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Abstract

This article evaluated the potential of flowering plant species naturally occurring to
promote the conservation and early establishment of key natural enemies of aphids and
thrips in apple and peach orchards. Flowering plants present in the North East of Spain,
a main fruit production area in Europe, were sampled to determine their flowering period
and to identify potential natural enemies present on each plant species. Thirty-six plant
species were found blooming from early March to late May and provided an array of
flowers that might ensure food resources for natural enemies. Among them, six species—
Erucavesicaria (L.) Cav., Cardaria draba (L.) Desv., Euphorbia serrata (L.) S.G. Gmel.,
Malva sylvestris L., Anacyclus clavatus (Desf.) Pers., and Diplotaxis erucoides (L.)
DC.—hosted a high diversity of potential natural enemies of aphids and thrips. Their
blooming started early in the season and lasted for several sampling weeks and they were
widely distributed. Moreover, they had available nectar even in those species with
protected nectaries. Therefore, these plant species can be considered as promising

candidates for inclusion in the ecological infrastructure designed for fruit orchards in the
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study area to promote the conservation of the biological control agents of aphids and

thrips.

Keywords: natural enemies, parasitoids, predators, flower margins, flower architecture,

insect size

1. Introduction

Spain is the primary producer of stone and pip fruits (EUROSTAT, 2019) in the European
Union, and the production of peaches and nectarines (Prunus persicae L. Batsch) and
apples (Malus domestica Borkh) are concentrated in the North East (MAPA, 2020). Fruit
production can be affected by aphids, which are considered a significant pest of peach,
nectarine, and apple orchards under temperate and Mediterranean climates (Barbagallo et
al., 2017), whereas thrips inflict damage to nectarines (Gonzéalez et al., 1994). Myzus
persicae Sulzer and Hyalopterus spp. in peach and Eriosoma lanigerum Hausmann and
Dysaphis plantaginea Passerini (Hemiptera: Aphididae) in apple are the most common
aphids that attack stone and pome fruit trees (Barbagallo et al., 2017). Frankliniella
occidentalis Pergande (Thysanoptera: Thripidae) is the main thrips species of nectarines
in Spain and other Mediterranean countries, where it causes feeding damage to flowers
and ripe fruits (Teulon et al., 2018). Aphids and thrips are present in the field early in the
season. Myzus persicae, Hyalopterus spp., and D. plantaginea overwinter as eggs on trees
(Barbagallo et al., 2017). Conversely, E. lanigerum overwinters as adults either on the
roots or within the canopy of apple trees (Lordan et al., 2014). Thrips hibernate in the
weed flowers that are present around or within the fruit orchards (Trdan et al., 2005), and

they fly to the flowers of the nectarine trees during blooming.

To date, aphids and thrips in fruit orchards are mostly managed with insecticides (Penvern

et al., 2010). The social concern for healthier food provision and more sustainable
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agriculture has led to the search for healthy and environmentally friendly tools for pest
management. The intensification of agriculture has promoted the simplification of
agroecosystems, and the subsequent removal of non-crop habitats has caused a decline in
biodiversity (Gurr et al., 2004). Hence, there has been an increasing interest in restoring
biodiversity and in conservation biological control (CBC) by modifying the environment
or existing practices to protect and enhance specific natural enemies to reduce the effect
of pests (Eilenberg et al., 2001). Dedryver et al. (2010) suggested that CBC was the best
option for biological control of aphids in open field crops. That is why it is crucial to
determine with confidence which natural enemies to promote. The works by Rodriguez
Gasol et al. (2019) and Aparicio et al. (2019) reported on several species of Braconidae
and one of Aphelinidae that parasitized several aphid pests in fruit orchards in the same
area as the present study, and on hyperparasitoids from the Pteromalidae, Encyrtidae, and
Figitidae families. By contrast, only one species, Ceranisus menes (Walker)
(Hymenoptera:  Eulophidae), parasitizes F. occidentalis in Mediterranean
agroecosystems, although this species only plays a minor role in thrips control (Loomans,
2006). In Spain, several predatory groups (Coccinellidae, Chrysopidae, Anthocoridae,
Syrphidae, and Aeolothripidae) have also been recorded from peach and apple orchards
(Mifarro et al., 2005; Davidson et al., 2014; Rodriguez-Gasol et al., 2019; Aparicio et

al., 2021).

One of the most commonly adopted measures to enhance the presence of natural enemies
close to crops is the increase of plant biodiversity in flower strips, ground covers, and
field edges, among others. Plants can provide various food sources for adult parasitoids
and insect predators, including floral nectar, extrafloral nectar, honeydew, pollen, and
seeds (Wackers, 2005; Araj and Wratten, 2015), and they can also provide suitable habitat

for alternative hosts and prey. Wéckers (2005) reviewed the effect of nectar on parasitoids
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and predators and discussed its role as a survival food when the host or prey is not
available and its role in increasing fitness when they are available. Several studies have
addressed the selection and field testing of companion plants to enhance biological
control in orchards. For example, in apples, Gontijo et al. (2013) demonstrated the
efficacy of Lobularia maritima L. (Brassicaceae) at increasing populations of generalist
predators and at reducing attacks from D. plantaginea. Cahenzli et al. (2019) in field
experiments conducted in seven European countries demonstrated the positive effect of
sown perennial flower strips with selected dicotyledon and grass species compared to
spontaneous vegetation in the control of aphids in apple orchards. Fitzgerald and Solomon
(2004) and Winkler et al. (2007) observed that the presence of flowers increased the
densities of anthocorids and contributed to the control of Cacopsylla pyri L. (Hemiptera:
Psyllidae). In Chinese peach orchards, Wan et al. (2014 a, b) demonstrated that a ground
cover of Trifolium repens L. (Fabaceae) enhanced the diversity of generalist predators in
tree canopies and decreased the incidence of aphids and Grapholita molesta (Busck)
(Lepidoptera: Tortricidae).

The selection of appropriate plant species for target natural enemies is a crucial issue to
enhance their populations effectively. Shanker et al. (2013) argued that the selection of
plants from their own agroecological system increased the potential for establishment of
natural enemies. Similarly, several studies have screened other plants such as weeds that
are not conventionally used as insectary plants (Wéckers 2004; Araj and Wratten, 2015;
Jado et al., 2018; Araj et al., 2019). Another selection criterion is the bloom period to
ensure the presence of flower-food resources before the pest population starts to build up.
However, food availability is not only a question of timing but also one of attractiveness

and flower architecture, which might constrain nectar accessibility (Wéckers, 2005).
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Moreover, the selection of candidate plants must take into account their role as a potential
reservoir of pests or diseases detrimental to the crop (Bugg and Waddington, 1994).

