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Abstract
1. Agricultural expansion and intensification have resulted in strong declines in
farmland biodiversity across Europe. In many intensively farmed landscapes, linear landscape elements such as field boundaries, road verges and ditch banks are
the main remaining green infrastructures providing refuge for biodiversity, and
as such play a pivotal role in agri-environmental policies aiming at mitigating biodiversity loss. Yet, while we have a fairly good understanding of how agricultural
intensification influences biodiversity on farmland, little is known about whether
and how local land-use intensity affects biodiversity in nearby linear landscape
elements and how this affects their role as biodiversity refuge.
2. Focussing on pollinating insects, we examined the effects of local land-use intensity on biodiversity in agricultural fields and adjacent green infrastructures. In
an intensively farmed area in south-western France, we selected 23 agricultural
grasslands and nearby field boundaries along a gradient in grassland cutting frequency which acted as a proxy for land-use intensity. We analysed how grassland
cutting frequency affects species richness, abundance and community composition of wild bees and hoverflies in the grasslands and neighbouring field boundaries, and whether these effects differ across habitat types and species groups.
3. Grassland cutting frequency negatively affected pollinator species richness and
abundance in the grasslands, whereas pollinators in the neighbouring field boundaries were unaffected. These responses reflected the effects of cutting frequency
on floral resources, with flower cover and richness decreasing in grasslands but
not in field boundaries. As a result, the proportion of the local pollinator community supported by field boundaries increased with the increasing cutting frequency of the adjacent grassland.
4. Common and rare pollinator species generally showed similar responses. Furthermore,
communities of plants and pollinators in field boundaries next to intensively farmed
grasslands were fairly similar to those next to extensively farmed ones.
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5. Synthesis and applications. Our results suggest that, as nearby land use intensifies,
flower-rich field boundaries become increasingly important as pollinator refuge
habitats. Conserving field boundaries and other green infrastructures, and maintaining or enhancing their quality, therefore constitute important tools to conserve
and promote pollinators in intensively farmed landscapes.
KEYWORDS

agri-environmental measures, field boundaries, flower resources, grassland, green
infrastructure, hoverflies, land-use intensity, wild bees

1 | I NTRO D U C TI O N

Here we examine how increasing land-use intensity of agricultural grasslands affects wild pollinator species richness, abundance

Industrialization and rationalization of modern agriculture are sus-

and community composition in focal grasslands and neighbour-

taining the rapidly increasing world population (Lanz, Dietz, &

ing field boundaries. Wild pollinators are a key species group in

Swanson, 2018) but has been accompanied by unprecedented global

farmland ecosystems. They play an important role in pollinating

biodiversity loss (Butchart et al., 2010; Green, Cornell, Scharlemann,

wild plants (Ollerton, Winfree, & Tarrant, 2011) and crops (Klein

& Balmford, 2005). In Europe, crop and non-crop habitats in agricul-

et al., 2007), yet many species are threatened by land-use intensi-

tural landscapes have traditionally supported high levels of biodiver-

fication (Potts et al., 2010). In Europe, extensively managed grass-

sity (Bignal & McCracken, 1996). However, agricultural expansion has

lands represent primary habitat for pollinators, particularly bees,

increasingly resulted in loss and fragmentation of semi-natural hab-

because they provide both flowers and nesting sites (Öckinger

itats (Tscharntke, Klein, Kruess, Steffan-Dewenter, & Thies, 2005).

& Smith, 2007). However, most grasslands in European agricul-

Furthermore, intensifying farming practices have made agricul-

tural regions are used for intensive livestock farming (Vickery

tural fields increasingly unsuitable for wild species of plants (Kleijn

et al., 2001), field boundaries therefore often become the last rel-

et al., 2009) and animals (Hendrickx et al., 2007). Only a limited set

atively wide spread non-crop habitats for pollinators (Marshall &

of species are able to persist on intensively farmed land, and this

Moonen, 2002).

same set of species is found in agricultural fields across the conti-

Because pollinators are highly mobile organisms, land-use inten-

nent (Flohre et al., 2011; Kleijn et al., 2015). In contemporary inten-

sification of grassland could theoretically result in negative, neutral

sively farmed landscapes, the remaining wild species mainly occurs

or positive responses of pollinators in field boundaries (Figure 1).

in the last few fragments of non-crop habitats, which often are linear

This would largely depend on the disturbance levels and the spa-

landscape elements such as field boundaries, roadside verges and

tial redistribution of local pollinator populations (Fijen, Scheper,

ditch banks (Marshall & Moonen, 2002; Öckinger & Smith, 2007).

