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Abstract

Flower strips are a fundamental part of agri-environment schemes in the Common Agricultural Policy (CAP). Although
vegetation is central for many arthropod groups, a few studies have evaluated the effects of flower strip structural and
functional attributes on arthropod communities. In this study, we explored the relationship between flower strip attributes
and the abundance of different arthropod functional groups in annual flower strips located in an organic apple orchard. We
surveyed plant and arthropod communities in 30 1 m X 6 m plots. In each plot, we collected data on species composition and
vegetation structure (e.g., total cover, density, number of floral displays). For each plant species, we also retrieved data on
leaf palatability and nutritional value. Arthropods were collected using sweep netting technique. Structural and functional
attributes of the flower strip revealed a crucial role in regulating arthropod abundance, which however depended on the
specific arthropod functional group. We identified three main attributes (plant species richness, composition, and vegetation
density) of flower strips that should be considered when implementing multifunctional flower strips. Specifically, plant spe-
cies richness to ensure complementarity of resources and niches, plant species composition to ensure complementary floral
resources, and vegetation density to ensure sheltering microhabitats and suitable microclimatic conditions and to increase
the density of floral resources. Our results suggest that by considering structural and functional attributes of flower strips,
it is possible to design multifunctional flower strips with greater effectiveness as measures for ecological intensification.

Keywords Agri-environmental measures - Agroecosystem - Arthropod functional groups - Flower strip structure -
Multifunctionality - Plant traits

Introduction

Over the past few years, ecological intensification has
emerged as a nature-based approach to support agricultural
production while reducing harmful environmental impacts
(Garibaldi et al. 2019). The main assumption of ecologi-
cal intensification is that by managing specific compo-
nents of biodiversity, it is possible to enhance agricultural
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productivity by either complementing or replacing high-
input management practices, with the ultimate goal of reduc-
ing environmental impacts and associated costs without lim-
iting crop production (Kleijn et al. 2019).

The presence of semi-natural habitats such as hedgerows
and perennial semi-natural grasslands in agroecosystems
has been shown to be effective in sustaining communities
of beneficial arthropods and preserving associated ecosys-
tem services (Tscharntke et al. 2021). Semi-natural habitats
are created and maintained for their ability to provide feed-
ing resources as well as shelter, overwintering, and nesting
sites to beneficial arthropods, which are generally rarefied
in intensive agricultural systems (Landis 2017; Geiger et al.
2009). In addition, the extent of natural and semi-natural
habitats in the landscape influences the effectiveness of agri-
environmental measures serving as reservoirs and source
populations for beneficial arthropods (Grab et al. 2018;
Eeraerts 2023).
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Among the most widely implemented semi-natural habi-
tats in agri-environmental measures are flower strips, a fun-
damental part of agri-environment schemes in the Common
Agricultural Policy (CAP). Flower strips are usually estab-
lished to improve pollination service and have been shown to
actually increase the richness and abundance of pollinators,
especially bees and hoverflies (e.g., Campbell et al. 2017b;
Ganser et al. 2021; Lowe et al. 2021). Flower strips can
also support biological control, positively influencing parasi-
toids and predators by supplying nectar and pollen for adults,
serving as overwintering refugia or providing an additional
prey source for larvae (Wickers and van Rijn 2012; Hol-
land et al. 2016; Ganser et al. 2019). However, the effect of
flower strips on beneficial arthropods depends on several
factors related to both flower strip attributes (e.g., plant spe-
cies composition, plant community structural, and functional
attributes, such as leaf area, leaf toughness and palatability,
and leaf C and N content) and the target arthropods. For
example, von Konigslow et al. (2022) reported a different
effect of the same flower strip on hoverflies and bees in an
apple orchard. Hence, despite the large body of research on
the effect of flower strips on beneficial arthropods, there are
still many doubts on how to design and manage flower strips
to promote multifunctionality, i.e., the ability of flower strips
to simultaneously support a diverse arthropod community
thereby assuring the supply of different ecosystem services
(e.g., Bommarco et al. 2013; Albrecht et al. 2020).

