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Abstract

The generalist predator, Macrolophus pygmaeus Rambur (Hemiptera: Miridae), is considered as a
promising biological control agent for managing pest populations in greenhouses. Nevertheless, the
influences of various factors, including the type of prey, environmental conditions, and predator sex, on its
predation behavior remain to be fully researched. This study explored the effects of these factors on the
predation rate of M. pygmaeus and its herbivory behavior on tomato plants. According to the results, the
predation rate varied significantly depending on the type of prey, with a higher rate observed when fed on
eggs of tomato leaf miner (TLM), Tuta absoluta Meyrick (Lepidoptera, Gelechiidae) than those eating
Ephestia kuehniella Zeller (Lepidoptera: Pyralidae) and Artemia cysts. The interaction between prey type
and temperature had a significant impact, with the highest rate observed when feeding on TLM eggs at
30°C. Female predators exhibited a higher predation rate at 30°C compared to 25°C and 20°C. Irrespective
of the presence or absence of animal prey, the generalist predator did not reveal significant phytophagy, as
its herbivory behavior did not cause significant damage to the tomato plants. Olfactory responses of M.
pygmaeus to volatile cues emanating from different food sources indicated no strong attraction to specific
prey based on volatile chemical cues. Overall, the findings suggest that the temperature needs to be elevated
to 30°C in greenhouses for better control of TLM by the predator.
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Introduction

Tomato, a crop of great economic and
nutritional importance worldwide, is enjoyed
fresh and as a raw material for food
processing industries alike. Nevertheless, the
cultivation of this valuable crop is currently
facing a severe crisis due to the invasive
tomato leaf miner (TLM), Tuta absoluta
Meyrick (Lepidoptera, Gelechiidae), which
is causing widespread damage to tomato
crops and other solanaceous plants globally
(Urbaneja et al., 2009). Native to the
Americas, this pest has rapidly spread to
more regions, leading to significant
economic losses for outdoor as well as
greenhouse tomato farmers. TLM presence is
pervasive throughout the entire growing
cycle, from seedling to harvest, affecting not
only fresh market crops but also those
destined for processing. The moth has high
reproduction and several generations per
year. Larval feeding can be particularly
devastating, causing significant losses by
attacking leaves, flowers, stems, and fruit. In
extreme cases, the damage caused by this
infestation can reach up to 80-100% vyield
loss, making it a major economic concern for
the agricultural sector (Urbaneja et al., 2009;
Gebremariam, 2015). The larvae's tendency
to feed within mines, coupled with the
absence of a clear threshold for action,
complicates effective chemical pest control.
Further, instances of resistance to chemicals
employed against TLM have been
documented (Guedes et al., 2019).
Conversely, biological control methods
utilizing natural predators and other natural
enemies are critical components of
comprehensive integrated pest management
strategies, offering a vital alternative to
chemical control measures (Salehi et al.,
2016).

The predatory bug, Macrolophus
pygmaeus Rambur (Hem.: Miridae) has been
extensively documented as a polyphagous,
versatile, and efficacious predator capable of

preying on a wide range of crop pests,
including whiteflies, thrips, aphids, mites,
and larvae of lepidopteran pests in both
outdoor and controlled indoor environments
(Safari-Monjezi et al., 2021). As such, this
biological control agent is identified as a
viable commercial solution for managing
pest populations in greenhouse settings.
Further, M. pygmaeus is known as important
natural enemy of TLM in tomato crops
(Urbaneja et al., 2009). Its establishment in
European tomato greenhouses has led to
significant improvements in suppressing
TLM populations (Urbaneja et al., 2012;
Biondi et al., 2018). Eggs of Ephestia
kuehniella Zeller (Lepidoptera: Pyralidae)
and cysts of Artemia can be employed as
alternative diet for rearing of the predator
(Vandekerkhove et al., 2009; Soares et al.,
2025).

