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Abstract

Wild bees are abundant in agricultural ecosystems and contribute significantly to the
pollination of many crops. The specialisation of many wild bees on particular nesting sites and
food resources makes them sensitive to changing habitat conditions. Therefore wild bees are
important indicators for environmental impact assessments. Long term monitoring schemes
to measure changes of wild bee communities in agricultural ecosystems are currently lacking.
Here we suggest a highly standardized monitoring approach which combines transect walks
and pan traps (bowls). The combination of these two methods provides high sample coverage
and reveals data on plant pollinator interactions. We point out that comprehensive methodical,
biological and taxonomical expertise is mandatory. The suggested approach is applicable to
diverse monitoring goals in an agricultural context e.g. the impact of land use changes as well as
monitoring potential effects of GM crops on wild bees.
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Introduction

here are more than 2000 species of bee in

Europe (Fauna Europaea (2011)* with a
gradient in bee species diversity from the south
(high) to the north (low) and from the east (high)
to the west (low). This gradient is caused mainly by
the climatic requirements of bees; most bee species
are associated with sunny and warm locations®
(Westrich 1989, Michener (2007)* About 750 bee
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species are found in Central Europe (Amiet and
Krebs (2012).2

Bees have a keystone function in ecosystems
(see Kratochwil 2003)# Pollination by bees is
essential for the reproduction of many wild plants.
In agricultural ecosystems, bees contribute to the
pollination of many crops (Roubik 1995, Allen-
Wardell et al. 1998)! Buchmann and Asher (2005)"
and a correlation between bee diversity and the
ecosystem service of pollination in agro ecosystems
has been demonstrated in several studies (reviewed
in Ricketts et al. 2008)*® Pollination increases the
yield and the quality of many agricultural field
crops. A decline of bees could result in a reduced
diversity of insect pollinated plants

(reviewed in Klein et al. 2007)* Moreover
pollination of certain fruits can increase their
micronutrient content (Eilers et al. 2011)* In Europe
the value of insect pollination has recently been
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estimated at 15 billion Euros per annum (European
Commission 2011).%

Bee species other than the domesticated honey
bee are regarded as wild bees. Many species of wild
bees arehighly specialized on particular nesting sites
and food resources (see *Westrich 1996, Michener
(2007).% Thus wild bees are highly sensitive to
anthropogenic ally driven habitat degradation and
habitat fragment ation Brown and Paxton (2009)'°
Many wild bee species are considered as good
indicators to evaluate the conservation status of
open landscape biotopes (e.g. Schwenninger 1992,
Schmid-Egger (1994),° Tscharntke et al. (1998)”
Plachter et al. 2002,°' Sepp et al. (2004),” Jauker et
al. (2009)%*

Life History Traits of Bees

Wild bees show a huge diversity of life history
characteristics (Westrich 1989, Murray et al.
2009)® They can be grouped in accordance to their
degree of ecological specialisation:

Nesting

bout 50 percent of all bee species nest in

a burrow in the ground [(e.g. sand bees
(Andrena), sweat bees (Halictus/Lasioglossum)],
favouring south facing banks and sparsely
vegetated areas. Other bees nest in cavities such as
borings in dead wood, small holes in walls or empty
snail shells [e.g. mason bees (Osmia) or leafcutter
bees (Megachile) or use old mouse nests or other
cavities in the ground (e.g. bumble bees Bombus)].

Foraging

dult bees generally use flowers of diverse plant

species as nectar sources. Bee larvae develop on
a diet of pollen and nectar (in Europe, only larvae of
the genus Macropis are known to use floral oils as
a substitute for nectar). The adult females provide
their brood cells with a mix of pollen and nectar.
Polylectic species are able to use pollen from a
wide range of different plant families. In contrast,
about 35 percent of the bees in Central Europe the
so called oligolectic bees are highly specialized,
collecting pollen only from certain closely related
plant species (Zurbuchen and Muller 2012).

