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Abstract

Tuta absoluta is a notorious pest causing serious economic damages in tomato crops, worldwide. Macrolophus pygmaeus (Mp) 
and Nesidiocoris tenuis (Nt) are the most important natural enemies of this pest. However, their predation rates have been stud-
ied only in Petri dishes when T. absoluta eggs were placed randomly on a tomato leaflet. Our study aimed to compare Mp and Nt 
efficacy in locating and consuming T. absoluta eggs when offered at three densities (3, 5 and 8 eggs/dish) and four distribution 
patterns: i) the natural oviposition pattern (the one most frequently) followed by T. absoluta females ovipositing the respective 
egg number on a leaflet, ii) the linear pattern, by placing the eggs on the central vein, iii) the clumped pattern, placing them in 
a group and iv) the peripheral, placing them close to the leaflet edge. After 15´, 30´ and 60´ the number of consumed eggs was 
recorded. Results showed that both predators had similar prey searching efficiency when the eggs were positioned following 
the natural egg distribution pattern. However, when the eggs had been placed following the clumped pattern (at 3 and 5 egg 
density), Mp consumed more eggs than Nt 15΄ and 30΄ after their releasing. In addition, Mp consumed more eggs than Nt when 
placed following the linear egg distribution, 15΄ after predator releasing. Consequently, Mp showed higher adaptability in prey 
searching than Nt. These results indicate that Mp may be more efficient than Nt to locate and consume T. absoluta eggs when 
laid following different distribution patterns.
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Introduction

The generalist predators Macrolophus pygmaeus (Ram-
bur) (Mp) and Nesidiocoris tenuis (Reuter) (Hemiptera: 
Miridae) (Nt) are important biological agents against seri-
ous agricultural pests of tomato crops including the toma-
to leafminer Tuta absoluta Meyrick (Lepidoptera: Gele-
chiidae). Following the appearance of this pest in Europe, 
the predation capacity of these two predators against 

T. absoluta was one of their first traits to be assessed as 
directly associated with their efficacy in the pest control 
(De Backer et al. 2014; Biondi et al. 2018; Ferracini et al. 
2019). Both predatory species have been proved mostly 
efficient preying on T. absoluta eggs and their predation 
capacity has been found to reach similar levels (Arnó et 
al. 2009; Mollá et al. 2009, 2014; Urbaneja et al. 2009). 
For this reason, they are considered of similar efficacy, 
because both species share also similar identities such 
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as polyphagy and plant feeding ability (Perdikis and 
Lykouressis 2000; Castañé et al. 2011; Pérez-Hedo et 
al. 2020). In addition, Nt may activate the plant defense 
through its feeding behaviour reducing egg oviposition of 
T. absoluta (Sarmah et al. 2022). However, Nt may cause 
damage to tomato plants by plant feeding (Perdikis et al. 
2009; Castañé et al. 2011; Moerkens et al. 2020; Sou-
to et al. 2022) whereas Mp damage is considered as ex-
ceptional (Castañé et al. 2011; Sanchez et al. 2018). This 
difference in their plant feeding behaviour may be asso-
ciated with their success rate in prey searching i.e. more 
phytophagous species may be less efficient (Gillespie and 
Mcgregor 2000; Li et al. 2016). In this context, a previous 
study showed that the two predatory species had a differ-
ent success rate in locating T. absoluta eggs when placed 
on tomato plants following the different egg distribution 
patterns of T. absoluta females (Dervisoglou et al. 2022). 
These differences indicate that Mp and Nt may differ in 
their prey searching behavior, however this potential has 
not been studied explicitly.

The predatory behavior of an insect predator depends 
on its prey density and distribution (Yasuda and Ishikawa 
2001; Gontijo et al. 2010; Higginson and Ruxton 2015). 
Nevertheless, the prey searching efficiency of Nt and Mp 
has been searched only in dishes with a tomato leaflet 
on which T. absoluta eggs were offered to the predators 
randomly (e.g. Arnó et al. 2009; Urbaneja et al. 2009; 
Michaelides et al. 2017). In fact, the females of Lepidop-
tera and other insects make decisions in their egg laying 
behavior and may oviposit their eggs following certain 
oviposition patterns. This strategy is aiming to ensure 
food availability for their offspring and to increase their 
fitness (Fretwell and Lucas 1970; Thompson and Pellmyr 
1991) as well as may aim to reduce exposure of their off-
spring to natural enemies (Plath et al. 2012; Castagney-
rol et al. 2013). Studies on the egg laying behavior of 
T. absoluta on tomato plants proved that females showed 
preferences in their egg laying among the plant parts (i.e. 
lower, middle and upper plant strata) (Torres et al. 2001; 
Leite et al. 2004; Cherif et al. 2013; Galdino et al. 2015). 
Even more, in a more detailed study, Dervisoglou et al. 
(2022) showed that when the density of T. absoluta fe-
males was increased the females followed an adaptive 
behavior spreading their eggs to a larger part of the plant 
canopy. Therefore, variability in density and the respec-
tive spatial distribution of T. absoluta eggs on tomato 
leaves due to the active decisions of T. absoluta females 
may differentially affect the efficacy of Mp and Nt.

