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Abstract — In agricultural landscapes, differences in floral resources provided by crops compared with adjacent
habitats promote the spillover of pollinators seeking to fulfil their feeding needs. These foraging patterns play an
important role in both crop production and wild plant fitness. However, in classical observational studies, pollinator
spillover patterns may be confounded by differences in pollinator phenologies and population sizes. To avoid these
confounding effects, we quantified the combined effect of relative floral availability and season on pollinator
spillover between strawberry crops and adjacent pinewoods by using commercial bumblebee colonies. We used 60
colonies that were placed in 6 open polytunnel strawberry crops and in 8 pinewoods adjacent to crops in landscapes
with either low or high berry (mostly strawberry) crop cover. We repeated the experiment in winter and in spring to
account for differences in flower resource availability. While strawberries were in bloom during the entire study
period, wild flowering plants were scarce and abundant in winter and in spring, respectively. Spillover in crops was
quantified as the percentage of bumblebee individuals that carried pollen from non-berry flowers, while spillover in
pinewoods was quantified as the percentage of individuals that carried pollen from berry flowers. Overall, 526
bumblebees were collected. We found them carrying the pollen of 15 plant taxa in winter and 39 in spring, in
accordance with seasonal floral availability. In crop colonies, around 30% of bumblebees spilled over into non-berry
habitats in winter and 78% in spring, regardless of crop cover in the surrounding landscape. However, in pinewood
colonies, we found an interaction effect between season and crop cover: even though on average 34% of bumblebees
spilled over into berry crops, in winter it was almost twice in landscapes with high crop cover. Spillover patterns
mainly mirrored seasonal changes in floral availability between habitats.

agricultural landscapes / Bombus terrestris / central place foragers / foraging dynamics / pollen loads

1. INTRODUCTION

Differences in the availability of resources
among habitat types promote cross-habitat spill-
over of functionally relevant mobile organisms
seeking to fulfil their resource needs (Dunning
et al., 1992). Spillover not only contributes to
the maintenance of the organisms involved and
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their populations but also plays an important role
in multiple ecological processes, such as seed
dispersal and pollination (Rand et al., 2006;
Tschamntke et al., 2012).

The spillover of organisms is very common
and important in agricultural landscapes. Crop
habitats represent about one-third of global ice-
free land area (Ellis et al., 2010). In these habitats,
pollinators are among the most influential organ-
isms through their contribution to crop fruit and
seed set. Globally, they provide pollination ser-
vices to ~75% of the major crop species (Klein
etal., 2007). In fact, over the past few decades, the
area devoted to crops that are attractive to and
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benefit from pollinators has disproportionately
increased compared with non-pollinator depen-
dent crops (Aizen et al., 2008). Moreover, polli-
nators contribute to the reproduction of 87.5% of
angiosperm species, which are also essential for
wild plant communities (Ollerton et al., 2011).

Among pollinators, insects, and bees in partic-
ular, are the primary pollinators of most ento-
mophilous plants (Winfree, 2010). Unlike other
taxa such as flies or butterflies, bees are central
place foragers, i.e. they have fixed nest sites that
constrain distances to foraging locations (Beutler
and Loman, 1951; Stephens and Krebs, 1986).
Therefore, the spatial distribution and temporal
availability of floral resources within their flying
ranges play important roles in their foraging dy-
namics (Dukas and Edelstein-Keshet, 1998;
Steffan-Dewenter and Kuhn, 2003).

Crops usually provide monospecific, but high-
ly abundant and spatially homogenous, floral re-
sources, that are usually available for short periods
of time. In contrast, natural habitats provide di-
verse, though often scattered, plant species that in
many cases flower successively for long periods.
These habitat differences in floral resources help
explain why commercially managed bees, which
are the generalist pollinators frequently used for
pollination services (Potts et al., 2016), and wild
bees spill over between crops and natural habitats
to optimise their food intake (Gonzalez-Varo and
Vila, 2017; Montero-Castaio et al., 2016;
Whittington et al., 2004).