Life Cycle and Sociality

More than 80 percent of European bee species
are solitary. Females of these bees construct
their own nests and provide food for their offspring

themselves. Adult females usually only live for 4 to
6 weeks. In contrast, eusocial bees live in colonies.
In Europe most bumblebees and many sweat bees
are primitively eusocial. Their annual colonies are
usually founded by a single queen. Queens of the
eusocial sweat bee Lasioglossum marginatum live
for 5 years. The only so-called complex eusocial bee
species in Europe is the honey bee Apis mellifera;
queens live up to 5 years, whereupon the colony's
old queen is replaced by a daughter queen i.e. the
colony is perennial.

Cuckoo Bees

bout 25% of European bee species use the nests

and provisions of a host bee species for their
reproduction. These cleptoparasites "cuckoo bees"
are usually associated with specific host species.
Female parasites lay their eggs in the brood cells
constructed and provisioned by the host female.
In the case of parasites of social hosts, parasite
females take over both host colonies and host
workers. Usually parasite females kill the host
queen. Thereafter the eggs, larvae and offspring of
the social parasite are provisioned by the workers
of the original host queen.

Wild Bees in Agricultural Ecosystems

Until the beginning of the 20th century,
extensive farming practices such as three
field crop rotation shaped landscapes and created
diverse habitat mosaics. As a result of the industrial
revolution, historical forms of land use changed
rapidly (e.g. Kaule ¥1991, Plachter (1991, Benton et
al. 2003). The intensification of agriculture reduced
the availability of foraging habitats and nesting
sites for bees. For example, in arable regions, the
loss of non-cropped areas and Fabaceae-rich
grassland as well as the tendency to rotation crops
lacking flowering cultivars decreased the habitat
quality of these regions for bees (see Williams and
Carreck (1994)¥ Goulson et al. (2005)** Bommarco
et al. 2012)°

Wild bee diversity in arable landscapes is affected
by the spatial and temporal avail ability of food
sources and the presence of suitable nesting sites
(e.g. Banaszak (1996)° Steffan-Dewenter (1998)™
Tscharntke et al. 2005, Holzschuh et al. (2007).>*
Landscape scale factors as well as field scale factors
likely influence the composition of bee communities
in such ecosystems (Fig. 1).

For example non-crop habitats in the vicinity
of farm sites can increase the species richness
and abundance of bees (e.g. Kremen et al. 2004)*
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Farming practices such as weed control and till
age as well as crop rotation influence the quality
of arable fields as bee foraging sites or nesting
habitats. Several studies indicate a positive impact
of e.g. fallows or certain flowering crops on bee
diversity (Schwenninger 1992)"!, Gathmann 1998,
Steffan-Dewenter 1998, Herrmann 2000, Saure et
al. (2003)%” Saure and Berger (2006),® Berger and
Pfeffer (2011) Schindler and Wittmann (2011)%°
However, deteriorating habitat quality and the
loss of habitat heterogeneity has led to widespread
decrease in bee diversity and bee abundance in
agricultural ecosystems. Most bee species need food
and nesting resources close to each other sincethey
have small activity ranges (Walther-Hellwig and
Frankl (2000)* Gathmann and Tscharntke 2002,
Greenleaf et al. (2007)*® Zurbuchen et al. (2010b)**
For this reason, the spatial and temporal availability
of the resources can markedly affect the rate of
reproduction of bees (see Zurbuchen et al. 2010a)??

An analysis of 23 studies of wild bee communities
across different agricultural landscapes in Central
Europe revealed a total of 293 bee species (Saure
et al.*” Only 54 of these bee species were found in
more than 10 studies (see Table 1). These species

are predominantly generalists (examples are
shown in Fig. 2). According to the Red Data List of
Germany, only three species (Andrena pilipes agg.,
Lasioglossum quadrinotatum, Bombus ruderarius)
are endangered (Westrich et al. 2012),% two species
(Colletes daviesanus, Melitta leporina) demonstrate
floral specialisation.?”

