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Abstract Interaction between a predator and a parasit-
oid attacking ant-attended aphids was examined in a
system on photinia plants, consisting of the aphid Aphis
spiraecola, the two ants Lasius japonicus and Pristo-
myrmex pungens, the predatory ladybird beetle Scymnus
posticalis, and the parasitoid wasp Lysiphlebus japonicus.
The ladybird larvae are densely covered with waxy
secretion and are never attacked by attending ants. The
parasitoid females are often attacked by ants, but suc-
cessfully oviposit by avoiding ants. The two ants differ in
aggressiveness towards aphid enemies. Impacts of the
predator larvae and attending ant species on the number
of parasitoid adults emerging from mummies per aphid
colony were assessed by manipulating the presence of
the predator in introduced aphid colonies attended by
either ant. The experiment showed a significant negative
impact of the predator on emerging parasitoid numbers.
This is due to consumption of healthy aphids by the
predator and its predation on parasitized aphids con-
taining the parasitoid larvae (intraguild predation).
Additionally, attending ant species significantly affected
emerging parasitoid numbers, with more parasitoids in
P. pungens-attended colonies. This results from the
lower extent of interference with parasitoid oviposition
by the less aggressive P. pungens. Furthermore, the
predator reduced emerging parasitoid numbers more
when P. pungens attended aphids. This may be ascribed
to larger numbers of the predator and the resulting
higher levels of predation on unparasitized and para-
sitized aphids in P. pungens-attended colonies. In con-
clusion, a negative effect of the predator on the
parasitoid occurs in ant-attended aphid colonies, and the
intensity of the interaction is affected by ant species.
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Introduction

Many species of predators and parasitoids exploiting
honeydew-producing homopterans such as aphids, scale
insects and membracids are heavily attacked and ex-
cluded by ants attending the homopterans (e.g., Bartlett
1961; Banks 1962; Bristow 1984; Cushman and Whi-
tham 1989; Vinson and Scarborough 1991; Jiggins et al.
1993; Itioka and Inoue 1996). However, some species of
predators and parasitoids are able to utilize the hom-
opterans that ants are guarding, through behavioral,
chemical and/or morphological adaptations to avoid ant
aggression (Pontin 1959; Eisner et al. 1978; Takada and
Hashimoto 1985; Majerus 1989; Völkl 1992, 1995, 1997;
Völkl and Vohland 1996; Völkl and Mackauer 2000;
Barzman and Daane 2001). Additionally, honeydew-
collecting ants provide such ‘‘ant-adapted’’ predators
and parasitoids with protection from predators, parasi-
toids or hyperparasitoids (Völkl 1992, 1995; Cudjoe
et al. 1993; Novak 1994; Kaneko 2002). Ant-adapted
enemies exhibit preferential distribution for ant-attended
homopteran colonies (e.g., Völkl 1992, 1995; Völkl and
Stechmann 1998), possibly due to ant protection of their
resources against their competitors and protection of
themselves from their enemies. However, homopteran-
attending ants are limited in number (Addicott 1978;
Cushman and Addicott 1989; Cushman and Whitham
1991; Fischer et al. 2001), hence limiting the number of
ant-attended homopteran colonies. Therefore, there is a
possibility that ant-adapted predators and parasitoids
compete for common resources in ant-attended
homopteran colonies.

Predators and parasitoids sharing a prey/host insect
species interact with each other in diverse manners (e.g.,
Fritz 1982; Abrahamson et al. 1989; Tscharntke 1992;
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Losey et al. 1997; Taylor et al. 1998). Parasitized insects
that contain the immature stages (egg, larva and pupa)
of parasitoids internally are often consumed by preda-
tors (e.g., Tostowaryk 1971; Rees and Onsager 1982;
Jones 1987; Stark and Hopper 1988; Rosenheim et al.
1995). This type of predation is a form of intraguild
predation (Polis et al. 1989). Intraguild predation on
immature parasitoids has also been reported in many
homopterans (Hagen and van den Bosch 1968; Wheeler
et al. 1968; Quezada and DeBach 1973; Hoelmer et al.
1994; Novak 1994; Ferguson and Stiling 1996; Snyder
and Ives 2001). Intraguild predation on immature par-
asitoids has a significant influence on parasitoid survival
(Rosenheim et al. 1995; Brodeur and Rosenheim 2000;
Meyhöfer and Hindayana 2000; Colfer and Rosenheim
2001; Snyder and Ives 2001). It is therefore hypothesized
that the presence of ant-adapted predators reduces the
number of parasitoid adults emerging from mummies in
ant-attended homopteran colonies, through consump-
tion of healthy homopterans as the parasitoids’ hosts
and through intraguild predation on immature parasi-
toids.

