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A better understanding of predator-prey interactions is crucial for the development of biological control strategies. The green lacewing, Chrysopa pallens, is a well-known generalist predator and reportedly functions as one of the most important biological control agents of insect pests. However, information regarding C. pallens’ predation on tea plant pests, particularly notorious tea mites, remains largely unknown. In this study, we focused on the predator-prey relationship between C. pallens and an important tea mite pest, Acaphylla theae. We designed species-specific primers for the detection of A. theae DNA and established a PCR-based DNA gut content analysis assay. These results demonstrated that the primers were A. theae-specific and suitable for its molecular identification. The laboratory feeding experiment showed that the detectability success (DS50) of A. theae DNA remaining in C. pallens’ guts was 2.9 h. We then performed a molecular detection of field predation, and achieved a 23.53% positive detection rate of A. theae DNA in the guts of field-collected C. pallens. This, for the first time, provides direct evidence that C. pallens can prey on A. theae in tea plantations. Finally, we tested the prey preference and estimated the predation ability of C. pallens on different developmental stages of A. theae. The results revealed that C. pallens had no significant preference for different developmental stages of A. theae. The functional responses of C. pallens’ predation on different densities of A. theae at different developmental stages followed a Type II Holling model. The initial attack rate (a’) ranged from 0.735 to 0.858 and the handling time (Th) was approximately 0.01. This study is the first to demonstrate the trophic interactions between C. pallens and A. theae and provides evidence for the development of biological control strategies against A. theae using C. pallens as a candidate predator.
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INTRODUCTION
Tea contains characteristic secondary metabolites (Liao et al., 2022), including catechin, theanine, and caffeine, which have numerous health benefits for humans and is, therefore, considered the most popular nonalcoholic beverage consumed worldwide (Yang et al., 2009). The tea plant Camellia sinensis (L.) O. Kuntze is one of the most economically important agricultural crops worldwide. In China, tea cultivation and production play important roles in poverty alleviation and rural revitalization (Ye et al., 2021). Therefore, the protection of tea plants against serious insect and mite pests have crucial economic and social significance.
It has been reported that approximately 800 species of insect and mite pests, belonging to 109 families from 13 orders, have been recorded in Chinese tea plantations; of which the pink tea mite pest, Acaphylla theae (Watt) (Acarina: Eriophyidae), is one of the most serious (Ye et al., 2014). Acaphylla theae is a global mite pest threatening tea production in China and other countries. It destroys tea plants by sucking the leaves and causing severe damage; including leaf luster loss, bud leaf atrophy, rust spots of different colors, brittle cracking, and defoliation (Li et al., 2021).
Acaphylla theae is difficult to control owing to its small body size, high concealment of symptoms, short reproductive cycle, and strong adaptability (Yin et al., 2003). Unlike most amphigenetic insect pests, such as hemipteran bugs and lepidopteran moths, where eco-friendly pest control can benefit from sex pheromone identification and molecular basis analyses (He et al., 2017; He et al., 2020; Wang et al., 2020; Yan et al., 2020; Wang et al., 2022a; Zhang et al., 2023), A. theae belongs to parthenogenetic mite species and it is impossible to develop eco-friendly management through sexual trapping. Although multiple attempts have been made to develop plant-sourced acaricides (Tong and Feng, 2016) and identify highly resistant tea plants (Yao et al., 2008), A. theae control is mainly dependent on the application of pesticides which results in the rapid development of mite resistance, undesirable residues on tea, and damage to non-target beneficial arthropods (Li et al., 2021). Highly efficient and eco-friendly management of A. theae is urgently required to improve tea quality and safety.
