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Abstract 
 

In biological control the combined use of natural enemies has been suggested as a strategy to enhance pest regulation. Therefore, 

studying intraguild predation (IGP) effects offers valuable information in the optimal use of multiple biological control agents. In 

this work, IGP interactions and their consequences in prey consumption were investigated among three aphidophagous predators 

and their instars in combinations of two or three species i.e Adalia bipunctata (2nd, 3rd and 4th larval instar), Macrolophus pyg-

maeus (2nd and 5th nymphal instar) and Aphidoletes aphidimyza (2nd and 3rd larval instar) in the absence and presence of extraguild 

prey (the aphid Myzus persicae). In the absence of extraguild prey, larvae of A. bipunctata always preyed upon and nymphs of   

M. pygmaeus killed a high proportion of the larvae of A. aphidimyza. Direct IGP between A. bipunctata and M. pygmaeus was not 

recorded but another experiment revealed that M. pygmaeus preyed readily upon the eggs of A. bipunctata. In presence of aphids 

there was no adverse effect and even more, when released all the three species together in several cases the observed predation 

rates were significantly higher than the expected. Finally, partial aphid consumption rates showed evidence for IGP interactions 

between A. aphidimyza and M. pygmaeus. 
 

Key words: intraguild predation, Adalia bipunctata, Aphidoletes aphidimyza, Macrolophus pygmaeus, Myzus persicae, biological 

control, aphid, multiplicative risk model. 

 

 

Introduction 
 

Intraguild predation (IGP) occurs in food webs where a 

member of the guild (all species exploiting a similar re-

source, regardless of their nutrition mode, ecology, or 

taxonomic position) preys upon another member of the 

same guild (Polis et al., 1989; Janssen et al., 2007). In-

traguild interactions involves a competitor or aggressor 

(IG predator), a victim predator (IG prey) and their 

shared prey (extraguild prey). Intraguild interactions are 

common among biological control agents (Rosenheim et 

al., 1995; van Veen et al., 2006) and may largely influ-

ence their effectiveness in pest control (Rosenheim et 

al., 1993; 1995; Snyder and Wise, 1999; Ferguson and 

Stiling, 1996; Lucas et al., 1998; Nóia et al., 2008). The 

intensity of the IG interactions is expected to be 

stronger on smaller size individuals (Hindayana et al., 

2001; Lucas, 2012; Rondoni et al., 2014), less mobile 

individuals (Lucas et al., 1998; Hindayana et al., 2001; 

Frechette et al., 2008), on less complex environments 

and less availability rate of extraguild prey (Polis and 

Holt, 1992; Lucas et al., 1998; Finke and Denno, 2002; 

Yasuda et al., 2004; Chacón and Heimpel, 2010; Lucas 

and Rosenheim, 2011). 

Specialist and generalist natural enemies may show 

complementary ecological adaptations that may increase 

their effect in pest suppression when act in concert 

rather than when used singly (Snyder and Ives, 2003; 

Straub et al., 2008). In protected crops, combination of 

natural enemies in augmentation biological control pro-

grams may offer control of a set of co-occurring pests 

(Chow et al., 2008; Colomer et al., 2011; Chailleux et 

al., 2013), earlier colonization and higher efficacy to 

reduce high numbers of pests (Messenlink et al., 2013). 

Therefore, studies exploring IGP offer valuable insights 

in the optimization of biological control strategies in 

greenhouse crops (Enkegaard and Brødsgaard, 2006; 

van Lenteren, 2012). 

The aphid predators Adalia bipunctata (L.) (Coleop-

tera Coccinellidae), Macrolophus pygmaeus (Rambur) 

(Hemiptera Miridae) and Aphidoletes aphidimyza (Ron-

dani) (Diptera Cecidomyiidae) commonly co-exist on 

vegetable crops and are commonly released to control 

aphids in greenhouse crops. A. bipunctata is a major 

natural enemy of Myzus persicae (Sulzer) (Hemiptera 

Aphididae) (Jalali et al., 2009; 2010; Jalali and 

Michaud, 2012) and is used in augmentative biological 

control in greenhouses (Wyss et al., 1999a; 1999b; De 

Clercq et al., 2005; Robledo Camacho et al., 2009). Re-

search has focused on its IGP interactions with other 

ladybird species (Hentley et al., 2016). A. bipunctata 

IGP behaviour has been widely studied around the 

world, either in its native area (Burgio et al., 2002; 

Ware and Majerus, 2008) or in Japan where it failed to 

invade after its introduction (Kajita et al., 2000; 2006). 

