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1. General introduction

Biological control

Biological control is “the use of natural enemies for the reduction of pests, diseases and weeds”
(sic, van Lenteren (1997), which can successfully regulate pest population densities below the
economical damage threshold in greenhouses and in the field (De Clercq 2002). Compared to
chemical control, biological control has many advantages, such as no pesticide residues on plant
products, no waiting periods before harvest, low risk of environmental pollution, no phytotoxic

effects, or high acceptance by consumers and lower costs (van Lenteren 2000ab).

Generally, practical biological control follows three general strategies: conservation of antago-
nists, importation, and augmentation of natural enemies, which require different scientific ap-
proaches to find candidate biocontrol agents by basic research for later implementation (van

Lenteren 2012).

Conservation biological control is the first, but often neglected, strategy of biological control to
improve the efficacy of natural enemies through habitat management or by modification of exist-
ing chemical control towards less or no hazardous effects on beneficials. However, this approach
in biological control requires in-depth knowledge of the ecology of natural enemies and their
particular target species, and the more or less complex ecological system they belong to. Besides
inundation strategy, where a grower release mass-reared beneficials similar to the use of a chem-
ical pesticide, conservation biological control is a practice which individual growers can adopt
easier than classical, inoculative biological control schemes which are usually coordinated at a
larger than farm scale (Rabb et al. 1976; Caltagirone 1981; van Lenteren 1988; Jonsson et al.
2008).

Importation and subsequent augmentation by inoculation, also known as “classical biological
control”refers to use and establishment of allochthonous organisms, mostly to control alien, in-
vasive species (Barbosa 1998; Bale et al. 2008; Barratt et al. 2010; De Clercq et al. 2011; Na-
ranjo et al. 2015). Augmentation in general is distinguished by long-term aims of biocontrol and
reverts to artificially mass-reared antagonists to be released: inoculative releases aim towards use
of lower number of beneficials providing their offspring during season, and inundative releases
aim towards rapid control by use of high numbers of beneficials released, without or low ex-
pected contribution of their offspring to suppress a pest population (van Lenteren and Woets
1988; van Driesche and Bellows 1996). However, irrespectively the strategy followed, antago-

nist species have to be conserved by no use of broad spectrum pesticides, by supply of ecological
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requisites, e.g. alternative or supplementary food, and by establishing of optimal abiotic condi-
tions for antagonists, if possible (Wickers et al. 2005, 2008; Winkler et al. 2006; Zannou et al.
2005; Aguilar-Fenollosa et al. 2011; Cruz et al. 2012).

About 230 species of natural enemies are commercially available worldwide for pure biological
pest control and integrated pest management in greenhouses and in the field, among which the
beneficial arthropods, represented by 219 species, dominate (Cock et al. 2010; van Lenteren

2012).

In contrast to field pests, the invasion of pests into greenhouses is expected, however, not pre-
dictable by time. Thus, to ensure the establishment of an antagonist in greenhouses before pest
invasion, alternative food must be provided. Otherwise, when the target prey or host species is

lacking, the antagonist population will be extinct (Overmeer 1985).

The outstanding example of biocontrol agents used in inundative augmentative releases in the
field and greenhouses on more than 10 Mha worldwide are egg parasitoids of the genus
Trichogramma (Hymenoptera), parasitizing various lepidopteran pests, such as the sugarcane-
borer Diatraea saccharalis F., the European corn borer Ostrinia nubilalis Hbn., or noctuid spe-
cies attacking vegetables or cotton, such as Helicoverpa armigera Hbn. or Heliothis virescens F.

(Smith 1996; van Lenteren and Bueno 2003; Zimmermann 2004).

Compared to field conditions, greenhouses are almost closed ecological systems with all their
positive and negative aspects (Enkegaard and Bredsgaard 2005; Messelink et al. 2012). Temper-
ature, light, and fertilizer regimes can be optimized according the crop’s specific requirements to
enhance plant growth (Paulitz and Bélanger 2001). However, often these conditions are also the
best conditions to let crop pests establish in greenhouses and to foster pest mass outbreaks if not

controlled.

On the other hand, a closed system also allows create the best environmental conditions for bio-
control agents, including subtropical or tropical antagonist species to control invasive pests, and
to prevent evasion of the beneficials (van Lenteren and Woets 1988; Gerson and Weintraub
2007). Biological control gains a higher importance in greenhouse crops where the economical
value of crops per area is significantly superior to field crops. Furthermore, release techniques

are simpler, the number of plants is manageable, and supplementary or alternative food can be



supplied in large quantities near to the beneficials or sprayed (van Lenteren 2000ab; Coll and
Guershon 2002; van Driesche et al. 2002; Opit et al. 2005; Wade et al.2008; Huang et al. 2011;
Waite et al. 2014).These frame conditions are considered the most important reasons for success-
ful biocontrol in greenhouses on ca. 40,000 ha worldwide (van Lenteren and Woets 1988; van

Lenteren 2000ab; De Clerq 2002; Bale et al. 2008).

The early approaches and practical implementations of biological control in greenhouses fol-
lowed inundative release of antagonists, however, turned into long-term establishment of preda-
tors and parasitoids wherever a year-round crop production is practiced. Among the vast range of
beneficial arthropods, aphid and whitefly parasitoids, predacious gallmidges, and predatory
mites are the major groups of beneficials used in long-term strategies in biocontrol of arthropod
pest of greenhouse crops (Huang et al. 2011; Gerson and Weintraub 2012; Parolin et al. 2012;
Messelink et al. 2014). This shift from inundative to inoculative release of antagonists is only
possible when alternative food/hosts or prey is offered by banker plants to let the biocontrol

agents survive and maintain a stable population when the target pest is scarce or even lacking.

However, the potential of natural antagonists has not been completely exploited. Although effec-

tive antagonists are known and available, lack of uptake has been reported (van Lenteren 2012).

Banker plants in biological control

In the development of biological pest control, different strategies were used to improve predator
efficacy. A first approach was the “pest-in-first” strategy, where the pests, expected to show up
later, are artificially introduced into the greenhouses at low population densities to provide the
beneficials with a starter host population to establish. However, some growers considered this
strategy risky, were reluctant, and had to be convinced to release the pest attacking their valuable

crops (Markkula and Tiittanen 1976; Stacey 1977; van Lenteren et al. 2000ab).

A more accepted and later adapted strategy is the provision of supplementary food sources. Sug-
ar mites, used as alternative prey in mass rearing of predatory mites and dispersed in small sa-
chets for “slowrelease strategy” in greenhouses, may serve as supplementary food while early
establishment of predacious mites (Huang et al. 2011). However, this stock of alternative food is
exploited soon and needs additional food sources during the growing season, and is not suitable
for parasitoids. Additional food sources may be provided by companion or banker plants, hosting

substitute prey or host species for less specialised predators or parasitoids, such as aphid species



not attacking the cash crop, also named “open rearing” to facilitate a fast and long-lasting estab-
lishment of antagonists and to stabilisize predator-prey population dynamics in biological control
(Stacey 1977; Landis et al. 2000; Huang et al. 2011; Parolin et al. 2012). One of the best and
early examples of the positive effects banker plants in German greenhouses has been given by
Albert (1995) who used wheat or maize infested with grain aphids as alternative hosts for parasi-
toids of cucumber aphids, which is now a well established “open rearing” system in German
vegetable greenhouses and keeps the aphid infestation below the economic threshold over the
complete cucumber growing season (Biinger et al. 1997, 1999; Bennison 1992; Bennison and

Corless 1993).

The approach to establish supplementary or alternative food may be easier when general antago-
nists, depending on their life history and preferences, are facultive or opportunistic phytopha-
geous, feeding on pollen, nectar and plant sap (Overmeer 1985; Legaspi and Legaspi 1998; Lim-
burg and Rosenheim 2000; Lockwood et al. 2001; Coll and Guershon 2002).

Predatory bugs as commonly used predators of different pest species can establish in sweet-
pepper crops in greenhouses even when prey is scarce, feeding only on pollen of these plants
(van den Meiracker and Ramakers 1991; Coll and Guershon 2002; Baez et al. 2004; Brodsgaard
2004).

A likewise common “open rearing” system has been widely established for phytoseiid mites,
where mostly Ricinus communis plants are used as banker plants providing pollen and nectar as
alternative food (Ramakers and Voet 1995, 1996; van Rijn and Tanigoshi 1999ab; Pratt and
Croft 2000; van Rijn et al. 2002; Hoogerbrugge et al. 2008; Nomikou et al. 2010). Xiao et al.
(2012) evaluated first ornamental pepper varieties as banker plants for the predatory mite A.
swirskii preying on Frankliniella occidentalis (Pergande), Scirtothrips dorsalis Hood, and Be-
misia tabaci (Genn.) providing pollen as alternative food,which resulted in a significantly im-

proved performance of this predator species.

However, depending on the particular life-style, open rearing systems are not feasible for all

phytoseiid mite species used in biocontrol.



Predatory mites as biocontrol agents

Predatory mites of the family Phytoseiidae (Acari, Mesostigmata) are distinguished into three
sub-families: Amblysiinae, Typhlodrominae and Phytoseiinae, with 84 genera in total. Estimates
of species number vary from 1,600 to 2,300 species (Gerson et al. 2003; Zhang 2003; de Moraes
et al. 2004; Chant and McMurtry 2007), but a more recent report lists 2,692 species (Prasad
2012). Phytoseiids are distributed worldwide from the palaearctic and nearctic to the tropical
biogeographic regions. Thus, species of this family are adapted to almost all ecological condi-

tions (Overmeer 1985; Tixier et al. 2008).

Biocontrol efficacy and their adaptation to greenhouse conditions made the phytoseiids popular
in biocontrol practice and interesting for commercial production. Worldwide, twenty species are
commercially available (Zhang 2003). Widely used species in Europe are Typhlodromus pyri
(Scheuten), Phytoseiulus persimilis (Athias-Henriot), Neoseiulus californicus (McGregor), N.
cucumeris (Oudemans), N. barkeri (Hughes), Amblyseius swirskii (Athias-Henriot), A. aberrans
(Oudemans), A. andersoni (Chant), A. potentillae (Garman), Amblydromalus limonicus (Garman
and McGregor), Euseius finlandicus (Oudemans), and Transeius montdorensis (Schicha) (Ger-

son et al. 2003; Gerson and Weintraub 2007; Cock et al. 2010; van Lenteren 2012).

Morphology

The body of a typical phytoseiid mite consists of two parts: the anterior gnathosoma with the
chelicera mouthparts and pedipalps and the posterior idiosoma (Karg 1994; Gerson et al. 2003;
Zhang 2003). Body size of males and females differs between species, with females of ca. 300-
500 wm, whereas the males being usually smaller than females (Evans 1992; Houck 1994; Wal-
ter and Proctor 1999, Collyer 1982; Beard 2001).

Tixier et al. 2012 analysed 2,122 mite species of Phytoseiidae by body size and found that body
size of adult females of the subfamily Amblyseiinae was superior to Phytoseiinae and Typhlo-
drominae. Also, life-style is assumed to determine body size as specialist mites are known to be
bigger than generalist species (Chant and McMurtry 1994; Croft et al. 1999; Jung and Croft
2001). Nevertheless, also food quality may affect body size (Vangansbeke et al. 2014).

Mouthpart morphology

The mouthparts of predatory mites consist of two parts: chelicers and pedipalps. The chelicerae,
consisting of movable and fixed, dentate digits, serve food consumption by catching and crush-

ing their prey, while the pedipalps hold the food. The morphology of chelicerae is correlated



with the particular life-style of a phytoseiid species. Chemosensory and thigmotactic setae on the
pedipalps help localisation of prey (Flechtmann and McMurtry 1992ab; Swirskii et al. 1998).
Proteolytic enzymes in the saliva, produced by salivary glands in the gnathosoma and released
into the chelicerae, liquify the prey ready to imbibe into the oesophagus (Karg 1994; Swirski et
al.1998). By feeding, predatory mites change their body colour according the colour of their food
source (Engel 1991; Momen and El-Saway 1993).

Biology of predatory mites
Development and reproduction of phytoseiid mites

Starting with the egg stage, predatory mites develop into the larva, followed by the protonymph
and deutonymph stages, and then into adults (females and males), separated by moults between
the mobile stages (Abdallah et al. 2001). Except the larva (three pairs of legs), all following
stages and adults stages are eight-legged (Bonde 1989). All mobile stages need to feed, except
some phytoseiid species, such as Phytoseiulus persimilis Athias-Henriot, P. macropilis (Banks),
Kampimodromus aberrans Oudemans, Neoseiulus longispinosus (Evans), N. cucumeris
(Oudemans), N. barkeri Hughes, and Typhlodromus pyri Scheuten, in which the larvae are non-
feeders, being able to develop into protonymphs also without food uptake (Schausberger and

Croft 1999).

After mating, fertilized females produce 1 - 3 eggs per day, depending on the food quality and on
environmental conditions (Momen and El-Saway 1993; Park et al. 2010; Nguyen et al. 2013).
The highest egg production is achieved in the first 10 days from start of oviposition (Ragusa et al.
2009). Eggs are oval, transparent and small in size, with about one-third to half the length of the
idiosoma of the female (Karg 1994). The eggs from phytoseiid mites are very sensitive to humid-
ity, depending from mite species with different environmental adaptation, and too high or too
low humidity will cause high mortality (Sabelis 1985; Zhang 2003; Ferrero et al. 2010). Egg
mass, produced by one female per day, occasionally may constitute more than 60% of their body

weight (Yao and Chant 1990).

Duration of preimaginal development and adult performance is governed by abiotic conditions,
mainly by temperature (Lee and Ahn2000; Lee and Gillespie 2011; Hewitt et al. 2015) and food
quality as biotic factor (Abou-Awad et al. 1992; Vantornhout et al. 2004, 2005; Lorenzon et al.
2012; Nguyen and Shih 2012).



Lifestyles of Phytoseiidae

Phytoseiids are very mobile, however differing in behaviour, dispersion, and searching activity
(van de Vrie 1985; Jung and Croft 2001; Buitenhuis et al. 2010). In a take-all approach, phyto-
seiids can be distinguished by their life-style.

According to McMurtry and Croft (1997) and McMurtry et al. (2013), predatory mites are cate-
gorized into generalists and specialists based on their food habits and on morphological and bio-
logical traits. Specialized mites can feed only one kind of animal food, like P. persimilis preying
on spider mites (McMurtry and Croft 1997). Generalist mites have a wide food spectrum: viz.
mites, eggs of Lepidoptera species (Momen and El-Laithy 2007; Momen and El-Sawi 2008;
Momen 2009; van Maanen et al. 2010), thrips (Sengonca et al. 2004; Messelink et al. 2006),
whitefly (Nomikou et al. 2001), honeydew (James 1989; Nomikou et al. 2003), plant exudates
(James 1989;Gnanvossou et al. 2005), nectar (van Rijn and Tanigoshi 1999b), pollen (Al-
Shammery 2011; Kolokytha et al. 2011), and fungi (Zemek and Prenerova 1997; Pozzebon and
Duso 2008). McMurtry et al. (2013) revised the lifestyles and added some new modifications

concerning their adaptation to prey and habitat.
Specialist mite species are distinguished into 2 types with grouping into subtypes:
Lifestyle type I

According to prey suitability, subtype 1-a species are specialized on spider mites of the genus
Tetranychus (Tetranychidae) and is best represented by Phytoseiulus persimilis, subtypes 1-b
species are specialized to feed on web-nest producing mites (Tetranychidae), and subtype 1-c are

specialized predators on tydeoids (super-family Tydeoidea).

Lifestyle type 11
These species are, similar to the old classification by McMurtry and Croft (1997), selective pred-

ators of tetranychid mites of various genera. Neoseiulus fallacis, a potent antagonist of

tetranychid mites in the field and greenhouses.

Generalist predators with a wide food spectrum have been separated into two lifestyles, the gen-

eralist predators and the pollen feeding generalist predators.
Lifestyle type 111

The old type III classification, the generalist predators, was recently distinguished into 5 sub-

types according to microhabitat occupancy and their morphology:



Subtype IlI-a species are generalist mites found on pubescent leaves, whereas generalist mite
species found on glabrous leaves have been put into subtype I1I-b. Generalist mite species living
on dicotyledonous plants belong to subtype IlI—c; those on monocotyledonous plants to I1I-d,
and Ill-e are generalist species living in soil habitats. For example, Kampimodromus aberrans
(Oudemans) belongs to subtype Ill-a, 4. swirskii and A. limonicus belong to subtypes III-b. Rep-
resentatives of subtype Ill-c are Amblyseius herbicolus (Chant) and Euseius hibisci (Chant), a
subtype III-d species is Neoseiulus baraki (Athias-Henriot). Neoseiulus barkeri (Hughes) and
Neoseiulus cucumeris (Oudemans) belong to subtype IlI-e, which occupies soil habitats, to men-

tion only a selection of representative species.
Lifestyle type IV

Type IV species are generalist predators, for which pollen constitute an important part of the diet,

comprising the genera Euseius, Iphiseius and Iphiseiodes.

Possibly further types may exist, being more specialized for certain prey, as validated by Adar et
al. (2012), who proposed that the ability to feed on plants should be added as a cross type trait of
phytoseiid life-style types. The discovery of a phytoseiid whose main food source is the coffee

leaf rust fungus (Oliveira et al. 2014), suggests that more life styles may be discovered.

Lifestyle classification explained the role of predatory mites in biological control and is helpful
for implementation of mite species in biological and IPM programmes on different crops against

various pests (McMurtry and Croft 1997).