The predation behavior of the generalist
predators, including M. pygmaeus, is affected
by a range of factors, including prey type and
environmental conditions. Understanding
these factors is critical for optimizing the
efficiency of biological pest control agents
(de Matos Dias et al., 2018). For instance, it
has been demonstrated that light,
temperature, and host plants significantly
influenced the predation rate of M. pygmaeus
(Perdikis et al., 2002). As a zoophytophagous
predator, M. pygmaeus exhibits a dual
behavior, feeding on both the prey and plant
tissue. While this behavior can provide
benefits such as enhanced survival and
population maintenance in the absence of
prey, it also poses the risk of damaging the
host plants (Silva et al., 2022; Zhang et al.,
2022). Thus, examining the extent of
zoophytophagy as well as the impact of
variables such as the prey availability, the
prey and predator densities, along
environmental conditions on this behavior in
predators such as M. pygmaeus are essential
for effective integration into pest control
strategies. Further, the generalist predators
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were observed to utilize kairomone to track
down their prey, thereby boosting their
biocontrol efficacy. For instance, research
indicated that tomato plants release
herbivore-induced plant volatiles,
influencing the predation behavior of M.
pygmaeus (Zhang et al., 2022). This behavior
is affected by a range of factors, including the
type of food source (Dickens, 1999). The aim
of this study was to determine how
temperature variations and different egg diets
impact the predatory efficiency and olfactory
behavior of the mirid bug M. pygmaeus.

Materials and Methods

Insect rearing

One kilogram of sterilized wheat flour was
mixed with 300 g of wheat bran and 3 g of
active dry yeast, with the mixture placed in
metal trays (60 cm x 40 cm x 12 c¢m) as food
source for rearing of E. kuehniella larvae.
The trays were then inoculated with 0.3 g of
fresh E. kuehniella eggs, which were evenly
distributed across the surface. The trays were
covered with a black cotton cloth and placed
in a controlled growth chamber with a
temperature of 25°C = 5°C and a relative
humidity of 65+ 10% under a light cycle of
16:8 hours (light: dark) (Tahernia et al.,
2020). Adult insects emerged after 45 days
where the trays containing moths were
transferred to a growth chamber and eggs
were collected daily. These eggs were
utilized to establish a colony of the predator
species M. pygmaeus as well as for
subsequent experiments involving herbivory,
predation, and olfactometry experiments.

The initial population of M. pygmaeus was
obtained from the biological control research
department's greenhouse at the Iranian
Research Institute of Plant Protection
(IRIPP), Tehran, Iran. This colony was
maintained in a 24 m? unit inside the research
greenhouse, housed in net cages (160 cm x
120 cm x 100 cm) at temperature 25 + 1°C
and relative humidity (65 + 5%), with natural

light provided by plants, specifically tobacco
(Nicotiana tabacum L.). The insects were fed
a diet of Artemia, Artemia parthenogenetica
Bowen and Sterling cysts (provided from
Center of Biological Control in the Iranian
Research Institute of Plant Protection) along
with E. kuehniella eggs at a ratio of 50:50
(Malkeshi et al., 2017).

For TLM rearing, the initial population
was collected from tomato greenhouses in
Varamin district together with a research
greenhouse unit of the biological control
research department of IRIPP. The TLM
moths were housed in cages (150 cm x 100
cm). The Fallet variety tomato plants served
as the host plant. When the adult insects of F2
emerged, a new cage with the same
dimensions was installed to facilitate
oviposition. Fresh tomato plants from the
initial colony were placed in this new cage,
with new pots added to the colony to promote
reproduction. This approach allowed for the
collection of eggs within a shorter period
while ensuring the availability of healthy
tomatoes for adult insects (Salehi et al., 2016;
Tamoli et al., 2016).