Boekelo, Raemakers, & Kleijn, 2019). Negative relationships could

While there is a fairly good understanding of how land-use in-

arise if habitat quality of field boundaries is degraded by increas-

tensity influences biodiversity on farmland, we know much less

ing land-use intensity in the nearby agricultural fields (Öckinger

about whether and how local land-use intensity affects biodiversity

& Smith, 2007), such as physical damage by agricultural machin-

in the surrounding linear landscape elements. These elements rep-

ery, pesticide drift or fertilizer misplacement (Schmitz, Hahn, &

resent the main biodiversity refuge habitats in intensively farmed

Brühl, 2014). In the most extreme case, pollinator diversity would

landscapes, containing overwintering locations, food resources,

decline at a rate similar to that in agricultural grasslands (Figure 1a).

reproduction sites and dispersal corridors for many wild species

More likely, diversity will decline at a rate lower than that in grass-

(Carvalheiro, Seymour, Nicolson, & Veldtman, 2012; Geiger, Wäckers,

lands (Figure 1b) because disturbance levels in the boundaries are

& Bianchi, 2009). Their importance for farmland biodiversity conser-

generally lower than those in grasslands. Neutral responses may

vation has been acknowledged in agri-environmental policies. Most

occur if habitat quality in field boundaries is unaffected by farming

European countries provide subsidies for farmers to conserve and

practices in neighbouring grasslands (Figure 1c) and pollinator den-

manage linear landscape elements as green infrastructures (Batary,

sities in field boundaries have reached carrying capacity. Finally,

Dicks, Kleijn, & Sutherland, 2015). Agri-environment schemes (AES)

pollinator diversity in field boundaries may increase in some cases

targeting these green infrastructures are generally more effective

(Figure 1d) when at low land-use intensity pollinator densities in

than those targeting agricultural fields (Batary et al., 2015), and are

field boudaries are below carrying capacity and increasing land-use

more preferred by farmers, supposedly because they interfere less

intensity results in more pollinators seeking refuges in field bound-

with farming practices (Kleijn et al., 2019). A better understanding of

aries (Tscharntke et al., 2012).

how biodiversity in green infrastructures responds to local land-use

These responses may furthermore differ between species

intensity could help design more effective conservation strategies

groups. For instance, bees are central place foragers, whereas hov-

and policy instruments to conserve biodiversity.

erflies disperse freely through the landscape (Jauker, Diekötter,
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F I G U R E 1 Hypothetical relationships between farming intensity and biodiversity in agricultural fields (dashed lines) and green
infrastructures (solid lines). In agricultural fields biodiversity is negatively affected by farming intensity. In surrounding green infrastructures,
effects may be similarly negative (a), less negative (b), neutral (c) or even positive (d)

Schwarzbach, & Wolters, 2009). Furthermore, specialist or rare

We selected 23 sites, each consisting of a grassland and a nearby

species are often more vulnerable than generalist or widespread

field boundary. The minimum distance between grasslands was 0.9 km

species (Davies, Margules, & Lawrence, 2004). Community com-

(M ± SD: 1.8 ± 1.0 km; range: 0.9–4.0 km). Grasslands covered a gradi-

position may therefore change even when total abundance or rich-

ent in cutting frequency, ranging from one to four times per year. We

ness remains constant, for example, because rare species disappear

used cutting frequency as a proxy of land-use intensity because it is

but generalist species increase. From a conservation perspective,

the main disturbance in grasslands and it is generally correlated with

the response of rare species is more interesting, but from a func-

fertilizer inputs (Hudewenz et al., 2012), another common indicator of

tional perspective, that is, the delivery of pollination services, the

agricultural land-use intensity (Herzog et al., 2006; Kleijn et al., 2009).

response of widespread species that dominate pollinator commu-

Four of the five grasslands that were cut once a year were under AES.

nities may be more relevant (Kleijn et al., 2015). Biodiversity con-

They were typically mulched and did not receive any chemical fertil-

servation strategies, should therefore distinguish between the

izer. Grasslands that were cut two (9 grasslands), three (6 grasslands)

responses of these different species groups (Kleijn et al., 2006).

or four (3 grasslands) times per year were managed for silage or hay.

