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Abstract

Context Bumblebees are important pollinators for
agricultural crops and wild plants. However, agricul-
tural intensification and loss of semi-natural habitat
may have adverse effects on colony performance.
While mass-flowering crops may serve as food
sources, landscapes dominated by intensive agricul-
ture may be a poor bumblebee habitat compared to
landscapes dominated by semi-natural habitat, such as
forests and species-rich grasslands.

Objectives We investigated the effect of different
land use classes on bumblebee colony performance at
two periods of time during the flying season. We
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expected mass-flowering crops to have a positive
influence on colony performance during flowering.
After mass-flowering, presence of semi-natural habitat
was hypothesized to be essential for colony
development.

Methods We placed artificial colonies of Bombus
terrestris in 28 apple and pear orchards during and
after mass-flowering. We measured colony growth
and took pollen samples from foraging workers.
Causal relationships between land-use, pollen quality,
amount of pollen collected and colony performance
were analyzed.

Results Contrary to our expectations, we found a
negative correlation between orchard cover and
amount of pollen collected in spring, during mass-
flowering, resulting in a lower colony performance.
During mass-flowering, colony performance and pol-
len diversity were positively correlated with cover of
open semi-natural habitat, while after mass-flowering,
colony performance was positively correlated with
forest cover. After mass-flowering, pollen sources
were more diverse and colony growth was related to
land use classes at a larger spatial scale, indicating that
bumblebees foraged further. We did not find a
correlation between the performances of colonies at
one specific site that were placed during and after
mass-flowering.

Conclusions Landscapes dominated by mass-flow-
ering orchards represent inferior habitats for bumble-
bees during flowering. Heterogenous landscapes,
containing a mix of various types of semi-natural
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habitat increase the habitat quality for bumblebees.
We advise to maintain these diverse patches of semi-
natural habitat, as mass-flowering crops alone are
insufficient to support bumblebee colonies.

Keywords Bumblebee colonies - Mass-flowering
crops - Landscape phenology - Pollinators - Apple
orchards - Semi-natural habitat

Introduction

Bumblebees are important pollinators in farmlands,
both for agricultural crops and wild plant species
surrounding the crops (Stanley and Stout 2014).
However, since the second half of last century,
bumblebee populations experienced strong declines,
caused by several drivers, of which habitat loss and
agricultural intensification are probably the most
important (Williams and Osborne 2009). Specific
causes of this decline are a decrease in food resources
(Gabriel and Tscharntke 2007; Holzschuh et al. 2008),
degradation of elements that can provide nesting sites
(Lye et al. 2009) and changing practices, such as the
decreased use of leguminous fodder crops, such as red
clover (Trifolium pratense L.) (Goulson et al. 2005;
Scheper et al. 2014).

In temperate regions, bumblebee colonies persist
throughout the spring and summer months, so they
require a continuous source of pollen and nectar
during this period to survive and to reproduce (Pywell
et al. 2005). The absence of sufficient pollen sources
seems to limit colony growth, especially late during
the flying season (Fitzpatrick et al. 2007; Rundlof et al.
2014). Bumblebee colonies require relatively large
amounts of pollen, compared to solitary bee species
(Rotheray et al. 2017), which makes them extra
susceptible to low availability of foraging resources
(Miiller et al. 2006), resulting in a slower colony
growht and reduced reproductive output.

Agricultural landscapes, despite often being poor in
wild flowering plants (Carvell et al. 2006), can play an
important role as foraging habitat for bumblebees, due
to the presence of mass flowering crops, such as
canola, potatoes or fruit trees (e.g. Westphal et al.
2003; Holzschuh et al. 2013). Additionally, patches of
semi-natural habitat (SNH), including species-rich
grasslands, forests, hedgerows and road verges,
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provide alternative foraging resources even when a
crop is mass-flowering (Steffan-Dewenter and
Tscharntke 1999; Croxton et al. 2002; Ockinger and
Smith 2007). Many common bumblebee species are
generalists, with colonies able to switch flower
resources throughout the year. Due to their colonial
lifestyle and large size, colonies of B. ferrestris require
large amounts of pollen and therefore often forage in
large resource patches (Westphal et al. 2006; Wolf and
Moritz 2008). Woody plants make up a large share of
the collected pollen both during and after mass-
flowering. Even individual flowering trees and shrubs
often have large amounts of flowers, therefore serving
as large pollen sources. Especially in spring, during
mass-flowering, woody plants tend to be very impor-
tant for bumblebees, as other species are not yet
flowering (Kdmper et al. 2016).

