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Abstract Thrips of the subtropical genus Scirto-
thrips are emerging as important pests in several 
crops. Scirtothrips dorsalis has been increasingly 
invading new areas outside of its native region of 
South and East Asia causing economic damage to 
several crops. Scirtothrips inermis is another poly-
phagous species with worldwide distribution. Both 
species are polyphagous, and in recent years have 
emerged as key pests in strawberry. In this study, we 
first evaluated the predation and oviposition rate of 
commercially available phytoseiid predatory mites 
Amblyseius swirskii, Amblydromalus limonicus, 

Transeius montdorensis, and Neoseiulus cucumeris 
on larval stages of both Scirtothrips species, and ovi-
position rates of predatory mites on the supplemen-
tary food source Artemia franciscana cysts were also 
assessed. Predatory mites equally accepted both thrips 
species as prey and showed stable oviposition rates 
on these diets. Amblyseius swirskii and A. limonicus 
were the most voracious, also exhibiting the highest 
oviposition rate of the predators tested. We further 
evaluated the biological control potential of predatory 
mites and anthocorid predators Orius laevigatus and 
Orius limbatus in a greenhouse experiment. Predators 
were released preventively and supported with Arte-
mia cysts before the introduction of S. inermis. Both 
Orius predators achieved good control of the pest, 
with O. limbatus developing higher numbers than O. 
laevigatus. Regarding phytoseiids, A. swirskii and A. 
limonicus both controlled the pest and built higher 
populations than T. montdorensis and N. cucumeris. 
Our results show that a preventive strategy based on 
phytoseiid or anthocorid predators in strawberry can 
be effective in suppressing S. inermis.
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Introduction

Thrips are important pests of many crops around the 
world, partly due to their cryptic lifestyle, short life 
cycle, and polyphagy, making them also very suc-
cessful when invading new regions (Morse and Hod-
dle 2005; Mound 2005). Most pestiferous thrips spe-
cies are found in the Thripidae family, and these can 
be further distinguished according to their primary 
feeding preferences to true flower feeders (i.e., feed-
ing on pollen and flower tissues), mature and senesc-
ing foliage feeders, and finally immature foliage feed-
ers (Morse and Hoddle 2005). In the latter feeding 
guild, the tropical genus Scirtothrips Shull is found, 
with more than 100 species known from the tropics 
and subtropics (Mound and Palmer 1981; Hoddle 
and Mound 2003; Mound and Stiller 2011). Scir-
tothrips are typically yellow in color and minute in 
size, rarely exceeding 1 mm as adults. As mentioned 
above, Scirtothrips prefer feeding on developing plant 
tissue, such as young leaves, buds, and fruits. Feed-
ing damage from Scirtothrips leads to leaf distortion, 
dark bronze coloration of leaves, stunt growth, and 
defoliation, while feeding on developing fruit leads to 
scarring. Due to the severity of leaf-distortion Scir-
tothrips feeding causes, the injection of toxic saliva 
in the plant tissue has been suggested (Mound and 
Palmer 1981). Many species in this genus are eco-
nomically important pests, and while most species 
are thought to be monophagous damaging specific 
crops, such as Scirtothrips perseae Nakahara on avo-
cado in the Americas (Hoddle et  al. 2003), others 
have wider host range and cause significant damage 
to an array of crops. Arguably the most important 
pest in this group is the Scirtothrips dorsalis Hood 
species complex, comprised of several cryptic and 
two morphologically distinguishable species (Dickey 
et al. 2015). One of the species native to India (South 
Asia 1 sensu Dickey et  al. 2015) is extremely poly-
phagous and has successfully invaded many parts 
of the world attacking a plethora of crops, including 
tea, mango, strawberries, kiwi, onion, persimmon, 
beans, peach, peppers, citrus, mango, roses, cotton, 
groundnuts, soybean, and tobacco, while also vec-
toring plant  viruses in many crops (for an extensive 
list see Hoddle 2022). Scirtothrips aurantii is another 
important invasive species, predominantly damaging 
citrus in its native South Africa, and recently berry 
crops in the Iberian Peninsula (EPPO RS 2022/084). 

Finally, Scirtothrips inermis Priesner, a species ini-
tially described from the Canary Islands but found 
worldwide, is increasingly causing economic dam-
ages in crops such as strawberry, mango, citrus, and 
persimmon (Lacasa et  al. 1996; Modesto-Henández 
et al. 2010; Marrero et al. 2023).

