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Abstract: Interaction of hoverfly with plant and aphid taxa were explored in two apple orchards to
identify hoverfly trophic preferences based on a metabarcoding analysis. Only four hoverfly taxa
(among the thirteen taxa observed in the apple orchards) were directly involved in Dysaphis plantaginae
biological control. In average 16 plant taxa were detected per hoverfly taxa. Hoverfly taxa hardly
differed in their plant distribution.
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Introduction

Hoverfly larvae are major aphid predators that contribute limiting Rosy Apple Aphid (RAA)
outbreaks because of their early appearance in apple orchards (Dib et al., 2010). The amount of
flower resources from the spontaneous vegetation or from perennial strips can significantly
increase the abundance of hoverfly adults in apple orchards (Rodriguez-Gasol et al., 2019;
Laffon et al. 2024). Few studies haves demonstrated effects of flower resources in apple
orchards on aphid biological control (Albert et al., 2017; Laffon et al. 2024) and on reducing
fruit damage (Cahenzli et al., 2019). In this work we carried out a metabarcoding analysis to
explore the trophic relationships of hoverflies with both plant and aphid taxa and to specify
pollen resources likely to impove RAA biological control in apple orchards. We aimed to
answer two questions:

(1) Are hoverflies visiting the spontaneous flowers in orchards involved in RAA control?

(2) Do the consumed plants differ among the hoverfly taxa?

Material and methods

Hoverfly sampling

Hoverfly adults and larvae were collected in spring 2022 (three sessions: late April, mid-
May and mid-June) in two apple orchards from the Lower Durance Valley (https://site-atelier-
basse-vallee-durance.fr/). These two commercial orchards were selected based on the level of
RAA damages and hoverfly abundances previously observed in 2021 (Laffon et al., 2024).
Adults observed on the spontaneous flowering vegetation inside the orchards and their borders
were sampled during two hours using nets (2 persons/orchard). Larvae were collected in RAA
colonies (30 min search/orchard). The hoverflies were caught between 9 a.m. and 12 p.m., on
sunny days with little wind. Each hoverfly was collected individually, stored in 70° alcohol and
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kept at -20°C. A total of 178 hoverflies were collected: 118 adults (29 in April, 59 in May and
30 in June) and 60 larvae (22 in April and 38 in May). Adult hoverflies were identified and
photographed prior to DNA analysis

Metabarcoding analysis

Individual hoverfly DNA extractions were performed on dissected thorax and abdomen or
on whole larvae using Qiagen DNeasy 96 kit for plant. Four independent PCRs were run in 30
puL for each DNA extract, two PCRs with different sets of specific COI primers to amplify
hoverfly and aphid DNA respectively, and two PCRs with rbcL and ITS2 primer pairs to
amplify plant DNA. The four PCR products were pooled to index each hoverfly sample
independently (Nextera index combination). Finally, paired-end sequencing (2x150 pb) using
the llumina NGS technology (NextSeq 2000 P1 Reagent kit) was performed on PCR products
from the 178 hoverfly samples and from eight negative control samples (DNA extractions
without biological material or PCR consisting of water or from instead of DNA templates) and
two plant DNA positive control). Indexing PCRs and NGS sequencing were performed on the
PGTB platform (INRAE, Bordeaux).

FROGS workflows were used to filter paired-end reads of accurate sizes, to discard
chimeric sequences, and to realize multiple taxonomic affiliations (Escudié et al., 2018). The
BOLD_1percentN_2019 data base implemented in FROGs was used to assign COI sequences
to hoverfly and to aphid taxa. A list of 112 plant taxa previously observed in apple orchards
from the Basse Durance Valley (Laffon et al., 2024) was used to construct our own ITS2 and
rbcL reference databases to assign sequences to local plant taxa. Taxonomic affiliations were
based on at least 97% identity between sequences. A conservative threshold was used to remove
any taxonomic assignments whose number of reads fell below the average plus 1.645 times the
standard deviation of the number of reads detected in negative controls (Arstingstall et al.,
2023). Above this threshold, taxonomic assignments were considered positive for the sample.

Analysis of the trophic interactions

First, the hoverfly taxa identified in the RAA colonies were compared to those collected
on the spontaneous vegetation. Second, bipartite networks were computed (to represent
relationships between hoverfly and aphid taxa, one the hand, and between hoverfly and plant
taxa on the other hand (bipartite package; Dormann, 2011). Assignation of the plant taxa with
ITS2 and rbcL makers were combined for each hoverfly sample.

Results and discussion

In total, 93,542,427 out of 99,704 026 reads were conserved after the FROGS treatments
(93%): 62,516,478 COI hoverfly reads (67%), 10,033,761 COI aphid reads (11%), 4,703,530
rbcL reads (5%) and 16,288,658 ITS2 reads (17%). The number of reads in a negative control
sample did not exceed 0.02% of the total number of reads per marker.

Are hoverflies visiting orchard flowers involved in RAA control?

Among the 13 hoverfly genera identified, 12 were collected on flowers and 4 in RAA
colonies (Fig. 1). Sphaerophoria scripta, Episyrphus balteatus and Syritta pipiens were the
most frequent taxa observed among the hoverfly adults collected on flowers. Epistrophe
nitidicollis, E. balteatus and Syrphus vitripennis, Pipiza noctiluca were the four taxa identified
among the larvae collected in RAA colonies. No Pipiza noctiluca adults was collected. These



results suggest that most of the hoverfly taxa foraging on orchard flowers were not directly
involved in RAA biological control.
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Figure 1. Distribution of the hoverfly taxa collected on flowers (adults) and in RAA colonies
(larvae).

All the 60 hoverfly larvae were detected positive to D. plantaginae and 5 were also positive
to Aphis pomi or A. spiraecola. Furthermore, 30% of the hoverfly adults (8 taxa) were also
positive to at least one aphid taxa, notably D. plantaginae (7 taxa), and/or A. spiraecola/pomi
(4 taxa). The consumption of honeydew may explain the large number of positive aphid signal
on hoverfly adults (Pinheiro et al., 2015).

Do the consumed plants differ among the hoverfly taxa?

In total 39 plant taxa were identified on hoverfly samples with the combination the
combination of ITS2 and rbcL markers. The number of plant taxa detected differed between the
two orchards (17 and 37 respectively). The distribution of the plant taxa changed among the
three sessions according the plant phenology: Veronica persica and Malus domestica in April,
V. persica and Potentilla reptans in May and Torilis arvensis and Crepis spp. in June. In
average, 16 plant taxa were detected per hoverfly taxa (Fig. 2). Most of plant taxa were detected
on several hoverfly taxa with little difference on the proportion of each plant detected.
Melanostoma mellinum differ from other hoverfly taxa mainly due to higher consumption of
pollen from grass taxa. These results support that hoverfly taxa are opportunistic about their
use of pollen resources. These is mainly true for E. balteatus, which forage the most abundant
forb taxa.
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Figure 2. Proportion of hoverflies that were detected positive for a plant taxon among the five
main hoverfly taxa (light blue: ]0;10]%; dark blue: ]10;20]%; red :]120;30]%).
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