Different species of ants attending a homopteran
species show different levels of aggressiveness against the
homopteran’s enemies and thereby different extents of
interference with prey consumption by predators and
oviposition by parasitoids (Bristow 1984; Buckley and
Gullan 1991; Cudjoe et al. 1993; Völkl and Mackauer
1993; Stechmann et al. 1996; Itioka and Inoue 1999;
Kaneko 2003a, b). Therefore, the effect of ant-adapted
predators on the number of emerging parasitoids may
differ depending on the ant species attending the
homopteran.

In order to test the two hypotheses stated above, a
field experiment was conducted on the plant Fraser
photinia Photinia · fraseri Dress. (Rosaceae) harboring
an aphid-centered system consisting of the spirea aphid
Aphis spiraecola Patch (Homoptera: Aphididae), the two
ants Lasius japonicus Santschi and Pristomyrmex pun-
gens Mayr (both Hymenoptera: Formicidae), the small-
sized predatory ladybird Scymnus posticalis Sicard
(Coleoptera: Coccinellidae), and the parasitoid wasp
Lysiphlebus japonicus Ashmead (Hymenoptera: Aphi-
diidae). The ladybird larvae and the parasitoid females
are observed foraging more often in ant-attended than in
unattended aphid colonies (Kaneko 2002). The ladybird
larvae, which are densely covered with waxy secretion,
are never attacked by aphid-attending ants (Kaneko
2002). Foraging females of the parasitoid are often at-
tacked by ants, but successfully oviposit into aphids by
moving swiftly and avoiding encounters with
approaching ants (Kaneko 2002). The ladybird larvae
prey on living parasitized aphids, though they cannot
attack mummified aphids (Kaneko 2002). Workers of
the ant P. pungens are less aggressive than those of the
ant Lasius japonicus (Itioka and Inoue 1999), so that the
parasitoid females stay longer and lay more eggs in P.
pungens-attended than in Lasius japonicus-attended
aphid colonies (Kaneko 2003a). In addition, more larvae

of the ladybird were found in P. pungens-attended aphid
colonies (Kaneko 2003a). Thus, this system is suitable to
examine interactions between ant-adapted predators and
parasitoids in homopteran colonies attended by different
ant species. In this paper, I assess impacts of the pred-
atory ladybird larvae and attending ant species on the
number of parasitoid adults emerging from mummies in
aphid colonies by manipulating the presence of the
ladybird larvae in aphid colonies attended by either ant.

Methods

Study organisms

The Fraser photinia Photinia · fraseri (variety ‘‘Red
Robin’’) was raised in New Zealand, as a hybrid between
P. glabra (Thunb.) Maxim. and P. serratifolia (Desf.)
Kalkman. It is a medium-to-large sized evergreen shrub
often used as a hedge plant. Brilliant red young shoots
emerge in spring to summer in central Japan.

The spirea aphid Aphis spiraecola infests various
plant species and is known as a harmful pest of tree
fruits such as citrus, apple and Japanese pear (Moritsu
1983). It feeds on the phloem sap of young shoots and
forms dense colonies, consisting of nymphs and adults,
on the upper parts of shoots and on the lower surface of
expanding leaves. The aphid is attacked by many species
of predators and parasitoids (Korenaga et al. 1992).

The two ants Lasius japonicus [formerly described as
Lasius niger (Linnaeus) in Japan] and Pristomyrmex
pungens attend various species of honeydew-producing
insects, and both ants attack and exclude many enemies
of honeydew-producers (e.g., Itioka and Inoue 1999;
Kaneko 2003a, b; Katayama and Suzuki 2003). In this
paper, the names of the ant Lasius japonicus and the
parasitoid Lysiphlebus japonicus are not abbreviated to
avoid confusion.