GM Crop Effects on Bees

Commerciahzed genetically modified (GM)
crops could affect bee communities in two
different ways, directly and indirectly (Table 2).
GM crops carrying herbicide resistance (HR) and
crops expressing insecticidal proteins derived
from the bacterium Bacillus thuringiensis (Bt) are
the most cultivated GM crops worldwide (James
2010)*> Across a number of studies on honey bees,
direct insecticidal influence of Bt-crops has never
been reported (Duan et al. (2008)'¢ These reports
of nontoxicity are consistent with risk assessment
data of Bt-crops on social and solitary wild bees
(Malone and

Burgess (2009)” Nevertheless, only few studies
address direct toxicity effects on this group of

Table 1: Number of bee species in agricultural landscapes (according to 23 evaluated studies, Saure et al. unpublished).

Infrequent (1-4

Occasional (5-9

Frequent (10-23

Taxonomic range mentions) mentions) mentions) Total
Colletidae 15 2 26
Halictidae 41 18 18 77
Andrenidae 31 18 18 67
Melittidae 5 1 7
Megachilidae 33 12 1 46
Apidae 36 20 14 70
Total 161 (55%) 78 (27%) 54 (18%) 293 (100%)

Table 2: Categories of potential effects of genetically modified crops on bees (reviewed in Morandin 2008).

Direct toxic effects

Indirect agroecosystem effects

Toxicity of proteins expressed by the inserted gene on bees.

Effects can lead to modified behaviour of bees. or can be sub °

lethal or lethal.

Unintentional alteration of the modified plant or differences in
agricultural practices associated with the GM cultivar.

Effects on the quality or attractiveness of foraging plants by
altering the phenotype or physiology of the plant.

e  Effects on the foraging habitat by decreased weed
abundance in and around the GM fields.
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Fig. 1: Wild bee species which can be found in agricultural landscapes, A: Andrena cineraria (frequent),
B: Lasioglossum calceatum (frequent) C: Colletes daviesanus (frequent), D: Andrena haemorrhoa (frequent)
E: Andrena agilissima (infrequent) F: Andrena chrysopus (infrequent) G: Andrena nigrospina (occasional).
Fotos: A, B, C, D: Schindler; E, G: Diestelhorst; F: Schwenninger.

pollinators. Exposed bumblebee colonies (Bombus
impatiens, B. occidentalis, B. terrestris) did not
display any effect of insecticidal Bt treatment
(lethal or sublethal) (Morandin and Winston 2003;
Malone et al. (2007)*° Babendreier et al. (2008).

Konrad et al. (2008, 2009)*" did not find adverse
effects of purified Bt-toxin (CrylAb) on life history
parameters and on the longevity of the solitary bee
Osmia bicornis. Currently, there are no indications
that commercialized Bt-crops pose a direct risk to
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bees. Nevertheless, new GM varieties have to be
tested for direct effects on honeybees and wild bees.

Indirect effects of HR crops on bee diversity are
most likely to occur. Only very few studies have
compared agroecosystems having GM crops to
other cropping systems in terms of their effects on
wild bee populations. Different cropping methods
associated with certain cropping systems such
as field size and pesticide use may affect wild
bee abundance (Morandin and Winston (2005).%
Effective weed control through the application of
broad-spectrum herbicides in HR cropping systems
is suggested as a main factor influencing bee
abundance (see Haughton et al. 2003),”* Hawes et
al. (2003)® Indeed, food resource availability plays
a central role in regulating wild bee populations
(Roulston and Goodell (2011)% Consequently,

indirect effects of HR cropping systems on wild
bees, including the application of broad spectrum
herbicides, should be tested in GMO monitoring
schemes.

Standardised Monitoring of Wild Bees

ntomologists have established numerous

methods to monitor flower visiting insects
such as bees, and several standardized methodical
approaches have been developed (Table 3). A
general description of methods has been published
by e.g. Muhlenberg (1993),”” Duelli et al. (1999)""
and Sutherland (2010).”7 Schwenninger (1994)
and Weber (1999) published detailed methodical
specifications concerning inventory studies on wild
bees. Westphal et al. (2008)** discussed methods,

Table 3: Common field ecological methods to survey bee diversity and abundance (adopted from Stey skal et al. 1986

and Sutherland 2010).