The effect of different prey densities (i.e. eggs of the 
mite Tetranychus pacificus McGregor) when offered 
following different distribution patterns (i.e. uniform, 
random, clumped) was searched on the searching ef-
ficiency and predation capacity of the mite predators 
Phytoseiulus persimilis Athias-Henriot and Amblyseius 
degenerans Berlese (Acari: Phytoseiidae). Phytoseiulus 
persimilis found faster the eggs when placed following 
the clumped oviposition pattern while A. degenerans 
detected the eggs faster when the eggs were uniformly 

distributed (Eveleigh and Chant 1982). Similarly, in the 
case of the predator Franklinothrips orizabensis Johan-
sen (Thysanoptera: Aelothripidae) more eggs of its prey 
were consumed when the eggs had been distributed in 
a circle than in more complicated patterns (i.e. snow-
flake or triangle) (Hoddle 2003). These results reveal 
that changes in the complexity of prey distribution and 
its density may significantly affect efficacy of a preda-
tor species in pest control. However, an aspect that has 
been largely ignored in studying predation rates is that 
prey species such as T. absoluta may deposit their eggs 
selecting certain oviposition patterns. For this reason, 
results of studies assessing predation by randomly or 
intentionally distributing prey items may not show the 
potential of a predator species to locate its prey under 
more field-realistic conditions.

The aim of this study was to investigate the foraging be-
havior of the two predators, Mp and Nt when T. absoluta 
eggs deposited in typical patterns used by Lepidoptera vs the 
exact pattern followed by T. absoluta females (i.e. natural 
ovipositional pattern), at three egg densities. This informa-
tion will offer valuable insights into assessing the predators’ 
comparative efficacy in regulating T. absoluta populations.

Materials and methods
Plant material

Tomato plants (Elpida F1, Spirou S.A., Athens) devel-
oped from seeds in an air conditioned glasshouse of the 
Laboratory of Agricultural Zoology and Entomology 
under natural lighting. The plants were inspected daily 
and any pest found on them was removed. Tomato plants 
were fertilized at 15 d intervals (Chemical Nutri-Leaf 20-
20-20 Miller Chemical & Fertilizer Corporation Hanover, 
Pennsylvania 17331 USA) (3 gr/Lt).

Insect rearing

A colony of T. absoluta was established by larvae col-
lected from tomato fields located in Marathonas region 
(23°58.050'N, 38°06.683'E), 42 Km North of Athens. The 
T. absoluta rearing was kept on tomato plants placed in 
entomological cages (35 × 35 × 60 cm) (BioQuip, Comp-
ton CA, USA) by adding 10% honey solution. The cag-
es were kept at 25 ± 1 °C, 65 ± 5% RH, 16:8 L:D. The 
rearings of Mp and Nt were maintained on potted tomato 
plants in the glasshouse as reported above. Adults and 
nymphs of Mp were collected from a tomato field in Co. 
Boeotia (23°18.29'N, 38°35.28'E), 108 km NW of Ath-
ens. Nt were purchased by Koppert Biological Systems, 
The Netherlands (NesibugTM). Eggs of Ephestia kuehniel-
la Zeller (Lepidoptera: Pyralidae) mixed with Artemia sp. 
cysts (EntofoodTM, Koppert Biological Systems, Rotter-
dam) were added on plant leaves ad libitum as prey for 
the predators.
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Experimental setup

The experiments were conducted in Petri dishes 
(9 cm diameter and 1.5 cm high). The top cover of each 
dish had a round hole (3 cm diameter), covered with fine 
muslin to avoid excessive humidity inside the dish. A 
layer of moistened cotton was put on the base of the dish 
and a tomato leaflet was placed upside down by adding 
the prey (T. absoluta eggs, <24 h old). Three densities of 
T. absoluta eggs were offered to the predators (3, 5 and 
8 eggs). Those eggs densities were used because accord-
ing to our previous observations the females may lay 
up to 8 eggs in a single leaflet even when used at high 
densities (10 females per young plant) (Dervisoglou 
et al. 2022). In that study in a screened cage a toma-
to plant was placed and T. absoluta adults (<24 h old) 
were released at the following ratios: 1♀:2♂, 2♀:2♂, 
3♀:3♂ and 10♀:10♂. The number of eggs laid and their 

position (i.e., leaf, leaflet per leaf) on the tomato plant 
was recorded, 24 h later. Then, the most frequent ovipo-
sition pattern followed by the females when ovipositing 
3, 5 or 8 eggs on a single leaflet was selected to be used 
as the natural oviposition pattern in the experiments of 
the current study (Table 1, Fig. 1). In each combination 
of female and egg density 15 leaflets had been examined 
(n = 15).

