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Attractiveness of sown weed strips on hoverflies (Syrphidae,
Diptera), butterflies (Rhopalocera, Lepidoptera), wild bees
(Apoidea, Hymenoptera) and thread-waisted wasps (Sphecidae,
Hymenoptera)

THOMAS FRANK

Zoologisches Institut der Universitiit, Baltzerstr. 3, CH-3012 Bern, Switzerland

In 1992 and 1993 a number of species and individuals of hoverflies, butterflies, wild bees, and thread-
waisted wasps in sown weed strips, adjacent fields and a field boundary were investigated in the Swiss
plateau near Bern. Insects were directly observed and quantified visually, and caught with yellow pan
traps. Observations always revealed distinctly higher numbers of species and individuals in weed strips
than in adjacent fields, but in yellow pan traps, opposite results or at least less distinct differences,
were noted for some insect groups. In 1992, the two-year-old weed strip contained more species of
hoverflies, butterflies and wild bees than the one-year-old strips. This was probably due to the more
diverse supply of flowers in the two-year-old weed strip which contained both annual and perennial
plants. Weed strips provided suitable nutritional conditions for flower visiting insects and were there-
fore very attractive habitats for all insect groups investigated in this study.

Keywords: Syrphidae, Rhopalocera, Apoidea, Sphecidae, weed strips, fields, species diversity, den-
sity.

INTRODUCTION

A rapid decline in species of different groups of flower visiting insects has
been observed in agricultural areas as a consequence of increasing farming inten-
sity (MOLTHAN & RUPPERT, 1988; DOVER, 1989; FUsseELL & CORBET, 1992).

Most investigations of arthropods in arable land deal with predators or pests.
Other guilds of arthropods in the agricultural landscape, such as flower visiting
insects, have not been sufficiently investigated. In seminatural biotopes such as
unimproved meadows, conservation headlands, fallows and margin strips, higher
numbers of species and individuals of hoverflies, butterflies and wild bees have been
found (AMIET, 1973; ULRICH, 1982; KLINGER, 1987; RASKIN et al., 1992; GATHMANN
& TSCHARNTKE, 1993). In contrast to other seminatural biotopes, little is known
about the attractiveness of weed strips to flower visiting insects, except for hover-
flies (WEISS & STETTMER, 1991; SALVETER & NENTWIG, 1993; SALVETER, 1996).

The creation of sown weed strips can result in a high density of blossoms, rich
in nectar and pollen, and a well-structured vegetation: prerequisites for high insect
species diversity (HEITZMANN-HOFMANN, 1993). In this paper the attractiveness of
sown weed strips on hoverflies, butterflies, wild bees and thread-waisted wasps and
their effects on diversity and abundance is studied, because the augmentation of
these insect groups may contribute to a faunal enrichment of the agricultural land-
scape. Differences in attractiveness between one-year-old and two-year-old weed
strips were also investigated.
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MATERIAL AND METHODS

In 1992 and 1993, observations and captures of arthropods were made in sown
weed strips, fields and a field boundary at Zollikofen, 6 km north of Bern, in the
Swiss plateau (562 m).

Field areas A and B:

In these areas winter oilseed rape (Brassica napus, variety Arabella) was sown
at the end of August 1991 and harvested on 17 July 1992. In 1993, these areas were
planted with potatoes which were excluded from the research because potatoes gen-
erally were not studied in the weed strip project at the University of Bern (Fig. 1).

Weed strips C, E and G:

All weed strips were sown within the fields and consisted of a mixture of about
twenty-five weed species. Details of floral composition and percentage cover are
found in HEITzmMANN (1994). In 1992, weed strip C was in its second year, while
strips E and G were one-year-old (Tab. 1).

Field areas D and F:

In these areas maize (Zea mays, variety Corso) was sown on 15 May 1992 and
not harvested during the investigation. In mid-October 1992, winter wheat (Triticum
aestivum, variety Arina) was sown in these areas and harvested on 31 July 1993. In
this field there were two further weed strips which were not studied because they
were sown with a test mixture consisting of other weed species (Fig. 1).