Earlier studies have already shown a link between
landscape context and bumblebee colony performance
(e.g. Hines and Hendrix 2005; Williams et al. 2012;
Parmentier et al. 2013) or between pollen sources and
colony performance (Génissel et al. 2002; Tasei and
Aupinel 2008), but only few studies looked at both in
field experiments (Kédmper et al. 2016). Additionally,
most research was carried out only within a short time
frame, usually a few weeks, therefore ignoring the
changes in floral resources during the active period of
bumblebees, and possibly missing the effects of
phenology of flowering plants on bumblebee colony
performance.

The goal of this study was to investigate how
Bombus terrestris (Linnaeus, 1758) colony perfor-
mance relates to mass-flowering crops and their
surrounding different land-use types. The experiment
was carried out in two consecutive periods: (1) spring,
during mass flowering of apple and pear trees, and (2)
early summer, in the absence of these mass flowering
crops. We anticipated the surrounding landscape to
have a strong effect on colony growth, with semi-
natural habitat (forest, semi-natural grassland) having
a positive influence on colony growth by providing
more diverse pollen sources than agricultural crops.
We expected this effect to be strongest in summer,
when the fruit trees in our study do not provide food
resources and the agricultural land is not expected to
support a large community of flowering plants that
provide pollen and nectar. Additionally, we hypoth-
esized pollen diversity to be highest at sites with more
SNH.
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Materials and methods
Study area

The study was carried out in the southeast of Flanders,
Belgium, in a 45 x 20 km area (Fig. 1a). The study
area has a temperate oceanic climate with mild
winters. The region is the most important fruit-
growing region of Belgium and is characterized by
landscapes dominated by apple and pear orchards in
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Fig. 1 a Map of Belgium with the study area enclosed by the
grey rectangle. The locations of the 28 bumblebee colonies are
indicated by black dots. b Landscape around a single bumblebee
colony. Circles show buffers with a radius of 250-2000 m

the western part and cropland in the eastern part.
Locally, larger forest fragments and patches of semi-
natural grassland occur. The soils consist of loam in
the southern half of the study region and of sandy loam
in the northern half.

Bumblebee colonies

The experiment was carried out in 2016, during two
consecutive 6-week periods: the first time from the
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around the colonies with 250 m intervals. Within these buffers
the area of all land use classes was measured for further
statistical analysis
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beginning of April to the end of May, during the mass-
flowering of apple and pear orchards. The same setup
was repeated from the beginning of June to the second
half of July, to assess the effect of the land use on
colony performance without the mass flowering in the
orchards. 28 colonies of B. terrestris, reared at Biobest
(Westerlo, Belgium), were placed in 28 different apple
and pear orchards. Distance between colonies was at
least 1250 m to reduce overlap in foraging range. To
maximize the difference in surrounding landscapes,
sites were selected to fit into four categories: land-
scapes dominated by apple and pear orchards, crop-
land, open semi-natural habitat (e.g. species rich
grasslands, marshes, and heathland) and deciduous
forest respectively (Online Appendix A).

To isolate the colonies against cold and moisture,
styrofoam bee-coats® (Biobest, Westerlo, Belgium)
were used. During mass-flowering, the initial average
colony mass was 473.9 (S.D. 7.1) g, containing 25.7
(S.D. 4.3) workers (N = 28), while after mass-flower-
ing, the colonies weighed on average 473.8 (S.D. 10.2)
g, containing 22.6 (S.D. 5.6) workers (N = 28).

After 1 week all colonies were controlled for
forager activity to assure that the colonies were
actively foraging. During the rest of the experiment,
the colonies were checked weekly and weighed every
2 weeks to measure the biomass increment. Colonies
with a dead queen were removed and omitted from
further analyses. In the first period of the experiment,
one single colony was excluded due to the queen’s
death, while during the second period, two colonies
were omitted. After 6 weeks in each period, queen
pupae appeared and the colonies were collected and
weighed to assess colony growth. The total number of
workers and queen pupae was counted to measure
colony performance. As biomass increment was
strongly correlated with number of workers and
number of queen pupae (Online Appendix B), only
biomass increment was analyzed further in general
linear models.