Control of Scirtothrips in field crops and orchards 
has been mostly relying on the use of insecticides 
(Hoddle et  al. 2003; Seal and Kumar 2010), while 
monitoring of populations is usually carried out with 
yellow sticky traps, proven to be the most attractive 
color for multiple species of this genus and around 
the world (Bara and Laing 2020; Carrillo-Arám-
bula et  al. 2022). However, due to the development 
of insecticide resistance in Scirtothrips (Kaur et  al. 
2023), and cases of pesticide-induced hormoligosis 
(Morse and Zareh 1991), rotation of chemical appli-
cations has been proposed (Kumar et  al. 2017), and 
further research has focused on biological control 
solutions. Soil applications with either chemical or 
biocontrol agents have also been suggested, as species 
of this genus are thought to pupate in the soil (Grout 
et al. 1986; Shibao et al. 1991; Yee et al. 2001; Gil-
bert and Samways 2018). Many beneficial arthropods 
are known to attack Scirtothrips in natural ecosys-
tems, and these have been evaluated for use in agri-
culture. Several generalist predators are associated 
with Scirtothrips in their native range and are known 
to limit their populations, such as predatory thrips 
(Thysanoptera: Aeolothripidae) (Yee et  al. 2001), 
and generalist predatory mites of the genus Euseius 
Wainstein (Acari: Phytoseiidae) (Grout and Rich-
ards 1992; Grafton-Cardwell et  al. 1999; Tsuchida 
and Masui 2023). Many studies have explored the 
efficacy of conserving or augmenting the population 
of generalist phytoseiid predators in citrus (McMur-
try et al. 1992; Grafton-Cardwell and Ouyang 1995), 
grape (Tsuchida and Masui 2023), strawberry (Lahiri 
and Yambisa 2021), pepper (Arthurs et  al. 2009; 
Doĝramaci et  al. 2011), and roses (Schoeller et  al. 
2022). Furthermore, commercially available general-
ist predators have been evaluated against Scirtothrips, 
and while generalist predatory chrysopids (Neurop-
tera: Chrysopidae) have failed to provide signifi-
cant pest suppression (Hoddle and Robinson 2004), 
anthocorid predators have been applied with success 
in flowering crops (Doĝramaci et al. 2011).

Advances in the field of biological control using 
beneficial arthropods in horticulture have led to 
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the wide adoption of the predator-in-first or stand-
ing army approach (Messelink et al. 2014; Pijnakker 
et al. 2020). This strategy is based on the preventive 
release of generalist predators before the primary pest 
arrives in the crops. Generalist predators employed 
are in many cases omnivores and can feed on either 
plant-provided foods such as nectar and pollen, or 
alternative arthropod prey found in the crop (Coll and 
Guershon 2002; Symondson et  al. 2002). Biological 
control practitioners may encourage the establishment 
of beneficial arthropods on banker plants that may 
provide food and shelter (Huang et al. 2011), or pro-
vide supplementary food sources to support a popula-
tion build-up in the crop before the arrival of the pest. 
Such food sources may be pollen, irradiated Lepidop-
tera eggs, or cysts of the brine shrimp Artemia fran-
ciscana Kellog (Anostraca: Artemiidae) (Pijnakker 
et al. 2020). However, caution is needed when apply-
ing these food sources, as omnivorous pests such as 
the Western Flower thrips Frankliniella occidentalis 
(Pergrande) may also feed on these resources (Leman 
and Messelink 2015; Vangansbeke et al. 2016b), thus 
application needs to be limited in space and time so 
that it can be monopolized by natural enemies. In 
Scirtothrips species, omnivory has only been reported 
for Scirtothrips citri (Moulton) feeding on eggs 
and immatures of tetranychid phytophagous mites 
(Acari: Tetranychidae) in cotton (Mollet and Sevach-
erian 1985), but no other cases have been reported 
since then (Wang et al. 2022).

While many studies have evaluated the biologi-
cal control potential of generalist predators released 
in various horticultural crops for the suppression of 
Scirtothrips species (Arthurs et al. 2009; Doĝramaci 
et al. 2011; Lahiri and Yambisa 2021), few have dem-
onstrated successful control with preventive predator 
releases (but see: Schoeller et al. 2022). In this study, 
we evaluated the efficacy of both phytoseiid and 
anthocorid generalist predators against Scirtothrips 
infesting strawberry cultivation in the Canary Islands 
(Spain). In recent years, S. inermis has been increas-
ingly causing significant crop damage in mango and 
strawberry in the archipelago (Modesto-Henández 
et  al. 2010; Marrero et  al. 2023). Furthermore, the 
invasive species S. dorsalis South Asia 1 has been 
recently detected in mango on the island of Tenerife 
(Mouratidis et al. 2023), and this species is known to 
be a pest of strawberry in Florida (USA) (Panthi et al. 
2021). Here, we first evaluated the predation rate and 