Field areas H, I and K:

In these areas winter wheat (Triticum aestivum, variety Arina) was sown at the
end of October 1991 and harvested on 2 August 1992. In September 1992, winter
oilseed rape (Brassica napus, variety Libravo) was sown and harvested on 9 July
1993. Study area K was only established in 1993.

—

strip G

meadow 92*
wheat 93

P

H wheat 92
rape 93

B A
maize 92*

rape 92 \ wheat 93

maize 92) .
potatoes 93

wheat 93

e——

Fig. 1. Schematic overview of study areas A-T. Black areas = weed strips. Grey areas = field bound-
aries. Fine lines = field borders. Double lines = roads. * = not studied.
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Tab. 1. Details of the study areas.

Study Distances between study areas o} r o p s Cropped Farming
areas Foregoing Studied Studied area (ha) system

1991 1992 1993
A 50 m from weed strip C, in the centre of cropped area wheat rape potatoes * 1.8 integrated
B 13 m from weed strip C in cropped area wheat rape potatoes * 1.8 integrated
c weed strip (1.5 x 212 m), sown in spring 1991
D 13 m from weed strips C and E in cropped area meadow maize wheat 1.76 conventional
E weed strip (1.5 x 188 m), sown on 27 April 1992
F 13 m from weed strip E and another weed strip in cropped area meadow maize wheat 1.75 conventional
G weed strip (1.5 x 155 m), sown on 10 April 1992
H 13 m from weed strip G in cropped area meadow wheat rape 1.7 integrated
1 50 m from weed strip G and boundary J, in the centre of cropped area meadow wheat rape 1.7 integrated
K 13 m from field boundary J in cropped area meadow wheat * rape 1.7 integrated
J field boundary (9 x 155 m), about ten years old
P control field without weed strips meadow meadow * wheat B.6 conventional
T control field without weed strips rape maize * wheat 4.3 conventional
O

not studied

Tab. 2. Details of records.

Insect group Methods of records Time of records Study  Number of
areas records
Syrphidae Yellow pan traps 4 June - 8 Sep 92 A-J 7
Observation of 2 m? plots 16 June - 21 Aug 92 A-J 18
Observation of 2 m? plots 17 May - 3 Aug 93 C-T 22
Lepidoptera Observation by walking along study areas 7 May - 16 Sep 92 A-J 20
Observation by walking along study areas 31 March - 19 Aug 93 C-P 10
Apoidea * Yellow pan traps 4 June - 8 Sep 92 A-J 7
Observation of 1m? plots 1 July - 30 Aug 93 C-P 14
Sphecidae Yellow pan traps 4 June - 8 Sep 92 A-J 7

* excluding Apis mellifera

Field boundary J:

This was a grass-dominated area in which a row of apple trees grew. During
the study the grass was mown three times in 1992 and twice in 1993.

Field areas P and T:

These areas lay in the centres of two winter wheat fields (Triticum aestivum,
variety Arina) and served as control fields in 1993.

Details of all study areas are found in Tab. 1. Insecticides were never used in
either farming system. The input of herbicides was slightly higher in convention-
ally cultivated fields than in integrated ones. This different input of herbicides had
no provable impact on the number of insect individuals or species.

Syrphidae, Apoidea and Sphecidae were caught with yellow pan traps. Yel-
low pan traps were rectangular (33 x 25 cm = 825 cm? surface) and filled with 4 %
formaldehyde plus detergent. Traps were set up from June to mid-September 1992
in areas A-J (Tab. 2). Traps were emptied fortnightly. Two traps were used per study
area, one trap was placed on the soil surface and the other in the stratum of highest
inflorescences. After the harvest of crops or after mowing the field boundary, both
traps were set up on the soil surface.

In addition to yellow pan traps, hoverflies were also observed in randomly
selected 2 m? plots (Tab. 2). Each observation lasted seven minutes per study area.
All individuals landing on plants in the plots were counted visually. Unknown
species were caught by sweep-netting and identified in the laboratory. In both years,
observations took place from 8.30-12.00 a.m. in rotating sequences so that all areas
were observed at different times.
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Butterflies were recorded by walking along each study area for ten minutes,
noting all specimens on the plants. In 1993, fewer observations were made because
there were conspicuously fewer species and individuals present in the area of inves-
tigation (Tab. 2). Observations took place in rotating sequences on sunny days in
the morning or in the afternoon. Butterflies investigated in this study belong to the
group of day-active Rhopalocera; but, if the scientific name is used later on, they
are called Lepidoptera.