The parasitoid wasp Lysiphlebus japonicus is a soli-
tary endoparasitoid and a generalist species that attacks
chiefly aphids belonging to the genera Aphis and Tox-
optera (Takada 1968; Takanashi 1990). The parasitoid
larvae mummify spirea aphids 6–7 days after being
deposited, and the adults emerge form the mummies 3–
4 days after mummification in early summer (S. Kane-
ko, unpublished observation).

The predatory ladybird Scymnus posticalis attacks
many species of aphids. The adult females lay eggs inside
or in the vicinity of aphid colonies, and the larvae re-
quire 5–6 days to pupate in early summer (S. Kaneko,
unpublished observation).

Experimental design

I experimentally verified the two hypotheses stated
above by manipulating the presence of larvae of the
ladybird S. posticalis in aphid colonies attended by the
two ant species on photinia shoots. The experiment was
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conducted using a photinia hedge (1.5 m ·30 m) in
Shizuoka City, central Japan. Some individuals of the
aphid A. spiraecola were found on the hedge, but they
were removed using a paintbrush on 16 June 2005. A
total of 28 A. spiraecola colonies were then introduced
onto young photinia shoots; the distance between the
introduced shoots was 0.3–0.7 m and the number of
aphids per colony ranged from 20 to 50. Of the 28 col-
onies, 14 colonies were attended by the ant Lasius
japonicus and the remaining 14 colonies were attended
by another ant, P. pungens.

A single second-instar larva of the predator S.
posticalis was released into each of 14 aphid colonies (7
colonies for each ant species) at the start of the experi-
ment (17 June 2005), and afterwards other naturally
occurring S. posticalis larvae were allowed to intrude
into the colonies; these colonies are referred to as
‘‘predator-present’’ colonies. On the other hand, forag-
ing S. posticalis larvae were removed, when found, from
the remaining 14 aphid colonies (7 colonies for each ant)
using a paintbrush at 6:00 a.m. and 6:00 p.m. everyday
during the experimental period; these are referred to as
‘‘predator-absent’’ colonies.

From 17 June, at 2-day intervals, the numbers of
aphid-attending workers of the two ants, living aphids,
foraging larvae of the predator S. posticalis, and ovi-
positing females of the parasitoid Lysiphlebus japonicus
were counted in each aphid colony. Other large-sized
predators such as the ladybird Harmonia axyridis Pallas
were observed only rarely during the experimental per-
iod. Mummified aphids on the examined shoots were
collected on 27 June. The mummies were then reared in
the laboratory, and 11 days later the number of mum-
mies from which adults of the parasitoid emerged was
counted for each colony. As only a few adults of hy-
perparasitoids—Syrphophagus sp. (Hymenoptera: En-
cyrtidae) and Pachyneuron aphidis (Bouché)
(Hymenoptera: Pteromalidae)—emerged from the
mummies, the data on the hyperparasitoids was omitted
from the analysis.

Results

No clear difference in the number of aphid-attending
workers between predator-present and predator-absent
aphid colonies was found for either ant species for the
first 3 days of the experiment (Fig. 1a). On the other
hand, for both ant species, the number of living aphids
in predator-present colonies continued to decline from
the start of the experiment, whereas aphid numbers in
predator-absent colonies either increased slightly or did
not change for the first 5 days and then declined
(Fig. 1b).

The number of foraging larvae of the predatory
ladybird S. posticalis per surviving aphid colony grad-
ually decreased for the first 5 days in aphid colonies
attended by each ant species (Fig. 2). Larval numbers
then started to increase and reached a peak on the

8th day. More larvae were observed in P. pungens-at-
tended than in Lasius japonicus-attended colonies on the
6th and 8th day, although there was no significant dif-
ference in larval numbers between these colonies on each
day (P >0.05; t-test).

The cumulative number of ovipositing females of the
parasitoid wasp Lysiphlebus japonicus recorded during
the first 4 days was compared because only a small
number of females was noted at each census. There was
a tendency for more females to be found in P. pungens-
attended than in Lasius japonicus-attended colonies
(Fig. 3). However, no significant difference was detected
for the effect of the presence of the predator, that of
attending ant species, or that of interaction of the two
factors (Table 1).