Table 1. Frequency (%) of the most common oviposition pat-
tern followed by T. absoluta females when ovipositing 3, 5 or 
8 eggs on a single leaflet when 1, 2, 3 or 10 females had been 
released in a cage with a tomato plant.

Egg density 1♀:2♂ 2♀:2♂ 3♀:3♂ 10♀:10♂
3 86% 86% 80% 73%
5 73% 80% 80% 80%
8 NA NA 73% 86%

Figure 1. Schematic diagram representing the position of Tuta absoluta eggs placed on a tomato leaflet following different distribu-
tion patterns ((a) natural oviposition, (b) linear, (c) clumped and (d) peripheral) when 3 (A), 5 (B) or 8 (C) eggs were used per leaflet.
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In each replicate (i.e. a dish with a leaflet with eggs 
placed on it a single nymph of Mp or Nt (5th instar), which 
had been previously starved of prey for 24 h, was released 
in the center of the arena and its predation rates were record-
ed in three time periods (15´, 30´ and 60´ after its release). 
The number of consumed T. absoluta eggs during the three 
periods was recorded without removing the dishes from 
the climatic chamber to avoid predator’s disturbance. In 
each egg density tested and based on our previous results, 
T. absoluta eggs were distributed on the tomato leaflet ac-
cording to the natural oviposition pattern. In addition, eggs 
were distributed on the leaflet following three patterns re-
sembling those commonly followed by Lepidoptera (i.e. 
clumped, linear and peripheral pattern followed by Pecti-
nophora gossypiella Saunders (Lepidoptera: Gelechiidae) 
(Busck 1917), Plutella xylostella L. (Lepidoptera: Plute-
llidae) (Rahman et al. 2019) and Drepana arcuata Fran-
cis Walker (Lepidoptera: Drepanidae) (Yadav and Yack 
2018), respectively. In the clumped pattern the eggs were 
positioned close to each other, in the linear pattern the eggs 
were positioned along the central vein of the leaflet and 
in the peripheral pattern the eggs were positioned in the 
margin of the leaflet (Fig. 1). Experimental arenas were 
kept under controlled conditions (25 ± 1 °C, 65 ± 5% RH 
and 16:8 h (L:D)). Ten replicates (dishes) were used per 
treatment (i.e. egg density and distribution pattern).

Statistical analysis

The data on the total number of eggs consumed by the 
predators Mp and Nt in each period (15´, 30´ and 60´) 
were analyzed by Generalized Linear Mixed Models 
(GLMM) with a normal distribution and a identity link 
function. The factors were the “predator species”, “prey 
density” and “prey distribution pattern” and their inter-
actions, followed by a Student t- test to separate means. 
Analyses of data did not show significant differences at 
60´ (almost all prey items were consumed, results not 
presented). Analyses were conducted with the statistical 
package JMP 18.0 (SAS Institute 2018).

Results

The number of T. absoluta eggs consumed 15΄ after the 
initiation of the experiments was significantly affected by 
the factor “predator species”, “oviposition pattern” and the 
interaction of “oviposition pattern” and “predator species” 
(the factor “density” was not significant and excluded from 
the analysis) (F = 4.10, df = 1,231, P < 0.044, F = 3.23, df 
= 3, 231, P < 0.021, F = 3.0, df = 3, 231, P < 0.03, respec-
tively). At the density of 3 T. absoluta eggs, Mp consumed 
significantly more eggs than Nt when the eggs were of-
fered following the clumped or the linear pattern (Fig. 2A). 
At the egg density of 5 eggs per leaflet again Mp consumed 
more eggs than Nt when eggs had been placed following 
the clumped distribution pattern (Fig. 2B).

The predation rates of Mp and Nt recorded 30´ after the 
initiation of the experiments were affected by the interac-
tion of “oviposition pattern” and “predator species”, and 
the main effects of the “prey density” and the “oviposi-
tion pattern” (F = 4.46, df = 3,224, P < 0.0046, F = 19.4, 
df = 1,2242, P < 0.0001, F = 3.12, df = 3,224, P < 0.026, 
respectively). At the density of 3 T. absoluta eggs Mp 
consumed significantly more eggs than Nt when the eggs 
were offered following the clumped pattern (Fig. 3A). 
Similar results recorded in the case of the 5 eggs where 
again Mp consumed more eggs than Nt (Fig. 3B).

In the density of 8 T. absoluta eggs offered no statisti-
cally significant differences were recorded for both pred-
ators in all tested oviposition patterns.