Body size in relation to prey specificity and antagonistic potential

The small sizes of phytoseid mites limit their predation success. Large prey may be invulnerable
to predators, and small juvenile predators vulnerable to attack by prey and prey defense may be
perilous. Overcoming prey defense requires specific physical capabilities and/or morphological
adaptations to the prey attacked, or a kind of parental care and defense of offspring by adult
predatory mites (Bonde 1989; Walzer et al. 2004; Magalhdes et al. 2005; Schausberger et al.
2010).

Body weight, dependent on food quality, is an important feature of phytoseid mites, which di-
rectly determine survival rates, level of physical fitness, and, indirectly, predation and reproduc-
tion rates, which allows estimate success of biological pest control. Size, sex, and age of predato-
ry mites also affect consumption rates (Sabelis 1981; Yao and Chant 1990; Baier and Karg 1992;
Cedola et al. 2001; Reis et al. 2003; Hussein and Momen 2010; Walzer and Schausberger 2011).



Life-table parameters

Any abiotic and biotic factor may affect the individual, cohort, or population performance of
predatory mites, which must be assessed and described by a standardised method. The appropri-
ate approach to study the dynamics of animal populations is the calculation of fertility life-tables
and demographic parameters (Birch 1948; Maia et al. 2000; Southwood and Henderson 2000).
Demographic parameters usually estimated from fertility life-tables are: the net reproductive rate
(Ro), the intrinsic rate of increase (#m); the mean generation time (7); the doubling time (Dz),

and the finite rate of increase (1) (Maia et al. 2000).

Although these synthetic derivatives of fertility life-tables summarize information on immature
development, reproduction, and survival, duration of preimaginal development and average co-
hort developmental stage requires a separate calculation to assess vulnerable developmental
stages to a environmental parameter. To determine the speed of development from eggs up to
adults, the relative (cohort) developmental stage (rDS) is calculated (Zebitz 1984). Further pa-
rameters to estimate specific effects of test factors on adults are longevity of adults in both sexes
and reproductive parameters of females, such as preoviposition period, reproduction periode, and
postoviposition period to assess sensitive periods in adult life of insects or mites, proved to be
suitable parameters to compare the effects of environmental conditions on predatory mites

(Camporese and Duso1995; Lee and Ahn 2000; Lorenzon et al. 2012)

Research aims

Because of their omnivore character and different adaptation strategies, especially type 11l gener-
alists are of particular interest for future research in biocontrol (Croft et al. 2004; Knapp et al.
2013). To improve mite performance and faster establishment, implementation of alternative
diets is of great importance. Pollen as alternative or supplementary food for predatory mites is
used in modern approaches of biocontrol in greenhouses (Weintraub et al. 2009; Nomikou et al.
2010), however, pollen of different plant species differ in their chemical composition (Stanley
and Linskens 1974) and may also exert negative effects on predatory mites. This may probably
due to poor nutritional quality or bad adaptation of mites to pollen as food source (Ragusa et al.
2009). The range of pollen as alternative food is not studied sufficiently for the majority of gen-
eralist phytoseid mites. Additionally studies on more mite species and a wider range of plant
pollen are necessary for a better understanding of mite species specific food biology (van Rijn

and Tanigoshi 1999a).



Thus, in this work the pollen range of the commercially available phytoseid mite species Am-
blyseius swirskii (Athias-Henriot), Neoseilus cucumeris (Oudemans) and Amblydromalus limo-
nicus Garman and McGregor, and their respective performance when fed with pollen was inves-
tigated to clarify the nutritional value of pollen and possible pollen food adaptations by the three

mite species.
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2. Suitability of different pollen as alternative food for the predatory

mite Amblyseius swirskii (Acari, Phytoseiidae)

Abstract

The predacious mite Amblyseius swirskii Athias-Henriot is used as a biological control agent
against various pests in greenhouses. Pollen offered as supplementary food is reported to im-
prove their fast establishment and performance. However, the nutritional suitability of different

pollens for A. swirskii is not sufficiently known yet.

Pollens of 21 plant species were offered to the mites as exclusive food during preimaginal devel-
opment. Preimaginal mortality and developmental time have been assessed, followed by a life-
table analysis of the emerged adults and a calculation of demographic parameters. Amblyseius
swirskii can feed exclusively on pollen, but the nutritional value of the pollens differed signifi-
cantly. Pollens of Lilium martagon and Hippeastrum sp. were toxic, causing 100 % preimaginal
mortality, probably due to secondary plant compounds. Hibiscus syriacus pollen was absolutely
incompatible for the juvenile and adult mites, possibly due to their external morphology, differ-
ing from all the other pollens tested and leading to 100 % preimaginal mortality also. Consider-
ing all parameters, feeding on Aesculus hippocastanum, Crocus vernus, Echinocereus sp. and
Paulownia tomentosa pollens lead to the best performance of the mites. Feeding on most pollens
resulted in no or low preimaginal mortality of A. swirskii, but affected significantly developmen-
tal time, adult longevity, and reproduction parameters. Commercial bee pollen was not able to
improve life-table parameters compared to pure pollen of the plant species. Pollens of Helianthus
annuus, Corylus avellana and a Poaceae mix were less suitable as food source and resulted in a
poor performance of all tested parameters. Compared with literature data, 18 pollens tested
proved to be a similar or better food source than cattail pollen, qualifying A. swirskii as a posi-
tively omnivorous type IV species. Pollens of Ricinus communis and Zea mays can be recom-
mended as supplementary food offered as banker plants, and A. hippocastanum and Betula pen-

dula pollen is recommended to be used as dispersible pollen in greenhouses.

" Goleva I, Zebitz CPW (2013) Suitability of different pollen as alternative food for the preda-

tory mite Amblyseius swirskii (Acari, Phytoseiidae). Experimental and Applied Acarology
61:259-283.
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3. Life tables of Neoseiulus cucumeris exclusively fed with seven dif-

ferent pollens

Abstract

The juvenile development and survival, and demographic parameters of the predatory mite Ne-
oseiulus cucumeris (Oudemans) (Acari: Phytoseiidae) fed on pollen of castor bean, tulip, apple,
Christmas cactus, horse-chestnut, maize, and birch were assessed under laboratory conditions.
Deprivation of food and pollen of castor bean plants resulted in 100 % juvenile mite mortality.
Feeding mites with tulip and horse-chestnut pollen resulted in the shortest development and the
highest total fecundity. Adult mites fed on birch, tulip, maize, and apple pollen lived significant-
ly longer compared with those fed on pollen of horse-chestnut and Christmas cactus. The intrin-
sic rate of natural increase ranged between 0.1013 1/day for maize and 0.1806 1/day for horse-
chestnut pollen as food. Net reproductive rate was the lowest when fed with maize pollen and
highest when fed with horse-chestnut pollen. Population doubling time was highest on maize
pollen and shortest on horse-chestnut pollen. Our study revealed that birch, tulip, horse chestnut,
apple, and maize pollen can be used by N. cucumeris from early spring to late summer as a suit-

able alternative food in periods when prey in the field are scarce or absent.

? Ranabhat NB, Goleva I, Zebitz CPW (2014) Life tables of Neoseiulus cucumeris exclusively
fed with seven different pollens. Biocontrol 59:195-203.
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4. Influence of pollen feeding on body weight and body size of the
predatory mite Amblyseius swirskii Athias-Henriot (Acari, Phytosei-
idae).

Abstract

The nutritional quality of pollen was assessed measuring biomass and body size of freshly
emerged, 1, 3, and 30 days old adult Amblyseius swirskii continuously reared on pollen of Betula
pendula, Helianthus annuus, Paulownia tomentosa, and Zea mays. Body weight of females was
significantly higher than that of males, irrespectively both, the pollen fed and the age class.
Weight of freshly emerged females was significantly superior when fed with pollen of P. tomen-
tosa and Z. mays compared to those fed with B. pendula or H. annuus pollen. Biomass of fe-
males significantly increased until the age of 3 days, then remaining constant or decreasing until
the age of 30 days. Weight gain with ageing is explained by higher food uptake by females for
egg production and egg maturation. Weight gain of males also reached its maximum at day 3 of
adult life, then decreasing until day 30. Congruent with biomass, adult body length and width
differed significantly between sex and age showing females bigger than males and 30 day old
adults bigger than 1 day old adults irrespectively the pollen fed. Both the parameters were affect-
ed by pollen, revealing P. tomentosa as best food source, followed by Z. mays and B. pendula.
No reasonable correlation was found between body length and width, but body weight was sig-

nificantly correlated with body length in females whereas there was no correlation at all in males.

3 Goleva I, Gerken S, Zebitz CPW (2014) Influence of pollen feeding on body weight and body
size of the predatory mite Amblyseius swirskii Athias-Henriot (Acari, Phytoseiidae). Journal

of Plant Diseases and Protection 121:219-222.
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5. Dietary effects on body weight of predatory mites (Acari, Phyto-
seiidae)
Abstract

Pollen is offered as alternative or supplementary food for predacious mites; however, it may vary
in its nutritional value. Body weight appears a representative parameter to describe food quality.
Thus, we assessed the body weight for adults of the generalist mites Amblyseius swirskii, Am-
blydromalus limonicus, and Neoseiulus cucumeris reared on 22, 12, and 6 pollen species, respec-
tively. In addition, A. swirskii and A. limonicus was reared on codling moth eggs. In all mite spe-
cies, female body weight was higher than that of males, ranging between 4.33 and 8.18 pg for 4.
swirskii, 2.56—6.53 pg for A. limonicus, and 4.66-5.92 pg for N. cucumeris. Male body weight
ranged between 1.78 and 3.28 pg, 1.37-3.06 ug, and 2.73-3.03 pg, respectively. Nutritional
quality of pollen was neither consistent among the mite species nor among sex, revealing superi-
or quality of Quercus macranthera pollen for females of 4. swirskii and Tulipa gesneriana pol-
len for males, Alnus incana pollen for females of 4. limonicus and Aesculus hippocastanum pol-
len for males, and Ae. hippocastanum pollen for both sexes of N. cucumeris. The results are dis-

cussed against the background of known or putative pollen chemistry and mite’s nutritional

physiology.

* Goleva I, Rubio Cadena EC, Ranabhat NB, Beckereit C, Zebitz CPW (2015) Dietary effects
on body weight of predatory mites (Acari, Phytoseiidae). Experimental and Applied Acarolo-
gy 66:541-553.
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6. General discussion

Biological control using predatory mites (Phytoseiidae)
History

In the second half of the last century, the predatory mite family Phytoseiidae has been consid-
ered a successful biological control agent of numerous pest species of field and greenhouse crops
(Dosse 1959; Bravenboer and Dosse 1962; van Lenteren and Woets 1988; Luh and Croft 2001;
Gerson et al. 2003; Croft et al. 2004; de Moraes et al. 2004; Cock et al. 2010; Gerson and Wein-
traub 2007, 2012).

In early approaches, Neoseiulus reticulatus (Oudemans) was released to control cyclamen mites
in strawberries (Huffaker and Kennett 1953, 1956). However, specialised or oligophagous phy-
toseiid mites, such as Phytoseiulus persimilis Athias-Henriot (syn. riegeli Dosse) gained more
attention in biological control programmes of the ubiquitous two-spotted spider mite
Tetranychus urticae Koch (Acari: Tetranychidae), in greenhouses on cucumbers, tomatos and
sweet pepper (Markkula and Tiittanen 1976; van Lenteren and Woets 1988; Gillespie and Ra-
worth 2004), and on commercial strawberry in the field (Decou 1994).

Realizing the great success of P. persimilis, generalist phytoseiid mite species with a broader
range of pests attacked and controlled were included in biocontrol programmes to complement
the specialists for control of arthropod pests of minor importance or crop-specific pests, includ-
ing eriophyids (Bonde 1989; Park et al. 2010, 2011), tarsonemids (Fan and Petit 1994; Stansly
and Castillo 2009), and tydeids (Momen 2011), and now also insect species such as thrips or
whiteflies (Ramakers 1980; Ramakers and van Lieburg 1982; de Klerk and Ramakers 1986;
Gerson et al. 2003; Gerson and Weintraub 2007).

Furthermore, also phytoseiids in field crops were considered to be conserved or augmented.
Typhlodromips pyri Scheuten, a generalist predatory mite in fruit orchards and vineyards and-
common in Europe and North America, Egypt (de Moraes et al. 2004), Australia, New Zealand
(Schicha 1987; Collyer 1982), is object of conservational biocontrol worldwide as this species is
an efficient antagonist of the European red mite, Panonychus ulmi (Koch) (Acari, Tetranychidae)
(Dosse 1962; Engel and Ohnesorge 1994; Camporese and Duso 1996; Schausberger 1998; Pa-
paioannou et al. 1999; Marshall and Lester 2001). More than twenty years ago, Typhlodromalus
(Amblyseius) manihoti Moraes and Typhlodromalus (Amblyseius) aripo de Leon represent one of

the best examples for classical (inoculative) biological control of the invasive Cassava green
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mite, Mononychellus tanajoa (Bondar), in Africa (Yaninek and Onzo 1988; Yaninek and Gnan-

vossou 1993; Yaninek et al. 1998).

Amblyseius swirskii, Neoseiulus cucumeris, and Amblydromalus limonicus are polyphageous
species adapted to subtropical and tropical climates (Zhang 2003; Zannou and Hanna 2011;
Gerson and Weintraub 2007), contributing to control field pests. Notably, greenhouse tempera-
tures of ca. 25 °C and high relative humidity meet the predatory mites’ claims on abiotic envi-
ronmental conditions (Abou-Setta and Childers 1987; Kasap and Sekerglu 2004; Kasap 2009;
Lee and Gillespie 2011; Jafari et al. 2012; El Taj and Jung 2012; Gerson and Weintraub 2012).

Due to their environmental demands and their wide target range, these species were considered
also effective antagonists of greenhouse crop pests in moderate climates. They have been
commercialized to control different thrips species and whiteflies, and also some pests of minor
or special importance in vegetables and ornamentals (van Houten et al. 2005; Messelink et al.
2006, 2008; Gerson and Weintraub 2007; Buitenhuis et al. 2015; Calvo et al. 2015; Hewitt et al.
2015; Leman and Messelink 2015).

Generally, quality of biological control agents is estimated by calculation and comparison of
their life-table parameters as affected by biotic and abiotic factors, such as food quality and envi-
ronmental regime as a semi-in vitro approach. The true quality as biocontrol agent can then only
be described by greenhouse or field tests to assess the control efficacy under practice-oriented

test conditions or directly under practice conditions.

Food range of phytoseid mites and food quality

Qualitatively the essential nutrients of arthropods are generally the same as for other animals and
the main nutrients are amino acids or proteins, carbohydrates, lipids, fatty acids, vitamins, trace
elements. However, the nutritional requirements of arthropod species are often rather specific

and may concede only small tolerance, qualitatively as well as quantitatively.

Optimal growth, survival, and fecundity require certain protein: carbohydrate ratios, which may
vary considerably among species and developmental stages and their life style. Highly active and
slowly developing species need a carbohydrate-biased diet to supply energy, whereas less active
and slowly developing species need a protein-biased diet to build up biomass (Behmer and Joern
1993; Gewecke 1995; Gullan and Cranston 2010). Preimaginal stages of insects and mites have

higher demands in high quality food providing also sterols as precursors for steroid hormones
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and successful preimaginal development, whereas adult females have a higher demand in energy
and protein for egg production (Overmeer 1981; Lundgren 2009). If nutrients in excess cannot
be metabolized, excreted or defecated, the value of nutrients follows an optimum curve and and
too high concentrations of a nutrient may become detrimental. A high N-contentcan negatively
affect phytophagous mite performance, impairing longevity of both sexes and reproduction ca-
pacity of females (McNeill and Southwood 1978). Taking honeybees for comparison, an opti-
mum of 23 % protein in the diets is reported, and higher protein contents result in a poorer per-
formance of the honeybees, in terms of a reduced adult longevity (de Groot 1953; Herbert and

Shimanuki 1977).

Comparing the two main food sources of arthropods, plants and animals, the protein content (%
dry weight) in plants is significantly lower than that of animals (Mattson 1980), as reported also
for diets offered to A. swirskii and N. cucumeris ranging between 0.45 and 3.86 % for cattail and
maize pollen, respectively, compared to eggs of the Mediterranean flour moth, Ephestia kuehni-

ella Zeller with 4.56 % protein (Delisle et al. 2015ab).

Although numerous publications list target species and supplementary food sources, knowledge
of the entire food spectrum of speciesis incomplete, and further target species and alternative
food sources may be identified (Gerson and Weintraub 2007; Momen and Abdel-Khalek 2008;
van Maanen et al. 2010; Park et al. 2010). Particularly, information on nutritional quality of
primary food (prey) and secondary, alternative or supplementary food sources, such as pollen or
any other plant material, is lacking, although this information may be useful to provide the mites

with pollen by banker plants, or to improve mass rearing by offering supplementary food.

Toshed light upon the nutritional value of pollen constituents and their influence on life-table
and morphological parameters of predatory mites, knowledge of their chemical composition is
required. Furthermore, because nutritional physiology of mites is poorly investigated (Okuyama
2008), the approach to discuss nutritional physiology of mites basing only on knowledge in in-
sect nutrition may be misleading. Considering the nutritional demands of phytophageous mites
may also lead towards misinterpretations, except that they are closer related to predacious mites.
Particularly predatory mite species of lifestyle type III and IV may correspond to the nutritional

physiology and requirements of mites feeding exclusively on plants.