In this study, we used a space-for-time approach to examine

These grasslands received an average N input of 29.28 kg/ha in 2015

the response of wild pollinators in grasslands and their nearby field

but no pesticides. Only the grasslands that were cut four times per year

boundaries to land-use intensity in grasslands. We surveyed wild

received herbicides. Grasslands contained only herbaceous vegeta-

bees and hoverflies, two key groups of wild pollinators (Jauker,

tion, while field boundaries generally contained both herbaceous and

Bondarenko, Becker, & Steffan-Dewenter, 2012), in 23 pairs of field

woody vegetation. Field boundaries were generally cut once or twice

boundaries and nearby agricultural grasslands that covered a gradi-

a year. All grassland-boundary pairs were located in intensively farmed

ent in land-use intensity. We ask specifically:

structurally simple landscapes with similar proportions of arable land
(M = 79.74%, range: 69.37%–89.89%) within 1 km radius, a typical pro-

1. How does pollinator biodiversity in agricultural grasslands and

portion of arable land in the landscape of the study region (Bretagnolle

neighbouring field boundaries change with increasing local land-

et al., 2018). The proportion of arable land in the landscape was not

use intensity?

correlated with grassland cutting frequency (Table S1). This way, we

2. Do the observed relationships with local land-use intensity differ

prevented confounding effects of landscape context, which is known

between species groups and does this result in changing species

to moderate the effects of conservation management on local pollina-

composition?

tor diversity (Scheper et al., 2013; Tscharntke et al., 2005).

2 | M ATE R I A L S A N D M E TH O DS

2.2 | Data collection

2.1 | Landscape and site selection

2.2.1 | Pollinator sampling

The study was conducted in the Long Term Socio-economic and

We surveyed wild pollinators in four separate rounds from June

Ecosystem Research platform Zone Atelier ‘Plaine & Val de Sèvre’, a

to August in 2015 using standardized transect walks (Westphal

435 km2 intensively farmed area in south-western France. The area

et al., 2008) between 9.00 and 18.00 hr on dry, sunny days with low

is mainly used for arable and mixed-farming, with wheat (33.8%),

wind speeds and temperatures above 15°C. In each grassland or

sunflower (10.4%), maize (9.6%), oilseed rape (8.3%) and pea (2%)

field boundary, we located two 2 × 75 m transects. In field bounda-

as the main crops and grasslands comprising 13.5% of the area.

ries narrower than 2 m, we applied two 1 × 150 m transects instead.

Dominated by a karst landscape with calcareous rocks, this area

Transects were located in the most flower-rich areas of every grass-

contains shallow and poor alkaline soils with low water retention

land and field boundary because pollinators concentrate in flower-

(Bretagnolle et al., 2018).

rich patches (Leiss & Klinkhamer, 2005). In each transect per round,

4
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we surveyed wild bees and hoverflies for 15 min. Easily recognizable

grassland cutting frequency on wild bee and hoverfly abundance

species were generally identified to species level on sight in the field.

and species richness in grasslands and field boundaries. We built

Other species were collected and identified in the laboratory. We

general linear mixed models (GLMM, package

grouped Bombus terrestris and B. lucorum together and Halictus com-

et al., 2017) with suitable distribution and link function for each

glmmTMB;

Brooks

pressus, H. langobardicus and H. simplex as well, because in the study

response (Table 1). These GLMMs included ‘grassland cutting fre-

area they are indiscernible without molecular techniques.

quency’, ‘habitat’ (grassland vs. field boundary) and their interaction
as fixed factors, and study site and survey round as crossed random
factors to account for paired design and repeated surveys. Although

