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Abstract

:

Simple Summary


Amblyseius andersoni (Chant) is a predatory mite frequently used as a biocontrol agent against phytophagous mites in greenhouses, orchards and vineyards. In Europe, it is an indigenous species, commonly found on various plants, including conifers. The present study examined whether A. andersoni can develop and reproduce while feeding on two key pests of ornamental coniferous plants, i.e., Oligonychus ununguis (Jacobi) and Pentamerismus taxi (Haller). Pinus sylvestris L. pollen was also tested as an alternative food source for the predator. Both prey species and pine pollen were suitable food sources for A. andersoni. Although higher values of population parameters were observed when the predator fed on mites compared to the pollen alternative, we conclude that pine pollen may provide adequate sustenance for A. andersoni populations when prey are absent. Based on our results and due to the fact that the predator was previously recorded as sympatric with O. ununguis and P. taxi, we consider it to be a promising biocontrol agent of these pests.




Abstract


Development, survival and reproduction of Ambyseius andersoni (Chant), a predatory mite widely distributed in Europe, were assessed on different food items. These included two key pests of ornamental coniferous plants, i.e., Oligonychus ununguis (Jacobi) and Pentamerismus taxi (Haller) and pollen of Pinus sylvestris L. The rationale behind these experiments was to provide a preliminary assessment of the potential of A. andersoni as a biocontrol agent of the above phytophagous arthropods and evaluate pine pollen as an alternative food source for the predator. Under laboratory conditions (23 ± 0.5 °C, 70 ± 10% RH and 16L:8D) A. andersoni was able to feed, develop and reproduce on all tested diets. The shortest development time (egg to female) was obtained when the predator fed on P. taxi (mean = 5.12 d) and the longest was on pine pollen (mean = 6.55 d). The rm value was significantly higher on both tested prey (0.166 on P. taxi and 0.160 on O. ununguis) than on pollen (0.139). Thus, we do not recommend pine pollen for mass rearing of A. andersoni; however, we conclude that pollen may provide sufficient sustenance for the predator population under field conditions when prey are absent. The potential of A. andersoni as a biocontrol agent of O. ununguis and P. taxi is discussed.
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1. Introduction


Coniferous plants play an important role in both ecological and economic settings. They are especially beneficial in terms of sequestering carbon from the atmosphere. Fast growth and the wood’s properties make many species of conifers ideal for timber production. Many of these trees and shrubs are also valuable as ornamental plants and gaining popularity for use in urban landscapes. However, the utility of these plants is closely related to their aesthetic quality and this may be influenced by harmful arthropod species. One of them is Pentamerismus taxi (Haller) (Tenuipalpidae), a false spider mite belonging to the superfamily Tetranychoidea in the order Prostigmata. This flattened red mite is commonly found on many wild and ornamental plants of the genus Taxus, growing in Europe and Asia [1,2,3,4,5,6]. According Bondareva and Chumak [6] this species’ status as an invasive pest is growing due to climate change. Another member of the Tetranychoidea superfamily—Oligonychus ununguis (Jacobi), the spruce spider mite (Tetranychidae)—is becoming a major pest of coniferous plants in nurseries, botanical gardens, urban parks and on Christmas tree plantations [7,8]. This polyphagous herbivore occurs worldwide on a wide range of host plants, including Cryptomeria spp., Abies spp., Thuja spp., Juniperus spp., Larix spp., Pinus spp., Picea spp. and Taxus spp. [9,10,11,12,13,14,15]. Both pests contribute to a significant reduction in the decorative value and health of plants [6,16,17].



The last few years, we have seen an intensification of the problem associated with spruce spider mite and tenuipalpids appearing on ornamental coniferous plants. Small body size (making the pests difficult to detect), short life cycle, and high fecundity, as well as changing climate, have favored the development of high populations of these mites [6,18,19,20]. For years, most of the programs used to control pests in coniferous plant nurseries have been based on chemical methods [21]. However, acaricides designed to reduce mite populations on conifers are not sufficiently effective [22,23], as studies of the occurrence and distribution of O. ununguis have shown significant numbers of this pest, even in intensively managed nurseries [8]. As such, there is a need to develop new alternatives to chemical tactics against mite pests in ornamental coniferous plantations. One of these methods is biological control, in which natural enemies are released to keep pest populations at low density level.



Phytoseiid mites are currently among the best studied biological control agents and are used extensively in programs to manage many groups of phytophagous arthropods, e.g., spider mites, eriophyid mites, scale insects, whiteflies, thrips [24]. Their beneficial use in plant protection programs has been well documented in the scientific literature, e.g., [25,26,27]. Biological methods based on augmentative releases of phytoseiid mites in vegetable and fruit crops are well-developed but such solutions are still lacking in the case of ornamental conifers. Complex studies of the Phytoseiidae fauna of conifers conducted in United States of America and Poland have revealed an abundance of Amblyseius andersoni (Chant) across many examined plant species [8,28,29]. The co-occurrence of this predatory mite with spruce spider mite was noticed on ornamental coniferous plants in Polish nurseries [14] and with P. taxi on wild-growing yews [30]. As a naturally occurring species in both Europe and the United States, A. andersoni seems to be better adapted to the local environment than other, non-native phytoseiid species. One advantage of indigenous natural enemies may be biological synchrony with potential prey species [31]. According to Janssen and Sabelis [32] the potential of predatory mites as natural enemies can be preliminarily assessed by determining values of demographic parameters that they achieve when fed on targeted prey species. Therefore, it is fruitful to conduct this type of laboratory research for the case of A. andersoni feeding on O. ununguis and P. taxi.



The effectiveness of a natural enemy in protected crops is largely related to its persistence even when the prey is scarce or absent, as the ability to utilize available alternative food sources is a critical feature of prospective biocontrol agents [33]. One of the most important alternative food items of many phytoseiid mites is pollen [34]. Some predatory mites can express even higher reproductive fitness by feeding on pollen than preying on phytophagous arthropods, e.g., [35]. However, pollen from different plant species differs in its suitability as food by particular phytoseiid species [36,37,38]. According to Addison et al. [38] the plant family Pinaceae is an important pollen provider for generalist predatory mite species, especially in early spring when prey abundance is low. Hence, it is useful to evaluate the suitability of pine pollen as an alternative food source for prospective biological control agents of conifers. The suitability of pollen of various pine species as alternative food for predatory mites has been tested for several phytoseiid species [39,40,41,42], but not A. andersoni.



The objective of this study was to provide a preliminary evaluation of the potential utility of A. andersoni as a biological agent against O. ununguis and P. taxi. For this purpose, developmental, reproductive, and demographic parameters of the predatory mite were measured during its feeding on targeted prey species, as well on an alternative food source that is presumed to be abundant in the field when pest mites are scarce, viz. pine (Pinus sylvestris L.) pollen.




2. Materials and Methods


2.1. Plant Material


Plants of Picea abies (L.) H. Karst cv. Nidiformis (avg. diameter 40 cm) and Taxus baccata L. (avg. high 70 cm) were grown in plastic pots (30 cm dia., 40 cm ht.) filled with a peat substrate. Plants of each species were kept in separate walk-in plant growth rooms (25 ± 5 °C, 65 ± 10% RH and 16L:8D photoperiod) and were used for mass rearing of the pests. In some growth rooms, six plants of a given species were placed close to each other to allow mites to move freely among them. Conifers were watered on alternate days. Another room contained only uninfested plants of both species.



