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Editorial on the Research Topic

Ecosystem Services and Disservices Provided by Plant-Feeding Predatory Arthropods

INTRODUCTION

Omnivorous arthropods are important components of natural and agricultural settings, capable of
exploiting both animal and plant food (Coll and Guershon, 2002). Certain omnivorous pests, such
as herbivorous thrips, are also capable of consuming prey (Trichilo and Leigh, 1986; Agrawal et al.,
1999; van Maanen et al., 2012), whereas diet mixing by zoophytophagous predators such as mirids
and generalist phytoseiid mites enables their persistence in the field when prey is scarce (Coll and
Guershon, 2002). Plant food exploitation may thus enhance ecosystem services such as biological
control these predators provide.

In addition, among omnivorous arthropods, certain zoophytophagous predators (i.e., predators
that feed on both prey and plant) have been shown to engage in plant-mediated interactions
between microbes and herbivores (e.g., Battaglia et al., 2013; Prieto et al., 2017; Pappas et al.,
2018) and to be strongly affected by plant-related factors such as nutritional quality and/or plant
defense traits. Despite the importance and wide distribution of omnivorous predators in diverse
ecosystems, research so far has mainly focused on their predation potential against key pests
of crops.

This Research Topic includes studies that aim to understand and potentially improve ecosystem
services provided by omnivorous arthropods. Unexplored ecosystem services as well as disservices
are also addressed. Here, we highlight some of the major points arising from these studies.

ALTERNATIVE FOODS TO SUPPORT PLANT-FEEDING

PREDATORS

Predatorymites of the family Phytoseiidae play key role in controlling a number ofmites and insects
that damage crops all over the world. McMurtry (1992) emphasized the role of generalist predatory
mites and stressed their capacity to persist on plants when prey is virtually absent by exploiting
alternative foods (McMurtry and Croft, 1997; McMurtry et al., 2013). An interesting contribution
to this field came from the paper by Sugioka et al.. Since many generalist predatory mites feed on
pollen, authors hypothesized that antioxidants in pollen could protect their germ cells from UVB
radiation and radiant heat. They compared the effects of pollen or spider mites on the generalist
predatory mite Neoseiulus californicus. Results showed that protective antioxidant components
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in pollen improved UVB resistance in N. californicus,
contributing to their adaptation to solar radiation. In
addition, Samaras et al. hypothesized that pollen provisioning
results in efficient exploitation of marginally suitable prey
species by generalist phytoseiid predators. Cattail pollen was
provided as supplementary food source for the phytoseiid mite
Amblydromalus limonicus, a biological control agent of thrips
and whiteflies in greenhouse crops (Knapp et al., 2013), when
feeding on a low-quality prey, the two spotted spider mite,
Tetranychus urticae. Pollen provisioning was shown to result in
reduced dispersal of A. limonicus, and to favor their predatory
performance on spider mites suggesting that plant-based food
sources may expand the range of prey species plant-feeding
predators can exploit, while also increasing their efficiency in
biological control.

Among predatory insects, coccinellids, have also been
observed to consume non-prey foods such as nectar and pollen
(Hodek et al., 2012). In their study, He and Sigsgaard assessed
the effects of aphids species and Mediterranean flour moth
eggs, as well as flowers, pollen, and sugar solutions on Adalia
bipunctata performance. Results suggest that flowering plants can
prolong larval survival and adult longevity when prey is absent
and that sugar feeding results in adults of high lipid content.
These findings highlight the role of non-prey foods in sustaining
predator populations and could be useful in managing functional
biodiversity in agricultural settings.

ECOSYSTEM DISSERVICES

Potential backslash of promoting zoophytophagous predators is
the risk associated with damage inflicted by their phytophagy on
crops (Castañé et al., 2011; Dumont et al.). In their systematic
review article, Puentes et al. provide a synthesis of publications
trends to determine the frequency of plant damage by omnivores
and how often their impact on plants is considered or quantified
in current literature. Results show that costs to plants are
addressed only seldomly and current knowledge on omnivore
feeding effects on plants is mainly based on studies on tomato
and associated zoophytophagous biocontrol agents. In view
of the presented bias, authors stress the need for negative
effects on plants to be addressed in studies dealing with effects
of zoophytophagous predators. They also highlight the need
of studying other plant-predator systems, besides tomato, to
generalize conclusions about plant costs of predator phytophagy.