Predation of M. pygmaeus

Prior to conducting the experiments, a
cohort of 5" instar nymphs was collected
from the colony using an aspirator and placed
in plastic containers (10 x 10 x10 cm)
containing fresh tomato leaves and a
standardized diet consisting of E. kuehniella
eggs, wheat flour, and Artemia cysts. Fifteen
nymphs were included in each container,
placed in a germinator with controlled
temperature conditions of 25°C = 1°C,
relative humidity of 65% =+ 5%, and the
photoperiod 16:8 (light: darkness). After 24
hours, one-day-old adults were isolated and
fed in the germinator for an additional 24
hours without the presence of insect prey (E.
keuhuniella eggs and Artemia cysts).
Subsequently, the adults were starved by
keeping them in the germinator with fresh
tomato leaves for 24 hours. For performing
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the predatory experiments, small glass Petri
dishes (diameter 5.6 cm) were washed and
placed in the germinator for 24 hours. The
bottom of each dish was covered with green
cardboard paper for convenient viewing, and
healthy tomato leaves were placed inside
microtubes containing water to maintain leaf
freshness. Depending on the experiment
design, either 80 eggs of E. keuhniella,
Artemia cysts or 100 eggs of TLM were
placed separately on each leaf in each dish.
Three-days-old male and female adult
predators, which had been kept without
animal feeding for 24 hours in the
germinator, were employed at a density of
one male or female per dish with 20 replicates
per sex. The experiments were undertaken at
different temperatures (20, 25, and 30°C) for
24 hours in growth chamber under controlled
temperature  conditions as  mentioned
previously. The predation rate was measured
through counting consumed eggs or cysts,
identified by their altered coloration
(Urbaneja et al., 2009).

Herbivory of Macrolophus pygmaeus

To inspect the herbivory behavior of the
predator species, experiments were carried
out on the amount of herbivory under
different conditions. After a 24-hour period
of starvation, 3-days-old adult predators were
placed at densities of 1, 3, and 6 individuals
in the presence and absence of animal prey on
tomato bushes inside plastic cylinders (37 cm
tall, 12 cm opening diameter) with mesh
covers for ventilation. The experiments were
undertaken in a greenhouse environment with
controlled  temperature  conditions as
mentioned previously. Each treatment was
replicated 10 times over a 72-hour period,
along which time necrotic rings were
recorded every 24 hours (Urbaneja et al.,
2009).

Olfactory trials
In order to explore the predator's attraction
for prey based on volatile chemical cues, an

olfactory study was carried out using a Y-
shaped tube apparatus (Attarzadeh et al.
2019, Mousavi et al. 2022). Healthy tomato
leaves, free from any disease or pest
symptoms, were applied as the baseline for
the experiment. Tomato leaves were
separated and placed in the reservoirs of the
Y-shaped tube, with one of the baits (E.
kuehniella eggs, Artemia cysts, TLM eggs,
leaves infested with tomato moth larvae, or
bee pollen) introduced in an amount of 100
pieces for each treatment. Three-day-old
adult male or female M. pygmaeus were
starved for 24 hours in a germinator with
tomato leaves, and then tested in a growth
chamber with environmental conditions as
mentioned previously. Each treatment was
replicated 10 times for each sex, with the
attraction to allelochemicals emitted from
animal prey and tomato leaves measured.
After applying purified and moist air to the
reservoirs, individual male and female
insects were positioned in the main branch of
the Y-shaped tube and allowed to move for 5
minutes before recording their attraction to
one of the sub-branches if they traveled a
distance of at least 7 cm from the sub-branch
(Attarzadeh et al., 2019; Rashedi et al.,
2019).

The olfactory test treatments compared
the predator attraction to: E. kuehniella eggs
and tomato leaves; TLM larvae-infested
leaves and healthy tomato leaves; TLM egg-
infested tomato leaves and healthy tomato
leaves; flower pollen and Artemia cysts; and
E. kuehniella eggs and Artemia cysts.