The pollen of P. sylvestris was collected from plants growing in Kabaty Forest (Warsaw, Poland). The pollen was dried and stored in a freezer (−18 °C). For the experiments, it was thawed and kept in a refrigerator at 4 °C for a maximum of one week.




2.2. Phytophagous Mite Rearing


A stock colony of P. taxi was established with individuals collected from T. baccata growing in several urban parks in Warsaw, Poland. Oligonychus ununguis specimens were obtained from Picea glauca (Moench) Voss cv. Conica plants and P. abies trees growing in the same parks. About 80–100 females of each mite species were placed separately on shoots of T. baccata or P. abies cv. Nidiformis detached from uninfested plants. Infested shoots (approx. 15 cm) were kept in plastic beakers containing water in an environmental chamber (Sanyo MLR-350) at 23 ± 0.5 °C, 70 ± 10% RH and 16L:8D photoperiod. After laying eggs on shoots, females were slide-mounted in Heinze PVA medium for phase-contrast microscopic examination [43]. Shoots bearing progeny of each test pest were kept under these conditions for 3–4 weeks. Infested shoots were then transferred to shrubs growing in plant growth rooms. Every three weeks, two new (not infested) plants were added to each room to maintain the culture.




2.3. Stock Colony of Amblyseius andersoni


Stock colonies of A. andersoni were established with specimens (Anderline Pro Bioline AgroSciences Ltd., Little Clacton, UK) obtained from Hortico S.A. Company (Wroclaw, Poland). Each of the three colonies were maintained in the laboratory of the Department of Applied Entomology (SGGW) in an environmental test chamber (23 ± 0.5 °C, 70 ± 10% RH and 16L:8D photoperiod). Using a fine paintbrush, the predators were placed in breeding containers (18 cm × 15 cm × 7 cm). In each container a tile of black plastic (15 cm × 12 cm) was resting on a damp sponge (16 cm × 13 cm × 4.5 cm). Wet tissue paper strips (1 cm wide) formed a barrier around the tile. On the tissue paper, a ring of insect glue (Vitax® fruit tree grease) was laid as a barrier against predator escape. Several roof-shaped pieces of transparent plastic with black sewing threads underneath were placed on the tile as a shelter where the phytoseiids could deposit their eggs. In each colony, A. andersoni was fed with either pine pollen or different stages of O. ununguis or P. taxi. Mites were reared under these conditions for at least four generations before conducting the experiment.




2.4. Experimental Procedures


All experiments were conducted in environmental chambers (23 ± 0.5 °C, 70 ± 10% RH and 16L:8D photoperiod) in experimental units similar to those used for rearing the predator but the plastic plate in each container was divided into six sub-arenas of 4 cm × 5 cm, separated by moistened tissue paper (1 cm wide) and a strip of glue. A piece of a transparent plastic sheet folded in the shape of a tent was placed over each sub-arena as a shelter and oviposition site for A. andersoni females. In each unit, phytoseiids were fed with surplus amounts of a food item corresponding to that provided in the stock colony: (1) larvae and nymphs of O. ununguis; (2) larvae and nymphs of P. taxi; or (3) pine pollen. Pollen was replenished every day with a fine paintbrush, about 0.5 mg per day. Overall, 234 replications were made.



To determine the duration and survival of each life stage of A. andersoni, gravid females taken from particular stock colonies were placed individually in experimental units. After 12 h, one egg was left in each unit; the females and the remaining eggs were removed. Observations were made twice a day until all individuals reached adulthood. The presence of an exuvium indicated successful molting to the next developmental stage. After completing immature development, females were paired with males. When a male died or escaped, a new one was added from the respective stock colony. The experimental units were examined every 24 h to determine the duration periods of pre-oviposition, oviposition, post-oviposition, as well as longevity and fecundity of females. Eggs laid on a given day were placed in a single unit and reared to adulthood to determine the sex ratio of the progeny.




2.5. Data Analysis


Life tables were constructed from the observed age-specific survival rate (lX, percent of surviving females at the instant x) and age-specific fecundity rate (mX, number of female eggs laid per female per day). The net reproductive rate (R0), mean generation time (T), intrinsic rate of increase (rm), and finite rate of increase (λ) were calculated using the method recommended by Birch [44].



Because of nested observations within trays, we used linear mixed-effect modeling [45] to analyze the effect of diet on the traits studied. The fitted models were checked using graphical methods [45,46]; all of them showed good fit. To compare the diets in pairs, we used the corresponding linear hypotheses [47], with no adjustment for multiple testing [48]. The analyses were conducted using R [49], with the nlme [50] and multcomp [47] packages.



To compare the demographic parameters between the pairs of the foods, pair-wise comparisons of these parameters were applied using the jackknife method [51], without adjustment for multiple testing [52].





3. Results


Developmental time of eggs, larvae and protonymphs of A. andersoni was significantly affected by the diet (Table 1). Eggs deposited by females fed with O. ununguis or P. taxi hatched after 1.53 and 1.48 days (respectively), whereas those laid by females reared on pine pollen hatched significantly later (1.79 days) (p = 0.03). The larval stage was the shortest one, ranging from 0.62 days on P. taxi to 0.84 days on pine pollen (p < 0.001). Additionally, protonymphal stage duration was shortest on P. taxi (1.40 days) and longest while feeding on pine pollen (2.09 days) (p < 0.001). No significant difference in deutonymph development time was observed (p = 0.228) (Table 1).



On both tested prey species, as well as on pine pollen, A. andersoni reached maturity, but the egg to adult period of both sexes was significantly influenced by the diet (p < 0.001) (Table 1). Mean developmental time of females and males was longer on pine pollen than on prey species. Female development was shortest during feeding on P. taxi (5.12 days), whereas mean developmental time of males was similar on both the prey species (5.21 days on P. taxi and 5.47 days on O. ununguis) (Table 1). Food source also affected A. andersoni immature survival. While feeding on P. taxi, over 90% of predator specimens reached maturity, 87.23% on O. ununguis, and the lowest survival was noted on pine pollen (79.25%), which was a consequence of relatively high proto- and deutonymph mortality (Table 1).



The pre-oviposition, reproductive, and post-reproductive periods, as well as total fecundity and longevity of A. andersoni females were significantly dependent on the diet fed to the predator (Table 2). Time to first egg deposition was similar on O. ununguis and pine pollen (mean 3.28 and 3.50 days), and shortest when females preyed on P. taxi (mean 2.02 days). The mean reproductive period (oviposition) of A. andersoni was longer on P. taxi (mean 24.4 days) compared to O. ununguis (mean 20.4 days) and pine pollen (mean 19.1 days). On all food items A. andersoni females laid eggs almost to the end of their lives; the post-oviposition period ranged from 1.47 days to 2.7 days. The total number of eggs deposited by females reared on O. ununguis (mean 29.2 eggs/female) and P. taxi (mean 33.3 eggs/female) was significantly higher than that of females maintained on pine pollen (mean 24.2 eggs/female) but daily fecundity (oviposition rate) of A. andersoni was not affected by diet. The longest female lifespan was registered with A. andersoni fed on P. taxi (mean 28.3 days) and the shortest on pine pollen (mean 23.1 days) (Table 2).



