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ABSTRACT
Western flower thrips (WFT), Frankliniella occidentalis (Pergande)
(Thysanoptera: Thripidae), are one of the most serious pests of
horticultural crops worldwide. Despite one third of its lifecycle being
in the soil, the potential for biological control of WFT in the soil is
poorly understood and requires further elucidation. A number of
studies report that polyphagous predatory mites prey on pupal
stages of WFT in the soil, but little has been done on consumption
rates. Therefore, we designed a laboratory study to examine the rate
of consumption of WFT pupae in potting media, by the soil-
dwelling mite Hypoaspis sclerotarsa (Costa). Five predator densities
were evaluated (0, 2, 4, 6 and 8) against four densities of WFT prey
(5, 10, 15 and 20 pupae). Pupal consumption was assessed at 2
hourly intervals over a six-hour period. The study confirmed that
H. sclerotarsa did consume WFT pupae and that the rate of
consumption increased with increasing density of H. sclerotarsa. The
rate of consumption also increased with the density of WFT pupae.
However, this was not consistent because, as the numbers of WFT
pupae increased, so did the ratio of WFT pupae remaining to those
consumed, increase. This paper is the first report of H. sclerotarsa in
Kenya, and of its potential as a biocontrol agent of WFT. Further
studies are now needed to understand interaction of foliar and soil
dwelling predatory mites (H. sclerotarsa) for control of WFT under
field conditions.
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Introduction

The Western flower thrips (WFT), Frankliniella occidentalis (Pergande) (Thysanoptera:
Thripidae) is a pest of global economic importance on a wide range of crops (Kirk &
Terry, 2003). It is thought that WFT originated in south-western North America (Kirk,
1997) but have now spread and become established globally (Reitz, 2009). The movement
of horticultural plant material, such as cuttings, seedlings and potted plants (Kirk & Terry,
2003), facilitated this international spread of the WFT. Adult and larval stages of WFT
cause mechanical damage to plants during oviposition and feeding, making leaves and
flower petals appear silvery or flecked. Leaves and flowers become deformed due to
uneven tissue growth around the sections killed by WFT activity. Furthermore, WFT
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also transmit plant viruses (Kirk, 1997). The developmental time of WFT from egg, larval
stage 1, larval stage 2, prepupa, pupa to adult depends on temperature, food resources and
crop type (Malais & Ravensberg, 2003). WFT are difficult to control due to their high
reproductive rate and cryptic mode of life (Lewis, 1997); one third of the WFT life
cycle is in the soil (Loomans & Lenteren, 1995) and therefore difficult to target by conven-
tional control strategies that are aimed at the crop canopy.

Several groups of synthetic chemical pesticides have been used to control WFT.
However, due to the short generation time, high fecundity and haplodiploid reproductive
system of WFT, resistance to these chemicals has developed quickly in many populations
(Jensen, 2000; Zhao, Liu, Brown, & Knowles, 1995). Alternative control strategies have
been sought and in a recent review, Mouden, Sarmiento, Klinkhamer, and Leiss (2017)
suggested that Integrated Pest Management (IPM) focusing on biological control and
host plant resistance had the greatest potential for successfully regulating WFT
populations.

A number of predatory mite species (Acari) have also been used for control of WFT
larvae and pupae (Gerson, Smiley, & Ochoa, 2003). Predatory mite species that have
been used for control of the larval stages of WFT within the crop canopy include Neoseiu-
lus cucumeris (Oudemans), Typhlodromalus limonicus (Garman and McGregor), Typhlo-
dromips swirskii (Athias-Henriot), Euseius finlandicus (Oudemans), Euseius ovalis
(Evans), Iphiseius degenerans (Berlese) and Neoseiulus barkeri (Hughes) (Messelink,
Steenpal, & Ramakers, 2006). The first predatory mites used for WFT control were Ambly-
seius barkeri and Neoseiulus (formerly Amblyseius) cucumeris, which primarily feed upon
first-instar larvae. Owing to the inadequate control achieved, a number of other mites have
been studied in order to find a superior WFT predator. Species such as A. limonicus,
A. swirskii, A. degenerans and A. montdorensis proved to be effective predators of WFT
(Knapp, van Houten, Hoggerbrugge, & Bolckmans, 2013). Buitenhuis, Murphy, Shipp,
and Scott Dupree (2015) also Compared N. cucumeris, A. swirskii proved to be a better
WFT predator than in sweet pepper, as females showed a higher propensity to attack
and kill WFT larvae. in chrysanthemum A. swirskii was also reported to provide higher
thrips control than N. cucumeris.