The presence of the predator larvae significantly re-
duced the number of adults of the parasitoid that
emerged from the collected mummies per aphid colony
(Fig. 4, Table 1). In addition, the attending ant species
significantly affected emerging parasitoid numbers, with
more parasitoids when P. pungens attended aphid colo-
nies. Furthermore, the effect of interaction of the two
factors was significant. Thus, the effect of the predator
presence on emerging parasitoid numbers differed be-
tween the aphid colonies attended by the two ants, with
the predator reducing parasitoid numbers more greatly
in P. pungens-attended colonies.

Discussion

The present study suggests that the more rapid reduction
in aphid numbers in predator-present than in predator-
absent colonies for both attending ant species (Fig. 1b)
is due exclusively to predation by the ladybird S. posti-
calis larvae. This difference in aphid numbers would not
be related to ant numbers because no clear difference
was found in ant numbers between these colonies early
in the experiment (Fig. 1a). The ladybird larval numbers
in aphid colonies attended by each ant species changed
greatly during the experimental period (Fig. 2). The
gradual decrease in larval numbers during the first half
of the experiment probably occurred because the re-
leased larvae had fully grown by feeding on aphids and
then left the aphid colonies to pupate, whereas increased
larval numbers during the latter half would be caused by
intrusion of naturally occurring larvae into the aphid
colonies.

This study experimentally revealed that larvae of the
ladybird S. posticalis significantly reduce the number of
emerging adults of the parasitoid Lysiphlebus japonicus
in ant-attended aphid colonies (Table 1). Some studies
have suggested that parasitoid females visit aphid colo-
nies bearing predatory ladybirds for oviposition less
preferentially, to avoid intraguild predation on their
offspring (Taylor et al. 1998; Raymond et al. 2000;
Nakashima and Senoo 2003). The present experiment,
however, detected no significant difference in numbers of
parasitoid females ovipositing in ant-attended aphid
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colonies, with respect to the presence of the ladybird
larvae (Table 1). This result implies that the parasitoid
females laid eggs even in the ladybird-present aphid
colonies. Therefore, the greatly reduced emerging para-
sitoid numbers in the predator-present aphid colonies is
considered to result from consumption by the ladybird
not only of healthy aphids but also of parasitized aphids
containing the parasitoid larvae. Thus, in addition to
exploitative competition, intraguild predation on
immature parasitoids seems to function between the
predator and the parasitoid in ant-attended aphid col-
onies. In conclusion, this study supports the hypothesis

stated above that ant-adapted predators reduce emerg-
ing parasitoid numbers in ant-attended homopteran
colonies through competition for the homopterans and
predation on the parasitoids.

One of the advantages that ant-adapted predators
and parasitoids gain through exploiting ant-attended
homopterans is the lower mortality risk for their im-
matures feeding in the homopteran colonies owing to
protection by ants from their enemies, i.e., intraguild
predators and hyperparasitoids (Völkl 1992, 1995;
Cudjoe et al. 1993; Novak 1994). Kaneko (2002) also
showed that ants attending the cotton aphid Aphis gos-
sypii Glover provided immatures of the ant-adapted

Fig. 2 Changes in the mean number of foraging larvae of the
predator S. posticalis per aphid colony attended by the two ants
Lasius japonicus or P. pungens. Colonies: Filled circles predator-
present, Lasius japonicus-attended; open circles predator-absent,
Lasius japonicus-attended; filled triangles predator-present, P.
pungens-attended; open triangles predator-absent, P. pungens-
attended. Vertical bars ± 1 SE

Fig. 3 The effects of the presence of the predator S. posticalis
larvae and attending ant species on the mean number of ovipositing
females of the parasitoid Lysiphlebus japonicus per aphid colony.
Colonies: Filled columns Lasius japonicus-attended; open columns P.
pungens-attended. The cumulative number of females observed for
the first 4 days of the experiment is shown. Vertical bars +1 SE

Fig. 1 Changes in the mean number of a attending ant workers and
b living aphids per colony of the aphid Aphis spiraecola attended by
the two ants Lasius japonicus or Pristomyrmex pungens in the
presence or absence of the predator Scymnus posticalis larvae.