Discussion

According to our results, Mp was able to detect and con-
sume the eggs much faster than Nt when the eggs were of-
fered following either the clumped or the linear distribution 
pattern 15 min after their release in the dish. Coccinella 
septempunctata L. (Coleoptera: Coccinellidae) was pro-
posed as a better biological agent for the aphid control in 
comparison to Propylea quatuordecimpunctata L. (Coleop-
tera: Coccinellidae) since its adults consumed more aphids 
4 h after their releasing in a Petri dish (Sarmad et al. 2015). 
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Figure 2. Total number (mean ± SE) of T. absoluta eggs con-
sumed when 3 eggs (A) or 5 eggs (B) offered in four distribution 
patterns (clumped, peripheral, linear and natural), 15´ after re-
leasing Mp and Nt. Columns followed by a different capital let-
ter differ significantly between the two predator species within 
each egg distribution pattern.
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In another study held by Delgado-Ramírez et al. (2019), 
larvae of Hippodamia convergens Guérin-Méneville (Co-
leoptera: Coccinellidae) consumed more aphids than larvae 
of Chrysoperla carnea Stephens (Neuroptera: Chrysopi-
dae) 30 mins after the initiation of the experiments. For this 
reason, these authors suggested that the former species may 
be more effective at locating the prey and thus may con-
tribute more to aphid control than the latter one. Harmonia 
axyridis Pallas and C. septempunctata consumed more 
aphids than other coccinellid species 30 and 60 mins af-
ter their release in a Petri dish exhibiting higher efficacy in 
aphid control according to Bertleff et al. (2021).

The results showed the higher adaptability of Mp than Nt 
in prey searching and consuming eggs of T. absoluta when 
laid at variable patterns suggesting a higher efficacy of Mp 
than Nt in the control of T. absoluta. This is also supported 
by the fact that the egg distribution patterns under field con-
ditions may be variable although the two predator species 
showed a similar efficacy in consuming the eggs offered fol-
lowing the oviposition pattern of T. absoluta females. This 
is because several factors may affect the selection of ovi-
position sites by the T. absoluta females such their density 
(Dervisoglou et al. 2022), the tomato leaf quality (Cherif et 
al. 2013), the climatic conditions (Martins et al. 2018) or the 
tomato variety due to i.e. different trichome densities which 
affect T. absoluta infestation (Salem et al. 2016; Sohrabi et 
al. 2016; Bitew 2018). In relevant experiments conducted 
in tomato plants, Mp fifth instar nymph showed a higher 

efficacy at intermediate T. absoluta egg densities than Nt 
(Dervisoglou et al. 2022). A recent study showed that Mp 
exhibited a better predation efficiency than Nt on T. absoluta 
eggs due to its higher attack rate and lower handling time 
(Yiacoumi et al. 2024). Finally, it is important to note that 
the differences between Nt and Mp were found at the lowest 
prey densities used. Therefore, Mp may be more effective in 
locating and consuming eggs of T. absoluta when the pest 
population is establishing and building up, suggesting again 
a higher efficacy of this predator against T. absoluta.

Our results further showed that Mp consumed more 
eggs when eggs were distributed close to each other 
(i.e. clumped distribution). The distribution of eggs in 
clumped pattern may facilitate the hemipteran predators 
to detect and consume their prey due to their foraging 
strategy “find and stay”. According to the theory, mirids 
consume all the eggs which are detected in a clutch be-
fore moving on, in contrast to anthocorids which follow 
the strategy of “eat and run” (Björkman et al. 2003).

According to our results at all density treatments in 
which eggs were placed following the natural oviposition 
pattern of T. absoluta females, both predators effectively 
found and consumed them. Theory predicts that Lepidop-
tera may select their oviposition sites aiming to provide 
their offspring with adequate food sources for their devel-
opment (Fretwell and Lucas 1970; Jaenike 1978; Thomp-
son and Pellmyr 1991; Bonebrake et al. 2010) whereas ex-
perimental evidence has shown that selection of oviposition 
sites may also aim to reduce exposure of their offspring to 
natural enemies (Price et al. 1980; Plath et al. 2012; Castag-
neyrol et al. 2013). However, according to our results ovi-
position sites may be selected by the females of T. absoluta 
most likely to ensure food resources for their offspring de-
velopment. Finally, our results seem to support the hypoth-
esis that more phytophagous species may be less efficient in 
pest control (Gillespie and McGregor 2000; Li et al. 2016).

Conclusions

Conclusively, although Mp and Nt have been considered 
as of similar efficacy in the control of T. absoluta, our 
results indicate that Mp may be more efficient showing 
a better adaptability in locating eggs of T. absoluta than 
Nt. Future studies should compare predation efficiencies 
under more complicated environments (i.e. plants) and 
further incorporate field-based trials to evaluate whether 
higher efficacy translates in improved T. absoluta control.
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Figure 3. Total number (mean ± SE) of T. absoluta eggs con-
sumed when 3 eggs (A) or 5 eggs (B) offered in four distribu-
tion patterns (clumped, peripheral, linear and natural), 30´after 
releasing Mp and Nt. Columns followed by a different capital 
letter differ significantly between the two predator species with-
in each egg distribution pattern.