Age-specific survival rate and fecundity of A. andersoni females (Figure 1) were used to calculate demographic parameters of the predatory mite feeding on different diets (Table 3). Amblyseius andersoni fed on pine pollen showed the lowest intrinsic rate of increase (rm = 0.139) and finite rate of population increase (λ = 1.15). These values were significantly different from those obtained when the predator fed on either prey species. The predator population reared on pine pollen also had the longest mean generation time (T = 19.7) and the lowest net reproductive rate (R0 = 15.4) (Table 3).




4. Discussion


The ability of some phytoseiid mites, e.g., Typhlodromus americanus Chant and Yoshida-Shaul, Galendromus (Galendromus) annectens (De Leon), G. (G.) floridanus (Muma) (junior synonym G. helveolus), G. (G.) occidentalis (Nesbitt), and Neoseiulus fallacis (Garman), to suppress spruce spider mite populations has been the subject of several laboratory and field studies [21,53,54,55,56]. Some of these surveys have shown that two of the aforementioned predators, G. (G.) occidentalis and N. fallacis, can successfully reduce populations of the pest [21,53]. However, geographical distributions of both species were mainly reported in North and South America [57] with incidental occurrence in Europe where O. ununguis is a key pest of ornamental coniferous plants [8,58]. In Europe, G. (G.) occidentalis was noted only in Austria [59], whereas N. fallacis has been recorded in Germany [60] and in Poland [61,62]. By contrast, A. andersoni is widespread in Europe [57] and may overwinter on trees and in ground litter [63,64]. According to McMurtry et al. [65], A. andersoni has been classified as a type III-b among Phytoseiidae lifestyles; species from this category are considered to be generalist predators living on glabrous leaves of deciduous plants, but A. andersoni was recorded many times on different species of coniferous plants, e.g., [29,66,67,68], often sympatric with O. ununguis [30,69]. Generalist predators of type III can feed and reproduce on wide range of supplied food, including mite prey in many families of the suborder Prostigmata, among others, e.g., Tetranychiade and Tenuipalpidae [65]. Our results also show that A. andersoni is able to complete its life cycle and successfully reproduce on representatives of these latter families, viz., O. ununguis (Tetranychiade) and P. taxi (Tenuipalpidae).



According to Lehman [13], describing an integrated approach to O. ununguis management, the reproductive rate of phytoseiid mites is usually somewhat lower than that of the spider mites constituting their prey, causing predator populations to lag behind rapidly growing spruce spider mite populations, and as a consequence may allow significant damage to occur before the pest population is in check. Akita [70] showed that total fecundity of O. ununguis reared on fir (Abies fraseri (Pursh) Poir.) was as high as 43 eggs/female, which was almost 1.5 times greater than the fertility of A. andersoni preying on O. ununguis (see Table 2). However, the aforementioned study was conducted at 25 °C, whereas at 23 °C reproductive parameters of the predator and the prey (feeding on fir) were comparable (Table 2 of this study; [19]).



Some authors suggest the use of empirical rm values as a useful indicator for selecting promising biocontrol candidates [71,72,73]. In theory, a predator that has a population growth rate equal to or greater than its prey should efficiently regulate the population of its prey [73,74]. The results presented here show that the value of the intrinsic rate of population increase (rm) of A. andersoni feeding on O. ununguis (rm = 0.160) was much higher than that of O. unuguis feeding on fir (rm = 0.125) or on spruce (rm = 0.108) [19,75]. This is partly because A. andersoni feeding on O. ununguis, is able to reach maturity three times faster than its prey. The development time of O. ununguis on fir was 17.38 days [19] and of spruce 15.3 days [75]. The high values of developmental and population parameters of A. andersoni, observed during its feeding on O. ununguis, suggest that this prey is a nutritious food for the predator. Moreover, given that predator–prey population dynamics depend on the relative rm of the protagonists [32], we hypothesize that A. andersoni has great potential as a natural enemy of O. ununguis.



In our surveys, the highest values of reproductive and population parameters were obtained for A. andersoni feeding on the other tested prey—P. taxi. Unfortunately, we cannot compare these parameters between the predator and the prey as there is no available data on the developmental, reproductive or population parameters of P. taxi. We can, however, compare values of the parameters achieved by A. andersoni feeding on P. taxi with those estimated on other prey species that have been studied as targets of this predator. Amblyseius andersoni has been evaluated as a biocontrol agent against spider mites occurring in vineyards [76,77,78], and orchards [64,79,80,81]. Amano and Chant [82] studied its developmental and reproductive parameters on Tetranychus pacificus McGregor, one of the most important spider mite pests in California vineyards [83]. Development time of both females and males of A. andersoni feeding on T. pacificus was about two days longer than on P. taxi, but total fecundity was higher on T. pacificus (46.33 eggs/female) than on P. taxi (33.3 eggs/female) ([82] vs. Table 2 of this study). Some authors mention A. andersoni as an effective natural enemy of another spider mite species, Panonychus ulmi Koch [79,84,85]. Comparing our findings with those of Lorenzon et al. [35], A. andersoni females feeding on P. taxi laid 1.5 times more eggs (33.3 eggs/female) than when preying on P. ulmi (22.2 eggs/female) and reached adulthood in a comparable or shorter time (5.12 days on P. taxi and 5.5 days on P. ulmi). Moreover, survival of A. andersoni (percentage of specimens reaching maturity) was higher on P. taxi (90.91%) than on P. ulmi (84%). Nevertheless, the rm value of the predator population estimated by Lorenzon et al. [35] on P. ulmi (0.175) was higher than that on P. taxi (0.166), which may result from the longer lifespan of females feeding on P. ulmi (over 40 days) than on P. taxi (28.3 days). It is worth noting that Lorenzon et al. [35] conducted tests at a slightly higher temperature (24 °C) than in this study (23 °C) and many studies have shown that temperature significantly affects the life history of phytoseiid mites [86,87,88,89]. On the basis of the above comparison, we hypothesize that P. taxi is as valuable as prey for A. andersoni as the aforementioned species of spider mite pests of orchards or vineyards.



One of the objectives of the current research was the evaluation of pine pollen as an alternative food for A. andersoni. Although some phytoseiid mite species (e.g., Euseius rubicolus (van der Merwe and Ryke) = Euseius addoensis (McMurtry), Iphiseius degenerans (Berlese), Neoseiulus cucumeris (Oudemans)) could not exploit pollen of P. sylvestris as a food source and suffered from high pre-imaginal mortality [90,91], this pollen was suitable for A. andersoni. The development time of the predator on pine pollen was longer and the total fecundity was lower than on both examined prey species, but this food source sustained growth of A. andersoni populations. It can be assumed that pine pollen settling on needles and shoots of conifers in spring may favor early season development of A. andersoni populations and allow the predator to survive periodic shortages of other food. It is possible that A. andersoni could utilize pollen of other conifer species on which this predatory mite occurs (e.g., spruces, firs) but there is no such data in the literature. With the exception of pines [39,91,92] and Douglas fir [54], pollen from other conifers has not been tested as a supplementary food source for phytoseiid mites. Typhlodromus americanus Chant and Yoshida-Shaul fed with Douglas fir pollen did not reach adulthood [54]. Studies on suitability of this and other conifer pollens as sustenance for A. andersoni would improve our knowledge about the range of alternative food items that the predator can find on coniferous plants. However, pines typically produce great amounts of pollen, easily transported by wind [93,94], thus it may be available for phytoseiid mites not only on pines but also on other plant species on which it settles [38,95].



