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Abstract 
The loss of biodiversity and biomass of insects has a detrimental effect on eco-systems and associated ecosystem services, 
e.g. pollination. For this reason, various nature conservation measures for the promotion of insects are being created in 
agricultural landscapes. One of those measures is the so-called flower strip at the edge of fields. However, it is repeatedly 
propagated in the nature conservation community that by means of annually mulched flower strips, species richness and 
abundance of pollinators in intensively used agricultural areas cannot be increased. Furthermore, these measures might 
represent ecological traps. To check this criticism, we surveyed one to three meter wide perennial wild flower strips in 
intensively used agricultural areas, which have been mulched annually for three years, upon abundance, species numbers and 
biomass of bees and butterflies. By means of transect surveys, species richness and abundance were recorded and biomass 
was calculated. We compared the findings with those of reference field margins. Our results show an increase in species 
richness and abundance as well as a general increase in biomass of wild bees and butterflies in wild flower strips compared 
to findings in the reference field margins.
Implications for insect conservation  Our study shows that small, annually mulched wild flower strips are able to promote 
biodiversity of wild bees and butterflies in the intensively used agricultural landscape. Further, our results obtained that this 
measure does not inevitably represent an ecological trap or sink habitat for most species.
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Introduction

During the last decades, several studies revealed a notable 
decline of insect species richness and biodiversity (Kosior 
et al. 2007; Goulson et al. 2008; Scheper et al. 2014). In 
Germany a decrease of about 75% of biomass of flying 
insects was recorded during 1989–2016 in nature conserva-
tion areas (Hallmann et al. 2017). Similar trends are given in 

other European countries (Conrad et al. 2006; Valtonen et al. 
2017; van Swaay et al. 2006) and worldwide (Sánchez-Bayo 
and Wyckhuys 2019). This development endangers impor-
tant eco-system services like pollination (Biesmeijer et al. 
2006), natural pest control and recycling of organic matter 
(Noriega et al. 2018).

Main reasons for the decrease are the loss of habitat struc-
tures, climate change and the intensification of agriculture 
(Steffan-Dewenter 2003; Le Féon et al. 2010; Ewald et al. 
2015; Seibold et al. 2019), which causes, amongst others, 
losses in food plant abundance for flower-visiting insects 
(Abrahamczyk et al. 2020).

In Germany about 50% of the land surface is used for 
agriculture (including grassland) (Umweltbundesamt 
2019). This extensive proportion shows that it is neces-
sary to collaborate with local farmers, for establishing 
large-scale effective nature conservation measures and by 
that means support insect habitats (Gonthier et al. 2014). 
Flower strips are common nature conservation instruments 
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which several countries have already introduced, e.g. as 
agri-environmental measures (Haaland et  al. 2011) in 
the Common Agricultural Policy (CAP) of the European 
Union. However, some aspects might limit the positive 
effects of flower strips or even turn them into a so called 
‘ecological trap’ (Ganser et al. 2019). For example, spe-
cies might prefer them even if they show a low quality 
for reproduction compared to more suitable habitats. This 
general behaviour can lead to a decline or extinction of 
populations according to Battin (2004) and Gilroy and 
Sutherland (2007). Further negative impacts might occur 
due to conventional managed neighbouring fields with 
dispersive pesticide application (Ganser et al. 2019) or 
destruction of wintering habitats by mulching (Wix et al. 
2018; Haaland et al. 2011; Ganser et al. 2019).

Füglistaller et al. (2018) have already concluded, for 
various insect groups, that annual flower strips do not act as 
an ecological trap. However, the authors mainly dealt with 
soil-associated arthropods with no wild bees being included 
into their analyses. Since annual flower strips cannot provide 
long-term habitats, some negative effects, which an eco-
logical trap could create, cannot occur. Those effects might 
rather be found in nature conservation measurements, which 
persist for a longer period of time, like perennial flower 
strips which offer nesting sites. Thus the general effects on 
insect populations might be highly different compared to 
that of annual ones.