To date, most studies on bee spillover be-
tween crops and natural habitats have compared
bee abundance in each habitat in periods when
crops flowered massively and when flowering
ceased (reviewed by Blitzer et al., 2012). In
these studies, bees tended to spill over from
natural habitats to crops when the latter flow-
ered and the reverse when crop flowering
ceased. However, the spillover variation gener-
ally attributed to changes in flower availability,
may hide phenological patterns of bee popula-
tions and communities (Kennedy et al., 2013).
In addition, some recent studies have revealed
the role that the surrounding landscape plays in
modulating bee spillover between habitats (e.g.
Danner et al., 2017; Gonzalez-Varo and Vila,
2017; Gonzalez et al., 2016).
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In this study, we used commercial bumblebee
colonies at similar phenological stages to investi-
gate how seasonal changes in floral availability
influence bee spillover between berry crops and
non-berry habitats in landscapes with contrasting
crop cover. The spillover was measured by identi-
fying the pollen loads carried by bumblebees col-
lected when returning to their colonies. The colo-
nies were placed in monospecific crops
(strawberries) and in high floral diversity understo-
ry pinewoods near low or high berry crop covers.
We repeated the experiment in winter and in
spring. In berry crops, floral availability is spatially
homogenous and abundant in both winter and
spring, while in pinewood understories, floral
availability is patchily distributed and scarce in
winter and thrives in spring. We specifically aimed
(i) to quantify the bidirectional bumblebee spillover
between berry crops and non-berry habitats and (ii)
to investigate the influence of crop cover in the
landscape and season in this spillover.

We expect bumblebees from colonies placed in
both habitats to visit plants inside and outside of
crops because they are generalist pollinators. We
expect the magnitude of the spillover to be medi-
ated by crop cover in the landscape and by season.
Thus, in winter, we expect most bumblebees to
visit crops due to the high abundance of strawberry
flowers, while in spring, we expect most of them to
visit wild plants due to the high floral diversity in
this season in non-berry habitats, regardless of
whether colonies are placed inside or outside crops.
In addition, we expect bumblebee spillover from
pinewood colonies to berry crops to increase with
crop cover, especially in winter when there is less
availability of wild floral resources than in spring.

2. MATERIALS AND METHODS
2.1. Study system

The study was conducted in a 30 km x 20 km
area in the Guadalquivir Valley, Province of Huel-
va (SW Spain, Figure 1 and Table S1), in January
and April 2015. The climate is typically Mediter-
ranean with very mild winters. In January, the
coldest month, the mean of the maximum temper-
atures is 16.2 °C (AEMET, 2015), allowing bum-
blebee foraging activity (Trillo et al., 2019a).
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Figure 1. Geographical distribution of strawberry crop plots (A) and pinewood plots (B) located in the Province of
Huelva (SW Spain). Circles with solid lines indicate landscapes with high crop cover, while circles with dashed lines
indicate landscapes with low crop cover, in both crop plots (A) and pinewood plots (B). Names denote towns.

The main crops in this region are berry fields in
open (at the ends and sides) polytunnels. Specifi-
cally, strawberry (Fragaria * ananassa) is the
main crop species (~70% of the cultivated area),
but there are also raspberries (Rubus idaeus ), blue-
berries (Vaccinium corymbosum ) and blackberries
(Rubus spp.) (Freshuelva, 2015). The cultivation
period extends from November to May, during
which time strawberries continuously flower, al-
though there are a greater number of flowers in
spring than in winter (e.g. in one of the most
cultivated varieties, flower density can vary from
9 flowers/m? in winter to 18 flowers/m> in spring;
see Trillo et al., 2018). The bloom of the other
berry crop species is variety dependent, although
it only lasts a few weeks. To supply the pollination
of berry crops, honeybee (Apis mellifera ) hives and
bumblebee (Bombus terrestris) colonies are

frequently used. In our study, we used bumblebees
instead of honeybees as a model system because (i)
commercial bumblebee colonies are easily man-
ageable and (ii) their annual life cycle allows mean-
ingful comparisons among colonies at similar phe-
nological stages.

Natural habitats in the region consist of
fragmented woodlands of stone pines (Pinus
pinea ) with a rich understorey of insect-pollinated
plants. While in winter a few plant species such as
Rosmarinus officinalis and Ulex australis flower
(e.g. flower densities can reach 10 flowers/m” in
some patches; see Trillo et al., 2019b), most ento-
mophilous plants such as Lavandula stoechas,
Cistus ladanifer, Echium vulgare, Cytisus
gradiflorus and Acacia spp. flower in spring
(flower densities can reach 31 flowers/m? in some
patches; see Trillo et al., 2019a).