The possibility of laboratory rearing of phytoseiid mites on pollens of various plants was confirmed in many studies, e.g., [96,97,98,99]. However, it seems that P. sylvestris pollen is not suitable for mass rearing of A. andersoni, as higher development and reproductive parameters of this predator were recorded during its rearing on Typha latifolia L. pollen [35] or Mesembryanthemum criniflorum L. pollen [100].



A compelling case in favor of further work on A. andersoni as a biocontrol agent of phytophagous mites occurring on ornamental coniferous plants is the fact that this species of predatory mite is an existing commercial product used worldwide in many greenhouses or field programs (patent number PL/EP 2048941). This means there is no need to re-develop the mass breeding process for this species. Moreover, according to Duso et al. [78], the presence of many phytoseiid species in crops is limited by their susceptibility to pesticides while A. andersoni is one of the dominant Phytoseiidae species in commercial vineyards and orchards [78,101] due to its tolerance or resistance to some pesticides [27,78,102,103]. This opens the possibility of using it in integrated pest management conducted in ornamental nurseries. Due to the high potential of A. andersoni as a natural enemy of O. ununguis and P. taxi, future studies assessing the feasibility of the predator’s augmentative release against these pests in the outdoor production of coniferous plants are warranted.




5. Conclusions


Based on the data presented here, Amblyseius andersoni is a promising candidate for biocontrol of two key pests of coniferous plants, O. ununguis and P. taxi. This predatory mite is able to prey, develop and reproduce on both tested pests. High values of reproductive and population parameters achieved by A. andersoni while preying on O. ununguis and P. taxi may indicate that these phytophagous arthropods are a nutritious food source for the predator. Pinus sylvestris pollen can be classified as an alternative food source for A. andersoni. Although the values of population parameters of A. andersoni were higher on the tested prey species, the predator reached maturity and oviposited while feeding only on pine pollen.







Author Contributions


Conceptualization, E.P.; investigation, E.P., S.K.Z. and A.M.; methodology and software, E.P. and M.K.; writing—original draft preparation E.P., B.G.R. and S.K.Z.; writing—review and editing, E.P., B.G.R., S.K.Z. and M.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


We would like to thank the Hortico S.A. Company (Wroclaw, Poland) for providing the predator to start a laboratory rearing for our experiments. Thanks to Paul Pratt (United States Department of Agriculture) for his critical review of a draft of the manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ripka, G. New data to the knowledge on the tetranychid and tenuipalpid fauna in Hungary (Acari: Prostigmata). Acta Phytopathol. Entomol. Hung. 1998, 33, 425–434. [Google Scholar]

	



Łabanowski, G.; Soika, G. Pentamerismus taxi (Haller, 1877) (Acari: Tenuipalpidae) as a new record for the polish fauna. In Postepy Polskiej Akarologii; Gabrys, G., Ignatowicz, S., Eds.; Wydawnictwo SGGW: Warszawa, Polska, 2006; pp. 199–202. [Google Scholar]

	



Bayram, Ş.; Çobanoğlu, S. Mite fauna (Acari: Prostigmata, Mesostigmata, Astigmata) of coniferous plants in Turkey. Turk. J. Entomol. 2007, 31, 279–290. [Google Scholar]

	



Arabuli, T. Two new records and list of tenuipalpid mites (Acari: Tenuipalpidae) for Georgian fauna. Proc. Inst. Zool. 2015, 24, 33–45. [Google Scholar]

	



Trencheva, K.G.; Trenchev, G.S. Three new species of Tenuipalpidae (Acari: Prostigmata) for the fauna of Bulgaria. J. Entomol. Zool. Studies 2018, 6, 1794–1798. [Google Scholar]

	



Bondareva, L.M.; Chumak, P.Y. Pentamerismus taxi (Haller, 1877) (Acari: Tenuipalpidae): A new pest in the conditions of Kyiv. Russ. J. Biol. Invasions 2018, 9, 9–12. [Google Scholar] [CrossRef]

	



Przygoda, E. The occurrence of spruce spider mite (Oligonychus ununguis Jacobi) on ornamental coniferous plants in botanical gardens in Poland. Ann. Wars. Agric. Univ.-SGGW Hortic. Landsc. Archit. 2001, 22, 23–29. [Google Scholar]

	



Puchalska, E.K. Occurence of spider mites (Prostigmata: Tetranychidae) and Phytoseiid mites (Mesostigmata: Phytoseiidae) as their potential enemies, on Norway spruce (Picea abies (L.)) and its cultivars grown in ornamental plant nurseries in Poland. Acta Sci. Pol. Hortorum Cultus 2014, 13, 161–172. [Google Scholar]

	



Jeppson, L.R.; Keifer, H.H.; Bake, E.W. Mite Injurious to Economic Plants; University of California Press: Berkley, CA, USA, 1975; ISBN 0-520-02381-1. [Google Scholar]

	



Gotoh, T. Annual life cycle of the spruce spider mite Oligonychus ununguis (Jacobi) (Acarida: Tetranychidae) on fagaceous trees. Jpn. J. Appl. Entomol. Zool. 1984, 28, 137–142. [Google Scholar] [CrossRef]

	



Guttierez, J.; Kreiter, S.; Brian, F.; Cotton, D. Mites, little-known pests of cypress. Phytoma 1986, 376, 47–48. [Google Scholar]

	



Sun, X.G.; Zhou, C.G.; Zhang, X.D.; Liu, Y.M.; Mi, X.M. A study on the diapause of Oligonychus ununguis (Jacobi). Acta Entomol. Sin. 1995, 38, 305–311. [Google Scholar]

	



Lehman, R.D. Spruce spider mite, Oligonychus ununguis (Jacobi)—An integrated approach to management (Acarina: Tetranychidae). Regul. Hortic. 2002, 24, 1–4. [Google Scholar]

	



Czajkowska, B.; Puchalska, E. Spruce spider mite (Oligonychus ununguis Jacobi) and its predators associated with ornamental coniferous plants in Polish nurseries. In Integrated Control in Protected Crops; Temperate Climate; IOB/WPRS Bulletin: Turku, Finland, 2005; Volume 28, pp. 75–78. [Google Scholar]

	



Migeon, A.; Dorkeld, F. Spider Mites Web: A Comprehensive Database for the Tetranychidae. Available online: http://www.montpellier.inra.fr/CBGP/spmweb (accessed on 22 April 2021).

	



Puchalska, E. The influence of Oligonychus ununguis Jacobi (Acari: Tetranychidae) on photosynthetic activity and needle damage of Picea glauca ‘Conica’. Biol. Lett. 2006, 43, 353–360. [Google Scholar]

	



Reeb, J.E.; Shaw, D.C. Common Insect Pests and Diseases of Sitka Spruce on the Oregon Coast. Oregon State University Extension Service. Available online: https://catalog.extension.oregonstate.edu/sites/catalog/files/project/pdf/em9105.pdf (accessed on 17 May 2021).

