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Abstract

Different floral traits mediate interactions between plants and their visitors. Capitates Glandular Trichomes (CGT) can attract or
repel visitors, particularly arthropods. In Helianthus annuus L., CGTs are located at the distal ends of the anther appendages. This
study aimed to determine whether the presence of CGTs influences the behaviour of diurnal floral visitors under field conditions by
comparing genotypes with high and low CGT density per anther, while maintaining similar phenotypic characteristics. The analysis
accounted for three random variables -floral developmental stages (R5.3, R5.6, and R6), daytime ranges (morning, midday, and
afternoon), and two flowering seasons- to better understand variations in CGT mediated floral arthropod interactions. Key recorded
species included Astylus atromaculatus (Blanchard) (Coleoptera Melyridae), Apis mellifera L. (Hymenoptera Apidae), and species
from the Thomisidae family representing herbivores, pollinators, and insect-predators, respectively. The genotype with a high CGT
density received fewer herbivore visits and more pollinator visits compared with the genotype with a low CGT density. Predators
did not exhibit genotype-related differences but reduced bee presence by 20% probably due to Thomisidae spiders preying on bees.
Furthermore, the inclusion of random variables enhanced the models. Herbivore abundance varied significantly between flowering
seasons, while pollinator abundance fluctuated across the daytime ranges. Both herbivores and pollinators also showed variations
in abundance across the reproductive stages, likely influenced by the proportion of disc floret phenophases and the CGTs' secretory
stage. This study underscores the importance of CGTs as a key morphological feature with potential implications for plant repro-
duction, justifying broader, more extensive investigations. It also emphasizes the necessity of considering multiple factors in plant-
arthropod interactions research.
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reproductive development.

Introduction

Floral traits such as colour, shape, scent and nutritional
rewards are linked to the attraction of a wide range of
floral visitors (Junker and Bliithgen, 2010). These visi-
tors can be categorized into pollinators (e.g. bees, butter-
flies, hoverflies), herbivores (e.g., sucking insects, bee-
tles, butterfly larvae) and predators (e.g., spiders, certain
wasps, beetles). Pollinators feed on nectar and pollen
contributing to the pollination and the production of fruits
and seeds (IPBES, 2016). Herbivores consume nectar,
pollen and floral reproductive structures like stamens and
pistils, often causing damage (Wéckers et al., 2007).
Predators can be found in the floral structures to prey on
other insects. This can be beneficial for pest control when
they consume herbivores like ladybugs (Coccinellidae),
or detrimental to plant reproduction when they target pol-
linators, such as in the case of crab spiders (Ings and
Chittka, 2009). These visitors interact within the flower,
affecting each other's behaviour and abundance (Mazzei
et al., 2020), especially in large, flat, multi-flowered
structures like sunflower heads (Chamer et al., 2020).
Asteraceae inflorescences show a wide variation in
their colour, number per capitulum, and nectar traits
across species (e.g., Torres and Galetto, 2002; 2007,
2011), leading to differences in floral visitor attraction

(Torres and Galetto, 2008). Various morphological fea-
tures of reproductive organs might be involved in plant-
floral visitor communication. Trichomes, epidermal
structures widespread on both vegetative and reproduc-
tive organs, mediate interactions between plant and floral
visitor community. They act as metabolic factories syn-
thesizing and secreting large amounts of chemicals, such
as terpenoids and flavonoids (Gershenzon et al., 1992;
De Moraes et al., 1998; Duke et al., 2000; Huchelmann
et al., 2017). These chemicals are frequently associated
with protection against insects and pathogens (De
Moraes et al., 1998; Huchelmann et al., 2017).

Currently, glandular trichomes (GTs) in crops and their
wild related varieties are being studied to enhance ecolog-
ical interactions between plants and insects, aiming to re-
duce agrochemical use in agriculture (Li ez al., 2024). The
most studied aspect is their repellent effect on herbivores.
For instance, allelochemicals produced by GTs in tomato
leaves and stems have been studied as resistance traits that
affect herbivore settlement and growth, such as whiteflies,
white spiders, and leaf miners (Riahi et al., 2023; Salazar-
Mendoza et al., 2023). Conversely, research on their at-
tractiveness to pollinators is still in its early stages, as ob-
served in Salvia species (Giuliani ef al., 2018). Nonethe-
less, there are studies on the attractive effect of many flo-
ral volatiles (Détter]l and Gershenzon, 2023).



