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Abstract 

Concurrent releases of several species of natural enemies for pest control have been studied in various crops with either positive, 
neutral, or negative results. To control the pest Tuta absoluta (Meyrick) (Lepidoptera Gelechiidae), only the egg parasitoid 
Trichogramma pretiosum Riley (Hymenoptera Trichogrammatidae) is applied on many hectares with tomatoes in South America. 
Use of the mirid predator Macrolophus basicornis Stal (Hemiptera Miridae) is considered either alone or in combination with the 
parasitoid T. pretiosum. To determine if intraguild relationships between the two natural enemies negatively affect concurrent re-
leases, unparasitized eggs and eggs parasitized by T. pretiosum were exposed to the predator. Knowing which stages of parasitized 
eggs are consumed or rejected by the predator is important for development of a release strategy resulting in highest pest mortality. 
M. basicornis consumed 1-2 day old parasitized eggs as well as unparasitized eggs, and, consequently, expressed strong intraguild 
predation (IGP). Five and 9-day old parasitized eggs were often not consumed, and, therefore, exerted the phenomenon of compet-
itive exclusion (CE). Predation rates of old parasitized eggs were very low and similar in no-choice and choice tests, and in experi-
ments with a large (100), medium (50) and very limited (10) number of preys offered, demonstrating a strong CE effect. Interest-
ingly, in choice experiments with unparasitized and old parasitized eggs, predators started to consume unparasitized eggs signifi-
cantly later than when only unparasitized or young parasitized eggs were offered. This suggests that old, parasitized eggs in some 
way reduce the foraging activity of M. basicornis. We expect that stronger pest reduction by concurrent releases of both natural 
enemies will only occur at the start of the tomato production season and when the egg parasitoid is introduced seven days before 
the mirid predator in order to reduce intraguild predation of parasitized eggs by the predator. 

Key words: intraguild predation, competitive exclusion, biological control of invasive pest, South American tomato leaf miner, 
Phthorimaea absoluta. 

Introduction 

The South American tomato leaf miner Tuta (= Phthori-
maea) absoluta (Meyrick) (Lepidoptera Gelechiidae) has 
since long been a problem in tomato crops in Latin Amer-
ica (Guedes and Picanço, 2012). The pest was acci-
dentally introduced into Spain in 2006, then spread over 
Europe, to northern Africa and Africa South of the Sa-
hara, the Near East, and Asia (Biondi et al., 2018), and 
might, according to climate models, establish in the field 
in Mexico and southern USA, and in greenhouses in other 
parts of the USA and Canada (Early et al., 2022) as well. 
Pest populations can be reduced by chemical control, but 
need frequent treatments (1-4 × week) due to the mining 
behaviour of the larvae and as a result, T. absoluta may 
develop resistance to pesticides rather fast (Guedes and 
Picanço, 2012). Control of the pest is also possible with 
biological control agents, and this method is, among oth-
ers, applied successfully in Europe and Latin America 
(Ferracini et al., 2019). During the past decades, more 
than 200 natural enemies have been associated with      

T. absoluta, but only five species are currently commer-
cially applied (van Lenteren et al., 2021). Combined in-
troductions of two species of natural enemies have been 
proposed to improve biological control of this pest (Ca-
bello et al., 2015), and the issue of releasing more than 
one natural enemy species has recently surfaced related 
to biological control of T. absoluta in Brazil, as release 
of egg parasitoids alone is time consuming and expensive 
(Bueno et al., 2023). 

In European tomato crops, two natural enemies - the 
mirid predator Nesidiocoris tenuis (Reuter) (Hemiptera 
Miridae) and the generalist egg parasitoid Trichogramma 
achaeae Nagaraja et Nagarkatti (Hymenoptera Tricho-
grammatidae) - can be released concurrently for control 
of the T. absoluta (Cabello et al., 2015). However, the 
mirid predators may negatively affect the impact of para-
sitoids because they frequently feed on eggs earlier para-
sitized by T. achaeae (Calvo et al., 2012; Chailleux et al., 
2013), a process called Intraguild Predations (IGP) 
(Rosenheim and Harmon, 2006). On the other hand, when 
the predator avoids to feed on parasitized eggs, releases 
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of the parasitoid may limit prey availability, develop-
ment, survival and adult performance of the predator and, 
thus, have a negative effect on reproduction of the pred-
ator, a phenomenon addressed as Competitive Exclusion 
(CE) (Tilman, 1982). So, both IGP of parasitized prey by 
the predator and CE of the predator by the parasitoid may 
play a role in a system with concurrent releases. A study 
on acceptance of Heliothis zea Boddie (Lepidoptera Noc-
tuidae) eggs parasitized by Trichogramma pretiosum Ri-
ley (Hymenoptera Trichogrammatidae) by the predator 
Orius insidiosus Say (Hemiptera Anthocoridae) shows 
the role of IGP and CE (Ruberson and Kring, 1991): two- 
and 5-day old parasitized eggs were encountered as fre-
quent as unparasitized eggs. However, unparasitized eggs 
were accepted for feeding twice as frequently as the par-
asitized eggs. Consequently, O. insidiosus has fewer prey 
available when eggs have been parasitized and particu-
larly when pupal formation of the parasitoid had taken 
place within the egg, illustrating the effect of CE. But 
also T. pretiosum is negatively affected by the predator, 
because larvae of the parasitoid are killed when attacked 
within the prey egg, indicating the role of IGP. 

