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Abstract. This study aimed to determine the biological parameters of Neoseiulus tunus (De Leon, 1967) feeding on Aculops lycopersici (Massee,
1937). We conducted experiments to assess the predation rate of the former and its biological cycle when consuming A. lycopersici exclusively.
Moreover, we assessed the preference of N. tunus for A. lycopersici concerning the pollen of Typha domingensis Pers. (Typhaceae) and Tetranychus
urticae Koch, 1835, using free-choice tests. The obtained data indicates A. lycopersici is an appropriate prey to N. tunus, as it allows it to complete
its development, reproduce and increase its population. We also noticed that this phytoseiid prefers A. lycopersici to the two other food sources.
Though more robust studies will be needed, these preliminary results allow some inferences, such as N. tunus being a potential natural enemy

of A. lycopersici.
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The tomato russet mite, Aculops lycopersici (Massee, 1937)
(Eriophyidae), has been recorded as a pest attacking several
solanaceous plants in different parts of the world (EPPO 2018). Among
them, it attacks tomato plants (Solanum lycopersicum L., Solanaceae),
having the potential to bring huge losses to farmers (Duso et al. 2010).
Acaricides as chemical control of A. lycopersici is difficult, and often
inefficient (Vervaet et al. 2021). Furthermore, the use of pesticides is
potentially harmful to human health and also to the environment (Lai
2017; Larsen et al. 2017). For these reasons, the need for alternative
methods to control the populations of this eriophyid is indisputable
and one possibility is biological control.

To date, compared to other tomato pests, few studies have
searched for natural enemies of A. lycopersici. Among them, studies
using predacious mites, especially those belonging to the Phytoseiidae
Berlese, 1916, have reached the most promising results (Vervaet et
al. 2021). Though there are a few candidates to act as its controllers,
investigations of native natural enemies are necessary.

Neoseiulus tunus (De Leon, 1967) is a species frequently recorded
in the Neotropics (Cavalcante et al. 2017). It may use solanaceous
plants as hosts, being one of the most frequent phytoseiids on these
plants (Tixier et al. 2020). Furtado et al. (2016) registered N. tunus as
the most abundant Amblyseiinae (Phytoseiidae) species in Solanaceae
collected in Southeast Brazil. Even though it is a common species,
few biological studies have dealt with this species. Moreover, these
few were restricted to its diet evaluation and reproductive strategy
(Cavalcante et al. 2015; 2017). Therefore, considering the frequency in
which N. tunus is found on solanaceous plants and the fact that many
species of the family Phytoseiidae are efficient predators of agricultural
pests, N. tunus may be a potential natural enemy of Solanaceae pests
such as A. lycopersici. For this reason, we conducted three experiments
designed to evaluate this hypothesis. The first experiment consisted of
a biological essay intended to determine the life table of N. tunus when
fed with A. lycopersici. The second experiment involved a predation
test aimed at determining the predation potential of N. tunus on this
same prey. Lastly, the third experiment had the aim of determining the
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feeding preference of this predator concerning three different food
items, including the target pest A. lycopersici.

All three experiments used specimens of N. tunus kept in rearing
units, according to McMurtry & Scriven (1964). The specimens of
the initial population were obtained in a forest fragment. They were
collected on leaves of Trichilia casaretti C. Dc (Meliaceae) in the
municipality of Icém, S3o Paulo state, Brazil. After being established, the
predators colonies were kept in an acclimatized greenhouse (B.0.D.) at
25 + 1°C, relative humidity of 70 £ 10%, and a 12-hour photoperiod.
All females were fed with southern cattail pollen (Typha domingensis
Pers., Typhaceae), A. lycopersici, and Tetranychus urticae Koch, 1836
(Acari: Tetranychidae). The mites that were used as food-T. urticae and
A. lycopersici-were reared in jack bean plants [Canavalia ensiformis (L.)
DC., Fabaceae] and tomato plants (S. lycopersicum), respectively.

The biological essay of N. tunus began with 25 experimental units,
each consisting of an acrylic container (1.5cm in height; 2.5cm in
diameter) containing carrageenan (5mg / 250mL of water). We placed
a disk (with 2cm in diameter) of a tomato leaflet over the carrageenan,
with the abaxial surface facing up. The margins of the container
were covered with entomological glue to obstruct the passage,
preventing both an escape of the mites and an invasion from other
organisms. To each unit, we offered all mobile stages of A. lycopersici
as sustenance. The food was replaced daily. To begin the experiment,
each experimental unit received an adult female that came from the
rearing colonies. After 24 hours, these females were removed from
the containers along with their exceeding eggs, in such a way that only
one egg remained in each unit. During the immature stages, each unit
was examined three times per day (at 7 AM, 3 PM, and 11 PM). After
the emergence of the adults, we examined all units every 24 hours for
counting and the removal of the eggs laid by the predators. Mites found
dead on the glue were not considered for the analyses. The life table
was built according to the method proposed by Maia & Luiz (2006),
using the program SAS University Edition.