@ Springer



A. Trillo et al.

2.2. Experimental design

To explore the bidirectional spillover between
berry crops and non-berry habitats, we selected 14
plots. The centre of six of the study plots was located
in strawberry crops adjacent (~ 50 m) to pinewoods,
while the centre of eight of the study plots was
located in pinewoods adjacent (~ 50 m) to strawber-
ry crops (Figure 1). To meet independence criteria
between study plots, the average distance between
the centres of the study crops was 5.5+1.4 km
(mean * SE, hereafter) ranging from 2.4 to 8.8 km,
and the average distance between the centres of the
study pinewoods was 4.9 + 0.6 km ranging from 3.1
to 7.5 km. Bumblebee foragers do not usually fly
distances greater than 2 km (Osborne et al., 2008).

To explore whether the spillover between berry
crops and non-berry habitats was influenced by crop
cover at the landscape scale, six of the study plots
were placed in landscapes with low berry crop cover
and eight in landscapes with high berry crop cover.
Study landscapes included a 2-km-radius buffer area
from plot centres. In low-crop landscapes (2 crop
and 4 pinewoods), average berry crop cover was 5.6
+1.5%, ranging from 1.8 to 10.4%, while for high-
crop landscapes (4 crop and 4 pinewoods), it was
43.8 £5.7%, ranging from 27.9 to 63.9%. The rest
of the land use types were mainly woodlands but
also grasslands, non-flowering crops, wetlands, ur-
ban areas and denuded soil (Figure 1 and Table S1).
Land use covers were calculated using ArcGIS
(ESRI, 2011) based on the land use map of
Andalucia from 2011 (Moreira et al., 2011).

In the centre of each study plot, we placed two
commercially produced Bombus terrestris colonies
for 1 month. Colonies were purchased from Koppert
Biological Systems. We used two colonies per plot
to minimise the risk of colony malfunction or loss.
Moreover, we expected individuals from different
colonies but in the same landscape to exploit similar
floral resources (Munidasa and Toquenaga, 2010;
Saifuddin and Jha, 2014). All colonies were at a
similar phenological stage and included a queen
and 50-100 workers each. They were supplied with
a syrup solution ad libitum in a plastic box covered
with cardboard. In crops, we hung colonies (~20 m
from each other) inside different polytunnels, while
in pinewoods, we placed them on the ground hidden
in wooden boxes to avoid predation.
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To explore the seasonality of the spillover of
bumblebees between berry crops and non-berry
habitats, we repeated the study in January and in
April (hereafter referred to as winter and spring,
respectively). These months cover the main
flowering periods of crops and wild plants and
maximise the differences in floral availability be-
tween habitat types in the study region.

2.3. Bumblebee survey and pollen loads

We analysed body pollen loads to explore the
range of different plants that bumblebees visit and
to quantify spillover between berry crops and non-
berry habitats. We used body pollen instead of
pollen from scopas, as body pollen influences the
pollination function through its deposit on stigmas
(e.g. Bartomeus et al., 2008) and thus its measure-
ment represents spillover of functionally impor-
tant pollinators.

In each study plot and in each season, we
collected bumblebee workers as they returned to
their colonies on two different days: one during
the second week and another during the third
week after the colonies were placed in the field,
thus obtaining a broad representation of the visited
plants, while controlling for colony phenology.

Bumblebees were captured using aerial nets
and then frozen (= 20 °C) in individual clean vials
for later preparation of pollen samples. Captures
were conducted on sunny, warm (> 14 °C) and
non-windy days. We missed data from two colo-
nies placed in two different crops in landscapes
with high crop cover: one in winter and another in
spring. This was likely due to colony malfunction
(i.e. there were almost no foragers working in
those colonies). Consequently, for those plots,
the number of bumblebees captured was approx-
imately 35% lower than the average (see Results).

A cube (0.3 cm % 0.3 cm) of fuchsin jelly was
rubbed on the body of each bumblebee (Beattie,
1971). Each cube was mounted on a slide and all
pollen grains within 20 random fields at x 200
magnification were identified visually. For pollen
identification, we used a reference pollen collection
from the study area as well as the help of experts.
However, when identification could not be per-
formed at the species level, pollen grains were
assigned to a higher taxonomic level, such as genus
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or family (Table S2). Nevertheless, our main aim in
this study was to quantify spillover, i.e. pollen from
berry or non-berry flowers, rather than to identify
each visited plant species. Berry pollen included
Fragaria x ananassa, Rubus idaeus and
Vaccinium corymbosum . The pollen of the crop
species was distinguishable from that of wild plant
species, as in the study region there are no wild
berry species, except for Rubus ulmifolius , which
flowers after the study period and is not very
abundant in the study region. The presence of more
than ten pollen grains of a taxon in the 20 micro-
scope fields per individual was considered proof
that the taxon was visited by the bumblebee (for a
similar approach, see Bosch et al., 2009).

