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Abstract Intraguild predation (IGP) is a widespread
interaction between predatory arthropods, and is
influenced by several factors. The harlequin ladybird,
Harmonia axyridis (Coleoptera: Coccinellidae), has
frequently been reported as an intraguild predator of
other Coccinellidae, but little is known about its
interactions with other aphidophagous predators,
including syrphids. This study investigated the inci-
dence of IGP between H. axyridis and Episyrphus
balteatus (Diptera: Syrphidae), the most abundant
hoverfly species in Europe and a commercially
available aphid biocontrol agent. The influence of
size, presence of extraguild prey and habitat com-
plexity were investigated through laboratory experi-
ments in Petri dishes and on potted broad bean plants.
In both types of arenas, IGP between H. axyridis and
E. balteatus was found to be asymmetric, with the
coccinellid in the majority of cases being the
intraguild predator. There was a significant effect
of size on the frequency of IGP. The efficiency of
H. axyridis as an intraguild predator increased with
the developmental stage. Early instars of E. balteatus
were the most vulnerable to IGP. Pupae of either
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species were not attacked. In the presence of
extraguild prey, the frequency of IGP was substan-
tially reduced. However, IGP still occurred, mainly in
combinations of older larvae of H. axyridis with first
or second instars of E. balteatus. The size of the arena
affected the incidence of IGP in combinations with
second instars of E. balteatus, but not in combina-
tions with third instars. Field research is needed to
elucidate the ecological relevance of IGP among
these predators.
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Introduction

Intraguild predation (IGP) occurs when one predator
consumes another predator of the same guild (i.e. a
predator competing for the same prey) (Polis et al.
1989). The aggressor is called the intraguild predator,
the victim the intraguild prey, and their common
resource the extraguild prey. IGP can be asymmetric
when one species always preys on the other, or
symmetric when there is mutual predation between
the two species (Polis et al. 1989; Lucas 2005; Pell
et al. 2008). It is a very common and widespread
interaction, that occurs frequently in a variety of
ecosystems (Arim and Marquet 2004). IGP interac-
tions affect the intraguild predator, intraguild prey
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and the extraguild prey, at the individual, the
population and the community level. In the case of
the intraguild predator, IGP does not only provide an
additional food source, but also reduces inter- and
intraspecific competition (Polis et al. 1989; Lucas
2005).

Both theoretical and empirical studies have
addressed several factors that could influence IGP
interactions between predators. According to Polis
et al. (1989), relative body size is one of the most
important factors influencing the frequency and
direction of IGP. In general, the largest of the two
competing predators will act as an intraguild predator
on the other. This is confirmed by several studies with
aphidophagous arthropod predators (Sengonca and
Frings 1985; Lucas et al. 1998; Phoofolo and Obrycki
1998; Hindayana et al. 2001; Félix and Soares 2004).
In some cases, however, larger individuals are eaten
by smaller predators (Polis et al. 1989).

A second factor influencing IGP interactions is
the abundance of extraguild prey (i.e. the shared
resource of the interacting predators). A decreasing
abundance of extraguild prey can cause the frequency
of IGP to both increase or decrease. An increase in
IGP could be passive (i.e. IGP increases just because
the ratio of intraguild:extraguild prey is higher), or
might be caused by active behavioral shifts. In the
latter case, hungry predators might expand their diet
to include guild members. Alternatively, they might
move around more in search of food, increasing the
number of contacts between intraguild predators and
prey (Polis et al. 1989; Lucas et al. 1998). In studies
with aphidophagous arthropod predators, there was in
general an increase in IGP when the abundance of
extraguild prey decreased (Sengonca and Frings 1985;
Obrycki et al. 1998; Kajita et al. 2000; Hindayana
et al. 2001).

The frequency of IGP and its impact on a
community is also influenced by the habitat structure
and complexity. In their meta-analysis on the influ-
ence of habitat complexity on IGP, Janssen et al.
(2007) found that an increase in habitat complexity
often leads to a decrease in IGP. One effect of habitat
complexity might be that it decreases encounter rates
between the intraguild predator and prey. Further-
more, a more structured habitat could provide refuges
for the intraguild prey.

The harlequin ladybird, Harmonia axyridis (Pallas)
(Coleoptera: Coccinellidae), is a predator of different
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aphid species and other soft-bodied arthropods
(Hodek and Honek 1996; Koch 2003). It is native to
China, Japan, Korea, Mongolia and Siberia, and can
occupy many different habitats (Brown et al. 2008).
As its larvae are voracious predators of different pests,
H. axyridis has been used as a biological control agent
in North America and Europe (Koch 2003; Adriaens
et al. 2008). Introductions for biological control
purposes (Gordon 1985; Coutanceau 2006), uninten-
tional introductions via international trade (Day et al.
1994) or a combination of both (Lombaert et al. 2010),
have led to the establishment of this coccinellid
outside of its native range. H. axyridis is now spread
in North and South America (Koch 2003; Koch et al.
2006), Europe and some parts of Africa (Brown et al.
2008; Lombaert et al. 2010). Besides its benefits as a
biological control agent (Koch 2003; Pervez and
Omkar 2006), the establishment of H. axyridis in
North America and Europe has been noted to cause
adverse impacts. Some studies state that it may be
associated with the decline of native aphid predators
in North America, in particular native coccinellids
(Colunga-Garcia and Gage 1998; Michaud 2002;
Alyokhin and Sewell 2004; Majerus et al. 2000).
A possible indirect mechanism that could explain
these declines, is interspecific competition for the
same limited resources, since H. axyridis is a more
voracious predator than other coccinellids (Michaud
2002). A more direct mechanism that is likely to
contribute to the displacement of native natural
enemies is IGP.

Intraguild interactions between H. axyridis and
different native ladybirds have been widely examined
(Yasuda et al. 2001; Burgio et al. 2002; Félix and
Soares 2004; Hoogendoorn and Heimpel 2004; Sato
and Dixon 2004; Cottrell 2005; Kajita et al. 2006;
Ware and Majerus 2008). In most of these studies,
H. axyridis was the dominant IG predator, because of
its relatively large size, higher attack rates and greater
escape ability (Yasuda et al. 2001; Ware and Majerus
2008). Studies on interactions between H. axyridis
and non-coccinellid predators are less frequent.
Phoofolo and Obrycki (1998) and Gardiner and
Landis (2007) found that H. axyridis engaged
in IGP with Chrysoperla carnea (Stephens) (Neuro-
ptera: Chrysopidae) and Aphidoletes aphidimyza
(Rondani) (Diptera: Cecidomyiidae). De Clercq
et al. (2003) found that interactions between Podis-
us maculiventris (Say) (Hemiptera: Pentatomidae)
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and H. axyridis were asymmetric in favour of the
pentatomid.