Among zoophytophagous mirids, there are well-known
examples where their use in biological control constitutes
potential risks (Castañé et al., 2011; Puentes et al.). The work
by Sanchez et al., is an attempt to shed light on the impact
of Macrolophus pygmaeus in the real context of use. Using a
complete factorial randomized design, the authors investigated
the effect of M. pygmaeus on the reduction in the populations
of tomato pests and its impact on tomato productivity in
different greenhouses in the south of Spain. The results indicated
that early establishment of high populations of the mirid, can
provide better pest control but can also induce yield losses,
and the balance between pros and cons cannot always be
in favor of the use of the mirid. According to the authors,
a better understanding of the factors that increase the risks

associated withM. pygmaeus is necessary to ensure the economic
viability of its use. In their review article, Dumont et al.
proposed the adoption of an evolutionary approach in the
optimisation of biological control services provided by plant-
feeding predators. In the first part of their review article, trait-
specific genetic improvement is proposed as a process to increase
“services” (i.e., beneficial zoophagy), and decrease “disservices”
(i.e., detrimental phytophagy) provided by zoophytophagous
predators. In the second part, potential implications of the
selection process on ecological interactions with the host plant,
prey and competitors, and potential benefits and challenges of
the evolutionary approach in the context of different biological
control strategies are discussed.

Finally, Thurman et al. address the range of beneficial and
harmful effects that can be generated by generalist predators,
focusing on weaver ants. Weaver ants are an excellent model,
as they represent the oldest example of an organism being
successfully used in biological control, yet they also clearly
have negative impacts by guarding honeydew producing pests,
attacking other predators and pollinators and using plant shoots
to build their tree nests (Way and Khoo, 1992). In this paper,
the authors review the literature to assess the net outcome of
these variable interactions to agricultural production. They show
that the overall effect is almost exclusively positive with broad
reaching benefits to crop productivity.

INTERACTIONS IN COMPLEX FOOD WEBS

Knowledge on plant-predator interactions is essential to exploit
ecosystem services provided by zoophytophagous predators.
Maselou et al. studied the behavioral responses of M. pygmaeus
to volatiles emitted by host plants, in the presence/absence
of prey, or floral resources. They also analyzed plant volatile
blends and showed significant differences in volatiles emitted by
infested and uninfested plants. These results could be useful to
understand ecological interactions among mirid predators and
their host plants, and to design strategies to enhance biological
control. In addition, Tixier analyzed plant traits and the potential
relationships between plants and phytoseiids to identify favorable
plants to key predatory mite species. This approach was useful
to calculate the probability to detect certain predatory mite
species on crops and non-crop plants. The author suggests the
involvement of plant experts in future attempts to associate
plant traits (or plant phylogeny) and Phytoseiidae diversity
using meta-analyses.

Indirect interactions in complex food webs between
herbivores, omnivorous pests and natural enemies are the
focus of the paper by Vaello et al.. It is shown that the presence
of pest thrips that feed on both plants and arthropods reduces
the performance of plants and aphids. Interestingly, syrphids,
whose larvae are important aphid predators, but may also feed
on thrips, were shown to be unaffected by thrips in terms of
larval development, yet suffered reduced fecundity as adults.
Moreover, adult hoverflies avoided thrips infested plants or thrips
aggregation pheromones. These examples show the complex and
sometimes idiosyncratic interactions in multitrophic food webs.

Underlining this, Eschweiler et al. studied the interaction
in tomato between an endophytic, non-pathogenic strain of
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Fusarium oxysporum (Fo162) restricted to roots, the greenhouse
whitefly Trialeurodes vaporariorum and the zoophytophagous
predatorM. pygmaeus. Adding to recent studies highlighting the
ability of beneficial soil microbes to impact the performance and
behavior of aboveground zoophytophagous mirid predators via
the plant (Battaglia et al., 2013; Prieto et al., 2017; Garantonakis
et al., 2018; Pappas et al., 2018), they show that tomato
inoculation with Fo162 results in enhanced whitefly control,
increased yield and reduced number of fruits with blossom-
end rot potentially providing a new preventive biological control
strategy against the greenhouse whitefly.

CONCLUSIONS

In summary, this special issue provides an overview of studies
dealing with omnivorous arthropods and provided ecosystem

services/disservices. An attempt has been made in this special
issue to identify gaps and challenges, as well as to highlight future
research directions with the aim to reduce provided disservices
and identify novel tools in the use of plant-feeding predators in
biological pest control.
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