Essential nutrients in arthropod diets

Carbon-based plant compounds, such as carbohydrates and lipids, can affect the performance of

insects and mites. These effects may even be contradictory between related arthropod species.
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Generally it is assumed that carbon-based plant compounds provide energy in terms of carbohy-
drates and fats and thus may affect performance positively (Spector 1956; Neville and Luckey
1962; Gewecke 1995). However, an excess of soluble carbohydrates has also been reported to
have negative effects and some sugars even may be toxic (Spector 1956; Neville and Luckey

1962; Awmack and Leather 2002).

Proteins may be considered the most important main nutrients for morphogenesis in insects,
preimaginal development and growth, and egg maturation in adults (Keeley 1985; Mirth and
Riddiford 2007). Protein-bound amino acids in animal or plant food, particularly in pollen, in-

clude essential amino acids required for all animal taxa (de Groot 1953; Nation 2002).

Free amino acids are equally important nutrients to synthesize de novo proteins, amino acid de-
rived secondary products or to be directly metabolized into energy equivalents (Rodriguez and

Hampton 1966; Rodriguez and Lasheen 1971).

After feeding '*C-labelled glucose to starved two-spotted spider mites, Tetranychus urticae Koch,
and subsequent assay of labeled amino acids, 18 amino acids were detected (Rodriguez and
Hampton 1966). They found that spider mites can synthesize some amino acids in high concen-
trations, such as ALA, ASP, CYS, cystine, GLU, GLY, PRO, SER, and THR, from glucose, thus
considered not essential. In contrast, labeled ARG, HIS, ILE, LEU, LYS, MET, PHE, TYR, and

VAL were found in very low concentrations and thus considered as essentials.

Abou-Awad and Elsawi (1992) reported a higher fitness of the predatory mite 4. swirskii when
fed with an artificial diet consisting of yeast, milk, CYS, PRO, ARG, sucrose, and glucose,
mixed with Ri. communis pollen for six generations. Reared on this diet, adults reached the simi-
lar size as adults reared on spider mite nymphs. Only the reproduction capacity was higher when
fed with animal food. However, these results may not depict a high-quality artificial diet because

A. swirskii performs poorly when fed with spider mites.

Considering carbon-based and nitrogen-containing nutrients, the C: N-ratio seems to be more
important than the absolute amount of each of these groups, because a C-biased diet diluting
other nutrients may require phytophageous arthropods to increase their consumption rates to

compensate (Awmack and Leather 2002).

In an approach to develop artificial diets as exclusive or additional food for rearing predacious
mites as substitute for natural food sources, such as natural prey or pollen, the vitamin B com-

plex and vitamin C as part of dietary components in a powdered artificial diet positively affected
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the demographic parameters of A. swirskii. However, this diet was less effective than a fluid arti-
ficial diet without vitamin supplement (Nguyen et al. 2014). Thus, the consistency of a food

source also matters in the nutritional physiology of phytoseiids.

Among the minor, but essential nutrients, sterols are of special importance because animals can-
not synthesize sterols de novo and need precursors either from plant food as phytosteroids, or
from their prey. Larvae require sterols for synthesis of ecdysteroids to undergo the moulting
steps, and adults require ecdysteroids during sperm and ovariole maturation (Nation 2002). Cho-
lesterol and its simple derivatives are absolutely necessary for insect and mite performance.
However, not all insect and mite species are capable to convert phytosterols into innate steroid
hormones. Dietary requirements of sterols vary with insect species, and some insect species have

highly specific demands of sterols (Norris and Baker 1967; Mondy and Corio-Costet 2000).

Fatty acids, such as linolenic acid, were found to be important nutrients for development and
reproduction capacity of spidermites, and starved mites had a high requirement of palmitic acid
(Walling et al. 1968). Similar effects have been reported for the aphidophagous hoverflies
Episyrphus balteatus (de Geer) and Eupeodes bucculatus (Rondani) (Diptera: Syrphidae), where
oleic acid and linoleic acid were added to a diet consisting of powdered drone honeybee brood,
which accelerated their development, enhanced the adult emergence rate and body size of syr-

phids (Iwai et al. 2009).

Besides organic nutrients, minerals are known to be important for spidermite performance. High
concentrations of N accelerated preimaginal development and boosted egg production of the
two-spotted spider mite, Tetranychus urticae. Phosphorous alone did not affect mite parameters

(Wermelinger et al. 1991).

Na, P and Ca were found as important elements in the diet of the twospotted spider mite,
Tetranychus bimaculatus and European red mite, Panonychus ulmi, although the authors could

not explain their physiological role in detail (Rodriguez 1951; Sharma and Bhardwaj 2010).
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Nutritional quality of pollen as food for predacious mites
Plant pollen

Pollen is a highly nutritive food for a wide range of insects and mite species (Stanley and Lins-
kens 1974; Wickers 2005; Wickers et al. 2005; Lundgren 2009). It contains high amounts of
lipids, proteins, free amino acids and carbohydrates, but differ in their composition between
plant pollination type (anemophilous and entomophilous pollen) (Petanidou and Vokou 1990;
Petanidou 2005; Praz et al. 2008). Generally, pollen of entomophilous plants are richer in nutri-
ents than pollen of anemophilous plants (Roulston and Cane 2000; Hanley et al. 2008). Further-
more, pollen can differ in quantitative and qualitative composition, and thus in its quality as in-
sect foodbetween plant species, species genotype/ecotype, and environment (Muniategui et al.
1991; Roulston and Cane 2000; Lundgren and Wiedenmann 2004; Bogdanov 2006; Karise et al.
2006; Obrist et al. 2006; Szczesna 2006 ab; Lundgren 2009; Dabija 2010; Nicolson 2011).

Bee pollen

Compared to plant pollen, bee pollen stripped-off at the hive entrance (gehoselter Pollen) is often
a mixture of pollen of different plants. Later, this pollen package is processed into paste-like bee-
bread by other Innendiensttiere of the bee colony to feed the bee brood. Since this bee-bread has
not been used in the experiments with predatory mites, the nutritional ingredients and the nutri-

tional value to honeybees is neglected for discussion of mite nutrition.

Unfortunately, the majority of authors did not distinguish between simple stripped-off pollen,
pollen processed by flightless nurse bees (Innendiensttiere), and bee-bread when assessing the
chemical composition, the nutritional or the pharmaceutical value of honeybee collected pollen,

and a careful interpretation of data is necessary.

The chemical composition of pollen has been analyzed to assess the suitability as human or ani-
mal additional food or for medical purposes (Campos et al. 1997; Cocan et al. 2005). The main
nutrients in bee pollen are proteins (25-30%), carbohydrates (30-55 %), fatty acids and sterols
(1-20 %) (Campos et al. 2008; Abouda et al. 2011).

For honeybees and bumblebees, pollen mainly is considered to be a protein source for female

egg production and and/or larval growth, development of sexual organs, and adult size (Pain
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1968; Plowright and Pendrel 1977; Sutcliffe and Plowright 1988; Duchateau and Velthuis 1989).
In addition, free amino acids are important to support or complement the nutritional value of
proteins as bound amino acids to spare arthropods de novo synthesis when taken up with food
(Cohen 2004, cited by Vanderplanck et al. 2014). However, the absolute and relative amount of
free amino acids in honeybee collected pollen differs within and between plant species (Szczesna
et al. 1995; Szczesna and Rybak-Chmielewska 1998, both cited by Campos et al. 2008; Yang et
al. 2013).

Compared with the total protein content and total free amino acid content, bound essential amino
acids are of higher importance and their concentration may serve as indicator of pollen nutrition-
al quality (Paramas et al 2006; Stabler et al. 2015). In bee pollen, the amino acids MET, LYS,
THR, HIS, LEU, ILE, VAL, PHE and TRP, essential for honeybees and bumblebees, may reach
10.4 % of total pollen protein content (de Groot 1953; Roulston and Cane 2000; Paoli et al. 2014;
Stabler et al. 2015).

On average, bee pollen contains 40 % sugars of which 83% are monosaccharides (fructose 46 %
and glucose 37 %), and disaccharides (8 % sucrose, 7 % maltose, 1 % trehalose), serving as en-

ergy source for honeybees (Standifer et al. 1977; Huang 2010; Szczesna 2007b).

Lipid and sterol content in bee pollen varies between 1 and 20 %, depending on the plant species
the pollen was collected, and during storage the lipid content may decrease (Nicolson2011). In a
detailed study, total lipid content in bee pollen has been described as 5.1 %, with an amount of
essential fatty acids, such as linoleic-, y-linoleic-, or arachidic acid of ca. 0.4 %, phospholipids

with 1.5%, and 1.1 % phytosterols (Szczesna 2006b).

Particularly the unsaturated fatty acids linoleic (18:2n-6), y-linoleic (18:3n-3), and palmitic (16:0)
acids, dominate the lipids in pollen and are known to be essential for insect fitness and egg pro-
duction (Canavoso et al. 2001; Manning 2001; Cohen 2004; Szczesna et 2006b; Nurullahoglu et
al. 2004; Wang et al. 2006; Khani et al. 2007).

Pollen contains different types of sterols, which regulate the cholesterol metabolism in honey-
bees (Marghitas 2005) among which 24-methylenecholestrol is known as most important for

preimaginal development (Svoboda et al. 1980; Human et al. 2007). In combination with high
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amino acid contents, the essential sterols in bee pollen, 24-methylenecholesterol, b-sitosterol, or

d5-avenasterol, increased larval weight of Bombus terrestris L. (Vanderplanck et al. 2014).

Vitamins

Most studies on bee nutrition focus on honeybee’s requirements of protein and carbohydrates

and the role of these nutrients for honeybee nutrition is well described.

However, the effect of essential lipids, vitamins and minerals on brood rearing and bee develop-
ment has been studied mainly using beebread and not the original pollen. It is still questionable,
which ratio of all these nutritional components and which concentration is optimal for bee health
(Brodschneider and Crailsheim 2010). Despite this restriction to estimate the role of vitamins,
the vitamin B complexis of special relevance in the nutrition of all living organisms, because it
cannot be synthesized and must be taken up with food. Vitamin Bs are responsible in the regula-
tion and metabolism of fats, proteins and carbohydrates, and determine brood development suc-
cess and hypopharyngeal glands in honeybees (Pain 1956; Herbert and Shimanuki 1978; Huang
2010).

Bee pollen contains in total about 0.7 % vitamins, distinguished into water-soluble vitamins
(0.6%), represented by the vitamin B-complex and vitamin C, and lipophilic vitamins (0.1%), as
represented by vitamin A and carotenoids with provitamin A function, vitamins E and D (Asa-
fova et al. 2001). However, also the vitamin content differs between honeybee-collected pollen
because their concentration varies between plant families (de Almeida-Muradian et al. 2005; de

Arruda et al. 2013ab).

Besides vitamin B, vitamin A plays a crucial role in mite biology. Spidermites, and similarly, the
predacious Amblyseius potentillae (Garman) require carotenoids in their diet to enter diapause
(Overmeer and van Zon 1983). Vitamin A and provitamin A were essential in the induction of

diapause in the eyeless Amblyseius potentillae Garman (Veerman et al. 1983).

Minerals

Total ash amounts to 2 — 6.5 % of pollen dry weight of stripped-off bee pollen (Herbert and
Shimanuki 1978; Campos et al. 2008), with a high amount of minerals such P, K, Ca, Mg, Zn, Fe,
Mn and Cu (Yang et al. 2013). Macroelements in pollen, such as calcium, phosphorus, magnesi-

um, sodium, and potassium made up 1.6%, and microelements (iron, copper, zinc, manganese,
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silicon, and selenium) are found at a concentration of 0.02% of pollen dry weight (Campos et al.

2008; 2010; Kedzia and Hotderna-Kedzia 2012).

In a direct comparison of macro- (P, K, Ca, Mg) and micro-elements (Fe, Zn) of pure bee-
collected stripped-off Helianthus annuus L. and Salix sp.-pollen with hand-collected pollen from
these plant species, mineral composition and concentration differed between plant species and
collection method. The amount of all mineral elements was superior in hand-collected than in

bee-collected pollen (Stanciu et al. 2011).

However, mineral content in bee pollen varies with plant species and geographical origin

(Szczesna 2007b; Stanciu et al. 2011).

These studies showed that pollen is rich in minerals, which can satisfy the demand for minerals
in arthropods. The three major minerals occurring in higher amounts in pollen, potassium, phos-
phate, and magnesium, are considered highly valuable for honeybees. However, some minerals,
such as sodium, sodium chloride and calcium, may exert negative effects and even being lethal
(Huang 2010). The negative effect of mineral elements may be concentration-dependent, as the
amendment of 1 % of pollen ash to an artificial diet had a positive effect on bee brood, but 2 %
was a too high concentration leading to detrimental effects (Herbert and Shimanuki 1978;

Gergen et al. 20006).

Depending on the environmental pollution of the plant’s habitat, pollen may be contaminated by
heavy metals, which can negatively affect pollen-feeding organisms. Toxic heavy metals have
been found in bee pollen in considerable concentrations: As (<0.06), Pb (< 0.8 mg/kg), Cd (<
0,03 mg/kg), Hg (< 0.01 mg/kg), Se, Cr, Ni, Al (> 100 mg/kg) (Gergen et al. 2006; Campos et al.
2008; Roman 2009; Hladun et al. 2011; Hladun et al. 2013 ab; Yang et al. 2013). In contrast Fe,

Mn, Cu and Zn are useful elements, however toxic if higher concentrations (Gergen et al. 2006).

Selenium found in bee pollen ranks among the very toxic elements for honeybees if the concen-
tration in pollen is very high. Greenhouse-grown Brassica juncea (L.) Czern. And Raphanus
sativus L. produce pollen with a concentration of 710 — 1,700 mg Se / kg (Hladun et al. 2011;
Hladun et al. 2013 ab). Honeybee larvae suffered from a 30-50 times higher mortality when fed

with selenoamino acids and inorganic forms of Se than adults (Hladun et al. 2013a).
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Toxic compounds

Sugars in nectar and pollen, such as galactose, stachyose, glucuronic acid, galacturonic acid,
polygalacturonic acid, and pectin mannose, arabinose, xylose, melibiose, raffinose and stachy-
oseare known to be toxic to arthropods (Staudenmayer 1939; Barker and Lehner1974; Bark-
er1977). Especially mannose causes bee mortality, however if 50% sucrose is added artificially

to nectar, the toxic effect can be reduced (Barker 1977; Huang 2010).

Secondary compounds like alkaloids, phenolics, and non-proteinogenic amino acids may also be
incorporated in plant pollen (Stanley and Linskens 1974), however, their role in insect nutrition
is equivocal. Some studies report positive effects of nectar and pollen containing secondary
compounds, attracting pollinators and improving their performance, as given by the guild of pyr-
rolizidinalkaloid-attracted pollinators (Manson et al. 2010; Boppreé et al.2005). Some secondary
compounds were found to exert negative effects when consumed, generally causing lethal effects
(Detzel and Wink 1993) or reduced mobility (Cook et al. 2013; Manson et al. 2013), ovary de-
velopment (Manson and Thomson 2009), and survivorship (Detzel and Wink 1993; Singaravelan

et al. 2006; Kohler et al. 2012; Sedivy et al. 2012).

High amounts of secondary compounds in nectar and pollen may be extremely toxic to bees (Ad-
ler 2000; Arnold et al. 2014; Eckhardt et al. 2014), dependent on specialization in pollinating
particular plant families, genera, or species, found in monolectic or oligolectic bee species. Thus,
metabolization of toxic compounds in the specialized bee species must be given and preimaginal
development on pollen of non-specialized plants is often not possible when fed to the brood

(Praz et al. 2008; Miiller and Kuhlmann 2008; Sedivy et al. 2011).

Phenolic and polyphenolic compounds

Phenolics in apple leaves had a negative effect on spidermite fecundity and ry,-values (Wermel-
inger et al. 1991). Probably phenolics if abundant in pollen may explain why predatory mites
consuming bee pollen rich in phenolics suffered from low egg production and a prolonged

preimaginal development of 4. swirskii in our experiments.

The majority of pollen contains phenolic xenobiotics, which are highly toxic for bees (Barker
1977; Wiermann 1968; Bonvehi et al. 2001; Johnson et al. 2012; Johnson 2015). Analysis of bee

collected and stripped-off pollen revealed significant amounts of flavonoids, such as kaempferol,
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quercetin, and isorhamnetin (1.4 %), and phenolic acids, predominantly chlorogenic acid (0.2% )
(Asafova et al. 2001; Negri et al. 2011). However, as found for other pollen constituents, the
amount of secondary compounds varies in concentration between plant species (Stanley and
Linskens 1974). Although quercetin is a protease-inhibitor, honeybees are able to metabolize
high concentrations of quercetin (Mao et al. 2009), and quercetin and other flavonoids are con-
sidered valuable for bees as antioxidant and antimicrobial components (Treutter 2005). Howev-
er, the role of quercetin and other flavonoids in the nutrition of carnivorous arthropods is not

known.

Alkaloids

Alkaloids are nitrogen-containing anti-herbivory compounds produced by plants, accumulated in
higher concentrations in leaves, flower petals and sepals, and seeds than in the nectar and pollen
(Detzel and Wink 1993). Nectar and pollen containg alkaloids (pyrrolizidine alkaloids, caffeine,
nicotine, D-lupanine) exerted negative effects on insect fitness (Emrich 1991; Bennet and
Wallsgrove 1994; Adler 2000; Singaravelan et al. 2005, 2006; Johnson et al. 2012; Arnold et al.
2014). Angiosperm plants produced pyrrolizidine alkaloids (PAs), which are highly toxic to
mammals and insects. According to Boppré et al. (2005) pollen contains 14,000 mg/kg PAs,
however, found not being harmful to honeybees, whereas the amount of 20,000 mg/kg PA was
found toxic for bees (Reinhard et al. 2009). Also the toxicity of PAs to honeybees must be seen
on the species level because 60% of 119 samples of pollen packages collected by honeybees)
were PA-positive (Diibecke et al. 2011), obviously not harming the honeybees. On the other
hand, predatory mites may not be adapted to PA-containg pollen and, thus, suffer from a bad

performance when fed with this kind of pollen.