Episyrphus balteatus DeGeer (Diptera: Syrphidae)
is the most common hoverfly in Europe, where it can
occupy many different habitats (Verlinden and De-
cleer 1987; Tenhumberg and Poehling 1995; Stubbs
and Falk 2002). Its larvae are voracious predators of
many species of aphids (Sadeghi and Gilbert 2000).
E. balteatus is an important biological control agent
in different agro-ecosystems, especially in cereals
(Tenhumberg 1995; Tenhumberg and Poehling
1995). This hoverfly has been observed to co-occur
with the exotic coccinellid H. axyridis in different
crops and in semi-natural habitats (Alhmedi et al.
2007, personal observations). However, little is known
on the intraguild interactions between E. balteatus and
H. axyridis. Putra et al. (2009) and Alhmedi et al.
(2010) observed IGP by larvae of H. axyridis on those
of E. balteatus, but the former study only used first and
last instars of both predators, whereas the latter only
performed experiments in the presence of extraguild
prey.

The first objective of this study was to investigate
the incidence, direction and magnitude of IGP
between all developmental stages of H. axyridis and
E. balteatus in the laboratory. Furthermore, the effect
of relative size of the predators, presence of extra-
guild prey, and habitat complexity on the frequency
of IGP was studied. Insight into the influence of
these parameters on IGP interactions between the
H. axyridis and E. balteatus should provide an
important first step towards understanding the eco-
logical relevance of IGP between both predators.

Materials and methods
Insects

In April 2008 and April 2009, individuals from an
established wild population of H. axyridis were
collected in a park in Ghent, Belgium. From the
collected ladybirds, only the non-melanic succinea
individuals were used to establish a laboratory
population, since this morphotype is the most com-
mon in Europe (Brown et al. 2008). Individuals from
up to the 10th generation of rearing were used for the
experiments. H. axyridis was reared on frozen
Ephestia kuehniella Zeller (Lepidoptera: Pyralidae)

eggs, as described by De Clercq et al. (2003) and
Berkvens et al. (2008). The eggs of E. kuehniella
were obtained from Koppert BV (Berkel en Roden-
rijs, The Netherlands).

A culture of E. balteatus was established with
individuals collected in July 2008 and July 2009 in
cabbage fields in Sint-Katelijne-Waver, Beitem and
Kruishoutem, Belgium. Adults were kept in Plexiglas
cages (60 x 60 x 60 cm) and provided with pollen
and honey water. Broad bean plants (Vicia faba L.)
infested with the pea aphid Acyrthosiphon pisum
(Harris) (Hemiptera: Aphididae), were placed in the
cages to allow syrphid oviposition. Emerged larvae
were individually transferred to small Petri dishes
(5 cmin diameter, 1.5 cm high) and fed with A. pisum.
Pea aphids used in the experiments were obtained from
Koppert BV. All colonies and experiments were
maintained at 23 £ 1°C, 65 &+ 5% RH and a 16:8 h
(L:D) photoperiod.

Effect of size and presence of extraguild
prey on IGP

The incidence, direction and magnitude of IGP were
investigated between single individuals of either
species. To understand the effect of the developmen-
tal stage on IGP, intraguild interactions were inves-
tigated between the four larval instars, pupae and
adult females of non-melanic H. axyridis and the
three larval instars and pupae of E. balteatus. As
there are no interactions between pupae, this resulted
in 23 different combinations. In order to examine the
influence of extraguild prey on intraguild interac-
tions, each combination of both predators was tested
in the absence as well as in the presence of A. pisum.
That way, 46 different combinations were tested.
Each combination was replicated 20-30 times.

Because aphid consumption increases for each
successive instar of H. axyridis and E. balteatus
(Koch 2003, personal observations), the aphid density
in treatments with A. pisum was dependent on the
developmental stage of both predators. For every first
or second instar present, 15 aphids were supplied. For
every third or fourth instar or adult, 30 aphids were
provided. A combination of a first and third instar, for
example, thus resulted in a density of 45 aphids.
Consumed aphids were not replenished during the
experiment. In all cases, a mixture of late larval
instars and adults of A. pisum were supplied.
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First instars of both predators used in the exper-
iments were less than 24 h old, whereas the older
instars were used up to 12 h after molting. The
gender of the H. axyridis adults was determined using
the method described by McCornack et al. (2007).
The adult females used were 1-2 weeks old and had
been allowed to mate. The pupae used were 1-3 days
old. Before testing, the predators were transferred to
individual Petri dishes only containing a moistened
piece of household paper. In this manner, second
instars were starved for 16 h, whereas third and
fourth instars and adults were starved for 24 h.

The experimental arena consisted of a vented
plastic Petri dish (5 cm in diameter, 1.5 cm high) in
which a leaf disk of a broad bean plant was placed on
agar (1%). During the first 90 min, the predators in
the Petri dishes were observed in order to record all
contacts between them. A confrontation was regarded
as a contact when the opponents randomly met and
separated again without any further actions. A contact
became an attack when one predator tried to feed on
the other. An attack was considered successful when
it resulted in the death of the prey. After 24 h, the
survival of both insects was recorded.

A control treatment was carried out in order to
check the survival of the different stages during a
24 h period without food. For this purpose, 15
individuals of each stage were starved as described
above and were transferred to an individual Petri dish
containing a V. faba leaf disk on agar. After 24 h,
survival was recorded. In the case of interactions with
pupae, adult emergence from pupae that had been
exposed to a predator was compared with that in the
control treatment, in order to determine the incidence
of IGP.