In sunflower, Capitate Glandular Trichomes (CGTs) are
found on the leaf surface and at the distal ends of apical
anther appendages. The maturation of CGTs on apical an-
ther appendages is associated with disc floret maturation,
as the secretory phases of these glands are correlated with
disc floret phenophases (Gopfert et al., 2005; Amrehn et
al., 2014). Sunflower capitula exhibit a typical centripetal
pattern of maturation by spiral phyllotaxis, with the pe-
ripheral florets being the first to open (Hladun and Alder,
2009). The anthesis of the disc florets occurs between RS
and R6 stages according to the Schneiter and Miller
(1981) phenological scale, where R5.3 and R5.6 represent
inflorescences with 30% and 60% of the disc florets in
anthesis, respectively. The phenological progression of
disc floret includes four phenophases: floret buds (E1),
anthesis with anther dehiscence (E2), style elongation and
stigma receptivity (E3), and post-pollination stage (E4)
(Miller, 1987; Menéndez et al., 2022). Most sunflower ca-
pitula at different reproductive stages contain at least two
disc flower phenophases within the receptacle.

Sunflower capitula are highly attractive to various flo-
ral visitors, both diurnal and nocturnal, due to their large
size, UV reflectance patterns, high pollen and nectar pro-
duction, and aroma code (Pham-Delegue et al., 1990;
Seiler, 1997; Torreta et al., 2009; Todesco ef al., 2022).
Sunflowers genotypes can vary the quality of these at-
tractants (Etievant et al., 1984; Pham-Delégue et al.,
1990; Vear et al., 1990). In fact, cultivated sunflower va-
rieties exhibit a higher number of CGTs on their apical
anther appendages compared with the wild type Helian-
thus annuus L. (Prasifka et al., 2015). It has been sug-
gested that CGTs may positively influence reproduction
by repelling herbivorous insects and/or attracting polli-
nators (Junker and Bliithgen, 2010).

Nevertheless, the influence of trichomes on arthropod
groups in sunflower has been understudied, and there is
a limited information on arthropod behaviour under field
conditions; most studies have been carried out under con-
trolled laboratory conditions (Rogers et al., 1987; Duke
et al., 2000; Prasifka et al., 2015; Chamer et al., 2020).
The aim of this study was to experimentally evaluate
whether the presence of anther-CGTs (comparing geno-
types with high and low CGT densities per anther but
with similar phenotypic characteristics) affects the be-
haviour of diurnal floral visitors (pollinators, herbivores
and predators) under field conditions. We focused on di-
urnal visitors, as stigmas are highly receptive during the
day, particularly around midday (Torreta et al., 2009).
Furthermore, floral developmental stages (R5.3, R5.6,
and R6), daytime range (morning, midday, and after-
noon), and two flowering seasons, were considered as
random variables in the data analysis to better understand
the variations in CGTs-floral visitor interactions. We hy-
pothesize that sunflower genotypes with a high density of
anther’s CGTs repel more herbivores and attract more
pollinators than genotypes with a low density of CGTs,
disregarding the reproductive stage of the capitulum, the
daytime range, and the flowering season. Additionally,
we expect the predator presence will decrease the abun-
dance of the other arthropods on the capitula, regardless
of CGT density, reproductive stage, the daytime range,
and the flowering season.
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Materials and methods

Plant material and growth conditions

Two sunflower inbred lines, P2015-1a and Rf975, were
used in this experimental study. P2015-1a characterized
by a low density of CGTs in its anthers (low-CGT), and
Rf975 characterized by a high density of CGTs in its an-
thers (high-CGT) were developed and provided by the
Sunflower Germplasm Bank of the Estacion Experi-
mental Agropecuaria (EEA) of the Instituto Nacional de
Tecnologia Agropecuaria (INTA) Pergamino, Argentina
(supplemental material figure S1).