The effects of hemipteran predators on Trichogramma 
egg parasitoids and vice versa have been described in a 
number of recent papers (Calvo et al., 2012; Chailleux et 
al., 2013; Cabello et al., 2015; Varshney and Ballal, 
2018; Mirhosseini et al., 2019) and usually show a simi-
lar pattern: predators will consume unparasitized prey 
eggs and often also easily feed on eggs that have been 
parasitized recently, which contain young stages of the 
parasitoid. However, they hardly feed on eggs with the 
older pupal stages of the parasitoid. Studies describing 
the effect of combined releases of hemipteran predators 
and Trichogramma egg parasitoids reveal conflicting re-
sults: some mention a better control effect after concur-
rent release (Cabello et al., 2015), others do not show sig-
nificant differences between concurrent and single spe-
cies releases or state that only one of the two species - 
usually the predator - alone does control the pest (Calvo 
et al., 2012), and still others point at a negative effect of 
one species on the control effect of the other species 
(Guven et al., 2017; Mirhosseini et al., 2019). 

This paper deals with the intraguild interactions be-
tween the Neotropical mirid predator Macrolophus basi-
cornis (Stal) (Hemiptera Miridae) and the egg parasitoid 
T. pretiosum when released together to reduce populations 
of T. absoluta. M. basicornis is able to kill large numbers 
of T. absoluta eggs and larvae (van Lenteren et al., 2017; 
2018) and shows a pest kill rate that is considerably larger 
than the innate population growth rate of the pest (van 
Lenteren et al., 2021), indicating that the predator can kill 
more prey eggs per unit of time than T. absoluta can pro-
duce. Thus, this predator may need only to be released at 
the start of the tomato production season in order to pro-
vide permanent control, similar to the current practice in 
Europe with N. tenuis (Calvo et al., 2012). T. pretiosum 
kills fewer prey eggs per unit of time than T. absoluta can 
deposit (van Lenteren et al., 2021) and needs to be re-
leased weekly in very large numbers to sufficiently reduce 
T. absoluta populations (Bueno et al., 2023). 

The aims of this study were to answer the questions (1) 
whether IGP of parasitized eggs occurs by the mirid 

predator, and, (2) if CE by the parasitoid takes place by 
making parasitized prey eggs unsuitable for predation. 
We hypothesize that younger prey eggs containing eggs 
or larvae of the parasitoid will be easily consumed by the 
predator, but that older eggs containing pupal stages of 
the parasitoid can no longer be penetrated by the mouth-
parts of the mirid predator or are rejected for consump-
tion. 

Materials and methods 

Plants and insects 
Tomato plants Solanum lycopersicum (L.) cv. Santa 

Clara were reared in pots and used in pest insect rearing 
after they reached a height of 30 cm. Adults of the pest 
insect T. absoluta were collected from tomato in Sao 
Paulo State, Brazil, and maintained in mesh cages (90 × 
70 × 70 cm) with tomato plants in the laboratory accord-
ing to Pratissoli and Parra (2001). New tomato plants 
were regularly placed into the cages to keep a stock rear-
ing of T. absoluta at 25 ± 2 °C, RH 70 ± 10% and a pho-
toperiod of 14:10 (L:D). Newly-emerged adults from this 
rearing were collected and allowed to lay eggs for use in 
experiments. 

The predator M. basicornis was collected on tobacco 
Nicotiana tabacum (L.) near Lavras, Minas Gerais, Bra-
zil and reared as previously described (Bueno et al. 2013; 
Bueno et al., 2018), using tobacco plants as oviposition 
substrate and with UV-irradiated Ephestia kuehniella 
Zeller (Lepidoptera Pyralidae) eggs as prey in climate 
rooms at 25 ± 2 ℃, 70 ± 10% RH and a photoperiod 
14:10 (L:D). Adult female M. basicornis predators of up 
to seven days old were used in the experiments and had 
been starved for 24 hours, but had access to water. The 
parasitoid T. pretiosum was obtained from Koppert Bio-
logical Systems Brazil, and then reared on UV-irradiated 
eggs of E. kuehniella in climate rooms at 25 ± 1 ℃, 70 ± 
5% RH and a photoperiod of 16:8 (L:D) according to 
Parra (1997). Adult parasitoids used in the experiments 
were less than 24 hours old. All rearings and the preda-
tion experiments were done in the Laboratory of Biology 
of Insects, part of the Department of Entomology and Ac-
arology at the College of Agriculture “Luis de Queiroz” 
(ESALQ), University of São Paulo (USP), Piracicaba, 
Brazil. 