M. pygmaeus is a zoophytophagous predator effective 

against whiteflies, aphids and Lepidoptera in protected 

and open-field tomato and eggplant crops (Perdikis et 

al., 2008; 2014; Arnó et al., 2009; Urbaneja et al., 2009; 

Trotta et al., 2015) and is commonly used in augmenta-

tive biological control programs in Europe (van Len-

teren, 2012). In addition to prey, M. pygmaeus also 

shows phytophagous habits developing successfully and 

ovipositing when feeding only on leaves of tomato or 

eggplant (Perdikis and Lykouressis, 2000). Its common 

use and polyphagy has triggered studies investigating its 

possible interference with other natural enemies such as 

Diglyphus isaea (Walker) (Hymenoptera Eulophidae), 

Encarsia formosa Gahan (Hymenoptera Aphelinidae), 

syrphids, Orius majusculus (Reuter) (Hemiptera Antho-

coridae), Nesidiocoris tenuis Reuter (Hemiptera Miri-

dae) and Dicyphus tamaninii Wagner (Hemiptera Miri-

dae) (Nedstam and Johansson-Kron, 1999; Lucas and 

Alomar, 2002; Jakobsen et al., 2004; Fréchette et al., 

2007; Moreno-Ripoll et al., 2014; Perdikis et al., 2014; 

Trotta et al., 2015). Another member of the guild of 
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aphidophagous predators on vegetable crops is a spe-

cialist one, the gall midge A. aphidimyza. This is an ef-

fective predator widely used in aphid biological control 

in greenhouse crops (Messelink et al., 2013; Higashid et 

al., 2016; Watanabe et al., 2016). Its larvae creep and 

paralyze their victim before extracting its body contents. 

This is considered a predator particularly vulnerable to 

IGP due to its slow moving and defenceless nature (Lu-

cas et al., 1998; Hindayana et al., 2001). 

Overall, the three above mentioned predatory species 

have variable ecological adaptations and traits i.e. dif-

ferent mouthparts, slow or fast moving larvae. Feeding 

by predator species with different foraging behaviour 

may result in an increase in pest suppression due to 

complementarity of resource use (Soluk and Collins, 

1988; Losey and Denno, 1998). However, and despite 

their wide use in biological control, IGP studies involv-

ing those predators are scarce. Evidence on this can be 

derived from a recent study where the IG interactions 

were searched between M. pygmaeus and A. bipunctata 

(Trotta et al., 2015) indicating that IGP was dependent 

on the extraguild prey density, and when occurred was 

asymmetrical with M. pygmaeus being always the IG 

prey. Vellekoop (2008) studied the combined effects of 

M. pygmaeus and A. aphidimyza on aphid populations 

on eggplants. However, as far as we know, IGP between 

A. bipunctata and A. aphidimyza and among all the 

three predator species when used simultaneously have 

not yet been reported. Furthermore, IGP interactions are 

usually explored between two natural enemies; as far as 

we know, very few have explored three-way interac-

tions (but see Rahmani et al., 2015). 

In this work IGP interactions were investigated among 

A. bipunctata, M. pygmaeus and A. aphidimyza in pair 

wise combinations of different instars and when all the 

three predators species were acting together. Particular 

emphasis was given to their interactions: (1) in the ab-

sence and presence of the shared extraguild prey the 

aphid M. persicae and (2) among their developmental 

instars of variable age. Effects on prey consumption and 

partial prey consumption were recorded since compli-

cated interactions with positive or negative results to 

biological control may appear in mixtures of natural 

enemies (Janssen et al., 1998; Messelink et al., 2012; 

Roubinet et al., 2015). 