Considering this background, our work aimed to identify candidate plant species to be
included in ecological infrastructure tailored to promote aphid and thrips CBC in fruit
orchards in the study area early in the season when these pests are most damaging. To
achieve that we (1) determined the flowering period of the most common herbaceous
plants spontaneously present near fruit orchards in the North East of Spain, (2) identified
the predominant functional groups of natural enemies present on these plant species, and
(3) evaluated the nectar availability of the different plant species in terms of floral

architecture and natural enemy morphology.

2. Material and Methods

2.1. Survey of flowering plants and natural enemies

The survey was conducted from early March (week 11) to the third week of May 2017
(week 21) at 20 sampling sites in the Segria, Pla d’Urgell and La Litera counties (North
East of Spain), which has an area of approximately 20,000 ha of apple and peach orchards
(DARP, 2020; Gobierno de Aragon, 2020). The sites were selected to be representative
of the orchard vegetation and were within an area of approximately 400 km? (Fig. 1). All
sites were visited fortnightly, and plant species in full-bloom were recorded. At each
sampling site and date, one sample was taken. It consisted of beating separately three
bunches of flowers of each plant species in bloom on a 30 x 17 cm white plastic tray. The
number of hymenopteran parasitoids, Coccinellidae, Chrysopidae, Anthocoridae,
Aeolothripidae, aphids and phytophagous thrips (hereafter thrips) in the tray were
recorded. The average number of individuals of the different functional groups per tray

was calculated for each sampling site, date, and flower species. Hymenopteran parasitoids
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and Anthocoridae and Aeolothripidae specimens were collected with an aspirator and
kept in 70% alcohol for identification. Parasitoids were identified when possible to the
family level using the taxonomic keys of Grissell and Schauff (1990) and Hanson and
Gauld (2006). Parasitoids that could not be identified were grouped as Other Parasitica.
Braconidae were identified to species level by Y. Aparicio. Anthocoridae were identified
using Péricart (1972) and Aeolothripidae with the taxonomy keys of Alavi and Minaei
(2018). The number of aphids and other thrips per tray was also recorded (but were not

identified to species level).

2.2. Accessibility to nectar

Flowers of the different species were collected and placed in an ice chest cooler and
transported to the laboratory, where they were inspected for the presence of nectaries.
Plants were classified as harboring extrafloral or floral nectaries (unprotected or
protected). Of the flowers with protected nectaries, nectar presentation was observed and
classified as fully exposed or protected inside the flower. For species with nectar
protected inside the flower, 20 fully open flowers of each plant species were
photographed twice: one for width and one for depth measurements of the corolla under
a Stereo Microscope Carl Zeiss stemi 2000C. Measurements were made with the use of

ImageJ software (Rueden et al., 2017).

Similarly, measurements were made on the width of the head and the thorax of several
natural enemies of aphids and thrips already sighted in the study area (Aparicio et al.,
submitted; Rodriguez-Gasol et al., 2019), including: Aphidius matricariae Haliday,
Aphidius ervi Haliday, Lysiphlebus testaceipes Cresson, (Hymenoptera: Braconidae),
Aphelinus abdominalis Dalman, Aphelinus mali Haldemann, (Hymenoptera:

Aphelinidae), Aphidoletes aphidimyza Rondani (Diptera: Cecidomyiidae), Orius
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majusculus Reuter (Hemiptera: Anthocoridae), and Aeolothrips intermedius Bagnall
(Thysanoptera: Aeolothripidae). Orius majusculus were obtained from the colony kept in
the IRTA laboratory. A. mali and A. intermedius were collected in the field, and the other
species were purchased from AgroBio S.L (Almeria, Spain). Ten females and ten males

randomly selected from each species were used.
2.3. Data analysis

The mean number of individuals from each parasitoid and predator family for all the
sampling dates and sites was used to calculate the Shannon’s diversity index (H”) for each
plant species: H' = Y5_, —(Pi x InPi), where P; is the proportion of the mean number of
individuals of family i versus the mean number of individuals of all the natural enemies
recorded in this plant species, and S is the number of families encountered. This index
was calculated using the Paleontological Statistics Software Package for Education and
Data Analysis (PAST) (Hammer et al., 2001). For males and females of the selected
natural enemies, the Student's t-test (P < 0.05) was used to test whether the thorax was

wider than the head.

3. Results

3.1. Survey of flowering plants and natural enemies

A total of 36 spontaneous growing herbaceous species belonging to 17 families were
found to be blooming during the sampling period in the close surroundings of the fruit
tree orchards in Lleida (Table 1). Many blooming plants belonged to Brassicaceae and
Asteraceae (10 and 8 species, respectively), whereas Fabaceae, Euphorbiaceae, and

Lamiaceae only had two species each in bloom. The remaining 12 families only included
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one species. Of these plants, 25 were early flowering plants (weeks 11-15) and eleven
species started to bloom later (weeks 17-21). Among the early-flowering plants, five of
them were already in bloom in week 11 (early March) when the sampling started. Of
these, Eruca vesicaria (L.) Cav., Diplotaxis erucoides (L.) DC, and Moricandia arvensis
(L.) DC were the most widely distributed as can be inferred by the higher numbers of
samplings sites where they were found. Additionally, E. vesicaria and M. arvensis had an
extended flowering period that lasted until weeks 19 and 21, respectively. Cardaria draba
(L.) Desv, Euphorbia serrata (L.) S.G. Gmel., Crepis sp. L., and Sisymbrium irio L.,
extended their flowering period from week 13 to week 19. Of those plant species that
started to bloom later, Anacyclus clavatus (Desf.) Pers. and Malva sylvestris L. bloomed
from week 15 to week 21 and were present in many sampling sites. Of the plants that
bloomed by week 17, Beta maritima L., Galium aparine L., Papaver rhoeas L., and

Rumex crispus L. were the most prevalent.