To check if perennial flower strips do actually represent 
such an ecological trap or other sink habitats for relevant 
pollinators like wild bees and butterflies, we established 
(CAP compliant) narrow wildflower strips in intensively 
used agricultural areas, which were mulched once a year. 
In the survey, species richness and abundance of both taxa 
were recorded in one, two and three year old flower strips 
and field margins without sown flower strips (reference mar-
gins) and biomass of the species groups was calculated ret-
rospectively. By collecting data of the different aged flower 
strips over five years, annual effects could be minimized. 
Incoming food guest insects in the flower strips from the 
surrounding areas can increase the number of individuals 
and the biomass, but it can be assumed that the error will be 
balanced out over all years of investigation, or can be clearly 
recognized by the flower strips of different ages, especially 
due to the mass flowering of specific plant species. However, 
a strong change in species richness by food guests cannot be 
assumed, since the surrounding agricultural areas usually 
do not contain a large inventory of species which is also 
recorded by the examination of reference margins. Accord-
ing to our approach, an ecological trap or another sink 
habitat was assumed if species richness or the number of 
individuals in flower strips decrease significantly over time, 
while the reference areas hold constant values. However, 
the experimental setup did not allow the distinction between 

a sink habitat and a real ecological trap, but fundamental 
habitat suitability for the species groups can be inferred.

Material and methods

Study design

From 2014 to 2018, 50 km of wildflower strips (in total 
117 flower strips) with a width of 1 m (2014–2015) and 
3 m (2016–2018), and an average length of about 430 m 
(from 96 to 5.579 m) were created at the edges of intensively 
cultivated fields in the Lower Rhine Bay (NRW, Germany) 
(see Fig. 1) in cooperation with 40 non-organic farmers. The 
change in the width of the flower strips was due to a change 
in financial support for farmers at the start of the new CAP 
funding period. In order to compensate the difference of 
width, the strips already examined were widened to 3 m, if 
possible.

Flower strips which are close to other flower strips or sim-
ilar nature conservation measures, as well as strips which are 
close to roads or railroad tracks, with obvious soil compac-
tion or shading were excluded for data acquisition. On the 
adjacent fields, mostly non-organic agriculture with different 
and changing crops (mainly winter wheat, sugar beet, corn) 
was operated. The use of pesticides was not recorded for the 
total of more than 280 neighboring areas, but regular use 
can be assumed regarding to cropping plans and legal situa-
tion. When selecting the respective field egdes as reference 
margins, attention was paid to them having the same length 
and neighbouring areas which are managed in a similar way.

The wildflower species list is referring to the seed mix-
ture Feldraine auf Löss (engl.: Field border on loess) (spe-
cies and quantity composition in Table S1). Only wild plant 
seeds of regional origin according to Prasse et al. (2011) 
were used. Sowing took place with pneumatic and mechani-
cal sowing machines by farmers individually from the end 
of August to the end of September with a seed rate of 20 kg/
ha combined with 80 kg/ha of groats as a filler for better 
manageability. Neither fertilizer nor pesticides were used 
in the strips. Only a small scale, selective mechanical weed 
control to reduce thistle (Cirsium arvense) was allowed. 
However this was only applied very rarely. All flower strips 
were mulched once a year and reference margins at least 
once a year. A detailed description of the development and 
implementation of the measure is given in Schmied and 
Baum (2019).

Data collection

Wild bees and day-active butterflies were recorded between 
2015 and 2019 by means of transect surveys in wildflower 
strips of different age (1–3 years) and in reference field 
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margins according to Schindler et al. (2013)—without using 
pan traps. In total 13 flower strips were part of the moni-
toring. In the following, the different ages of flower strips 
are given as age types in order to avoid confusion with the 
study years. To minimize local effects, we selected wild-
flower strips and reference field margins from three differ-
ent subordinate regions (Cologne Lowland, Jülich Börde & 
Zülpich Börde). Apart from 2015 with only two examina-
tion dates, five transect surveys were conducted every year 
between March and September. In total the transect length 
measured 1.300 m for each flower strip age type and respec-
tive reference margins. The number of transects recorded per 
age type varied (year 1: n = 11; years 2 and 3: n = 8; in total 
always 1.300 m), as the length of single transects was shorter 
at the beginning of the study. The same number and length 
of transects were used in the reference margins (detailed 
list in Table S2). During data acquisition, no distinction 
was made between strips of different widths (1 m/3 m) as 
no comprehensible differences were expected based on the 
results of Denys and Tscharntke (2002) and Carvell et al. 
(2015) plus the two widths were also distributed similarly 
in the respective age groups. The age types of the flower 
strips were examined over different years (Table S2), so that 
singular effects of study years were minimized. Individu-
als have been determined according to Settele et al. (2009) 
[butterflies] and Mauss (1990); Prosi et al. (2015); Schmid-
Egger and Scheuchl (1997); Amiet et al. (1999); Amiet et al. 