Biological control through the utilization of natural enemies has fewer negative effects on the environment and could be an alternative pest management strategy to traditional methods (Kitto, 1983). In China, over 1,100 species of natural enemies have been identified in tea plantations; with arthropod predators being the most abundant, accounting for 54.5% of the total number of species (Ye et al., 2014). Despite the abundant variety of natural enemies of tea plantations, native natural enemies are not available as candidate predators of A. theae. This could be partially attributed to the difficulty in accurately identifying predator-prey interactions using conventional methods, especially in the field. Gut DNA content analysis could be an excellent alternative strategy because it can specifically identify minute amounts of target DNA from insect pest diets, and this approach has become the most widely used for identifying predator-prey interactions (Symondson, 2002; King et al., 2008; Greenstone et al., 2014).
The green lacewing Chrysopa pallens (Rambur) (Neuroptera: Chrysopidae) is a generalist predator (Lai and Liu, 2020). It has been extensively studied for its biological control potential for development of sustainable and integrated pest management strategies to reduce the application of chemical pesticides in forests and agricultural ecosystems. Several studies have reported predation by C. pallens on various insect pests, including thrips (Sarkar et al., 2019), aphids (Zhao et al., 2008; Sun et al., 2013), whiteflies (Liu et al., 2011; Tang et al., 2018), and the young larvae and eggs of Lepidoptera (Canard and Volkovich, 2001; Cao et al., 2020). In addition, great progress has been made in the understanding of C. pallens’ biology and ecology (Kunkel and Cottrell, 2007; Wang et al., 2022b), development (Guo et al., 2008), factors affecting its predation ability (Abdrabou, 2008; Wang et al., 2021), and the toxicity and sublethal effects of insecticides (Su et al., 2022). Despite C. pallens being one of the most common predators, whether it preys on mite pests in tea gardens and the predator–prey interactions between C. pallens and A. theae remain largely unclear.
In this study, we designed species-specific primers for A. theae and established a PCR-based assay to identify prey DNA remaining in the C. pallens’ guts. We then used this assay to test the predator-prey relationship between field-collected C. pallens and A. theae. Finally, we determined the feeding preferences and functional responses of C. pallens to A. theae at different developmental stages. These results help determine how C. pallens preys on A. theae and provide a foundation for the development of biological control management strategies against A. theae in tea gardens.
MATERIALS AND METHODS
Mite and insect colonies
Acaphylla theae were collected from tea plantations at Zhejiang A & F University (119.7°E, 30.2°N). The leaves and branches of the tea trees with mites were cut, brought back to the laboratory and raised in glass bottles containing water. The number of mites was observed under the stereomicroscope. Colony establishment was obtained by transferring 50–100 mites from infested leaves and branches to a non-infested tea leaf. The colony was subsequently placed at 25°C ± 1°C, 70%–80% relative humidity, and an L16: D8 photoperiod.
Chrysopa pallens colonies were established in the laboratory at the Zhejiang A & F University. All larvae and adults were reared on cowpea aphid Aphis craccivora Koch (Hemiptera: Aphididae) in 20 × 13 × 8.5 cm transparent plastic rearing containers with a nylon screen top at 24°C ± 1°C, 65%–75% relative humidity, and an L16: D8 photoperiod.
DNA extraction
Acaphylla theae DNA was extracted by the Chelex extraction method (Yang et al., 2020). Ten adult A. theae were placed in the bottom of a 1.5 mL centrifuge tube and ground by a sterile pestle. Then, 150 μL 10% Chelex (BIO-RAD), 20 μL PBS solution (pH 7.2–7.4, Sangon Biotech, Shanghai), and 30 μL Proteinase K (20 mg/mL, Tiangen Biotech, Beijing) were added to the 1.5 mL centrifuge tube. The ground mite tissues and the reagents were briefly vortexed before being placed in a thermos metal bath (BTC-100D; MIULab, Hangzhou, China) and heated to 56°C for 8 h and 96°C for 20 min.
The whole body DNA of C. pallens and other invertebrate species was extracted using a FastPure® Blood/Cell/Tissue/Bacteria DNA isolation Mini Kit (Nanjing Vazyme Biotech Co., Ltd., Nanjing, China), according to the manufacturer’s instructions. Two negative control samples, using PCR-grade water instead of the DNA extract, were included during the DNA extraction procedure to demonstrate that there was no contamination.