General procedures 
Shortly before the start of a test, the eggs of T. absoluta, 

whether unparasitized or parasitized, were transferred 
with a fine paint brush to a tomato leaflet on which they 
would be exposed to the predator. Mortality due to trans-
fer of T. absoluta eggs was not determined in these ex-
periments. We have been using the same method to trans-
fer eggs from one leaflet to another one with the tip of a 
fine paint brush for many years. In earlier experiments 
the mortality of 12,680 unparasitized prey eggs was 
measured after transfer, and the natural egg mortality to-
gether with egg manipulation mortality ranged from 0% 
to 1.12% (van Lenteren et al., 2016). These low percent-
ages of mortality made us decide not to correct our data 
for death due to handling eggs. 
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Figure 1. No-choice predation experiment with M. basi-
cornis and T. absoluta eggs parasitized by T. pretiosum. 
Eggs were parasitized 1 (par1), 5 (par5) and 9-days 
(par9) before exposure. Cumulative average number of 
eggs consumed per predator - for each time point - after 
2, 6, and 24 hours exposure to M. basicornis. Bold hor-
izontal lines show medians, boxes contain the 25th-50th 
percentiles, whiskers show the upper and lower quar-
tiles and points represent individual replicates. Differ-
ent letters indicate statistically significant difference   
(P < 0.05, GLM). 

Although T. absoluta egg development takes up to 4 
days at 25 ℃ (Silva et al., 2015), only unparasitized eggs 
of maximally 24 hours old were used in all tests. Hence, 
we tested whether older unparasitized T. absoluta eggs 
were equally attractive for mirid consumption by offering 
25 maximally 24 hours eggs together with 25 3-4 day old 
eggs in a choice experiment on tomato leaflets. The num-
bers of eggs eaten was counted after 6 and 14 hours. The 
number of replicates was 17. 

Prey of five different categories were offered to female 
M. basicornis predators: unparasitized 1-day old T. ab-
soluta eggs, and T. pretiosum parasitized T. absoluta 
eggs of 1-, 2-, 5- and/or 9 days after being parasitized. 
The immature parasitoid is in the egg-larval stage in the 
1- and 2-day old parasitized T. absoluta eggs, in the early 
pupal stage in 5-day old parasitized prey eggs, and in the 
late pupal stage in the 9-day old parasitized prey eggs at 
25 ± 1 ℃, 70 ± 5% RH and a photoperiod of 16:8 (L:D) 
(Consoli et al., 1999). The eggs were placed with a fine 
paint brush on a tomato leaflet kept inside a small Petri 
dish (4.5 cm diameter). The petioles of the leaves were 
kept in a 2 ml Eppendorf tube with water to maintain the 
leaf in good condition during the 24 hours experimental 
period. 

To obtain 1-day old parasitized eggs, T. absoluta eggs 
laid during the previous 24 hours were exposed to T. 
pretiosum parasitoids during 24 hours. After 24 hours the 
parasitoid adults were removed and the 24-48 hours old 
T. absoluta eggs, which thus contain parasitoid eggs of 
0-24 hours, were offered to the predator M. basicornis. 
Reasoning in the same way, in the 2-day test, the parasi-
toids in the T. absoluta eggs were 24-48 hours old, in the 
5-day test, the parasitoids were 96-120 hours old and in 
the 9-day test, the parasitoids were 192-216 hours old. In 

1- and 2-day old parasitized eggs, it is not possible to see 
whether the T. absoluta eggs have all been parasitized. 
To determine what the average percentage parasitism of 
these eggs is, 18 batches of 100 eggs were exposed to T. 
pretiosum for 24 hours and the result of parasitism was 
determined after 5 days when the parasitized eggs had 
turned black. The average percentage parasitism of the 18 
replicates was 91.00% (SE ± 1.43). Thus, in the experi-
ments with 1- and 2-day old parasitized prey eggs, on av-
erage less than 10% of the eggs were unparasitized. In the 
tests with 5- and 9-day old parasitized eggs, the percent-
age parasitism was always 100%, as only dark coloured 
parasitized eggs were transferred to a tomato leaflet for 
exposure to the predator. 

Predators were provided with unparasitized and/or par-
asitized prey eggs either in a no-choice or two-choice test 
in so-called black box predation experiments, i.e. we did 
not observe the predation behaviour. In the first experi-
ment, we offered a total of 50 prey eggs. As the predator 
M. basicornis is able to consume on average 100 eggs per 
24 hours (van Lenteren et al., 2016), the limited number 
of eggs offered in the first experiment may have influ-
enced the predation rate of parasitized hosts. Therefore, 
we offered a total of 100 prey eggs in the second experi-
ment. Next, in the third experiment, we only provided 10 
prey eggs to test if predation rates towards unparasitized 
and parasitized eggs changed under very limited provi-
sion of prey. Unparasitized and parasitized eggs of dif-
ferent ages were offered, and egg consumption was de-
termined after various time intervals. The experiments 
are described in detail below. 