In 1993, individuals of wild bees were observed in the same way as hover-
flies. However, wild bees were counted in 1m? plots because they were more diffi-
cult to identify than hoverflies. Therefore, they were not identified to species. Obser-
vations were made in rotating sequences on sunny days in the morning
(10.00-12.30) or in the afternoon (13.30-16.00).

Thread-waisted wasps were only recorded in yellow pan traps because it was
not possible to accurately identify this insect group in the field.

For statistical analysis, a Wilcoxon matched-pairs signed-ranks test was
applied, as described by SIEGEL (1987).

Mean N species

5 N i

S - B =

0 = =i\ 2 g
E = = E & E 2. E £ E = (= =
o @ = wm — (ap] — wm o @ o Q Q
D — w ~— w ~— [7)] ~— (p) ~— Re) [&] (&)
Il Il 1l I 1l Il ] Il A Il m I ]
< m O O w w 0] T N4 - o —

W Syrphidae 92 BSyrphidae 93 OLepidoptera 92 N Lepidoptera 93

Fig. 2. Mean number of species of Syrphidae (18 observations for 7 min / 2 m? in 1992 and 22 obser-
vations in 1993) and Lepidoptera (20 observations for ten minutes in 1992 and 10 observations in 1993)
in areas A-T. boun = field boundary, cont = control. Species numbers of Syrphidae (92,93) and Lepi-
doptera (92) were significantly higher in the weed strips than in the adjacent fields (P<0.05; Wilcoxon
test). In 1993, there were no significant differences in species numbers of Lepidoptera (P>0.05).
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Tab. 3. Mean number of individuals of Syrphidae (18 observations for 7 min /2 m? in 1992 and 22 in
1993) and Apoidea (14 observations for 7 min / 1 m? in 1993) in areas A-T in 1992 and 1993. Num-
ber of individuals in both insect groups was always significantly higher in weed strips than in adja-
cent fields (P<0.01; Wilcoxon test). Differences between field boundary J and the adjacent field were
never significant (P>0.05).

A 50m B 13m C strip D 13m E strip F 13m G strip H 13m | 50m K 13m J bound. P T
rape 92 rape 92 maize 92 maize 92 wheat 92 wheat 92
wheat 93 wheat 93 rape 93  rape 93 rape 93 wheat 93 wheat 93

Syrphidae
individuals 92 94 12.3 20.1 6.7 15.8 7:2 17.6 7 6.1 1.1
individuals 93 12.6 2.8 15.1 3.1 9 3 2.6 26 4.2 3.3 1.8
Apoidea *
individuals 93 8.8 0 4.8 [¢] 7.3 0.2 0.4 0.6 0.8 0.1

* excluding A. meliifera

RESULTS
Syrphidae

In both years, higher numbers of hoverfly species were observed in the weed
strips than in the adjacent fields (Fig. 2). In 1992, the older weed strip C contained
the highest number of species, whereas in 1993 species diversity was the same in
weed strips C and E.

In both years, hoverflies were more abundant in weed strips than in adjacent
fields; the differences in number of individuals between weed strips and adjacent
fields were always significant (Tab. 3). In 1992, rape areas A and B contained sig-
nificantly more syrphid individuals than maize areas D and F or wheat areas H and
I (P<0.01; n=18; Wilcoxon test). But in 1993, no significant difference in number
of individuals between rape areas H, I and K and wheat areas D and F was observed.
Control area P, which was closer to the weed strips than control area T, had signif-
icantly more individuals and species than area T (P<0.05; n=22; Wilcoxon test). In
contrast to the number of individuals, significantly more species were observed in
wheat areas D and F than in area T in 1993 (P<0.05; n=22; Wilcoxon). In 1992, the
significantly higher number of species (P<0.01) and individuals (P<0.05) in rape
area B (13 m from weed strip C) compared with area A (50 m from strip C) was
striking because between wheat areas H (13 m from weed strip G) and I (50 m from
strip G) no significant differences in terms of number of species and individuals
were observed.