Description of the method

Direct searching of bees e.g. at nesting sites or forage plants. This can be done by
standardizing the area and/or the level of sampling effort. Bees are collected with
insect nets.

Sightings/ collecting with insect nets

Malaise traps are made out of fine netting with vertical black screens and a bright
sloping roof that leads to a collecting device (e.g. ajar filled with conserving agent).
Flying bees hit the screen and walk upwards. Positive phototaxis (response to a
light stimulus) of bees leads them to the bright roof and finally to the jar.

Malaise traps

Window (acrylic glass) traps collect bees on the wing. Bee specimens fly into the

Window traps (Interception traps) window and drop into a bowl with water or with a liquid conserving agent.

Bee specimens fly into a pan or bowl with water or with a liquid conserving agent.
The spectral properties of pan traps attract bees: yellow, white and blue pan traps
are most suitable whilst UV-reflective surfaces enhance their attractiveness for
bees.

Pan traps (Water traps, ‘Moerike-traps’)

which have been used to assess pollinator diversity
and abundance.

should be conducted for at least 3 years. To correct
for temporal dynamics of wild bee populations
across multiple years, the monitoring year must be
regarded as random factor in the statistical analysis.
In search of the most suitable methods for the
monitoring of wild bees, one has to consider that
negative effects of the studies on bee populations

Standardised monitoring of wild bees requires
a methodological design which ensures a high
sample coverage but minimizes significant negative
impacts on population sizes of individual bee
species. Monitoring collaborators should be highly

familiar with the taxonomy, biology and ecology
of bees. Furthermore basic knowledge of botany
and methodical approaches for bee collection are
essential.

Methodical Approach For Monitoring of Bees

Field studies relating to bee-monitoring preferably

must be minimized.

For the monitoring of bees, we suggest a
combination of sightings and collecting with insect
nets along transect walks and short-term collecting
with pan traps (max.one day). The use of temporarily
positioned pan traps as a supplementary method
may improve the results (see Meissle et al. 2012)
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Study Design

In each study area, adequate unploughed strips
should be identified as study sites. On the
unploughed strips at least 4 transects with a total
length of 1000 m and width of 1 m should be defined.
Transects should be established at representative
strips within a radius (buffer) of 500 m from the
borders of the target fields.

Next to each monitoring site, a 'control' or
reference site should be identified at a minimum
distance of 4 to 5 kilometres. This distance prevents
overlapping of foraging ranges from monitoring to
control site for e.g. bumblebees; some bumblebee
species fly distances up to 2.5 kilometres (Walther-
Hellwig and Frankl 2000)*?, Hagen et al. (2011)* The
reference site should be situated in the vicinity of
the study area. Landscape characteristics, farming
practices as well as abiotic parameters in the
reference site should be consistent with the study
area. The choice of and sampling at transects should
be conducted in the same way as in the study area.
In cases where there are two observers per study,
the observer of the study area must swap with the
observers of the reference area and vice versa to
avoid systematic monitoring biases. The advocated
design, a paired design, allows for variation across
large geographic distances for inherent differences
in bee species diversity and bee abundance due,
for example, to climate. A non-paired design
would also be suitable, but at the cost of reduced
statistical power; considerably greater number
of sites would be required in a non-paired design
to allow the effects of geography on bee species
diversity and bee abundance to be partitioned out
of a multivariate analysis of the impact of a specific
anthropogenic factor (e.g. pesticide use) on wild
bee communities Buhler (2012)"

Sampling of Wild Bees

he flight periods of bees are synchronised

with the growing season of plants. Therefore
field studies should be conducted monthly from
mid-March to mid-September. The beginning of
the sampling period can vary depending on the
climatic conditions in different regions or years.