Primer design and species-specific identification
The 28S ribosomal RNA gene was chosen as the DNA barcode for the molecular identification of A. theae because it has been proven to be suitable for the molecular classification and identification of mites (Zhao et al., 2020). Sequences of the 28S rRNA gene region of A. theae were obtained from GenBank (KJ145939). The 28S rRNA genes of A. theae and other non-target arthropods were aligned using the BioEdit sequence alignment editor 7.1.3.0 (Hall, 1999) and the specific primers (Table 1) were designed using Primer Premier 5 version 5.00 (Lalitha, 2000). The specificity of the primers was tested on 38 non-target invertebrate species belonging to 26 different families (Table 2) that had been starved for 2 days or 7 days (Traugott et al., 2013; Li et al., 2017).
TABLE 1 | Primer sequences and amplicon size of A. theae.
[image: Table 1]TABLE 2 | Invertebrate species used for the primers’ specificity test.
[image: Table 2]PCR and electrophoresis
PCR was performed in 20 µL reactions containing 1 µL DNA extract, 2 µL 10 × Taq buffer (TransGen Biotech, Beijing, China), 0.4 µL dNTP, 0.2 µL Easy Taq (TransGen Biotech, Beijing, China), 0.75 µL each primer (10 µM), and 14.9 µL autoclaved, distilled water. For each PCR assay, two positive A. theae DNA samples were used to determine that the amplification was successful; and two negative controls, PCR-grade water instead of extracted insect DNA, were used to ensure that there was no DNA carryover contamination. PCR was performed in a Veriti 96-Well Thermal Cyclers (Applied Biosystems, United States). The amplification protocol was as follows: 95°C for 10 min, followed by 35 cycles of 95°C for 30 s, 58°C for 30 s, and 72°C for 1 min, followed by a final extension of 72°C for 10 min. The 6 µL PCR products were then separated on a 2% agarose gel and visualized under a UV transilluminator.
Prey DNA detectability half-life determination
A feeding experiment was performed to determine the detectability of ingested A. theae DNA in C. pallens at different time points post feeding. Before the feeding trials, all the C. pallens predators were starved for 24 h at 25°C ± 1°C. Each four-day-old adult C. pallens predator was provided with 40 adult A. theae in glass bottles (10 cm diameter and 4 cm height) and observed under a stereomicroscope every 10 min for 1 h to ensure that they preyed on the mites. After feeding, individual predator C. pallens were transferred to new tubes and maintained at 25°C for 0, 4, 8, 12, 16, or 20 h (10 individuals per time point, and three repetitions per time treatment), after which they were frozen at—20°C. The DNA of C. pallens was extracted, and A. theae DNA in C. pallens’ guts was detected using the A. theae-specific PCR assay described above.
Field sampling test for prey DNA in C. pallens’ guts
To confirm the predation of C. pallens on A. theae, C. pallens was collected from a tea garden and tested to determine whether A. theae DNA could be detected. The study was conducted in a Zhejiang A & F University tea plantation located in Hangzhou City, Zhejiang Province, China (119.7°E, 30.2°N). The tea plantation was managed according to standard agronomic practices, and insecticides were not used during the sampling period.
Lacewings were collected every 2 weeks from late April to August 2022. We selected three rows with a spacing interval greater than 15 m between them, and 30 sub-plots (2 × 2 m2) per row were randomly selected with a spacing interval greater than 1 m. We first collected lacewings by sweep netting (38 cm diameter) along the top of the tea canopies and then used a basin under tea canopies and beat canopies ten times with a stick. The number of lacewings was selected for further analysis. All samples were placed individually in 1.5 mL microcentrifuge tubes containing 95% ethanol and stored at −80°C until DNA extraction. Prior to DNA extraction, the body surface of the predator was rinsed twice with ddH2O. The DNA of field-collected predator samples was then extracted, and A. theae DNA in C. pallens’ guts was detected using the previously described A. theae-specific PCR assay. Two negative and two positive controls were included in the PCR amplifications.
Developmental stage preference study
