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SUMMARY

The goal of agri-environmental schemes (AES) and greening programs are protecting and increasing biodiversity in agricultural lands. The
evaluation of effectiveness of AES needs further investigations. For the purpose of investigations, species and species groups should be selected
which can indicate the effects of changes in landscape use on biodiversity. Bumblebees are good indicators for this purpose.

The role of bumblebees in pollination is well studied but in the case of different crops, much less detailed data are available. In 2018, bumblebee
assemblages of 44 sites belonged to 8 different agricultural and semi-natural habitat types were studied in the surroundings of Sajoszoged,

Tiszavjvaros and Derecske.

This study provides new distribution data of 8 bumblebee species in three 10%10 km UTM cells covering the sampling area. According to our
results, the alfalfa and red clover fields and semi-natural grasslands has more species rich and abundant bumblebee assemblages than different
crop fields (sunflower, oilseed radish and vegetable morrow) and can help protect bumblebee assemblages of agricultural lands. Based on the
collected distribution and abundance data, the role of the bumblebees in pollination of the studied crops should be re-evaluated.
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INTRODUCTION

In Europe, the agri-environmental schemes (AES)
have been introduced in the beginning of the 90’s.
Governments provide area-based payment and they
have to make use of various practices that reduce the
negative impacts of extensive farming systems on the
environment and climate and increase biodiversity in
agricultural lands (Badenhausser and Cordeau, 2012).
The greening programs are important parts of the agri-
environmental schemes since the crop diversification,
the use of permanent grassland and ecological focus
areas are effective way of increasing biodiversity in
agricultural lands (Benton et al., 2003).

Greening supports action to adopt and maintain
farming practices that help meet environmental and
climate goals (Donald et al., 2002; Kovacs, 2017,
Ovenden et al., 1998). Mainly the urbanisation and
agricultural intensification are responsible for
biodiversity loss, environmental or landscape changing
and environment degradation (Firbank et al., 2008;
Gaston, 2005; Luck et al., 2004). Although the role of
»green infrastructure” in the biodiversity conservation
and human welfare is increasingly well-known, for the
evaluation of the effectiveness of agri-environmental
schemes, many investigations should be made (Kleijn
and Sutherland, 2003; Gordon et al., 2009; Jorgensen
and Gobster, 2010). This is especially necessary in the
Central and Middle European countries because in this
region the biodiversity is higher, while the agriculture
is less intensive then in West European region (Donald
et al., 2002; EEA, 2003; Jeanneret et al., 2003).

For investigations species and species groups
should be selected which can indicate the effects of
changes in landscape use on biodiversity (McGeoch,
1998; Wiens, 1989). Pollinators, for example
bumblebees are good indicators of the effectiveness of
agri-environmental schemes (Sepp et al., 2004,

Osbhorne et al., 1999). Bumblebees are one of the main
pollinators of crops and wild flowers in the northern
temperate zone (Knight et al., 2005). Pollination of
more than 80% of European plant species belongs to
insect pollinators, thus their role in the ecosystems is
evident (Williems, 1994). This ecosystem service
generates income of 5 billion Euros per year for
European farmers, while in worldwide this mean 150
billion Euros per year (Gallai et al., 2009). Although the
abundance of pollinators especially of bees recently
decreased (Buchmann and Nabhan, 1996; Westrich,
1996; Williams, 1982; 1986). For wild bees the
agricultural intensification is extremely dangerous
(Williams, 1989). In Europe, areas of many bumblebee
species shrank (Donath, 1985; Williams, 1986;
Rasmont, 1988), which takes effect on success of
pollination (Corbet et al., 1991; Allen-Wardell et al.,
1998).

Although there have been many studies on
bumblebees, but the agricultural and especially the
arable lands are mainly under investigated (Goulson,
2003), and we have much less data on effects of
greening programs on bumblebee species and
assemblages.

To compensate the lack of information, we study
and compare the bumblebee fauna and assemblages of
different crops, hedges and semi-natural grasslands.