Effect of size, extraguild prey and habitat
complexity on IGP

In order to investigate the influence of habitat
complexity on IGP between H. axyridis and E.
balteatus, intraguild interactions were also studied on
potted V. faba plants. The experimental arena con-
sisted of a Plexiglas cylinder (9 cm in diameter,
20 cm high), covered with mesh screen cloth. The
cylinder was placed over a potted broad bean plant of
approximately 15 cm high, with two to four fully
developed leaves. It was pushed about 1 cm into the
potting soil, and fixed onto the plant pots using
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Parafilm M (Picheney Plastic Packaging, Chicago,
USA).

The incidence, direction and magnitude of IGP
was investigated between second and third instars of
E. balteatus, and second to fourth instars and adult
females of the non-melanic population of H. axyridis.
As there were little or no interactions in Petri dishes
with first instars of the coccinellid, the combinations
with this instar were not tested. The combinations
involving pupae of either predator were also not
considered, because attacks on pupae by larvae or
adults of the other species were never observed in the
Petri dish experiments. IGP in combinations with
first instars of the syrphid were not tested, since
preliminary tests showed that because of their small
body size, dead or surviving first instars could not
reliably be retrieved in the arenas after 24 h.

The effect of extraguild prey on IGP was again
investigated by testing each combination both in the
absence and presence of A. pisum. In the treatments
with aphids, the broad bean plants were infested with
40 adult aphids, 24 h before the start of the tests.
This resulted in an average of 150 £ 11 aphids
(mean £ SE, a mixture of adults and young nymphs)
present on the plants at the start of the experiments.

Prior to the experiments, the larvae and adults of
both predators were treated in the same way as in the
Petri dish experiment described above. Each exper-
iment was replicated 15 times. At the start of the
experiment, the larvae of E. balteatus were placed on
one of the oldest leaves of the plant, whereas the
larvae and adults of H. axyridis were placed at the
base of the stem. After 1, 4 and 24 h, the position of
both predators on the plant was noted. The survival of
the predators was recorded after 24 h.

Statistical analysis

Data analyses was carried out using SPSS 15.0 (SPSS
Inc. 2006). A generalized linear model was used with
a Poisson error distribution and a log link function
(McCullagh and Nelder 1989). Because the data
showed quasi-complete separation, a bionomial error
distribution could not be used (Altman et al. 2004).
Analyses started each time with a saturated model
and interactions and non-significant main factors
were dropped at a significance level of 0.05. The
most parsimonious model is reported, using likeli-
hood ratios to assure model fit.
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Results

Effect of size and presence of extraguild prey
on IGP

Observations during the first 90 min of the Petri
dish experiments indicated that all larval instars of
E. balteatus used defence ploys upon attack by
H. axyridis. These consisted of oral slime secretions
and fierce body movement. Table 1 shows the
average number of contacts between the different
combinations of both predators, and the number and
success rate of attacks by H. axyridis. For first and
second instars of E. balteatus the defence mecha-
nisms were only effective in a limited number of
cases against first or second instars of the ladybird,
which were smaller or of similar size. Third instars of
E. balteatus were more difficult to capture. The slime
secreted by these hoverfly larvae immobilized the
larvae of H. axyridis temporarily, causing them to
retreat for cleaning. Third instars of E. balteatus also
tried to escape from their attacker by fiercely
thrashing their body.

Attacks of E. balteatus against larvae of H. axyridis
were rarely observed. Adults of the ladybird were

never attacked. Except for a few first instars of
H. axyridis, all larvae of the coccinellid were able to
withstand a syrphid attack, by fiercely moving their
body back and forth, or by launching a counterattack.
The mean number of contacts increased with the age
of both predators. Adding aphids to the Petri dishes
resulted in all combinations in a strong decline of the
number of contacts and attacks. With aphids present,
both predators spent most of their time consuming
aphids instead of moving around.

The results of the Petri dish experiments are shown
in Fig. 1. In the absence of extraguild prey, IGP was
asymmetric, with H. axyridis being the intraguild
predator and E. balteatus the intraguild prey in all but
one cases. Only when third instar hoverfly larvae
were paired with first instars of the coccinellid,
E. balteatus could act as an intraguild predator in
17% of the cases. In the combinations with pupae,
there was no evidence of predation after the 24 h test
period. Therefore, the combinations with pupae were
not included in the statistical analyses.

There was a strong two-factor interaction between
intraguild predator and prey stage (;> = 30.34;
df =8; P <0.001), between intraguild predator
stage and presence of extraguild prey (y> = 30.92;

Table 1 Number of contacts, percentage of contacts that resulted in an attack by H. axyridis on E. balteatus, and percentage of
successful attacks for each tested combination of both predators in Petri dishes, and both in the absence and the presence of the aphid

A. pisum (means £ SE)

E. balteatus  H. axyridis ~ Without aphids With aphids
Contacts % Attacks % Success Contacts % Attacks % Success

L1 L1 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00  0.07 £ 0.07 0.00 £ 0.00 0.00 £ 0.00
L1 L2 225+ 028 64.81 £ 6.50 60.00 £ 828 0.12 £ 0.06 33.33 +27.22  100.00 + 0.00
L1 L3 1.67 £ 0.19  52.50 &+ 7.90 95.24 +£ 4.65 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
L1 L4 1.83 £ 0.23 3273 £6.33 100.00 £ 0.00 0.07 £ 0.05 0.00 £ 0.00 0.00 £ 0.00
L1 A 240 £ 048 21.67 £5.32  100.00 £ 0.00 0.55 £ 0.13 6.25 + 6.05 100.00 £ 0.00
L2 L1 1.45 + 0.28 0.00 £ 0.00 0.00 + 0.00  0.10 £ 0.07 0.00 £ 0.00 0.00 £ 0.00
L2 L2 3.03 £ 037 41.76 £ 5.17 15.79 £ 591 0.23 £ 0.12 0.00 £ 0.00 0.00 £ 0.00
L2 L3 2.00 £ 0.28  62.07 £ 6.37 75.00 £ 7.22  0.10 + 0.07 0.00 £ 0.00 0.00 £ 0.00
L2 L4 1.61 £ 0.18 73.33 £ 6.59 81.82 £ 6.71 027 £0.12 3333 +19.25 100.00 + 0.00
L2 A 436 £ 0.85 19.67 £+ 3.60 79.17 £829 0.86 £0.18 37.50 £ 9.88 88.89 + 10.48
L3 L1 1.10 + 0.24 3.03 + 2.98 0.00 + 0.00  0.10 £ 0.07 0.00 £ 0.00 0.00 £ 0.00
L3 L2 4.10 £ 0.51  29.27 £ 4.10 0.00 £+ 0.00 0.25 £ 0.20 0.00 £ 0.00 0.00 £ 0.00
L3 L3 4.83 £0.58 3241 £+ 3.89 426 +294 037+£0.12 18.18 £ 11.63 0.00 £ 0.00
L3 L4 343 +£045 5833 £5.03 26.79 £ 591 0.25 £ 0.10 0.00 £ 0.00 0.00 £ 0.00
L3 A 823 +£090 21.05 £ 2.59 3.84 £2.67 1.55+0.51 323 +3.17 0.00 £ 0.00