Ninety plants of each genotype were grown in two plots
separated by 15 m in the Experimental Field Station of
Universidad Nacional de Rosario, Santa Fe, Argentina
(33°1'S 60°53'W). No pesticides were applied to sun-
flowers during the experiment to avoid effects on the be-
haviour of the floral visitors. Plants were watered by drip
irrigation and weeds were manually controlled. Lateral
inflorescences were cut to obtain one capitulum per plant
in both genotypes to standardize experimental conditions
for the interactions with insect-floral visitors. The exper-
iment was repeated in two flowering seasons: 2021/2022
and 2022/2023.

Both lines bloom simultaneously. Several phenotypic
traits that could influence insect attraction were measured
including capitulum size (analysed using Student’s t-
test), plant height (analysed using Student’s t-test), UV
light reflectance (UV irradiated capitula, photographed in
a dark chamber), and the number of pollen grains per flo-
ret (following the protocol described by Loste et al.,
2018). Additionally, we quantified the number of disc flo-
rets at each phenophase (E1, E2, E3, E4; supplemental
material figure S2) using an image analysis method (Och-
ogavia 2022) (figure S2) to evaluate putative differences
between genotypes in the composition of disc floret phe-
nophases. The experimental design was randomized with
three replications, each replication consisting of one ca-
pitulum. Floret number per capitulum was analysed at
each reproductive stage (R5.3; R5.6; and R6) using a two-
way analysis of variance (ANOVA) with an F-test. Means
were separated using Tukey’s Honestly Significant Dif-
ference (HSD) test, with a significance level of a = 0.05.

Floral arthropod assemblage

The abundance of floral visitors was surveyed at three
daytime ranges (9:00-10:00, 12:00-13:00, and 17:00-
18:00) throughout the flowering season (16-14 days per
season, avoiding rainy days). Records of floral visitors
(abundance and richness) were obtained by simultane-
ously observing four capitula for 10 minutes. Each day,
three records were collected for each daytime range
(morning, midday, and afternoon) and genotype (P2015-
la and Rf975) totalling 30 minutes of observation per
genotype per day, while also registering the reproductive
stage of the capitula (R5.3, R5.6, and R6; supplemental
material figure S2).

Arthropods were collected, photographed, and classified
using taxonomic keys (Morrone and Coscardon, 1998;
Michener, 2007; Claps et al., 2008; Dalmazzo et al., 2020).
The arthropods were categorized into three functional
groups (table 1): Herbivores, Pollinators and Predators.
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Table 1. Diurnal floral visitors observed on inflorescences of the two sunflower genotypes during the evaluated seasons.

GroupOrder Stage Family Species Req. low-C G\;lslitisgh- CGT
Coleoptera adult Melyridae Astylus atromaculatus (Blanchard) abef 1478 624
Diptera adult Agromyzidac  Melanogromyza minimoides Spencer  df 92 100
Coleoptera adult Chrysomelidae Diabrotica speciosa (Germar) abef 23 55

8 Diptera adult cdf 23 76
£ Coleoptera adult Chrysomelidae Spintherophyta sp. e 29 30
—q‘; Hemiptera adult e 14 15
‘= Hymenoptera adult Formicidae @ 17 4
Coleoptera adult Chrysomelidae e 2 17
Hemiptera adult Cicadellidae Empoasca kraemeri Ross et Moore © 4 5
Coleoptera adult Curculionidae e 1 0
Hymenoptera  adult Apidae Apis mellifera L. abed 711 1069
Hymenoptera  adult Apidae Melissodes sp. abcd 78 57
» Hymenoptera adult Halictidae abcd 94 51
g Hymenoptera  adult Apidae Bombus pauloensis Friese abed 44 14
.£ Lepidoptera adult Hesperiidae abcd 7 5
S Diptera adult Syrphidae acd 3 6
- Hymenoptera  adult Megachilidae abcd 2 0
Hymenoptera  adult Vespidae Polybia occidentalis Olivier acd 1 0
Hymenoptera  adult Vespidae Brachygastra sp. acd 1 0
,, Araneae - Thomisidae g 34 51
& Araneae - Salticidae g 12 11
S Coleoptera adult Coccinellidae Eriopis connexa (Germar) g 7 6
E Coleoptera larva Coccinellidae Harmonia axyridis (Pallas) g 5 1
Hemiptera adult Reduviidae Cosmoclopius nigroannulatus Stal g 0 6

Req. = Requirements: a) have the size and pilosity to carry pollen, b) carry pollen on their bodies (we observed this
feature in the field), c¢) fly frequently among capitula (remained on the flower shorter than the full observation period
- 10 minutes), d) feed from nectar and pollen without damaging the flower structures such as stigmas and anthers, e)
feed on nectar or pollen or other floral structures damaging floral structures, f) and/or do not fly frequently between
capitula, g) the predatory arthropods that occupy flowers as hunting platforms.