2.4. Statistical analyses

To avoid pseudoreplication, spillover was cal-
culated per plot instead of per colony. Spillover in
crops was quantified as the percentage of individ-
uals that carried pollen from non-berry flowers,
while spillover in pinewoods as the percentage of
individuals that carried pollen from berry flowers.

To analyse differences in bumblebee spillover
between habitats, we used generalised linear mixed
models (GLMM; Binomial error distribution) for
crop and pinewood colonies separately. The re-
sponse variable ‘bumblebee spillover’ was coded
as a two-column matrix (i.e. number of individuals
per plot that spilled over vs. number of individuals
that did not spill over). Season (winter/spring) and
crop cover in the landscape (low/high) were includ-
ed in the models as fixed factors, as well as their
interaction. Plot was included as a random factor to
account for the re-sampled plots in winter and
spring. Post hoc comparisons among treatments
were conducted by building contrast matrices.

Statistical analyses were computed in R
(v.3.1.3, R Core Team, 2014). For GLMMSs, we
used the /me4 package (Bates et al., 2014) and for
contrast matrices the multcomp package (Hothorn
et al., 2013).

3. RESULTS
We collected 526 (265 in winter and 261 in

spring) bumblebees, with an average of 18.8 0.6
individuals per plot (i.e. two colonies pooled) per

season. Approximately 81% and 87% of bumble-
bees from crop and pinewood colonies, respec-
tively, transported pollen on their bodies exclu-
sively from a single habitat type (i.e. berry or non-
berry). Overall, we found that bumblebees from
both crop and pinewood colonies visited 15 and
39 plant taxa in winter and in spring, respectively,
including berry crop species (Table S2A and B).

3.1. Bumblebee spillover from berry crops
to non-berry habitats

Season had a significant effect on the spillover
of bumblebees from berry to non-berry crop hab-
itats. In winter, on average, 30.0 +6.6% of bum-
blebees spilled over into non-berry habitats, while
in spring, 78.1 £5.9% spilled over. However, nei-
ther crop cover nor its interaction with season had
an effect on bumblebee spillover (see Figure 2A
and Table I).

3.2. Bumblebee spillover from non-berry
habitats to berry crops

Season and crop cover interacted, influencing
the spillover of bumblebees from non-berry to
berry crop habitats. Specifically, the percentage
of bumblebees spilling over from non-berry to
berry crop habitats was on average 34%. Howev-
er, in winter in landscapes with high crop cover,
the spillover reached on average 66.9 +10.6%,
which was significantly greater than in spring
(29.6 + 14.6%). Moreover, in winter, bumblebee
spillover was (marginally) greater in landscapes
with high crop cover (66.9 + 10.6%) as compared
with landscapes with low crop cover (36.8 +
12.1%) (see Figure 2B and Table I).

4. DISCUSSION

We found that commercial bumblebees
(Bombus terrestris) from crop and pinewood
colonies transported pollen from a wide range
of plant taxa across habitats, as observed in
other studies (e.g. Foulis and Goulson, 2014;
Kéamper et al., 2016). The variety of pollen
found in the colonies was greater in spring than
in winter, reflecting floral availability in the
landscape during both of the study seasons.
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Figure 2. Mean + SE spillover of bumblebees (A) from berry to non-berry crop habitats (strawberry crop colonies)
and (B) from non-berry to berry crop habitats (pinewood colonies) in winter (white bars) and spring (black bars) in
landscapes with low and high crop cover. Spillover from berry to non-berry crop habitats is the percentage of
individuals that carry pollen from non-berry flowers, while spillover from non-berry to berry crop habitats is the
percentage of individuals that carry pollen from berry flowers. Significance levels: ™ p <0.001, “p <0.01, "p <
0.05, p <0.10, ™p >0.10.

This flexible behaviour and the ability to track  and thus presumably thrive in these dynamic
resources at the landscape scale may enable and fragmented landscapes (Osborne et al.,
bumblebees to meet colony nutritional needs 2008; Westphal et al., 2003).