Although vegetation is central for many animal species
groups, including arthropods (Holland et al. 2016; Kotze
et al. 2022), it is often disregarded in studies on flower strips
focusing on fauna (Schmidt et al. 2022). For example, small-
scale variation in plant community cover and height has been
shown to provide greater diversity of resources, shelter, and
nesting sites (Woodcock et al. 2007) and support a higher
arthropod diversity compared to more structurally simplified
plant communities (Threlfall et al. 2017; Mata et al. 2021).
Plant species composition also has a major impact on the
arthropod community, as different floral morphologies have
different levels of accessibility and different arthropod taxa
may have different mouthparts and abilities to deal with dif-
ferent floral morphologies (e.g., Branquart and Hemptinne
2000; Araj and Wratten 2015). In addition, while perennial
grasses support predators by providing relatively stable refu-
gia during the cold season, the richness, and abundance of
entomophilous forbs may be crucial for both parasitoids and
pollinators, as they provide floral resources such as nectar
and pollen that enhance their survival and fecundity (Bianchi
and Wickers 2008; Fantinato et al. 2021).

Most studies on functional traits have focused on their
relationships with arthropod communities (Greenop et al.
2023), but studies on plant functional traits in agroecosys-
tems are still limited (Perovic et al. 2018), although they
are expected to play a crucial role in influencing arthropod
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community composition. Plant functional traits associated
with plant resource use, growth, and life history strategies
(e.g., leaf area, leaf toughness and palatability, and leaf C
and N content) are often studied to explore plant—environ-
ment and plant—plant interactions (e.g., Blumenthal et al.
2020; Fantinato et al. 2023); however, being also related to
leaf nutritional value (e.g., C:N ratio; Pérez-Harguindeguy
et al. 2013) and resistance to herbivory (e.g., leaf tough-
ness; Pérez-Harguindeguy et al. 2013), these traits can help
explain the richness and abundance of herbivorous (Storkey
et al. 2013) and saprophagous arthropods (Ganault et al.
2022). Similarly, the classification of arthropods into func-
tional groups has the potential to disentangle the complex
relationships between arthropods and their functions within
ecosystems (Balzan et al. 2014).

Considering the potential contribution of flower strips to
the supply of multiple ecosystem services, the aim of this
study was to uncover structural and functional attributes of
flower strips that can guide flower strip design to maximize
their role in the maintenance of different functional groups
of beneficial arthropods in the agricultural systems. We
hypothesize that structural and functional attributes of the
flower strip differently affect arthropod community com-
position and the abundance of different functional groups
of arthropods. We expect that structural and functional
attributes of the flower strip play a different role in regulat-
ing arthropod abundance depending on the specific func-
tional group considered. For example, the quantity of floral
resources conceivably is a crucial factor in targeting pollina-
tor and parasitoid functional groups, while this same attrib-
ute is likely to have no influence on, e.g., herbivores that are
supposed to be affected by functional attributes related to
leaf nutrient content or leaf toughness.

Materials and methods
Study site

The study was conducted at a 2.7 ha organic apple orchard
(45°2428.872"N 11°9'34.416" E) in Caldiero (Verona,
north-eastern Italy). The orchard is organic certified and
conforms to all EU and Italian regulations ruling the produc-
tion of organic crops, including EU Regulation 2018/848/
EU and LN 9.03.2022, n. 23.

The soil composition of the orchard is clay loam. The
mean annual temperature is 14.3 °C with a mean high tem-
perature of 31.3 °C in July and a low of -1.1 °C in January.
The average annual rainfall is 756.3 mm, peaking in May
and November and lowering in January and March.

The apple trees in the orchard are organized in regular
rows, each of them 2 m apart. Each apple tree has branches
arranged along the row and are spaced 3 m apart. The main
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apple cultivar grown in the orchard is “Gala” and M9 is
use as rootstock. To control Cydia pomonella (L.) pres-
ence and damage on apple fruits, pheromone disruption
was applied. Typical fungicide treatments were applied as
needed during the period between April and June to control
Powdery mildew and Apple scab damages. All treatments
were performed with chemical products allowed by organic
certification.

In the apple orchard, flower strips were sown every sec-
ond intermediate interrow, while spontaneous herbaceous
vegetation was left in the other interrows (Fig. 1). The seed
mix used for the flower strips was a commercial seed mix
consisting of a total of 19 plant species (2 grasses and 17
forbs), including both annual and biennial species whose
main purpose was to attract pollinator insects (Online
Resource 2). The flower strips were sown in March and till-
age was done at the endo of May of the same year for green
manure purposes. Before and during sowing, the soil was
worked using a ripper and a rotary harrow with a seeder.