LI1-14 Larval instars 1-4, A adult
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developmental stage H. axyridis

— Ca

0 20 40 60 80 100
% E. balteatus killed

 without aphids
1 with aphids

Fig. 1 Percentage of first instars (a), second instars (b) or third
instars (¢) of E. balteatus killed through intraguild predation by
different stages of H. axyridis in Petri dishes, in the absence
and presence of extraguild prey (aphids). L/-L4 Larval instars
1-4, A adult. The effect of the IG predator stage is indicated by
capital letters, the effect of the presence of extraguild prey is
indicated by lowercase letters. Bars with a different letter are
significantly different. Error bars represent SE

df = 4; P < 0.001) and between intraguild prey stage
and presence of extraguild prey (y* = 34.84; df = 2;
P < 0.001). In the absence of extraguild prey, a
significant effect of the intraguild predator stage was
found (12 =72.40; df =4; P <0.001), with an
increase in the frequency of IGP with the age of the
H. axyridis larvae. In combinations with first or
second instars of E. balteatus, first instars of the
coccinellid were less successful intraguild predators
than all other stages (for all contrasts XZ > 9.606;
df = 1; P < 0.002) (Fig. la and b, black bars). The
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frequency of IGP did not differ between combina-
tions with second or third instars of H. axyridis
(for all contrasts Xz <0.13; df =1; P> 0.324).
There was also no difference between combinations
with fourth instars or adults of the coccinellid (for all
contrasts 12 < 1.84; df = 1; P > 0.077). However,
IGP occurred more often in the latter combinations
than in those with second or third instars of H. axy-
ridis (for all contrasts Xz > 4.39;df = 1; P < 0,036).
For third instars of the hoverfly, there was no
difference in the frequency of IGP events when
paired with first or second instars of H. axyridis
(;(2 = 2.83; df = 1; P = 0.093) (Fig. lc, black bars).
IGP in those combinations was less frequent than in
those with older instars of the coccinellid (for
all contrasts ;(2 >4.73; df = 1; P < 0.03). No dif-
ferences were observed between the combinations
with third instars or adults (;(2 =046, df =1;
P = 0.455), but the frequency of IGP in those
combinations was lower than in that with fourth
instars of H. axyridis (for all contrasts x> > 6.02;
df = 1; P < 0.014), showing the highest level of IGP
on third instars of E. balteatus.

The intraguild prey stage also had a significant
effect on the incidence of IGP (;(2 = 74.00; df = 2;
P < 0.001). In the absence of extraguild prey, first
instars of E. balteatus were more vulnerable to IGP
than older hoverfly larvae (for all contrasts Xz > 4.92;
df = 1; P < 0.026) in combinations with all devel-
opmental stages of H. axyridis. Furthermore, IGP was
less frequent in all combinations with third instars
of E. balteatus than in those with second instar
hoverfly larvae (for all contrasts ;{2 > 455, df = 1;
P < 0.033) (Fig. 1).

Adding aphids to the containers resulted in a
significant decrease of IGP in all combinations where
IGP occurred (for all contrasts ;52 > 495, df =1,
P < 0.026) (Fig. 1). The presence of aphids also
altered the effect of the intraguild predator stage on
IGP, except in the combinations with second instars
of E. balteatus. With first instars of the hoverfly, the
frequency of IGP did not differ between combina-
tions with first to fourth instars of H. axyridis (for all
contrasts )(2 < 1.66; df =1; P> 0.197) (Fig. la,
grey bars). However, in the combination with adults
of the coccinellid, IGP was more frequent (for all
contrasts )(2 > 5.20; df = 1; P < 0.023). With third
instars of the hoverfly, no effect of the developmental
stage of H. axyridis was found (for all contrasts
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7> <3.77; df = 1; P > 0.052) (Fig. lc, grey bars).
With aphids present, the effect of the intraguild prey
stage was not significant in combinations with first,
second and third instars of H. axyridis (for all
contrasts XZ <2.793; df = 1: P> 0.095). In the
combinations with fourth instars and adults of the
ladybird, IGP was less frequent on third instars of
E. balteatus than on first or second instars (for both
contrasts XZ > 5.19; df = 1; P < 0.023), but there
was no difference between first and second instars of
the hoverfly (for both contrasts XZ <0.93; df =1;
P > 0.336) (Fig. 1).

Effect of size, extraguild prey and habitat
complexity on IGP

In the absence of extraguild prey, H. axyridis
individuals were found on the Plexiglas cylinder or
the soil in at least half of the observations (Table 2).
Individuals of E. balteatus, however, were only found
away from the plant in about 20% of the cases.
Adding aphids to the arenas resulted in a drastic
increase of individuals that were found on the plant,
averaging about 80% for H. axyridis and 95% for
E. balteatus.

The results of the experiments on potted broad bean
plants are shown in Fig. 2. In this larger arena, IGP
remained asymmetric, with H. axyridis being the
intraguild predator and E. balteatus the intraguild prey.
All two-factor interactions were significant (for all

contrasts ;(2 > 4.02; df = 1; P < 0.04), except for the
interaction between intraguild predator stage and
extraguild prey (y* = 4.82; df = 3; P = 0.186), and
between intraguild predator stage and habitat com-
plexity (4> = 6.57; df = 3; P = 0.087).