There are three polyphagous predatory mites that are active in the soil and known to
prey on the soil-dwelling stages of thrips: Stratiolaelaps scimitus (Womersley) (previously
placed in the genus Hypoaspis), Hypoaspis (Geolaelaps) aculeifer (Canestrini) and Macro-
cheles robustulus (Berndt, Poehling, & Meyhöfer, 2004; Messelink & Holstein-Saj, 2008).
However, compared with canopy-active predators, there has been little research on soil-
active predators or their effectiveness.

With increasing concerns about the import and release of exotic natural enemies
against invasive pests (classical biological control), which is associated with increased
evaluation and registration demands, a trend has developed to look first for indigenous
natural enemies that also have the potential to regulate invasive pest species populations.
In the last decade, and for the first time, there have been more indigenous natural enemy
species commercialised (8) than exotic natural enemy species (six) (Lenteren, 2012). As
part of the search for indigenous predators for use against invasive pests in Kenya, Typh-
lodromalus spinosus (Meyer and Rodrigues) was evaluated and showed some potential for
control of larval WFT on French beans (Mwangi, Kiarie, & Wainwright, 2015). Despite
this, the natural enemy species being used commercially in Kenya remain primarily of
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non-indigenous origin (Pest Control Products Board, 2018). As part of a bioprospecting
programme, we collected individuals of the predatory mite, Hypoaspis sclerotarsa
(Costa), from the dry storage area of a rice processing plant in the Thika region,
Central Kenya (Mwangi and Wainwright 2015). While this species had been previously
reported in Europe (Latvia) and the Middle East (Israel and Iran), its region of origin is
currently unknown. Our collection was the first report of this species in Kenya. Previously,
this species had only been found in primary sand dunes characterised by fine to medium-
grained sandy soils with minimal organic matter (Salmane, 2001). Interest in evaluating
H. sclerotarsa as a potential biocontrol agent in Kenya arose because of our report on
its presence in Kenya, its high reproductive rate and its ease of mass production
(Wainwright, 2015). We also believe this species to be more tolerant to dry conditions
than commercially available predatory mite species such as S. scimitus and H. aculeifer
(Mwangi and Wainwright 2015). Here we have quantified the efficacy of H. sclerotarsa
against F. occidentalis pupae in potting media under laboratory conditions.

Material and Methods

WFT colonies

Originally, WFT colonies were obtained from the International Centre of Insect Physi-
ology and Ecology (ICIPE) and then reared in ventilated plastic containers (20 cm
height and diameter of 5 cm). A small hole (3 cm in diameter) was cut in the lid of
each container and covered with a fine mesh cloth (215 μm mesh size) to allow ventilation,
but block thrips movement. Ten fresh pods of pesticide-free French beans, Phaseolus vul-
garis L. (7–10 cm long), smeared with honey (as an adult WFT food source) were placed
into each container; 100 male and female WFT were introduced and incubated at 24 ± 3°C,
50–60% RH and in a L16:D8 light:dark regime. Oviposition was allowed to proceed for
48 h after which time the pods were transferred to clean containers. Once second instar
larvae were observed they were carefully brushed off the pods, using a camel-hair
brush, into new containers with fresh pods and tissue paper for pupation. Pupae obtained
in this way were used in the experiment.