To evaluate the predation potential, 15 females of N. tunus were

separated from the rearing colonies and transferred to an arena with
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no food, where they were kept for eight hours. After that, the females
were separated into individual experimental units as described above.
Then, we added 50 specimens of A. lycopersici in each unit. After 24
hours, we counted the number of A. lycopersici still present in the
experimental unit to determine the amount of prey consumed during
this period.

To investigate food preference, we conducted double-choice tests
with ten repetitions per treatment. Each repetition consisted of two
disks of tomato leaflets (3cm in diameter) placed side by side on a wet
foam lying on a plastic container (Fig. 1). A fragment of tomato leaf
measuring 1.5cm x 1cm was placed between the disks, to function
as a bridge to predatory mites. We placed a fragment of a coverslip
over each disk, resting on cotton fibers, making a shelter that could
aid in the containment of phytoseiids. At the center of this “bridge”,
we fixed a pin to assist in the release of predators. In a disk, we added
specimens of the target prey A. lycopersici, and in a second disk, we
added southern cattail pollen, spread throughout the disk, or T. urticae.
The amount of prey added per disk was determined according to
the number of phytophagous mites in naturally infested leaves. This
number was around 90 specimens of A. lycopersici and 40 specimens of
T. urticae per replicate, which were enough to guarantee there would
still be prey on the disk by the end of the experiment. Ten females
of N. tunus were released on the pinhead so they could descend and
choose their food. Preference was determined after an analysis of the
number of prey individuals on each disk. These were quantified after
1h, 2h, 4h, 8h, and 24h. We also observed whether the prey was in
their respective disks. Dead prey on the pin or the “bridge” leaf was
not considered in the analyses. The difference between the number of
mites observed in both disks was analyzed through generalized linear
mixed models (GLMM) with Poisson’s distribution using the R package
“glmmTMB”. “Time” was considered a random factor, and “Food” was
treated as a fixed factor. For the evaluation of the difference between
each time interval, we used R’s “emmeans” package.
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Figure 1. The experimental model of the food preference test. 1) disk of the
leaflet of tomato with the abaxial surface facing up; 2) shelter composed of a
fragment of coverslip on cotton fibers; 3) pin; 4) “bridge” made of a tomato
leaflet fragment; 5) nylon foam.

With A. lycopersici as the exclusive food item, the predatory mite
finished its development and reproduced, resulting in parameters that
show population growth (Tab. 1). All individuals reached the adult
stage, and all were females.

This is the first study to test A. lycopersici as a viable food item
for N. tunus. It is also the first study to evaluate the whole biological
cycle of this predator, providing more robust information on its
biological features. In previous studies, Cavalcante et al. (2015; 2017)
only assessed the oviposition/predation rates and the reproductive
strategy of this predator when fed with eggs of Bemisia tabaci
(Gennadius, 1889) (Hemiptera: Aleyrodidae) and T. urticae, as well
as larvae/protonymphs of Aleuroglyphus ovatus (Tropeau, 1879)
(Acari: Acaridae). Some species of the genus Neoseiulus Hughes,
1948 are potentially useful to the control of A. lycopersici. Lineages of
Neoseiulus californicus (McGregor, 1954) previously fed with T. urticae
and pollen have shown an intrinsic growth rate (r, ) of 0.172 and 0.205
respectively, consuming A. lycopersci (Castagnoli et al. 2003). With this
same prey, Neoseiulus cucumeris (Oudemans, 1930) presented an r,_ =
0.211 (Al-Azzazy et al. 2018). Even though these values are still slightly
higher than those found for N. tunus in this study (r_ = 0.159), it is
necessary to consider the predation potential as an important factor in
the search for an effective natural enemy. We found out that N. tunus,

consumed 24.4 + 2.8 prey/female in 24 hours, an average similar to the
one obtained by Castagnoli et al. (2003) for N. cucumeris (23.89 prey/
female) and almost double the average found by Al-Azzazy et al. (2018)
for N. californicus (12.89 prey/female) with the same prey.

Table 1. Populational parameters of Neoseiulus tunus feeding on Aculops
lycopersici.