2.2.2 | Environmental variables

variation in arable land cover was relatively small (see Section 2.1),
we included it as a covariate to correct for potential differences in

After each pollinator survey, we quantified flower cover and flower

landscape complexity. The analysis using semi-natural habitat cover

species richness following an approach similar to that used by

generally explained lower variation in responses (Table S2) and pro-

Scheper et al. (2015). We identified and recorded all plant species

duced similar results as those using arable land cover (Table S3). To

flowering in the transect and estimated flower cover of each spe-

help understand how grassland cutting frequency influences pollina-

cies as: ((total number of flower units × the mean surface area of

tors through floral resources, we analysed its effect on flower cover

the flower unit)/the transect area) × 100%. Total flower cover per

and richness using similar models as above but with flower cover and

transect per round was obtained by summing the cover of all spe-

richness as response variables. In addition, we analysed the effect of

cies. Data on cutting frequency of grasslands in 2015 were collected

local flower resources on pollinators using models that incorporated

through interviews conducted with farmers in early 2016. Finally,

pollinator abundance and richness as response variables and flower

we calculated arable land cover in 2015 as a measure of landscape

cover and richness as explanatory variables, with ‘arable land cover’

complexity (Martin et al., 2019) within radii of 500 m and 1 km of

as a covariate and study site and survey round as crossed random

each pair by using ArcGIS 10.0 (ESRI) based on yearly land-use moni-

factors.

toring at the field scale over the study area (Bretagnolle et al., 2018).

In all analyses, response variables were aggregated over the
two transects per habitat at each site. To improve the balance of
sampling, flower cover was square-root transformed and an outlier

2.3 | Data analysis

(a single habitat at a site in a round) with extremely high flower
cover was excluded (Zuur, Ieno, & Elphick, 2010). Analyses including

2.3.1 | Pollinator abundance and species richness

the outlier produced qualitatively similar results. Full models were
assessed for collinearity through variance inflation factors (VIFs;

All analyses were performed using R version 3.6.0 (R Core Team,

Draper & Smith, 1998). The highest VIF value was 1.05, which is well

2019). To address the first question, we analysed the effect of

below the threshold of 3 (Zuur, Ieno, & Smith, 2007). Arable land

TA B L E 1 Results for general linear mixed models examining the effects of grassland cutting frequency, habitat (grasslands or field
boundaries) and their interaction on species richness and abundance of pollinators. Arable land cover in 500 m or 1 km is a covariate.
Distribution and link function of GLMMs: G, Gaussian distribution with identity link function; GL, Gaussian distribution with log link
function; NB, negative binomial distribution with log link function; P, Poisson distribution with log link function

Groups
Wild bees

Habitat

Grassland cutting
frequency: Habitat

p-value

χ2

p-value

χ2

p-value

χ2

p-value

5.63

0.018

21.53

<0.001

21.53

<0.001

31.63

<0.001

Diversity
index

Species
class

Species
richness

Total

G

500 m

Rare

NB

1 km

7.65

0.006

3.46

0.063

6.22

0.013

19.16

<0.001

Common

NB

500 m

3.10

0.078

3.46

0.063

18.53

<0.001

33.39

<0.001

Total

NB

1 km

1.68

0.195

2.67

0.102

6.75

0.009

22.00

<0.001

Rare

NB

1 km

6.36

0.012

1.52

0.217

1.56

0.211

13.12

<0.001

Common

NB

500 m

0.55

0.458

1.91

0.167

6.50

0.011

23.13

<0.001

Total

P

1 km

0.55

0.459

0.00

0.997

4.17

<0.001

4.66

0.031

Rare

NB

1 km

0.51

0.474

0.37

0.545

13.92

<0.001

0.01

0.908

Common

P

1 km

0.24

0.622

0.78

0.377

17.87

<0.001

3.72

0.054

Total

NB

500 m

1.41

0.236

0.97

0.325

12.09

0.001

5.71

0.017

Rare

NB

1 km

0.53

0.465

1.07

0.302

14.13

<0.001

0.01

0.929

Common

NB

500 m

1.11

0.292

0.88

0.347

10.59

0.001

8.42

0.004

Abundance

Hoverflies

Grassland cutting
frequency

Distribution
and link
function

Species
richness

Abundance

Significant effects (p < 0.05) are shown in bold.