The criteria for assigning floral visitors to the functional
groups were: a) possessing the size and pilosity necessary
to carry pollen, b) carrying pollen on their bodies, ¢) fly-
ing frequently among capitula (remaining on the flower
for less than 10 minutes), d) feeding on nectar and pollen
without damaging the floral structures, e) feeding on nec-
tar or pollen or other floral structures while damaging flo-
ral structures (such as beetles; Van den Berg et al., 2008),
f) remaining on the flower longer than 10 minutes, and g)
using flowers as hunting platforms. Arthropods that met
at least three of the requirements from ‘a’ to ‘d’ were
classified as Pollinators; those that met the requirements
in ‘e’ or ‘f* were classified as Herbivores, and those that
met the ‘g’ requirement were classified as Predators.

Statistical analysis of arthropod abundance

All analyses were performed using R statistical soft-
ware version 4.2.1 (R Core Team, 2022). The effects of
genotype on floral visitor behaviour were examined us-
ing Generalized Linear Mixed Models (GLMM) with
genotype as the fixed variable comprising two levels:
high-CGTs and low-CGTs and the abundance of each ar-
thropod group as the response variable. Abundances
(count data) were modelled using the Negative Binomial
distribution, which proved to be more suitable than the
Poisson distribution. This was confirmed through a
graphical comparison of both fitted distributions using
the fitdistrplus package (Delignette-Muller and Dutang,

2015) and the analysis of residuals. The variables day-
time range (with levels: morning, midday, and after-
noon), reproductive stage (with levels: R5.3, R5.6, and
R6), and flowering season (with levels: 2021 and 2022)
were used as random variables with independent
(crossed) random intercepts for each level of each varia-
ble. Furthermore, to investigate potential interactions
among arthropod groups on the flowers, we also con-
ducted GLMMs. We used the presence of one arthropod
group (either herbivores or pollinators) as the response
variable with a Binomial distribution, while taking into
account the predator presence as the fixed variable. This
was because 81% of predator visits had a value of 1 per
capitulum per ten minutes. The random variables were
the same as in the previous GLM involving independent
random intercepts for each level of daytime range, repro-
ductive stage and flowering season.

GLMMs were performed utilizing the glmer.nb func-
tion (for Negative Binomial Distribution) and the glmer
function (for Binomial Distribution) from the Ime4 pack-
age (Bates et al., 2015), fitted through maximum likeli-
hood estimation. The significance of including the fixed
effect in each model was assessed using a chi-square test
(likelihood ratio test) between two GLMM: one with the
fixed variable and another without the fixed variable (null
model) (supplemental material table S1). Plots of the
best-fitted models were created using the ggeffects (Lii-
decke, 2018) and ggplot2 (Wickham, 2016) R packages.
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Results

Phenotypic studies of the plant genotypes

The two sunflower inbred lines exhibited comparable
biometric and anatomical variables, including main ca-
pitulum sizes (mean + SE: 13.66 cm + 0.72 and 13.40 cm
+ 0.49 for P2015-1a and Rf975, respectively; t =—0.299,
d.f. =17, P =0.384), plant height (98.11 cm + 3 and 99.9
cm = 2.2 for P2015-1a and Rf975, respectively; t = 0.47,;
d.f. = 17, P = 0.642). The capitula UV reflectance was
compared between genotypes but no differences were de-
tected in the ligulate florets UV pigmentation pattern
(supplemental material figure S3). Additionally, no dif-
ferences in the number of pollen grains per floret were
detected between genotypes (25806 + 1217 and 26411 +
949 for Rf975 and P2015-1a, respectively).