Natural enemies were collected from 30 plant species and accounted for 145 parasitoid
and 285 predator individuals (Table 2). No natural enemies were recruited from six plant
species: namely, Fumaria officinalis L., Thymus vulgaris L., Erodium ciconium (L. et
Juslin) L'Hér., Scandix pecten-veneris L., Erucastrum sp. (DC.) C. Presl, and Silene
vulgaris (Moench) Garcke, and were therefore not included in Table 2 or further analysis.
No parasitoids were found in association with M. arvensis, Calendula arvensis L.,
Capsella bursa-pastoris (L.) Medik., Chrysanthemum segetum L., Plantago sp. L., and
Pallenis spinosa (L.) Cass. On the other hand, no predators were recruited from Lamium
sp. L., Diplotaxis virgata (Cav.) DC. and Rapistrum rugosum (L.) All. The Shannon
biodiversity indexes were higher than 1.5 for the following five species— Carduus
pycnocephalus L., R. crispus, E. vesicaria, C. draba, and G. aparine—with values

reaching up to 1.85.
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Table 3 depicts the number of samples in which families of natural enemies known to be
associated with aphids or thrips were found. The number of plant species where the
presence of Braconidae and Aphelinidae families were recorded increased from three to
nine from the first sampling period (weeks 11-15) to the second sampling period (weeks
17-21), as did the number of samples with at least one individual (from 4 to 21). Of the
30 recruited parasitoids that belonged to the above mentioned families, 28 were identified
as Braconidae and two as Aphelinidae. Among the Braconidae, 24 individuals were
classified as belonging to the Aphidiinae subfamily: 10 A. matricariae, five Binodoxys
angelicae Haliday (Hymenoptera: Braconidae), four Aphidius sp., three A. ervi, and two
Aphidius colemani Dalman (Hymenoptera: Braconidae). Moreover, three Figitidae and
one Pteromalidae, known as hyperparasitoids of aphids, were recruited during the
sampling. Aeolothripidae were the most prevalent predators in both sampling periods.
They were reported from 12 and 20 plant species and in 17% and 35% of the samples, in
the first and second sampling period, respectively. Out of the 205 Aeolothripidae
individuals collected in the samples, 88 were identified to the species level. Half of them
corresponded to A. intermedius, and the other half to Aeolothrips tenuicornis Bagnall
(Thysanoptera: Aeolothripidae). Other predators were much less widespread, making up
less than 10% of the samples. Concerning the 41 individuals belonging to Anthocoridae,
Orius spp. was the most abundant genus. A sample of 26 individuals were identified to
the species level: 20 O. majusculus and six Orius laevigatus Fieber. Additionally, 33
ladybirds and six lacewings were recruited. During the samplings, aphids or
phytophagous thrips were found in all the flowering plants with potential natural enemies,
except in Lamium sp. For all plant species, the average values of aphids and thrips was

highly variable depending on the sampling sites and dates. Pooling together all sampling
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sites and dates, M. sativa hosted the highest number of aphids (11.2+10.3) and B. napus

the highest number of thrips (10.2£1.9).

3.2.Accessibility to nectar

No nectaries were observed in three out of the 36 plant species sampled (P. rhoeas,
Plantago sp. and R. crispus), and four species presented extrafloral nectaries (D.
pentaphyllum, M. sativa, Euphorbia helioscopia L., and E. serrata). Unprotected floral
nectaries were only recorded in G. aparine, whereas all the remaining plants had more or
less protected nectaries. Additionally, nectar was observed on the outer surface of the
flower as an exudate in M. sylvestris, Asphodelus fistulosus L., and Lamium sp., although
nectaries were classified as partially protected. Similarly, nectar exudates were also
present outside the florets of some Asteraceae with protected nectaries (A. clavatus,
Crepis sp., C. pycnocephalus, T. officinale, and Sonchus sp.). For the Asteraceae species
(C. arvensis, C. segetum, and P. spinosa) and for the Resedaceae species (Reseda lutea
L.), nectar exudate was not observed. In the other 10 species belonging to Brassicaceae
and Amaranthaceae, nectaries were protected or partially protected, and nectar was not
observed on the surface of the flower, and the width and depth of their corolla were
measured (Fig. 2). The narrowest corolla opening was measured in C. bursa-pastoris
(1.22-1.59 mm), whereas Brassica napus L. (5.56-8.07 mm) and D. erucoides (5.27—
8.51) had the widest corolla opening. Capsella bursa-pastoris also had the shallowest
corolla (with a mean of 1.11 mm), and M. arvensis and E. vesicaria presented the deepest

(with means of 22.23 and 21.89 mm, respectively).

Table 4 depicts the values of head and thorax width for female and male parasitoids and
predators, which in all cases were less than 1.22 mm (the narrowest corolla opening). For

the three measured predators, the thorax was always significantly wider than the head.
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For the parasitoids, the thorax of the female was not significantly wider than the head. By
contrast, the thorax of males was significantly wider than their head for A. ervi, L.

testaceipes, and A. matricariae.

4. Discussion and conclusions

In our study, 36 plant species were found blooming during the sampling period, providing
a continuous flowering period that might ensure food resources for natural enemies from
early March to late May. Target pests in our study were aphids and thrips that start
inflicting damage from early spring. Therefore, plants flowering in late winter and early
spring are needed. An early establishment of wildflowers on crop margins will provide
benefits to various groups of insects as a significant number of natural enemies disperse
outside the refuge and colonize adjacent crops before and during the initial accumulation
of the pest population (Corbett and Rosenheim, 1996). Many of the early flowering plants
close to fruit orchards belonged to Brassicaceae and Asteraceae families, which was in
agreement with data reported by Alins et al. (2019) from the same area. In fact, from the
five species that were found in bloom at the beginning of the sampling, three were
Brassicaceae (M. arvensis, E. vesicaria and D. erucoides) and one was Asteraceae (C.
arvensis). These species bloom early when temperatures are still low and can keep on
flowering up to the first summer months (Alins et al., 2019). Species of Brassicaceae and
Asteraceae have also been included in several seed mixtures used either in flower margins

or ground covers in orchards (e.g. Pfiffner et al., 2019).

Only five plant species had Shannon’s diversity index values between 1.5 and 3.5, which
comprise the common values of this index (Magurran, 2004), and another 10 had values
slightly above or equal to 1. Therefore, diversity of target natural enemies, collected

during the samplings of the flowering plants can be considered in general low. Values
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were probably influenced either by the sampling period (March—May) when temperatures
are still low in the area, a condition that reduces insect activity, and by the method used
(beating), which only allows the evaluation of the insects present at a given time. It can
be assumed that greater diversity of natural enemies in naturally occurring plants close to
the crop may play a crucial role in maintaining ecosystem services and would lead to
better pest control (Barberi et al., 2010; Balzan et al., 2014). Therefore, these 15 plants
with Shannon indexes higher than 1 can become functional allies to attract beneficial
species to the orchards.

