorus punctillum as a predator of the two-
spotted spider mite, Tetranychus urticae. — Biocon-
trol 45:155-164.

Rott, A. S. & Ponsonby, D. J. 2000b: Improving the control
of Tetranychus urticae on edible glasshouse crops
using a specialist coccinellid (Stethorus punctillum
Weise) and a generalist mite (Amblyseius californicus
McGregor) as biocontrol agents. — Biocontrol Sci.
Techn. 10: 487-498.

Sanderson. J., Brodsgaard, H. F. & Enkegaard, A 2005:
Preference assessment of two Orius spp. for Neoseiu-
lus cucumeris vs. Frankliniella occidentalis. —
IOBC-WPRS Bulletin 28(1): 221-224.

Sengonca, C. & Frings, B. 1985: Interference and competi-
tive behaviour of the aphid predators, Chrysoperla
carnea and Coccinella septempunctata in the labora-
tory. — Entomophaga 30: 245-251.

Sherratt, T. S. & Harvey, I. 1993: Frequency-dependent fo-
od selection by arthropods: a review. — Biol. J. Linn.
Soc. 48: 167-186.

Snyder, W. E. & Ives, A. R.2001: Generalist predators dis-
rupt biological control by a specialist parasitoid. —
Ecology 82: 705-716.

Walzer, N., Paulus, H. F. & Schausberger, P. 2004: Ontoge-
netic shifts in intraguild predation on thrips by phyto-
seiid mites: the relevance of body size and diet specia-
lization. — Bull. Entomol. Res. 94: 577-584.

Wittmann, E. J. & Leather, S. R. 1997: Compatibility of
Orius laevigatus Fieber (Hemiptera: Anthocoridae)
with Neoseiulus (Amblyseius) cucumeris Oudemans
(Acari: Phytoseiidae) and Iphiseius (Amblyseius) de-
generans Berlese (Acari: Phytoseiidae) in the biologi-
cal control of Frankliniella occidentalis Pergande
(Thysanoptera: Thripidae). — Exp. Appl. Acarol. 21:
523-538.

Zhang, Z.Q. 2003: Mites of greenhouses. identification,
biology and control. — CABI Publishing, Cambridge.
244 pp.