Arable land cover
Radius

χ2
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cover radius (500 m or 1 km) of each model was determined by com-

a fixed factor, and ‘arable land cover’ (radii determined by AICc) as

paring model fit using package MuMIn (Bartoń, 2019) and the one

a covariate.

producing the lower AICc was included (Table S2). Full models were
manually simplified by backward elimination of non-significant fac-

3 | R E S U LT S

tors. We assessed the significance of each fixed factor and covariate
using likelihood-ratio tests.

3.1 | Flower abundance and species richness

2.3.2 | Pollinator species composition

We recorded 139 species of flowering plants in total. In grasslands,
the most abundant flower family was Fabaceae (38% of the total

To answer the second question, we firstly classified species into rare

flower cover). In field boundaries, Fabaceae only accounted for

and common species according to their proportional abundance in this

4.74%, whereas Apiaceae was most abundant (52.82%, Figure S1).

study. We did this separately for wild bees and hoverflies. Only the

The effects of grassland cutting frequency on flower cover and rich-

pollinator individuals identified to species level were included. Species

ness differed between habitat types (Figure S2; flower species rich-

accounting for <1.0% of the total number of individuals were classified

ness: interaction grassland cutting frequency × habitat χ2 = 59.85,

as rare species (Kleijn et al., 2009), the other species were considered

p < 0.001; flower cover: χ2 = 20.98, p < 0.001). In grasslands, increas-

as common species. We subsequently analysed how abundance and

ing cutting frequency significantly decreased both flower species

richness of the two species classes responded to grassland cutting fre-

richness (β = −0.54, z = −7.43, p < 0.001) and flower cover (β = −0.22,

quency using the same approach and models as above.

z = −3.56, p < 0.001), while in the adjacent field boundaries, flower

To further analyse whether grassland cutting frequency affected

species richness (β = 0.04, z = 0.65, p = 0.517) and flower cover

species composition, we examined whether communities became

(β = 0.09, z = 1.44, p = 0.151) were not affected.

less similar with increasing cutting frequency. We did this by, firstly,
randomly choosing a reference grassland from those with the lowest

3.2 | Pollinator abundance and species richness

cutting frequency (once a year). The field boundary adjacent to this
reference grassland was considered as the reference field boundary.
package (Oksanen et al., 2019) to calcu-

In total, we recorded 4,377 wild bee individuals comprising 102 spe-

late Bray–Curtis community similarity index based on abundance

We then used the

cies, and 922 hoverfly individuals comprising 30 species. The most

data of each species in each habitat per site for three comparisons:

frequently observed wild bee species were Lasioglossum subhirtum

(a) between each field boundary and the reference field boundary;