Lepidoptera and Apoidea

In both years, a higher number of butterfly species was observed in the weed
strips than in the fields (Fig. 2). In 1992, the weed strips and also the field bound-
ary contained distinctly more species than the field areas. In 1993, however, a less
distinct difference in number of species between the weed strips and the field areas
was observed; in this year generally fewer species of butterflies were seen in all
areas than in 1992. In 1992, the older weed strip C showed the highest number of
species, but in 1993 weed strip E contained a higher number of species than weed
strip C.

In 1993, significantly more individuals of wild bees were observed in all weed
strips than in adjacent fields (Tab. 3). The same applied to all strips compared with
the control wheat area P. Between wheat areas D, F and control area P, no compar-
isons were made due to the near absence of wild bees from wheat.
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Tab. 4. Mean number of species and individuals (yellow pan traps) of Syrphidae, Apoidea and Sphe-
cidae in areas A-J in 1992. See text for significant differences.

A 50m B 13m C strip D 13m E strip F 13m G strip H 13m 1 50m J bound.
rape 92 rape 92 maize 92 maize 92 wheat 92 wheat 92
wheat 93 wheat 93 rape 93 rape 93
Syrphidae
species 5.6 6.0 6.0 5.3 6.9 3.9 6.6 5.7 6.6 6.0
individuals 40.3 37.9 17.3 14.4 21.0 6.3 16.6 28.7 23.6 28.1
Apoidea *
species 6.0 4.9 9.7 5.9 7.1 4.0 7.4 6.4 5.1 5.0
individuals 13.4 1.7 291 12.9 18.1 8.9 11.7 11.3 10.7 11.0
Sphecidae
species 0.1 0.4 2.1 0.6 1.3 0.0 1.4 1.0 1.0 2.0
individuals 0.1 0.6 2.7 0.6 1.4 0.0 2.7 1.3 1.1 2.6

* excluding A. mellifera

Visual observations compared with yellow pan traps

Results obtained by visual observations differed clearly from those in yellow
pan traps. In both years, the greatest number of hoverfly individuals was observed
in the weed strips (Tab. 3), whereas in yellow pan traps (1992) weed strips C and
G contained fewer individuals than the adjacent field areas A, B, H and I (Tab. 4).
In terms of species diversity of hoverflies, differences between observations and yel-
low pan trap collections were smaller (Fig. 2; Tab. 4), but numbers of species, caught
with yellow pan traps, were never significantly higher in the weed strips than in the
adjacent fields. Tab. 3 shows that numbers of individuals of wild bees obtained by
observations in 1993 were clearly higher in weed strips than in fields; the ratio
between numbers of individuals in weed strips and those in fields was 32 to 1. How-
ever, the same comparison made for captures with yellow pan traps in 1992 showed
a ratio of only 1.7 to 1. For thread-waisted wasps caught with yellow pan traps in
1992, more species and individuals were found in the weed strips and the field
boundary than in the fields (Tab. 4). Numbers of species and individuals in weed
strip C were significantly higher than in the adjacent rape field (P<0.05; Wilcoxon
test), whereas differences between the other weed strips and the field boundary and
their adjacent fields were not significant. In this group, the high number of species
compared with individuals was striking because the ratio between the number of
individuals and the number of species was 4 to 1.

DISCUSSION

Syrphidae

A typical species composition of hoverflies for arable land was found in this
study. The most abundant hoverflies (Sphaerophoria scripta L., Episyrphus baltea-
tus DE GEER, Eristalis arbustorum L., E. tenax L., Eupeodes corollae FABRICIUS,
Melanostoma mellinum L., Platycheirus peltatus MEIGEN) are eurytopic species and
also common in agricultural areas elsewhere (GROSSER & KLAPPERSTUCK, 1977,
HAGVAR, 1983; MoOLTHAN, 1990; SALVETER & NENTWIG, 1993).