Black box predation experiments 
E x p e r i m e n t  1  -  N o - c h o i c e  a n d  c h o i c e
p r e d a t i o n  e x p e r i m e n t  w i t h  u n p a r a s i -
t i z e d  a n d  1 - ,  5 - ,  a n d  9 - d a y  o l d  p a r a -
s i t i z e d  e g g s ,  5 0  e g g s  o f f e r e d  

In the no-choice experiment, 50 unparasitized T. ab-
soluta eggs or 50 eggs parasitized by T. pretiosum were 
distributed over a tomato leaflet randomly, and in the 
choice experiment, 25 unparasitized + 25 parasitized 
eggs were used. Parasitized eggs of three different ages - 
1-, 5- or 9 day old at the start of the experiment - were 
tested. After 2, 6 and 24 hours exposure to the predator 
M. basicornis, eggs were counted and those being empty 
and with a ruptured chorion were considered consumed 
by the predator. 

E x p e r i m e n t  2  -  N o - c h o i c e  a n d  c h o i c e
p r e d a t i o n  e x p e r i m e n t  w i t h  u n p a r a s i -
t i z e d  a n d  1 - ,  2 - ,  a n d  5 - d a y  o l d  p a r a -
s i t i z e d  e g g s ,  1 0 0  e g g s  o f f e r e d  

In the no-choice experiment, 100 unparasitized T. ab-
soluta eggs or 100 eggs parasitized by T. pretiosum were 
distributed over a tomato leaflet randomly, and in the 
choice experiment, 50 unparasitized + 50 parasitized 
eggs were used. Parasitized prey eggs of 1-, 2- and 5-day 
old were used in this experiment. After the exposure pe-
riod of 24 hours, the numbers of eggs eaten by the pred-
ator were determined. 
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E x p e r i m e n t  3  -  C h o i c e  p r e d a t i o n  e x -
p e r i m e n t  w i t h  l i m i t e d  n u m b e r s  o f
u n p a r a s i t i z e d  a n d  1 - ,  5 - ,  a n d  9 - d a y
o l d  p a r a s i t i z e d  e g g s ,  1 0  e g g s  o f f e r e d

In this third predation experiment, a very limited num-
ber of preys were offered. The number of prey eggs con-
sumed was counted after 2, 6 and 24 hours. In total 10 
eggs were offered, five of each type of prey. 

Statistics 
Generalised linear models (GLMs) with Poisson error 

distribution and log link function were used to analyse 
count response variables - i.e. numbers of egg consumed 
- fitting the treatments (unparasitized eggs, eggs parasi-
tized at different time points) as categorical fixed factor. 
When over dispersion was detected, we corrected this by 
fitting a quasi-Poisson distribution in the models. Signif-
icance of the explanatory variables were tested with like-
lihood-ratio tests (LRTs) (Crawley, 2012). GLMs with 
gamma error distribution and reciprocal link function 
were used to analyse time-to-event data (i.e., time before 
the first feeding occurs), fitting the treatment (unparasi-
tized eggs, eggs parasitized at different time points) as 
fixed factor. Significance of the explanatory variables 
was obtained with F- tests (Crawley, 2012). 

If the GLMs detected significant differences amongst 
factor levels, we proceeded to pairwise comparisons to 
determine which differed using the glht function found in 
the multcomp package of the R software (Bretz et al., 
2010). Model fit was assessed with residual plots. All sta-
tistical analyses were performed using R statistical soft-
ware version 3.6.2 (R-Core-Team, 2018). 

The raw data of all experiments are provided in the sup-
plemental material. 

Results 

Consumption of young and old T. absoluta eggs by 
M. basicornis 

In the black box predation experiments, we only pro-
vided unparasitized T. absoluta eggs of maximally 24 
hours. To be sure that older, unparasitized are not of in-
ferior quality, we performed a choice test offering young 
and old unparasitized prey eggs. T. absoluta eggs of      
3-4 days old were consumed as frequently as eggs of 

maximally 1-day old. The average numbers of eggs con-
sumed after 6 hours were 9.88 and 10.53, for 1-day old 
and 3-4 day old eggs respectively, and after 24 hours 
these numbers were 23.41 and 23.71. No statistical dif-
ferences were found regardless of the time point (GLM 2 
hours: z = 0.59, n = 15, P = 0.555; 6 hours: z = 0.28, n = 
16, P = 0.778; 24 hours: z = 0.17, n = 16, P = 0.860). 

Black box predation experiments 
E x p e r i m e n t  1  -  N o - c h o i c e  a n d  c h o i c e
p r e d a t i o n  e x p e r i m e n t  w i t h  u n p a r a s i -
t i z e d  a n d  1 - ,  5 - ,  a n d  9 - d a y  o l d  p a r a -
s i t i z e d  e g g s ,  5 0  e g g s  o f f e r e d  