The disc floret number of each phenophase was com-
pared between genotypes at different capitula develop-
mental stages. No significant effect of the genotype was
detected at R5.3 (ANOVA: F=0.17,d.f. = 1,P=0.765),
R 5.6 (ANOVA: F=0.29,d.f. =1, P=0.5888) and R6
developmental stage (ANOVA: F =0.21,df. =1, P =
0.6432). However, a significant effect of phenophases on
the floret number per capitulum was detected in both gen-
otypes at R5.3 (ANOVA: F = 18.04, d.f. = 3, P =
2.411x107%), R5.6 (ANOVA: F = 17.52, d.f. =3, P =
1.62x107%) and R6 developmental stage (ANOVA: F =
39.06, d.f. =3, P = 5.825x107!%). No significant effect of
the genotype was detected at R5.3 (ANOVA: F = 0.17,
df.=1,P=0.765) R 5.6 (ANOVA: F=0.29,d.f.=1,P
= 0.5888) and R6 developmental stage (ANOVA: F =
0.21,d.f. =1, P =0.6432).

Floral insect assemblage

A total of 4,885 arthropods were recorded on the capit-
ulum during 30 days across two flowering seasons.
Twenty-four diurnal floral visitors that interacted with
the crop were identified (table 1) and then classified into
6 orders, 15 families, and 13 genera. Ultimately, the flo-
ral visitors were categorized into three functional groups:
9 as pollinators, 10 as herbivores, and 5 as predators (ta-
ble 1). The richness of flower-visiting arthropods varied
between sunflower genotypes: 23 floral visitors in the

low-CGT genotype and 19 in the high-CGT one, alt-
hough these differences were primarily among less abun-
dant species (fewer than 2 individuals) (table 1). Herbi-
vores were the most abundant arthropod group. The main
species recorded for the different functional groups were:
Astylus atromaculatus (Blanchard) (Coleoptera Melyri-
dae), Apis mellifera L. (Hymenoptera Apidae), and Tho-
misidae family for herbivores, pollinators and predators,
respectively (figure 1, table 1).

The fixed variables significantly influenced herbivore
and pollinator abundance (GLMM Negative Binomial,
=33.759, d.f. = 1, P = 6.238x107° and GLMM Negative
Binomial, y?> = 4.244, d.f. = 1, P = 0.039 respectively)
(supplemental material table S1). The genotype with a
high density of CGT per anther showed lower herbivore
abundance (GLMM Negative Binomial, mean [CI 95%]:
2.90 [1.19, 7.04] vs 1.86 [0.76, 4.53]; Z = 5.938, d.f. =
617, P =2.88x107°) and higher values of pollinator abun-
dance (GLMM Negative Binomial, mean [CI 95%]: 2.14
[1.20, 3.82] vs 1.94 [1.09, 3.44]; Z =-2.067, d.f. =742, P
= 0.038, respectively) (figure 2). Capitula from the high-
CGT genotype had 1.04 fewer herbivore individuals and
0.20 more pollinator individuals per 10 minutes com-
pared to the low-CGT genotype (figure 2). The presence
of a high density of CGT did not show trends with pred-
ator abundance (GLMM Negative Binomial, Z =—0.397,
d.f. =118, P =0.691) (figure 2).

Interestingly, the presence of predators in the capitulum
significantly decreased pollinator abundance by 21%
(GLMM Binomial, Z = -3.952, d.f. = 1277, P =
7.76x107°) but did not significantly affect herbivore pres-
ence (GLMM Binomial, Z = —0.435, d.f. = 1277, P =
0.664) (figure 3).

The random variable that accounted for the most varia-
tion in herbivores was the flowering season (2021 and
2022) (figure 4, supplemental material table S2), with the
2021 season exhibiting the highest herbivore abundance
(figure 4C). For pollinators, the random variable that ex-
plained the greatest variation was the daytime range
(morning, midday, and afternoon) (figure 4, supple-
mental material table S3), with the highest pollinator
abundance in the morning and the lowest in the afternoon
(figure 4D). Additionally, the capitula developmental stage