Data collection
In the first week of May 2022, we established 30 1 m X6 m

sampling plots within the interrows of the apple orchard
sown with the seed mix. We sampled plant and arthropod

‘;2 mﬁ; ¢$2 mﬁs
1m I1m
-« -—
[ 14 |4
— |16 m — [|6 m
L1V L lv
| ‘
3m l 6 m 6 m
v v
Flower Grass Flower
strip strip strip

Fig. 1 Planting size and positioning of the sampling plots within the
apple orchard interrows

communities within each 1 m X6 m sampling plot on two
consecutive days in the second week of May 2022, which
corresponded to the peak of biomass production of the
flower strip. To avoid edge effects, each plot was placed 6 m
from the nearest end of the interrow. Each plot was further
divided into six smaller sub-plots of 1 mx 1 m (Fig. 1).

For each 1 mx 1 m sub-plot, we recorded structural attrib-
utes of the plant community: percentage cover of vascular
plants (%), plant height measured with a rigid ruler at the
center of the sub-plot (cm) and canopy closure (%). Canopy
closure was estimated by measuring the Leaf Area Index
(LAI) using a convex model of a spherical crown densiom-
eter. Canopy closure provides an estimate of the complexity
of canopy stratification and the light quantity that reaches
the ground; that is, the highest values of canopy closure cor-
respond to monostratified canopies that intercept most of the
light (Jennings et al. 1999; Liira et al. 2002).

In addition, at the level of the whole sampling plot
(1 mx 6 m) we recorded and identified to the species level
each vascular plant species and their cover (%) and the total
number of floral displays of entomophilous plant species
as an indicator of the quantity of available floral resources.
Depending on the plant species, a floral display consisted of
a single flower (e.g., Linum usitatissimum L.), a flowering
head (e.g., Trifolium incarnatum L. inflorescence) or a group
of flowers appearing together in a recognizable visual unit
(e.g., Vicia villosa Roth).

We collected the arthropod community using a sweeping
net with 10 sweeping shots per sampling plot (1 m X6 m),
on sunny days with no or little wind. Sampling was con-
ducted the day after the sampling of the vegetation, twice
per day, from 10 a.m. to 1 p.m. (morning) and from 1 p.m.
to 4 p.m. (afternoon), to ensure the collection of arthropods
that exhibit different daily periods of activity (Fantinato
et al. 2018). To avoid damage to the plant community, we
used 40-cm diameter entomological net instead of a clas-
sic sweeping net (Burgio et al. 2016). After collection, the
arthropods were placed in plastic bags and taken to the labo-
ratory for identification (Table S1). The collected arthropods
were classified at the lowest possible taxonomic level. Each
taxonomic group was then assigned to a functional group
based on expert knowledge and literature sources. Identified
arthropod functional groups included the following trophic
groups: chewing herbivores, sap-sucking herbivores, pol-
len and nectar feeders, parasitoids, predators, aquatic sap-
rophages, and terrestrial saprophages (Goulet and Huber
1993; Marshall 2012, 2018). In addition, we also included
the category of pollinator due to their important ecological
service.

In case arthropods belonged to different functional groups
at different stages of their life cycle, we considered only
the trophic condition of larvae since usually it is the long-
est stage in their lifecycle. Thus, regarding, e.g., Argidae

@ Springer



Plant Ecology

that are chewing herbivores as larvae and pollen and nectar
feeders as adults, we considered them as chewing herbivore.
When a taxon included species of different trophic levels,
we considered the dominant category. For example, since
most of Chalcidoidea families are parasitoids, all collected
Chalcidoidea were included in this group, although Chalci-
doidea also includes Agaonidae with herbivore larvae. We
considered pollinators to be all taxa that correspond to bees
and non-bee pollinators according to current literature (e.g.,
Marshall 2012; Ollerton 2017; Requier et al. 2023); where
data were not available, we included in this group those
taxa in which adults regularly visit flowers as flower visi-
tors and that are larger than 3 mm (e.g., Rader et al. 2011).
If arthropods belonged to the functional group of pollina-
tors in addition to their trophic group, we counted them in
both functional groups (i.e., the sum of individuals included
in the functional groups is higher than the total number of
individuals recorded). Individuals of Aphididae and Formi-
cidae were not counted because the collection technique we
used (i.e., sweeping net) is not suitable for quantifying their
abundance (Dewar et al. 1982; Zina et al. 2022).