	



Bondareva, L.; Zhovnerchuk, O.; Kolodochka, L.A.; Chumak, P.Y.; Zavadska, O.V. Specifics of life cycle and damage of Oligonychus ununguis (Acari: Tetranychidae) on introduced species of coniferous plants in conditions of megalopolis. Persian J. Acarol. 2020, 9, 367–376. [Google Scholar] [CrossRef]

	



Boyne, J.V.; Hain, F.P. Effects of constant temperature, relative humidity, and simulated rainfall on development and survival of the spruce spider mite (Oligonychus ununguis). Can. Entomol. 1983, 115, 93–105. [Google Scholar] [CrossRef]

	



Gerson, U. The Tenuipalpidae: An under-explored family of plant-feeding mites. Syst. Appl. Acarol. 2008, 13, 83–101. [Google Scholar] [CrossRef]

	



Shrewsbury, P.M.; Hardin, M.R. Evaluation of predatory mite (Acari: Phytoseiidae) releases to suppress spruce spider mites, Oligonychus ununguis (Acari: Tetranychidae), on juniper. J. Econ. Entomol. 2003, 96, 1675–1684. [Google Scholar] [CrossRef]

	



Raupp, M.J.; Webb, R.E.; Szczepaniec, A.; Booth, D.; Ahern, R. Incidence, abundance, and severity of mites on hemlocks following applications of imidacloprid. J. Arboric. 2003, 30, 108–113. [Google Scholar]

	



Whalon, M.E.; Mota-Sanchez, R.M.; Hollingworth, R.M.; Duynslager, L. Arthropods Resistant to Pesticides Database (ARPD). Available online: http://www.pesticideresistance.org (accessed on 17 May 2021).

	



Gerson, U.; Smiley, R.L.; Ochoa, R. Mites (Acari) for Pest Control; Blackwell Science Ltd.: Oxford, UK, 2003; pp. 173–218. ISBN 0-632-05658-4. [Google Scholar]

	



Sabelis, M.W.; Helle, W. Spider Mites: Their Biology, Natural Enemies, and Control; Sabelis, M.W., Helle, W., Eds.; Elsevier: Amsterdam, The Netherlands, 1985; Volume 1B, ISBN 0-444-42374-5. [Google Scholar]

	



Croft, B.A.; Blackwood, J.S.; McMurtry, J.A. Classifying life-style types of phytoseiid mites: Diagnostic traits. Exp. Appl. Acarol. 2004, 33, 247–260. [Google Scholar] [CrossRef]

	



Bonafos, R.; Serrano, E.; Auger, P.; Kreiter, S. Resistance to deltamethrin, lambda-cyhalothrin and chlorpyriphos-ethyl in some populations of Typhlodromus pyri Scheuten and Ambylseius andersoni (Chant) (Acari: Phytoseiidae) from vineyards in the south-west of France. Crop Prot. 2007, 26, 169–172. [Google Scholar] [CrossRef]

	



Lehman, R.D. Mites (Acari) of Pennsylvania conifers. Trans. Am. Entomol. Soc. 1982, 108, 181–286. [Google Scholar]

	



Kaźmierczak, B.; Lewandowski, M. Phytoseiid mites (Acari: Phytoseiidae) inhabiting coniferous trees in natural habitats in Poland. Biol. Lett. 2006, 43, 315–326. [Google Scholar]

	



Puchalska, E.K.; Kozak, M.; Lewandowski, M. Coniferous plants as potential reservoirs of phytoseiid mites (Parasitiformes: Phytoseiidae) in Poland. Syst. Appl. Acarol. 2021, in press. [Google Scholar]

	



Gurr, G.M.; Wratten, S.D. Biological Control: Measures of Success; Springer Science & Business Media: Dordrecht, Germany, 2000; pp. 105–132. ISBN 978-94-011-4014-0. [Google Scholar]

	



Janssen, A.; Sabelis, M.W. Phytoseiid life-histories, local predator-prey dynamics, and strategies for control of tetranychid mites. Exp. Appl. Acarol. 1992, 14, 233–250. [Google Scholar] [CrossRef]

	



Overmeer, W.P.J. Alternative prey and other food resources. In Spiders Mites Their Biology, Natural Enemies and Control; Helle, W., Sabelis, M.W., Eds.; Elsevier: Amsterdam, The Netherlands, 1985; Volume IB, pp. 131–137. [Google Scholar]

	



McMurtry, J.A.; Croft, B.A. Life-styles of phytoseiid mites and their roles in biological control. Annu. Rev. Entomol. 1997, 42, 291–321. [Google Scholar] [CrossRef]

	



Lorenzon, M.; Pozzebon, A.; Duso, C. Effects of potential food sources on biological and demographic parameters of the predatory mites Kampimodromus aberrans, Typhlodromus pyri and Amblyseius andersoni. Exp. Appl. Acarol. 2012, 58, 259–278. [Google Scholar] [CrossRef]

	



Kishimoto, H.; Ohira, Y.; Adachi, I. Effect of different plant pollens on the development and oviposition of seven native phytoseiid species (Acari: Phytoseiidae) in Japan. Appl. Entomol. Zool. 2014, 49, 19–25. [Google Scholar] [CrossRef]

	



Broufas, G.D.; Koveos, D.S. Effect of different pollens on development, survivorship and reproduction of Euseius finlandicus (Acari: Phytoseiidae). Environ. Entomol. 2000, 29, 743–749. [Google Scholar] [CrossRef]

	



Addison, J.A.; Hardman, J.M.J.; Walde, S.J. Pollen availability for predaceous mites on apple: Spatial and temporal heterogeneity. Exp. Appl. Acarol. 2000, 24, 1–18. [Google Scholar] [CrossRef] [PubMed]

	



Kutuk, H.; Yigit, A. Pre-establishment of Amblyseius swirskii (Athias-Henriot)(Acari: Phytoseiidae) using Pinus brutia (Ten.)(Pinales: Pinaceae) pollen for thrips (Thysanoptera: Thripidae) control in greenhouse peppers. Int. J. Acarol. 2011, 37, 95–101. [Google Scholar] [CrossRef]

	



Goleva, I.; Zebitz, C.P. Suitability of different pollen as alternative food for the predatory mite Amblyseius swirskii (Acari, Phytoseiidae). Exp. Appl. Acarol. 2013, 61, 259–283. [Google Scholar] [CrossRef] [PubMed]

	



Masui, S.; Katayama, H. Effectiveness of different types of tree pollen as food for Amblyseius eharai and Euseius sojaensis (Acari: Phytoseiidae). Jpn. J. Appl. Entomol. Zool. 2019, 63, 207–214, (in Japanese with English abstract). [Google Scholar] [CrossRef]

	



Tsuchida, Y.; Masui, S. Effects of providing pollen to Euseius sojaensis or Amblyseius eharai (Acari: Phytoseiidae) on populations of the pink citrus rust mite, Aculops pelekassi (Acari: Eriophyidae). Appl. Entomol. Zool. 2020, 55, 241–248. [Google Scholar] [CrossRef]