Data analyses

For the predation and herbivory (phytophagy
symptom percentage) trials, a factorial design
(three prey types x three environmental
temperatures x two adult sex) was utilized. The
study included 10 replicates for each treatment.
The data were analyzed via ANOVA, with
Tukey's post-hoc test applied to determine
differences between means across the treatment
groups. Nevertheless, owing to non-normal data
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distribution,  the  phytophagy = symptom
percentage of M. pygmaeus in the absence of
prey was compared using the Kruskal-Wallis
non-parametric test instead (Zar, 2010). The
predator's feeding strategy on various parts of
the tomato plant (petiole, stem, and leaflet) and
its olfactory responses to different food cues
were analyzed using a chi-squared test of
independence. The goal was to inspect whether
the observed frequencies of feeding on each part
of the plant and the observed frequencies of path
choices towards different prey species differed
significantly from the expected frequencies
under the null hypothesis that the predator's
feeding and olfactory responses are randomly
distributed, with ten replications. All statistical
analyses were performed using SAS software,
version 9.2.

Results
The findings of ANOVA exploring the main
effects of prey type, temperature, and predator

sex, as well as their interactions, on the predation
rate of the M. pygmaeus predator, are reported in
Table 1. The results reveal that the predation rate
of M. pygmaeus on E. kuehniella eggs, Artemia
cysts, and TLM eggs differs significantly (F =
57.36; df = 2, 29; P < 0.001). The predation rate
of M. pygmaeus on TLM eggs (25.26%+2.07%)
was significantly higher than those on E.
kuehniella eggs (14.02%+1.27%) and Artemia
cysts (12.07%1.06%), as displayed in Figure 1.

The predation rate of M. pygmaeus varied
significantly across different temperatures
(Figure 2). Notably, the predation rate at the
highest ambient temperature tested (30°C) was
23.13%=+1.85%, which was 2.47 times higher
than the rate at the lowest temperature tested
(20°C) at 9.35%=0.91%. The predation rate at
25°C (19.11%=1.68%) was around 17.38%
lower than those at 30°C.

Table 1. Multi-Factor Analysis of Variance (ANOVA) examining the interactive effects of Prey species (Tuta
absoluta, Ephestia kuehniella, and Artemia cysts), temperature (20, 25, and 30 °C), and adult sex on predation

rate of Macrolophus pygmaeus

Source of variation Degree of freedom Mean square F P-value
Prey (P) 2 79.83 57.36 <.0001
Temperature (T) 2 92.41 66.4 <0.0001
Sex (S) 1 534.72 384.19 <0.0001
PxT 4 3.94 2.84 0.0245
PxG 2 9.36 6.73 0.0014
TG 2 6.29 4.52 0.0115
PxTxG 4 1.46 1.05 0.3791
30 T A
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Ephestia keuhniella eggs

Artemia cysts

Tuta absoluta eggs

Prey

Figure 1. Predation percentages of Macrolophus pygmaeus when feeding on various prey types, including
eggs of Tuta absoluta, Ephestia kuehniella, and Artemia cysts (The same letters indicate non-significant
difference-Tukey, P > 0.05). The error bar shows the standard error for each mean.
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Figure 2. Predation percentages of Macrolophus pygmaeus on Ephestia kuehniella and Artemia cysts at
different environmental temperatures (The same letters indicate non-significant difference -Tukey, P >
0.05). The error bar shows the standard error for each mean.

The predation rate of M. pygmaeus females
was significantly higher, at 27.42%z%1.47%,
compared to males, which had a predation rate of
7.04%+0.44%, representing a  3.85-fold
increment (F = 384.19; df=1; P < 0.001) (Figure
3). The interaction between prey type and
environmental temperature revealed a significant
impact on predation rates (F = 2.84; df = 4; P
=0.0245), with the highest rate of predation
observed in the combination of TLM eggs at
30°C (33.45%4.07%) and the lowest in the
combination of E. kuehniella eggs at 20°C
(7.01%=1.38%). Thus, the predation rate was
4.77 times higher when feeding on TLM eggs at
30°C compared to feeding on E. kuehniella at the
20°C (Figure 4).