MATERIALS AND METHODS

Our samplings were carried out between June and
August of 2018 in 44 sampling sites. The studied
habitats were sunflower, oilseed radish, vegetable
marrow, alfalfa and red clover fields, alfalfa hedging (6
m wide margin cropped with pulses and grasses
according to requirement of AES (Agocs et al., 2015)
and semi-natural grasslands (hayfields with Vicia
cracca, Lotus corniculatus, Trifolium repens, T.
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pratense and Plantago lanceolate and dike slopes with
Medicago sativa, L. corniculatus, T. pratense).

Bumblebees were sampled with visual detection
along a linear transect during 10 minutes per sample.
The number of bumblebees by species and the visited
plant species were detected (The host plant preference
of different bumblebee species will be analysed further
on).

Specimens of Bombus terrestris and B. lucorum
(National Biodiversity Data Centre, 2012), as well as
specimens of B. hortorum and B. ruderatus (Williams
and Hernandez, 2000) cannot be identified in species

level thus we regard them as species pairs. During the
analysis the total, the minimum and maximum and
mean species number of different habitat types were
determined and calculated and to compare the
qualitative composition of assemblages Whittaker
index (S/ Smean) Was calculated.

We collect faunistical data for EU00, EUOL and
ET44 10x10 km UTM cells (Figure 1). The evaluation
of these data based on the work of Sarospataki and
coworkers (2003), who made UTM based distribution
data base of the Hungarian bumblebee fauna.

Figure 1: Location of sampling sites (n=44) on the 10x10 km UTM map of Hungary

Image Landsat / Copernicus

Source: Google Earth

RESULTS AND DISCUSSION

Bumblebee assemblages

During the sampling period 269 specimen of 8
bumblebee species were detected. The sampled species
were: Bombus terrestris/lucorum, B. lapidarius, B.
ruderarius, B. hortorum/ruderatus, B. sylvarum, B.
pascuorum, B. humilis, B. hypnorum).

We found at least 2 bumblebee species in all the
studied habitat types except the vegetable marrow
fields. The explanation of the latter result need further
investigations. The total species number was highest in
the grassland of dike slopes, where many flowering
plants could be found, and the surroundings of these
habitats were also more diverse than in case of other
studied habitat types.

B. terrestris/lucorum and B. lapidarius occurred
almost in all habitat types (except vegetable marrow).
The most abundant species was B. lapidaries with 156
individuals in total. It was followed by B.
terrestris/lucorum (52 individuals), while only 3 B.

Google Earth

ruderarius and 1-1 individual of B. humilis and B.
hypnorum were sampled (Table 1).

The mean and the maximum species number were
also highest in the dike slopes, while the less species
rich habitats were the vegetable marrow and oilseed
radish fields. In five of the seven habitats occupied by
bumblebees the total number of species and maximum
number of species were equal, thus there was at least
one sampling site in each type where all species of the
given habitat were occurred. One of the dike slope
sampling sites was the most species rich site with 6
bumblebee species. Species richness of red clover
fields, hayfields and sunflower were equal, but the
mean species number of sampling sites were much less
in the sunflower fields. The species richness of alfalfa
and red clover fields and hayfields were mainly equal
(between 2.5 and 2.8), and they had relatively species
rich bumblebee habitats. Considering mean species
number, the oilseed radish and sunflower fields
(sampling sites) were the less species rich habitats (0.6
and 1.8).
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Table 1

Total number of sampled individuals (N) and distribution of the sampled 8 bumblebee species in the different studied habitat types
X=occurrence

sunflower oiIS('eed vegetable alfal'fa alfalfa hayfields dike
radish marrow hedging clover slope
Bombus terrestris/lucorum X X X X X X X 52
Bombus lapidarius X X X X X X X 156
Bombus ruderarius X X 3
Bombus hortorum/ruderatus X X X 10
Bombus sylvarum X X X 32
Bombus pascuorum X X 14
Bombus humilis X 1
Bombus hypnorum X 1