	



Walter, D.E.; Krantz, G.W. Collecting, rearing, and preparing specimens. In A manual of Acarology; Krantz, G.W., Walter, D.E., Eds.; Texas Tech University Press: Lubbock, TX, USA, 2009; pp. 83–96. [Google Scholar]

	



Birch, L. The intrinsic rate of natural increase of an insect population. J. Anim. Ecol. 1948, 17, 15–26. [Google Scholar] [CrossRef]

	



Pinheiro, J.C.; Bates, D.M. Linear mixed-effects models: Basic concepts and examples. In Mixed-Effects Models in S and S-PLUS; Springer Science & Business Media: Cham, Switzerland, 2000; pp. 3–56. [Google Scholar]

	



Quinn, G.P.; Keough, M.J. Experimental Design and Data Analysis for Biologists; Cambridge University Press: Cambridge, UK, 2002; ISBN 13 978-0-511-07812-5. [Google Scholar]

	



Hothorn, T.; Bretz, F.; Westfall, P. Simultaneous Inference in General Parametric Models. Biom. J. J. Math. Methods Biosci. 2008, 50, 346–363. [Google Scholar] [CrossRef]

	



Kozak, M.; Powers, S.J. If not multiple comparisons, then what? Ann. Appl. Biol. 2017, 171, 277–280. [Google Scholar] [CrossRef]

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2019; Available online: https://www.R-project.org/ (accessed on 18 November 2020).

	



Pinheiro, J.; Bates, D.; DebRoy, S.; Sarkar, D.; R Core Team. nlme: Linear and Nonlinear Mixed Effects Models. R Package Version 3.1-140. 2019. Available online: https://CRAN.R-project.org/package=nlme> (accessed on 18 November 2020).

	



Maia, A.H.N.; Luiz, A.J.B.; Campanhola, C. Statistical inference on associated fertility life table parameters using jackknife technique: Computational aspects. J. Econ. Entomol. 2000, 93, 511–518. [Google Scholar] [CrossRef] [PubMed]

	



Kozak, M. Analyzing one-way experiments: A piece of cake or a pain in the neck? Sci. Agric. 2009, 66, 556–562. [Google Scholar] [CrossRef]

	



Boyne, J.V.; Hain, F.P. Responses of Neoseiulus fallacis (Acarina: Phytoseiidae) to different prey densities of Oligonychus unungis (Acarina: Tetranychidae) and to different relative humidity regimes. Can. Entomol. 1983, 115, 1607–1614. [Google Scholar] [CrossRef]

	



Horton, R.N. Characteristics of Typhlodromus americanus Chant and Yoshida-Shaul (Acari: Phytoseiidae) as a Biological Control Agent of Oligonychus ununguis (Jacobi)(Acari: Phytoseiidae). Master’s Thesis, Oregon State University, Corvallis, OR, USA, 1995. Available online: https://ir.library.oregonstate.edu/concern/graduate_thesis_or_dissertations/0g354h57w (accessed on 10 May 2021).

	



Pratt, P.D.; Schausberger, P.; Croft, B.A. Prey-food types of Neoseiulus fallacis (Acari: Phytoseiidae) and literature versus experimentally derived prey-food estimates for five phytoseiid species. Exp. Appl. Acarol. 1999, 23, 551–565. [Google Scholar] [CrossRef]

	



Pratt, P.D.; Rosetta, R.; Croft, B.A. Plant-related factors influence the effectiveness of Neoseiulus fallacis (Acari: Phytoseiidae), a biological control agent of spider mites on landscape ornamental plants. J. Econ. Entomol. 2002, 95, 1135–1141. [Google Scholar] [CrossRef] [PubMed]

	



Demite, P.R.; Moraes, G.J.; McMurtry, J.A.; Denmark, H.A.; Castilho, R.C. Phytoseiidae Database. Available online: www.lea.esalq.usp.br/phytoseiidae (accessed on 9 February 2021).

	



Kiełkiewicz, M.; Puchalska, E.; Czajkowska, B. Changes in biochemical composition of needles of ornamental dwarf spruce (Picea glauca ‘Conica’) induced by spruce spider mite (Oligonychus ununguis Jacobi, Acari: Tetranychidae) feeding. Acta Physiol. Plant. 2005, 27, 463–471. [Google Scholar] [CrossRef]

	



Fischer-Colbrie, P.; El-Borolossy, M. Investigations on the influence of climatic conditions, different fruit species and prey mites on the occurence of various species of predatory mites in Austrian orchards and vineyards. Pflanzenschutzberichte 1990, 51, 101–126. [Google Scholar]

	



Thill, H. Beobachtungen an rabmilben auf Zwetschenbaumen. Entomophaga 1964, 9, 239–242. [Google Scholar] [CrossRef]

	



Niemczyk, E.; Sekrecka, M. Occurrence of predatory mites (Phytoseiidae) and their species composition on black currant plantations in different regions of Poland. Zesz. Nauk. ATR Bydg. Rolnictwo. 1998, 2, 75–78. [Google Scholar]

	



Niemczyk, E. Occurrence and effectiveness of predatory mites (Phytoseiidae) in controlling two-spotted spider mite (Tetranychus urticae Koch) on black currants. In Proceedings of the Second Workshop on Integrated Production of Soft Fruits, Warsaw, Poland, 13–16 September 1999; pp. 53–56. [Google Scholar]

	



Putman, W.L. Hibernation sites of phytoseiids (Acarina: Phytoseiidae) in Ontario peach orchards. Can. Entomol. 1959, 91, 735–741. [Google Scholar] [CrossRef]

	



Szabó, A.; Pénzes, B. A new method for the release of Amblyseius andersoni (Acari: Phytoseiidae) in young apple orchards. Eur. J. Entomol. 2013, 110, 477–482. [Google Scholar] [CrossRef]

	



McMurtry, J.A.; De Moraes, G.J.; Sourassou, N.F. Revision of the lifestyles of phytoseiid mites (Acari: Phytoseiidae) and implications for biological control strategies. Syst. Appl. Acarol. 2013, 18, 297–320. [Google Scholar] [CrossRef]

	



Steeghs, N.; Nedstam, B.; Lundqvist, L. Predatory mites of the family Phytoseiidae (Acari, mesostigmata) from South Sweden. Entomol. Tidskr. 1993, 114, 19–27. [Google Scholar]

	



Ripka, G. Checklist of the Phytoseiidae of Hungary (Acari: Mesostigmata). Folia Ent. Hung. 2006, 67, 229–260. [Google Scholar]

	



Omeri, I.D. Phytoseiid Mites (Parasitiformes, Phytoseiidae) on Plants in Trostyanets Dendrological Park (Ukraine). Vestn. Zool. 2009, 43, 245–252. [Google Scholar] [CrossRef]

	



Kiełkiewicz, M.; Czajkowska, B. Dynamika liczebności przędziorka sosnowca [Oligonychus ununguis Jacobi] i towarzysząca mu fauna pożyteczna na wybranych gatunkach ozdobnych roślin iglastych rosnących w Ogrodzie Botanicznym w Powsinie. Prog. Plant Prot. 2002, 42, 435–438. [Google Scholar]

	