In the no-choice test, a significant effect of the treat-
ment was found on the numbers of eggs consumed re-
gardless of the time point (GLM 2 hours: χ2 = 120.03, df 
= 2, P < 0.001; 6 hours: χ2 = 176.35, df = 2, P < 0.001; 
24 hours: χ2 = 863.47, df = 2, P < 0.001). After 2 hours, 
the numbers of 1-day old parasitized eggs eaten was sig-
nificantly higher than 5-day and 9-day old parasitized 
eggs, whereas no differences were found between 5- and 
9-day old parasitized T. absoluta eggs (figure 1). The 
same effect was found when predators were exposed for 
6 hours, while consumption levels differ significantly 
among all three categories after 24 hours of exposition 
(figure 1). The average number of eggs preyed per indi-
vidual per 24 hours when 50 prey eggs were offered was 
41.9, 6.3, 3.5 for 1-, 5- or 9-day old parasitized T. ab-
soluta eggs, respectively. These results show that the 
number of parasitized eggs eaten is decreasing with the 
interval between parasitism and exposure to the predator. 
Further, the percentage of predators not eating during the 
first two hours is strongly increasing with the age of the 
parasitized eggs offered (table 1). The effect is less 
strong, but still present in the second interval, and almost 
disappeared during the third interval. The percentage of 
all available prey eggs eaten is highest in the experiment 
where 1-day old parasitized eggs were offered, is consid-
erably lower when 5-day old parasitized eggs were given, 
and is lowest when 9-day old parasitized eggs were pre-
sented (table 1). 

The results of the choice test show no significant differ-
ences, in terms of numbers of eggs consumed, between 
unparasitized T. absoluta eggs and 1-day old parasitized 
eggs only at 24 hours but not at 2 hours and 6 hours (GLM 
2 hours: z = 0.96, n = 11, P = 0.338; 6 hours: z = 0.53,  

Table 1. No-choice predation experiment with M. basicornis and T. absoluta eggs parasitized by T. pretiosum. Num-
ber/percentage of predators not preying and percentage of total number of offered prey eggs consumed; 50 prey eggs 
were offered to the predators; T. absoluta eggs were parasitized 1 (par1), 5 (par5) and 9-days (par9) before exposure.  

Predation period
Prey 0-2 hours 0-6 hours 0-24 hours N

Number / percentage of predators not preying
par1 2 /12 0 / 0 0 / 0 17
par5 7 / 41 5 / 29 0 / 0 17
par9 11 / 65 6 / 35 1 / 6 17

Percentage of total number of offered prey eggs consumed
par1 13 21 84 17
par5 2 5 13 17
par9 1 2 7 17

http://www.bulletinofinsectology.org/Suppl/vol76-2023-209-218bueno-suppl.xlsx
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Figure 2. Choice predation experiment with M. basicor-
nis and unparasitized T. absoluta eggs or eggs parasi-
tized by T. pretiosum. Eggs were parasitized 1 (par1) 
(A), 5 (par5) (B) and 9-days (par9) (C) before exposure. 
Cumulative average number of eggs consumed per 
predator - for each time point - after 2, 6, and 24 hours 
exposure to M. basicornis. Bold horizontal lines show 
medians, boxes contain the 25th-50th percentiles, whisk-
ers show the upper and lower quartiles and points rep-
resent individual replicates (*** P < 0.001, ns = not sig-
nificant). 

n = 14, P = 0.596; 24 hours: z = 2.82, n = 14, P = 0.005). 
Overall, results showed that parasitized eggs are increas-
ingly less consumed with an increasing interval after par-
asitism (figure 2). Significant effects were found in the 
combination of unparasitized with 5-day old parasitized 
eggs at 2 hours (z = 4.54, n = 14, P < 0.001), 6 hours (z 
= 6.91, n = 18, P < 0.001) and 24 hours (z = 9.72, n = 20, 

P < 0.001) (figure 2). A similar effect was observed when 
comparing unparasitized versus 9-day old parasitized 
eggs regardless of the time point (2 hours: z = 6.24, n = 
18, P < 0.001; 6 hours: z = 9.34, n = 18, P < 0.001; 24 
hours: z = 12.23, n = 18, P < 0.001) (figure 2). 

The numbers of unparasitized eggs that were consumed 
across the three choice combinations was significantly 
different after 24 hours (χ2 = 17.97, df = 2, P = 0.015). 
Also, the numbers of eggs consumed differed signifi-
cantly among 1-day, 5-day and 9-day old parasitized eggs 
(χ2 = 90.929, df = 2, P < 0.001), as the predator consumed 
fewer 9-day old eggs compared with the two other treat-
ments. 

The percentage of unparasitized eggs consumed after 2, 
6 and 24 hours is increasing over time and highest in the 
choice tests combined with 5- and 9-day old parasitized 
eggs (table 2). The percentage of 1-day old parasitized 
eggs consumed after 2, 6 and 24 hours shows a similar 
trend as that of the unparasitized eggs, but the increase is 
slower with 5-day old parasitized eggs and still slower 
with 9-day old parasitized eggs (table 2). 