The interaction between environmental
temperature and insect sex had a significant
influence on predation rates (F =4.52; df =2, 29,
P =0.0115), with females exhibiting a higher
predation rate at 30°C (36.73%%2.65%)
compared to 25°C (30.31%+2.558%) and 20°C
(15.44%=1.39%). The males indicated a similar
trend, with a significantly higher predation rates

at  30°C  (9.75%%0.81%) and  25°C
(8.09%=0.79%) compared to 20°C
(3.75%0.39%) (Figure 5).

The findings of our study revealed a

statistically significant interaction between prey
type and insect sex, with profound implications
for predation rates (F =6.73; df =2, 29, P
=0.0014). Notably, the combination of TLM eggs
and female adults yielded the highest predation

rate (40.49%=3.02%), whereas the combination
of E. kuehniella eggs (4.85%+0.61%) and
Artemia cysts (5.58%+0.60) with male bugs
manifested the lowest predation rate. A striking
difference was noted in predation rates between
female and male bugs, with females displaying an
8.34-fold increase in predation when feeding on
TLM eggs compared to E. kuehniella eggs and
Artemia cysts (Figure 6).

The results of the chi-square test, carried out
on the olfactometric data collected from leaves
infected with prey of different ages consumed by
M. pygmaeus, are outlined in Table 2. The
findings suggest that there was no statistically
significant preference for odors across all tested
conditions, as indicated by the non-significant
chi-square test results.

In the presence of prey, no damage arising
from the herbivory by the predator M. pygmaeus
was observed on tomato plants. In the absence of
prey, a Kruskal-Wallis non-parametric test
demonstrated that the partial damage did not
differ significantly from the control treatment
(df=2; H-value=1.5; P-value=0.472).

Table 3 indicates the damage percentage
caused by M. pygmaeus inflicted on different
parts of the tomato plant in the absence of prey.
A non-parametric chi-square test exhibited that
the phytophagy damage of the bug was
significantly higher in the petiole compared to
other parts of the plant, including the stem and
leaf.
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Figure 3. Predation percentages of Macrolophus pygmaeus male and female adults (The same letters indicate
non-significant difference -Tukey, P > 0.05). The error bar shows the standard error for each mean.

m20°C m259C m30¢eC

%Predation

Ephestia keuhniella eggs Artemia cysts Tuta absoluta eggs

Prey

Figure 4. The mean comparison of Macrolophus pygmaeus predation percentages on different prey species at
three environmental temperatures (The same letters indicate non-significant difference -Tukey, P > 0.05). The
error bar shows the standard error for each mean.

m20°C m25°C m30°C

%Predation

Male Female

sex

Figure 5. The mean comparison of male and female adults of Macrolophus pygmaeus predation percentages at
three temperatures (The same letters indicate non-significant difference -Tukey, P > 0.05). The error bar shows

the standard error for each mean.
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Figure 6. The mean comparison of male and female adults of Macrolophus pygmaeus predation percentages on
different prey species (The same letters indicate non-significant difference -Tukey, P > 0.05). The error bar
shows the standard error for each mean.

Table 2. The results of olfactometery experiments indicating the preference of male and female adults of
Macrolophus pygmaeus between dual free choices of different treatments

Sex Treatment N Observed  Expected Chi-Squarew@r=1y P-value
Infested tomato leaf to TLM™ eggs 7 5

Male - 10 1.6 1
Non-infested tomato leaf 3 5
Infested tomato leaf to TLM eggs 5 5

Female - 10 0 0.527
Non-infested tomato leaf 5 5
Infested tomato leaf to TLM larvae 5 5

Male - 10 0 1
Non-infested tomato leaf 5 5
Infested tomato leaf to TLM Larvae 7 5