In March and April transect walks (50
minutes/250m) should be conducted between
10:00 a.m. and 4:00 p.m. In May-September transect
walks (50 minutes/250 m) should be carried out
both in the morning and in the afternoon between
9:00 a.m. and 5:00 p.m. Studies should be conducted
only on sunny and windless days. Sampling should
be repeated six times per year (every 3-4 weeks) at

each study site. For each study site, the schedule
and defined habitat parameters such as habitat type,
abundance of habitats and size of habitats should
be accurately documented on a standardised field
report.

Bee specimens that can be identified directly in
the field without catching should be registered in
the field report. Those specimens that are difficult
to distinguish should be collected with an insect
net and stored in clear vials in a dark bag chilled
with an ice package. Each vial should be labelled
(e.g. location, date, time, number of the transect,
host plant). At the end of the transect walks, bees
collected in vials should be determined. Identified
specimens should be documented by a macro photo
as a voucher before they are release Unidentified
wild bees should be exposed to ethyl acetate fumes.
If DNA analysis (e.g. DNA barcoding) is necessary
to identify specimens, bees should be exposed to
ethyl acetate as short as possible in order to prevent
degradation of the DNA (see Magnacca and Brown
(2012).%8

Before starting with the transect walks, one set of
three UV reflective pan traps (yellow, blue, white)
(Stephen and Rao (2005)7, Droege (2006)** should
be positioned in one representative transect at the
level of the surrounding vegetation. The outer
casing of the pan traps generally should be black
to prevent attracting bees over a great distance.
Pan traps should be filled with water and a drop
of unscented detergent should be added as wetting
agent. The pan traps should be removed at the end
of the examination day.

The described method should also be used on
crops that are potential foraging habitats for wild
bees. A minimum of three surveys should be
conducted during the crop flowering period. Pan
traps should be positioned within the crop field and
preferably at the same height as flowers of the crop.
The distance of the pan traps to the field boundary
should be at least 5 m to prevent attracting bees
from non-crop areas (Droege et al. 2010)."

All collected bee specimens should be pinned
with stainless steel insect pins. Wild bees should be
prepared as described in Ebmer (2010)."* Voucher
specimens should be preserved in close fitting
insect boxes. Samples for DNA analysis should be
stored under cool conditions (e.g. a domestic fridge,
+4°C) in 295% ethanol.

Analysis should be made by comparing the
variables species diversity and species abundance
of the anthropogenically altered sites (e.g. GMO
monitoring sites) with their paired control sites (e.g.
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GMO-free monitoring sites). The variance in count
data may be addressed by either incorporating a
comparison between e.g. GMO and e.g. non-GMO
sites in the monitoring design or by analyzing
additional data on the relevant environmental
context (Lang and Buhler (2012).” A recent study
corroborates local environmental factors such
as habitat type, nesting resources and grazing
regime as powerful determinants of community
composition in bees (Murray et al. 2012).8

Environmental Monitoring with Wild Bees in
Agro-Ecosystems

Environmental assessments with biotic indicators
are carried out to detect changes or predict the
potential effects of a given practice or stressor on
a specific group ganisms. Indicators must respond
to the practice or measure being addressed and the
localities for which they must be valid (Osinski et
al. 2003).°

Wild bees are well accepted biological indicators,
especially for ecological assessment in open
landscapes such as arable regions or grasslands
(see Schwenninger 1994)" *Kevan 1999, Weber
1999, Plachter et al. (2002).% So far, however, the
inclusion of bees in environmental risk assessment
is restricted to honey bees and, in a few cases, to
bumblebees (Kevan et al. 2008, Romeis et al. 2008).
Particularly honey bees have often used as non-
target organisms to test the impacts of pesticides
(Thompson 2003).”® Quite recently new rearing
methods for honey bee larvae have been developed
to test e.g. the effect of pesticides or the impact
of GM crop pollen on bee larvae (Hendriksma
et al. 2011a,b). Only few studies deal with the
impact of pesticides on bees (e.g. Gretenkord
(1997)%*, Ladurner et al. (2005)* Whitehorn et al.
(2012)* but no agreed risk assessment procedures
for them have yet been established. These
laboratory methods are part of a standardized risk
assessment, which examines toxicity as a direct
effect of an agent to bees. The potential effects of
a pesticide at the level of the bee community have
almost remained unconsidered (Morandin and
Winston 2005, Holzschuh et al. (2008).5* Tuell and
Isaacs (2010) tested a method to compare pest
management programs for their potential effect
on wild bee communities. So far, however, we
lack studies dealing with the indirect effects of
environmental stressors on wild bee communities
as well as descriptions of standardized methods for
long-term studies to measure changes of wild bee
communities in agricultural landscapes.