Four pollen of the plant family Asteraceae, known to contain alkaloids (Anthemis cotula L., Co-
nyza bonariensis (L.) Cronquist, Lactuca serriola L., and Taraxacum officinale (Weber) ex F.H.

Wigg.) were absolutely toxic for the predatory mite 7. pyri (Bermudez et al. 2009).

Terpenoids

Pollen of sunflower containstwenty-four different terpenoids (Ukiya et al. 2003), which probably

explains the unsuitability or less suitability for most insect and particularly predator species.
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7. Conclusion and outlook

The suitability of different pollen as alternative or supplementary food differs between predatory
mite species and pollen species, indicating different adaptations to plant pollen. Preimaginal de-
velopment, life-table and demographic parameters, and body weight and size are indicators for
food suitability in predacious mites. The differences in the species’ performance may be seen in
different enzymatic equipment to utilize pollen nutrients or to metabolize detrimental secondary

plant compounds.

Bee pollen is known as pollen of low quality for mostly predatory mite species, probably of low

quality of all ingredients, containing in this pollen in comparison to hand collected pollen.

Also, commercial bee pollen is a mixture of different plant species and differ in pellet colour,
probably contain secondary compounds, which may be the reason of their low quality for the

mite species tested.

This study contributes to the wider knowledge in the biology of phytoseiid mite species, particu-
larly the use of pollen as alternative or supplementary food. This may be found either on banker
plants in greenhouses to improve the performance of these beneficials in biocontrol, or in the

field when introduced species may escape and try to establish in a new environment.

However, this study also revealed that knowledge in the chemical composition of pollen is poor
or even lacking and detailed pollen chemical analyses are required. Protein, amino acid and fatty
acid composition, sterols, mineral composition, vitamins, secondary compounds, or even heavy
metals should be assessed, because not only the plant species determines the composition of nu-
trients and detrimental substance, but also the environment and the ecotype of the plant may af-

fect the pollen constituents.

Looking at the nutritional physiology of predatory mites, pollen preference and suitability of
pollen, studies in this field are lacking. In future studies, the same or more pollen sources should
be chosen to assess their suitability to other predatory mite species, to find compatible food
sources for most mite species for practical reasons, such as offering pollen as supplementary

food in greenhouse biocontrol.

To determine the nutritional needs of a predatory mite species and the nutritional value of single
nutrients, not only supplied by pollen ingredients but also by other food sources, descriptive fit-
ness parameters, such as life-table or demographic parameters, must be correlated with nutrient

absolute and relative amounts in the particular food.
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This information will allow to select plant pollen that better meets predatory mite’s nutritional
demands. With knowledge of their nutritional needs, we will be able to prepare optimal artificial
diets to maximize their reproductive potential and development. Additionally, artificial diets
should be tested on their suitability for predatory mite species, maybe species-specific artificial
diets have to be shaped. Greenhouses experiments should be conducted to find the practical rele-

vance of the best pollen and/or artificial diet and the control efficacy of predatory mites.
Summarizing, the following specific questions should be answered in future:

(1) which are the major nutrients, distinguished by macro- and micronutrients, determining phy-

toseiid mite performance;
(1) at which relative proportion do the nutrients occur in the diets;
(111) which elements are toxic for mite species;

(iv) how can predatory mites adapted to less suitable or partly toxic food metabolize detrimental

or toxic food compounds;

(v) is it feasible to compose an optimal artificial diet for all predatory mite species reared for

practical biocontrol to improve mass rearing by commercial producers;

(vi) which requirements to food quality have different predatory mite species.
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8. Summary

Predatory mites of the family Phytoseiidae (order Acari) are important biological control agents
of various greenhouse pests. Their successful establishment in greenhouses depends on abiotic
and biotic factors, and on different adaptation levels of the different mite species, which must be

considered before practical implementation.

Phytoseiid mites also differ in control efficacy of different pest species, particularly depending
on the species-specific predation capacity and searching behavior. Besides, differences in size
between predatory mites and the potential target pests, but also their prey and alterna-
tive/supplementary food preferences and food quality are major factors for successful biological
control programs. Thus, understanding their qualitative food requirements supports successful
implementation in greenhouses. Release of predatory mites into new habitats may exert a certain
stress if the amount of food is limited and, thus, can weaken their fitness. However, generalist
predatory mites can also feed on pollen of different plants as alternative food, which enhances
their survival ability when the target prey is scarce or lacking. In practice, pollen is supplied by
banker plants, such as Castor beans (Ricinus communis), or artificially in form of pollen sprays
or dusts. Suitability of pollen as food differs, however between plant species and mite species,
making it necessary to investigate the performance of phytoseiids when fed with different pollen.
Lifetable and demographic parameters are considered the best descriptors of arthropod perfor-

mance under different abiotic and biotic conditions.

In this study, the suitability and effect of pollen as alternative food was assessed for the predato-
ry mites A. swirskii, A. limonicus, and A. cucumeris (Acari, Phytoseiidae). Besides lifetable and
demographic parameters, body weight and size was included into the descriptive parameters,
which has not been done before to obtain more detailed information on pollen quality for these

mite species.

In the first study (Goleva and Zebitz 2013), the suitability of pollen of 21 plant species as alter-
native food for 4. swirskii was tested. Preimaginal mortality and developmental time have been
assessed, followed by a life-table analysis of the emerged adults and a calculation of demograph-
ic parameters. Amblyseius swirskii was able to feed on 18 pollens, but the nutritional properties
of the pollen differently affected mite performance. Pollen of Lilium martagon and Hippeastrum
sp. were found to be toxic for the mites, probably due to secondary plant compounds in this pol-
len. Amblyseius swirskii was absolutely not adapted to feed on Hibiscus syriacus because of the
external morphology of pollen grains, leading also to 100 % preimaginal mortality. The best pol-

len resulting in superior mite performance in all parameters tested were: Aesculus hippocasta-
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num, Crocus vernus, Echinocereus sp. and Paulownia tomentosa. No or low mortality was ob-
served when mites fed on other pollen tested. Developmental time, adult longevity, and repro-
duction parameters, were significantly affected, probably because of differences in pollen nutri-
ent or non-toxic secondary compound composition. Commercial bee pollen was of very poor
quality for the mites leading to low egg production, which excludes this pollen for practical use.
Pollen of Helianthus annuus, Corylus avellana and a Poaceae-mix were of inferior quality, caus-
ing high mortality rates, low egg production and short adult longevity. For practical implementa-
tion in greenhouses, pollen of Ricinus communis, Zea mays, A. hippocastanum and Betula pen-
dula pollen appeared suitable to improve predatory mite performance, either provided by banker

plants or in form of dispersible pollen.

The objective of the second study (Ranabhat et al. 2014) was to assess the suitability of seven
pollen (castor bean, tulip, apple, Christmas cactus, horse-chestnut, maize, and birch) for Neosei-
ulus cucumeris (Acari: Phytoseiidae), and to scrutinize potential effects of these pollen on repro-
duction and life history parameters of this mite. Neoseiulus cucumeris accepted six pollen
sources as alternative food, pollen of castor bean plants, however, caused 100 % mortality.
Highest fecundity was observed when feeding on pollen of tulip and horse chestnut, resulting in
the shortest preimaginal development compared with all pollen tested. Pollen of birch, tulip,
maize, and apple had a positive effect on longevity, whereas pollen of horse-chestnut and

Christmas cactus was significantly inferior.

Our study suggests that birch, tulip, horse-chestnut, apple, and maize pollen may serve as alter-
native food in the field, and birch and maize pollen have a good potential in practical use as
banker plants or dusts in the greenhouse to guarantee mite establishment in periods of prey scar-
city.

The aim of the third study (Goleva et al. 2014) was to investigate the role of pollen of differing
quality (tested previously in first study (Goleva and Zebitz 2013) on size and weight of 4. swir-
skii. These parameters were considered from the physical aspect of predator-prey relations be-
cause predatory mites are not able to conquer prey individuals bigger than themselves and any
deviation from normal size may negatively affect predation success. Biomass and body size of
freshly emerged, 1, 3, and 30 days old adult 4. swirskii continuously reared on pollen of B. pen-
dula, H. annuus, P. tomentosa, and Zea mays revealed, regardless of pollen source, that females
were bigger than males. Both parameters weight and size were affected by pollen tested. Females
fed on pollen of P. tomentosa and Z. mays were significantly bigger than on B. pendula or H.

annuus pollen. Increase of female biomass was observed until the adult age of 3 days, remaining
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constant or slightly decreased until the age of 30 days. This can be explained by particularly high
nutritional requirements of females for egg production especially in the beginning of their repro-
duction period. Males also reached their weight maximum at day 3 of adult life, then decreasing
until day 30. Congruent with biomass, adult body length and width differed significantly depend-
ing on sex and age showing females bigger than males and 30 day old adults bigger than 1 day
old adults irrespective of the pollen fed. While sunflower pollen was of poor quality for 4. swir-
skii, causing small size and low weight of both sexes, pollen of P. tomentosa was significantly
superior in both parameters. No reasonable correlation was found between body length and
width, but body weight was significantly correlated with body length in females whereas there

was no correlation at all in males.

In a fourth study (Goleva et al. 2015), adult body weight of the generalist mites 4. swirskii, A.
limonicus, and N. cucumeris reared on 22, 12, and 6 pollen species, respectively, was assessed.
In addition, A. swirskii and A. limonicus were reared on codling moth (Cydia pomonella) eggs.
In all mite species, female body weight was higher than that of males, ranging between 4.33 and
8.18 ug for A. swirskii, 2.56—6.53 ng for A. limonicus, and 4.66-5.92 ng for N. cucumeris. Male
body weight ranged between 1.78 and 3.28 pg, 1.37-3.06 pg, and 2.73-3.03 pg, respectively.
Nutritional quality of pollen was neither consistent among the mite species nor among sex, re-
vealing superior quality of Quercus macranthera pollen for females of A. swirskii and T. gesne-
riana pollen for males, Alnus incana pollen for females of 4. limonicus and Ae. Hippocastanum

pollen for males, and Ae. Hippocastanum pollen for both sexes of N. cucumeris.

Pollen affected predatory mite species in our studies in various ways. Besides lifetable parame-
ters, pollen also affected adult weight and size of predatory mites and these parameters should
therefore be considered additionally in future studies to obtain more exhaustive information on

nutritional biology and physiology of predatory mites.

The differences in the parameters assessed and the mite species performance may be explained
by different adaptations of mite species to pollen compounds. Knowledge in the chemical com-
position of pollen, however, particularly the nutritive substances, is poor or even lacking. Any
correlation of performance parameters with nutrients is more or less theoretical unless the pollen
constituents are known. Even then, nutritional physiology of predatory mites and their adaptation
to various food sources must be improved and include mite’s enzymatic activity to metabolize
secondary plant compounds in pollen. The results presented in this thesis open the door to future

research on mite nutritional biology.
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9. Zusammenfassung

Réauberische Milben aus der Familie der Phytoseiidae (Ordnung Acari) spielen eine wichtige
Rolle in der biologischen Bekdmpfung verschiedener Gewédchshausschiddlinge. Die Anforderun-
gen der verschiedenen Milbenarten an biotische und abiotische Umweltfaktoren, bestimmen ihre
erfolgreiche Etablierung in Gewichshédusern, und miissen vor einer praktischen Anwendung un-

tersucht werden.

Milbenarten der Phytoseiidae unterscheiden sich auflerdem in der Bekdmpfungseffizienz der
verschiedenen Schadarthropoden gegen die sie eingesetzt werden. Diese wird zunichst bestimmt
durch Nahrungspriferenzen und Such- und Verzehrverhalten. Neben Grofenunterschieden zwi-
schen den rduberischen Milben und potentiellen Zielorganismen sind ihre Préiferenzen in Bezug
sowie auf alternative/ergdnzende Nahrung und die Nahrungsqualitidt wichtige weitere Faktoren
fiir eine erfolgreiche biologische Bekdmpfung. Die Kenntnis der Nahrungserfordernisse der ein-
zelnen Raubmilbenarten ist dementsprechend eine wichtige Voraussetzung fiir die Implementie-

rung einer Raubmilbenart zur biologischen Bekdmpfung von Schadarthropoden.

Werden Raubmilben in einem neuen Lebensraum, z. Bsp. in Gewichshauskulturen, freigelassen,
so konnen die Tiere einem gewissen Stress unterworfen sein falls die Nahrungsmenge durch
geringes Schaderregeraufkommen begrenzt ist und der daraus resultierende Hunger ihre Fitness

beeintriachtigt.

Generalisten unter den riduberischen Milben kdnnen jedoch auch Pollen verschiedener Pflanzen
als Alternativnahrung aufnehmen, wenn Beutetiere rar sind oder fehlen. So kénenn sie nicht nur
iiberleben, sondern sich auch fortpflanzen und stabile Populationen aufbauen. In der Praxis wird
daher Pollen durch sogenannte ,,banker plants®, beispielsweise Rizinus (Ricinus communis), oder

durch kiinstliche Ausbringung (Spriithen bzw. Stduben) bereitgestellt.

Die Eignung von Pollen als Nahrung ist jedoch je nach Pflanzen- und Milbenart sehr unter-
schiedlich. Dies macht es erforderlich, die Leistungsfahigkeit der Phytoseiiden bei Fiitterung mit
Pollenunterschiedlicher Pflanzenarten zu untersuchen. Lebenstafeln und Populationsentwicklung
gelten als die besten Deskriptoren fiir die Leistungsfahigkeit von Arthropoden unter verschiede-

nen biotischen und abiotischen Bedingungen.

In dieser Studie wurden die Eignung und die Wirkung von Pollen als alternative Nahrungsquelle
fiir die rduberischen Milben A. swirskii, A. limonicus und A. cucumeris (Acari, Phytoseiidae)

gepriift.
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Neben demographischen Daten und Lebenstafeln gehorten das Korpergewicht und die Grof3e zu
den beriicksichtigten Parametern. Eine solche Untersuchung zur Gewinnung genauerer Informa-

tionen tiber die Qualitdt von Pollen fiir diese Milbenarten wurde bisher noch nicht durchgefiihrt.

In der ersten Arbeit (Goleva und Zebitz 2013) wurde die Eignung von Pollen 21 verschiedener
Pflanzenarten als alternative Nahrung fiir 4. swirskii gepriift. Praimaginale Mortalitidt und Ent-
wicklungsdauer wurden erfasst, gefolgt von einer Lebenstafel-Analyse der geschliipften Adulten
und der Berechnung demographischer Parameter. Amblyseius swirskii war in der Lage, an 18
Pollensorten zu fressen, aber die Inhaltsstoffe des Pollens beeinflussten die Leistungsfahigkeit
der Milben unterschiedlich. Pollen von Lilium martagon und Hippeastrum sp. erwiesen sich als
giftig fiir die Milben, vermutlich aufgrund darin enthaltener sekundérer Pflanzeninhaltsstoffe.
Amblyseius swirskii war aufgrund der duBBeren Form der Pollenkérner iiberhaupt nicht in der La-
ge, an Hibiscus syriacus zu fressen, was ebenfalls zu 100% prdimaginaler Mortalitit fiihrte. Die
besten Pollensorten, welche in allen erhobenen Parametern zu herausragender Leistungsfahigkeit
der Milben fiihrten, waren: Aesculus hippocastanum, Crocus vernus, Echinocereus sp. und
Paulownia tomentosa. Wenn die Milben an anderen Pollensorten fralen wurde keine oder gerin-
ge Mortalitit beobachtet; die Entwicklungsdauer, Lebensdauer der Adulten und Parameter zur
Fortpflanzung wurden jedoch signifikant beeinflusst, wahrscheinlich aufgrund des unterschiedli-
chen Gehalts der Pollensorten an Néhrstoffen oder ungiftigen sekundéren Pflanzeninhaltsstoften.
Im Handel erhiltlicher Bienenpollen war fiir die Milben von sehr geringer Qualitdt und fiihrte zu
niedriger Eiproduktion, was eine praktische Verwendung des Pollens ausschliefit. Pollen von
Helianthus annuus, Corylus avellana und eine Poaceen-Mischung waren von minderwertiger
Qualitét, fiihrte zu hoher Sterblichkeit, niedriger Eiproduktion und einer niedrigen Lebensdauer
der adulten Tiere. Fiir eine praktische Verwendung im Gewichshaus erschienen Pollen von Rici-
nus communis, Zea mays, A. hippocastanum, und Betula pendula, angeboten als Futterpflanzen
oder in Form ausgebrachten Pollens, geeignet, die Leistungsfdahigkeit von rauberischen Milben

zu verbessern.