A free-choice feeding trial was conducted to evaluate whether C. pallens has a preference for A. theae at different developmental stages. The A. theae were supplied by introducing a piece of infested tea leaves to each dish and non-target developmental stages were removed using hair brushes. Twenty A. theae eggs, 20 larvae, 20 nymphs, and 20 adult mites were placed in a Petri dish (9 cm in diameter) containing fresh tea leaves, and water was provided using moistened cotton balls. One four-day-old adult predator that had been starved for 24 h was introduced in each dish and allowed to feed on the prey. The number of prey consumed at different developmental stages was recorded after 24 h using a stereomicroscope. The feeding experiment was repeated ten times.
Functional responses study
A no-choice feeding trial was performed to determine C. pallens’ functional responses to A. theae developmental stages; including eggs, larvae, nymphs, and adults. Densities of 20, 40, 60, 80, and 120 per dish (9 cm in diameter, 5 cm high) for each prey developmental stage were tested. Tea leaves with prey of each different developmental stage were placed a petri dish (9 cm in diameter, 5 cm high), and water was provided using moistened cotton balls. A single predator, previously starved for 24 h, was placed into each dish and covered with a layer of breathable gauze. After 24 h, the number of remaining prey was recorded using a stereomicroscope. The experiment replicated 10 times per prey density at different developmental stages. Prey was placed in dishes at the aforementioned densities (20, 40, 60, 80, and 120 per dish) without any predators, serving as the control, and natural mortality rates were subsequently recorded.
Statistical analysis
SAS 9.2 statistical software (SAS Institute, Cary, NC, United States) was used for all statistical analyses. A logistic regression (PROC GENMOD) was used in conjunction with SAS 9.2 software to assess the detectability of A. theae with time and estimate the DS50 values (Greenstone et al., 2007). The quantity of consumed eggs, larvae, nymph and adult in choice trial were compared by Chi-square tests. One-way ANOVA was employed to analyze the differences in prey consumption of different density treatments; multiple comparisons were performed using Tukey’s HSD test. The predation was estimated by matching the Holling Type II functional response model: [image: image], where Na is the net prey consumption rate by the predator during selected time period, a’ is the instantaneous attack rate, N is the prey density, T is the predatory time of the predator (1 d), and Th is the time required to prey on a mite of different developmental stages (handling time) (Holling, 1959; Wang et al., 2019).
RESULTS
Specificity of mite prey primers
A primer pair (Table 1) amplifying the D2 region of the 28S ribosomal RNA gene was designed for the molecular identification of A. theae. To confirm its specificity, a PCR assay was performed to amplify the target fragment from the DNA extracted from A. theae and 38 non-target species (Table 2). The results showed that the expected 136 bp fragment of the 28S ribosomal RNA gene was successfully amplified from A. theae. No clear amplification was obtained from 38 non-target species or the negative controls (Supplementary Figure S1). These results demonstrate that the primers were species-specific and suitable for the specific molecular identification of A. theae.
DNA detectability half-life
The prey DNA detectability half-life (DS50) was evaluated. The results showed that the maximum detection rate achieved for A. theae DNA within C. pallens was 83.3% and was defined as the percentage of predators exposed to A. theae that tested positive. After feeding, A. theae DNA gradually declined with increasing digestion time. The prey DNA DS50 of A. theae was estimated at 2.9 h (Figure 1).
[image: Figure 1]FIGURE 1 | Detection of A. theae DNA in C. pallens at different times after ingestion. The model for the relationship between ingestion time (x) and % positive detection (y) was y = 100% × e(1.6379 − 0.567x)/(1 + e(1.6379 − 0.567x)), (F = 356.64, df = 2.5, p < 0.0001).
Molecular detection of field predation
The results of molecular detection of field predation showed that seventeen C. pallens adults were successfully collected in the tea field, 23.53% of which were positive for A. theae DNA.
Predation preference evaluation to developmental stages
A free-choice feeding trial was conducted to evaluate the putative predation-selective preference for A. theae at different developmental stages. Four-day-old C. pallens adults showed no feeding preference on a particular developmental stage of A. theae. (χ2 = 0.2508, df = 3, p = 0.969) (Figure 2).