Standardized Ecological Assessment With Wild
Bees

he use of wild bees in ecological assessment

makes it necessary to develop stand ardized
methods and a precise study design. It must be
considered that studies have to produce verifiable
and reproducible results. For environmental
assessment projects with wild bees we recommend
the combination of transect walks and pan traps (see
section 2). This method is likely to deliver reliable
results on the diversity of wild bee communities and
the abundance of wild bee species. Particularly for
long-term studies, our methodical design provides
the following advantages:

* Live observation of bees in combination
with net collecting reduces the percentage of
killed individuals to < 30% of the recorded
specimens (Schwenninger unpubl). This
approach helps to minimize negative effects
of monitoring on bee populations.

e The combination of transect walks and pan
traps (bowls) provides high sample coverage.
Since pan traps are used only temporarily,
their impact on size and composition of bee
populations is negligible.

The suggested method can operate efficiently
in a wide range of ecological monitoring schemes
in agricultural ecosystems. We point out that
comprehensive  methodical, biological and
taxonomical expertise is required. We disagree
with Westphal et al. (2008),* who, for long term
monitoring schemes, recommend pantraps as the
most suitable method for surveyors with different
levels of bee taxonomic expertise. It should be
considered that long term exposed pan traps are
very effective at trapping bees and could negatively
influence local bee populations. For this reason we
reject long term passive sampling methods.

Conclusion

here is still a current need for biotic indicators

to evaluate the impacts of land use change as
well as the effects of agr environmental schemes
on biodiversity (Buchs (2003)'? Osinski et al. 2003,
Bergschmidt 2004, COM 2006). Wild bees are
approved bio indicators (Kevan 1999).*® However,
guidelines for standardised ecological assessment
by using wild bees are currently missing. Our
described methodical design can be applied in
many contexts (e.g. impact of land use changes,
evaluating ecosystem services, climate change,
invasive bee diseases) to different agricultural

Indian Journal of Biology / Volume 10 Number 1 / January - June 2023



32 R Padmavathi, P Sethuraj/ Wild Bees as Environmental Indicators
and Monitoring Agricultural Ecosystem: A Review

landscapes in Europe. In future the application of
wild bees as biodiversity indicators might also be
ofrelevance in monitoring potential effects of GM
crops (see Meier and Hilbeck 2005).

The interpretation of changes in the diversity
of wild bee communities and the abundance of
certain wild bee species is made difficult because
of a lack of former studies in many regions in
Germany and Central Europe. Moreover changes
of wild bee communities could be attributed e.g. to
annual fluctuations in population size, arising from
natural variation in population growth, or to the
species' dispersal ability (see Murray et al. 2009).5®
Therefore we strongly recommend standardized
base-line studies with replications in different
agricultural landscapes. Initially the base line
should be documented through a three-year field
study. Subsequent studies should be repeated every
five years to record the status quo and the changes
in biodiversity of wild bee communities. Longterm
base line monitoring will provide data that allow
distinguishing between the natural population
dynamics of wild bee species and effects attributed
to environmental changes. An assessment using
biotic indicators such as wild bees requires crucial
ecological and taxonomic qualifications. Therefore
we encourage the establishment of courses to
qualify collaborators for our suggested monitoring
schemes with wild bees.
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