 

 

Materials and methods 
 

Plants and insects 
The extraguild aphid prey, M. persicae, was reared on 

potted egg plants (cv. Bonica, General Fitotechniki 

S.A., Athens, Greece). A culture of M. pygmaeus was 

established with individuals collected in Boeotia, 

Greece (38.346952N 23.175667E) and maintained in 

eggplants providing eggs of Ephestia kuehniella Zeller 

(Lepidoptera Pyralidae) (Entofood™ Koppert B.V., The 

Netherlands). A. bipunctata and A. aphidimyza (Bio-

Insecta, Thessaloniki, Greece) were reared on M. persi-

cae in eggplants. Insect rearings were kept in wood 

framed cages (length 80 cm × width 80 cm × height    

70 cm), in an air-conditioned glasshouse maintained at 

23 ± 2.5 °C (mean ± SD), 65 ± 5% RH, under natural 

lighting. 

The plants were developed individually in pots (12 cm 

diameter) with a mixture of peat:perlite 5:1 and were 

watered two/three times per week. The plants had not 

been fertilized or treated with any chemical, were visu-

ally inspected 3 times a week and any pest found was 

removed. Eggplants (cv. Bonica), with 4-5 fully devel-

oped leaves were used for the experiments. 

 

Experiments 
The experiments were carried out in plastic Petri 

dishes (9 cm diameter, 1.5 cm height) with a mesh-

covered hole in their lid (3 cm diameter), in order to re-

duce the build-up of humidity inside the dish. An egg-

plant leaf with its lower surface facing upwards was 

placed in the dish. The periphery of the leaf was firmly 

attached to the base of the dish with a stripe of wet cot-

ton, so that to prevent aphid or predators’ movement to 

the underside of the leaf. 

The IGP intensity was inspected using larvae of        

A. bipunctata of the 2
nd

, 3
rd

 and 4
th

 (last) instar, nymphs 

of M. pygmaeus of the 2
nd

 and 5
th

 (last) instar and larvae 

of A. aphidimyza of 2
nd

 and 3
rd

 (last) instar. The preda-

tors were used singly and in all combinations of two or 

all the three species together. The effect of extraguild 

prey on IGP was investigated by testing each combina-

tion both in the absence and presence of aphid prey. In 

the experiments always 24h starved nymphs (or larvae) 

of the predators were used. For this purpose they were 

provided with an eggplant leaf in a dish for 24h prior to 

their use in the experiments. Each treatment was repli-

cated 20 times (a dish was a replication). For starvation, 

movement less sluggish larvae (1
st
 or 2

nd
 or 3

rd
 instar) 

were selected and kept individually with aphids in Petri 

dish and next day morning the fresh active new instar 

larvae were selected and kept for starvation. Larvae 

moulted during the experiment were discarded and re-

placed by new ones. Dishes with predators were kept at 

25 ± 1 °C, 65 ± 5% RH and a photoperiod of 16L:8D. 

 

I n t r a g u i l d  i n t e r a c t i o n s  b e t w e e n  

p r e d a t o r s  w i t h o u t  e x t r a g u i l d  p r e y  

IG interactions were searched in the absence of aphid 

prey. The predators were used in all pair-wise combina-

tions of all the three species and their instars as de-

scribed before. After 24h from their release in the dish, 

the predators’ survival was recorded in each dish. 

IGP between M. pygmaeus and A. bipunctata were 

further investigated studying the predation rate of        

M. pygmaeus nymphs on eggs of A. bipunctata, follow-

ing identical methodology as above. For this purpose, 

20 eggs (one day after their laying) in a single cluster 

were placed on the eggplant leaf in each Petri dish. A 

single M. pygmaeus 5
th

 instar nymph was released in 

each dish. After 24h the egg consumption was recorded. 

The experiment was replicated 15 times. 

 

I G P  e f f e c t s  i n  e x t r a g u i l d  p r e y  

p r e s e n c e  

The predation by individuals of each predator species 

and instar placed singly in the dish was recorded. On 
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each eggplant leaf in the dish, 50 M. persicae nymphs of 

3
rd

 and 50 nymphs of the 4
th

instar were placed gently 

and left undisturbed for 1h to settle before the release of 

predator. After 24h the predator was removed and the 

numbers of alive and killed aphids in each dish were 

recorded. Aphids that were entirely consumed by         

A. Aphidimyza or M. pygmaeus were completely emp-

tied and only their cuticle remained. Preliminary ex-

periments showed that it was possible to distinguish the 

aphids preyed upon by M. pygmaeus or A. aphidimyza 

since the cuticle of the aphid consumed by the former 

predator was reddish but when consumed by the latter, it 

obtained a blackish colour. A. bipunctata consumes the 

whole aphid and thus any aphids missed were consid-

ered to be preyed upon by that predator. Our prelimi-

nary records showed that A. bipunctata did not consume 

the aphid skins that remain after M. pygmaeus or          

A. aphidimyza feeding. In another experiment and aim-

ing to quantify the predation rate of each predator spe-

cies in a short period after its introduction in the dish, 

the prey consumption of each instar when used singly 

was recorded a) after a period of 6h and b) after a period 

of 24h from their release in the dish, using the same 

methodology as described before. 