Landscape

The land use was classified into five different land-use
classes, using the Biological Valuation Map (BWK)
(De Knijf et al. 2010) and the Flemish dataset of LPIS
(ALV 2016): cropland (including temporary grass-
lands), orchards (including intensively managed
apple, cherry orchards), deciduous forests, non-forest
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semi-natural habitat (including semi-natural grass-
lands, marshland, heathland, road verges) and urban
(including gardens). The total cover of each land-use
class was calculated within a radius ranging from 250
to 2000 m around each colony, with a 250 m incre-
ment (Fig. 1b), to include all possible foraging ranges
mentioned for B. terrestris (Osborne et al. 1999;
Walther-Hellwig and Frankl 2000; Knight et al. 2005;
Wolf and Moritz 2008). Additionally, the total amount
of semi-natural habitat was calculated in the same
way, the latter being the sum of all forest and semi-
natural grassland types. GIS-analyses were all carried
out using QGIS 2.16 (QGIS Development Team
2015).

Pollen collection and plant source identification

Three weeks after the colonies were put in the
orchards, pollen was sampled from foraging bumble-
bees. At each location, the nest entrance was closed
and five workers returning to the nest were caught
using an insect net. The pollen load of each bumblebee
was visually scored on a 0-5 scale (0 = carrying no
pollen; 1 = carrying small amounts of pollen, not
forming a solid clump, 2 = pollen clumps small,
covering less than half the tibial width, 3 = pollen
clumps covering less than the whole tibial width,
4 = pollen clumps covering more than the full tibial
width, 5 = pollen clumps covering more than double
the tibial width). Cumulative pollen load (‘pollen
quantity’) of the five trapped foragers was used as a
measure of pollen availability.

To collect pollen from foragers, they were held with
clean tweezers and the pollen clumps were removed
from both corbiculae, using a clean insect pin. The
pollen was stored in a dry eppendorf tube and frozen
before further identification. All sampling took place
between 10:00 and 16:00 under dry, sunny weather
(Peat and Goulson 2005). The pollen samples were
processed following the standard protocols, stained
with basic fuchsin and mounted in glycerine (Moore
et al. 1994). To achieve homogenization, pollen
clumps were thoroughly mixed in the glycerine.
Pollen were identified to the highest possible taxo-
nomical resolution under x 1250 magnification with
phase contrast JENAMED, Carl Zeiss, Jena), using a
reference collection of insect-pollinated plants, col-
lected in the study region and Beug (2004) for
identification. In each pollen slide, five straight
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transects with random starting point were followed,
and on each transect, 50 pollen grains were identified,
up to a total of 250 pollen grains per sample. The
amount of each pollen type was multiplied by the
pollen load of the sample and all pollen samples per
colony were summed to estimate the composition of
the collected pollen per colony. The Simpson diversity
index of the total collected pollen was calculated and
used in further analyses as a measure for pollen
diversity. During the second run of the experiment,
only nectar flights were observed in two colonies,
which were omitted from analyses that include pollen
composition.

Statistical analysis

All analyses were carried out using R 3.4.3 (R Core
Team 2018). To achieve normality, colony biomass
increment, number of queen pupae and number of
workers were squareroot-transformed.

The colony performance during the two periods of
the experiment was analysed separately. To assess the
optimal spatial scale, a general linear model was
created, with the total area of orchards, non-forest
semi-natural habitat and forest as fixed variables and
the biomass increment as response variable. This
analysis was performed on all analysed scales from
250 to 2000 m, with 250 m increments, both during
and after mass-flowering. The scale with the highest
R? was selected as the spatial scale to use in the
analyses (Holland et al. 2004). During mass-flowering,
the landscape composition at a scale of 750 m had the
strongest influence on colony biomass increase, while
after mass-flowering, it was strongest at a 1000 m
radius (Online Appendix C).

First, general linear models (glm) were performed
to assess the effect of the different land use classes on
biomass increment. The area of orchards, forests, non-
forest SNH and urban habitat were included as land
use classes in the models. Area of cropland was
strongly negatively correlated with all other land use
classes (except for orchards at the 750 m radius) and
was therefore omitted from further analyses (Online
Appendix B). A backwards model selection was
performed, and variables with a p value below 0.10
were retained. Following the same procedure, addi-
tional glm were performed to detect a correlation
between amount of pollen collected or pollen diversity
and land use.