Both the weed strips and the field boundary proved to be very attractive habi-
tats for hoverflies. Seminatural biotopes rich in flowers, such as fallows (SSYMANK,
1993), conservation headlands (KUHNER, 1988; RASKIN ef al., 1992), field bound-
aries (MOLTHAN & RUPPERT, 1988) and margin strips (KLINGER, 1987; LAGERLOF &
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WALLIN, 1993) have also been shown to be very attractive to hoverflies. Biotopes
with a high density of flowers enable adult hoverflies to gather more nectar and
pollen within a small area.

Due to the markedly larger supply of weed and rape blossoms, the number of
syrphid individuals was significantly higher in rape than in wheat or maize in 1992.
In that year, rape area B (13 m from weed strip C) contained significantly more
species and individuals than the rape centre (area A). This may be due to the higher
density of flowering weeds in the rape area close to the weed strip C than in the rape
centre. Some weed species with large blossoms, such as Tripleurospermum inodo-
rum or Matricaria chamomilla, invaded the rape area B from weed strip C. There-
fore, some large syrphid species (E. arbustorum L., Merodon equestris FABRICIUS,
Myathropa florea L., Scaeva selenitica MEIGEN), which prefer large flowers, were
observed in B but not in A. After the rape was harvested, these weeds and the large
hoverflies disappeared from rape area B. In 1993, the number of syrphid individu-
als in rape was not higher than in wheat. Since rape provided more flowering plants
than wheat, the reason for that result was unclear. The relatively short distance
between the control wheat field P and the weed strips appeared to be responsible
for the significantly higher number of species and individuals in control area P ver-
sus wheat field T in 1993.

Lepidoptera and Apoidea

In 1992, conspicuously more species of butterflies were recorded in the weed
strips and the field boundary than in the adjacent fields. However, in 1993, this dif-
ference was minor due to the decrease in both species richness and abundance of
individuals noted in the Zollikofen area. The small number of butterflies may have
been a result of the fairly wet spring with several cold periods in 1993. Such
unfavourable climatic conditions presumably caused a high larval mortality and a
shortened flight period of several species. Therefore, it is possible that some species
were overlooked in 1993. Weather conditions can have a strong influence on fluc-
tuations in the abundance of butterflies (POLLARD, 1984). THOMAS (1984) also
emphasized that short-term fluctuations in several species were occasionally or
mostly attributable to the weather.

The creation of weed strips counteracts the decline in numbers of butterfly
species which has been observed over the recent decades in agricultural areas, and
which continues today (DOVER, 1989). The weed strips attracted species of butter-
flies typical of open areas such as field edges, fallows and meadows (ULRICH, 1982;
RANDS & SOTHERTON, 1986; HAUSER, 1993; STEFFAN-DEWENTER & TSCHARNTKE,
1994). Most of the sixteen species recorded in this study were common mobile or
migratory species as described in THOMAS (1983), SCHWEIZERISCHER BUND FUR
NATURSCHUTZ (1988), and WorwoD & STEWART (1990). Since the majority of but-
terflies invading newly created habitats are widespread or mobile species (DAvis,
1989; Worwob & STEWART, 1990), the species community found in the weed strips
seemed to be characteristic of seminatural biotopes in arable land.

Weed strips contain nectar providing flowers and, therefore, are attractive
feeding places for butterflies. Many species may have used the weed strips as breed-
ing sites because of the presence of many species of larval host plants. Although
larval development was not part of this investigation, some caterpillars of Papilio
machaon L. were observed in the strips on Daucus carota and Pastinaca sativa.
Pieris napi L. was observed to use areas A and B for mating after the harvest of
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rape in 1992, and it can be assumed that this species passed its whole development
in all areas. In May 1992 Aglais urticae L. used weed strip C for mating.

In general, bumble-bees require more energy than hoverflies and butterflies
because they forage for their brood as well as for themselves (FUSSELL & CORBET,
1992). Weed strips provided much nectar and pollen due to the huge supply of flow-
ering plants there. Therefore, it was not unexpected that bumble-bees and other wild
bees were observed almost exclusively in the weed strips.