A 

A 

A 

A B 

A 

A 
A 

0

1

2

3

4

5

Clumped Peripheral Linear Natural

N
um

be
r o

f T
. a

bs
ol

ut
a 

eg
gs

 
co

ns
um

ed
 

Egg distribution pattern 

M. pygmaeus

N. tenuis

(A) 

A 

A 

A A 

B 
A 

A 
A 

0

1

2

3

4

5

Clumped Peripheral Linear Natural

N
um

be
r o

f T
. a

bs
ol

ut
a 

eg
gs

 
co

ns
um

ed
 

Egg distribution pattern 

M. pygmaeus

N. tenuis

(Β) 



bulletinofinsectology.org

Sofia Dervisoglou et al.: Searching efficacy of mirids on Tuta absoluta eggs104

Data availability statement
The data of this study are available on request from the 
corresponding author.

Acknowledgements

The authors would like to thank Dr. Costas Pontikakos 
for the schematic drawing of the tomato leaflet and the 
Tuta absoluta eggs used for the experimental procedure.

This research received no external funding.

References

Arnó J, Sorribas R, Prat M, Matas M, Pozo C, Rodríguez D, Garreta A, 
Gómez A, Gabarra R (2009) Tuta absoluta, a new pest in IPM toma-
toes in the northeast of Spain. In: IOBC/WPRS Bulletin 9: 203–208.

Bertleff D, Diekmann J, Brand S, Gülünlü A, Bucher R (2021) Preda-
tion and avoidance behaviour in aphid-ladybird interactions of na-
tive and invasive ladybirds in Europe. Ecological Entomology 46: 
41–47. https://doi.org/10.1111/een.12938

Biondi A, Guedes RNC, Wan F, Desneux N (2018) Ecology, worldwide 
spread and management of the invasive South American tomato 
pinworm, Tuta absoluta: past, present and future. Annual Review 
of Entomology 63: 239–258. https://doi.org/10.1146/annurev-en-
to-031616-034933

Bitew MK (2018) Significant role of wild genotypes of tomato tri-
chomes for Tuta absoluta resistance. Journal of Plant Genetics and 
Breeding 2(1): 1–12.

Björkman C, Dalin P, Eklund K (2003) Generalist natural enemies of 
a willow leaf beetle (Phratora vulgatissima): abundance and feed-
ing habits. Journal of Insect Behavior 16: 747–764. https://doi.
org/10.1023/B:JOIR.0000018318.37306.a8

Bonebrake TC, Boggs CL, McNally JM, Ranganathan J, Ehrlich PR 
(2010) Oviposition behavior and offspring performance in her-
bivorous insects: Consequences of climatic and habitat hetero-
geneity. Oikos 119(6): 927–934. https://doi.org/10.1111/j.1600-
0706.2009.17759.x

Busck A (1917) The pink bollworm, Pectinophora gossypiella. Journal 
of Agriculture Research 9: 343–370.

Castagneyrol B, Giffard B, Péré C, Jactel H (2013) Plant apparency, 
an overlooked driver of associational resistance to insect herbivory. 
Journal of Ecology 101: 418–429. https://doi.org/10.1111/1365-
2745.12055

Castañé C, Arnó J, Gabarra R, Alomar O (2011) Plant damage to vege-
table crops by zoophytophagous mirid predators. Biological Control 
59(1): 22–29. https://doi.org/10.1016/j.biocontrol.2011.03.007

Cherif A, Mansour R, Grissa-Lebdi K (2013) Biological aspects of to-
mato leafminer Tuta absoluta (Lepidoptera: Gelechiidae) in condi-
tions of Northeastern Tunisia: possible implications for pest man-
agement. Environmental and Experimental Botany 11: 179–184.

De Backer L, Megido RC, Haubruge É, Verheggen FJ (2014) Macrol-
ophus pygmaeus (Rambur) as an efficient predator of the tomato 
leafminer Tuta absoluta (Meyrick) in Europe. A review. Biotech-
nology, Agronomy, Society and Environment 18: 536–543. https://
popups.uliege.be/1780-4507/index.php?id=11671

Delgado-Ramírez CS, Salas-Araiza MD, Martínez-Jaime OA, Guz-
mán-Mendoza R, Flores-Mejia S (2019) Predation capability of Hip-
podamia convergens (Coleoptera: Coccinellidae) and Chrysoperla 
carnea (Neuroptera: Chrysopidae) feeding of Melanaphis sacchari 
(Hemiptera: Aphididae). Florida Entomologist 102(1): 24–28. 
https://doi.org/10.1653/024.102.0104

Dervisoglou SA, Perdikis DC, Papanikolaou NE, Fantinou AA (2022) 
Is the control efficacy of two interacting predator species affected by 
the distribution and density of Tuta absoluta eggs on tomato plants? 
Journal of Pest Science 95(4): 1631–1643. https://doi.org/10.1007/
s10340-022-01556-7