[image: Figure 2]FIGURE 2 | Predation preferences of C. pallens to A. theae at different developmental stages. The same letter above each bar denotes no significant differences among different treatments in the Chi-square tests.
Predation functional responses
Predation by C. pallens for different densities and developmental stages of A. theae displayed a similar trend (Figure 3). Initially, the prey mite consumption significantly increased as the A. theae density gradually increased and then tended to level off (eggs: F = 28.206, df = 4.45, p < 0.0001; larvae: F = 24.568, df = 4.45, p < 0.0001; nymphs: F = 16.356, df = 4.45, p < 0.0001; adults: F = 19.881, df = 4.45, p < 0.0001).
[image: Figure 3]FIGURE 3 | The average predation quantity of four-day-old C. pallens adult on A. theae at different developmental stages [(A): egg; (B): larva; (C): nymph; (D): adult] and different prey densities.
The results showed that the functional response of adult C. pallens to the four developmental stages, eggs, larvae, nymphs, and adult mites, belonged to the Type II Holling model. The functional response equations and parameters are listed in Table 3. The correlation coefficient R2 of A. theae eggs, larvae, nymphs, and adults was 0.98, 0.964, 0.948, and 0.902, respectively. The Chi-square tests showed that the observational results were not significantly different from theoretic prey consumptions, with χ2 value of 0.072, 0.02, 0.067, and 0.163 and p-values of 0.999, 0.994, 0.996, and 0.993 for A. theae eggs, larva, nymph, and adult, respectively.
TABLE 3 | Parameters of functional response of C. pallens’ predation on A. theae. Note: Na-max = a′/Th (the theoretical maximum number of prey consumed per day).
[image: Table 3]DISCUSSION
A green, economic, and healthy tea industry requires a more environmentally friendly pest management strategy. Therefore, it is important to identify natural enemies as candidate predators for the development of biological control in tea gardens. In this study, we established a PCR-based assay for gut DNA content analyses and assessed the potential of C. pallens as a biological control agent for A. theae, a serious mite pest of tea plants. This is the first study to focus on the prey relationship between a generalist predator and a tea mite pest, providing direct evidence of C. pallens’ predation on A. theae.
We succefully obtained the prey A. theae-specific primers (Table 1). The 28S ribosomal RNA gene was selected to design A. theae-specific primers because of its abundant divergent domains and reported role in the molecular classification and identification of mites (Zhao et al., 2020). The results of the primer specificity test demonstrated its species specificity because an expected 136 bp fragment was amplified from A. theae DNA and not from 38 non-target species or negative controls (Supplementary Figure S1). When employ species-specific primers to trace predator-prey interactions, it is important to consider the decline in prey DNA in predator guts. Our study showed that 83.3% of the C. pallens tested positive when killed immediately following feeding (t = 0) in comparison to subsequent times, and the prey DNA of A. theae DS50 was calculated as 2.9 h (Figure 1). The DS50 value was shorter than that of Chrysoperla plorabunda (Fitch) preying on corn leaf aphid Rhopalosiphum maidis (Fitch) (3.95 h) (Greenstone et al., 2014), H. axyridis preying on the aphid Eucallipterus tiliae L. (3.1 h) (Rondoni et al., 2015), and the mirid bug Apolygus lucorum (4.4 h) (Li et al., 2017) but was longer than that of H. axyridis preying on ladybirds, Adalia bipunctata L. (1.2 h) (Rondoni et al., 2015). A higher DS50 value usually means that the prey is more likely to be detectable from its predators (Greenstone et al., 2014). To the best of our knowledge, our study is the first to determine the DS50 values for C. pallens’ predation on a tea mite pest.
To evaluate the potential of C. pallens as a biological control agent for A. theae, it is necessary to determine whether C. pallens can prey on A. theae, particularly in the field. Owing to the small body size and cryptic occurrence of A. theae (Yin et al., 2003; Li et al., 2021), it is difficult to estimate prey relationships through direct observation. Our results of DNA gut-content analyses of field-collected samples showed that 23.53% of C. pallens contained A. theae DNA. This positive detectability provides direct evidence of the existence of a trophic prey relationship between C. pallens and A. theae in the field. Former research has revealed that temperature has a great influence on the egg hatching, the survival rate of larvae and pupae, and the lifespan of adult C. pallens (Zhao, 1988), and persistent high temperature during C. pallens collection may be responsible for the low number of lacewing samples. In addition, temperature is reportedly associated with C. pallens’ predation (Feng et al., 2021), which could account for the different detection rates between laboratory and field condition.