Mite colonies

Hypoaspis sclerotarsa were collected from a rice-processing factory in the Thika region of
Central Kenya (altitude 1,500meters above the sea level) in April and May 2014 (Mwangi
and Wainwright 2015). The species was identified morphologically by Farid Faraji, Mitox
Consultants/Eurofins, Amsterdam, based on mounted specimens (eight females and five
males). Colonies of H. sclerotarsa were reared on the prey mite Thyreophagus entomopha-
gus (Laboulbéne & Robin), at 20 ± 1°C and >70%RH in small vials (7 cm diameter, 7 cm
high). To achieve a sufficiently high humidity but avoid condensation, a layer of moistened
plaster was placed in the base of the vial, and the lid was pierced with pin holes. A cover of
mite-proof gauze beneath the lid prevented escape. Both male and female adults of H. scler-
otarsa 14–15 days, light brown in colour, less than 1 mm (1/20 inch) in size were collected
and counted under a binocular microscope to ensure they were at the correct stage of
development prior to use in experiments.
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Rate of consumption of WFT pupae by H. sclerotarsa

To determine the rate of consumption of WFT pupae by H. sclerotarsa we set up assays in
ventilated plastic Petri dishes (100 mm diameter × 15 mm depth) each containing 2 gm of
sterilised sieved soil (through a 2 × 2.5 mm mesh). A small hole (7 mm diameter) was cut
in the centre of the Petri dish lid and covered with thrips-proof cloth (64 μm pore size) to
retain thrips but allow ventilation. A factorial design was used with five treatment densities
of the predator (0 [T1], 2 [T2], 4 [T3], 6 [T4] and 8 [T5]) and four WFT pupal densities
(5, 10, 15 and 20), in all predator: prey density combinations. Each predator: prey density
combination was replicated three times to give a total of 60 experimental Petri dish units.

WFT pupae were collected from stock culture and individually examined under the
microscope to ensure they were at the correct stage of development. A camel-hair
brush was used to place pupae on the top of the soil in each Petri dish to achieve the
required densities. Individual adults of H. sclerotarsa were separated from the rearing sub-
strate using a Pasteur pipette and introduced into the Petri dishes to achieve the required
predator: prey densities. Each Petri dish was sealed with parafilm to prevent escape. The
Petri dish experimental units were incubated at 23°C for 6 h during which time the
number of living WFT pupae remaining was assessed every two hours (i.e. after 2, 4, 6 h).

Statistical analysis

Cumulative WFT pupal mortality was calculated by subtracting the number of pupae
surviving after 6 h from the initial number introduced. For each WFT density, data on
rates of consumption by different predator densities over time were normalised and
subjected to repeated measures Analysis of Variance (RM-ANOVA) using the statistical
program R (R Core Team, 2013). Differences in rates of consumption of WFT at
different predator densities and at each time point were compared using the Tukey’s
mean separation test, with p < 0.05 as the cut off for statistical significance.

Results

Rate of consumption of WFT pupae by H. sclerotarsa

The rate of consumption of WFT pupae by H. sclerotarsa varied significantly (P ≤ 0.05)
with time after predatory mite introduction. At all predator densities, a higher rate of
consumption of WFT pupae was observed in the first 2 h compared with after 2–4
and after 4–6 h. Consumption of WFT pupae was lowest at 4–6 h after introduction
(Figure 1(A–D)).

At an initial density of five WFT pupae, the total number of pupae consumed after 6 h
was larger when either six or eight H. sclerotarsa were introduced compared with the intro-
duction of two or four H. sclerotarsa (Figure 1(A), P ≤ 0.05). A similar pattern was seen at an
initial density of ten (Figure 1(1B)), 15 (Figure 1(C)) and 20 WFT pupae (Figure 1(D)). The
higher the density of introduced H. sclerotarsa, the greater the number of pupae consumed.
The total number of prey consumed by H. sclerotarsa, at a prey density of 20 WFT pupae,
was significantly larger than at the lower prey densities (P ≤ 0.05).