Prey partially consumed (sucked but a part of its body 

mass remained unconsumed) as well as prey killed but 

left totally unconsumed were also recorded in each dish. 

This was done because partial prey consumption by     

A. aphidimyza and M. pygmaeus has been reported (Uy-

gun, 1971; Fantinou et al., 2008; Lykouressis et al., 

2016). 

The IGP effects on aphid consumption were examined 

in all pair-wise combinations of all the three predator 

species and the respective instars, as described before. In 

addition, their interactions when using simultaneously 

one individual of each of the three species were studied. 

In all the cases the predators were introduced in the 

middle of the light cycle at the above-mentioned condi-

tions. In control experiments, the mortality of M. persi-

cae without predators and that of each predator instar 

when placed singly in the dish was also recorded under 

the conditions of the experiments. It was found that after 

24h the mortality of predators was zero and the aphid 

mortality was negligible (less than 0.5%). 

 

Statistical analysis 
The predation rates recorded when each predatory 

species used singly did not follow the assumptions of 

ANOVA (Shapiro-Wilk normality test failed, P < 0.05), 

and were compared with Kruskal-Wallis One Way 

Analysis of Variance on Ranks and median values were 

separated with Dunn’s method. The same procedure was 

followed to compare the percentage of the total prey 

consumption that occurred in the first 6 hours for each 

species and instar. The partial aphid prey consumption 

rates were compared among treatments with χ
2
 test. 

The effect of interactions among the predators          

(A. bipunctata, M. pygmaeus and A. aphidimyza) on 

their aphid prey consumption when used individually 

and in combination was assessed by using the multipli-

cative risk model (Soluk and Collins, 1988; Soluk, 

1993; Sih et al., 1998, Lampropoulos et al., 2013). This 

model is considered to account for prey removal, be-

cause a prey individual eaten by one predator is no 

longer available to the other predators. If predators have 

independent effects then: 

Ep1+2 = P1+P2−(P1×P2)                                                           (A) 

where Ep1+2 is the expected proportion consumed in 

the two-predator treatments and P1, P2 are the mean ob-

served proportions consumed in the single-predator 

treatments. We extended equation (A) to include a third 

predator by adding the term P3 as described by Nilsson 

et al. (2006): 
Ep1+2+3 = P1+P2+P3−(P1×P2)−(P1×P3)−(P2×P3)+(P1×P2×P3)  (B) 

The expected rates were calculated for each individ-

ual. The observed and the expected rates for the indi-

viduals of each treatment were compared with unpaired 

t-test. The Bonferroni adjustment was used. In cases that 

normality test (Shapiro-Wilk) failed (P < 0.05) the data 

were compared using a Mann-Whitney Rank Sum Test. 

Analyses were conducted with the statistical package 

SigmaPlot 12.0 (Systat Software, 2012). 

 

 

Results 
 

Intraguild interactions between predators without 
extraguild prey 

When A. bipunctata (2
nd

, 3
rd

 and 4
th

 instar larvae) and 

M. pygmaeus (2
nd

 and 5
th

 instar nymphs) were used to-

gether in pair wise combinations, without aphids, no 

killed individual was observed. M. pygmaeus 5
th

 instar 

consumed in average 15.33 ± 0.50 eggs of A. bipunctata 

when provided in clusters of 20 eggs. 

A. bipunctata (2
nd

, 3
rd

 and 4
th
 instar) always consumed 

A. aphidimyza (2
nd

 and 3
rd

 instar) (figure 1). M. pyg-

maeus 2
nd

 instar nymphs did not consume any instars of 

A. aphidimyza. However, M. pygmaeus 5
th

 instar nymphs 

consumed A. aphidimyza 2
nd

 and 3
rd

 instar larvae at a 

percentage of 70% and 60% respectively (figure 1). 