Das Ziel der zweiten Arbeit (Ranabhat et al. 2014) war es, die Eignung von sieben Pollenarten
(Rizinus, Tulpe, Apfel, Weihnachtskaktus, Rof8kastanie, Mais und Birke) fiir Neoseiulus cucu-
meris (Acari: Phytoseiidae) zu erfassen und mogliche Wirkungen dieser Pollen auf die Fort-
pflanzung und Entwicklungsparameter dieser Milbe zu priifen. Neoseiulus cucumeris nahm
sechs Pollenarten als alternative Nahrungsquelle an, jedoch verursachte Rizinuspollen eine
Sterblichkeit von 100%. Die hochste Fruchtbarkeit wurde bei Fiitterung mit Tulpe und RoBkas-

tanie beobachtet, welche von allen getesteten Pollen zur kiirzesten Entwicklungsdauer fiihrten.
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Pollen von Birke, Tulpe, Mais und Apfel hatten eine positive Wirkung auf die Lebensdauer; da-

gegen waren Pollen von RoBkastanie und Weihnachtskaktus signifikant ungiinstiger.

Unsere Untersuchung legt nahe, da3 Pollen von Birke, Tulpe, RoBkastanie, Apfel und Mais im
Freiland als alternative Nahrungsquellen dienen kdnnten und Birken- oder Maispollen als Fut-
terpflanzen oder verstiubt eine praktische Moglichkeit darstellen, im Gewéchshaus eine Ansied-

lung der Milben in Phasen der Beuteknappheit zu gewihrleisten.

Das Ziel der dritten Arbeit (Goleva et al. 2014) war es, die Rolle von Pollen unterschiedlicher
Eignung (vorhergehend in der ersten Arbeit (Goleva und Zebitz 2013) gepriift) auf Grofe und
Gewicht von 4. swirskii zu untersuchen. Diese Parameter wurden unter dem Aspekt physischer
Réauber-Beute-Beziehungen betrachtet, da rduberische Milben nicht in der Lage sind, Beutetiere,
die groBer sind als sie selbst, zu liberwiltigen und jede Abweichung von der normalen Gréf3e den

Fangerfolg beeintrichtigen kann.

Das Gesamtgewicht und die KorpergroBle frisch geschliipfter und ein, drei und 30 Tage alter er-
wachsener Tiere von A. swirskii, die dauerhaft auf Pollen von B. pendula, H. annuus, P. tomen-
tosa und Zea mays gezogen wurden, ergaben unabhingig von der Pollensorte, dal Weibchen
groBer waren als Ménnchen. Beide Parameter, Gewicht und Gréfe, wurden durch den getesteten
Pollen beeinflusst. Weibchen, die mit Pollen von P. tomentosa oder Zea mays gefiittert wurden,
waren signifikant grofer als solche auf Pollen von B. pendula oder H. annuus. Bis zu einem Al-
ter der Adulten von drei Tagen wurde ein Anwachsen des Lebendgewichtes der Weibchen beo-
bachtet; danach blieb es bis zum Alter von 30 Tagen konstant oder nahm leicht ab. Dies 148t sich
durch den besonders hohen Nihrstoftbedarf der Weibchen fiir die Eiproduktion, insbesondere zu
Beginn ihrer Fortpflanzungsphase, erkldren. Auch die Ménnchen erreichten am dritten Tag als
Adulte ihr Maximalgewicht, danach nahm es bis zum dreiBigsten Tag ab. In Ubereinstimmung
mit dem Lebendgewicht unterschieden sich Korperldnge und -breite der erwachsenen Tiere in
Abhingigkeit von Geschlecht und Alter; dabei waren Weibchen grofer als Mannchen und drei-
Big Tage alte Adulte groBer als einen Tag alte, unabhédngig vom verfiitterten Pollen. Wéhrend
Sonnenblumenpollen fiir A. swirskii wenig geeignet war und bei beiden Geschlechtern zu gerin-
ger GroBe und niedrigem Gewicht flihrte, war Pollen von P. fomentosa bei beiden Parametern
signifikant iiberlegen. Zwischen Korperlinge und -breite war kein nachvollziehbarer Zusam-
menhang zu erkennen, aber das Korpergewicht war bei Weibchen signifikant mit der Korperldn-

ge korreliert; bei Mannchen dagegen gab es keinerlei Korrelation.

In einer vierten Arbeit (Goleva et al. 2015) wurde das Korpergewicht von erwachsenen Milben

der Arten A. swirskii, A. limonicus und N. cucumeris, gezogen auf 22, 12, beziehungsweise 6
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Pollenarten, erfasst. Zusitzlich wurden A. swirskii und A. limonicus auch auf Eiern des Apfel-
wicklers gehalten. Bei allen Milbenarten war das Korpergewicht der Weibchen hoher als das der
Minnchen und bewegte sich zwischen 4,33 und 8,18 pg fiir 4. swirskii, 2,56 - 6,53 ng fir 4.
limonicus und 4,66 - 5,92 pg fiir N. cucumeris. Das Korpergewicht der Ménnchen lag zwischen
1,78 und 3,28 pg, 1,37 - 3,06 ng, beziechungsweise 2,73 - 3,03 ug. Die Nahrungsqualitit des Pol-
lenswar weder zwischen den Milbenarten noch den Geschlechtern eindeutig; Pollen von Quercus
macranthera erwies sich als liberlegen fiir Weibchen, solcher von 7. gesneriana dagegen fiir
Minnchen von 4. swirskii, Pollen von Alnus incana fiir Weibchen und von Ae. hippocastanum
fiir Mannchen von 4. limonicus und solcher von Ae. hippocastanum fiir beide Geschlechter von

N. cucumeris.

Pollenarten beeinflussten rduberische Milbenarten in unseren Arbeiten unterschiedlich. Neben
den Lebenstafelparametern wirkten sie sich auch auf das Gewicht und die Grofle der adulten
rduberischen Milben aus; diese zusétzlichen Parameter sollten daher in zukiinftigen Studien ein-
bezogen werden um umfassendere Informationen iiber die Erndhrungsbiologie und Physiologie

rauberischer Milben zu erhalten.

Die Unterschiede in den erhobenen Parametern und der Leistungsfdhigkeit der Milben konnen
erkliart werden durch unterschiedliche Anpassung der Milbenarten an Polleninhaltsstoffe. Das
Wissen tiiber die chemische Zusammensetzung verschiedener Pollen, insbesondere der Nahrstof-

fe, st liickenhaft oder fehlt génzlich.

Jedwede Korrelation von Leistungsparametern mit Nahrstoffgehalten bleibt weitgehend theore-
tisch solange die Bestandteile des Pollens nicht bekannt sind. Selbst dann miissen die Kenntnisse
der Erndhrungsphysiologie rduberischer Milben und ihrer Anpassung an unterschiedliche Nah-
rungsquellen verbessert und um solche der enzymatischen Aktivitit zur Verdauung sekundérer

Pflanzeninhaltsstoffe in Pollen erweitert werden.

Die Ergebnisse dieser Dissertation schaffen dieVoraussetzung zu zukiinftiger Forschung iiber die

Erndhrungsbiologie von Milben.

33



10. References (for chapters 1 and 6)
Abdallah AA, Zhang Z, Masters GJ, McNeill S (2001) Euseius finlandicus (Acari: Phytoseiidae)

as a potential biocontrol agent against Tetranychus urticae (Acari: Tetranychidae): Life
history and feeding habits on three different types of food. Exp Appl Acarol 25:833-847.

Abou - Awad BA, Reda AS, Elsawi SA (1992) Effects of artificial and natural diets on the de-
velopment and reproduction of two phytoseiid mites Amblyseius gossypi and Amblyseius
swirskii (Acari: Phytoseiidae) Int J Trop Insect Sci 13:441-445.

Abou-Awad BA, Elsawi SA (1992) Generations and reproduction in the predacious mite Am-
blyseius swirskii Ath.-Hen. (Acari: Phytoseiidae) fed with artificial and natural diets. Anz
Schidlingskd Pfl Umwelt 65:115-117.

Abouda Z, Zerdani I, Kalalou I, Faid M, Ahami MT (2011) The antibacterial activity of Moroc-
can bee bread and bee-pollen (fresh and dried) against pathogenic bacteria. J Microbiol
Res 6:376-384.

Abou-Setta MM, Childers CC (1987) Biology of Euseius mesembrinus (Acari: Phytoseiidae):
Life tables on ice plant pollen at different temperatures with notes on behavior and food
range. Exp Appl Acarol 3:123-130.

Adar E, Inbar M, Gal S, Doron N, Zhang ZQ, Palevsky E (2012) Plant-feeding and non-plant
feeding phytoseiids: differences in behavior and cheliceral morphology. Exp Appl Acarol
58:341-357.

Adler LS (2000) The ecological significance of toxic nectar. Oikos 91:409-420.

Aguilar-Fenollosa E, Ibanez GMV, Paskual RS, Hurtado M, Jacas JA (2011) Effect of ground-
cover management on spider mites and their phytoseiid natural enemies in clementine
mandarin orchards (I): Bottom-up regulation mechanisms. Biol Control 59:158-170.

Albert R (1995) Biologische Bekdmpfung der Baumwollblattlaus an Gurken. TASPO Garten-
baumagazin 4:32-34.

Al-Shammery KA (2011) Plant pollen as an alternative food source for rearing Euseius scutalis
(Acari: Phytoseiidae) in Hail, Saudi Arabia. J] Entomol 8:365-374.

Arnold SEJ, Idrovo MEP, Arias LJL, Belmain SR, Stevenson PC (2014) Herbivore defence
compounds occur in pollen and reduce bumblebee colony fitness. J] Chem Ecol 40:878-881.

Asafova N, Orlov B, Kozin R (2001) Physiologically active bee products, YA Nikolaev, Nizhny
Novgorod, Russia. edited by: YA Nikolaev, 360 pp.

Awmack CS, Leather SR (2002) Host plant quality and fecundity in herbivorous insects. Annu
Rev Entomol 47:817-844.

34



Baez 1, Reitz SR, Funderburk JE (2004) Predation of Orius insidiosus (Heteroptera: Anthocori-
dae) on species and life stages of Frankliniella flower thrips (Thysanoptera: Thripidae) in
pepper flowers. Environ Entomol 33:662-670.

Baier B, Karg W (1992) Untersuchungen zur Biologie, Okologie und Effektivitit oligophager
Raubmilben unter besonderer Beriicksichtigung von Amblyseius barkeri (HUGHES) (Aca-
rina: Phytoseiidae). Mitt Biol Bundesanst Land- Forstwirtsch, Berl-Dahl Heft 281.

Bale JS, van Lenteren JC, Bigler F (2008). Biological control and sustainable food production.
Philos Trans R Soc Lond B Biol Sci 363:761-776.

Barbosa P (1998) Conservation biological control. Academic Press, London, UK, 396 pp.

Barker RJ (1977) Some carbohydrates found in pollen and pollen substitutes are toxic to honey
bees. J Nutr 107:1859-1862.

Barker RJ, Lehner Y (1974) Acceptance and sustenance value of naturally occurring sugars fed
to newly emerged adult workers of honey bees (Apis mellifera L.). J Exp Zool 187:277—
285.

Barratt BIP, Howarth FG, Withers TM, Kean JM, Ridley GS (2010) Progress in risk assessment
for classical biological control. Biol Control 52:245-254.

Beard, JJ (2001). A review of the Australian Neoseiulus Hughes and Typhlodromips de Leon
(Acari: Phytoseiidae: Amblyseiinae). Invertebr Taxon 15:73-158.

Behmer ST, Joern A (1993) Diet choice by a grass-feeding grasshopper based on the need of a
limiting nutrient. Funct Ecol 7:522-527.

Bennett RN, Wallsgrove RM (1994) Secondary metabolites in plant defence mechanisms. New
Phyt 127:617-633.

Bennison JA (1992) Biological control of aphids on cucumbers use of open rearing systems or
‘banker plants’ to aid establishment of Aphidius matricariae and Aphidoletes aphidimyza.
Meded Fac Landbouwkd Wet Univ Gent 57:457-466.

Bennison JA, Corless SP (1993) Biological control of aphids on cucumbers: further development
of open rearing units or ‘banker plants’ to aid establishment of aphid natural enemies. Bul-
letin OILB/SROP 16:5-8.

Bermudez P, Vargas R, Cardemil A, Lopez E (2009) Effect of pollen from different plant species
on development of Typhlodromus pyri (Sheuten)(Acari: Phytoseiidae) Chil J Agr Res
70:408-416.

Birch LC (1948) The intrinsic rate of natural increase of an insect population. J Anim Ecol
17:15-26.

Bogdanov S (2006) Contaminants of bee products. Apidologie 37:1-18.

35



Bonde J (1989) Biological studies including population growth parameters of the predatory mite
Amblyseius barkeri (Acarina: Phytoseiidae) at 25 °C in the laboratory. Entomophaga
34:275-287.

Bonvehi SJ, Torrent6 SM, Lorente CE (2001) Evaluation of polyphenolic and flavonoid com-
pounds in honeybee-collected pollen produced in Spain. J Agric Food Chem49:1848-1853

Boppré M, Colegate SM, Edgar JA (2005). Pyrrolizidine alkaloids of Echium vulgare honey
found in pure pollen. J Agric Food Chem 53:594-600.

Bravenboer L, Dosse G (1962) Phytoseiulus riegeli Dosse als Pradator einiger Schadmilben aus
der Tetranychus urticae-Gruppe. Entomol Exp Appl 5:291-304.

Brodschneider R, Crailsheim K (2010) Nutrition and health in honey bees. Apidologie 41:278-
294.

Brodsgaard HF (2004) Biological control of thrips on ornamental crops. In: Heinz KM, Van
Driesche RG, Parrella MP (Eds) BioControl in Protected Culture, Ball Publishing, Batavia,
IL. 253-264 pp.

Buitenhuis R, Murphy G, Shipp L, Scott-Dupree C (2015) Amblyseius swirskii in greenhouse
production systems: a floricultural perspective. Exp Appl Acarol 65:451-464.

Buitenhuis R, Shipp JL, Scott-Dupree C (2010) Dispersal of Amblyseius swirskii Athias-Henriot
(Acari: Phytoseiidae) on potted greenhouse chrysanthemum. Biol Control 52:110-114.
Biinger I, Liebig HP, Zebitz CPW (1999) Befall von Gewéchshausgurken durch verschiedene

Blattlausarten und ihre biologische Bekdmpfung. Gesunde Pflanzen 51:75-80.

Biinger I, Zebitz CPW, Liebig HP (1997) Erfahrungen mit der ,,Offenen Zucht* von Blattlausan-
tagonisten bei der Bekdmpfung von Aphis gossypii Glover. Mitt Dtsch Ges allg angew Ent
11:327-330.

Caltagirone LE (1981) Landmark examples in classical biological control. Annu Rev Entomol
26:213-232.

Calvo FJ, Knapp M, van Houten YM, Hoogerbrugge H, Belda JE (2015) Amblyseius swirskii:
what made this predatory mite such a successful biocontrol agent? Exp Appl Acarol
65:419-433.

Camporese P, Duso C (1995) Life history and life table parameters of the predatory mite Typh-
lodromus talbii. Entomol Exp Appl 77:149-157.

Camporese P, Duso C (1996) Different colonization patterns of phytophagous and predatory
mites (Acari, Tetranychidae, Phytoseiidae) on three grape varieties: a case study. Exp Appl

Acarol 20:1-22.

36



Campos M, Firgerio C, Lopes J, Bogdanov S (2010) What is the future of Bee-Pollen? J Anal
Atom Spectrom 2:131-144.

Campos MGR, Bogdanov S, de Almeida-Muradian LB, Szczesna T, Mancebo Y, Frigerio C,
Ferreira F (2008) Pollen composition and standardisation of analytical methods. J Apic Res
47:154-161.

Campos, M., K. R. Markham, K. A. Mitchell and A. Proenca da Cunha (1997) An Approach to
the characterization of bee pollens via their flavonoid/phenolic profiles. Phytochem Anal
8:181-185.

Canavoso LE, Jouni ZE, Karnas KJ, Pennington JE, Wells MA (2001) Fat metabolism in insects.
Annu Rev Nutr 21:23-46.

Cedola CV, Sanchez NL, Lijesthrom G (2001) Effect of tomato leaf hairiness on functional and
numerical response of Neoseiulus californicus (Acari: Phytoseiidae). Exp Appl Acarol
25:819-831.

Chant DA, McMurtry JA (1994) A review of the subfamilies Phytoseiinae and Typhlodrominae
(Acari: Phytoseiidae). Int J Acarol 20:223-310.

Chant DA, McMurtry JA (2007) Illustrated keys and diagnoses and subgenera of the Phytosei-
idae of the world (Acari: Mesostigmata). Indira Publishing House, West Bloomfield 451
pp-

Cocan O, Marghias LA, Dezmirean D, Laslo L (2005) Composition and biological activities of
bee pollen — Review. USAMV-CN Bulletin 61:221-226.

Cock MJW, van Lenteren JC, Brodeur J, Barratt BIP, Bigler F, Bolckmans K, Consoli FL, Haas
F, Mason PG, Parra JRP (2010) Do new access and benefit sharing procedures under the
convention on biological diversity threaten the future of biological control? Biocontrol
55:199-218.

Cohen AC (2004) Insect diets science and technology. CRC Press, Boca Raton, Florida 473 pp.

Coll M, Guershon M (2002) Omnivory in terrestrial arthropods: Mixing plant and prey diets.
Annu Rev Entomol 47:267-297.

Collyer E (1982) The Phytoseiidae of New Zealand (Acarina). 1. The genera Typhlodromus and
Amblyseius - keys and new species. N Z J Zool 9:185-206.

Cook D, Manson JS, Gardner DR, Welch KD, Irwin RE (2013) Norditerpene alkaloid concentra-
tions in tissues and floral rewards of larkspurs and impacts on pollinators. Biochem Syst
Ecol 48:123-131.