reproductive potential of four commercially available 
predatory mites: Amblyseius swirskii Athias-Henriot, 
Amblydromalus limonicus (Garman and McGregor), 
Transeius montdorensis (Schicha) and Neoseiulus 
cucumeris (Oudemans) (Acari: Phytoseiidae), feeding 
on larvae of either S. dorsalis, S. inermis or Artemia 
cysts. Then, we compared their pest control efficacy 
in a greenhouse experiment where predators were 
released on strawberry plants and supplemented with 
Artemia cysts before the introduction of S. inermis. 
In the greenhouse experiment, we further included 
the commercially available Orius laevigatus (Fieber) 
and the endemic to the Canary Islands Orius limba-
tus Wagner due to its importance as it spontaneously 
colonizes many horticultural crops in its native range 
(Carnero et al. 1993).

Materials and methods

Plants and insects

Strawberry plants (Fragaria × ananassa, cv. Portola, 
University of California, USA) were received from 
a commercial propagator (Viveros Campiñas SCA., 
Segovia, Spain). This day-neutral everbearing variety 
immediately starts blooming after transplant. Plants 
were transplanted in groups of four in plastic pots 
(28  cm Ø × 35  cm, Murgiplast SL, Almería, Spain) 
containing cocopeat (Pelemix SL, Murcia, Spain) 
and following standard agricultural practices. These 
plants were used for insect rearings, laboratory, and 
greenhouse experiments.

All phytoseiid predators (A. swirskii, A. limonicus, 
N. cucumeris, and T. montdorensis) and O. laevigatus 
were supplied by a biological control company (Kop-
pert BV, Berkel en Rodenrijs, The Netherlands), and 
an O. limbatus rearing was initiated from a popula-
tion collected from Plocama pendula Aiton plants 
in Guía de Isora (Tenerife, Spain), and identified 
through preparation of male genitalia (Péricart 1972). 
All insects were reared in the laboratory for at least 
two generations before being used in the experiments. 
Predatory mites were reared on plastic arenas placed 
on water-saturated floral foam (18 × 12 cm) that were 
further placed in plastic containers containing water 
(25 × 18  cm) in laboratory conditions (23 ± 3  °C, 
60 ± 10% RH). Eggs of Ephestia kuehniella Zeller 
(Lepidoptera: Pyralidae) (Koppert BV) and hydrated 
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decapsulated cysts of Artemia franciscana Kellogg 
(Anostraca: Artemiidae) (BioBee Biological Systems, 
Sde Eliyahu, Israel) (hereafter Artemia cysts) were 
added twice per week in the mite rearings ad  libi-
tum. Orius predators were reared in plastic jars (Ø 
11 cm × 13 cm) with lids covered with a mesh gauze 
(size 80  μm) for ventilation. Flat green bean pods 
(Phaseolus vulgaris L.) purchased from a local mar-
ket were washed rigorously, dried, and offered to 
the predators as an oviposition substrate and water 
source. Buckwheat husks were added to jars to pro-
vide a walking substrate for the predators. A 50:50 
mix of E. kuehniella eggs and A. franciscana cysts 
were added in the jars twice per week ad  libitum, 
decaying pods were replenished, and bean pods car-
rying predator eggs were removed to start a new syn-
chronized rearing unit.

Scirtothrips colonies were maintained on flat 
green bean pods (P. vulgaris) in plastic jars (Ø 
11 cm × 13 cm) with their bottom layer covered with 
vermiculite to provide a pupation surface for the 
thrips. Colonies of Scirtothrips were initiated from 
individuals collected from mango (Mangifera indica 
L.) in Guía de Isora (Tenerife, Spain) for S. dorsalis, 
and a strawberry crop in Güímar (Tenerife, Spain) for 
S. inermis. Bean pods were replaced weekly and new 
synchronized units were initiated. Laboratory rear-
ings of Scirtothrips and Orius predators were main-
tained in separate climatic cabinets (MLR—350H®, 
Sanyo, Japan) at 25 ± 1 °C, 70 ± 10% RH, and a L:D 
16:8 photoperiod. A second colony of S. inermis was 
initiated on strawberry plants in a greenhouse com-
partment in the  Instituto Canario de Investigaciones 
Agrarias (ICIA, Valle Guerra, Tenerife, Spain), and 
thrips were reared for at least one generation before 
release in the greenhouse experiment.