 

IGP effects in extraguild prey presence 
I n t r a g u i l d  m o r t a l i t y  

Killing events were not recorded between A. bipunc-

tata and M. pygmaeus. However, A. bipunctata 3
rd

 instar 

consumed A. aphidimyza 3
rd

 instar larvae at a percent-

age of 20%. A. bipunctata (4
th
instar) consumed A. aph-

idimyza 2
nd

 and 3
rd

 instar larvae at a percentage of 15% 

and 25%, respectively. M. pygmaeus (5
th

 instar) con-

sumed A. aphidimyza (3
rd

 instar) larvae at a percentage 

of 15% (figure 1). When A. aphidimyza 2
nd

 instar used 

together with either A. bipunctata 4
th

 instar and M. pyg-

maeus 5
th

 instar or with A. bipunctata 3
rd

 instar and     

M. pygmaeus 5
th

 instar, then was found dead in two and 

a single replicate, respectively. 

 

E x t r a g u i l d  p r e y  c o n s u m p t i o n  

The results of the aphid consumption when each 

predator was used singly were significantly dependent 

of the predator species and its instar (H = 123.56, df = 6, 

P < 0.001) (figure 2). The highest consumption recorded 

when A. bipunctata 4
th

 instar larvae were used, followed 
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Figure 1. Percentage of the replicates in each pairwise 

IGP treatment in which A. aphidimyza (Aa, 2
nd

 and 3
rd

 

instars) were found killed by A. bipunctata (Ab, 2
nd

, 

3
rd

 and 4
th

 instars) or M. pygmaeus (Mp, 2
nd

 and 5
th

 in-

stars) as recorded without or with extraguild prey (i.e. 

the aphid M. persicae). 

 

 

 
 

Figure 2. Consumption (mean ± SE) of M. persicae 

nymphs by single 24h starved nymph or larva of vari-

able instar, of each of three predator species, A. bipunc-

tata, M. pygmaeus and A. aphidimyza, as recorded 24h 

after introduction of each larva or nymph in a Petri dish 

at 25 °C. Columns with different letter are significantly 

different (Kruskal-Wallis test, P < 0.05). 

 

 

 
 

Figure 3. Consumption (mean ± SE) of M. persicae 

nymphs by A. bipunctata (Ab, 2
nd

, 3
rd

 and 4
th

 instars) 

and M. pygmaeus (Mp, 2
nd

 and 5
th

 instars) when used 

individually and in the respective treatments when 

used together, 24h after their introduction in Petri 

dishes at 25 °C. 

by that of its 3
rd

 and 2
nd

 instar larvae. The latter fed on 

more aphids than A. aphidimyza 3
rd

 or M. pygmaeus 5
th

, 

however there was no significant difference in their pre-

dation rates and to the predation rates of the other preda-

tors’ instars. 

The aphid consumption recorded when the three preda-

tor species were used in pair wise combinations is shown 

in figures 3-5. The total observed consumption rates were 

compared with the expected ones when the predator spe-

cies were used in pairs and are shown in the figure 6. 

There were no significant differences between the ex-

pected and the observed values. The observed and the 

expected total consumption rates when the three predator 

species were used together are shown in the figure 7. 

The observed values were significantly higher than ex-

pected one in the cases of A. bipunctata 4
th
, A. aphidi-

myza 2
nd

 and M. pygmaeus 5
th
 instars (t = 2.98, df = 8,   

P = 0.005) and A. bipunctata 3
rd

, A. aphidimyza 3
rd

 and 

M. pygmaeus 2
nd

 instars (t = 2.95, df = 8, P = 0.005). 

 

 

 
 

Figure 4. Consumption (mean ± SE) of M. persicae 

nymphs by 2
nd

, 3
rd

 and 4
th

 nymphal instars of             

A. bipunctata (Ab) and A. aphidimyza (Aa) 2
nd

 and 3
rd

 

larval instars, when used individually and in the re-

spective treatments when used together 24h after their 

introduction in Petri dishes at 25 °C. 