Figure 1. The most abundant sunflower floral visitors in each arthropod group. A. 4. atromaculatus (herbivore).
B. A. mellifera (pollinator). The arrow highlights the pollen carried on the bee’s pollen basket. C. Thomisidae sp.
(cryptic visitor) with a prey (Diptera) (see arrow). Bars: 1 cm.
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Figure 2. The abundance of flower visitors per capitulum in 10 minutes predicted by the generalized linear mixed
models with negative binomial distribution. The means are represented by black points (the predicted value is labelled
next to the point) and the lines represent the 95% confidence intervals. A. Values for herbivore abundance. B. Values
for pollinator abundance. C. Values for predator abundance. The genotype with a high density of capitate glandular
trichomes reduces significantly the herbivore abundance (GLMM Negative Binomial, Z = 5.938, d.f. = 617, P =
2.88x107%) and increases the pollinator abundance (GLMM Negative Binomial, Z = —2.067, d.f. = 742, P = 0.038).
Abbreviations: CGT: capitate glandular trichomes, highCGT: Rf975 genotype with a high density of CGTs in its
anthers, lowCGT: P2015-1a genotype with a low density of CGTs in its anthers.
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Figure 3. The probability of the presence of the herbivore
or the pollinator groups per capitulum in 10 minutes
predicted by the model with the increase of the proba-
bility of the predator presence as the fixed variable. The
presence of pollinators decreases significantly in the
predator presence (GLMM Binomial, Z = —3.952,
d.f.=1277,P=7.76x107).

was the second random variable affecting both more
abundant groups (herbivores and pollinators). Herbivore
abundance increased at the R6 reproductive stage in the
low-CGT genotype, while pollinator abundance in-
creased at the R5.3 reproductive stage in the high-CGT
genotype (figure 4). In other words, the pollinator abun-
dance decreased with the number of disc florets at post-
anthesis (E4 phenophase, supplemental material figure
S4) in both genotypes, raising the minimum of pollina-
tors at R6. Both R5.3 and R6 stages had a similar number
of E3 disc florets (anthesis), but the R6 capitula had twice
the number of E4 disc florets (supplemental material fig-
ure S4). Predator abundance was not significantly af-
fected by the random variables.

Discussion and conclusions

Our results suggest that CGTs on sunflower anthers may
have a repellent effect on herbivores under field condi-
tions. In addition, for the first time, we propose a poten-
tial attractive effect on bee abundance, a notion previ-
ously hinted at in some studies (Giuliani et al., 2018),
which justifies the need for broader, more extensive in-
vestigations into the effects on arthropods.

Leaf glandular trichomes have long been associated
with resistance to herbivores, such as beetles in potatoes
(Flanders et al., 1992), aphids in tomatoes, Hemiptera in
alfalfa (Ranger and Hower, 2001), and Lepidoptera lar-
vae in Cucurbitaceae (Kaur and Kariyat, 2023). While the
study of trichomes and their role in herbivore deterrence
have gained attention in recent years, research on floral
trichomes and their potential for attracting pollinators re-
mains relatively limited. Some studies have hinted that
floral trichomes might produce fragrances that attract
pollinators (Giuliani et al., 2018; Stpiczynska et al.,
2018). However, comprehensive research measuring the
differential abundance between genotypes with high and
low trichome density in flowers is lacking. Furthermore,
chemical analysis of the volatile compounds emitted by
sunflower CGTs is necessary to relate them to known at-
tractants for pollinators, such as terpenoids or fatty acid-
derived compounds, as has been detected in other species
(Grajales-Conesa et al., 2011; Huchelmann et al., 2017).

Previous research on sunflowers has demonstrated the
harmful effects of different compounds emitted by CGTs
on Lepidoptera larvae, specifically Homoeosoma electel-
lum Hulst (Lepidoptera Pyralidae), following the inges-
tion of these compounds by butterflies under controlled
laboratory conditions (Prasifka, 2014). However, no dif-
ferences were found in seed damage caused by lepidop-
teran larvae -Cochylis hospes Walsingham (Lepidoptera
Tortricidae)- between genotypes with high and low CGT
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Figure 4. The random variables in the herbivore abundance models (A, B, C) and pollinator abundance models (D, E, F)
per genotype (refer to supplemental material table S2, table S3 and figure S4). These variables include the reproduc-
tive stage (with levels: 5.3, 5.6, 6), the daytime range (with levels: morning, midday, and afternoon) and flowering

season (with levels: year 2021, year 2022).