Laboratory assessments of predatory mite predation 
and oviposition rates

Predation and oviposition rates of A. swirskii, A. 
limonicus, N. cucumeris, and T. montdorensis offered 
a diet of Scirtothrips larvae were assessed under labo-
ratory conditions. In addition, the quality of Artemia 
cysts as a supplemental food source for the predatory 
mites was assessed by recording the daily oviposi-
tion rates when provided with this food source. The 
experiment had a total of 14 treatments, where each 
predatory mite was provided with either second-stage 

larvae (L2) of S. dorsalis, S. inermis, or Artemia cysts 
as a food source. Controls of S. dorsalis or S. inermis 
larvae in the absence of predators were also included 
to assess the natural mortality of thrips in the experi-
mental set-up. The experiment was conducted in plas-
tic medicine cups (Ø 3.5  cm × 3  cm high) (DEPA 
Disposables BV, Beuningen, The Netherlands) with 
a strawberry leaf disc (Ø 3.5  cm) placed with the 
abaxial side up in water agar 1.5%. Ventilation was 
ensured via a hole drilled in the lid and covered with 
a fine mesh (80 μm mesh size). In each leaf disc ten 
L2 S. dorsalis, ten L2 S. inermis, or an ad  libitum 
quantity of A. franciscana cysts were added. Thrips 
were collected from the synchronized laboratory cul-
ture on bean pods, and added in the arenas with a 
minute camel brush. Then, a gravid female predatory 
mite (11 ± 1 days old) was added to the arena. Preda-
tory mites were transferred to a new cup containing 
the same food source every day and for three con-
secutive days. Predation rates were assessed directly 
after the mites were transferred, by counting the num-
ber of thrips cadavers. Oviposited eggs of predatory 
mites were counted only on the second and third day 
of the experiment, to exclude effects of previous food 
sources on the predatory mites (Sabelis 1990; van 
Houten et al. 1995). Each predatory mite-food source 
combination was replicated between 8 and 12 times.

Greenhouse experiment

The greenhouse experiment was conducted in 
spring 2022 in a 60  m2 glass greenhouse compart-
ment in the facilities of ICIA, Spain. Strawberry 
plants were transplanted on the 25th of April (week 
1) in pots containing four plants and were indi-
vidually placed inside cages (47.5 × 47.5 × 93  cm, 
160  μm mesh size, BugDorm-4E4590, MegaView 
Science Co., Taichung, Taiwan), and provided 
with a standard nutrient solution through a drip-
ping irrigation system. During the first week after 
transplant, flower buds were removed every other 
day to encourage foliage growth of young plants. In 
week 2, this practice stopped, to ensure the presence 
of flowers and thus pollen for the natural enemies 
upon release. In week 3 and for three consecutive 
weeks, twenty gravid female predatory mites were 
released on the plants. Furthermore, two couples 
of one-week-old Orius laevigatus or O. limbatus 
adults from the rearings were released twice in two 
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consecutive weeks (weeks 3 and 4). All predators 
were provided with 0.05 g of Artemia cysts in each 
cage equally distributed over the four plants every 
two weeks as supplementary food, starting with 
the first predator introduction (week 3). Finally, 20 
randomly selected S. inermis adults from the straw-
berry rearing were released twice in all cages in 
weeks 5 and 6. Populations of predators and thrips 
were monitored weekly starting one week after the 
last thrips introduction (week 7). From each cage, 
one young trifoliate, one old trifoliate, and two 
flowers along with their petiole were sampled and 
immediately assessed under a stereo microscope 
in the greenhouse. The number of predatory mite 
eggs and mobile stages, thrips larvae and adults, 
and predatory bug eggs, nymphs, and adults were 
scored. Then, the plant material along with the 
arthropods were returned to their corresponding 
cage. This experimental approach ensured that we 
would not disturb the population dynamics of pred-
ators and prey in our experiment. Between sampling 
of predator treatments, all material and the observer 
were disinfected to prevent cross-contamination. 
The following seven treatments were performed: (1) 
control (no predator release), (2) O. laevigatus, (3) 
O. limbatus, (4) N. cucumeris, (5) T. montdorensis, 
(6) A. limonicus, and (7) A. swirskii. Treatments 
were randomly assigned in five blocks consisting of 
seven cages each in a randomized complete block 
design for a total of 35 cages and five replicates per 
treatment. Throughout the experiment, tempera-
ture and RH were registered every 30  min with a 
datalogger (OM-92, Omega Engineering, Norwalk, 
USA). The average measured temperature was 
23.6 °C (range 15.8–41.5 °C) and average RH was 
65.1% (range 30.3–89.2%).