Eveleigh ES, Chant DA (1982) The searching behaviour of two spe-
cies of phytoseiid mites, Phytoseiulus persimilis Athias-Henriot 
and Amblyseius degenerans (Berlese), in relation to the density 
and distribution of prey in an homogeneous area (Acarina: Phyto-
seiidae). Canadian Journal of Zoology 60(4): 648–658. https://doi.
org/10.1139/z82-094

Ferracini C, Bueno VH, Dindo ML, Ingegno BL, Luna MG, Salas Ger-
vassio NG, Sànchez NE, Siscaro G, van Lenteren JC, Zappalà L, 
Tavella L (2019) Natural enemies of Tuta absoluta in the Mediter-
ranean basin, Europe and South America. Biocontrol Science and 
Technology 29(6): 578–609. https://doi.org/10.1080/09583157.201
9.1572711

Fretwell SD, Lucas HL (1970) On territorial behaviour and other factors 
influencing habitat distribution in birds. I. Theoretical development. 
Acta Biotheoretica 19: 16–36. https://doi.org/10.1007/BF01601953

Galdino TVC, Picanço MC, Ferreira DO, Silva GAR, Souza TC, Silva 
GA (2015) Is the performance of a specialist herbivore affected by 
female choices and the adaptability of the offspring? PLOS ONE 
10(11): e0143389. https://doi.org/10.1371/journal.pone.0143389

Gillespie DR, Mcgregor RR (2000) The functions of plant feeding in 
the omnivorous predator Dicyphus hesperus: Water places lim-
its on predation. Ecological Entomology 25: 380–386. https://doi.
org/10.1046/j.1365-2311.2000.00285.x

Gontijo LM, Margolies DC, Nechols JR, Cloyd RA (2010) Plant archi-
tecture, prey distribution and predator release strategy interact to af-
fect foraging efficiency of the predatory mite Phytoseiulus persimilis 
(Acari: Phytoseiidae) on cucumber. Biological Control 53: 136–141. 
https://doi.org/10.1016/j.biocontrol.2009.11.007

Higginson A, Ruxton GD (2015) Foraging mode switching: the impor-
tance of prey distribution and foraging currency. Animal Behaviour 
105: 121–137. https://doi.org/10.1016/j.anbehav.2015.04.014

Hoddle MS (2003) The effect of prey species and environmental com-
plexity on the functional response of Franklinothrips orizabensis: a 
test of the fractal foraging model. Ecological Entomology 28: 309–
318. https://doi.org/10.1046/j.1365-2311.2003.00518.x

Jaenike J (1978) On optimal oviposition behavior in phytophagous in-
sects. Theoretical Population Biology 14(3): 350–356. https://doi.
org/10.1016/0040-5809(78)90012-6

Leite GLD, Picanço M, Jham GN, Marquini F (2004) Intensity of 
Tuta absoluta (Meyrick, 1917) and Liriomyza spp. (Diptera: 
Agromyzidae) attacks on Lycopersicum esculentum Mill. Leaves. 
Science Agronomique 28: 42–48. https://doi.org/10.1590/S1413-
70542004000100005

Li W, Wyckhuys KAG, Kongming WK (2016) Does feeding behavior 
of a zoophytophagous mirid differ between host plant and insect 
prey items? Arthropod-Plant Interactions 10(1): 79–86. https://doi.
org/10.1007/s11829-015-9410-z

https://doi.org/10.1111/een.12938
https://doi.org/10.1146/annurev-ento-031616-034933
https://doi.org/10.1146/annurev-ento-031616-034933
https://doi.org/10.1023/B:JOIR.0000018318.37306.a8
https://doi.org/10.1023/B:JOIR.0000018318.37306.a8
https://doi.org/10.1111/j.1600-0706.2009.17759.x
https://doi.org/10.1111/j.1600-0706.2009.17759.x
https://doi.org/10.1111/1365-2745.12055
https://doi.org/10.1111/1365-2745.12055
https://doi.org/10.1016/j.biocontrol.2011.03.007
https://popups.uliege.be/1780-4507/index.php?id=11671
https://popups.uliege.be/1780-4507/index.php?id=11671
https://doi.org/10.1653/024.102.0104
https://doi.org/10.1007/s10340-022-01556-7
https://doi.org/10.1007/s10340-022-01556-7
https://doi.org/10.1139/z82-094
https://doi.org/10.1139/z82-094
https://doi.org/10.1080/09583157.2019.1572711
https://doi.org/10.1080/09583157.2019.1572711
https://doi.org/10.1007/BF01601953
https://doi.org/10.1371/journal.pone.0143389
https://doi.org/10.1046/j.1365-2311.2000.00285.x
https://doi.org/10.1046/j.1365-2311.2000.00285.x
https://doi.org/10.1016/j.biocontrol.2009.11.007
https://doi.org/10.1016/j.anbehav.2015.04.014
https://doi.org/10.1046/j.1365-2311.2003.00518.x
https://doi.org/10.1016/0040-5809(78)90012-6
https://doi.org/10.1016/0040-5809(78)90012-6
https://doi.org/10.1590/S1413-70542004000100005
https://doi.org/10.1590/S1413-70542004000100005
https://doi.org/10.1007/s11829-015-9410-z
https://doi.org/10.1007/s11829-015-9410-z