E x p e r i m e n t  2  -  N o - c h o i c e  a n d  c h o i c e
p r e d a t i o n  e x p e r i m e n t  w i t h  u n p a r a s i -
t i z e d  a n d  1 - ,  2 - ,  a n d  5 - d a y  o l d  p a r a -
s i t i z e d  e g g s ,  1 0 0  e g g s  o f f e r e d  

In the second experiment with no-choice and choice 
tests, the results are in line with those of the first experi-
ment. However, the total numbers of unparasitized and 1-
day old parasitized prey eggs consumed are significantly 
higher in this experiment, where 100 instead of 50 eggs 
were offered in the no-choice test, and 50 + 50 eggs in-
stead of 25 + 25 eggs in the choice test. Here, in the no-
choice test, on average 85 unparasitized and 68 1-day old 
parasitized were consumed (figure 3A), while in the first 
experiment on average 42 1-day old parasitized were 
consumed (no data for predation of unparasitized eggs for 
the no-choice situation were collected in the first experi-
ment). In the current choice test, on average 47 eggs of 
the unparasitized and on average 43 eggs of the 1-day old 
parasitized eggs were consumed (figure 3B), whereas in 
the first experiment these numbers were 15 for unparasi-
tized and 12 for 1-day old parasitized eggs. This indicates 
that the numbers of eggs offered in the first experiment 
with no-choice and choice tests (in total 50 eggs) were 
insufficient to meet the maximum predation capacity of 
M. basicornis. 

In no-choice conditions, the parasitism status of the 
prey significantly affected the numbers of eggs con-
sumed after 24 hours (χ2 = 1512.6, df = 3, P < 0.001) with 
5-day old parasitized eggs being consumed significantly 
less than the other three categories. When the numbers of 
unparasitized and parasitized prey in the choice tests are 
considered, we found that the numbers of eggs consumed 
are not different between unparasitized and 1-day old 
parasitized eggs (z = 0.51, n = 19, P = 0.614) as well as 
between unparasitized and 2-day old parasitized eggs   
(z = 0.38, n = 19, P = 0.705) (figure 3B). Yet the predator 
consumed significantly more unparasitized eggs when 
offered together with 5-day old parasitized eggs (z = 
15.83, n = 19, P < 0.001). The total number of eggs con-
sumed (i.e. “parasitized + unparasitized eggs” within a 
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Table 2. Two-choice predation experiment with M. basicornis and T. absoluta eggs either unparasitized (unpar) or 
parasitized (par) by T. pretiosum. Percentage of total number of prey eggs consumed. Eggs were parasitized 1, 5 and 
9-days before exposure; 25 unparasitized and 25 parasitized eggs were simultaneously offered to the predators. 

Predation period
Prey 0-2 hours 0-6 hours 0-24 hours N

Percentage of total number of offered prey eggs consumed
unpar 6 13 62 15
par1 6 11 47 15
unpar 9 38 86 21
par5 1 15 37 21
unpar 18 29 71 19
par9 3 2 13 19

Figure 3. Predation experiment with M. basicornis and 
T. absoluta eggs either unparasitized (unpar) or parasi-
tized (par) by T. pretiosum. (A) No-choice bioassays, 
average number of eggs consumed per predator after 24 
hours with 100 eggs offered to M. basicornis. Different 
letters indicate statistically significant difference       
(P < 0.05, GLM). (B) Two-choice bioassays, average 
number of eggs consumed after 24 hours for the three 
combinations tested (*** P < 0.001, ns = not signifi-
cant). Eggs were parasitized 1 (par1), 2 (par2), and  
5-days (par5) before exposure. Bold horizontal lines 
show medians, boxes contain the 25th-50th percentiles, 
whiskers show the upper and lower quartiles and points 
represent individual replicates. 

choice) differed among the treatments (χ2 = 289.41, df = 
2, P < 0.001) with significantly lower numbers of eggs 
consumed in the combination unparasitized + 5-day old 
parasitized eggs. The number of unparasitized eggs that 
were consumed across the three choice combinations was 
not significantly different (χ2 = 13.06, df = 2, P = 0.159). 
However, the number of parasitized eggs consumed dif-
fered significantly (χ2 = 524.13, df = 2, P < 0.001), as the 
predator consumed fewer 5-day old eggs compared with 
1-day and 2-day old parasitized eggs. 

E x p e r i m e n t  3  -  C h o i c e  p r e d a t i o n  e x -
p e r i m e n t  w i t h  l i m i t e d  n u m b e r s  o f
u n p a r a s i t i z e d  a n d  1 - ,  5 - ,  a n d  9 - d a y
o l d  p a r a s i t i z e d  e g g s ,  1 0  e g g s  o f f e r e d