After the last counting performed in week 11, 
plants were destructively sampled to assess the total 
number of mobile stages (nymphs and adults) of 
Orius found in the cages. Furthermore, a damage rat-
ing on each leaf (= trifoliate) was scored to assess 
thrips’ damage at the end of the experiment. As S. 
inermis damages the plant in a visually identical way 
to S. dorsalis, we adopted a damage scale (0 to 4, 
with 4 being the highest damage) developed for the 
latter in previous studies for assigning damage rating 
(Lahiri and Yambisa 2021; Panthi et al. 2021) (Sup-
plementary Fig. S1).

Statistical analysis

Differences in predation and oviposition rates of 
predatory mites among the different treatments were 
analysed with linear mixed effect models (LME) 
with log(x + 1) transformed data to meet the assump-
tions of homoscedasticity and normality, as none of 
the available error distribution of generalized linear 
mixed models provided a good fit (assessed through 
residual plot diagnostics). LME models included 
predator and prey species and their interaction as 
fixed effects, and experiment individual and obser-
vation day as random effects. The analysis excluded 
natural thrips mortality, as it was negligible (less than 
5%, data not shown). Generalized linear mixed mod-
els (GLMM) were fitted for the greenhouse experi-
ment, with predator treatment as the fixed factor, and 
replicate (cage) and time added as random factors to 
the model to account for temporal pseudoreplication. 
Data were analysed with a negative binomial distribu-
tion and a log link function, as it provided the best fit 
based on visual diagnostic plots (Hartig 2022). The 
total number of Orius predators found at the end of 
the greenhouse experiment were compared with a 
Generalized Linear Model (GLM) with a Poisson 
error distribution and a log link function, accounting 
for overdispersion by including a dispersion param-
eter equal to Pearson’s χ2-based dispersion divided 
by the residual df (Hardin and Hilbe 2018). Data on 
leaf damage ratings were analysed with an ANOVA 
after the data were checked for normality and homo-
scedasticity through diagnostic plots. Contrasts 
among significant fixed factors for GLMM and LME 
were assessed through Tukey’s HSD with estimated 
marginal means (Lenth 2021). All analyses were per-
formed using the statistical software R 4.2.2 (R Core 
Team 2021).

Results

Predation and oviposition rates of predatory mites on 
Scirtothrips larvae and Artemia

All predatory mites consumed larvae of S. dorsalis 
and S. inermis. No significant interaction was found 
between predator and thrips prey (χ2 = 1.08, df = 3, 
P = 0.781), and predators killed a similar number of 
prey in 24  h, regardless of the prey species offered 
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(χ2 = 0.06, df = 1, P = 0.804). However, signifi-
cant differences were found in the predation rates of 
the different predator species (χ2 = 99.45, df = 3, 
P < 0.001), with A. limonicus and A. swirskii being 
the most voracious (Fig. 1a).

Predatory mites successfully laid eggs feeding on 
thrips larvae (S. dorsalis or S. inermis) or Artemia 
cysts. Interaction between predator species and prey 
was not significant (χ2 = 10.53, df = 6, P = 0.104), 
and predator oviposition was comparable among the 

Fig. 1  Predation (a) and 
oviposition rate (b) of 
gravid female Amblydro-
malus limonicus, Ambly-
seius swirskii, Transeius 
montdorensis, and Neo-
seiulus cucumeris provided 
with ten second-stage 
larvae of either S. dorsa-
lis, S. inermis, or feeding 
ad libitum on Artemia cysts, 
on strawberry leaf discs. 
Shown are the daily mean 
predation rates per predator 
(days 1–3) and daily mean 
oviposition rates (days 2–3) 
per female predator (± SE). 
Different letters above 
grouped bars indicate sig-
nificant differences among 
predatory mite species 
(Tukey’s HSD, P < 0.05)
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different diets (χ2 = 3.11, df = 2, P = 0.211). Oviposi-
tion rate however did differ significantly among the 
different predators (χ2 = 31.39, df = 3, P < 0.001), 
with A. limonicus laying the highest number of eggs, 
followed by A. swirskii (Fig. 1b).

Greenhouse experiment

Densities of adult and juvenile thrips followed simi-
lar patterns and thus were pooled together (data not 
shown). Predator treatment had a significant effect on 
S. inermis populations (χ2 = 162.4, df = 6, P < 0.001). 
All predators significantly reduced thrips populations, 
with A. swirskii and A. limonicus along with both 
Orius predators achieving the strongest suppression 
compared to the control (Fig. 2). Furthermore, preda-
tors significantly reduced plant damage compared to 
the control treatment  (F6, 28 = 46.31, P < 0.001), and 
plants with good control of thrips showed little to no 
damage symptoms (Supplementary Fig. S2).