 

 

 
 

Figure 5. Consumption (mean ± SE) of M. persicae 

nymphs by 2
nd

 and 5
th

 nymphal instars of M. pyg-

maeus (Mp) and A. aphidimyza (Aa) (2
nd 

and 3
rd

 larval 

instars) when used individually and in the respective 

treatments when used together, 24h after their intro-

duction in Petri dishes at 25 °C. 
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Figure 6. Consumption of M. persicae nymphs (mean ± 

SE) observed and the respective expected ones as de-

rived by the multiplicative model, when predator indi-

viduals (A. bipunctata 2
nd

, 3
rd

 and 4
th

 instars, A. aph-

idimyza 2
nd

 and 3
rd

 larval instars, and M. pygmaeus 2
nd

 

and 5
th

 nymphal instars) foraged in pairwise combina-

tions in Petri dishes at 25 °C. Columns with different 

letter are significantly different within each predator 

combination (t-test or Mann-Whitney Rank Sum Test, 

P < 0.05). 
 

 

 
 

Figure 7. Consumption of M. persicae nymphs (mean ± 

SE) observed and the respective expected ones as de-

rived by the multiplicative model when predator indi-

viduals (A. bipunctata 2
nd

, 3
rd

 and 4
th

 instars, A. aph-

idimyza 2
nd

 and 3
rd

 larval instars, and M. pygmaeus 2
nd

 

and 5
th

 nymphal instars) foraged in combinations of 3 

(one larva or nymph of each species) in Petri dishes at 

25 °C. Columns with different letter are significantly 

different within each predator combination (t-test or 

Mann-Whitney Rank Sum Test, P < 0.05). 
 

 

 
 

Figure 8. The allocation (%) of total aphid predation to 

completely (CC), more than half (>1/2) or less than 

half (<1/2) consumed aphids and aphids killed but not 

consumed at all (killed), by A. aphidimyza 2
nd

 and 3
rd

 

instars when used together with 2
nd

 or 5
th

 instar 

nymphs of M. pygmaeus. 

Interestingly, the consumption during the first 6h of  

A. bipunctata was much more intense than the other 

predator species (37 ± 8%, 41 ± 3%, and 44 ± 2% of the 

total aphid consumption in a 24h period for 2
nd

, 3
rd

 and 

4
th

 instars, respectively), in comparison to the 2
nd

 and 5
th

 

nymphal instars of M. pygmaeus (6 ± 3% and 14 ± 4%, 

respectively) and the 2
nd 

and 3
rd 

larval instar of A. aph-

idimyza (3 ± 1% and 16 ± 3%, respectively) (H = 91.82, 

df = 6, P < 0.001). 

 

P a r t i a l  a p h i d  p r e y  c o n s u m p t i o n  

The partial aphid prey consumption was observed in 

the case of A. aphidimyza when used singly or together 

with M. pygmaeus or A. bipunctata. The percent of 

aphids completely, more than half, less than half con-

sumed and killed but not consumed by A. aphidimyza 

when used with M. pygmaeus is shown in figure 8. 

More killed but left unconsumed aphids were recorded 

when A. aphidimyza 2
nd

 instar was used together with 

M. pygmaeus 5
th

 instar although non-significantly 

higher than those in the other cases (χ
2
 test, P > 0.05). 

Partial aphid prey consumption was observed in the case 

of M. pygmaeus, too, but at very low incidence. 

 

 

Discussion 
 

In the absence of extraguild prey IGP towards A. aph-

idimyza was asymmetric, with the gall midge always 

being the IG prey. Thus, our study supports the expecta-

tion that sessile and low mobility predators are generally 

vulnerable to IGP (Lucas et al., 1998). Similar findings 

have been reported in earlier studies where A. aphidi-

myza was proved vulnerable to IGP by Coleomegilla 

maculata (De Geer) (Coleoptera Coccinellidae) and 

Chrysoperla rufilabris (Burmeister) (Neuroptera 

Chrysopidae) (Lucas et al., 1998) or by Harmonia axy-

ridis (Pallas) (Coleoptera Coccinellidae) (Gardiner and 

Landis, 2007). In our study, A. bipunctata larvae re-

vealed high aggressiveness towards A. aphidimyza. Dif-

ferently, M. pygmaeus nymphs consumed A. aphidimyza 

at a much lower rate than A. bipunctata larvae. How-

ever, slow moving syrphid larvae were often protected 

against mobile predatory ladybird larvae, probably by 

their slime cover (Nedvěd et al., 2013). 