As land use classes were expected to influence the
colony performance through the available pollen
resources, we also fitted glms on the relationship
between (i) land use class and pollen availability, (ii)
land use class and pollen diversity and (iii) pollen
quantity and pollen diversity on colony growth.
Models testing the effect of pollen diversity contained
both the Simpson diversity of the collected pollen and
the share of the three most commonly collected pollen
types in each period.

To assess whether the cover of different land use
classes has a consistent effect throughout the year, the
correlation between the biomass increments of the
colonies at the same location during the two consec-
utive periods was calculated. Only locations where the
colonies developed during both periods were taken
into account (n = 25).

Based on the correlations between landscape com-
position, pollen quantity, pollen composition and
colony performance, a causal relationship was hypoth-
esized. To test this, structural equation models (SEM)
were made (Grace 2006) using the lavaan-package in
R (Rosseel 2012). Separate models were made for the
colonies during and after mass-flowering. All vari-
ables were standardized by subtracting by their mean
and dividing through their standard error.

First, a model was created, based on our hypotheses
on how these factors influence each other. Latent
variables were created for land use classes cover,
pollen composition, pollen quantity and colony per-
formance. A Bollen-Stine test with 1000 bootstraps
was performed to test for normality (Kim and Milsap
2014). Nonsignificant paths (p > 0.10) were dropped
and the best SEM was selected based on its AICc. At
each path, we indicated the standardized regression
coefficients, which represent the amount of change on
a parameter if the other one changes one standard
deviation. The model fit was tested using a Chi
squared test (p > 0.05) and the comparative fit index
(CFI > 0.90) (Bentler 1990).

Results
Colony growth
During the first period, the bumblebee colonies grew

on average with 197.7 (S.D. 209.2) g, with 15 out of 27
active colonies producing queen pupae after 6 weeks.
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Colony growth was strongly correlated to the cumu-
lative amount of pollen collected (Fig. 2; Table 1).
However, we found no significant effect of pollen
composition or pollen diversity on colony growth.
Presence of orchards had a marginally negative effect
on colony growth.

During the second period, the colony biomass
increment was 153.0 (S. D. 147.9) g, with 17 out of 26
active colonies producing queen pupae after 6 weeks.
Colony growth was marginally positively correlated
with pollen diversity, but negatively correlated with
urban land.

Colony growth during the first and the second
period were not correlated to each other (r = 0.03,
p = 0.88).

Pollen collection

During the first period of the experiment, nine
morphotypes of pollen were collected from foraging
workers. Most pollen was collected from Rosaceae
(68.2%), followed by Salix (15.7%) and Acer (12.1%).
These three plant sources accounted for 96% of all
collected pollen during this period. As the colonies
were placed in apple and pear orchards and no other
Rosaceae were abundantly flowering in the study area
at the time of pollen collection, we consider it highly
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likely that the large majority of Rosaceae pollen that
was collected belongs to these two species.

During the second period, most of the collected
pollen belonged to Tilia (53.4%), followed by Papaver
rhoeas-type (14.6%) and Lysimachia vulgaris-type
(13.4%). Seventeen other morphotypes accounted for
18.5% of the total collected pollen (Online Appendix
D). While during the first period 96.9% of all pollen
was collected from woody plants, only 57.9% of all
pollen collected during the second period originated
from shrubs or trees. Additionally, 5.6% of all pollen
collected during the second period belonged to plants
that are primarily wind pollinated, such as Castanea,
Urticaceae and grasses.

The amount of pollen collected during the first
period was strongly negatively correlated to the area of
orchards (Table 1). Land use also had a strong
influence on pollen diversity and composition, with
pollen diversity being negatively associated with
orchard cover. Furthermore, the amount of Rosaceae
pollen collected increased with orchard cover.

During the second period, no significant relation-
ship was found between the amount of collected
pollen, pollen composition or pollen diversity and land
use.

(b) Summer (N=26)
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Fig. 2 Relationship between cumulative pollen load of sampled workers and colony growth a during and b after mass-flowering
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Table 1 Model statistics of the best models on the correlation
between biomass increment and (i) pollen characteristics
(pollen quantity) or (i) land use (best model at radius with
highest R?); and models on the correlation between pollen

characteristics (pollen quantity and diverstiy) and land use.
None of the land use classes had a significant effect on the
pollen quantity or pollen diversity during the second run of the
experiment

Period Response variable Expl. var. N df Slope t-value p-value R?