Female - 10 1.6 0.206
Non-infested tomato leaf 3 5
TLM eggs 7 5

Male - 10 1.6 0.206
Non-infested tomato leaf 3 5
TLM eggs 5 5

Female - 10 0 1
Non-infested tomato leaf 5 5
Pollen 6 5

Male - 10 0.4 0.527
Artemia cysts 4 5
Pollen 5 5

Female - 10 0 1
Artemia cysts 5 5
Eggs of Ephestia keuhniella 6 5

Male - 10 0.4 0.527
Artemia cysts 4 5
Eggs of Ephestia keuhniella 6 5

Female - 10
Artemia cysts 4 5

* TLM: Tomato leaf miner or Tuta absoluta
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Table 3. Frequency of observed symptom of phytotoxity causing by Macrolophus pygmaeus feeding in different

parts of tomato plants

Treatment N Observed Expected Chi-Squaredt=2) P-value
Petiole 3
Stem 9 3 18 <0001
Leaflet 3

Discussion a higher predation rate on TLM eggs
Our  findings revealed significant compared to E. keuhniella eggs and Artemia

differences in the predation rate of M.
pygmaeus on various prey types, with a
particularly high rate observed on TLM eggs.
These findings are in line with results of
Borges et al. (2024), who found that prey
consumption by female predators was higher
on eggs of T. absoluta than on E. kuehniella
eggs. The feeding behavior of insect
predators is affected by various factors,
including physical properties, allelochemical
compounds, and nutritional value of their
prey. Physical characteristics such as size,
hardness, and digestibility of the prey play a
key role in the selection of food sources of the
predators (Safaei et al., 2016, Rajabpour et al.
2018; Rajabpour, 2022). Further,
allelochemicals can affect the attractiveness
and palatability of food to insects. The
nutritional value of food is an essential factor,
as a diet rich in nitrogen can promote the
growth, survival, and fertility of insects
(Evans and Schmidt, 1990; Brodeur and
Boivin, 2006; Bandani, 2012). Lykouressis et
al. (2014) found that the type of prey
significantly  affected both  nymphal
development and adult fertility, but not
survival. Notably, the duration of the
nymphal stage was prolonged when M.
pygmaeus fed on T. absoluta eggs compared
with other prey sources. Further, the mean
fertility of M. pygmaeus females was highest
when they were fed Bemisia tabaci
Gennadius (Hemiptera: Aleyrodidae)
nymphs, followed by Macrosiphum
euphorbiae Thomas (Hemiptera: Aphididae)
and E. kuehniella eggs, while it was lower
when fed TLM eggs. M. pygmaeus exhibited