Bulletin of Insectology 79 2026, 99–105

bulletinofinsectology.org

105

Martins JC, Picanço MC, Silva RS, Gonring AHR, Galdino TVS, 
Guedes RNC (2018) Assessing the spatial distribution of Tuta ab-
soluta (Lepidoptera: Gelechiidae) eggs in open-field tomato culti-
vation through geostatistical analysis. Pest Management Science 
74(1): 30–36. https://doi.org/10.1002/ps.4664

Michaelides G, Sfenthourakis S, Pitsillou M, Seraphides N (2017) 
Functional response and multiple predator effects of two generalist 
predators preying on Tuta absoluta eggs. Pest Management Science 
74(2): 332–339. https://doi.org/10.1002/ps.4703

Moerkens R, Pekas A, Bellinkx S, Hanssen I, Huysmans M, Bosmans 
L, Felix Wäckers F (2020) Nesidiocoris tenuis as a pest in North-
west Europe: Intervention threshold and influence of Pepino mosaic 
virus. Journal of Applied Entomology 144(7): 566–577. https://doi.
org/10.1111/jen.12789

Mollá Ó, Montón H, Vanaclocha P, Beitia F, Urbaneja A (2009) Predation 
by the mirids Nesidiocoris tenuis and Macrolophus pygmaeus on the 
tomato borer Tuta absoluta. In: IOBC/WPRS Bulletin 49: 209–214.

Mollá Ó, Biondi A, Alonso-Valiente M, Urbaneja A (2014) A com-
parative life history study of two mirid bugs preying on Tuta ab-
soluta and Ephestia kuehniella eggs on tomato crops: implications 
for biological control. Biological Control 59: 175–183. https://doi.
org/10.1007/s10526-013-9553-8

Perdikis D, Lykouressis D (2000) Effects of various items, host plants 
and temperatures on the development and survival of Macrolophus 
pygmaeus (Rambur) (Hemiptera: Miridae). Biological Control 17: 
55–60. https://doi.org/10.1006/bcon.1999.0774

Perdikis D, Fantinou A, Garantonakis N, Kitsis P, Maselou D, Panagakis 
S (2009) Studies on the damage potential of the predator Nesidioco-
ris tenuis on tomato plants. Bulletin of Insectology 62(1): 41–46.

Pérez-Hedo M, Chaymaa Riahi C, Urbaneja A (2020) Use of zoophy-
tophagous mirid bugs in horticultural crops: Current challenges and 
future perspectives. Pest Management Science 77: 33–42. https://
doi.org/10.1002/ps.6043

Plath M, Dorn S, Riedel J, Barrios H, Mody K (2012) Associational re-
sistance and associational susceptibility: specialist herbivores show 
contrasting responses to tree stand diversification. Oecologia 169: 
477–487. https://doi.org/10.1007/s00442-011-2215-6

Price PW, Bouton CE, Gross P, McPherson BA, Thompson JN, Weis AE 
(1980) Interactions among three trophic levels: influence on plants 
on interactions between insect herbivores and natural enemies. 
Annual Review of Ecology and Systematics 11: 41–65. https://doi.
org/10.1146/annurev.es.11.110180.000353

Rahman MM, Zalucki MP, Furlong MJ (2019) Diamond moth egg sus-
ceptibility to rainfall: effects of host plant and oviposition behavior. 
Entomologia Experimentalis et Applicata 167: 701–712. https://doi.
org/10.1111/eea.12816

Salem D, Emam AK, Helmi A, Badawyi E, Moussa S (2016) Suscep-
tibility of certain tomato cultivars to infestation with Tuta absoluta 
(Meyrick) (Lepidoptera: Gelechiidae) in relation to leaflet trichomes. 

Egyptian Journal of Agricultural Research 94(4): 829–840. https://
doi.org/10.21608/ejar.2016.153123

Sanchez JA, López-Gallego E, Pérez-Marcos M, Perera-Fernàndez 
LG,, Ramírez-Soria MJ (2018) How safe is it to rely on Macrol-
ophus pygmaeus (Hemiptera: Miridae) as a biocontrol agent in to-
mato crops? Frontiers in Ecology and Evolution Frontiers in Ecol-
ogy and Evolution 6: 132. https://doi.org/10.3389/fevo.2018.00132

Sarmad SA, Afzal M, Raza ABM, Khalil MS, Khalil H, Aqueel MA, 
Mansoor MM (2015) Feeding efficacy of Coccinella septempunctata 
and Propylea quatuordecimpunctata against Macrosiphum rosae. 
Scientia Agriculturae 12(2): 105–108. https://doi.org/10.15192/
PSCP.SA.2015.12.2.105108

Sarmah N, Voloudakis A, Dervisoglou S, Fantinou A, Perdikis D (2022) 
Tomato plant defence activation by Nesidiocoris tenuis and per-
sistence of its effects against Tuta absoluta. Bulletin of Insectology 
75(2): 239–246.