Parameters N Mean * SE
Egg (days) 25 1.8+0.12
Larva (days) 25 1+£0.04
Protonymph (days) 22 1.5+0.07
Deutonymph (days) 19 1.7 £0.07
Egg-adult (days) 17 6+0.14
Pre-oviposition (days) 13 3.6+0.18
Oviposition (days) 13 13.15+1.6
Post-oviposition (days) 13 1.69+0.26
Longevity (days) 13 16.85+1.72
Fecundity (eggs/female) 13 13.07 £1.54
Daily oviposition (eggs/female/day) 13 1.06 £0.09
R, 13 7.61+3.175
r 13 0.159 +0.027
A 13 1.172 £ 0.032
T 13 12.91+1.32
DT 13 4.34+0.74

R, =net reproductive rate, r. =intrinsic rate of growth, A = finite growth rate, T
= average generation time, DT = population doubling time. Sex ratio = 1

In the food preference tests, most specimens of N. tunus chose
the disk containing A. lycopersici over the one containing southern
cattail pollen. This happened in all the time periods assessed (Fig.
2). Considering both A. lycopersici and T. urticae, a significantly
larger number of phytoseiids was observed on the disk containing A.
lycopersici, starting from the second hour of the experiment (Fig. 3).
The choice of N. tunus for A. lycopersici over T. urticae and pollen,
two other possible food sources found in tomato crops, suggests a
preference of the predator for the target pest. Nonetheless, other food
sources should be tested in the future to corroborate this information,
given that many other possible food items available for phytoseiids are
available in tomato crops, such as other phytophagous mites, thrips,
whiteflies, aphid honeydew, etc.
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Figure 2. Frequency of Neoseiulus tunus in disks containing Aculops lycopersici
and southern cattail pollen in different periods. Significant differences (P < 0.05)

One of the determining factors in the success of the use of
phytoseiids in biological control programs in tomato plants is their
adaptability to their trichomes. These structures protect the plant
against phytophagous mites (Sato 2011), but they can also interfere
in the locomotion and development of phytoseiids, reducing their
predation efficiency (Schimidt 2014). Some of the morphological
features present in N. tunus, such as short and serrate setae and a
narrow idiosoma, apparently guarantee better maneuverability among
the trichomes (Duso 1992; Kreiter et al. 2003; McMurtry et al. 2013).

Thelytokous parthenogenesis-offspring composed only by females-
as a reproductive strategy in N. tunus had already been reported by
Cavalcante et al. (2017) and was corroborated in this study. It is a
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relevant characteristic of this species in practical terms. The lack of
need for a sexual partner makes massive rearing in lab conditions
easier, as well as experiments on its life cycle. There is some evidence in
the literature showing that females of phytoseiids consume more prey
than males (Abdahlla et al. 2001; Gotoh et al. 2006; Li & Zhang 2016),
which suggests that all-female populations could consume higher
quantities of prey when compared to sexually diverse populations.
Another advantage of parthenogenetic populations for biological
control is the preservation of natural or artificial pre-selected traits
(such as tolerance to temperature and pesticides), given that there is
no mating with native individuals, which diminishes the mite’s genetic
variability (Hoy & Cave 1986; Cavalcante et al. 2017). On the other
hand, parthenogenetic populations could bring disadvantages in the
long term, such as the accumulation of deleterious mutations (Norton
& Palmer 1991).
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Figure 3. Frequency of Neoseiulus tunus in disks containing Aculops lycopersici
and Tetranychus urticae in different periods. Significant differences (P < 0.05).

Though the biological control of A. lycopersici already counts with
some promising species, for example N. californicus and N. cucumeris,
the search for enemies that occur naturally in the same region of the
pest is all-important. First, because it avoids the introduction of exotic
species which could cause disequilibrium in the already established
ecological relations. Second, because native species are already
acclimatized to the region’s environmental conditions. This is critical
because a successful biological control depends, to a large extent, on
external conditions that can affect the efficiency of the predator, such
as temperature, humidity, type of host, and interspecific interactions
like competition and predation. Considering all of this and also its
geographical distribution (Demite et al. 2021), its occurrence in several
species of solanaceous plants including tomatoes (Furtado et al. 2006;
Tixier et al. 2020) plus the biological evidence presented in this study,
N. tunus has the potential of being a natural neotropical enemy of A.
lycopersici in tomato crops. However, we encourage more studies,
specifically in greenhouses and/or in open fields, to assess the efficacy
of this predatory mite in the populational control of A. lycopersici
directly on the plants.
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