Visual observations compared with yellow pan traps

In this study, yellow pan traps served as a supplement to visual observations
in order to provide data on insect species which were not directly observed in the
plots. Therefore, only two yellow pan traps were used per study area, and conse-
quently, the results obtained by yellow pan traps must not be overemphasized.
Results obtained by direct observations showed that numbers of species and indi-
viduals in weed strips were distinctly higher than in adjacent fields. These differ-
ences were much smaller if yellow pan traps were used. It is likely that field cap-
tures were artificially high compared with those in weed strips because yellow pan
traps set up in fields appeared to have a greater attracting effect on hoverflies than
those 1n weed strips. It is possible that yellow pan traps are generally more attrac-
tive to flower visiting insects in more or less one-coloured crops than in colourful
weed strips. SCHAAB (1990) pointed out the limitations of yellow pan traps for quan-
tifying aphidophagous syrphids because the attractiveness of yellow pan traps
declined with increasing flower densities.

In 1992, wild bees were fairly numerous in yellow pan traps in field areas com-
pared with weed strips. Thus, it seems that the attractiveness of yellow pan traps in
fields was greater than in weed strips. The reasons for that were probably the same
as mentioned above. In addition to weed strips, other seminatural biotopes such as
meadows, fallows and margin strips have also been shown to be attractive to many
species of wild bees and thread-waisted wasps (AMIET, 1973; GATHMANN &
TSCHARNTKE, 1993; LAGERLOF & WALLIN, 1993).

In 1992, the two-year-old weed strip C contained more species of hoverflies,
butterflies (observations), wild bees, and thread-waisted wasps (yellow pan traps)
than the one-year-old strips E and G. This was most likely due to the more diverse
supply of flowers in the two-year-old weed strip, which contained not only annuals
but also flowering perennials. Thus, it seems that two-year-old weed strips can
attract more species of flower visiting insects than one-year-old ones.

CONCLUSIONS

The fact that higher numbers of species of flower visiting insects were
observed in weed strips than in adjacent crop fields may not be surprising. How-
ever, it is very important to provide several positive arguments in order to convince
decision-makers, responsible for the financial support for establishing weed strips
or other ecological compensation areas in Switzerland, of their benefit. This paper
makes a contribution to that theme in terms of species diversity, as has been done
for epigeic arthropod groups (e.g. Lys & NENTWIG, 1992; FRANK & NENTWIG, 1995).
The results of this investigation show that weed strips are of great importance for
many flower visiting insect species because they provide nectar and pollen as well
as suitable vegetative structures. Since weed strips counteract the general trend of
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declining species numbers in the agricultural landscape (Tivy, 1993), they can play
a significant role in species conservation.

Since more than one group of flower visiting insects was studied, these obser-
vations were almost completely confined to the attractiveness of weed strips as feed-
ing places. Further investigations are necessary to observe whether weed strips are
not only used by several species as feeding places, but also as places for mating,
oviposition and larval development. Possible positive effects of weed strips on the
augmentation of aphidophagous hoverflies were recently studied by SALVETER
(1996). Therefore, aspects dealing with the augmentation of predacious hoverflies,
which can be of importance for integrated pest management, are not discussed in
this paper.
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ZUSAMMENFASSUNG

In den Jahren 1992 und 1993 wurden die Arten- und Individuenzahlen von Schwebfliegen, Tagfaltern,
Wildbienen und Grabwespen in angesiiten Ackerkrautstreifen, angrenzenden Feldern und einem Feld-
rain im Schweizerischen Mittelland, nahe Bern, untersucht. Insekten wurden mittels Beobachtung und
Gelbschalen erfasst. In den Ackerkrautstreifen wurden stets hohere Arten- und Individuenzahlen be-
obachtet als in den Feldern. Gelbschalenfinge zeigten diese Unterschiede nicht oder nur undeutlich.
Der zweijihrige Ackerkrautstreifen enthielt vermutlich 1992 mehr Schwebfliegen-, Tagfalter- und
Wildbienenarten als die einjihrigen Streifen, weil in ihm neben ein- auch zweijihrige Pflanzen bliih-
ten. Ackerkrautstreifen boten bliitenbesuchenden Insekten giinstige Nahrungsbedingungen und erwie-
sen sich daher als sehr attraktiv fiir alle untersuchten Insektengruppen.
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