In the absence of extraguild prey incidence of direct 

IGP between A. bipunctata and M. pygmaeus did not 

occur. Their IGP interactions have been investigated in 

the study of Trotta et al. (2015) who reported that 4
th

 

instar larvae of A. bipunctata consumed in 32% of the 

cases a female of M. pygmaeus, when enclosed together 

in a small plastic cylinder (diameter: 5.5 cm, height:   

7.5 cm, volume: 150 ml) without aphids. 

Generally, IGP intensity may decrease with increasing 

extraguild prey density (e.g. Kajita et al., 2000; Nóia et 

al., 2008; Pérez-Guerrero, 2015; Trotta et al., 2015) and 

this was also corroborated in our study. In another work, 

the attacked and dead A. aphidimyza larvae in treat-

ments with M. pygmaeus were very low and in the com-

bined treatment the number of aphids didn’t differ to the 

monospecific treatment where only A. aphidimyza had 

been used (Vellekoop, 2008). Although the A. aphidi-
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myza larvae suffer from intraguild predation by other 

aphidophagous predators (Lucas et al., 1998; Hindayana 

et al., 2001), the risk is reduced in the case of aphid 

abundance (Lucas et al., 1998; Lucas and Brodeur, 

2001; Christensen et al., 2002). These outcomes indi-

cate that the IG prey (A. aphidimyza) could feed on the 

aphid prey likely being unnoticed by the mobile preda-

tors such as A. bipunctata and M. pygmaeus. This may 

happen for highly specific predators that can prey within 

the aphid colony without causing disturbance and profit 

by the dilution effect (Lucas et al., 1998). A. aphidimyza 

follows a furtive predation strategy (New, 1991; Lucas 

and Brodeur, 2001; Fréchette et al., 2008) and likely 

this may lessen the intensity of IGP interactions. Simi-

larly to our results, Wyss et al. (1999b) in a system with 

two predator species common to ours, reported that the 

combined release of A. bipunctata, A. aphidimyza, and 

Episyrphus balteatus De Geer (Diptera Syrphidae) ef-

fectively controlled the rosy apple aphid, Dysaphis 

plantaginea Passerini (Hemiptera Aphididae) and thus 

their joint effect was best explained by an additive 

model. The reasons behind the additive effect found in 

our work could be associated with the fact that the aphid 

density was not a limiting factor. Dib et al. (2011) found 

that the interactions were additive in high aphid densi-

ties higher than satiation when compared with lower 

aphid densities. 

Larger individuals of A. bipunctata and M. pygmaeus 

were stronger intraguild competitors than the smaller 

instars. This is consistent with the general rule of Polis 

et al. (1989) and other studies involving aphidophagous 

arthropod predators (Sengonca and Frings, 1985; Lucas 

et al., 1998; Phoofolo and Obrycki, 1998; Hindayana et 

al., 2001; Felix and Soares, 2004). The only strong in-

traguild predator smaller than its intraguild prey was   

3
rd

 instar larva of Chrysoperla carnea (Stephens) killing 

4
th

 instar larva of H. axyridis (Nedvěd et al., 2013). 