Croft BA, Blackwood JS, McMurtry JA (2004) Classifying life-style types of phytoseiid mites:
Diagnostic traits. Exp Appl Acarol 33:247-260.

37



Croft BA, Luh HK, Schausberger P (1999) Larval size relative to larval feeding, cannibalism on
larvae, egg size or adult female size and larval-adult setae patterns among 13 phytoseiid
mite species. Exp Appl Acarol 23:599-610.

Cruz WP, Sarmento RA, Teodoro AV, Erasmo EAL, Pedro NM, Ignacio M, Ferreira Junior DF
(2012) Acarofauna in physic nut culture and associated spontane-ous weeds. Pesqu Agro-
pecu Bras 47:319-327.

Dabija T (2010) Study of amino acids in pollen’s composition. Bull UASVM Animal Sci Bio
67:1-2.

de Almeida-Muradian LB, Pamplona LC, Coimbra S, Barth OM (2005) Chemical composition
and botanical evaluation of dried bee pollen pellets. J Food Comp Anal 18:105-111.

de Arruda VAS, Pereira AAS, Estevinho LM, de Almeida-MuradianLB (2013b) Presence and
stability of B complex vitamins in bee pollen using different storage conditions. Food
Chem Toxicol 51:143-148.

de Arruda VAS, Pereira AAS, de Freitas AS, Barth OM, de Almeida-Muradian, LB (2013a)
Dried bee pollen: B complex vitamins, physicochemical and botanical composition. J Food
Compos Anal 29:100-105.

De Clercq P (2002) Dark clouds and their silver linings: exotic generalist predators in augmenta-
tive biological control. Neotrop Entomol 31:169-176.

De Clercq P, Mason PG, Babendreier D (2011) Benefits and risks of exotic biological control
agents. BioControl 56:681-698.

de Groot AP (1953) Protein and amino acid requirements of the honey bee (Apis mellifera L.).
Physiol Comp Oecol 3:197-285.

de Klerk M, Ramakers P (1986) Monitoring population densities of the phytoseiid predator Am-
blyseius cucumeris and its prey after large scale introductions to control Thrips tabaci on
sweet pepper. Meded Fac Landbouwwet, Rijksuniv Gent 51:1045-1048.

de Moraes GJ, McMurtry JA, Denmark HA, Campos CB (2004) A revised catalog of the mite
family Phytoseiidae. Zootaxa 434:1-494.

Decou GC (1994) Biological control of the two-spotted spider mite (Acarina: Tetranychidae) on
commercial strawberries in Florida with Phytoseiulus persimilis (Acarina: Phytoseiidae).
Flo Entomol 77:33-41.

Delisle JF, Brodeur J, Shipp L (2015a) Evaluation of various types of supplemental food for two
species of predatory mites. Amblyseius swirskii and Neoseiulus cucumeris (Acari: Phyto-

seiidae) Exp Appl Acarol 65:483-494.

38



Delisle JF, Shipp L, Brodeur J (2015b) Apple pollen as a supplemental food source for the con-
trol of western flower thrips by two predatory mites, Amblyseius swirskii and Neoseiulus
cucumeris (Acari: Phytoseiidae) on potted chrysanthemum. Exp Appl Acarol 65:495-509.

Detzel A, Wink M (1993) Attraction, deterrence or intoxication of bees (Apis mellifera) by plant
allelochemicals. Chemoecology 4:8-18.

Dosse G (1959) Uber einige neue Raubmilbenarten (Acari, Phytoseiidae). Pflanzenschutzber
Wien 21:44-61.

Dosse G (1962) Die Feinde der Raubmilben als reduzierender Faktor der Spinnmilben. BioCon-
trol (Entomophaga) 7:227-236.

Diibecke A, Beckh G, Liillmann C (2011) Pyrrolizidine alkaloids in honey and bee pollen. Food
Addit Contam 28:348-358.

Duchateau MJ, Velthuis HHW (1989) Ovarian development and egg laying in workers of Bom-
bus terrestris. Entomol Exp Appl 51:199-213.

Eckhardt M, Haider M, Dorn S, Miiller A (2014) Pollen mixing in pollen generalist solitary bees:
a possible strategy to complement or mitigate unfavourable pollen properties? J Anim Ecol
83:588-597.

El Taj HF, Jung C (2012) Effect of temperature on the life-history traits of Neoseiulus californi-
cus (Acari: Phytoseiidae) fed on Panonychus ulmi. Exp Appl Acarol 56:247-260.

Emrich BH (1991) Erworbene Toxizitdt bei der Lupinenblattlaus Macrosiphum albifrons, und
ihr Einfluss auf die aphidophagen Praedatoren Coccinella septempunctata, Episyrphus bal-
teatus und Chrysopa carnea. Z Pflkrankh Pflschutz 98:398-404.

Engel R (1991) Der Einflu8 von Ersatznahrung, Wirtspflanze und Mikroklima auf das System
Typhlodromus pyri SCHEUTEN (Acari: Phytoseiidae) - Panonychus ulmi KOCH (Acari,
Tetranychidae) im Weinbau. Dissertation, University of Hohenheim 158 pp.

Engel R, Ohnesorge B (1994) Die Rolle von Ersatznahrung und Mikroklima im System 7y-
phlodromus pyri Scheuten (Acari: Phytoseiidae) - Panonychus ulmi Koch (Acari: Tetrany-
chidae) auf Weinreben. J Appl Entomol 118:129-150.

Enkegaard A, Bredsgaard HF (2005) Biocontrol in protected crops: is lack of biodiversitya limit-
ing factor? In Eilenberg J, Hokkanen HTM (eds.): An Ecological and Societal Approach to
Biological Control. Progress in biological control 2:91-112.

Evans GO (1992) Principles of Acarology. Wallingford, UK, CAP International 563 pp.

Fan YQ, Petit FL (1994) Biological control of broad mite, Polyphagotarsonemus latus (Banks),
by Neoseiulus barkeri Hugues on pepper. Biol Control 4:390-395.

39



Ferrero M, Gigot C, Tixier MS, Van Houten YM, Kreiter S (2010) Egg hatching response to a
range of air humidities for six species of predatory mites. Entomol Exp Appl 135:237-244.

Flechtmann CHW, McMurtry JA (1992a) Studies of cheliceral and deutosternal morphology of
some Phytoseiidae (Acari: Mesostigmata) by scanning electron microscopy. Int J Acarol
18:163-169.

Flechtmann CHW, McMurtry JA (1992b) Studies on how phytoseiid mites feed on spider mites
and pollen. Int J Acarol 18:157-162.

Gergen I, Gogoasa I, Dragan S, Moigradean D, Harmanescu M (2006) Heavy metal status in
fruits and vegetables from a non-polluted area of Romania (Banat County). Metal Ele-
ments in Environment, Medicine and Biology. Garban Z., Dragan P. (Eds. Symp. Series),
TomeVII, Publishing House Eurobit, Timisoara, 149-165pp.

Gerson U, Smiley RL, Ochoa R (2003) Mites (Acari) for pest control. Blackwell Science Ltd.,
UK, 539 pp.

Gerson U, Weintraub PG (2007) Mites for control of pests in protected cultivation. Pest Manag
Sci 63:658-676.

Gerson U, Weintraub PG (2012) Mites (Acari) as a Factor in Greenhouse Management. Ann Rev
Entomol 57:229-247.

Gewecke M (1995) Physiologie der Insekten. Gustav Fischer Verlag 445 pp.

Gillespie DR, Raworth DA (2004) Biological control of two-spotted spider mites on greenhouse
vegetable crops, In: Biocontrol in protected culture, KM Heinz, RG Van Driesche and MP
Parrella (Eds.), Ball Publishing, 201-220pp.

Gnanvossou D, Hanna R, Yaninek JS, Toko M (2005) Comparative life history traits of three
neotropical phytoseiid mites maintained on plant-based diets. Biol Control 35:32-39.
Gullan PJ, Cranston PS (2010) The insects. An outline of entomology. 4th edition, Wiley-

Blackwell. 565 pp.

Hanley ME, Franco M, Pichon S, Darvill B, Goulson D (2008) Breeding system, pollinator
choice, and variation in pollen quality in British herbaceous plants. Funct Ecol 22:592-598.

Herbert JEW, Shimanuki H (1977) Brood rearing capability of caged honeybees fed synthetic
diets. J Apic Res 16:150-153.

Herbert EW, Shimanuki H (1978) Chemical composition and nutritive value of bee-collected
and bee-stored pollen. Apidologie 9:33-40.

Hewitt LC, Shipp L, Buitenhuis R, Scott-Dupree C (2015) Seasonal climatic variations influence
the efficacy of predatory mites used for control of western flower thrips in greenhouse or-

namental crops. Exp Appl Acarol 65:435-450.

40



Hladun KR, Kaftanoglu O, Parker DR, Tran KD, Trumble JT (2013a). Effects of selenium on
development, survival, and accumulation in the honeybee (Apis mellifera L.) Environ Tox-
icol Chem 32:2584-92.

Hladun KR, Parker DP, Tran KD, Trumble JT (2013b) Effects of selenium accumulation on phy-
totoxicity, herbivory, and pollination ecology in radish (Raphanus sativus L.). Environ Pol-
lut 172:70-75.

Hladun KR, Parker DP, Trumble JT (2011) Selenium accumulation in the floral tissues of two
Brassicaceae species and its impact on floral traits and plant performance. Environ Exp
Bot 74:90-97.

Hoogerbrugge H, van Houten Y, van Baal E, Bolckmans K (2008) Alternative food sources to
enable establishment of Amblyseius swirskii (Athias-Henriot) on chrysanthemum without
pest presence. [OBC/WPRS Bull 32:79-82.

Houck MA (1994) Mites. Ecological and evolutionary analyses of life-history patterns. New
York, NY, Chapman and Hall, 357 pp.

Huang N, Enkegaard A, Osborne LS, Ramakers PMJ, Messelink GJ, Pijnakker J, Murphy G.
(2011) The Banker Plant Method in Biological Control. Crit Rev Plant Sci 30:259-278.

Huang Z (2010) Honey Bee Nutrition, Bee Culture. Am Bee J 150:773-776.

Huffaker C, Kennett C (1953) Developments toward biological control of cyclamen mite on
strawberries in California. J] Econ Entomol 46:802-812.

Huffaker CB, Kennett C (1956) Experimental studies on predation: predation and cyclamen-mite
populations on strawberries in California. Hilgardia 26:191-222.

Human H, Nicolson SW, Strauss K, Pirk CWW, Dietemann V (2007) Influence of pollen quality
on ovarian development in honeybee workers (Apis mellifera scutellata). J Insect Physiol
53:649-655.

Hussein H, Momen F (2010) Fertilisation and prey deprivation affecting reproduction, life histo-
ry and life table of the predacious mite Paraseiulustalbii (Athias-Henriot) (Acari: Phyto-
seiidae). Arch Phytopathol Plant Protection 43:241-250.

Iwai H, Niijima K, Matsuka M (2009) Improvement of artificial diet for aphidophagous syrphids,
Episyrphus balteatus (de Geer) and Eupeodes bucculatus (Rondani) (Diptera: Syrphidae) -
Additional effects of fatty acids and preservatives. Appl Entomol Zool 44:439-446.

Jafari S, Fathipour Y, Faraji F (2012) Temperature-dependent development of Neoseiulus bark-
eri (Acari: Phytoseiidae) on Tetranychus urticae (Acari: Tetranychidae) at seven constant

temperatures. Insect Sci 19:220-228.

41



James DG (1989) Influence of diet on development, survival and oviposition in an Australian
phytoseiid, Amblyseius victoriensis (Acari: Phytoseiidae). Exp Appl Acarol 6:1-10.

Johnson RM (2015) Honey Bee Toxicology. Annu Rev Entomol 60:415-434.

Johnson RM, Mao W, Pollock HS, Niu G, Schuler MA, Berenbaum MR (2012) Ecologically
appropriate xenobiotics induce cytochrome P450s in Apis mellifera. Plos one 7:€31051.

Jonsson M, Wratten SD, Landis DA, Gurr GM (2008) Recent advances in conservation biologi-
cal control of arthropods by arthropods. Biol Control 45:172-175.

Jung C, Croft BA (2001) Ambulatory and aerial dispersal among specialist and generalist preda-
tory mites (Acari: Phytoseiidae). Environ Entomol 30:1112-1118.

Karg W (1994) Raubmilben, niitzliche Regulatoren im Naturhaushalt: Lebensweise, Artenbe-
stimmung und Nutzung. Die neue Brehm-Biicherei, Band 624. Magdeburg, 206 pp.

Karise R, Mand M, Ivask M, Koskor E, Bender A (2006) The effect of pollen amount on and its
caloric value in hybrid lucerne (Medicago x varia) on its attractiveness to bumble bees
(Bombus terrestris). Agron Res 4:211-216.

Kasap I (2009) Influence of temperature on life table parameters of the predaceous mite Euseius
finlandicus (Oudemans) (Acari: Phytoseiidae). (in Turkish) Turk J Agric For 33:29-36.
Kasap I, Sekerglu E (2004) Life history of Euseius scutalis feeding on citrus red mite

Panonychus citri at various temperatures Biocontrol 49:645-654.

Kedzia B, Hotderna-Kedzia E (2012) New studies on biological properties of pollen. Postgpy
Fitoterapii 1:48-54.

Keeley LL (1985) Biochemistry and physiology of the insect fat body. In: Kerkut GA; Gilbert LI
(ed.) Comprehensive Insect Physiology, Biochemistry and Pharmacology. Oxford, UK,
Pergamon. 849 pp.

Khani A, Moharramipour S, Barzegar M, Naderi-Manesh H (2007) Comparison of fatty acid
composition in total lipid of diapause and non-diapause larvae of Cydia pomonella (Lepi-
doptera: Tortricidae) Insect Sci 14:125-131.

Knapp M, van Houten Y, Hoogerbrugge H, Bolckmans K (2013) Amblydromalus limonicus
(Acari: Phytoseiidae) as a biocontrol agent: literature review and new findings. Acarologia
53:191-202.

Kohler A, Pirk CWW, Nicolson SW (2012) Honeybees and nectar nicotine: deterrence and re-
duced survival versus potential health benefits. J Insect Physiol 58:286-292.

Kolokytha PD, Fantinou AA, Papadoulis GT (2011) Effect of several different pollens on the
bio-ecological parameters of the predatory mite Typhlodromus athenas Swirski and Ragu-

sa (Acari: Phytoseiidae). Environ Entomol 40:597-604.

42



Landis DA, Wratten SD, Gurr GM (2000) Habitat management to conserve natural enemies of
arthropod pests in agriculture. Annu Rev Entomol 45:175-201.

Lee HS, Gillespie DR (2011) Life tables and development of Amblyseius swirskii (Acari: Phyto-
seiidae) at different temperatures. Exp Appl Acarol 53:17-27.

Lee JH, Ahn JJ (2000) Temperature effects on development, fecundity, and life Table parameters
of Amblyseius womersleyi (Acari: Phytoseiidae). Environ Entomol 29:265-271.

Legaspi JC, Legaspi BC (1998) Life-history trade-offs in insects, with emphasis on Podisus
maculiventris (Heteroptera: Pentatomidae), p. 71-87. In M Coll, JR Ruberson (eds.), Preda-
tory Heteroptera: theirecology and use in biological control. Entomol SocAm, Proc Thom-
as Say Publ Entomol, Lanham, MD, 233pp.

Leman A, Messelink G (2015) Supplemental food that supports both predator and pest: a risk for
biological control? Exp Appl Acarol 65:511-524.

Limburg DD, Rosenheim JA (2000) Extrafloral nectar consumption and its influence on the sur-
vival and development of an omnivorous predator, larval Chrysoperla carnea. Environ En-
tomol 30:595-604.

Lockwood JA, Howarth FG, Purcell MF (2001) Summary: common ground, great divides, and
buildingbridges, p. 15-30. In JA Lockwood, FG Howarth, MF Purcell (eds.), Balancing na-
ture: assessing theimpact of importing non-native biological control agents (An interna-
tional perspective). Entomol Soc Am, Proc Thomas Say Publ Entomol, Lanham, MD,
130pp.

Lorenzon M, Pozzebon A, Duso C (2012) Effects of potential food sources on biological and
demographic parameters of the predatory mites Kampimodromus aberrans, Typhlodromus
pyri and Amblyseius andersoni. Exp Appl Acarol 58:259-278.

Luh H, Croft B (2001) Quantitative classification of life-style types in predaceous phytoseiid
mites. Exp Appl Acarol 25:403-424.

Lundgren JC (2009) Relationships of natural enemies and non-prey foods. Progress in biological
control. Springer, Dordrecht 83pp.

Lundgren JG, Wiedenmann RN (2004) Nutritional suitability of corn pollen for the predator
Coleomegilla maculata (Coleoptera: Coccinellidae). J Insect Physiol 50:567-575.

Magalhaes S, Janssen A, Montserrat M, Sabelis MW (2005) Prey attack and predators defend:
Counterattacking prey trigger parental care in predators. Proc R Soc Lond B Biol Sci

272:1929-1933.

43



Maia AHN, Luiz AJB, Campanhola C (2000) Statistical inference on associated fertility life ta-
ble parameters using Jackknife Technique: Computational aspects. J Econ Entomol
93:511-518.

Manning R (2001) Fatty acids in pollen: a review of their importance for honey bees. Bee World
82:60-75.

Manson JS, Cook D, Gardner DR, Irwin RE (2013) Dose dependent effects of nectar alkaloids
in a montane plant-pollinator community. J Ecol 101:1604-1612.