According to Whittaker index the quantitative
composition of bumblebee assemblages of different
habitats showed differences. The total value of index

radish and sunflower fields (Table 2).
The mean bumblebee abundance was highest in
dike slopes while in the alfalfa hedging and oilseed

was higher than each value of different habitats. The radish field were especially bare considering
heterogeneity of sampling sites was highest in oilseed bumblebee abundances.
Table 2
Characteristic data of bumblebee assemblages of different studied habitat types
oilseed  vegetable alfalfa ] dike
fl . . Ifalf h Id
Suntiower radish marrow hedging altatia clover ayfields slope Total
Number of species (S) 4 2 0 3 5 4 4 6 8
Maximurm number 4 2 0 3 4 3 4 6 6
of species per site (Smax)
Mean number
. . 1.8+1.1 0.6+0.7 00 2+0.8 2.840.9  2.5+0.6 2.7+1 4+1.4 1.9+1.4
of species per site (Smean)
Maximum number
. . 2 2 4 1 12 1 1 2
of individuals per site (Nmax) 0 0 6 8 8 0
Mean number of individuals ¢, ¢+ 700 os0 3414 103442 1022 95436 13364 6.1458
per site (Nmean)
Whittaker (S/Smean) 2.2 3.2 0 15 18 16 15 15 4.2

Distribution data

We compare the collected bumblebee data in the
EU00, EUO1 and ET44 10x10 km UTM cells with
distribution data published by Sarospataki et al. (2003).
Considering EUO00 cell we collected B.
terrestris/lucorum, B. lapidarius, B. ruderarius, B.
hortorum/ruderatus, B. sylvarum, B. pascuorum, and B.
hypnorum data, in case of EUO1l cell Bombus
terrestris/lucorum, B. lapidarius, B. ruderarius, B.

hortorum/ruderatus, B. sylvarum, B. pascuorum and B.
humilis, while in case of ET44 cell Bombus
terrestris/lucorum és a B. lapidarius data were
collected. We provided new distribution data for 6
species in the EUQO cell, for 7 species for the EUO1 cell
and for 1 species in the ET44 cell. Distribution data
base of the three studied UTM cells improved with 14
new data record of 8 bumblebee species (Table 3).

Table 3

New distribution data records of EU00, EUO1 and ET44 10x10 km UTM cells by species

EU00

EU01 ET44

. terrestris/lucorum

. lapidarius

. ruderarius

. hortorum/ruderatus
. sylvarum

. pascuorum

. humilis

. hypnorum X

W W W W w www
X X X X X

X X X X X X X

33
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CONCLUSION

During this study, different agricultural and semi-
natural habitats were sampled to collect quantitative
and qualitative data on bumblebee assemblages.
Samplings were made in summer of 2018 in 44
sampling sites of sunflower, oilseed radish, vegetable
marrow, alfalfa and red clover fields, alfalfa hedging
and semi-natural grasslands of hayfields and dike
slopes.

The most species rich and abundant bumblebee
assemblages were found in grasslands of dike slopes.
These habitats were most mosaic and flower rich and
even their surroundings were also more divers than in
case of the other sampled habitat types.

Hayfields, alfalfa and red clover fields were also
suitable for bumblebees they showed also relatively
high mean species numbers and abundances. The
alfalfa hedging was relatively poor in bumblebees but
were most suitable than the studied crop fields (oilseed
radish, sunflower, and vegetable marrow). Although

based on the literature (Goulson, 2003) the oilseed
radish and vegetable marrow, included by greening
programs, are suitable habitats for bumblebees. In this
case we found opposite results, thus this topic needs
further investigations. Sunflower fields showed high
variability considering both species number and
abundances.

According to our results alfalfa and red clover,
which are involved in greening programs as nitrogen
fixing plant and secondary crops with ecological
impact, can help protect of bumblebee species and
assemblages of agricultural landscapes. The alfalfa
hedging provides less source for bumblebees, but it also
can increase their abundance and species number.
Based on our results the role of bumblebee pollination
in case of the studied crops should be re-evaluated.

Beyond that we provide new distribution data of 8
bumblebee species in three 10x10 km UTM cells of the
Hungarian Plane cover surroundings of Tiszaujvaros,
Sajoszoged and Derecske.
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