In the third experiment a very limited number of prey
eggs was offered. The trends in the numbers and percent-
ages consumption of the different types of prey is similar 
as in the previous experiments: unparasitized and 1-day 
old parasitized eggs are consumed well, 5-day old ones 
less and 9-day old ones are least eaten (figure 4). When 
considering the combination between unparasitized and 1-
day old parasitized eggs, an effect of the exposition time 
was found: in fact, significant differences were observed 
only when predators were allowed to feed for 6 hours (z = 
1.999, n = 34, P = 0.045) and 24 hours (z = 2.67, n = 35,  
P = 0.011) but not for 2 hours (z = 1.63, n = 22, P = 0.101) 
(figure 4). In all the combinations between unparasitized 
and 5-day old parasitized eggs, a significant effect was 
found regardless of the time point (2 hours: z= 4.50, n = 
13, P < 0.001; 6 hours: z =5.91, n = 24, P < 0.001; 24 
hours: z = 5.93, n = 27, P < 0.001) (figure 4). Similar re-
sults were also found for comparisons between unparasi-
tized and 9-day old parasitized eggs (2 hours: z = 6.24, n = 
18, P < 0.001; 6 hours: z = 9.34, n = 18, P < 0.001; 24 
hours: z = 12.23, n = 18, P < 0.001) (figure 4). The total 
number of eggs consumed (i.e. “parasitized + unparasi-
tized eggs” within a choice) differed among all the treat-
ments (χ2 = 30.54, df = 2, P < 0.001). During the first ex-
periment, predators started to feed later when exposed to 
5- and 9-day old parasitized egg in the no-choice test (table 
1). In this experiment we observed the same effect even in 
a choice test (table 3): about 50% of the predators did not 
feed during the first two hours, and even during first 6 
hours 10-30% of the predators did not consume eggs. 
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Figure 4. Average cumulative number of eggs consumed 
per predator after 2, 6 and 24 hours exposure to M. basi-
cornis in choice experiment with 5 unpar and 5 par eggs 
offered. Eggs were parasitized 1, 5 and 9-days before 
exposure. (A) unpar + par1 day; (B) unpar + par5 day; 
(C) unpar + par9 day. Bold horizontal lines show me-
dians, boxes contain the 25th-50th percentiles, whiskers 
show the upper and lower quartiles and points represent 
individual replicates (* P < 0.05, *** P < 0.001,           
ns = not significant). 

Discussion and conclusions 

The results of the black box predation experiments 
showed that, both in no-choice and choice tests: 
-  1- or 2-day old parasitized eggs are consumed at the 

same rate as unparasitized eggs, 
-  5- or 9-day old parasitized eggs are consumed at a much 

lower rate than unparasitized or 1- and 2-day old  
parasitized eggs, 

-  predators start to feed significantly later when provided 
with 5- and 9-day old parasitized eggs than when 
given unparasitized or 1-day old parasitized eggs. 

These results support our hypothesis saying that prey 
eggs containing a parasitoid egg or larva are easily con-
sumed by the predator, but not the older eggs with the 
pre-pupal or pupal stage of the parasitoid. Interestingly, 
the results were similar in no-choice and choice tests, and 
in experiments with a large (100/24 hours), medium 
(50/24 hours) and a very low (10/24 hours) number of 
preys offered (50-100 eggs per 24 hours), which demon-
strates a strong effect of CE. The predator M. basicornis 
is able to consume an average of 101 prey eggs per 24 
hours (van Lenteren et al., 2016). Thus, in experiment 1, 
where 50 eggs were offered, and in experiment 3 with 10 
eggs, the amount of food provided was far below the pre-
dation capacity of the predator. Still, in these experiments 
the number of old, parasitized eggs consumed was less 
than 10 out of 50 (1st experiment) and less than 3 out of 
10 (3rd experiment) and similar to the numbers consumed 
in the 2nd experiment where ample preys were provided. 
All this information demonstrates that the low consump-
tion rates of old, parasitized prey eggs are very consistent 
and suggests that (1) these old eggs can no longer be pen-
etrated by the mouth parts of the predator, (2) these eggs 
are rejected for feeding after having been penetrated, or 
(3) the predator rejects the old parasitized eggs before at-
tempting to feed. 

The currently held opinion about prey searching behav-
iour of mirid predators is that they do not search by vision 
or smell, but encounter prey randomly (Wheeler, 2001) 
and reject old parasitized eggs after contact because they 
can no longer be penetrated by the stylets of the preda-
tors. Eggs of many Lepidoptera parasitized by 
Trichogramma spp. become dark due to the deposition of 
melanin to the inner surface of the host egg chorion at the 
end of the larval stages and the start of prepupa formation 
of the parasitoid (Clausen, 1940; Metcalfe and Breniere, 
1969; Alrouechdi and Voegelé, 1981; Knutson, 1998; 
Pintureau et al., 1999). In general, melanin protects the 
insect egg against desiccation, UV light and natural ene-
mies (Pintureau et al., 1999; Hilker et al., 2023). No de-
tailed data are available for development of T. pretiosum 
in T. absoluta, but the total immature development time 
at 25 °C of 10.3 days in T. absoluta (Pratissoli and Parra, 
2000) is very similar to that of 10.4 days in E. kuehniella 
(Consoli et al., 1999). So, in our experiments, M. basi-
cornis was exposed to T. absoluta eggs with the parasi-
toid in the egg-larval stage (1- and 2-day old parasitized 
prey eggs) and to the early and late pupal stages of the 
parasitoid in the prey egg (5- and 9-day old parasitized 
eggs). In behavioural-observation studies conducted sim-
ultaneously with these predation experiments, we saw 
that M. basicornis can penetrate old parasitized eggs, and 
that these eggs - in the rare cases that they are contacted 
- are accepted for consumption at the same rate as unpar-
asitized eggs (van Lenteren et al., 2023). Thus, supposi-
tions 1 (predator cannot penetrate old eggs) and 2 (eggs 
are rejected for consumption after being penetrated) are 
not correct for M. basicornis. 