Functional responses are important indicators of the effectiveness of natural enemies in suppressing pest populations (Fantinou et al., 2012; Ganjisaffar and Perring, 2015). Our results showed that the functional predatory responses of C. pallens to A. theae fit the Type II Holling model. When prey density increased, the net prey consumption by C. pallens increased until a plateau was established. The correlation coefficient R2 of A. theae eggs, larva, nymph and adult ranged from 0.902 to 0.98, and χ2 value of the Chi-square tests ranged from 0.02 to 0.163 (Figure 3; Table 3). This functional response resembles the models in which C. pallens preys on insect pests, including the aphids Myzus persicae and Aphis nerii (Zhao et al., 2008) and larvae of the fall armyworm Spodoptera frugiperda (Cao et al., 2020).
It has been discovered that the two crucial parameters, instant attack rate (a’) and the time required to consume on a prey (Th), accurately characterize most of the variation in prey and predator interactions. The maximal prey consumption estimate (=a’/Th) provided the opportunity to determine the ideal predator-target pest ratio, which can be beneficial in streamlining the utilization of inoculative releases. Our study showed an initial attack rate a’ of 0.735–0.858 and a handling time Th approximate at 0.01, and the maximal prey consumption estimate (=a’/Th) of C. pallens preying on A. theae different developmental stages ranged from 45.938 to 76 (Table 3). These results showed a higher instant attack rate and shorter consequent handling time than those of predation of C. pallens larvae on Bemisia tabaci (Wang et al., 2016), and predation of C. pallens adult on 2nd- and 3rd-instar S. frugiperda larvae (Cao et al., 2020).
In addition, C. pallens displayed no preferential feeding for the different developmental stages of A. theae (Figure 2), suggesting its common predation potential on all A. theae life stages. While these findings offer a preliminary glimpse into the potential of C. pallens as a biological control agent for A. theae in tea gardens, comprehensive research and extensive field trials are essential to definitively establish its suitability and effectiveness in this role since the predation ability of predator is always influenced by climate conditions, prey density, and its own density (Desneux et al., 2006; Talebi et al., 2022).
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Order Family Species
Hemiptera Aphididae Toxoptera aurantii (Boyer de FonscolOmbe)
Aphis craccivora Koch
Cicadellidae Empoasca onukii (Matsuda)
Miridae Apolygus lucorum (Meyer-Diir)
Pentatomidae Halyomorpha halys (Stal)
Lygaeidae Geocoris pallidipennis (Costa)
Aleyrodidae Aleurocanthus spiniferus (Quaintance)
Coccidae Ceroplastes japonicus Green
Aleyrodidae Aleurocanthus spiniferus (Quaintanca)
Thysanoptera Thripidae Dendrothrips minowai Priesner
| Coleoptera Coccinellidae Harmonia axyridis (Pallas)
Propylaca japonica (Thunberg, 1781)
Curculionidae Myllocerinus aurolineatus Voss
Lepidoptera Geometridae Ectropis obliqua Prout
Ectropis grisescens Warren
Scopula subpunctaria (Herrich-Schaeffer)
Jankowskia athlete Oberthur
Lymantriidae Euproctis pseudoconspersa Strand
Gracilariidae Caloptilia theivora (Walsingham)
Limacodidae Thosea sinensis Walker
Neuroptera Chrysopidae Chrysoperla sinica (Tjeder)
Chrysopa pallens (Rambur)
Diptera Syrphidae Episyrphus balteatus (De Geer)
Eupeodes corollae Fabricius
Araneae Salticidae Evarcha albaria (Koch, 1878)
Plexippus setipet Karsch, 1879
Phintella bifurcilinea (Boes. et Str., 1906)
Carrhotus xanthogramma
Phintella yinae
Globulidae Coleosoma octomaculatum
Araneidae Araneus ejusmodi Boes. et Str., 1906
Neoscona theisi (Walckenaer, 1842)
Aracidae Misumenops tricuspidatus
Agelenidae Agelena labyrinthica Clerck, 1758
Clubionidae Clubiona reichlini Schenkel, 1944
Thomisidae Xysticus ephippiatus (Simon)
Oxyopidae Oxyopes sertatus L. Koch, 1877
Sioscardidae Tetragnatha maxillosa (Thoren, 1895)
Trombidiformes Eriophyidae Acaphylla theae Watt