On potted plants, the effect of the intraguild
predator stage was significant (y> = 25.73; df = 3;
P < 0.001), and independent of the presence of
aphids. In the combinations with second instars of
E. balteatus, no differences in the frequency of IGP
could be detected between second, third and fourth
instars of H. axyridis (for all contrasts x> < 1.56;
df = 1; P > 0.212) (Fig. 2a). However, the level of
IGP in combinations of these hoverfly larvae with
adult coccinellids was different from the combina-
tions with the larval stages of H. axyridis (for all
contrasts }52 > 8.57; df = 1; P < 0.003). When the
coccinellid was paired with third instars of the
hoverfly, IGP occurred less frequently with second
instars of the ladybird than in combinations with
other stages (for all contrasts y* > 7.30; df = I;
P < 0.007) (Fig. 2b). There were no differences in
IGP between third and fourth instars and adults of the
coccinellid (for all contrasts ;(2 < 1.04; df = 1;
P > 0.308).

The intraguild prey also had a significant effect
on the incidence of IGP (}(2 =46.08;, df =1;
P < 0.001). In the absence of aphids, IGP was more
frequent in combinations with second instars com-
pared to third instars of E. balteatus, and this for all

Table 2 Percentage of the total number of observations (means & SE) in which individuals of H. axyridis or E. balteatus were
found on or off the broad bean plant, for each tested combination of both predators, and both in the absence and presence of the aphid

A. pisum

E. balteatus H. axyridis Location H. axyridis

Location E. balteatus

Without aphids

With aphids

Without aphids

With aphids

On plant  Off plant On plant  Off plant  On plant Off plant On plant Off plant
L2 L2 477 +£75 52375 77.8£62 222+62 80.0£70 200+7.0 100.0+0.0 0.0=£0.0
L2 L3 444 +£74 55674 91.1 £42 89+42 550=£11.1 450+ 11.1 100.0 0.0 0.0+ 0.0
L2 L4 267+ 66 773 +6.6 644 +£71 356+7.1 1000+ 00 00=+0.0 100.0+0.0 0.0=+£0.0
L2 A 444 +£74 55674 778 £62 222+62 769+ 11.7 23.1 £ 11.7 91.6 £46 8.1=+46
L3 L2 38673 614+73 91.1 £42 89+42 867+51 133 +£5.1 95.6 £ 3.1 44 +3.1
L3 L3 40.0+73 60073 843 £51 15751 814£59 186=x59 1000+0.0 0.0=£0.0
L3 L4 40.0 £ 73 60073 70.6 £64 294 +64 829£59 17159 98020 20+£20
L3 A 31,1 £69 689 +£69 844 +£54 15654 58577 41577 884+49 11.6+49

L2-14 Larval instars 2—4, A adult
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Fig. 2 Percentage of second instars (a) or third instars (b) of
E. balteatus killed through intraguild predation by different
stages of H. axyridis on potted broad bean plants, in the
absence and presence of extraguild prey (aphids). L2-L4
Larval instars 2—4, A adult. The effect of the IG predator stage
is indicated by capital letters, the effect of the presence of
extraguild prey is indicated by lowercase letters. Bars with a
different letter are significantly different. Error bars represent
SE

stages of H. axyridis (for all contrasts x> > 4.06;
df =1; P <0.044) (Fig.2). When aphids were
added, the same differences were found, except for
the combinations with fourth instars of H. axyridis
where no significant difference in IGP between
second and third instars of E. balteatus was found
(f* = 1.85;df = 1; P = 0.174).

Adding extraguild prey to the arena resulted again in
a significant decrease in IGP events (y* = 27.17;
df =1; P <0.001) (Fig. 2). The effect of habitat
complexity was independent of the stage of H. axyridis.
In combinations with third instars of E. balteatus,
the frequency of IGP did not differ between Petri
dishes and potted plants, both in the absence and
the presence of extraguild prey (for both contrasts
;(2 < 1.93; df = 1; P > 0.164). In combinations with
second instars of the hoverfly, habitat complexity
affected the incidence of IGP, again both in the absence
or presence of extraguild prey (for both contrasts
¥* > 3.89; df = 1; P < 0.049).

@ Springer

Discussion

In the present laboratory study, IGP between H. axy-
ridis and E. balteatus occurred frequently, and was
always asymmetric. The coccinellid acted as the
intraguild predator and the syrphid as the intraguild
prey in all but one cases. Our study corroborates the
findings of Putra et al. (2009) and Alhmedi et al.
(2010), who reported that IGP between larvae of
H. axyridis and E. balteatus was in the majority of
cases asymmetric in favour of the coccinellid.

In our study, there was a significant effect of the
developmental stage of both interacting species on
the frequency of IGP. Early instars of E. balteatus
were most vulnerable to IGP, and older larvae and
adults of H. axyridis were the strongest intraguild
predators. This effect was the clearest in Petri dishes
and in the absence of aphids. Furthermore, in most
of the tested combinations, the larger individuals
behaved as intraguild predators on the smaller
intraguild prey, which is consistent with the general
rule of Polis et al. (1989). In other IGP studies with
H. axyridis, this ladybird also acted as an intraguild
predator on smaller opponents. Moreover, when
larvae of the ladybird were combined with predators
of similar size, H. axyridis remained the intraguild
predator in most of the cases (Cottrell and Yeargan
1998; Kajita et al. 2000; Snyder and Ives 2003; Félix
and Soares 2004; Gardiner and Landis 2007; Ware
and Majerus 2008). Larvae of E. balteatus were
found to act as intraguild predators on smaller
nymphs of Macrolophus caliginosus (Hemiptera:
Miridae) (Frechette et al. 2007), and on smaller
larvae of Coccinella septempunctata L. (Coleoptera:
Coccinellidae) (Hindayana et al. 2001).

However, not in all confrontations studied here did
the larger individuals act as the intraguild predators.
When the larvae of E. balteatus were larger than
those of H. axyridis they were paired with, they did
not act as intraguild predators. This indicates that,
besides body size, other factors such as behavioral or
morphological attributes can affect the outcome of
intraguild interactions (Lucas et al. 1998; Hindayana
et al. 2001; Ware and Majerus 2008). Larvae of
H. axyridis frequently attacked those of E. balteatus,
whereas attacks by hoverfly larvae were rarely
observed. All larval instars of E. balteatus showed
defence ploys, but they were not very effective
against H. axyridis. On the other hand, larvae of the
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ladybird could easily withstand attacks by hoverfly
larvae. Larvae of H. axyridis possess thick dorsal
spines, which protect them against potential predators
(Michaud and Grant 2003; Ware and Majerus 2008).
Such dorsal spines are also present, but not as
pronounced, on young larvae of C. septempunctata
(Ware and Majerus 2008), which may in part explain
why third instars of E. balteatus could kill smaller
larvae of the latter ladybird in the study of Hindayana
et al. (2001), but not those of H. axyridis in the
current study.