density were observed in field conditions (Prasifka and
Hulke, 2020). Unlike the findings of Prasifka and Hulke
(2020), our study did not detect lepidopteran larvae on
sunflower inflorescences during the flowering period, as
they are not common floral herbivores in the region (Ca-
suso et al., 2017). The novelty of our approach was ana-
lysing the entire arthropod community interacting with
sunflower inflorescences throughout the complete flow-
ering period, which included potential interactions
among arthropod species. General trends related to an-
ther-CGT density and arthropod abundance may also be
influenced by other variables, such as flowering seasons,
daytime range, and reproductive stages. For instance, the
herbivore abundance showed variability across seasons,
underscoring the importance of conducting ecological
studies over multiple years and considering these varia-
tions for a better understanding of the relationships be-
tween flowers and animal visitors. Inter-seasonal varia-
tions might be attributed to different biotic or abiotic fac-
tors. Biotic factors, related to the herbivore population or
larval survival, can influence beetle populations directly.
Abiotic environmental factors, like temperature and
moisture, can also play a role, particularly in affecting
beetle populations without significantly impacting bee
populations (Birch, 1953). Pollinators’ abundance was
also affected by random factors, primarily by the time of
the day. Bees typically have a peak activity in the morn-
ing, as has reported Polatto et al. (2014). In the case of
sunflower, the increased bee abundance during the morn-
ing in both genotypes could be directly related to the
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availability of pollen and nectar, which are accessible un-
til the early hours before noon (Grandinetti, 2022). The
reproductive stage of the capitulum was the second ran-
dom factor contributing to the explained variability for
herbivores and pollinators. Pollinator abundance tended
to rise during the early reproductive stages, while herbi-
vore abundance increased in advanced stages. The polli-
nators behaviour may be explained by the "unpredictable
rewards hypothesis" where pollinators might seek to
avoid reward variability within the same plant (or capit-
ulum, in this case), potentially leading to reduced visita-
tion rates (Kacelnik and Bateson, 1996; Grandinetti,
2022). In herbivores, the feeding habits of 4. atromecu-
latus, particularly their consumption of various floral
parts beyond pollen, may be more pronounced in ad-
vanced reproductive stages (Van den Berg et al., 2008).
Melanogromyza minimoides Spencer (Diptera Agromyz-
idae), another key herbivore, tends to become more abun-
dant in later developmental stages, likely linked to its re-
productive cycle that involves egg-laying among flowers
and larval feeding on developing fruits (Zerbino, 2001).
The presence of spiders on plants has been associated
with glandular trichomes functioning as an anti-herbivore
defence mechanism. In such cases, the presence of more
predators and fewer herbivores is typically observed
when trichomes are present (Romero et al., 2008). This
trend was slightly observed in our study as well; how-
ever, the predator presence was significantly associated
with a lower pollinator presence rather than the herbivore
presence. The most abundant registered predator was the
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crab spider (Thomisidae), which primarily feeds on pol-
linators such as bees and certain flies (see figure 1), rather
than beetles (Morse, 1981). It has been reported that 4.
mellifera perceives danger in flowers inhabited by spi-
ders and avoids visiting them (Dukas and Morse, 2003;
Gonzalvez et al., 2013).

Since trichomes are a heritable trait and can be eventu-
ally used in plant classification (Spring, 2000), our find-
ings support the role attributed to sunflower anther CGTs
by previous researchers (Gopfert ef al., 2005; Amrehn et
al., 2014; Prasifka and Bazzalo, 2016), as sunflower an-
ther CGTs may deter herbivorous arthropods under field
conditions. Additionally, we propose a potentially attrac-
tive effect on bee abundance, a concept previously sug-
gested by some studies (Giuliani ez al., 2018). It is desir-
able to expand research into morpho-anatomical varia-
tions beyond just plant-arthropod interactions. Such re-
search could encompass the comparison of genotype var-
iations in CGT density across wider spatial scales, with
the combination of different genotypic lines in large
plots, and the scrutiny of interactions with diverse arthro-
pod groups under varying environmental conditions. Un-
derstanding these complex interactions could inform
novel crop breeding approaches to improve yield and pest
management.
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