(1,054 individuals), Lasioglossum malachurum (436) and Lasioglossum

(b) between each grassland and the reference grassland; (c) between

pauxillum (404), whereas Sphaerophoria scripta (482 individuals),

each grassland and its adjacent field boundary. Two sites were not

Episyrphus balteatus (107) and Melanostoma mellinum (99) were the

included in this analysis because they were surveyed less than four

most frequently observed hoverfly species. Similar to the flowers,

rounds. Similarity indexes for flowers, wild bees and hoverflies were

pollinator responses to grassland cutting frequency differed be-

calculated separately. We built linear models with the different simi-

tween habitat types (Table 1; Figures 2a,d and 3a,d). In grasslands,

larity indexes as response variables, ‘grassland cutting frequency’ as

increasing cutting frequency resulted in significant decreases in

vegan
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F I G U R E 2 Effects of grassland cutting
frequency on species richness (a–c)
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(b, e) and common wild bees (c, f) in field
boundaries (red) and grasslands (blue).
Asterisks denote significance of grassland
cutting frequency × habitat interactions:
*p < 0.05; **p < 0.01; ***p < 0.001. Solid
lines denote significant (p < 0.05) habitatspecific regression coefficients for the
effect of grassland cutting frequency,
and dashed lines denote non-significant
(p ≥ 0.05) regression coefficients. Shaded
areas indicate 95% confidence intervals
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F I G U R E 3 Effects of grassland cutting
frequency on species richness (a–c)
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e) and common hoverflies (c, f) in field
boundaries (red) and grasslands (blue).
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cutting frequency × habitat interactions:
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lines denote significant (p < 0.05) habitatspecific regression coefficients for the
effect of grassland cutting frequency,
and dashed lines denote non-significant
(p ≥ 0.05) regression coefficients. Shaded
areas indicate 95% confidence intervals

4

Grasslands

Grassland cutting
frequency

Arable land cover

Group

F

p

Radius

F

p

Flowers

0.10

0.753

1 km

0.47

0.499

Wild bees

0.503

0.487

1 km

0.25

0.623

Hoverflies

1.170

0.293

1 km

0.62

0.440

Flowers

9.855

0.005

500 m

1.377

0.256

Wild bees

5.519

0.030

500 m

0.146

0.707

Hoverflies

1.371

0.256

500 m

0.853

0.368

Flowers

6.200

0.022

1 km

1.87

0.188

Wild bees

3.153

0.092

1 km

0.11

0.743

Hoverflies

0.24

0.630

1 km

1.20

0.286

TA B L E 2 Results of linear models
examining the effects of grassland cutting
frequency on the pairwise community
similarity of flowers and pollinators
between (a) each field boundary and
the reference field boundary, (b) each
grassland and the reference grassland,
(c) each field boundary–grassland pair.
Arable land cover was included as a
covariate, with the radius determined by
AICc

Significant effects (p < 0.05) are shown in bold.

wild bee species richness (β = −2.74, z = −5.42, p < 0.001), wild bee

species were common species, however, they compromised 73.36%

abundance (β = −0.71, z = −4.39, p < 0.001), hoverfly abundance

of total wild bee individuals and 79.34% of total hoverfly individu-

(β = −0.45, z = −2.48, p = 0.013) and a negative trend in hoverfly

als. Common and rare wild bees showed similar response patterns to

species richness (β = −0.20, z = −1.56, p = 0.119). In contrast, in the

total wild bees (Tables 1; Figure 2; Table S3; Figures S3 and S4), al-

neighbouring field boundaries, wild bee species richness (β = 0.46,

though rare wild bee abundance showed an additional negative rela-

z = 0.90, p = 0.367), wild bee abundance (β = 0.14, z = 0.97, p = 0.332),

tionship with arable land cover in 1 km (Table 1; Figure S4). Common

hoverfly species richness (β = 0.09, z = 0.97, p = 0.330) and hoverfly

hoverflies showed similar response patterns as total hoverflies, but

abundance (β = 0.11, z = 0.67, p = 0.504) were not affected. Species

rare hoverflies displayed differential responses (Table 1; Figure 3).

richness and abundance of wild bees and hoverflies were posi-

Richness and abundance of rare hoverflies were not affected by

tively related to flower species richness and flower cover (Table S4;

grassland cutting frequency in field boundaries and in grasslands

Figures S3 and S4). Wild bee species richness was negatively af-

but were significantly higher in field boundaries than in grasslands

fected by arable land cover within 500 m (Table 1; Figure S5).

across the entire intensity gradient.
Relative to the reference field boundary, similarity of flower,

3.3 | Common and rare species and species
composition

wild bee and hoverfly communities in other field boundaries was
not affected by grassland cutting frequency (Table 2; Figure 4a–c).
In contrast, with increasing cutting frequency, flower and wild bee
communities in grasslands became less similar to those in the ref-

About 87 wild bee species and 20 hoverfly species were classified

erence grassland, although grassland hoverfly communities did

as rare species. In contrast, only 14 wild bee species and 7 hoverfly

not (Table 2; Figure 4d–f). The communities of flowering plants of
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(f) Hoverflies (GRi − GRR)
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7

1.0
0.8
0.6
0.4
0.2
0.0
1

(d) Flowers (GRi − GRR)