Our results show that adding extraguild prey to the
experimental arena resulted in a decrease of the level
of IGP, independent of the size of the arena.
However, IGP still occurred in most of the combi-
nations, and the symmetry and direction of the
interactions was never altered. The presence of
extraguild prey has been reported to increase or
decrease the intensity of IGP, or to have no effect
(Lucas et al. 1998). A decrease of IGP in the presence
of extraguild prey, can be explained by several
mechanisms. First, this may be the result of a
difference in prey preference, due to differences in
quality between the intraguild and extraguild prey
related to a higher nutritional value, or lower energy
expenses or damage during hunting, or both.

Second, the presence of extraguild prey may affect
the foraging behavior of a predator (Hindayana et al.
2001). In our study, in the presence of extraguild
prey, both predators focused on the consumption
aphids rather than moving around in search for food.
This reduced the chance of them encountering, even
in the small Petri dish arena’s, and thus leading to a
lower level of IGP. Furthermore, the percentage of
contacts leading to an attack was lower compared to
the same combination without aphids. The intraguild
predators may have been satiated by feeding on aphid
prey, and more reluctant to take the risk of injury
associated with attacking another predator. Together
with a lack of prey preference or a preference for the
extraguild prey, this would lead to fewer attacks on
the intraguild prey.

Third, Yasuda et al. (2004) showed that at higher
levels of food supply the growth rate of the intraguild
prey increased, reducing the incidence of IGP in
interactions between ladybirds. A similar effect was
observed in our experiments, especially in the case of
third instars of E. balteatus. In the control treatment,
all third instars of the hoverfly survived a 48 h

starving period, but showed only limited activity at
the end of this period. In contrast, when those larvae
were allowed to feed on aphids, they had grown and
were much more active, resulting in a greater vigour
and ability to withstand attacks by H. axyridis.

The size of the experimental arena did not have a
significant effect on the frequency of IGP in combi-
nations with third instars of E. balteatus. However, in
combinations with second instars of the hoverfly,
habitat complexity did affect IGP. In a number of
previous studies the size of the arena had a clear
effect on the intensity of IGP, with smaller and more
simple arenas generating higher levels of IGP.
For example, Chang (1996) found that, although
C. carnea and C. septempunctata larvae consumed
each other in Petri dishes, they did not affect one
another’s impact on aphid populations on potted
broad bean plants. In the experiments of Hindayana
et al. (2001), IGP still occurred between E. balteatus,
C. carnea and C. septempunctata on broad bean
plants, but it was reduced approximately fivefold
compared with that in Petri dishes. Conversely, in
interactions between H. axyridis and P. maculiventris
without extraguild prey, there was no lower incidence
of IGP on potted broad bean plants than in Petri
dishes (De Clercq et al. 2003).

According to Kajita et al. (2006) and Janssen et al.
(2007), habitat structure can influence IGP through
different mechanisms. First, predators have more
opportunity in larger arenas to avoid contact with
each other, reducing encounter rates. In the experi-
ments of Hindayana et al. (2001), the volume and
searching area of the arena increased by 200 and 40
times, respectively, when plants were used compared
to Petri dishes. This resulted in a significant decrease
of IGP between E. balteatus and C. septempunctata
larvae. In our experiments, the increase in volume
and searching area was only 43 and 20 times, and did
not result in a significant decrease in IGP on third
instars of E. balteatus. On the other hand, H. axyridis
is a more voracious ladybird and a stronger intraguild
predator than C. septempunctata (Ware and Majerus
2008), which complicates a comparison of the
findings of our study with those of Hindayana et al.
(2001).

A second way to avoid confrontation is by hiding
in refuges. In a highly structured habitat, more refuge
patches may be present (Denno and Finke 2006).
The effect on IGP would be the clearest if different
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refuges are used by predator and prey, protecting the
prey from predation (Janssen et al. 2007). Second
instars of E. balteatus are smaller than third instars,
which could enable them to hide in refuges (e.g. leaf
axils) more effectively. This may explain why in our
experiments there was an effect of arena size on IGP
on second instars of the hoverfly, but not on third
instars.

Petri dishes constitute a small and very artificial
environment. This kind of arena serves only to show
the potential outcome of predatory interactions
between two species and to estimate the effectiveness
of attack and defence mechanisms (Levin 1992).
Plants are an improvement over Petri dish arenas, but
they may still have important limitations. As Kajita
et al. (2006) pointed out, only one species of host
plant is included in such experiments, whereas results
could vary among host plant species. The outcome of
IGP experiments could also vary if more than one
plant of the same species is provided. The intraguild
prey could then avoid plants or extraguild prey
patches that are occupied by intraguild predators,
leading to spatial segregation between the predators
(Janssen et al. 2006). Furthermore, migration away
from the plant is prevented by the enclosure, which
can be an important behavioral response of ladybird
larvae when prey become scarce (Shellhorn and
Andow 1999; Sato et al. 2003). In the present plant
experiments, H. axyridis was observed more fre-
quently on the Plexiglas cylinder or on the soil in the
absence of extraguild prey compared to when aphids
were provided. Finally, IGP experiments involving
immature stages do not consider potential avoidance
behaviors of adult females when selecting oviposition
sites. Putra et al. (2009) and Almohamad et al. (2010)
demonstrated that E. balteatus females laid signifi-
cantly fewer eggs on leafs contaminated with larval
tracks of H. axyridis, thus reducing the risk of
predation to their progeny. An appropriate selection
of oviposition sites by E. balteatus is crucial given
the limited mobility of its larvae, preventing migra-
tion when prey become scarce. Given the above
limitations, it is difficult to extrapolate the results
from plant cage experiments to predict the incidence
of IGP between two given predators in the field.