1 Biomass increment Pollen quantity 27 25 0.88 = 0.18 4.81 <0.0001 0.48
1 Biomass increment Orchards (750 m) 27 25 —0.14 £ 0.07 — 2.06 0.050 0.14
2 Biomass increment Pollen diversity 24 22 6.34 £ 3.59 1.77 0.091 0.12
2 Biomass increment Urban (1000 m) 26 24 — 0.12 + 0.06 —222 0.036 0.17
1 Pollen diversity Orchards (750 m) 27 25 — 0.0072 £ 0.0017 —4.30 0.0002 0.42
1 Amount Rosaceae Orchards (750 m) 27 25 0.89 £ 0.25 3.56 0.0015 0.34
2 Pollen diversity Any land use 24 - - - NS NS

1 Pollen quantity Orchards (750 m) 27 25 —0.14 £ 0.05 — 294 0.007 0.26
2 Pollen quantity Any land use 24 - - - NS NS

Structural equation models

The structural equation models (Fig. 3) synthesise the
results from the general linear models and confirm the
strong connections between land use classes, pollen
quantity, pollen composition and colony performance.
During mass-flowering, the land use had a significant
effect on both pollen quantity and pollen composition,
with the total area of orchards decreasing pollen
diversity and pollen load in foragers, while non-forest
SNH had a positive effect on both. Only the amount of
pollen collected had a direct influence on the colony
performance, while land use had only an indirect
effect through pollen quantity. After mass-flowering,
forest cover had a positive effect on both the amount of
pollen collected and the colony growth. No correla-
tions between land use and pollen quality or pollen
quality and colony performance were found after
mass-flowering.

Discussion

Our study showed that bumblebees forage in different
habitat types depending on the time of the year.
Therefore, to maintain a healthy bumblebee popula-
tion, it is important to provide a diverse landscape
several types of SNH, which can provide pollen during
different times of the season. During mass-flowering,
bumblebees foraged on apple and pear trees, leading to

a smaller scale of the land use effect than after mass-
flowering.

We found that landscapes dominated by large,
homogenous areas of orchards are negatively corre-
lated with bumblebee colony growth. While other
studies show that pollinators can benefit from mass-
flowering crops (Holzschuh et al. 2013; Riedinger
et al. 2014), we showed that preservation of semi-
natural habitat in agro-landscapes has beneficial
effects on B. terrestris colony performance by pro-
viding more pollen. While orchards can serve as
foraging habitat for bumblebees during mass-flower-
ing, bumblebees fare better in more diverse land-
scapes. Pure dependence on a succession of mass-
flowering crops is therefore probably less effective to
maintain bumblebee colonies in agricultural land-
scapes than providing sufficient semi-natural habitat.

Effect of land use on pollen quantity and quality
and colony growth

We hypothesized that during mass-flowering of the
orchards, these would serve as important foraging
habitat and that the effect of semi-natural habitat
would be minimal due to the large abundance of pollen
resources. In our study, apple and pear trees were
indeed the most important pollen source during spring.
However, contrary to our expectations, in landscapes
dominated by orchards, bumblebees collected less
pollen, leading to a lower colony performance, in line
with what Mattila and Otis (2006) found for honey
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bees. One possible reason for the low amount of pollen pollen and nectar during flowering season, high
collected is competition with managed honeybees. densities of honeybee hives are usually placed during
Although orchards may provide large amounts of flowering. Due to these unnaturally high densities
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«Fig. 3 SEM explaining the relationships between landscape
context, pollen quantity, pollen composition and colony
performance a during (n = 27, x2(7) = 12.36, p = 0.09, CFI =
0.93) and b after mass-flowering (n = 24, X2(7) =274,
p = 0.91, CFI = 1.00). Observed variables are given in rectan-
gular boxes, while latent variables are displayed in oval boxes.
Positive correlations are indicated by green arrows, while
negative correlations are indicated by red arrows. Arrow
thickness is proportional to the standardized coefficient of the
path. Grey, dashed lines indicate non-significant paths. Non-
significant paths were not included in the final model.
Standardized coefficients are indicated on the arrows. The R?
of dependent variables is displayed in the boxes. (Color
figure online)