Table I. Generalised linear mixed models of the effects of crop cover (low and high) in the landscape (2-km-radius
buffer) and season (winter and spring) on bumblebee spillover between berry and non-berry crop habitats. The
contrast column indicates the specific interactions tested through the contrast matrices. Significance levels: ~ p <
0.001, “p <0.01, “p <0.05, p <0.10

Model Contrast Estimate SE 4 p value

From berry to non-berry crop habitats

Low: winter vs. spring -1.439 0.498 —2.891 0.014 *
High: winter vs. spring —2.658 0.440 —6.046 <0.001 otk
Winter: low vs. high 0.763 0.559 1.365 0.466
Spring: low vs. high —0.456 0.575 -0.794 0.829
From non-berry to berry crop habitats
Low: winter vs. spring 0.061 0.341 0.178 0.996
High: winter vs. spring 1.805 0.386 4.680 <0.001 oAk
Winter: low vs. high —1.423 0.615 —2316 0.073
Spring: low vs. high 0.321 0.625 0.514 0.946
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4.1. Spillover from berry crops to non-
berry habitats

Bumblebees from colonies placed inside berry
crops foraged in surrounding non-berry habitats.
This finding agrees with studies conducted in other
latitudes where, although bumblebee colonies were
placed in crops with high quantities of floral re-
sources, many individuals foraged outside of these
crops (Bobiwash et al., 2017; Foulis and Goulson,
2014; Murray et al., 2013). In addition, we ob-
served that the magnitude of the spillover (i.e. the
percentage of bumblebee workers carrying pollen
from non-berry habitats) changed between seasons.
That is, while a considerable number of individuals
spilled over from polytunnels into non-berry habi-
tats during the entire study period, in spring this
number was 2.6 times higher than in winter. This
increase in spring is probably a response to higher
floral availability outside polytunnels during this
season (Whittington et al. 2004). Such an adaptive
spillover may allow bumblebees to amplify their
diets according to the availability of other floral
resources. It has been found that bumblebees need
diverse diets to maintain the health and proper
development of their colonies (Brunner et al.,
2014; Tasei and Aupinel, 2008). Therefore, despite
the massive amount of monospecific floral re-
sources that crops can punctually offer to pollina-
tors and the presumably lower traveling costs of
foraging inside the crop, part of the colony worker
population constantly travels outside of crops.

Conversely, and contrary to what we expected,
we found no effect of berry crop cover on bumble-
bee spillover from crops to non-berry habitats. In
this study system, even in landscapes with low crop
cover (~5.6%), strawberry flowers are relatively
abundant as compared with the number of insect
visitors (Trillo et al., 2018) and they do not seem to
be a limiting resource. Higher crop floral availabil-
ity does not imply a higher proportion of individuals
from colonies foraging in crops, at least when other
resources are available (Danner et al., 2014). It is
likely that the crop resource demand for bumblebee
colonies was met in landscapes with low crop cov-
er. In fact, in landscapes with high crop cover, there
are many bumblebees from the colonies foraging
outside of polytunnels, probably as a strategy to
meet their nutritional needs, as discussed above.

4.2. Spillover from non-berry habitats to
berry crops

Bumblebees from colonies placed in pine-
woods also foraged inside berry crops. Although
those crops offer monospecific floral resources, a
considerable number of individuals seem to be
attracted by their massive bloom. In fact, bumble-
bees are frequent and valuable crop pollinators
worldwide (Goulson, 2010). The percentage of
individuals from pinewood colonies foraging in
crops was quite similar across landscapes and
seasons (around one-third of the workers carried
berry pollen). An exception to this was the high
proportion of bumblebees (67%) that spilled over
from non-berry to berry habitats in landscapes
with high crop cover in the winter.

On one hand, the fact that in landscapes with
high crop cover, the spillover of bumblebees
into berry crops in winter was around twice that
in spring suggests that bumblebees are more
attracted to the resources offered by wild plants
than crop flowers. While crop flowers were
relatively abundant in both seasons, most bum-
blebees foraged outside crops when wild
flowers were abundant and diverse in spring.
Other studies have shown how pollinators ben-
efit from early or late (i.e. when wild flowers
are scarce) flowering crops (Riedinger et al.,
2014), but also how they forage more intensive-
ly in wild flowers when those are abundant and
diverse (Danner et al., 2014; Odoux et al.,
2012; Requier et al., 2015).

On the other hand, we did not observe this
trend in landscapes with low crop cover. Although
to a lesser degree than in landscapes with high
crop cover, we would expect a higher spillover to
crops in winter than in spring, consistent with a
preference for wild plants when they are available.
However, the spillover of bumblebees in winter
was in fact lower than in spring. One potential
explanation for this result is that strawberry
flowers might not be very attractive to bumble-
bees, as suggested in other studies (e.g. Blazyté-
Cereskiené et al., 2012; Trillo et al., 2019b). That,
combined with a low cover of these crops in the
landscape, may lead to a limited use of crops. Any
abundant wild floral resource or multispecific
patch on a local scale may attract many
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bumblebees (Jha and Kremen, 2013; Kallioniemi
et al., 2017) in winter in those landscapes.