Records of natural enemies on plant species can be used as a proxy for plant attraction
(Thomson et al., 2007) and enables comparisons among them to select candidates to
congregate and provide resources to the natural enemies of interest. Target natural
enemies that can be useful to control aphids and thrips were found in a large number of
the sampled plant species, which could indicate their potential to contribute to the
establishment of these natural enemies in fruit orchards. Regarding parasitoids,
Braconidae was the earliest in the season and the most widely distributed (found on more
plant species and more samples), with A. matricariae being the most abundant. This is a
positive result since this species is by far the main parasitoid species attacking M. persicae
and D. plantaginea in the surveyed area (Aparicio et al., 2019; Rodriguez-Gasol et al.,
2019). Other aphid parasitoids mentioned in these two studies (A. colemani and A. ervi)
were also found during the present samplings visiting flowers at the border of orchards.
Finally, B. angelicae has also been reported to parasitize D. plantaginea and M. persicae
(Kavallieratos et al., 2004; Dassonville et al., 2013). By contrast, individuals from the
Aphelinidae family were detected only in two samples of B. vulgaris. It is worth noting
that A. mali, the main parasitoid of E. lanigerum in the area sampled (Lordan et al., 2014;

Rodriguez-Gasol et al., 2019), belongs to this family.
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Predatory, Aeolothripidae were recruited from more plant species and a higher number
of samples. The high abundance of Aeolothripidae may be biased by the sampling method
used since predatory thrips spend most of their life cycle in flowers, feeding on prey and
pollen (Bournier et al., 1978). Pizzol et al. (2017) reported the presence of several species
of Aeolothrips in many naturally occurring plants, including many of the ones sampled in
the present study. Other predators reported in our survey (i.e., Coccinellidae,
Chrysopidae, and Anthocoridae) were by far much less abundant and widespread but also
present in the early flowering period. They are frequent visitors of flowers when searching
for pollen and nectar to complement their diets, especially when prey is scarce (Wéckers,

2005).

The criteria considered to select appropriate plant species to enhance target natural
enemies are summarized in Table 5. Four plant species arose as the most promising
candidates (i.e., E. vesicaria, C. draba, E. serrata, and M. sylvestris). They had a high
diversity index, and their blooming started early in the season and lasted for several
sampling weeks. Furthermore, they attracted the target natural enemies of aphids and
thrips and were widely distributed. Additionally, A. clavatus and D. erucoides
demonstrated similar characteristics although parasitoids were not recruited from them.
Out of these species, three of them belonged to Brassicaceae. Numerous studies
demonstrate the benefits of the Brassicaceae for natural enemies (Araj et al., 2019;
Badenes-Pérez, 2019). Their nectar favored the longevity and fertility of parasitoids, such
as Diadegma insulare Cresson (Hymenoptera: Ichneumonidae) and Cotesia
marginiventris Cresson and Diaeretiella rapae Mclntosh (Hymenoptera: Braconidae)

(Idris and Grafius, 1997; Johanowicz and Mitchell, 2000; Araj and Wratten, 2015).
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According to our results, the six selected plant species (E. vesicaria, C. draba, D.
erucoides, E. serrata, M. sylvestris, and A. clavatus) have nectar available to natural
enemies. Comparison of the measures of flowers on the first three mentioned species
(Brassicaceae) with measures of insects proved that their floral architecture should not be
an impediment for tested target natural enemies to access nectar. For E. serrata, Papp
(2004) already mentioned the presence of extrafloral nectaries, and an open corolla was
reported by Comba et al. (1999) for M. sylvestris. Finally, in the present study, nectar

exudates were observed outside the florets for A. clavatus.

Measurements of the flower and the width of insect heads and thorax have been used on
numerous occasions to evaluate the accessibility of flower nectar to insects (e.g., Patt et
al., 1997; Nave et al., 2016; Villa et al., 2017). However, all sampled nectar-producing
plants during the study had nectar easily available for all tested natural enemies,
suggesting that comparison of measures of insects and flowers would not be a useful
criterion for the selection of plants able to promote natural enemy populations.
Additionally, for some insects, neither the thorax nor the head would be valid measures
to evaluate the capability of an insect to penetrate the flower. Adults of the predator A.
aphidimyza cannot access the nectaries at the bottom of the open flowers of L. maritima
not due to their head or thorax width but to their wide leg span (Aparicio et al., 2018).
Winkler et al. (2009) also stated that the ability to feed does not only depend on floral
architecture and insect size but also on other factors, such as searching behaviour.
Furthermore, the availability of nectar does not guarantee that the insects feed on nectar.
Other factors, such as the morphology of insect mouthparts, gustatory response to these
sugar and capacity to digest and metabolise them, could affect the exploitation of nectar

(Wackers, 2004; Wéckers, 2005).



337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

15

In conclusion, 36 plant species were found blooming during the sampling period (from
early March to late May), which provided an array of flowers that attracted several
families of natural enemies and which might ensure food resources for them. Among
them, six species arose as candidates to enhance a complex of predators and parasitoids
targeting aphids and thrips: E. vesicaria, C. draba, E. serrata, M. sylvestris, A. clavatus,
and D. erucoides. It is worth to note that, according to our results these six species are not
important refugee of aphids and thrips, and to our knowledge, nor of other key pests in
orchards such as Tortricidae. This selection does not exclude other potential candidates
being included in ecological infrastructure for specific needs. For example, B. maritima
could be of special interest in apple orchards since it was the only species recruited from
Aphelinidae. Little is reported in the literature regarding the effects of such plant species
on the biology of natural enemies. Diplotaxis erucoides increases the longevity and
parasitism rate of A. colemani on M. persicae (Jado et al., 2018), and it also increases the
longevity, egg load, fecundity, and the parasitism rate of Eretmocerus mundus Mercet
(Hymenoptera: Aphelinidae) on Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae)
and of D. rapae on Brevicoryne brassicae (L.) (Hemiptera: Aphididae) (Araj and Wratten,
2015; Araj et al., 2019). Malva sylvestris increases the survival of females of Elasmus
flabellatus Fonscolombe (Hymenoptera: Eulophidae), a major parasitoid of Prays oleae
Bernard (Lepidoptera: Praydidae), compared to other candidate flowers (Villa et al.,
2017), and of Episyrphus balteatus De Geer (Diptera: Syrphidae) (Pinheiro et al., 2013),
an important aphid predator widely present in apple and peach orchards in the studied
area (Rodriguez-Gasol et al. 2019). Therefore, further studies are needed to determine the
benefits of such flower rewards on several fitness parameters before verifying their

contribution to the biological control of aphids and thrips in fruit orchards.



16

362  Acknowledgements

363  This research was supported by the Spanish Ministry of Economy and Competitiveness
364  (Project AGL2016-77373-C2-1-R & PID2019-107030RB-C21) and the CERCA
365  Programme/Generalitat de Catalunya. BECAL-PY funded the PhD grant of C. Denis. We
366 are in debt to the colleagues who helped with insect identification: namely, Dr. Valmir
367  Antonio Costa (Instituto Bioldgico of Campinas, Brazil) for identifying parasitoids to the
368  family level; Dr. Yahana Aparicio (IRTA, Spain) for identification of Aphidiinae species;
369  and Dr. Alfredo Lacasa (IMIDA, Spain) for identification of Aeolothripidae species. We
370 also wish to express our gratitude to our colleagues in IRTA: Dr. Oscar Alomar for
371 reviewing an early version of the manuscript and Pili Herndndez and Victor Mufioz for
372 their technical support.