Colonies: Filled circles predator-present, Lasius japonicus-attended;
open circles predator-absent, Lasius japonicus-attended; filled
triangles predator-present, P. pungens-attended; open triangles
predator-absent, P. pungens-attended. Vertical bars +1 SE
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parasitoid Lysiphlebus japonicus inside parasitized
aphids with protection from hyperparasitoids and in-
traguild predators such as the large ladybird H. axyridis.
Aphid-attending ants also protect the ant-adapted
ladybird S. posticalis larvae from intraguild predation by
the ladybird Coccinella septempunctata bruckii Mulsant
(Takizawa and Yasuda 2005). Another advantage for
such ant-adapted enemies utilizing ant-attended hom-
opterans is the higher prey/host availability resulting
from exclusion of their potential competitors by ants
from the homopteran colonies. Thus, ant-attended
homopteran colonies are ‘‘enemy-free space (Jeffries and
Lawton 1984)’’ and ‘‘competitor-free space’’ for ant-
adapted enemies. However, the result of the present
study, i.e., that the predator S. posticalis diminished the
number of emerging adults of the parasitoid Lysiphlebus
japonicus in ant-attended aphid colonies, suggests that
ant-attended aphid colonies are not complete enemy/
competitor-free space for the ant-adapted parasitoid.

Recently, many studies have reported the presence of
predators and parasitoids (also hyperparasitoids) that
can exploit honeydew-producing homopterans protected

by ants (Völkl 1992, 1995; Völkl et al. 1994, 1996; Völkl
and Vohland 1996; Sloggett et al. 1998; Barzman and
Daane 2001; Kaneko 2002). It is therefore expected that
many other species of ant-adapted enemies exist and
that a single homopteran species is utilized by multiple
species of ant-adapted enemies. Competition and intra-
guild predation between predators and parasitoids in
ant-attended homopteran colonies might occur more
commonly than we have previously thought. Kaneko
(2002) indicated that numbers of mummies formed by
the parasitoid Lysiphlebus japonicus in ant-attended
colonies of the cotton aphid A. gossypii was not signif-
icantly different between colonies where the ladybird S.
posticalis larvae were abundant and colonies where they
were present in small numbers. The ladybird prefers the
spirea aphid A. spiraecola to other aphids such as A.
gossypii and the brown citrus aphid Toxoptera citricidus
(Kirkaldy) on citrus shoots (Komazaki 2004). Therefore,
the number of aphid individuals consumed by the
ladybird larvae may differ between the two aphids and
this difference may lead to the different results obtained.
Thus, the effect of prey homopteran species on the
intensity of interaction between ant-adapted predators
and parasitoids needs to be considered.

This study indicated that numbers of emerging adults
of the parasitoid Lysiphlebus japonicus differed signifi-
cantly between A. spiraecola colonies attended by the
two ants, with more parasitoids in P. pungens-attended
than in Lasius japonicus-attended colonies (Table 1).
The same result was obtained in a different aphid: A.
gossypii (Kaneko 2003a). Itioka and Inoue (1999)
showed that P. pungens workers were less aggressive
against enemies of mealybugs that they attended than
were workers of Lasius japonicus. Kaneko (2003a) re-
ported that P. pungens workers attending A. gossypii
attacked and disturbed ovipositing females of the para-
sitoid Lysiphlebus japonicus less frequently than did
Lasius japonicus, so that females stayed longer and laid
more eggs in P. pungens-attended aphid colonies. In
addition, more parasitoid females were observed forag-
ing in P. pungens-attended colonies (Kaneko 2003a); the
same tendency was found in the present experiment
(Fig. 3). Thus, the levels of aggressiveness of the
attending ant species have a strong influence on the
parasitoid’s oviposition success and the resulting off-
spring numbers in aphid colonies.