Densities of the different predatory mite stages 
also showed similar patterns and were pooled together 
(data not shown). Predator species had a significant 
effect on predator population (χ2 = 87.48, df = 3, 
P < 0.001), with A. swirskii establishing in highest 
numbers, followed by A. limonicus, T. montdorensis 
and lastly N. cucumeris (Fig. 3).

A limited number of Orius mobile individuals 
were found in the samples collected from the cages, 
as these would move and hide when disturbed during 
sampling (data not shown). We thus present here only 
the number of unhatched eggs counted in the plant 
tissue samples through time. No significant differ-
ences were found between O. laevigatus and O. lim-
batus (χ2 = 0.196, df = 3, P = 0.658) (Supplementary 
Fig. S3). However, we did find significantly more 
mobile stages of O. limbatus (65.2 ± 13.5) compared 
to O. laevigatus (29.4 ± 6.1) during the destructive 
sampling at the end of the experiment (χ2 = 69.46, 
df = 1, P = 0.009).

Discussion

The results of this study show that all predatory mites 
species tested when released preventively have the 
potential to control Scirtothrips in strawberry, and 
the strength of their control efficacy directly matched 
their performance in the laboratory experiments. Pre-
dation rates recorded for the predatory mites did not 
differ between S. dorsalis and S. inermis, showing 
that both are equally susceptible to predation from 
phytoseiid mites. Unlike other thrips species such 
as F. occidentalis and Thrips tabaci Lindeman that 

Fig. 2  Population dynam-
ics of Scirtothrips inermis 
(larvae and adults). Mites 
were released on plants 
in weeks 3, 4, and 5 and 
Artemia cysts were pro-
vided every two weeks as 
supplementary food, start-
ing in week 3. Scirtothrips 
inermis was released in 
weeks 5 and 6. The aver-
age number (± SE) of S. 
inermis is shown through 
time per sample (= one 
young, one old trifoliate and 
two flowers with petioles). 
Different letters denote 
significant differences in 
the population of S. inermis 
through time in the different 
treatments (Tukey’s HSD, 
P < 0.05)
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exhibit strong defensive behavior including abdomen 
swinging and the production of rectal fluids (Bak-
ker and Sabelis 1989; Teerling et al. 1993), no such 
behavior is known for Scirtothrips larvae, and we fur-
ther did not observe strong defensive behaviors dur-
ing the experiments. Possibly due to the small size of 
Scirtothrips larvae, these were easily subdued by all 
predators tested, and even adult stages of S. dorsa-
lis can be subdued by predatory mites (Arthurs et al. 
2009; Schoeller et  al. 2020), and observations dur-
ing our experiments suggest that this is also the case 
for S. inermis. The highest predation and oviposition 
rates were recorded for A. limonicus and A. swirskii, 
while the lowest performance was found for N. cuc-
umeris. Schoeller et  al. (2020) found similarly high 
predation rates for A. limonicus and A. swirskii on 
S. dorsalis larvae, but much lower oviposition rates 
than those we report in this study. This led Schoeller 
et al. (2020) to suggest that S. dorsalis may represent 
a poor nutritional food source for the predators. How-
ever, results from our study clearly show that larvae of 
both Scirtothrips led to high oviposition rates for both 
A. limonicus and A. swirskii, similar to those obtained 
on larvae of F. occidentalis (van Houten et al. 1995; 
Leman and Messelink 2015) and in agreement with 
other studies on S. dorsalis (Arthurs et al. 2009), sug-
gesting that other factors, such as population genetics, 

may have led to the poor reproduction in the study of 
Schoeller et al. (2020). Neoseiulus cucumeris was the 
least voracious and laid the fewest number of eggs 
in our trial compared with the rest of the predators 
tested, in contrast with a previous study on S. dorsa-
lis larvae on sweet pepper leaf discs (Arthurs et  al. 
2009). This difference may be due to different leaf 
architecture, as the high trichome density of the abax-
ial side of strawberry leaves may have hindered the 
foraging of the “sit-and-wait” predator N. cucumeris, 
compared to the more aggressive A. swirskii and A. 
limonicus (Messelink et al. 2006). Furthermore, here 
we report for the first time T. montdorensis success-
fully predates and reproduces on Scirtothrips larvae, 
albeit at a lower rate than A. swirskii and A. limoni-
cus. No direct comparisons of its laboratory perfor-
mance can be made, as this rather new predator has 
mostly been studied in field releases in literature (but 
see Steiner et al. 2003).