Similarity

F I G U R E 4 Effects of grassland cutting
frequency on community similarity of
flowers, wild bees and hoverflies. Panel
(a–c), pairwise similarity between each
field boundary and the reference field
boundary; panel (d–f), pairwise similarity
between each grassland and the reference
grassland; panel (g–i), pairwise similarity
between each grassland-field boundary
pair. Solid lines denote significant effects
of grassland cutting frequency (p < 0.05);
dashed lines denote non-significant
effects (p ≥ 0.05). Plotted points show
back-transformed partial residuals.
Shaded areas indicate 95% confidence
intervals
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(i) Hoverflies (FBi − GRi)
1.0
0.8
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1
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4

adjoining grasslands and field boundaries became increasingly dis-

were unrelated to cutting frequency in neighbouring grasslands,

similar with increasing grassland cutting frequency. Similarity of wild

even though they declined with increasing cutting frequency in

bee communities in pairs of field boundaries and neighbouring grass-

the grasslands themselves (i.e. scenario Figure 1c). These species

lands tended to decrease with cutting frequency, whereas hoverfly

groups were strongly positively related to floral resources (Table S4;

communities were not affected (Table 2; Figure 4g–i). Arable land

Figures S3 and S4), as found in many studies (Lucas, Bull, de Vere,

cover did not affect community similarity of flowers, wild bees and

Neyland, & Forman, 2017; Scheper et al., 2015; Sutter et al., 2017).

hoverflies in any of the analyses (Table 2).

Furthermore, in our study area, field boundaries were generally cut
no more than twice a year. Flower richness, cover or composition

4 | D I S CU S S I O N

in the field boundaries were not affected by grassland cutting frequency (Figure 4a; Figure S2). This suggests that pollinator diversity
and abundance in linear landscape elements is primarily determined

Linear landscape elements are a key component of green infrastruc-

by resource availability in the element itself and is relatively unaf-

ture in intensively farmed landscapes and play a pivotal role in agri-

fected by resource availability in the surrounding landscape.

environmental policies targeting biodiversity loss (Pe'er et al., 2017).

Interestingly, abundance and richness of common and rare wild

Whether and how wildlife communities in these landscape elements

bees showed similar responses to grassland cutting frequency and,

change as the surrounding land-use intensifies is still poorly under-

possibly because of this, community composition in field boundaries

stood. Here we examined the effect of land-use intensity in grass-

was not influenced by grassland cutting frequency as well (Figure 4).

land on wild pollinators in agricultural grasslands and neighbouring

This is seemingly at odds with the general pattern that rare spe-

field boundaries. We found that, in the grasslands, richness and

cies are more susceptible to land-use change than common species

abundance of wild bees and hoverflies decreased with increasing

(Harrison, Gibbs, & Winfree, 2019; Sykes, Santini, Etard, & Newbold,

land-use intensity, whereas those in the neighbouring field bound-

in press). However, if bee community composition is predominantly

aries were unaffected. These patterns were generally consistent

influenced by local habitat quality, as our results suggest, this find-

for common and rare pollinator species, with the exception of rare

ing makes sense since the quality of the boundary habitat was not

hoverflies, which displayed higher richness and abundance in field

affected by land-use intensification in neighbour grasslands. Rare

boundaries across the entire intensity gradient.

hoverflies showed differential response patterns, as they were not

Many studies report negative relationships between land-

affected by grassland cutting frequency in either habitat types, pos-

use intensity and pollinator diversity in productive fields (Ekroos

sibly because they were observed in very low numbers (Figure 3b,e).

et al., 2020; Weiner, Werner, Linsenmair, & Blüthgen, 2011) or at the

We did, however, find higher rare hoverfly richness and abundance

interface between agricultural and semi-natural habitats (Hendrickx

in field boundaries than in grasslands, possibly because field bound-

et al., 2007; Le Féon et al., 2010). Perhaps a bit surprisingly, our study

aries provided more suitable flower resources for hoverflies (more

shows that pollinator richness and abundance in field boundaries

Apiaceae and less Fabacea) than grasslands (Lucas et al., 2017), and
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contained woody vegetation which is important for foraging, resting
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