Plant functional traits

To investigate the relationship between functional traits of
plants and functional groups of arthropods, we selected and
extracted three plant traits from the global database TRY
3.0 (Kattge et al. 2020) that are related to plant size, leaf
toughness or palatability, and nutrient content. We selected
Leaf Area (LA) (mm?), Leaf dry matter content (LDMC)
(g/g), and Leaf nitrogen content per dry mass (LNC) (mg/g)
(Mooney and Gulmon 1982; Pérez-Harguindeguy et al.
2013; Storkey et al. 2013). All trait data were checked, and
we excluded data related to studies in which plant individu-
als were grown under controlled environmental conditions.
For each 1 m X 6 m sampled plot, the community-weighted
mean (CWM; Eq. 1) of each selected plant trait was calcu-
lated as the average trait value in the community weighted
by species abundance (Garnier et al. 2004):

CWM (trait x) = Zl:p,-x,- (1

where CWM (trait x) is the CWM for a x trait, p; is the rela-
tive cover of species i in the community, and x; is the trait
value for the species i.

Data analysis
To investigate the relationship between the structural and

functional attributes of flower strips and the abundance of
individual arthropods of each functional group (i.e., chewing
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herbivores, parasitoids, pollinators, predators, and terrestrial
saprophages) we performed GLMMs (package Ime4). For
each arthropod functional group, we included the abundance
of individuals as dependent variable and the total cover of
vascular plants (%), plant height (cm), canopy closure, plant
species richness, total number of floral displays of entomo-
philous plants, and CMWs of functional traits (CMW/ ,,
CMW; pvcs CMW o) as independent variables. The total
cover of vascular plants (%), plant height (cm), and canopy
closure were calculated at plot level by averaging the values
recorded in the six 1 mX 1 m sub-plots. Since the arthro-
pod samples collected in the morning and afternoon were
treated as replicates, plot identity was included in the model
as random factor. Negative binomial distribution (function
glmer.nb, log as link function) was chosen for all arthropod
functional groups as data were overdispersed (dispersion test
function; package AER; O’Hara and Kotze 2010).

For each GLMM, we followed the independent variable
selection procedure for the mixed-effects models (Zuur
et al. 2010). At the beginning of the selection procedure, we
included all the independent variables. We checked for pos-
sible collinearity between the independent variables using
Spearman’s rank correlations and retained those variables
that were not highly correlated with each other (i.e., Spear-
man’s r<0.7). Since plant height (cm) and canopy closure
were collinear (r>0.7), we decided to include in the model
only the canopy closure, because canopy closure provides a
comprehensive picture of the complexity of canopy stratifi-
cation, which also contains the information conveyed by the
mean vegetation height. Using a stepwise backward selec-
tion, we eliminated the non-significant variables from the
model at each step until only terms with P <0.05 remained
in the model. The analysis was performed for each func-
tional group of arthropods, with the exception of sap-suck-
ing herbivores and aquatic saprophages. As the Aphidoidea
were not counted, the results for the group of sap-sucking
arthropods would have been incomplete and unreliable, as
Aphidoidea are also sap-suckers. As for the group of aquatic
saprophages, these organisms, which spend most of their
trophic life under water, are not necessarily associated with
the presence of terrestrial flower strips. All analyses were
performed using R version 4.2.2 (R Core Team 2019).

Results

Overall, 32 plant species were recorded in the sampling
plots (Online Resource 2). Forbs dominated over grasses
both in number (27 vs. 5, respectively) and in mean cover-
age per plot (75.5+10.19% vs. 21.8 +10.76%, respectively).
Although commercial plant species accounted for only 44%
of the total plant species pool recorded, they contributed
an average of 92.46 +5.85% (mean + SD) to the total cover
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Table 1 Flower strip attributes

Flower strip attributes Mean+SD

Total cover of vascular plants (%) 97.29+3.29
Plant height (cm) 60.33+17.57
Canopy closure 7.17+8.02
Plant species richness 14.60+1.92
Number of floral displays 304.27+192.71
CWM, , (mm?) 2574.06 +681.08
CWM pyc (g/8) 0.15+0.01
CWM, \c (mg/g) 47.04+3.18

For each attribute, the mean and standard deviation are reported

Table2 Summary statistics for the recorded functional groups of
arthropods

Arthropod functional =~ Number of individuals

group Min-Max Mean+SD  Total individuals
Chewing herbivores 7-95 27.88+18.76 1673
Sap-sucking herbivores 0-19 3.88+3.17 233