cysts. This may be attributed to the size of the
prey, as M. pygmaeus is more likely to detect
and consume smaller preys (Sharifian et al.,
2015). The size of the prey affects the amount
of consumption by the predator, with smaller
prey items being consumed in greater
quantities to fulfill nutritional needs
(Fantinouet al., 2009). In addition, the
nutritional value of food can impact the
biological activities of insects, with a diet
rich in nitrogen supporting the survival and
population growth of M. pygmaeus (Bandani,
2012). These findings suggest that an
herbivorous-carnivorous diet may be
appropriate for M. pygmaeus in situations
where animal prey is scarce. Further, the
ability of M. pygmaeus to control pests can be
a valuable feature for lowering control costs
in integrated pest management strategies.
Our findings are in accordance with previous
studies, such as Perdikis and Lykouressis
(2000), which reported that M. pygmaeus
exhibits varying predation rates on different
prey species, with Trialeurodes
vaporariorum  Westwood  (Hemiptera:
Aleyrodidae) being the most susceptible
followed by Myzus persicae Sulzer,
Macrosiphum euphorbiae Thomas, Aphis
gossypii Glover (Hemiptera: Aphididae), and
Tetranychus  urticae  Koch.  (Acari,
Tetranychiidae). The varying feeding habits
on different prey species result in distinct
biological characteristics in the predator,
highlighting the significance of considering
the diversity of prey in understanding
predator-prey dynamics.
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The results revealed that the predation
activity of M. pygmaeus is temperature-
dependent, with a significant increase in
predation rate observed as the temperature
rose from 20 to 30 °C. Temperature
fluctuations have a profound impact on the
physical and chemical reactions within the
insect body, directly influencing hunting
behavior. Specifically, elevated temperatures
boost metabolic activity, leading to increased
hunting to acquire energy, Wwhereas
diminished temperatures result in reduced
predation rates owing to lower energy
demands. This association is well-
documented (Harrison et al., 2012). In
greenhouses employing biological control
agents, maintaining favorable temperature
conditions is critical to ensure the growth and
reproductive success of crops (such as
tomato) and the physiological well-being of
insects. However, temperature fluctuations
can either beneficially promote feeding from
animal prey or harmfully affect pest control
costs, depending on whether they encourage
increased nutrition and reduced pest
populations or compromise establishment,
protection, and support costs. Our findings
are in line with previous research, which has
demonstrated that M. pygmaeus is capable of
completing its life cycle across a wide
temperature range, including 15-30°C on
tomato, with optimal development occurring
at 30°C (Perdikis and Lykouressis, 2000).
Temperature thresholds for M. pygmaeus
development ranged from 6.92°C to 9.29°C
across life stages, with thermal constants
(degree-days) varying from 98 to 541
(Perdikis and Lykouressis, 2002). This
temperature tolerance suggests that M.
pygmaeus may be well-adapted to thrive
under various environmental conditions,
potentially expanding its ecological niche
and contributing to its success as a biological
control agent. Comparison of the functional
response of this bug to TLM eggs at 20°C and
25°C revealed that both the attack rate (a) and

handling time (Tn) diminished with
increasing temperature, leading to a
significant rise in the maximum predation
rate by M. pygmaeus at 25°C compared to
20°C (Yiacoumi et al., 2024), in accordance
with the findings of our research.
Furthermore, Sylla et al. (2016) noted that
prey type significantly affected the nymphal
development and adult fertility of M.
pygmaeus, but not its survival, with the
slowest development and the lowest fertility
found when fed TLM eggs. Nevertheless,
fertility was higher when the predator fed on
B. tabaci nymphs, Macrosiphum euphorbiae
Thomas aphids, or E. kuehniella eggs
compared to TLM eggs as food.

The results indicate a striking difference in
predation behavior between male and female
M. pygmaeus, with females demonstrating a
significantly higher predation rate compared
to males. The production of eggs by females
requires a significant amount of energy,
which is reflected in their greater body mass
compared to males (Bandani, 2012).
Moreover, this sex-specific difference in
weight is affected by nutritional strategy, as
seen in species where males are responsible
for foraging for both sexes and subsequently
accumulate more fat reserves (Bandani,
2012). In M. pygmaeus adults, females are
larger than males, with both sexes engaging
in food searching behavior. Thus, the hunting
rate of the tested prey under different
temperature conditions was higher in female
M. pygmaeus than in males. The relationship
between feeding frequency and egg-laying
capacity is a characteristic of predatory
insects (Bandani, 2012), where increased
predation by females can result in increased
energy reserves, causing a greater number of
eggs laid and ultimately an increment in the
population's next generation. Further, the
energy requirements of adult insects depend
on their age, sex, and reproductive status,
with young adults requiring more energy to
complete the hardening processes of their
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cuticle, muscles, and reproductive system. In
the context of M. pygmaeus, this signifies that
females require more energy to support their
reproductive activities, which is reflected in
their greater body size and feeding behavior
compared to males. Similar to our findings,
Borges et al. (2024) found that female’s prey
consumption on eggs of T. absoluta was
higher than that of E. kuehniella, presumably
owing to the comparative size/amount of
biomass of the eggs.