4.3. Conclusions and potential implications

We found a stronger influence of season com-
pared with berry crop cover on the bidirectional
bumblebee spillover between berry crops and
non-berry habitats. This indicates that high abun-
dance and diversity of wild flowering plants in
surrounding areas of crops play an important role
in attracting individuals, either from crop or pine-
wood colonies. However, when wild floral re-
sources were scarce and crops abundant at a land-
scape scale, a higher proportion of bumblebees
foraged in crops. We would expect such an adap-
tive foraging pattern to occur across other agro-
natural landscapes with flowering crops and, in
general, in landscapes with habitats with changing
relative floral availability. Nevertheless, other fac-
tors outside the scope of this study might also
influence these patterns, for instance, the distribu-
tion of food patches in the landscape (Ims, 1995),
how attractive crops are to pollinators (e.g.
strawberry vs. raspberry, see Ellis et al., 2017)
and resource competition with other flower visi-
tors (e.g. Gonzalez-Varo and Vila, 2017).

The spillover of bumblebees among habitats can
have multiple implications in these agro-natural
landscapes. For example, besides influencing the
provision of pollination services to crops
(Desjardins and De Oliveira, 2006; Garibaldi et al.,
2013; Marqués et al., 2019) and wild plant commu-
nities (Diekétter et al., 2010; Holzschuh et al., 2011),
it might affect the success of the bumblebee colonies
themselves, which would depend on the quality of
crop resources and on how other wild floral re-
sources complement their needs (Westphal et al.,
2009). The spillover of commercial bumblebees into
natural habitats is also not free of environmental
risks, such as the spread of parasites (Colla et al.,
2006; Meeus et al., 2011; Trillo et al., 2019a),
hybridisation (Cejas et al., 2019; Seabra et al.,
2019) and resource competition (Matsumura et al.,
2004; Morales et al., 2013) with native pollinators.
Therefore, a comprehensive understanding of the
factors influencing pollinator spillover in
agroecosystems is essential to optimise crop polli-
nation, while preserving the diversity and
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functioning of wild plant-pollinator communities in
adjacent habitats.

ACKNOWLEDGEMENTS

We thank J. Angelidou, C. Apostolidou, D. Ragel
and E. Tsiripli for field assistance and pollen prepara-
tion, J. Belmonte and D. Navarro for pollen identifica-
tion assistance and the editor and anonymous reviewers
for their comments and editing suggestions. We also
thank the farmers who generously let us conduct our
experiments in their fields.

AUTHOR CONTRIBUTION

AT and MV conceived this research and designed
experiments; AT and AMC performed the experi-
ments; AT conducted the data analyses and wrote the
first draft of the manuscript; AMC and MV edited
and contributed to the writing of the manuscript. All
authors read and approved the final manuscript.

FUNDING INFORMATION

This research was financially supported by the
Spanish Ministry of Economy and Competitive-
ness project FLORMAS (‘Influence of mass
flowering crops on pollinator biodiversity’, project
no CGL2012-33801), the Biodiversa-FACCE pro-
ject ECODEAL (‘Enhancing biodiversity-based
ecosystem services to crops through optimised
densities of green infrastructure in agricultural
landscapes’, http://www.cec.lu.se/ecodeal, project
no PCIN-2014-048) and the FBBVA project
ABEJORROS (‘Ecological implications of com-
mercial bumblebee spillover into natural areas’).
AT was supported by a Severo-Ochoa predoctoral
fellowship (SVP-2013-067592).

COMPLIANCE WITH ETHICAL
STANDARDS

Conflict of interest The authors declare that they have no
conflict of interest.

Caractére saisonnier de I’alternance de bourdons entre
les cultures de fraises et les pinedes adjacentes.
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paysages agricoles /| Bombus terrestris | place centrale
des butineuses / dynamique du butinage / charges
polliniques.

Saisonalitit des Wechsels von Hummeln zwischen
Erdbeerpflanzungen und angrenzenden
Kiefernwildern.

Landwirtschaftsflichen / Bombus terrestris /
Zentralplatzsammlerinnen / Fouragierdynamik /
Pollenladungen.
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