Is there any evidence supporting supposition 3 (i.e. the 
predator rejects old parasitized eggs before attempting to  
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Table 3. Two-choice predation experiment with M. basicornis and T. absoluta eggs either unparasitized (unpar) or 
parasitized (par) by T. pretiosum. Percentage of total number of offered prey eggs consumed and number/percentage 
of predators not preying. Eggs were parasitized 1, 5 and 5-days before exposure, 5 unpar + 5 par eggs were offered 
to the predators. 

Predation period
Prey 0-2 hours 0-6 hours 0-24 hours N

Percentage of total number of offered prey eggs consumed
unpar 24 50 86 36
par1 16 36 72 36
unpar 16 52 90 28
par5 1 8 32 28
unpar 16 43 75 33
par9 8 15 23 33

Number and percentage of predators not preying
Unpar + par1 12/33.3 1/2.8 0/0 36
Unpar + par5 4/50 3/10.7 0/0 28
Unpar + par9 16/48.9 8/30.3 0/0 33

feed)? Although old parasitized eggs can be penetrated 
and are consumed by the predator, the numbers of old 
parasitized eggs consumed is much lower than that of 
young parasitized eggs both in choice and no-choice ex-
periments in the black box experiments presented in this 
paper. Behavioural-observation experiments showed that 
old parasitized eggs are encountered significantly less 
frequent than young parasitized and unparasitized eggs 
(van Lenteren et al., 2023), suggesting that predators 
avoid to contact these old eggs. Interestingly, during the 
first experiment described in this paper, predators started 
to feed later when exposed to 5- and 9-day old parasitized 
eggs in the no-choice test than when exposed to 1-day old 
parasitized eggs (table 1). In the third experiment we ob-
served the same effect even in a choice test (table 3): 
about 50% of the predators did not feed during the first 
two hours, and even during first 6 hours 10-30% of the 
predators did not consume eggs. These observations 
made us speculate that old, parasitized eggs are not only 
contacted less frequently than young eggs, but in some 
way reduce the foraging activity of M. basicornis. Re-
sults of olfactometer experiments revealed that M. basi-
cornis prefers volatiles of tomato leaflets with unparasi-
tized or 1-day old parasitized eggs over volatiles of 5-day 
old parasitized eggs (van Lenteren et al., 2023). Appar-
ently, the predator uses volatile information produced by 
the combination ‘old parasitized eggs-tomato leaflet’ to 
avoid contacting these old eggs, and that these volatiles 
also reduce the foraging activity of the predator. The re-
sults of the black box predation experiments presented in 
this paper and those of the olfactometer and behavioural-
observation experiments shown in van Lenteren et al., 
(2023) indicate that the current belief that mirids search 
unsystematically, discover and reject prey only after hav-
ing physically encountered them (Wheeler, 2001) has to 
be modified for M. basicornis, as this predator does not 
search randomly and often rejects the old parasitized eggs 
before contacting them. 

Other heteropteran predators also do not distinguish be-
tween unparasitized eggs and eggs containing parasitoids 
early in their development, but reject old parasitized eggs 

(Rosenheim and Harmon, 2006). Macrolophus pygmaeus 
Rambur (Hemiptera Miridae) preferentially preys on un-
parasitized or recently T. absoluta eggs parasitized by T. 
achaeae when the eggs are still yellow, but hardly preys 
on black parasitized eggs (Chailleux et al., 2013). The 
mirid N. tenuis consumed significantly more unparasi-
tized eggs than eggs parasitized by T. achaeae, and sig-
nificantly more < 4-day old parasitized eggs than > 4-day 
old parasitized eggs (Cabello et al., 2015). 

Concerning the issue whether IGP and/or CE occur 
when both natural enemies are released for control of T. 
absoluta, we might conclude the following: 
-  when both natural enemies are released at the same day, 

large amounts of eggs parasitized by T. pretiosum will 
be consumed by the predator M. basicornis during the 
following days and IGP will be strong; 

-  when the predator is first released and the parasitoid 
later, the same will happen and IGP will be strong; 

-  when parasitoids are first released and the predators af-
ter five or more days, old, parasitized eggs will not be 
consumed at high rates, so in this situation, CE plays 
an important role. However, this reasoning will only 
hold at the start of the tomato production season, be-
cause the predator will remain permanently in the 
crop and will consume young, parasitized prey eggs. 

The practical implications of our results with regard of 
using these natural enemies for control of T. absoluta in 
tomatoes in the field or greenhouse need to be tested un-
der realistic tomato production conditions. We expect 
that combined use of both natural enemies at low pest 
densities will not result in better control of the pest and 
the role of the egg parasitoid will be very limited due to 
IGP. At high densities, combined releases may result in 
better control at the start of the tomato season and when 
the parasitoids are introduced a week before the preda-
tors, so old parasitized eggs escape predation as the effect 
of CE. However, later in the season the parasitoids are 
not expected to add to control, because the predators will 
remain permanently in the crop and will consume the 
young, parasitized prey eggs. 
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