Our data suggest that M. pygmaeus does
not exhibit a statistically significant
preference for any of the tested odors, as the
chi-square test results did not present any
significant associations. Chemical signals
play a key role in mediating relationships
between species, allowing the sender species
and receiver species to manage their
interactions as well as behaviors in response
to the composition and concentration of
chemical constituents (Price et al., 2011).
Predators employ chemical cues for host
location through two primary mechanisms.
The first involves settlement, where the
predator releases a chemical signal to attract
its prey. The second and more common
method involves active search, where the
predator employs chemical messengers in
three distinct phases. In the initial phase, the
predator applies volatile compounds as
synomones to locate suitable habitats for
searching. In the subsequent phase, it directs
volatile substances from the prey towards
itself. Ultimately, in the third phase, chemical
compounds from both the host plant and prey
get mixed to induce predation (Price et al.,
2011). The Miridae family of predators is
characterized by their generalist predation
behavior, making them a popular choice for
biological control in tomato greenhouses
owing to their ability to suppress populations
of multiple pests, including different life
stages of whiteflies, nymphs, eggs, as well as
first and second instars (Wheeler, 2001). No
attraction to host by M. pygmaeus among the

olfactory treatments implies that it does not
utilize specialized allelochemicals for prey
tracking. As a result, our expectation for
effective biological control of its prey, such
as TLM, needs to be tempered by the absence
of attraction between the plant host and
diverse prey species.

The findings of this study suggest that M.
pygmaeus, a predator that preys on tomato
plants, does not cause damage to its host plant
when prey is present, while inflicting non-
significant damage in the absence of prey,
with the petiole being a particularly
vulnerable area. Many generalist predators
feed on plant-based food sources, such as
nectar and pollen, or consume plants
themselves along certain stages of their life
cycle. The feeding behavior of these insects
plays a substantial role in shaping predator-
prey dynamics. As a result, understanding the
effects of plant consumption on omnivores is
critical for developing effective biological
control strategies (Portillo et al., 2012). The
primary objective of M. pygmaeus feeding on
plant tissue is to access water and solutes
within plant vessels. To achieve this goal, the
insect naturally selects plant tissues with
minimal trichomes and lowered hardness to
expedite its access to these resources.
Further, young plant parts tend to have higher
nitrogen and salt contents (Bandani, 2012;
Portillo, 2012; Rajabpour, 2022), which may
be attractive to the insect. Unlike other
predators that require accessible nectar to
fulfill their energy needs, mirid bugs can
obtain carbohydrates by directly consuming
plant tissues. This ability to feed on leaves
and stems can be regarded as a substitute for
nectar, allowing mirids to be less dependent
on external nectar sources (Portillo et al.,
2012). The presence of necrotic rings on the
stem suggests that the insect's feeding
behavior may have a localized impact on
plant health. Further, some studies have
indicated that M. pygmaeus feeding on some
host plants, such as eggplant, not only did not
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cause much damage, but also induced
resistance in those plants to pests (Farina et
al., 2023). The inflicted injury by M.
pygmaeus was not only statistically non-
significant on tomato plants, but also induced
plant resistance to pests (Pappas et al., 2015)
and deterred herbivores from plants
previously fed upon by predator (Zhang et al.,
2019). Eventually, it has also been shown that
M. pygmaeus herbivory significantly affects
their predation behavior on insect prey
(Lykouressis et al., 2014).

In conclusion, our study revealed that M.
pygmaeus exhibited significantly higher
predation rates on T. absoluta eggs compared
to E. kuehniella eggs or Artemia cysts, with
peak efficiency at 30°C. Female predators
consistently outperformed males across all
temperatures and prey types. Crucially, M.
pygmaeus caused negligible damage to
tomato plants irrespective of prey
availability, confirming its safety as a
zoophytophagous  agent.  Nevertheless,
olfactory assays revealed no significant
attraction to  prey-specific  volatiles,
suggesting that prey location relies on
mechanisms beyond olfactory cues. These
findings establish M. pygmaeus as an
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