In conclusion, the present laboratory study indi-
cates that H. axyridis can act as an intraguild predator
of larvae of E. balteatus, with the young syrphid
larvae being the most vulnerable to IGP. However,
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in order to determine whether the widescale estab-
lishment of the harlequin ladybird in Europe could
negatively impact on native populations of the
hoverfly, field studies are needed to improve our
understanding of the interactions among both preda-
tors. More realistic studies are also warranted to
unveil the impact of IGP interactions between the
studied species on their role in regulating aphid
populations. The development of effective molecular
tools will be instrumental to assess the ecological
relevance of intraguild predation by H. axyridis.

Acknowledgments This study was supported by a grant from
the Research Foundation—Flanders (FWO Vlaanderen) to
Brecht Ingels. We are grateful to Nick Berkvens and Dirk
Berkvens for their help with the statistical analyses. We also
thank two anonymous reviewers and the associate editor for
their helpful comments and suggestions, which greatly
improved this manuscript.

References

Adriaens T, San Martin y Gomez G, Maes D (2008) Invasion
history, habitat preferences and phenology of the invasive
ladybird Harmonia axyridis in Belgium. BioControl
53:69-88

Alhmedi A, Haubruge E, Bodson B, Francis F (2007) Aphi-
dophagous guilds on nettle (Urtica dioica) strips close to
fields of green pea, rape and wheat. Insect Sci 14:419-424

Alhmedi A, Haubruge E, Francis F (2010) Intraguild interac-
tions and aphid predators: biological efficiency of Har-
monia axyridis and Episyrphus balteatus. J Appl Entomol
134:34-44

Almohamad R, Verheggen FJ, Francis F, Haubruge E (2010)
Intraguild interactions between the predatory hoverfly
Episyrphus balteatus (Diptera: Syrphidae) and the Asian
ladybird, Harmonia axyridis (Coleoptera: Coccinellidae):
effect of larval tracks. Eur J Entomol 107:41-45

Altman M, Gill J, McDonald MP (2004) Numerical issues in
statistical computing for the social scientist. Wiley,
Hoboken

Alyokhin A, Sewell G (2004) Changes in a lady beetle com-
munity following the establishment of three alien species.
Biol Invasions 6:463-471

Arim M, Marquet PA (2004) Intraguild predation: a wide-
spread interaction related to species biology. Ecol Lett
7:557-564

Berkvens N, Bonte J, Berkvens D, Deforce K, Tirry L,
De Clercq P (2008) Pollen as an alternative food for
Harmonia axyridis. BioControl 53:201-210

Brown PMIJ, Adriaens T, Bathon H, Cuppen J, Goldarazena A,
Hagg 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



Effect of size, extraguild prey and habitat complexity on intraguild interactions 881

Burgio G, Santi F, Maini S (2002) On intra-guild predation and
cannibalism in Harmonia axyridis (Pallas) and Adalia
bipunctata L. (Coleoptera: Coccinellidae). Biol Control
24:110-116

Chang GC (1996) Comparison of single versus multiple spe-
cies of generalist predators for biological control. Environ
Entomol 25:207-212

Colunga-Garcia 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

Cottrell TE (2005) Predation and cannibalism of lady beetle
eggs by adult lady beetles. Biol Control 34:159-164

Cottrell TE, Yeargan KV (1998) Intraguild predation between
an introduced lady beetle, Harmonia axyridis (Coleoptera:
Coccinellidae), and a native lady beetle, Coleomegilla
maculata (Coleoptera: Coccinellidae). J Kans Entomol
Soc 71:159-163

Coutanceau JP (2006) Harmonia axyridis (Pallas, 1773) : une
coccinelle asiatique introduite, acclimatée et en extension
en France. Bull Soc Entomol France 111:395-401

Day WH, Prokrym DR, Ellis DR, Chianese RJ (1994) The
known distribution of the predator Propylea quattuor-
decimpunctata (Coleoptera, Coccinellidae) in the United
States, and thoughts on the origin of this species and 5
other exotic lady beetles in eastern North-America.
Entomol News 105:244-256

De Clercq P, Peeters I, Vergrauwe G, Thas O (2003) Interac-
tion between Podisus maculiventris and Harmonia axy-
ridis, two predators used in augmentative biological
control in greenhouse crops. BioControl 48:39-55

Denno RF, Finke DL (2006) Multiple predator interactions and
food-web connectance: implications for biological con-
trol. In: Brodeur J, Boivin G (eds) Trophic and guild
interactions in biological control. Springer, Dordrecht,
pp 45-70

Félix S, Soares AO (2004) Intraguild predation between the
aphidophagous ladybird beetles Harmonia axyridis and
Coccinella undecimpunctata (Coleoptera: Coccinellidae):
the role of body weight. Eur J Entomol 101:237-242

Frechette B, Rojo S, Alomar O, Lucas E (2007) Intraguild
predation between syrphids and mirids: who is the prey?
Who is the predator? BioControl 52:175-191

Gardiner MM, Landis DA (2007) Impact of intraguild preda-
tion by adult Harmonia axyridis (Coleoptera: Coccinelli-
dae) on Aphis glycines (Hemiptera: Aphididae) biological
control in cage studies. Biol Control 40:386-395

Gordon RD (1985) The Coccinellidae (Coleoptera) of America
north of Mexico. J] NY Entomol Soc 93:1-912

Hindayana D, Meyhofer R, Scholz D, Poehling HM (2001)
Intraguild predation among the hoverfly Episyrphus
balteatus de Geer (Diptera: Syrphidae) and other aphi-
dophagous predators. Biol Control 20:236-246

Hodek I, Honek A (1996) Ecology of Coccinellidae. Kluwer,
Dordrecht

Hoogendoorn M, Heimpel GE (2004) Competitive interactions
between an exotic and a native ladybeetle: a field cage
study. Entomol Exp Appl 111:19-28

Janssen A, Montserrat M, HilleRisLambers R, de Roos AM,
Pallini A, Sabelis MW (2006) Intraguild predation usually
does not disrupt biological control. In: Brodeur J, Boivin

G (eds) Trophic and guild interactions in biological con-
trol. Springer, Dordrecht, pp 21-40

Janssen A, Sabelis MW, Magalhaes S, Montserrat M, Van der
Hammen T (2007) Habitat structure affects intraguild
predation. Ecology 88:2713-2719