Sohrabi F, Nooryazdan HR, Gharati B, Saeidi Z (2016) Plant resistance 
to the moth Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) in 
tomato cultivars. Neotropical Entomology 46: 203–209. https://doi.
org/10.1007/s13744-016-0441-7

Souto P, Abraços-Duarte G, Borges da Silva E, Elisabete Figueiredo E 
(2022) Half Friend, Half Enemy? Comparative phytophagy between 
two dicyphini species (Hemiptera: Miridae). Insects 13: 175. https://
doi.org/10.3390/insects13020175

Thompson JN, Pellmyr O (1991) Evolution of oviposition behavior 
and host preference in Lepidoptera. Annual Review of Entomology 
36(1): 65–89. https://doi.org/10.1146/annurev.en.36.010191.000433

Torres JB, Faria CA, Evangelista Jr WS, Pratissoli D (2001) Within 
plant distribution of the leaf miner Tuta absoluta (Meyrick) imma-
tures in processing tomatoes, with notes on plant phenology. Inter-
national Journal of Pest Management 47(3): 173–178. https://doi.
org/10.1080/02670870010011091

Urbaneja A, Monton H, Mollá O (2009) Suitability of the tomato borer 
Tuta absoluta as prey for Macrolophus pygmaeus and Nesidiocoris 
tenuis. Journal of Applied Entomology 133: 292–296. https://doi.
org/10.1111/j.1439-0418.2008.01319.x

Yadav C, Yack JE (2018) Immature stages of the masked birch cater-
pillar, Drepana arcuata (Lepidoptera: Drepanidae) with comments 
on feeding and shelter building. Journal of Insect Science 18(1): 18. 
https://doi.org/10.1093/jisesa/iey006

Yasuda H, Ishikawa H (2001) Effects of prey density and spatial dis-
tribution on prey consumption of the adult predatory ladybird 
beetle. Journal of Applied Entomology 123: 585–589. https://doi.
org/10.1046/j.1439-0418.1999.00420.x

Yiacoumi E, Kouloussis NA, Koveos DS (2024) Effect of sex, age and 
temperature on the functional response of Macrolophus pygmaeus 
Ramber and Nesidiocoris tenuis Reuter (Heteroptera: Miridae) on 
eggs of Tuta absoluta. Insects 15(7): 485. https://doi.org/10.3390/
insects15070485

https://doi.org/10.1002/ps.4664
https://doi.org/10.1002/ps.4703
https://doi.org/10.1111/jen.12789
https://doi.org/10.1111/jen.12789
https://doi.org/10.1007/s10526-013-9553-8
https://doi.org/10.1007/s10526-013-9553-8
https://doi.org/10.1006/bcon.1999.0774
https://doi.org/10.1002/ps.6043
https://doi.org/10.1002/ps.6043
https://doi.org/10.1007/s00442-011-2215-6
https://doi.org/10.1146/annurev.es.11.110180.000353
https://doi.org/10.1146/annurev.es.11.110180.000353
https://doi.org/10.1111/eea.12816
https://doi.org/10.1111/eea.12816
https://doi.org/10.21608/ejar.2016.153123
https://doi.org/10.21608/ejar.2016.153123
https://doi.org/10.3389/fevo.2018.00132
https://doi.org/10.15192/PSCP.SA.2015.12.2.105108
https://doi.org/10.15192/PSCP.SA.2015.12.2.105108
https://doi.org/10.1007/s13744-016-0441-7
https://doi.org/10.1007/s13744-016-0441-7
https://doi.org/10.3390/insects13020175
https://doi.org/10.3390/insects13020175
https://doi.org/10.1146/annurev.en.36.010191.000433
https://doi.org/10.1080/02670870010011091
https://doi.org/10.1080/02670870010011091
https://doi.org/10.1111/j.1439-0418.2008.01319.x
https://doi.org/10.1111/j.1439-0418.2008.01319.x
https://doi.org/10.1093/jisesa/iey006
https://doi.org/10.1046/j.1439-0418.1999.00420.x
https://doi.org/10.1046/j.1439-0418.1999.00420.x
https://doi.org/10.3390/insects15070485
https://doi.org/10.3390/insects15070485

	Exploring the searching efficacy of Macrolophus pygmaeus and Nesidiocoris tenuis (Hemiptera, Miridae) on different Tuta absoluta (Lepidoptera, Gelechiidae) egg densities and distribution patterns
	Abstract
	Introduction
	Materials and methods
	Plant material
	Insect rearing
	Experimental setup
	Statistical analysis

	Results
	Discussion
	Conclusions
	Author Contribution
	Data availability statement
	Acknowledgements
	References