373

374 5. Bibliography

375Alavi, J. & Minaei, K. (2018) Studies on the genus Aeolothrips (Thysanoptera:
376 Aeolothripidae) in Iran, with a key to species. Zootaxa 4446(3), 343-360.

377Alins, G., Lordan, J., Rodriguez-Gasol, N., Belmonte, J., de Linares, C., Alegre, S.,
378 Arnd, J., Avilla, J. & Sarasua, M.J. (2019) Guia de plantes per afavorir els enemics
379 naturals de les plagues. Lleida, IRTA.

380Aparicio, Y., Gabarra, R. & Arno, J. (2018) Attraction of Aphidius ervi (Hymenoptera:

381 Braconidae) and Aphidoletes aphidimyza (Diptera: Cecidomyiidae) to sweet alyssum
382 and assessment of plant resources effects on their fitness. Journal of Economic
383 Entomology 111(2), 533-541.

384Aparicio, Y., Gabarra, R., Riudavets, J., Stary, P., Tomanovi¢, 7., Kocié, K., Pujade

385 Villar, J., Ferrer Suay, M., Cuesta Porta, V. & Arno, J. (2019) Hymenoptera



17

386 complex associated with Myzus persicae and Hyalopterus spp. in peach orchards in
387 Northeastern Spain and prospects for biological control. Insects 10(4), 109.

388Aparicio, Y., Riudavets, J., Gabarra, R., Agusti, N., Rodriguez-Gasol, N., Alins, J.,

389 Blasco-Moreno, A. & Arno, J (2021) Can insectary plants enhance the presence of
390 natural enemies of the green peach aphid (Hemiptera: Aphididae) in Mediterranean
391 peach orchards? Journal of Economic Entomology (in press) toaa298,
392 https://doi.org/10.1093/jee/toaa298

393Araj, S.E. & Wratten, S.D. (2015) Comparing existing weeds and commonly used insectary
394 plants as floral resources for a parasitoid. Biological Control 81, 15-20.

395Araj, S., Shields, M.W. & Wratten, S.D. (2019) Weed floral resources and commonly used
396 insectary plants to increase the efficacy of a whitefly parasitoid. BioControl 64, 553-
397 561.

398Badenes-Pérez, F.R. (2019) Trap crops and insectary plants in the order Brassicales. Annals
399 of the Entomological Society of America 112(4), 318-329.

400Balzan, M.V., Bocci, G. & Moonen, A.C. (2014) Augmenting flower trait diversity in
401 wildflower strips to optimise the conservation of arthropod functional groups for
402 multiple agroecosystem services. Journal of Insect Conservation 18, 713-728.
403Barbagallo, S., Cocuzza, G.E., Cravedi, P., & Komazaki, S. (2017) IPM Case Studies:
404 Deciduous fruit tree. Pp. 651-661 in van Emden, H. & Harrington, R. (Eds) Aphids
405 as crop pests, 2nd edn. Wallingford, CABI Publishing.

406Barberi, P., Burgio, G., Dinelli, G., Moonen, A.C., Otto, S., Vazzana, C. & Zanin, G.
407 (2010) Functional biodiversity in the agricultural landscape: relationships between
408 weeds and arthropod fauna. Weed Research 50: 388-401.

409Bournier, A., Lacasa, A. & Pivot, Y. (1978) Biologie d’un thrips prédateur Aeolothrips

410 intermedius (Thys.: Aeolothripidae). Entomophaga 23(4), 403-410.



18

411Bugg, R.L. & Waddington, C. (1994) Using cover crops to manage arthropods pests of
412 orchards: A review. Agriculture, Ecosystems & Environment 50, 11-28.

413Cahenzli, F., Sigsgaard, L., Daniel, C., Herz, A., Jamar, L., Kelderer, M., Jacobsen,

414 S.K., Kruczynska, D., Matray, S., Porcel, M., Sekrecka, M., Swiergiel, V., Tasin,
415 M., Telfser, J. & Pfiffner, L. (2019) Perennial flower strips for pest control in
416 organic apple orchards - A pan-European study. Agriculture, Ecosystems &
417 Environment 278, 43-53.

418Comba, L., Corbet, S.A., Hunt, L. &Warren, B. (1999) Flowers, nectar and insect visits:
419 Evaluating Bristish plant species for pollinator-friendly gardens. Annals of Botany
420 83, 369-383.

421Corbett, A. & Rosenheim, J.A. (1996) Impact of a natural enemy overwintering refuge and
422 its interaction with the surrounding landscape. Ecological Entomology 21, 155-164.

423DARP, Departament d'Agricultura, Ramaderia, Pesca i Alimentacid. (2020) Superficies,

424 rendiments i produccions comarcals dels conreus agricoles. Available at
425 http://agricultura.gencat.cat/ca/departament/estadistiques/agricultura/estadistiques-
426 definitives-conreus/ (last accessed July 2020)

427Dassonville, N., Thiellemans, T. & Gosset, V. (2013) FresaProtect and Berryprotect: mixes

428 of parasitoids to control all common aphid species on protected soft fruit crops
429 product development and case studies from three years of experience. Aspects of
430 Applied Biology 119, 79-88.

431Davidson, M.M., Nielsen, M.-C., Butler, R.C., Castafé¢, C., Alomar, O., Riudavets, J. &
432 Teulon, D.A.J. (2014) Can semiochemicals attract both western flower thrips and

433 their anthocorid predators? Entomologia Experimentalis et Applicata 155(1), 54-63.


http://agricultura.gencat.cat/ca/departament/estadistiques/agricultura/estadistiques-definitives-conreus/
http://agricultura.gencat.cat/ca/departament/estadistiques/agricultura/estadistiques-definitives-conreus/

19

434Dedryver, C.A., Le Ralec, A. & Fabre, F. (2010) The conflicting relationships between
435 aphids and men: a review of aphid damage and control strategies. Comptes Rendus
436 Biologies 333, 539- 553.

437Eilenberg, J., Hajek, A. & Lomer, C. (2001) Suggestions for unifying the terminology in
438 biological control. BioControl 46, 387-400.

439Eurostat. (2019) Structure of orchards in 2017. Two-thirds of the EU’s fruit plantation area
440 iIs concentrated in Spain, Italy and Poland. Eurostat. Available at

441 https://ec.europa.eu/eurostat

442Fitzgerald, J.D. & Solomon, M.G. (2004) Can flowering plants enhance numbers of
443 beneficial arthopods in UK apple and pear orchards? Biocontrol Science and
444 Technology 14(3), 291-300.