All predatory mites tested in the laboratory suc-
cessfully laid eggs when offered hydrated decap-
sulated Artemia cysts as a food source, and the ovi-
position rate roughly equaled that when offered 
Scirtothrips larvae as prey. Artemia cysts are known 
to be an excellent food source for A. swirskii (Vangan-
sbeke et  al. 2016b) and A. limonicus (Vangansbeke 
et al. 2014). To the best of our knowledge, this is the 

Fig. 3  Population dynam-
ics of predatory mites (all 
stages). Predators were 
released on plants in weeks 
3, 4, and 5 and Artemia 
cysts were provided every 
two weeks as supplemen-
tary food, starting in week 
3. Scirtothrips inermis was 
released in weeks 5 and 6. 
The average number (± SE) 
of mites is shown through 
time per sample (= one 
young, one old trifoliate and 
two flowers with petioles). 
Different letters denote 
significant differences in 
the population of mites 
through time in the different 
treatments (Tukey’s HSD, 
P < 0.05)
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first report of N. cucumeris and T. montdorensis suc-
cessfully feeding and ovipositing on Artemia cysts. 
It is important to note here that the nutritional qual-
ity of Artemia cysts may differ substantially among 
different strains and origins (De Clercq et  al. 2005; 
Vangansbeke et al. 2016a), and the high-quality prod-
uct used in our study currently comes at an elevated 
cost comparable to that of E. kuehniella eggs (Amir 
Grosman, BioBee, personal communication). How-
ever, Artemia cysts maintain high nutritional value 
for a longer timespan compared to E. kuehniella eggs 
when applied in crops, which merits their inclusion 
in pest control strategies where food supplementation 
for generalist predators is applied (Pijnakker et  al. 
2020).

Preventive releases of all predatory mites on 
strawberry in the greenhouse experiment success-
fully suppressed the population and crop damage by 
S. inermis, but to a different extent and in a similar 
magnitude to the results of the laboratory experi-
ments. Amblyseius swirskii and A. limonicus allowed 
for very little population development of S. inermis in 
the crop, and symptoms of thrips-feeding were hardly 
visible on the crop at the end of the trial. Further-
more, both predators built up high population on the 
crop under the warm studied conditions, and popula-
tion spikes occurred the weeks after food supplemen-
tation, highlighting the benefits gained through feed-
ing on Artemia cysts. Both mite species are known to 
be excellent thrips predators (Messelink et  al. 2006) 
and can successfully control S. dorsalis in sweet pep-
per, roses, and strawberry in Florida USA (Arthurs 
et al. 2009; Doĝramaci et al. 2011; Lahiri and Yam-
bisa 2021; Schoeller et  al. 2022). The limited adop-
tion of A. limonicus in biological control programs 
compared to A. swirskii is mostly due to the increased 
cost of the former due to difficulties in its mass rear-
ing (Knapp et  al. 2013). However, it has been sug-
gested for use in lower temperature regimes in North-
ern Europe in the strawberry crop, where A. swirskii 
might have limited population growth (Hoogerbrugge 
et  al. 2011; Vervoort et  al. 2017). Furthermore, T. 
montdorensis showed significant control of S. iner-
mis but limited population build-up in our study, per-
haps due to this predator performing better in lower 
temperature regimes (Labbé et al. 2019; Téllez et al. 
2020). Interestingly, recent studies have shown that 
both A. swirskii and A. limonicus may successfully 
predate on thrips eggs oviposited endophytically, 

but this was not the case for T. montdorensis (Van-
gansbeke et  al. 2022), which may partly explain the 
reduced efficacy of the latter predator in this study as 
well. Finally, N. cucumeris had the weakest effect on 
thrips suppression and built up only a limited popu-
lation, allowing for significant damage to be visible 
on the crop at the end of the experiment. The limited 
effect of N. cucumeris compared to other phytoseiid 
predators against thrips in greenhouse crops has been 
reported before for S. dorsalis (Arthurs et  al. 2009) 
and other thrips pests (van Houten et al. 2005; Mes-
selink et al. 2006). However, its strength lies in num-
bers as it is by far the cheapest predatory mite to 
mass produce tested in this trial, thus maintaining a 
relevant role in the control of thrips today.