The use of the predators in pair wise combinations in-

dicated that there was no adverse effect on their aphid 

prey consumption. Even more, when released all the 

three species together then their total predation rate on 

their shared aphid prey was not reduced but instead of 

it, in most cases the observed values were significantly 

higher than the respective expected ones. Additive ef-

fects among natural enemies involved in IGP interac-

tions may be due to searching on different plant parts 

(Onzo et al., 2004), prefer different prey instars (Calvo 

et al., 2009) or when their interactions are synergistic 

i.e. when a natural enemy causes changes to the behav-

iour of the shared prey that make the latter more vulner-

able to the other natural enemy, a mechanism called 

‘predator facilitation’ (Losey and Denno, 1998; Sih et 

al., 1998). Evidence for reasons behind the additive ef-

fects found here can be derived from the study of their 

predation in a 6h period (11:00 to 17:00) after their re-

lease in the Petri dish. Among the three predator spe-

cies, the larvae of 2
nd

, 3
rd

 and 4
th

 instar of A. bipunctata 

were able to consume within the first 6h much higher 

portion of their total 24h aphid consumption than the 

other predator species tested. Similarly, to our results, 

Wyss et al. (1999b) also recorded that 50% of the daily 

aphid consumption of A. bipunctata larvae occurred in 

the first six hours of the foraging period. Although la-

dybird larvae can feed during the scotophase, their prin-

cipal predatory activity is diurnal (Nakamuta, 1987). In 

contrast, M. pygmaeus have shown a higher feeding rate 

in the dark phase (Perdikis et al., 1999; 2004). This dif-

ference indicates a temporal separation in the activity 

pattern among the predator species likely enabling them 

to act in an independent manner. The diel activity pat-

tern was decisive of negative interaction between spi-

ders and Orius laevigatus (Fieber) (Hemiptera Antho-

coridae). In that study, the extraguild prey consumption 

was reduced only during the night when both predators 

were active (Perez-Gurrero et al., 2015). 

Records on partial aphid prey consumption revealed 

evidence for IGP interactions between M. pygmaeus and 

A. aphidimyza in aphid presence. It is possible that the 

observed relatively increased frequency of abandoning a 

prey unconsumed could be induced by disturbance of  

A. aphidimyza during feeding by the mirid predator. 

Anyway, partial consumption of aphids was sometimes 

recorded also in solitary larvae of predatory ladybirds 

that were not disturbed (Šenkeříková and Nedvěd, 

2013). The aphid reaction to a predator’s attack i.e. pro-

duction of droplets (Mandour et al., 2006) or alarm 

pheromones (Almohamad et al., 2008) may affect the 

members of the guild differentially. The impact of this 

kind of effects in IGP intensity between those two 

predator species needs further evaluation. 

IGP intensity is expected to elevate in small arenas or 

simple environments (Lucas et al., 1997; Dib et al., 

2016). In our system, although simplified arenas were 

used, the predator species acted in an independent and 

additive manner as shown by their aphid prey consump-

tion. This outcome indicates their potential for com-

bined use in biological control under conditions of high 

aphid availability. In fact, A. aphidimyza is usually used 

in high aphid population levels (Blumel, 2004; Mes-

senlink et al., 2013) whereas larvae of A. bipunctata oc-

cur only under high prey densities (Trotta et al., 2015) 

and adult coccinellids are less likely to lay eggs when 

aphid populations are low (Evans, 2003). 

A. bipunctata interactions with A. aphidimyza indicate 

their little potential to be combined in prey shortage or 

preventive releases. Between A. bipunctata and M. pyg-

maeus there were no IGP effects but the results showed 

evidence for interference and avoidance behaviour be-

tween them. Additional evidence for understanding the 

intensity of IGP effects between them is derived from 

the study of IGP effects among the immature stages. In 

this context, in the current study, M. pygmaeus con-

sumed a high number of the eggs of A. bipunctata. In 

contrast, O. laevigatus showed a clear avoidance behav-

iour and denied to consume eggs of A. bipunctata in 

Petri dishes (12 cm in diameter) (Santi and Maini, 2006). 

The efficient consumption of A. bipunctata eggs by      

M. pygmaeus indicates that their interactions at long time 

scale should be further examined. Finally, additional po-

tential avoidance behaviour i.e. that of females when se-

lecting oviposition sites should be considered (Putra et 

al., 2009; Almohamad et al., 2010). The evidence of IGP 

between A. bipunctata and M. pygmaeus may be exam-

ined in future studies to understand the role of IGP in 
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shaping their efficacy in aphid regulation and their opti-

mal use in biological control. 

Overall, the present laboratory study indicates that the 

three aphidophagous species act in an additive way when 

foraging under high extraguild prey densities; however, 

in extraguild prey absence they can engage in IGP inter-

actions of variable level. The release of A. aphidimyza 

together with A. bipunctata in aphid prey shortage needs 

caution whereas the evidence obtained showed that A. 

bipunctata and M. pygmaeus may not systematically en-

gage in IGP and A. aphidimyza and M. pygmaeus may be 

combined without strong IGP effects. The instar of the 

involved predators showed significant effects in IGP in-

teractions. Taken together, the present study has possible 

consequences for pest biological control with practical 

interest particularly in cases when additional means are 

required to control high aphid densities. 
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