Parasitoids 1-20 9.65+4.88 578

Pollinators 0-14 3224291 194

Predators 0-12 243+242 146

Aquatic saprophages 0-9 2.55+£2.05 153

Terrestrial saprophages 1-103 1895+17.76 1138

For each functional group, the minimum and maximum range, the
mean and standard deviation and the total number of individuals
recorded in the flower strips based on individual samples are reported

of vascular plants, while spontaneous plant species con-
tributed only 6.84 +0.72%. The most abundant plant spe-
cies were Vicia villosa (25.50+18.06%), Secale cereale

L. (16.47 +12.46%), and Taraxacum officinale (Weber) ex
Wiggers (13.59 +23.00%).

Although sown with the same seed mix, the structural and
functional attributes of the flower strips differed (Table 1;
Online Resource 3), with canopy closure and the number of
floral displays the most variable attributes.

Regarding the arthropod community, we collected a
total of 3,952 individuals belonging to 9 orders (i.e., Ara-
neae, Coleoptera, Dermaptera, Diptera, Hemiptera, Hyme-
noptera, Lepidoptera, Neuroptera, Orthoptera) (Online
Resource 1). Herbivores were the most abundant functional
group (46.32%, of which 40.66% were chewing herbivores
and 5.66% were sap-sucking herbivores), followed by sap-
rophages (31.36%; of which 27.64% were terrestrial and
3.72% aquatic) and parasitoids (14.07%). The less abundant
functional groups were pollinators (4.69%) and predators
(3.55%). At the plot level, the abundance of individuals
belonging to different functional groups was found to vary
greatly between the flower strips (Table 2).

Different arthropod functional groups responded dif-
ferently to different structural and functional attributes of
flower strips (Table 3). The abundance of chewing herbi-
vores showed a significant positive relationship with plant
species richness and CWM| ¢, while their abundance
decreased at increasing CWM; pyc (Table 3; Fig. 2a-b-c).
The abundance of parasitoids showed a significant positive
relationship with total vegetation cover (%) and canopy clo-
sure (Fig. 2d-e) and a significant negative relationship with
the number of floral displays (Table 3; Fig. 2f). The abun-
dance of pollinators showed a significant positive relation-
ship with both total cover of vascular plants (%) and number
of visual displays (Table 3; Fig. 2g-h). The abundance of ter-
restrial saprophages significantly decreased in abundance at
increasing CWM; pyc and number of floral displays, while
their abundance increased at increasing CWM; ¢ (Table 3;

Table 3 Statistics of the relationships between the abundance of arthropod functional groups and structural and functional attributes of flower

strips

Dependent variable Independent variable Estimated coefficient SE Z-score P X2
Chewing herbivore abundance Plant species richness 0.109 0.038 2.831 0.011 6.492
Chewing herbivore abundance CWM, pyve —22.744 7.657 -2.970 0.007 7.248
Chewing herbivore abundance CWM, ¢ 0.0733 0.020 3.555 0.001 9.676
Parasitoid abundance Total cover of vascular plants 0.083 0.032 2.603 0.011 6.415
Parasitoid abundance Canopy closure 0.041 0.012 3.225 0.001  10.467
Parasitoid abundance Number of floral displays —0.001 0.000 —3.502 <0.001  11.037
Pollinator abundance Total cover of vascular plants 0.209 0.056 3.748 <0.001  13.429
Pollinator abundance Number of floral displays 0.165 0.000 3.256 0.001  10.043
Terrestrial saprophage abundance Number of floral displays —0.001 0.000 —2413 0.016 5.606
Terrestrial saprophage abundance CWM, pyvie —33.820 10.116 —-3.031 0.002 8.138
Terrestrial saprophage abundance CWM, ¢ 0.101 0.028 3.580 0.000  10.531

Only statistically significant results are reported
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Fig. 2i, j, k). The abundance of predators did not show any
significant relationship with structural and functional attrib-
utes of flower strips. Finally, CWM] , showed no significant
relationship with the abundance of any arthropod group.