Orius omnivorous predators represent a corner-
stone in the biological control of flower thrips in 
vegetable crops, being widely employed in flower-
ing crops that produce pollen, allowing their per-
sistence when prey is scarce (van Lenteren 2012). 
They may also feed on foliar pests such as aphids 
(Messelink et al. 2011), whiteflies (Montserrat et al. 
2004) and Echinothrips americanus Morgan (Moura-
tidis et al. 2022), and Orius insidiosus Say has been 
reported before to control S. dorsalis in sweet pepper 
(Doĝramaci et al. 2011). Here, we report that both O. 
laevigatus and O. limbatus are also effective preda-
tors of S. inermis and successfully established in the 
strawberry crop through supplementation with Arte-
mia cysts. Orius predators are increasingly employed 
in several cropping systems including strawberry 
using banker plants or food supplementation (Zuma 
et  al. 2023). However, it is important to note that 
most commercial anthocorid predators are highly 
anthophilous, and while very effective against flower 
thrips, they may abandon the plants looking for prey 
spatially overlapping with their preferred habitat, 
thus not completely controlling foliar Scirtothrips 
pests. While the oviposition rate of both Orius spe-
cies showed similar patterns during the greenhouse 
experiment, considerably higher numbers of O. lim-
batus compared to O. laevigatus were found at the 
end of the study. Orius limbatus is endemic to the 
Canary Islands and very little is known about its life 
history (Carnero et  al. 1993). We hypothesize that 
the endemic O. limbatus performed better under the 
high-temperature predators experienced during the 
study, leading to a higher population build-up. Based 
on the results of this study, further research on this 
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understudied yet abundant in the Canary Islands pred-
ator is needed, especially in the context of conserva-
tion biological control to encourage the spontaneous 
occurrence of O. limbatus in crops.

Trophic interaction studies between Scirtothrips 
and co-occurring pests in crops are lacking and are 
needed to design effective biological control strate-
gies. In strawberry, Scirtothrips may co-occur with 
spider mites (Acari: Tetranychidae), and it is not 
known how the two pests may interact. A report from 
S. citri in cotton found predation of this thrips species 
on spider mite eggs (Mollet and Sevacherian 1985), 
but this did not lead to enhanced performance of the 
thrips, unlike what other studies have shown for F. 
occidentalis (Agrawal et  al. 1999). Thus, it appears 
that predation may be opportunistic in nature to 
remove a competitor rather than gain a direct nutri-
tional benefit. The potential of S. dorsalis or other 
Scirtothrips species to engage in this behavior needs 
to be evaluated, especially against eggs of phytoseiid 
predators, as counter-attacking behavior may limit the 
effectiveness of biological control programs based on 
predatory mites (Janssen et  al. 2003). Furthermore, 
biological control of Scirtothrips in flowering crops 
will need to be evaluated in the presence of the ubiq-
uitous flower thrips F. occidentalis. While resource 
competition between the two thrips may be limited 
due to niche segregation on flowering crops, the two 
thrips may interact indirectly through their shared 
anthocorid or phytoseiid predators (Chailleux et  al. 
2014), potentially leading to one of the two thrips 
escaping predation (Reitz et al. 2006).

Summarizing, we conclude that generalist preda-
tory mites have great potential in controlling S. dor-
salis and S. inermis in strawberry crops, and that their 
performance in the laboratory may translate well in 
greenhouse conditions. The performance of preda-
tory mites in strawberry, however, may be hindered 
on cultivars with high trichome densities (Fahim and 
El-Saiedy 2021), limiting their biological control 
potential as shown also in other crops (Tsuchida and 
Masui 2023). Thus, the application of predatory mites 
in strawberry for the control of thrips and other pests 
needs to be evaluated in conjunction with the varie-
ties in question. Moreover, our study shows high-
quality Artemia cysts to be an adequate food source 
for all predators tested, and their application in the 
greenhouse in combination with the pollen provided 
by strawberry plants maintained predator populations 

even in the absence of pests. In warm climates where 
Scirtothrips are typically most problematic, A. swir-
skii and A. limonicus may build higher populations 
and provide superior pest control to N. cucumeris 
and T. montdorensis when released in equal numbers. 
Orius predators were also found to effectively sup-
press S. inermis in the greenhouse. However, their 
effectiveness should be further evaluated under field 
conditions and in the presence of multiple pests, as 
these highly anthophilous predators may not exten-
sively forage for Scirtothrips in the plant canopy in 
the presence of another food source (Desneux and 
O’Neil 2008). Pestiferous Scirtothrips species are 
expanding their world distribution due to global trade 
but also rising temperatures, and biological control 
practitioners need to be ready to tackle these emerg-
ing pests.
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