Akita, Y. Biological studies of the common conifer spider mite, Oligonychus ununguis Jacobi (Acarina: Teranychidae). Jap. Forest. Exp. Sta. Bull. 1971, 236, 1–25. [Google Scholar]

	



Jervis, M.A.; Copland, M.J.W. The life cycle. In Insect Natural Enemies; Jervis, M., Kidd, B., Eds.; Springer: Dordrecht, Germany, 1996; pp. 63–161. [Google Scholar] [CrossRef]

	



Dent, D.R. Quantifying insect populations: Estimates and parameters. In Methods in Ecological and Agricultural Entomology; Dent, D.R., Walton, M.P., Eds.; CAB International: Oxford, UK, 1997; pp. 57–98. [Google Scholar]

	



Roy, M.; Brodeur, J.; Cloutier, C. Effect of temperature on intrinsic rates of natural increase (rm) of a coccinellid and its spider mite prey. Biocontrol 2003, 48, 57–72. [Google Scholar] [CrossRef]

	



Sabelis, M.W. Predatory athropods. In Natural Enemies. The Population Biology of Predators, Parasites and Disease; Crawley, M.J., Ed.; Blackwell: Oxford, UK, 1992; pp. 225–264. [Google Scholar]

	



Puchalska, E. The Occurrence and Harmfulness of the Spruce Spider Mite (Oligonychus ununguis Jacobi) on Ornamental Coniferous Plants [in Polish]. Ph.D. Dissertation, Warsaw University of Life Sciences-SGGW, Warsaw, Poland, December 2003; p. 146, catalog no. 27476R. [Google Scholar]

	



Duso, C. Role of the predatory mites Amblyseius aberrans (Oud.), Typhlodromus pyri Scheuten and Amblyseius andersoni (Chant)(Acari, Phytoseiidae) in vineyards: I. The effects of single or mixed phytoseiid population releases on spider mite densities (Acari, Tetranychidae). J. Appl. Entomol. 1989, 107, 474–492. [Google Scholar] [CrossRef]

	



Duso, C. Role of Amblyseius aberrans (Oud.), Typhlodromus pyri Scheuten and Amblyseius andersoni (Chant)(Acari, Phytoseiidae) in vineyards: III. Influence of variety characteristics on the success of A. aberrans and T. pyri releases. J. Appl. Entomol. 1992, 114, 455–462. [Google Scholar] [CrossRef]

	



Duso, C.; Pasqualetto, C.; Camporese, P. Role of the predatory mites Amblyseius aberrans (Oud.), Typhlodromus pyri Scheuten and Amblyseius andersoni (Chant)(Acari, Phytoseiidae) in vineyards: II. Minimum releases of A. aberrans and T. pyri to control spider mite populations (Acari, Tetranychidae). J. Appl. Entomol. 1991, 112, 298–308. [Google Scholar] [CrossRef]

	



Van de Vrie, M.; Kropczynska, D. The influence of the predatory mites on the population development of Panonychus ulmi (Koch) on apple. Boll. Zool. Agric. Bachic. 1965, 7, 119–130. [Google Scholar]

	



Garcia-Marí, F.; Ferragut, F.; Costa-Comelles, J.; Laborda, R. Dispersion indices and constant precision sampling programmes for Panonychus ulmi (Koch) and Amblyseius andersoni (Chant) in Spanish apple orchards. In The Acari; Schuster, E., Ed.; Springer: Dordrecht, Germny, 1991; p. 413. [Google Scholar]

	



Koveos, D.S.; Broufas, G.D. Functional response of Euseius finlandicus and Amblyseius andersoni to Panonychus ulmi on apple and peach leaves in the laboratory. Exp. Appl. Acarol. 2000, 24, 247–256. [Google Scholar] [CrossRef]

	



Amano, H.; Chant, D.A. Life history and reproduction of two species of predacious mites, Phytoseiulus persimilis Athias-Henriot and Amblyseius andersoni (Chant)(Acarina: Phytoseiidae). Can. J. Zool. 1977, 55, 1978–1983. [Google Scholar] [CrossRef]

	



Stavrinides, M.C.; Mills, N.J. Demographic effects of pesticides on biological control of Pacific spider mite (Tetranychus pacificus) by the western predatory mite (Galendromus occidentalis). Biol. Control 2009, 48, 267–273. [Google Scholar] [CrossRef]

	



McMurtry, J.; Van de Vrie, M. Predation by Amblyseius potentillae (Garman) on Panonychus ulmi (Koch) in simple ecosystems (Acarina: Phytoseiidae, Tetranychidae). Hilgardia 1973, 42, 17–33. [Google Scholar] [CrossRef]

	



Duso, C. Biological contrfol of the Tetranychid mites in peach orchards of northern Italy: Role of Amblyseius andersoni (Chant) and Amblyseius finlandicus (Oud.) (Acari: Phytoseiidae). Acta Phytophathol. Entomol. Hung. 1992, 27, 211–217. [Google Scholar]

	



Genini, M.; Klay, A.; Baumgaertner, J.; Delucchi, V.; Baillod, M. Comparative studies on the influence of temperature and food on the development of Amblyseius andersoni, Neoseiulus fallacis, Galendromus longipilus and Typhlodromus pyri (Acari: Phytoseiidae). Entomophaga 1991, 36, 139–154. [Google Scholar] [CrossRef]

	



Gotoh, T.; Yamaguchi, K.; Mori, K. Effect of temperature on life history of the predatory mite Amblyseius (Neoseiulus) californicus (Acari: Phytoseiidae). Exp. Appl. Acarol. 2004, 32, 15–30. [Google Scholar] [CrossRef]

	



Lee, H.S.; Gillespie, D.R. Life tables and development of Amblyseius swirskii (Acari: Phytoseiidae) at different temperatures. Exp. Appl. Acarol. 2011, 53, 17–27. [Google Scholar] [CrossRef] [PubMed]

	



Li, Y.J.; Liu, Q.Y.; Chang, J.; Jia, Y.H.; Meng, R.X. Effects of temperature on a Chinese population of Amblyseius andersoni (Acari: Phytoseiidae) fed with Tetranychus urticae. Acarologia 2019, 59, 475–483. [Google Scholar] [CrossRef]

	



Grout, T.G.; Richards, G.I. The dietary effect of windbreak pollens on longevity and fecundity of a predacious mite Euseius addoensis (Acari: Phytoseiidae) found in citrus orchards in South Africa. Bull. Entomol. Res. 1992, 82, 317–320. [Google Scholar] [CrossRef]

	



Van Rijn, P.C.; Tanigoshi, L.K. Pollen as food for the predatory mites Iphiseius degenerans and Neoseiulus cucumeris (Acari: Phytoseiidae): Dietary range and life history. Exp. Appl. Acarol. 1999, 23, 785–802. [Google Scholar] [CrossRef]

	



Samaras, K.; Pappas, M.L.; Fytas, E.; Broufas, G.D. Pollen suitability for the development and reproduction of Amblydromalus limonicus (Acari: Phytoseiidae). BioControl 2015, 60, 773–782. [Google Scholar] [CrossRef]

	



Pessi, A.M.; Pulkkinen, P. Temporal and spatial variation of airborne Scots pine (Pinus sylvestris) pollen. Grana 1994, 33, 151–157. [Google Scholar] [CrossRef]