OPS/images/fphys-14-1307579-t003.jpg
Functional response equation

Adult

Na = 076N/(1 + 0.007N) 098 0.76 001 76 | oom 0999
Na = 0764N/(1 + 0.01N) [ 0964 0.764 [ 0014 54.571 0.02 | 0994
Na = 0.858N/(1 + 0.016N) 0948 0.858 0016 53.625 0.067 0996
Na = 0.735N/(1 + 0011N) 0902 0735 0016 45.938 0.163 | 0993






OPS/images/fphys-14-1307579-g003.gif
) e
H
H
] i
3w
Denioepy Desiporr
c o
)
H
¢
K

p-ioy iy Deasiiratpy





OPS/images/fphys-14-1307579-t001.jpg
Primer name Sequence (5'-3') Annealing T ('C)

Athe28S rRNA-D2F CGCAAGATTTTGGGTGTATTCTT ‘ 59 136

‘ Athe28S rRNA-D2R TGGCCCAAGCGGACAATA ‘






OPS/images/inline_1.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Predation evaluation of the green lacewing, Chrysopa pallens on the pink tea mite pest, Acaphylla theae (Watt) (Acarina: Eriophyidae)		Introduction

		Materials and methods		Mite and insect colonies

		DNA extraction

		Primer design and species-specific identification

		PCR and electrophoresis

		Prey DNA detectability half-life determination

		Field sampling test for prey DNA in C. pallens’ guts

		Developmental stage preference study

		Functional responses study

		Statistical analysis





		Results		Specificity of mite prey primers

		DNA detectability half-life

		Molecular detection of field predation

		Predation preference evaluation to developmental stages

		Predation functional responses





		Discussion

		Data availability statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
, frontiers ‘ Frontiers in Physiology

Predation evaluation of the
green lacewing, Chrysopa
pallens on the pink tea mite pest,
Acaphylla theae (Watt) (Acarina:

Eriophyidae)





OPS/images/fphys-14-1307579-g001.gif
s s s s oA -





OPS/images/fphys-14-1307579-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