445Gobierno de Aragon. (2020) Estadisticas Agricolas. Resumen del sector lefiosos 2015-

446 2017. Available at https://www.aragon.es/-/estadisticas-agricolas#anchor4 (last

447 accessed July 2020)

448Gontijo, L.M., Beers, E.H. & Snyder, W.E. (2013) Flowers promote aphid suppression in
449 apple orchards. Biological Control 66, 8-15.

450Gonzélez, E., Alvarado, M., Verlanga, E., Serrano, A. & de la Rosa, A. (1994) Dafos
451 producidos por trips en nectarinas en el Valle del Guadalquivir. Boletin de Sanidad
452 Vegetal. Plagas 20(1), 229-241.

453Grissell, E.E. & Schauff, M.E. (1990) A handbook of the families of Nearctic Chalcidoidea
454 (Hymenoptera). Washington, Entomological Society of Washington.

455Gurr, G.M., Wratten, S.D. & Altieri, M.A. (2004) Ecological engineering for pest
456 management: Advances in habitat manipulation for arthropods. CSIRO publishing,

457 Collingwood, Vic, Australia, p. 225.


https://ec.europa.eu/eurostat
https://www.aragon.es/-/estadisticas-agricolas#anchor4

20

458Hammer, @., Harper, D.A.T & Ryan, P.D. (2001) Past: Paleontological Statistics Software
459 Package for Education and Data Analysis. Paleontologia Electronica 4(1), 1-9.
460Hanson, P.E. & Gauld. I.D. (eds). (2006) Hymenoptera de la Region Neotropical. Memoirs
461 of the American Entomological Institute 77, 1-994.

4621dris, A.B. & Grafius, E. (1997) Nectar-collecting behavior of Diadegma insulare
463 (Hymenoptera: Ichneumonidae), a parasitoid of diamondback moth (Lepidoptera:
464 Plutellidae). Environmental Entomology 26, 114-120.

465Jado, R.H., Araj, S.E., Irmaileh, B.A. & Shields, M.W. (2018) Floral resources to enhance
466 the potential of the parasitoids Aphidius colemani for biological control of the aphid
467 Myzus persicae. Journal of Applied Entomology 143(1-2), 34-42.

468Johanowicz, D.L. & Mitchell, E.R. (2000) Effects of sweet alyssum flowers on the

469 longevity of the parasitoid wasps Cotesia marginiventris (Hymenoptera: Braconidae)
470 and Diadegma insulare (Hymenoptera: Ichneumonidae). Florida Entomologist 83(1),
471 41-47.

472Kavallieratos, N.G., Tomanovic, Z., Stary, P., Athanassiou, C.G., Sarlis, G.P., Petrovic,

473 O., Niketic, M. & Veroniki, M.A. (2004) A survey of aphid parasitoids
474 (Hymenoptera: Braconidae: Aphidiinae) of Southeastern Europe and their aphid-plant
475 associations. Applied Entomology and Zoology 39(3), 527-563.

476L.oomans, A.J.M. (2006) Exploration for hymenopterous parasitoids of thrips. Bulletin of
477 Insectology 59(2), 69— 83.

478Lordan, J., Alegre, S., Gatius, F., Sarasua, M.J. & Alins, G. (2014) Woolly apple aphid
479 Eriosoma lanigerum Hausmann ecology and its relationship with climatic variables
480 and natural enemies in Mediterranean areas. Bulletin of Entomological Research 105,

481 60-69.



21

482 Magurran, A.E. (2004) Measuring biological diversity. Blackwell, Oxford, United
483 Kingdom, 256 p.

484 MAPA (Ministerio de Agricultura, Pesca y Alimentaciéon). (2020) Available at
485 https://www.mapa.gob.es/es/estadistica/temas/estadisticasagrarias/agricultura/superf
486 icies-producciones-anuales-cultivos/ (accessed on 21 March 2020).

487Miinarro, M., Hemptinne, J.L. & Dapena, E. (2005) Colonization of apple orchards by
488 predators of Dysaphis plantaginea: sequential arrival, response to prey abundance and

489 consequences for biological control. BioControl 50, 403-414.

490Nave, A., Gongalves, F., Crespi, A.L., Campos, M. & Torres, L. (2016) Evaluation of
491 native plant flower characteristics for conservation biological control of Prays oleae.

492 Bulletin of Entomological Research 106, 249-257.

493Papp, N. (2004) Nectar and nectary studies on seven Euphorbia species. Acta Botanica

494 Hungarica 46(1-2), 225-234.

495Patt, J.M., Hamilton, G.C. & Lashomb, J.H. (1997) Foraging success of parasitoids wasps
496 on flowers: interplay of insect morphology, floral architecture and searching
497 behaviour. Entomologia Experimentalis et Applicata 83(1), 21-30.

498Penvern, S., Bellon, S., Fauriel, J. & Sauphanor, B. (2010) Peach orchard protection
499 strategies and aphid communities: Towards an integrated agroecosystem approach.
500 Crop Protection 29(10), 1148-1156.

501Péricart, J. (1972) Hémipteres, Anthocoridae, Cimicidae et Microphsidae de I'ouest-
502 paléartique. Paris, Masson Et C'®; Editeurs.

503Pfiffner, L., Cahenzli, F., Steinemann, B., Jamar, L., Bjgrn, M.C., Porcel, M., Tasin, M.,
504 Telfser, J., Kelderer, M., Lisek, J. & Sigsgaard, L. (2019) Design, implementation

505 and management of perennial flower strips to promote functional agrobiodiversity in


https://www.mapa.gob.es/es/estadistica/temas/estadisticasagrarias/agricultura/superficies-producciones-anuales-cultivos/
https://www.mapa.gob.es/es/estadistica/temas/estadisticasagrarias/agricultura/superficies-producciones-anuales-cultivos/

22

506 organic apple orchards: A pan-European study. Agriculture, Ecosystems &
507 Environment 278, 61-71.

508Pinheiro, L.A., Torres, L., Raimundo, J. & Santos, S.A.P. (2013) Effect of floral resources
509 on longevity and nutrient levels of Episyrphus balteatus (Diptera: Syrphidae).
510 Biological Control 67, 178-185.

511Pizzol, J., Reynaud, P., Bresch, C., Rabasse, J., Biondi, A., Desneux, N., Parolin, P. &
512 Poncet, C. (2017) Diversity of Thysanoptera species and associated host plants in
513 Southern France. Journal of Mediterranean Ecology 15, 13-27.