Manson JS, Otterstatter MC, Thomson JD (2010) Consumption of a nectar alkaloid reduces
pathogen load in bumble bees. Oecologia 162:81-89.

Manson JS, Thomson JD (2009) Post-ingestive effects of nectar alkaloids depend on dominance
status of bumble bees. Ecol Entomol 34:421-426.

Mao W, Rupasinghe SG, Johnson RM, Zangerl AR, Schuler MA, Berenbaum MR (2009) Quer-
cetin-metabolizing CYP6AS enzymes of the pollinator Apis mellifera (Hymenoptera: Api-
dae). Comp Biochem Physiol B 154:427-434.

Marghitas LA (2005) Albinele si produsele lor (Bees and their products), Ed Ceres, Bucharest
391pp.

Markkula M, Tiittanen K (1976) Pest-in-First and natural infestation methods in the control of
Tetranychus urticae Koch with Phytoseiulus persimilis Athias-Henriot on glasshouse cu-
cumbers. Ann Entomol Fenn 15:81-85.

Marshall DB, Lester PJ (2001) The transfer of Typhlodromus pyri on grape leaves for biological
control of Panonychus ulmi (Acari: Phytoseiidae, Tetranychidae) in vineyards in Ontario,
Canada. Biological Control 20:228-235.

Mattson WJ (1980) Herbivory in relation to plant nitrogen content. Annu Rev Ecol Syst 11:119-
161.

McMurtry JA, Croft BA (1997) Life-styles of Phytoseiid mites and their roles in biological con-
trol. Annu Rev Entomol 42:291-321.

McMurtry JA, de Moraes GJ, Sourassou NF (2013). Revision of the lifestyles of phytoseiid
mites (Acari: Phytoseiidae) and implications for biological control strategies. Syst Appl
Acarol 18:297-320.

McNeill S, Southwood TRE (1978) The role of nitrogen in the development of insect/plant rela-
tionships. In: Harborne JB (ed.) Biochemical aspects of plant and animal coevolution. Ac-

ademic press, London. 435 pp.

44



Messelink G, Bennison J, Alomar O, Ingegno B, Tavella L, Shipp L, Palevsky E, Wickers F
(2014) Approaches to conserving natural enemy populations in greenhouse crops: current
methods and future prospects. BioControl 59:377-393.

Messelink G, van Steenpaal SEF, Ramakers PMJ (2006) Evaluation of phytoseiid predators for
control of western flower thrips on greenhouse cucumber Umbef. BioControl 51:753-768.

Messelink GJ, Sabelis MW, Janssen A (2012) Generalist predators, food web complexities and
biological pest control in greenhouse crops. In: Integrated pest management and pest con-
trol — current and future tactics (eds. Larramendy ML, Soloneski S) 191-214.

Messelink GJ, van Maanen R, van Steenpaal SEF, Janssen A (2008) Biological control of thrips
and whiteflies by a shared predator: Two pests are better than one Biological Control
44:372-379.

Mirth CK, Riddiford LM (2007) Size assessment and growth control: How adult size is deter-
mined in insects. Bio Essays. 29:344-355.

Momen F (2009) Potential of three species of predatory phytoseiid mites as biological control
agents of the peach silver mite, Aculus fockeui (Acari: Phytoseiidae and Eriophyidae). Acta
Phytopathol Entomol Hung 44:151-158.

Momen FM (2011) Life tables and feeding habits of Proprioseiopsis cabonus, a specific predator
of tydeid mites (Acari: Phytoseiidae and Tydeidae). Acarina 19:103-109.

Momen FM, Abdel-Khalek A (2008) Effect of the tomato rust mite Aculops lycopersici (Acari:
Eriophyidae) on the development and reproduction of three predatory phytoseiid mites Int
J Trop Insect Sci 28:53-57.

Momen FM, El-Laithy AY (2007) Suitability of the flour moth Ephestia kuehniella (Lepidoptera:
Pyralidae) for three predatory phytoseiid mites (Acari: Phytoseiidae) in Egypt. Int J Trop
Insect Sci1 27:102-107.

Momen FM, El-Saway SA (1993) Biology and feeding behaviour of the predatory mite, Am-
blyseius swirskii (Acari: Phytoseiidae). Acarologia 34:199-204.

Momen FM, El-Sawi S (2008) Life-history traits of the predacious mite Euseius scutalis (Athias-
Henriot) (Acari: Phytoseiidae) on eggs of three insects (Lepidoptera: Noctuidae). Acta
Phytopathol Entomol Hung 43:163-170.

Mondy N, Corio-Costet MF (2000) The response of the grape berry moth (Lobesia botrana) to a
dietary phytopathogenic fungus (Botrytis cinerea): The significance of fungus sterols. J In-
sect Physiol 46:1557-1564.

Miiller A, Kuhlmann M (2008) Pollen hosts of western palaearctic bees of the genus Colletes
(Hymenoptera: Colletidae): the Asteraceae paradox. Biol J Linn Soc 95:719-733.

45



Muniategui S, Sancho MT, Lopez J, Huidobro JF, Simal J (1991) Separacion de las clases de
lipidos neutros de polen apicola mediante cromatografia liquida de alta resolucién (HPLC).
Grasas y Aceites 42:277-280.

Naranjo SE, Ellsworth PC, Frisvold GB (2015) Economic value of biological control in integrat-
ed pest management of managed plant systems. Annu Rev Entomol 60:621-645.

Nation JL (2002) Insect physiology and biochemistry. Boca Raton, FL: CRC Press LLC, 560pp.

Negri G, Teixeira EW, Alves ML, Moreti AC, Otsuk IP, Borguini RG, Salatino A (2011) Hy-
droxycinnamic acid amide derivatives, phenolic compounds and antioxidant activities of
extracts of pollen samples from Southeast Brazil. J Agric Food Chem 59:5516-5522.

Neville PF, Luckey T (1962) Carbohydrate and roughage requirement of the cricket, Acheta do-
mesticus. J Nutr 78:139-146.

Nguyen DT, Vangansbeke D, De Clercq P (2014) Artificial diets support the development and
reproduction of the predatory mite Amblyseius swirskii Integrated Control in Protected
Crops, Temperate Climate IOBC-WPRS Bulletin 102:215-218.

Nguyen DT, Vangansbeke D, Lii X, De Clercq P (2013) Development and reproduction of the
predatory mite Amblyseius swirskii on artificial diets. BioControl 58:369-377.

Nguyen TV, Shih CIT (2012) Life-table parameters of Neoseiulus womersleyi (Schicha) and
Euseius ovalis (Evans) (Acari: Phytoseiidae) feeding on six food sources. Int J Acarol
38:197-205.

Nicolson SW (2011) Bee food: the chemistry and nutritional value of nectar, pollen and mixtures
of the two. Afr Zool 46:197-204.

Nomikou M, Janssen A, Sabelis MW (2003) Phytoseiid predators of whiteflies feed and repro-
duce on nonprey food sources. Exp Appl Acarol 31:15-26.

Nomikou M, Janssen A, Schraag R, Sabelis MW (2001) Phytoseiid predators as potential biolog-
ical control agents for Bemisia tabaci. Exp Appl Acarol 25:271-291.

Nomikou M, Sabelis MW, Janssen A (2010) Pollen subsidies promote whitefly control through
the numerical response of predatory mites. Biocontrol 55:253-260.

Norris DM, Baker JK (1967) Symbiosis: Effects of a mutualistic fungus upon the growth and
reproduction of Xyleborus ferrugineus. Science 156:1120-1122.

Nurullahoglu ZU, Uckan F, Sak O, Ergin E (2004) Total 571 lipid and fatty acid composition of
Apanteles galleriae and its parasitized host. Ann Entomol Soc Am 97:1000-1006

Obrist LB, Klein H, Dutton A, Bigler F (2006) Assessing the effects of Bt Maize on the predato-
ry mite Neoseiulus cucumeris. Exp Appl Acarol 38:125-139.

46



Okuyama T (2008) Growth of a jumping spider on nitrogen enriched prey. Acta Arachnol 57:47-
50.

Oliveira CM, Ferreira JA, Oliveira RM, Santos FO, Pallini A (2014) Ricoseius loxocheles, a
phytoseiid mite that feeds on coffee leaf rust. Exp Appl Acarol 64:223-233.

Opit GP, Nechols JR, Margolies DC, Williams KA (2005) Survival, horizontal distribution, and
economics of releasing predatory mites (Acari: Phytoseiidae) using mechanical blowers.
Biol Control: Theory Appl Pest Manag 33:344-351.

Overmeer W (1985) Alternative prey and other food resources. p. 131-137. In: Helle, W.; Sa-
belis, M. (Eds). Spider mites: their biology, natural enemies and control. Elsevier. Amster-
dam. 405 pp.

Overmeer WPJ (1981) Notes on breeding phytoseiid mites from orchards (Acarina: Phytoseiidae)
in the laboratory. Meded Fac Landbouwkd Wet Univ Gent 46:503-509.

Overmeer WPJ, van Zon AQ (1983) The effect of different kinds of food on the induction of
diapause in the predacious mite Amblyseius potentillae. Entomol Exp Appl 33:27-30.

Pain J (1956) Vitamin and ovarian development of worker bees. Societe de Biologie, Paris.
145:1505-1507.

Pain J (1968) Nutrition et développement des organes sexuels adultes. In: R. Chauvin (ed),
Traité de Biologie de 1’Abeille, Vol. 1, Masson et Cie, Paris, 410-435pp.

Paoli PP, Donley D, Stabler D, Saseendranath A, Nicolson SW, Simpson SJ, Wright GA (2014)
Nutritional balance of essential amino acids and carbohydrates of the adult worker honey-
bee depends on age. Amino Acids 46:1449-1458.

Papaioannou SP, Markoyiannaki PD, Rumbos I, Adamopoulos I (1999) Phytoseiid mites associ-
ated with vine in various provinces of Greece: a contribution to faunistics and biogeogra-
phy, with reference to eco-ethological aspects of Phytoseius finitimus (Ribaga) (Acari:
Phytoseiidae). Acarologia 40:113-125.

Paramas AMG, Barez JAG, Marcos CC, Garcia-Villanova RJG, Sanchez JS (2006) HPLC-
fluorimetric method for analysis of amino in products of the hive (Honey and Bee-Pollen).
Food Chem 95:148-156.

Park HH, Shipp JL, Buitenhuis R (2010) Predation, development, and oviposition by the preda-
tory mite Amblyseius swirkii (Acari: Phytoseiidae) on tomato russet mite (Acari: Eriophy-
idae). J Econ Entomol 103:563-569.

Park HH, Shipp L, Buitenhuis R, Ahn JJ (2011) Life history parameters of a commercially avail-
able Amblyseius swirskii (Acari: Phytoseiidae) fed on cattail (Typha latifolia) pollen and
tomato russet mite (Aculops lycopersici). J Asia-Pacific Entomol 14:497-501.

47



Parolin P, Bresch C, Brun R, Bout A, Boll R, Desneux N, Poncet C (2012) Secondary plants
used in biological control: A review. Int J Pest Manag 58:91-100.

Paulitz TC, Bélanger RR (2001) Biological control in greenhouse systems. Annu Rev Phyto-
pathol 39:103-133.

Petanidou T (2005) Sugars in Mediterranean floral nectars: an ecological and evolutionary ap-
proach. J Chem Ecol 31:1065-1088.

Petanidou T, Vokou D (1990) Pollination and pollen energetics in Mediterranean ecosystems.
Am J Bot 77:986-992.

Plowright RC, Pendrel RA (1977) Larval growth in bumblebees (Hymenoptera-Apidae). Can
Entomol 109:967-973.

Pozzebon A, Duso C (2008) Grape downy mildew Plasmopora viticola, an alternative food for
generalist predatory mites occurring in vineyards. Biol Control 45:441-449.

Prasad V (2012) Checklist of Phytoseiidae of the World (Acari: Mesostigmata). In: Indira Pub-
lishing House, West Bloomfield, Michigan, USA, 1063 pp.

Pratt PD, Croft BA (2000) Banker plants: evaluation of release strategies for predatory mites. J
Environ Hortic18:211-218.

Praz CJ, Miiller A, Dorn S (2008) Specialized bees fail to develop on non-host pollen: do plants
chemically protect their pollen? Ecology 89:795-804.

Rabb RL, Stinner RE, van den Bosch R (1976) Conservation and augmentation of natural ene-
mies. In: Theory and Practice of Biological Control. CB Huffaker, PS Messenger eds. Ac-
ademic Press, New York, NY, 233-254 pp.

Ragusa E, Tsolakis H, Jorda® Palomero R (2009) Effect of pollens and preys on various biologi-
cal parameters of the generalist mite Cydnodromus californicus. Bull Insectol 62:153—158.

Ramakers PMJ (1980). Biological control of Thrips tabaci (Thysanoptera: Thripidae) with Am-
blyseius spp. (Acari: Phytoseiidae) IOBC/wprs 3:203-208.

Ramakers PMJ, van Lieburg MJ (1982) Start of commercial production and introduction of Am-
blyseius mckenziei Sch. & Pr. (Acarina: Phytoseiidae) for the control of Thrips tabaci Lind.
(Thysanoptera: Thripidae) in glasshouses. Meded Fac Landbouwkd Wet Univ Gent
47:541-545.

Ramakers PMJ, Voet SJP (1995) Use of castor bean, Ricinus communis, for the introduction of
the thrips predator Amblyseius degenerans on glasshouse-grown sweet peppers. Meded Fac
Landbouwkd Toegep Biol Wet Univ Gent 60:885-891.

Ramakers PMJ, Voet SJP (1996) Introduction of Amblyseius degenerans for thrips control in
sweet peppers with potted castor beans as banker plants. Bull SROP/WPRS 19:127-130.

48



Reinhard A, Janke M, von der Ohe W, Kempf M, Theuring C, Hartmann T, Schreier P, Beuerle
T (2009) Feeding deterrence and detrimental effects of pyrrolizidine alkaloids fed to honey
bees (Apis mellifera). ] Chem Ecol 35:1086-1095.

Reis PR, Sousa EO, Teodoro AV, Neto MP (2003) Effect of prey density on the functional and
numerical responses of two species of predaceous mites (Acari: Phytoseiidae). Neotrop
Entomol 32:461-467.

Rodriguez JG (1951) Mineral nutrition of the two-spotted spider mite, Tetranychus bimaculatus
Hervey. Ann Entomol Soc Am 44:511-526.

Rodriguez JG, Hampton RH (1966) Essential amino acids determined in the two-spotted spider
mite, Tetranychus urticae Koch (Acarina: Tetranychidae) with Glucose- U-1%. J Insect
Physiol 12:1209-1216.

Rodriguez JG, Lasheen AM (1971) Axenic culture of Tyrophagus putrescentiae in a chemically
defined diet and determination of essential amino acids. J Insect Physiol 17:979-985.
Roman A (2009) Concentration of chosen trace elements of toxic properties in bee pollen loads.

Pol J Environ Stud 18:265-272.

Roulston TH, Cane JH (2000) Pollen nutritional content and digestibility for animals. Plant Syst
Evol 222:187-209.

Sabelis MW (1981) Biological control of two-spotted spider mites using phytoseiid predators.
Part 1. Modelling the predator-prey interaction at the individual level. Agric Res Rpt 910.
Wageningen, Netherlands, Pudoc 242 pp.

Sabelis MW (1985) Predation on spider mites. In W Helle, MW Sabelis [eds.], Spider mites.
Their biology, natural enemies and control, vol. 1B. Elsevier, Amsterdam, The Netherlands
103-129 pp.

Schausberger P (1998) Population growth and persistence when prey is diminishing in single-
species and two-species systems of the predatory mites Euseius finlandicus, Typhlodromus
pyri and Kampimodromus aberrans. Entomol Exp Appl 88:275-286.

Schausberger P, Croft BA (1999) Activity, feeding and development among larvae of specialist
and generalist phytoseiid mite species (Acari: Phytoseiidae). Environ Entomol 28:322- 329.

Schausberger P, Walzer A, Hoffmann D, Hasan R (2010) Food imprinting revisited: early learn-
ing in foraging predatory mites. Behaviour 147:883-897.

Schicha E (1987) Phytoseiidae of Australia and neighboring areas. Indira Publishing House, Oak
Park, Michigan, USA, 187 pp.

49



Sedivy C, Miiller A, Dorn S (2011) Closely related pollen generalist bees differ in their ability to
develop on the same pollen diet: evidence for physiological adaptations to digest pollen.
Funct Ecol 25:718-725.

Sedivy C, Piskorski R, Miiller A, Dorn S (2012) Too low to kill: concentration of the secondary
metabolite ranunculin in buttercup pollen does not affect bee larval survival. ] Chem Ecol
38:996-1002.

Sengonca C, Zegula T, Blaeser P (2004) The suitability of twelve different predatory mite spe-
cies for the biological control of Frankliniella occidentalis (Pergande) (Thysanoptera:
Thripidae). Z Pflanzenkr Pflanzenpathol Pflanzenschutz 111:388-399.

Sharma S, Bhardwaj SP (2010) Effect of nitrogen, phosphorus, and potash levels on population
fluctuation of European red mite, Panonychus ulmi, on apple. Trends in Acarology Pro-
ceedings of the 12th International Congress, 501-503.

Singaravelan N, Inbar M, Ne’eman G, Distl M, Wink M, Izhaki I (2006) The effects of nectar-
nicotine on colony fitness of caged honeybees. J Chem Ecol 32:49-59.

Singaravelan N, Nee’man G, Inbar M, Izhaki I (2005). Feeding responses of free-flying honey-
bees to secondary compounds mimicking floral nectars. J Chem Ecol 31:2791-2804.