Kajita Y, Takano F, Yasuda H, Agarwala BK (2000) Effects of
indigenous ladybird species (Coleoptera: Coccinellidae)
on the survival of an exotic species in relation to prey
abundance. Appl Entomol Zool 35:473-479

Kajita Y, Takano F, Yasuda H, Evans EW (2006) Interactions
between introduced and native predatory ladybirds
(Coleoptera, Coccinellidae): factors influencing the suc-
cess of species introductions. Ecol Entomol 31:58-67

Koch RL (2003) The multicoloured Asian lady beetle, Har-
monia axyridis: a review of its biology, uses in biological
control, and non-target impacts. J Insect Sci 3:1-16

Koch RL, Venette RC, Hutchison WD (2006) Invasions by
Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae) in
the Western Hemisphere: implications for South America.
Neotrop Entomol 35:421-434

Levin SA (1992) The problem of pattern and scale in ecology.
Ecology 73:1943-1967

Lombaert E, Guillemaud T, Cornuet JM, Malausa T, Facon B,
Estoup A (2010) Bridgehead effect in the worldwide
invasion of the biocontrol harlequin ladybird. Plos One 5:
Artn E9743. doi:10.1371/Journal.Pone.0009743

Lucas E (2005) Intraguild predation among aphidophagous
predators. Eur J Entomol 102:351-363

Lucas E, Coderre D, Brodeur J (1998) Intraguild predation
among aphid predators: characterization and influence of
extraguild prey density. Ecology 79:1084-1092

Majerus M, Strawson V, Roy H (2006) The potential impacts
of the arrival of the harlequin ladybird, Harmonia axyridis
(Pallas) (Coleoptera: Coccinellidae), in Britain. Ecol
Entomol 31:207-215

McCornack BP, Koch RL, Ragsdale DW (2007) A simple
method for in-field sex determination of the multicolored
Asian lady beetle Harmonia axyridis. J Insect Sci 7:1-12

McCullagh P, Nelder J (1989) Generalized linear models.
Chapman and Hall, London

Michaud JP (2002) Invasion of the Florida citrus ecosystem by
Harmonia axyridis (Coleoptera: Coccinellidae) and
asymmetric competition with a native species, Cycloneda
sanguinea. Environ Entomol 31:827-835

Michaud JP, Grant AK (2003) Intraguild predation among la-
dybeetles and a green lacewing: do the larval spines of
Curinus coeruleus (Coleoptera: Coccinellidae) serve a
defensive function? Bull Entomol Res 93:499-505

Obrycki 1], Giles KL, Ormord AM (1998) Interactions between
an introduced and indigenous coccinellid species at dif-
ferent prey densities. Oecologia 117:279-285

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

Pervez A, Omkar (2006) Ecology and biological control
application of multicoloured Asian ladybird, Harmonia
axyridis: a review. Biocontrol Sci Technol 16:111-128

Phoofolo MW, Obrycki JJ (1998) Potential for intraguild pre-
dation and competition among predatory Coccinellidae
and Chrysopidae. Entomol Exp Appl 89:47-55

@ Springer


http://dx.doi.org/10.1371/Journal.Pone.0009743

882

B. Ingels, P. De Clercq

Polis GA, Myers CA, Holt RD (1989) The ecology and evo-
lution of intraguild predation: potential competitors that
eat each other. Annu Rev Ecol Syst 20:297-330

Putra NS, Yasuda H, Sato S (2009) Oviposition preference of
two hoverfly species in response to risk of intraguild
predation. Appl Entomol Zool 44:29-36

Sadeghi H, Gilbert F (2000) Aphid suitability and its rela-
tionship to oviposition preference in predatory hoverflies.
J Anim Ecol 69:771-784

Sato S, Dixon AFG (2004) Effect of intraguild predation on the
survival and development of three species of aphidopha-
gous ladybirds: consequences for invasive species. Agric
Forest Entomol 6:21-24

Sato S, Dixon AFG, Yasuda H (2003) Effect of emigration on
cannibalism and intraguild predation in aphidophagous
ladybirds. Ecol Entomol 28:628-633

Sengonca C, Frings B (1985) Interference and competitive
behavior of the aphid predators, Chrysoperla carnea and
Coccinella septempunctata in the laboratory. Entomoph-
aga 30:245-251

Shellhorn NA, Andow DA (1999) Mortality of coccinellid
(Coleoptera: Coccinellidae) larvae and pupae when prey
become scarce. Environ Entomol 28:1092-1100

Snyder WE, Ives AR (2003) Interactions between specialist
and generalist natural enemies: parasitoids, predators, and
pea aphid biocontrol. Ecology 84:91-107

SPSS Inc. (2006) SPSS base user’s guide. SPSS Inc., Chicago

@ Springer

Stubbs AE, Falk SJ (2002) British hoverflies: an illustrated
identification guide. British Entomological and Natural
History Society, Reading

Tenhumberg B (1995) Estimating predatory efficiency of
Episyrphus balteatus (Diptera, Syrphidae) in cereal fields.
Environ Entomol 24:687-691

Tenhumberg B, Poehling HM (1995) Syrphids as natural
enemies of cereal aphids in Germany: aspects of their
biology and efficacy in different years and regions. Agric
Ecosyst Environ 52:39-43

Verlinden L, Decleer K (1987) The hoverflies (Diptera, Syr-
phidae) of Belgium and their faunistics: frequency, dis-
tribution, phenology. Koninklijk Belgisch Instituut voor
Natuurwetenschappen, Brussel

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

Yasuda H, Kikuchi T, Kindlmann P, Sato S (2001) Relation-
ships between attack and escape rates, cannibalism, and
intraguild predation in larvae of two predatory ladybirds.
J Insect Behav 14:373-384

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



	Effect of size, extraguild prey and habitat complexity on intraguild interactions: a case study with the invasive ladybird Harmonia axyridis and the hoverfly Episyrphus balteatus
	Abstract
	Introduction
	Materials and methods
	Insects
	Effect of size and presence of extraguild prey on IGP
	Effect of size, extraguild prey and habitat complexity on IGP
	Statistical analysis

	Results
	Effect of size and presence of extraguild prey on IGP
	Effect of size, extraguild prey and habitat complexity on IGP

	Discussion
	Acknowledgments
	References