514Rodriguez-Gasol, N., Avilla, J., Aparicio, Y., Arng, J., Gabarra, R., Riudavets, J.,

515 Alegre, S., Lordan, J. & Alins, G. (2019) The contribution of surrounding margins
516 in the promotion of natural enemies in Mediterranean apple orchards. Insects 10(5),
517 148.

518Rueden, C.T., Schindelin, J., Hiner, M.C., DeZonia, B.E., Walter, A.E., Arena, ET. &
519 Eliceiri, K.W. (2017) ImageJ2: Imagel] for the next generation of scientific image
520 data. BMC Bioinformatics 18, 529.

521Shanker, C., Mohan, M., Sampathkumar, M., Lydia, Ch. & Katti, G. (2013) Selection
522 of flowering forbs for conserving natural enemies in rice fields. Biocontrol Science
523 and Technology 23(4), 480-484.

524Teulon, D.A.J., Davidson, M.M., Nielsen, M., Butler, R., Bosch, D., Riudavets, J. &

525 Castafeé, C. (2018) Efficacy of a non-pheromone semiochemical for trapping of
526 western flower thrips in the presence of competing plant volatiles in a nectarine
527 orchard. Spanish Journal of Agricultural Research 16(3), e10SCO01.

528Thomson, L.J., Sharley, D.J. & Hoffmann, A.A. (2007) Beneficial organisms as
529 bioindicators for environmental sustainability in the grape industry in Australia.

530 Australian Journal of Experimental Agriculture 47, 404-411.



23

531Trdan, S., Andjus, L., Raspudic E. & Kac M. (2005) Distribution of Aeolothrips

532 intermedius Bagnall (Thysanoptera: Aeolothripidae) and its potential prey
533 Thysanoptera species on different cultivated host plants. Journal of Pest Science 78,
534 217-226.

535Villa, M., Santos, S.A.P., Mexia, A., Bento, A. & Pereira, J.A. (2017) Wildflower
536 resources and insect honey are potential food items for Elasmus flabellatus.
537 Agronomy for Sustainable Development 37, 15.

538Wackers, F.L. (2004) Assessing the suitability of flowering herbs as parasitoid food sources:
539 flower attractiveness and nectar accessibility. Biological Control 29, 307-314.

540Wackers, F.L. (2005) Suitability of (extra-)floral nectar, pollen, and honeydew as insect food

541 sources. pp. 17-74 in Wackers, F.L., van Rijn, P.C.J. & Bruin, J. (Eds) Plant-provided
542 food for carnivorous insects: a protective mutualism and its applications. Cambridge,
543 Cambridge University Press.

544Wan, N.F., Ji, X.Y., Gu, X.J., Jiang, J.X.,, Wu, J.H. & Li, B. (2014a) Ecological
545 engineering of ground cover vegetation promotes biocontrol services in peach
546 orchards. Ecology Engineering 64, 62—65.

547Wan, N.F., Ji X.Y, Gu, X.J. & Jiang, J.X. (2014b) Testing the enemies hypothesis in peach
548 orchards in two different geographic areas in Eastern China: The role of ground cover
549 vegetation. PLOS ONE 9,6.

550Winkler, K., Helsen, H., & Devkota, B.H. (2007) Predatory bugs show higher abundance
551 close to flower strips in pear orchards. Proceedings of Netherlands Entomology
552 Society Meeting 18, 31— 36.

553Winkler, K., Wackers, F.L., Kaufman, L.V., Larraz, V. & van Lenteren J.C. (2009)
554 Nectar exploitation by herbivores and their parasitoids is a function of flower species

555 and relative humidity. Biological Control 50, 299-306.



24

556Table 1. Number of sample sites where each of the plant species was recorded in full bloom

557 during the sampling weeks. Twenty sampling sites were visited on each sampling
558 date. Plant species are ordered from early to late and from longest to shortest
559 flowering period.
Early period Late period
Plant species (Family) weeks weeks

11 13 15 17 19 21

Moricandia arvensis (Brassicaceae) 3 2 3 2 1 1
Eruca vesicaria (Brassicaceae) 4 5 7 4 2
Medicago sativa (Fabaceae) 1 1 2
Calendula arvensis (Asteraceae) 1 1 3 1
Diplotaxis erucoides (Brassicaceae) 2 5 6 1
Crepis sp. (Asteraceae) 3 3 4 1
Cardaria draba (Brassicaceae) 1 6 8 3
Euphorbia serrata (Euphorbiaceae) 1 5 6 2
Sisymbrium irio (Brassicaceae) 1 4 1 1
Euphorbia helioscopia (Euphorbiaceae) 1 1 1
Fumaria officinalis (Fumariaceae) 1 1 1
Thymus vulgaris (Lamiaceae) 1 1 2
Brassica napus (Brassicaceae) 1 3

Capsella bursa-pastoris (Brassicaceae) 2 2

Erodium ciconium (Geraniaceae) 1 2

Lamium sp. (Lamiaceae) 1 1

Scandix pecten-veneris (Apiaceae) 1 1

Taraxacum officinale (Asteraceae) 1



560

Anacyclus clavatus (Asteraceae)
Malva sylvestris (Malvaceae)

Sonchus sp. (Asteraceae)

Asphodelus fistulosus (Xanthorrhoeaceae)

Chrysanthemum segetum (Asteraceae)
Plantago sp. (Plantaginaceae)
Diplotaxis virgata (Brassicaceae)
Beta maritima (Amaranthaceae)
Galium aparine (Rubiaceae)
Papaver rhoeas (Papaveraceae)
Rumex crispus (Polygonaceae)
Carduus pycnocephalus (Asteraceae)
Reseda lutea (Resedaceae)
Erucastrum sp. (Brassicaceae)
Rapistrum rugosum (Brassicaceae)
Silene vulgaris (Caryophyllaceae)
Dorycnium pentaphyllum (Fabaceae)

Pallenis spinosa (Asteraceae)

11

10

12

10

25
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561  Table 2. Abundance of natural enemies (mean number of individuals over all sampling sites and dates) and value of Shannon’s diversity index for
562  each plant species. Plant species are ordered from higher to lower Shannon index. Plants species without parasitoids and predators are highlighted

563 in light and dark grey, respectively.