Smith SM (1996) Biological control with Trichogramma: advances, successes, and potential of
their use. Annu Rev Entomol 41:375-406.

Southwood TRE, Henderson PA (2000) Ecological methods. Blackwell, Oxford 592 pp.

Spector WS (1956) Handbook of biological data. W.B. Saunders Company, Philadelphia, 200 pp.

Stabler D, Paoli PP, Nicolson SW, Wright GA (2015) Nutrient balancing of the adult worker
bumblebee (Bombus terrestris) depends on its dietary source of essential amino acids. J
Exp Biol 218:793-802.

Stacey DL (1977) Banker plant production of Encarsia formosa Gahan and its use in the control
of glasshouse whitefly on tomatoes. Plant Pathology 26:63-66.

Stanciu OG, Marghitas LAl, Dezmirean D, Campos MG (2011) A comparison between the min-
eral content of flower and honeybee collected pollen of selected plant origin (Helianthus
annuus L. and Salix sp.). Rom Biotechnol Lett 16:6291-6296.

Standifer LN, Moeller FE, Kauffeld NM, Herbert JEW, Shimanuki H (1977) Supplemental feed-
ing of honey bee colonies. USDA Agr Inform Bull 413:1-8.

Stanley RG, Linskens HG (1974) Pollen, biology, biochemistry and management. Springer-
Verlag, Berlin 307 pp.

50



Stansly PA, Castillo J (2009) Control of broad mite Polyphagotarsonemus latus and the whitefly
Bemisia tabaci in open field pepper and eggplant with predaceous mites. I[OBC/WPRS
Bull 49:145-152.

Staudenmayer T (1939) Die Giftigkeit der Mannose fiir Bienen und andere Insekten. J Comp
Physiol A 26:644-668.

Sutcliffe GH, Plowright RC (1988) The effects of food supply on adult size in the bumble bee
Bombus terricola Kirby (Hymenoptera: Apidae). Can Entomol 120:1051-1058.

Svoboda JA, Thompson MJ, Herbert EW, Shimanuki H (1980) Sterol utilization in honey bees
fed a synthetic diet: analysis of prepupal sterols. J Insect Physiol 26:291-294.

Swirski E, Ragusa S, Tsolakis H (1998): Keys to the phytoseiid mites (Parasitiformes: Phytosei-
idae) of Israel. Phytophaga 8:85-154.

Szczesna T (2006a) Protein content and amino acid composition of bee-collected pollen from
selected botanical origins. J Apic Sci 50:81-90.

Szczgsna T (2006b) Long-chain fatty acids composition of honey bee collected pollen. J Apic
Sci 50:65-79.

Szczesna T (2007a) Concentration of selected elements in honeybee-collected pollen. J Apic Sci
51:5-13.

Szczesna T (2007b) Study on the sugar composition of honeybee-collected pollen. J Apic Sci
51:15-21.

Szczesna T, Rybak-Chmielewska H (1998) Some properties of honey bee collected pollen. In
Polnisch -Deutsches Symposium Salus Apis Mellifera, new demands for honey bee breed-
ing in the 21st century. Pszczelnicze Zeszyty Naukowe 42:79-80.

Szczegsna T, Rybak-Chmielewska H, Skowronek W (1995) Zmiany wskladzie chemicznym ob-
ndzy pylkowych zachodzace podczas ich przechowywania w roéznych warunkach. III.
witamina C 1 prowitamina A (p-karoten) [Alterations in the chemical composition of the
pollen loads stored under various conditions. III vitamin C and provitamin A (p-carotene)].
Pszczelnicze Zeszyty Naukowe 40:171-189.

Tixier MS, Kreiter S, De Moraes GJ (2008) Biogeographic distribution of Phytoseiidae (Acari:
Mesostigmata). Biol J Linn Soc 93:845-856.

Tixier MS, Kreiter S, Douin M, Moraes GI (2012) Rates of description of Phytoseiidae mite spe-
cies (Acari: Mesostigmata): Space, time and body size variations. Biodivers Conserv
21:993-1013

Treutter D (2005) Significance of flavonoids in plant resistance and enhancement of their bio-

synthesis. Plant Biol 7:581-591.

51



Ukiya M, Akihisa T, Tokuda H, Koike K, Takayasu J, Okuda H, Kimura Y, Nikaido T, Nishino
H. (2003) Isolation, structural elucidation, and inhibitory effects of terpenoid and lipid
constituents from sunflower pollen on Epstein-Barr virus early antigen induced by tumor
promoter, TPA. J Agric Food Chem 51:2949-2957.

van de Vrie M (1985) Greenhouse ornamentals. In: Helle, W., Sabelis, M.W. (Eds.), Spider
Mites — Their Biology, Natural Enemies and Control, vol. 1B. Elsevier, Amsterdam, 273-
283 pp.

van den Meiracker RAF, Ramakers PMJ (1991) Biological control of the western flower thrips
Frankliniella occidentalis, in sweet pepper, with the anthocorid predator. Meded Fac
Landbouwkd Wet Univ Gent 56:241-249.

van Driesche R, Lyon S, Sanderson J, Smith T, Lopes P, MacAvery S, Rusinek T, Couch G
(2002) Greenhouse trials in Massachusetts and New York with Amblyseius cucumeris: ef-
fects of formulation and mechanical application. IOBC/wprs Bull 25:273-276.

van Driesche RG, Bellows TSJr (1996) Biological control. Chapman and Hall, New York 539 pp.

van Houten YM, Ostilie ML, Hoogerbrugge H, Bolckmans K (2005) Biological control of west-
ern flower thrips on sweet pepper using the predatory mites Amblyseius cucumeris,
Iphiseius degenerans, A. andersoni and A. swirskii. IOBC/wprs Bulletin 28:283-286.

van Lenteren JC (1988) Implementation of Biological Control. Am J Alternative Agric 3:102-
109.

van Lenteren JC (1997) Benefits and risk of introducingexotic macro-biological control agents
into Europe. EPPO Bull 27:15-27.

van Lenteren JC (2000a) A greenhouse without pesticides: fact or fantasy? Crop Protect 19:375-
384.

van Lenteren JC (2000b) Measures of success in biological control of arthropods by augmenta-
tion of natural enemies. In Measures of success in biological control (eds. G Gurr, S Wrat-
ten), Kluwer Academic Publ, Dordrecht, The Netherlands, 77-103 pp.

van Lenteren JC (2012) The state of commercial augmentative biological control: plenty of natu-
ral enemies, but a frustrating lack of uptake. BioControl 57:1-20.

van Lenteren JC, Bueno VHP (2003) Augmentative biological control of arthropods in Latin
America. BioControl 48:123-139.

van Lenteren JC, Woets J (1988) Biological and integrated control in greenhouses. Annu Rev

Entomol 33:239-269.

52



van Maanen R, Vila E, Sabelis MW, Janssen A (2010) Biological control of broad mites (Po-
lyphagotarsonemus latus) with the generalist predator Amblyseius swirskii. Exp Appl Aca-
rol 52:29-34.

van Rijn PCJ, Tanigoshi LK (1999a) Pollen as food for the predatory mites Iphiseius degenerans
and Neoseiulus cucumeris (Acari: Phytoseiidae): dietary range and life history. Exp Appl
Acarol 23:785-802.

van Rijn PCJ, Tanigoshi LK (1999b) The contribution of extrafloral nectar to survival and re-
production of the predatory mite Iphiseius degenerans on Ricinus communis. Exp Appl
Acarol 23:281-296.

van Rijn PCJ, van Houten YM, Sabelis MW (2002) How plants benefit from providing food to
predators, even when it is also edible to herbivores. Ecology 83:2664-2679.

Vanderplanck M, Moerman R, Rasmont P, Lognay G, Wathelet B, Wattiez R, Michez D (2014)
How does pollen chemistry impact development and feeding behaviour of polylectic bees?
Plos one 9:€86209.

Vangansbeke D, Nguyen DT, Audenaert J, Verhoeven R, Gobin B, Tirry L, De Clercq P (2014)
Performance of the predatory mite Amblydromalus limonicus on factitious foods. BioCon-
trol 59:67-77.

Vantornhout I, Minnaert HL, Tirry L, de Clercq P (2004) Effect of pollen, natural prey and facti-
tious prey on the development of Iphiseius degenerans. BioControl 49:627- 644.

Vantornhout I, Minnaert HL, Tirry L, de Clercq P (2005) Influence of diet on life table parame-
ters of Iphiseius degenerans. Exp Appl Acarol 35:183- 195.

Veerman A, Overmeer WPJ, van Zon AQ, de Boer JM, de Waard ER, Huts- MAN HO (1983)
Vitamin A is essential for photoperiodic induction of diapause in an eyeless mite. Nature
302:248-249.

Wickers FL (2005) Suitability of (extra-) floral nectar, pollen, and honeydew as insect food
sources. In: Wickers FL, van Rijn PCJ, Bruin J (Eds.), Plant-Provided Food for Carnivo-
rous Insects. Cambridge University Press, Cambridge, UK, 17-74 pp.

Wickers FL, van Rijn PCJ, Bruin J (Eds.) (2005) Plant-provided food for carnivorous insects: A
protective mutualism and its applications. Cambridge University Press, Cambridge, UK,
370 pp.

Wickers FL, van Rijn PCJ, Heimpel GE (2008) Honeydew as a food source: making the best of
a bad meal? Biol Control 45:176-184.

53



Wade MR, Zalucki MP, Wratten SD, Robinson KA (2008) Conservation biological control of
arthropods using artificial food sprays: current status and future challenges. Biol Control
45:185-199.

Waite MO, Scott-Dupree CD, Brownbridge M, Buitenhuis R, Murphy G (2014) Evaluation of
seven plant species/cultivars for their suitability as banker plants for Orius insidiosus (Say).
BioControl 59:79-87.

Walling MV, White DC, Rodriguez JG (1968) Characterization, distribution, catabolism and
synthesis of the fatty acids of the two-spotted spider mite, Tetranychus urticae. Insect
Physiol 14:1445-1458.

Walter DE, Proctor HC (1999) Mites. Ecology, Evolution and Behaviour.Wallingford, UK,
CABI Publ, 322 pp.

Walzer A, Paulus HF, Schausberger P (2004) Ontogenetic shifts in intraguild predation on thrips
by phytoseiid mites: the relevance of body size and diet specialization. Bull Entomol Res
94:577-584.

Walzer A, Schausberger P (2011) Sex-specific developmental plasticity of generalist and special-
ist predatory mites (Acari: Phytoseiidae) in response to food stress. Biol J Linn Soc
102:650-660.

Wang YM, Lin DS, Bolewicz L, Connor WE (2006) The predominance of polyunsaturated fatty
acids in the butterfly Morpho peleides before and after metamorphosis. J Lipid Res
47:530-536.

Weintraub PG, Kleitman S, Mori R, Gan-Mor S, Ganot L (2009) Novel application of pollen to
augment the predator Amblyseius swirskii on greenhouse sweet pepper. Bull SROP/WPRS
50:119-124.

Wermelinger B, Oertli JJ, Baumgirtner J (1991) Environmental factors influencing the life-
tables of Tetranychus urticae (Acari: Tetranychidae). III. Host-plant nutrition. Exp Appl
Acarol 12:259-274.

Wiermann R (1968) Phenylpropanoid metabolism by pollen. Survey of flavonoid components
isolated from gymnosperms and angiosperms. Ber Dtsch Bot Ges 81:3-16.

Winkler K, Waeckers FL, Bukovinszkine-Kiss G, van Lenteren JC (2006) Nectar resources are
vital for Diadegma semiclausum fecundity under field conditions. Basic Appl Ecol 7:133-
140.

Xiao Y, Avery P, Chen J, McKenzie C, Osborne L (2012) Ornamental pepper as banker plants
for establishment of Amblyseius swirskii (Acari: Phytoseiidae) for biological control of

multiple pests in greenhouse vegetable production. Biol Control 63:279-286.

54



Yang K, Wu D, Ye X, Liu D, Chem J, Sun P (2013) Characterization of chemical composition of
bee pollen in China. J Agric Food Chem 61:708-718.

Yaninek JS, Gnanvossou D (1993) Fresh and dry weights of Mononychellus tanajoa (Acari:
Tetranychidae): a functional description of biomass accumulation. Exp Appl Acarol
17:775-779.

Yaninek JS, Megevand B, Ojo B, Cudjoe AR, Abole E, Onzo A, Zannou I (1998) Establishment
and spread of Typhlodromalus manihoti (Acari: Phytoseiidae), an introduced predator of
Mononychellus tanajoa (Acari: Tetranychidae) on cassava in Africa. Environ Entomol
27:1496-1505.

Yaninek JS, Onzo A (1988) Survey of cassava green mite in the People's Republic of Benin,
IITA (International Institute of Tropical Agriculture), Report, 30 pp.

Zannou ID, Hanna R (2011) Clarifying the identity of Amblyseius swirskii and Amblyseius rykei
(Acari: Phytoseiidae): Are they two distinct species or two populations of one species? Exp
Appl Acarol 53:339-347.

Yao DS, Chant DA (1990) Changes in body weight of two species of predatory mites (Acarina:
Phytoseiidae) as a consequence of feeding in an interactive system. Exp Appl Acarol
8:195-220.

Zannou ID, Hanna R (2011) Clarifying the identity of Amblyseius swirskii and Amblyseius rykei
(Acari: Phytoseiidae): Are they two distinct species or two populations of one species? Exp
Appl Acarol 53:339-347.

Zannou ID, Hanna R, Moraes GJ, Kreiter S, Phiri G, Jone A (2005) Mites of cassava (Manihot
esculenta Crantz) habitats in Southern Africa. Int J Acarology 31:149-164.

Zebitz CPW (1984) Effect of some crude and azadirachtin-enriched neem (Azadirachta indica)
seed kernel extracts on larvae of Aedes aegypti. Entomol Exp Appl 35:11-16.

Zemek R, Prenerova E (1997) Powdery mildew (Ascomycotina: Erysiphales)-an alternative
food for the predatory mite Typhlodromus pyri Scheuten (Acari: Phytoseiidae). Exp Appl
Acarol 21:405-414.

Zhang ZQ (2003) Mites in greenhouse: identification, biology and control. 1988 Report IITA
(International Institute of Tropical Agriculture), CABI Publishing Press, Cambridge, 235
pp-

Zimmermann O (2004) Der Einsatz von Trichogramma-Schlupfwespen in Deutschland: Zum
aktuellen Stand der Forschung und Nutzung von Eiparasitoiden gegen Schadlepidopteren

im biologischen Pflanzen- und Vorratsschutz. Gesunde Pflanzen 56:157-166.

55



Acknowledgements

First of all I am very grateful to the organizors of the European commission program Erasmus
Mundus External Cooperation Window (IAMONET-RU) for the possibility to make this study at
the University of Hohenheim, supported by a PhD grant. Prof. Dr. J. Gieraths and Dr. A. Thomas,
thank you very much for your support during my study!

I am very appreciative to my supervisor Prof. Dr. Dr. C. P. W. Zebitz for this interesting topic,
which from the very beginning fascinated me in a way that all my thinking turned around this
research. Thank you very much for your great interest in my work and your substantial support
in different aspects! Thank you very much that you gave me the possibility to realize my scien-
tific potential and organization skills. This was very helpful to me and I am sure that it will allow
us to open the door into a new research collaboration and give a great contribution to future sci-

ence.

My sincere thanks also go to my dear Ento-colleagues Helene Stauss, Sandra Gerken, Margit
Schmidtke, Hamdow Alkarrat, Martin Hofmeister, Florian Theves, Fillipp Hartman, Hussein
Gharekani, Norma Mujica, Loris Al Bitar, Abdulla Lashkari, Nina Stoll and Florian Zerulla.
Thank you very much for the time spent with you and for you help!

My special thanks I give to my colleague Sandra Gerken for her substantial support in all areas
of my work. Thank you VERY MUCH for your understanding of my enthusiasm and courage,
that you did not worry about my sometimes crazy ideas but helped me to realize them. Together

we can overcome all hurdles.

I am very glad that during my study and work in our institute I met many students with a high
level of scientific potential. It was a very interesting time working with you. Time spent with you
has enriched me professionally and culturally. You will always have a place in my heart: Elena
Vogel, Marlene Fuchs, Charlotte Wonneberger, Greta Ott, Fiona Gierer, Jessica Daul, Nar
Ranabhat, Camilo Rubena, Dipak Ghimire, Caro Bekereit, Rebekka Duftke, Ria Rode and
Maike Fischer. Thank you!

Thank you very much for your support: Prof. Dr. Bessei, Dr. Frank Walker, Dr. Wolfgang Arm-
bruster, Dr. Harald Schneller, Birgit Hollinger, Jochen Schone, Bianka Maiwald, Bérbel Kauf-

mann, Manfred Connert!

56



Thank you, the best group of Exercises in Biological Pest Control: Judit Pfeil, Rabiah Idrees,

Ayse Unlii, Filippo Capezone.It was a nice time working with you.

Estelle Morou, Asel Nurgazieva, Munira Karamkhodueva, Rajendra Dhakal, Lisa Forderung,
Kathrin Thringer, Marie-Lena Hug, Michaela Gegler, Anne Below, Louisa Gorg, Franziska Bes-
ser, Lisa Eppler, Corinna Kuntz, [saac Adodoad;ji, Akbota Makulbekova and Alexandra Shpis a
lot of thanks for everything!

Thank you all!

Thank you, University of Hohenheim, that you gave me so many opportunities to evolute myself,

and that you gave me so much power, my lovely “squirrel” university!

57