Discussion

In the present study, we have shown that flower strips can
support a diversified set of functional groups of arthropods
thereby proving the potential to be a multifunctional land-
scape element in agroecosystems. The results showed that
the abundance of arthropods belonging to different func-
tional groups is influenced by structural and functional
attributes of the strips. Interestingly, however, the role
played by the attributes of the flower strips on the abundance
of arthropods changed depending on the functional group
considered. Namely, while the abundance of chewing her-
bivores and terrestrial saprophages was more related to the
functional attributes of the flower strip, i.e., the toughness/
palatability of the leaves and nutritional value of the plant
species, the abundance of parasitoids and pollinators was
more related to the structural attributes of the plant com-
munity, such as the total cover of vascular plants, the canopy
closure, and the number of floral displays.

As expected, the abundance of pollinators increased with
the number of floral displays. This result confirms previ-
ous studies that found that flower abundance and associated
availability of pollen and nectar favors a richer and more
abundant pollinator community (e.g., Bartholomée et al.
2020; Feltham et al. 2015), highlighting the crucial role of
flower strips in increasing pollination capacity (Feltham
et al. 2015; Korpela et al. 2013) and crop pollination of
adjacent fields (Albrecht et al. 2020). However, pollinator
abundance was also positively correlated to the total cover
of vascular plants, i.e., to vegetation density; thus, not only
the number of floral displays but also greater plant species
cover contributed to greater pollinator abundance. As flower
strips are usually dominated by entomophilous forbs, higher
vascular plant cover leads to dense flower patches that are
more attractive to pollinators because they allow them to
reduce travel time among sparse patches and save energy
(Elliott and Irwin 2009; Schiitz et al. 2022).

A similar trend was observed for parasitoids, whose abun-
dance increased with increasing cover of vascular plants
and canopy closure of the flower strips, namely, with higher
plant density. Parasitoids may prefer dense flower strips
since they provide sheltering microhabitats as well as stable
and suitable microclimatic conditions to complete their life
cycle (Langellotto and Denno 2004). Conversely, and con-
trary to what has been observed in previous studies (e.g.,
Campbell et al. 2017a; Pollier et al. 2019), we found that
parasitoid abundance was negatively related to the number

of floral displays. Indeed, several studies have found that
parasitoid richness and abundance are higher when associ-
ated with abundant floral resources (Jervis et al. 1993; Dib
et al. 2012). However, as reported by Wickers (2005), some
plant species, such as Vicia sepium L., may be unattractive
or even repulsive to foraging parasitoids. In addition, mouth-
part features of most parasitoids (Wickers 2004) limit their
feeding to exposed nectaries and generally to flowers with
simple floral morphologies (Willmer 2011). The negative
relationship between parasitoid abundance and the number
of floral displays observed in this study could therefore be
due to the complexity of floral morphologies of the domi-
nant plant species (i.e., Vicia villosa, Vicia sativa, and Lath-
yrus oleraceus Lam.). This suggests that when establishing
flower strips to attract and maintain parasitoids, it is crucial
not only to consider flower abundance and associated pollen
and nectar availability but also carefully select plant species
based on their floral morphologies.

As stated above, the abundance of chewing herbivores
and terrestrial saprophages was more related to the func-
tional attributes of the flower strip. Chewing herbivores
represented the most abundant functional group with abun-
dance increasing in flower strips with higher plant species
richness, lower CWM]| p\c, and higher CWM; . While
the relationship with leaf palatability and nutritional value
was somehow expected, the relationship with plant species
richness highlights an interesting issue. The increase in her-
bivore abundance at increasing plant species richness sug-
gests that the presence of different plant species can provide
resources for herbivores with different feeding preferences
(species-specific relationships); that is, a greater variety of
resources supports a greater diversity of consumers. This
result is certainly fascinating from a biodiversity perspective
but must be treated with caution from an agronomic perspec-
tive, as undesirable pest species can also benefit from the
food sources. On the other hand, species-rich flower strips
can also serve as a sink for herbivorous arthropods, which
tend to feed within the strip rather than on crops. In addi-
tion, the abundance of generalist herbivores can also pro-
vide alternative prey sources for pests, leading to increased
control of agricultural pests. Therefore, only ‘appropriate
diversity helps’ (Gurr et al. 2005) and the creation of flower
strips requires careful assessment of structural and func-
tional attributes to meet the needs of beneficial arthropods
without promoting pest species (Winkler et al. 2003).