(Geldmann and Gonzalez-varo 2018), bumblebees
and other wild pollinators may suffer from competi-
tion with honeybees (Thomson 2004; Goulson and
Sparrow 2009; Shavit et al. 2009, but see Steffan-
Dewenter and Tscharntke 2000) or pathogen spillover
(Fiirst et al. 2014). The negative effect of competition
with honeybees is stronger in homogeneous land-
scapes (Herbertsson et al. 2016), making bumblebees
in intensive agricultural landscapes dominated by
orchards more susceptible than in more diverse agro-
landscapes. Additionally, wild pollinator densities can
increase in presence of mass-flowering crops
(Holzschuh et al. 2013; Kovacs-Hostyanszki et al.
2013), potentially further increasing the competition
for pollen. Despite the ample presence of foraging
resources, which, based on the identity of the collected
pollen, attract the majority of foraging workers,
flowering orchards could therefore be considered as
ecological traps for bumblebees (Kallioniemi et al.
2017), as these attract foraging workers, while not
providing sufficient pollen. Although we expected that
mass-flowering apple trees would have a positive
effect on bumblebees, colonies in landscapes with
only a small area of orchards performed better.

Effect of semi-natural habitat on colony
performance

We studied the role of land use on bumblebee
foraging. Both during and after mass-flowering,
colony performance was positively correlated with
presence of semi-natural habitat. In spring, during
mass-flowering, more pollen were collected in areas
with more non-forest semi-natural habitat. After mass-
flowering, colony growth was slightly better at loca-
tions with a higher surrounding forest cover, where

Tilia and Castanea are important pollen sources. Bees
are known to forage in different habitats (Mandelik
et al. 2012). Although semi-natural habitat can serve
as an important pollen and nectar source throughout
the season (Scheper et al. 2014; Foldesi et al. 2015;
Requier et al. 2015), B. terrestris, having a very broad
diet, is able to forage in agricultural (Odoux et al.
2012) and urban (Chapman et al. 2003) habitats.
During mass-flowering, most pollen was collected
from fruit-bearing trees in orchards, while after mass-
flowering, the main pollen sources were plants typical
for forest and urban (Tilia, Lysimachia vulgaris-type)
and agricultural (Papaver rhoeas-type) habitat. These
land use classes may therefore also serve as suit-
able foraging habitat for B. terrestris during specific
periods of the year (Goulson et al. 2002, but see
Bukovinszky et al. 2017).

As the bumblebees were placed in artificial bum-
blebee nests, we did not investigate the role of the
landscape as nesting habitat. While our study found a
relatively weak positive effect of SNH on colony
performance, it may have a strong effect on nesting
place availability, leading to a higher colony density in
landscapes with a higher cover of SNH.

Seasonal aspect of foraging habitat

A gap in pollen availability during the flying season
can limit bumblebee colony growth or survival
(Vanbergen and the Insect Pollinators Initiative
2013). We showed that colony growth during and
after mass-flowering on a single location were not
correlated. In our study, colonies at various locations
performed differently during and after mass-flower-
ing, and the amount of pollen collected differed
strongly between the two periods. This implies that
while a landscape could provide sufficient pollen
resources to support a bumblebee colony at a given
time, only 2 months later, the same location could be a
hostile environment for bumblebees. While one type
of land use could provide the necessary foraging
resources for bumblebees during part of the season, it
could be poor in floral resources at other times of the
year (Williams et al. 2012). For long-term survival of a
bumblebee population, it is therefore necessary that
sufficient foraging resources are continuously avail-
able within flying distance of bumblebee colonies
during the flying season, as also observed for other
groups of social bees (Franzén and Nilsson 2008;
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Decourtye et al. 2010; Aleixo et al. 2016), although the
exact locations and land use classes that provide pollen
and nectar may change throughout the year.

While B. terrestris colonies are active for a large
time of the year (Rasmont et al. 2008), most floral
resources are only present during a short period.
Except for small amounts of Crepis-type, we did not
find a single pollen morphotype that was collected
during both periods of the experiment. With changing
flower resources, the role of the landscape as foraging
habitat also changes. While most pollen during the
first period was collected on mass-flowering fruit-
trees, linden trees, which in the study region are mostly
associated with (sub)urban habitat, were the major
pollen source during the second period.

The major foraging habitat within a certain period
also influences the foraging distance, hence altering
the spatial scale on which the landscape influences the
colonies. During mass-flowering, when most pollen
was collected in the orchards themselves, the land use
effects were strongest within a 750 m radius, while
after mass-flowering, when several more distant
foraging habitats were used, land use effects were
strongest at a 1000 m scale (Danner et al. 2016).
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