To determine pupae consumed by one individual Hypoaspis sclerotarsa within 6 h of
introduction all predators densities were combined and we found that, when the initial
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prey density was five/ replicate, that the total mean number of WFT pupae consumed was
16.7 out of a total of 20 available pupae (Figure 2). This increased to a mean of 25.9 out of
80 available pupae when the initial prey density was 20/ replicate (Figure 2). The mean
number of pupae consumed per predator was calculated and varied from 0.83 at the
lowest initial density of prey available (five), to 1.29 at the highest initial density of prey
available (20) (Figure 2). The ratio of available pupal number to the number actually
consumed was inconsistent, increasing from 1.2 when the initial prey density was five,
to 3.09 when the initial prey density was 20 (Figure 3).

Discussion

The majority of published research on biological control of WFT involves the use of pre-
dators and has targeted the adult and larval stages rather than the pupae in the soil
(Mouden et al., 2017). In this study we quantified the number of WFT pupae that H. scler-
otarsa has the capacity to consume as prey mite. H. sclerotarsa is an interesting predator to
study due the large size and easy identification. Most of the previous research on soil-
dwelling predatory mites, such as S. scimitus, have focused on the net effect of predator
release on the numbers of thrips in the crop (Messelink et al., 2006). Here we report on
the quantitative predation capacity of H. sclerotarsa on thrips pupae. In a similar quanti-
tative study Wu et al. (2014) reported that, when offered 25 prey pupae, one female

Figure 1. Mean number of prey consumed (western flower thrips (WFT) pupae consumed) (initial
density = 5 (1A), 10 (1B), 15 (1C), 20 (1D) respectively) by different densities of the predatory mite,
Hypoaspis sclerotarsa (♦ = control, ▪ = 2, ▴ = 4, × = 6, × = 8 predators) when assessed 2, 4 and 6 h
after predator introduction. Error bars represent standard error.
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Stratiolaelaps scimitus mite could consume four to six pupae within 24 h. Our results show
that one H. sclerotarsa could, on average, consume 1.29 prey within six hours when offered
20 prey pupae. We did not extend the trial beyond 6 h so the rate of consumption for a
longer period is not known. Wu et al. (2014) also reported that predation rates by both
female and male S. scimitus increased with prey density. We observed a similar trend
although the consumption rate was not in proportion to the prey available. This was
because the ratio of prey consumed to prey available increased with prey density. Although
our study could not replicate soil conditions, the results do describe the quantitative con-
sumption of the prey.

Our study was restricted to the predation of WFT pupae. In observational studies in our
laboratory H. sclerostarsa were seen as an aggressive predator of Tetranychus urticae
(Koch) eggs and Planococcus citri (Risso) juveniles. In the natural soil environment
where H. sclerotarsa has a wide choice of potential prey the ability to select crop pests
is unknown. Interestingly S.scimitus (formally Hypoaspis miles) has proven to be useful
in the biocontrol of fungus gnats and thrips of protected crops and is now known to
reduce infestations of poultry red mite on chicken livestock (Rondeau, Giovenazzo, &
Fournier, 2018). In conclusion, our study clearly shows that H. sclerotarsa consumed
the pupae of WFT and has the potential to be used for biological control of its pupal
stages in the soil. This is also technically feasible because H. sclerotarsa is easy to rear
due to its high reproductive rate. Another major advantage is that H. sclerotarsa has
been found naturally occurring in Kenya, meaning it would not need to fulfil the same

Figure 2. Calculated mean number of western flower thrips (WFT) pupae consumed by one individual
Hypoaspis sclerotarsa within 6 h of introduction (♦ = total number of pupae available, ▪ = total number
of pupae consumed).
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registration demands as a non-native species. This paper is the first report of H. sclerotarsa
being found in Kenya. Further studies are now required to evaluate the use of H. sclerotarsa
against WFT under more realistic conditions in the crop. There is also the potential to
integrate H. sclerotarsa with other control agents including microbials (Saito & Brown-
bridge, 2016).
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