Terrestrial saprophages showed a trend similar to that
of chewing herbivores with a negative relationship with
CWM,; e and a positive relationship with CWM; . Ter-
restrial saprophages play an important role in the function-
ing of terrestrial ecosystems being key regulators of plant
litter decomposition. The relationship between terrestrial
saprophage abundance and nitrogen content and palatability
of plant biomass has been mostly described considering the

@ Springer



Plant Ecology

litter layer (e.g., David and Gillon 2009; Purse et al. 2012),
and litter nitrogen content has been shown to strongly influ-
ence the abundance of terrestrial saprophages (Haddad et al.
2000; Moco et al. 2010). However, it has to be considered
that defensive or supporting structures that increase leaf
toughness and reduce palatability remain in plant tissue
after plant death and thus influences the properties of litter
biomass (Kazakou et al. 2009). We can thus assume that
the relationships between terrestrial saprophages and lit-
ter are mediated by the functional composition of the strip,
which thus becomes a crucial feature to be considered for the
maintenance of this functional group of arthropods. The fact
that the number of saprophages decreased with the number
of floral displays was somewhat surprising and indicates a
relationship that still needs to be explored and deserves fur-
ther investigation. A possible explanation arises when we
consider that most of the terrestrial saprophages collected
in the present study belong to taxa that feed on pollen and
nectar as adults and usually visit flowers with open nectar-
ies. The Drosophilidae, for example, which were the most
abundant among the terrestrial saprophages, are generally
unable to manipulate flowers with complex morphology and,
in temperate regions, are more likely to visit species from the
Apiaceae or Asteraceae family (Larson et al. 2001), which
were underrepresented in the species pool of the flower
strips. Thus, also in this case, species composition in terms
of floral morphology and nectar accessibility, becomes a
crucial attribute to consider when designing a flower strip.

Finally, we could not find any relationship between the
structural and functional attributes of the flower strips and
the abundance of predators. Predators depend upon stable
environmental conditions and their establishment requires
more time compared to other functional groups of arthro-
pods (e.g., pollinators; Hussain et al. 2021). Tscharntke et al.
(2016) pointed out that agri-environmental measures may
not effectively support biocontrol agents for various reasons.
The flower strips in the study area are frequently disturbed
by farming practices, e.g., grass mowing and the passage of
agricultural vehicles for work on apple trees. These practices
may lead to continuous disturbance and limit the suitability
of the habitat for predators (Thorbek and Bilde 2004).

Experimental data on the provision of ecosystem services
and especially on multifunctionality are still rare (Schiitz
et al. 2022). Although our study only provides a temporal
snapshot of conditions during the peak of the growing sea-
son of annual flower strips, we can outline some attributes of
flower strips that should be taken into account to increase the
effectiveness in ecological intensification and to implement
multifunctional flower strips:

(1) Plant species richness: as species richness and func-

tional richness are inherently linked, creating flower
strips with higher plant species richness can help maxi-

@ Springer

mize the complementarity of resources and niches and
thus improve their ability to support larger and more
diverse arthropod communities. It is important to note
that flower strips with a high species richness may
attract larger numbers of herbivorous arthropods that
could potentially become pests of associated crops;

(2) Plant species composition: the selection of plant spe-
cies is crucial for the promotion of floral resources that
can support different beneficial arthropod groups with
different resource requirements and feeding habitats.
The selection of plant species in the seed mix should be
carefully considered in relation to the beneficial arthro-
pod groups. Particular attention should be paid to the
floral morphology of flowering plant species, as not
all morphologies are suitable for beneficial arthropod
groups that do not have specialized mouthparts, such
as parasitoids;

(3) Vegetation density: the management of flower strips is
crucial for the creation and maintenance of an optimal
vegetation structure, on which the presence of multi-
ple ecological niches for different beneficial arthropod
groups depends. Agricultural practices have a sig-
nificant impact on arthropod groups, which require
a stable, stratified, and closed habitat. It is therefore
important to manage flower strips in a way that avoids
excessive disturbance in the early stages of vegetative
development. In this way, a multi-layered and dense
vegetation of the flower strips is created, providing pro-
tective microhabitats and suitable microclimatic condi-
tions that allow the different arthropods to complete
their life cycle. The age of the flower strip deserves a
final remark. Annual flower strips are certainly appeal-
ing to farmers who can adapt their location to crop
rotation; however, due to frequent farming practices
they are subjected to, annual flower strips fail in assur-
ing suitable overwintering and nesting opportunities
for many arthropod groups, including predators. Con-
versely, if properly managed, perennial structures are
likely to offer more stable habitats thereby effectively
contributing to promote local arthropod population
growth over time.
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