Fig. 4 The effects of the presence of the predator S. posticalis
larvae and attending ant species on the mean number of adults of
the parasitoid Lysiphlebus japonicus that emerged from collected
mummies per aphid colony. Colonies: Filled columns Lasius
japonicus-attended; open columns P. pungens-attended.Vertical bars
+1 SE

Table 1 Two-way ANOVA for the effects of the presence of the predator Scymnus posticalis larvae and attending ant species on the
number of ovipositing females of the parasitoid Lysiphlebus japonicus and the number of adults of the parasitoid emerging from collected
mummies per colony of the aphid Aphis spiraecola

Source Number of ovipositing parasitoids Number of emerging parasitoids

df F P df F P

Predator presence 1 0.059 0.810 1 17.83 <0.001
Ant species 1 0.529 0.474 1 14.77 <0.001
Predator · ant species 1 0.059 0.810 1 13.00 <0.005
Error 24 – – 24 – –
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Larvae of the ladybird S. posticalis foraging in A.
gossypii colonies are ignored and are never attacked by
either Lasius japonicus or P. pungens workers attending
the aphids (Kaneko 2002, 2003a). Pope (1979) proposed
that the wax covering of Scymnus larvae was an adap-
tation against ant aggression. Nevertheless, the present
study showed that ladybird larval numbers differed be-
tween A. spiraecola colonies attended by the two ants
during the latter half of the experiment, with more larvae
in P. pungens-attended colonies (Fig. 2). A similar result
was found in A. gossypii colonies (Kaneko 2003a). This
difference in ladybird larval numbers might be because
the ladybird adult females, which are often attacked by
aphid-attending ants (S. Kaneko, unpublished observa-
tion), deposit more eggs in aphid colonies attended by
less aggressive P. pungens workers, which would inter-
fere with ladybird oviposition to a lower extent. Alter-
natively, the more aggressive and exclusive Lasius
japonicus workers may be more likely to remove or
consume the deposited ladybird eggs. Thus, the numbers
of ladybird larvae and their prey consumption in aphid
colonies might also be affected by the difference in
aggressiveness between the two ants.

The present experiment supported another hypothesis,
i.e., that impact of ant-adapted predators on emerging
parasitoid numbers varies depending on the ant species
attending the aphids; ladybird larvae reduced emerging
parasitoid numbers to a greater extent when P. pungens
attended aphids than when Lasius japonicus did (Fig. 4).
This is possibly caused by the larger numbers of ladybird
larvae (Fig. 2) and the resulting higher levels of predation
on both healthy aphids and parasitized aphids containing
the parasitoid larvae in colonies attended by the less
aggressive P. pungens. Thus, foraging or oviposition
activities of the predator and the parasitoid are higher in
P. pungens-attended than in Lasius japonicus-attended
aphid colonies due to the lower degree of interference by
P. pungens and, consequently, more intense competitive
interaction seems to occur between these enemies in P.
pungens-attended colonies (Fig. 5). This result suggests
that the levels of aggressiveness of aphid-attending ant
species influence the intensity of competition between
ant-adapted predators and parasitoids indirectly through
affecting prey consumption or oviposition success of each
enemy in aphid colonies, and therefore that more intense
competition may occur in aphid colonies attended by less
aggressive ants that impose a smaller reduction in prey/
host availability for the enemies.

Many studies have documented that the levels of
aggressiveness of homopteran-attending ants affect their
defensive abilities against arthropod homopteran ene-
mies, thereby influencing homopteran population den-
sity and dynamics (e.g., Addicott 1979; Bristow 1984;
Buckley and Gullan 1991; Cudjoe et al. 1993; Itioka and
Inoue 1999). Kaneko (2003a) showed that the less
aggressive ant P. pungens less effectively excluded ovi-
positing hyperparasitoid females from attended A. gos-
sypii colonies than did the ant Lasius japonicus, leading
to lower survival of the parasitoid Lysiphlebus japonicus

larvae caused by higher hyperparasitism. This result of
Kaneko (2003a) and the result of the present study
suggest that levels of ant aggressiveness might play an
important role in determining the abundance of preda-
tors and parasitoids exploiting ant-attended homopter-
ans, not only by directly affecting foraging/oviposition
success of each enemy but also indirectly through
changing the intensity of interactions between the ene-
mies. The effect of ant aggressiveness levels on abun-
dance of homopteran enemies is worthy of more
attention and should be examined in various ant-asso-
ciated homopterans such as aphids, mealybugs and scale
insects.
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