2 o . g e 2 |3
=} a1 <5} L =
Plant species Q S g f.'f Q 2 Q S ‘:f 5 2 ‘25 % <§ g_ 2
e E E E 2 § 5 E % § §E € T § 8 £ |
o o5 D +— o [3+] o] — — - — wn (@] o [
S £ £ 2 =2 =2 £ = > £ g @2 3 2 £ 3 S
s S5 & @® @& =& 5 & sSs § &£ & 8 & < < |&
C. pycnocephalus 0 0 0 0 0 0.07 0.14 0.05 0 0 0 0.12 0.14 0 01 021|187
R. crispus 006 O 0 0 015 O 0 0 001 O 0 021 018 0 0.08 014 | 176
E. vesicaria 002 005 0 002 002 O 0 019 0 0 0 001 o0 001 007 007|171
C. draba 004 0 0 0 002 002 O 0 0O 002 0 013 002 0 002 011|171
G. aparine 008 0 0O 003 0 006 O 0 0 0 0 001 011 O 0 004 160
B. maritima 002 0 002 O 0 0 0 0 0O 001 0 005 004 004 0 031]127
E. serrata 001 O 0 0 002 o0 0 0 0 0 0 006 O 0 002 013|123
A. clavatus 0 0 0 0 005 002 O 0 0 0 0 001 001 O 004 02123
Crepis sp. 012 0 0 0 0 0 0 0 0 0 0 003 003 0 0 005|120
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D. pentaphyllum
D. erucoides
M. sylvestris
M. sativa
Sonchus sp.

E. helioscopia
B. napus
Plantago sp.
R. lutea

A. fistulosus
P. rhoeas

T. officinale
P. spinosa

M. arvensis

0.1

0.02

0.05

0.05

0.02

0.08

0.03

0.14

0.02

0.02

0.08

0.08

0.05

0.03

0.03

0.05

0.45

0.02

0.06

0.36

0.57

0.05

0.23

0.17

0.13

0.42

0.05

1.33

0.03

0.27

0.83

0.56

0.82

27

1.12

1.14

1.11

1.08

1.03

0.95

0.69

0.69

0.69

0.49

0.60

0.55

0.45

0.30
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565

566

567

568
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Table 3. Total number of samples (#) and samples with presence of target families that include important natural enemies of aphids and thrips

during the early and late flowering periods. Parasitoids: Braconidae (Brac), Aphelinidae (Aphel), Pteromalidae (Pter), Figitidae (Figit). Predators:

Coccinellidae (Cocc), Chrysopidae (Chry), Anthocoridae (Anth), and Aeolothripidae (Aeol). For an easier table reading, zeros have been replaced

by points. Plant species are ordered from early to late and from the longest to shortest flowering period.

Plant species

Early flowering period (weeks 11 to 15)

Late flowering period (weeks 17 to 21)

Parasitoid families Predator families

Parasitoid families Predator families

# Brac Aphel Pter Figit Cocc Chry Anth Aeol

# Brac Aphel Pter Figit Cocc Chry Anth Aeol

M. arvensis
E. vesicaria
M. sativa

C. arvensis
D. erucoides
Crepis sp.
C. draba

E. serrata

8

16 1 . . . . 1 4

2 . . . . 1

5

13 : . . : 1 . 3

2

1

4

6

4

1
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E. helioscopia
B. napus

C. bursa-pastoris
Lamium sp.

T. officinale
A. clavatus

M. sylvestris
Sonchus sp.
A. fistulosus
C. segetum
Plantago sp.
D. virgata

B. maritima

G. aparine

1 2
1
1
2
1
31
28
6
1 6
2
4
16
12

30
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570

571

572

573

574

P. rhoeas

R. crispus

C. pycnocephalus
R. lutea

R. rugosum

D. pentaphyllum

P. spinosa

13

12

31
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575  Table 4. Mean (z+ S.E) and maximum (Max.) size (mm) of thorax and head width of
576  selected insect species (n = 10). Bold values indicate significant differences.
Statistical
Thorax Head
Insect species Sex analysis
Mean Max. Mean Max. t P
Aphelinus abdominalis Q 055+0.01 107 054+£000 078 -0.009 0.182
4 050+0.01 093 0.49+001 069 -0.023 0.255
Aphidius ervi Q 057+0.01 1.07 054+0.01 0.78 -0.009 0.059
) 054+001 093 050+0.01 0.69 0.011 <0.01
Aphidius mali Q 0.72+0.02 1.07 0.69+£0.02 0.78 -0.02 0.117
) 0.64+0.02 093 0.61+0.02 0.69 -0.031 0.132
Aphidius matricariae Q 042+0.01 107 041+£001 078 -0.015 0.188
) 0.42+0.01 093 0.38£0.01 0.69 0.015 <0.01
Lysiphlebus testaceipes Q 042+0.02 1.07 042+0.02 0.78 -0.048 0.427
) 0.49+0.01 093 044x0.01 0.69 0.018 <0.01
Aeolothrips intermedius Q 041+£0.02 1.07 0.24+0.01 0.78 0.129 <0.001
) 0.27+£0.00 093 0.17+0.00 0.69 0.094 <0.001
Aphidoletes aphidimyza @  0.44+0.02 1.07 0.33+0.01 0.78 0.055 <0.001
) 0.39+£0.02 093 0.32+0.01 0.69 0.019 <0.01
Orius majusculus Q 1.00£0.01 107 047+£0.00 0.78 0.509 <0.001
4 0.89+0.01 093 0.43+0.01 0.69 0.429 <0.001
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Table 5. Summary of criteria used to select flowering species from those present in

sampled area. Only flowering plants with Shannon index higher or equal to one are listed.

Two categories of the index were defined: H > 1.5 (++), 1.5 > H > 1(+). Flowering

earliness refers to the period when blooming started: early (weeks 11-15) and late (weeks

17-21). Blooming span stands for the number of sampling weeks when the plant was

found in bloom. The presence of target parasitoids belonging to Braconidae and

Aphelinidae families and predators are identified with +. # sample sites indicate the total

number of sites across the whole sampling where the plant was recorded in bloom.

Shannon  Flowering Blooming Target Target # sample
Plant species
index? earliness span parasitoids predators sites
E. vesicaria ++ early 5 + + 22
C. draba ++ early 4 + + 18
M. sylvestris + early 4 + + 29
E. serrata + early 4 + + 14
A. clavatus + early 4 0 + 35
D. erucoides + early 4 0 + 14
B. maritima + late 3 + + 16
R. crispus ++ late 3 + + 12
G. aparine ++ late 3 + + 12
C. pycnocephalus ++ late 3 0 + 7
Crepis sp. + early 4 + + 11
S.irio + early 4 + + 7
Sonchus sp. + early 4 0 + 10
M. sativa + early 3 0 + 4
D. pentaphyllum + late 2 + + 7
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Figure Captions:

Fig. 1. Coordinates of the 20 sampling points of the study located in Segria, Pla d’Urgell
and La Litera (North East of Spain). For reference, coordinates of the city of Lleida are

41.62026 and 0.61976.

Fig. 2. Box plot of flower corolla opening (A) and depth (B) measures of the 10 plant
species that have their nectaries partially protected. In the X-axis, plant species are

ordered from widest to narrowest corolla opening.