	



Poska, A.; Pidek, I.A. Pollen dispersal and deposition characteristics of Abies alba, Fagus sylvatica and Pinus sylvestris, Roztocze region (SE Poland). Veg. Hist. Archaeobot. 2010, 19, 91–101. [Google Scholar] [CrossRef]

	



Tixier, M.S.; Arnaud, A.; Douin, M.; Kreiter, S. Effects of agroforestry on Phytoseiidae communities (Acari: Mesostigmata) in vineyards. A synthesis of a 10-year period of observations. Acarologia 2015, 55, 361–375. [Google Scholar] [CrossRef]

	



James, D.G.; Whitney, J. Cumbungi pollen as a laboratory diet for Amblyseius victoriensis (Womersley) and Typhlodromus doreenae Schicha (Acari: Phytoseiidae). Aust. J. Entomol. 1993, 32, 5–6. [Google Scholar] [CrossRef]

	



Castagnoli, M.; Simoni, S.; Biliotti, N. Mass-rearing of Amblyseius californicus (Acari: Phytoseiidae) on two alternative food sources. In Ecology and Evolution of the Acari; Bruin, J., van der Geest, L.P.S., Sabelis, M.W., Eds.; Series Entomologica; Springer: Dordrecht, Germany, 1999; Volume 55, pp. 425–431. [Google Scholar] [CrossRef]

	



Shih, C.I.T. Automatic mass-rearing of Amblyseius womersleyi (Acari: Phytoseiidae). Exp. Appl. Acarol. 2001, 25, 425–440. [Google Scholar] [CrossRef] [PubMed]

	



Khanamani, M.; Fathipour, Y.; Talebi, A.A.; Mehrabadi, M. Quantitative analysis of long-term mass rearing of Neoseiulus californicus (Acari: Phytoseiidae) on almond pollen. J. Econ. Entomol. 2017, 110, 1442–1450. [Google Scholar] [CrossRef]

	



Duso, C.; Camporese, P. Developmental times and oviposition rates of predatory mites Typhlodromus pyri and Amblyseius andersoni (Acari: Phytoseiidae) reared on different foods. Exp. Appl. Acarol. 1991, 13, 117–128. [Google Scholar] [CrossRef]

	



Tixier, M.S.; Kreiter, S.; Auger, P.; Weber, M. Colonization of Languedoc vineyards phytoseiid mites (Acari: Phytoseiidae): Influence of wind and crop environment. Exp. Appl. Acarol. 1998, 22, 523–542. [Google Scholar] [CrossRef]

	



Dunley, J.E.; Messing, R.H.; Croft, B.A. Levels and genetics of organophosphate resistance in Italian and Oregon biotypes of Amblyseius andersoni (Acari: Phytoseiidae). J. Econ. Entomol. 1991, 84, 750–755. [Google Scholar] [CrossRef]

	



Raudonis, L. Comparative toxicity of spirodiclofen and lambdacihalotrin to Tetranychus urticae, Tarsonemus pallidus and predatory mite Amblyseius andersoni in a strawberry site under field conditions. Agron. Res. 2006, 4, 317–322. [Google Scholar]








[image: Insects 12 00664 g001a 550][image: Insects 12 00664 g001b 550] 





Figure 1. Age-specific survival rate (mx-dashed line) and fecundity (lx-solid line) of Amblyseius andersoni females reared on (a) Oligonychus ununguis, (b) Pentamerismus taxi and (c) Pinus sylvestris pollen. 
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Table 1. Effect of different diets on the development and survival rate of A. andersoni. Values with different letters in a row differ significantly at p ≤ 0.05.
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Developmental Stages

	
Diet Item

	
Calculated p-Value




	

	
O. ununguis

	
P. taxi

	
Pine Pollen

	






	
Development (days ± SE)

	

	

	

	




	
Egg

	
1.53 ± 0.08 a

	
1.48 ± 0.07 a

	
1.79 ± 0.07 b

	
0.03




	
Larva

	
0.76 ± 0.04 b

	
0.62 ± 0.03 a

	
0.84 ± 0.04 b

	
<0.001




	
Protonymph

	
1.70 ± 0.09 b

	
1.40 ± 0.06 a

	
2.09 ± 0.07 c

	
<0.001




	
Deutonymph

	
1.61 ± 0.08

	
1.66 ± 0.07

	
1.79 ± 0.07

	
0.228




	
Egg to female

	
5.69 ± 0.13 b

	
5.12 ± 0.01 a

	
6.66 ± 0.16 c

	
<0.001




	
Egg to male

	
5.47 ± 0.13 a

	
5.21 ± 0.14 a

	
6.36 ± 0.20 b

	
<0.001




	
Egg to adult

	
5.61 ± 0.01 b

	
5.15 ± 0.08 a

	
6.55 ± 0.14 c

	
<0.001




	
Survival (%)

	

	

	

	




	
Egg

	
95.74

	
96.36

	
98.11

	




	
Larva

	
95.56

	
97.67

	
96.15

	




	
Protonymph

	
95.35

	
97.62

	
92.00

	




	
Deutonymph

	
100

	
97.56

	
91.30

	




	
Percentage reaching maturity

	
87.23

	
90.91

	
79.25
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Table 2. Amblyseius andersoni female reproductive parameters and longevity (mean ± SE). Values with different letters in a column differ significantly at p ≤ 0.05.
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	Diet Item
	Total Fecundity (Eggs/Female)
	Oviposition Rate (Eggs/Female/Day)
	Longevity (Days)
	Preoviposition (Days)
	Oviposition (Days)
	Postoviposition (Days)





	O. ununguis
	29.2 ± 1.19 b
	1.09 ± 0.03
	26.3 ± 0.51 b
	3.28 ± 0.22 b
	20.4 ± 0.82 a
	2.70 ± 0.28 b



	P. taxi
	33.3 ± 0.48 b
	1.18 ± 0.01
	28.3 ± 0.38 c
	2.02 ± 0.11 a
	24.4 ± 0.41 b
	1.83 ± 0.25 a



	Pine pollen
	24.2 ± 0.54 a
	1.05 ± 0.02
	23.1 ± 0.31 a
	3.50 ± 0.17 b
	19.1 ± 0.30 a
	1.47 ± 0.19 a



	p-value
	0.002
	0.117
	<0.001
	<0.001
	<0.001
	0.001
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Table 3. Mean (±SE) life table parameters of Amblyseius andersoni reared on Oligonychus ununguis, Pentamerismus taxi or pine pollen. Values with different letters in a row differ significantly at p ≤ 0.05.
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	Oligonychus ununguis
	Pentamerismus taxi
	Pine Pollen





	R0 (net reproductive rate)
	18.7 ± 0.79 b
	23.3 ± 0.34 c
	15.4 ± 0.34 a



	T (mean generation time)
	18.3 ± 0.22 a
	19.0 ±0.17 b
	19.7 ± 0.18 c



	rm (intrinsic rate of population increase)
	0.160 ± 0.002 b
	0.166 ± 0.001b
	0.139 ± 0.001 a



	λ (finite rate of population increase)
	1.17 ± 0.002 b
	1.18 ± 0.001 c
	1.15 ± 0.001 a
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