(2001); Ebmer (1973); Dathe et al. (2016) [wild bees]. Great 
importance was attached to not taking any individuals from 
nature as long as they could be reliably identified in the field 
(by sight or by temporary capture). In the case of wild bees, 
the same approach was followed as in the BienABest project 
(Neumüller et al. 2020, 2021).

During all transect surveys, the flower cover of all plant 
species in the investigation areas was cumulative recorded 
in percentage categories (0–1, 1–5, 6–19, 20–49, 50–100).

Statistical analysis and calculation of biomass

Statistical analyses were conducted in RStudio version 
1.4.1106 (R Core Team 2019). To examine whether the dis-
tributions of number of species and individuals were signifi-
cantly different generalized linear models (GLM) and post-
hoc Tukey-tests were calculated with the use of the package 
multcomp (Hothorn et al. 2008). Therefore, the number of 
species and individuals of both wild bees and butterflies 
were compared between the different age types of flower 
strips and the respective reference field margins.

In order to represent the biodiversity of the different age 
strips and its references, respectively, Shannon index was 
calculated according to Shannon (1948) in RStudio (R Core 
Team 2019) and the package vegan (Oksanen et al. 2020).

Pollination type (oligolectic/polylectic) and nesting 
behavior (soil/deadwood/plant-breeding and other cavities/

Fig. 1   Location of the study areas in the Lower Rhine Bay (North Rhine-Westphalia, Germany) (www.​geopo​rtal.​nrw) with a photo of the typical 
landscape of the region

http://www.geoportal.nrw
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parasitic—multiple types possible) of all wild bee species 
found were determined according to Westrich (2018).

Calculation of biomass in wild bees was performed by 
linear regression between body length and weight described 
by Rogers et al. (1976). Data of the body lengths refers to 
Amiet et al. (1999, 2001, 2010), Amiet and Krebs (2014) 
and Westrich (2018). In the case of a wide range of body 
length due to gender or variations, the mean was used. In 
butterflies the calculation was carried out in two steps. Data 
about wingspan of all species are available from Novak and 
Severa (1992) and Dierl (1994), and the respective forewing 
length was derived according to Miller (1977). Body weight 
was calculated by the forewing length according to Miller 
(1997). Miller's equation was originally developed for hawk 
moths (Sphingidae), so it is assumed that the calculated bio-
mass is higher than the actual one, due to the slimmer body 
shapes of the recorded butterfly species.

All data used for calculation of biomass is listed in Table 
S3. After weight was determined for each species of both 
wild-bees and butterflies, the total biomass was extrapolated 
for each type of flower strip and reference field margin.

Results

Species richness

For both wild bees and butterflies the average number of 
species increases with age (one-year old: in total 33 wild 
bees; 7 butterflies, to two-year old: in total 36 wild bees; 
10 butterflies, and three-year old: in total 47 wild bees; 11 
butterflies) (Fig. 2a, 3a). Between the one-year and three-
year old flower strips a significant increase could be found 
in both groups (wild bees: p < 0.05; butterflies: p < 0.05). 
In the reference field margins, species richness (in total 26, 
27, 28 wild bees; 6, 6, 5 butterflies) was significantly lower 
compared to species richness in three-year old flower 
strips (wild bees: p < 0.01; butterflies: p < 0.01). The one-
year and two-year old flower strips showed no significant 
difference compared to the reference field margin.
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Fig. 2   Species richness (a), number of individuals (b), Shannon index 
(c) and calculated biomass (d) of wild bees in perennial flower strips 
of different age types and reference field margins in an intensively 

used agricultural landscape. * p < 0.05, n.s. p > 0.05; one year old age 
type: n = 11; two year old age type and three year old age type: n = 8
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Abundance

For both wild bees and butterflies the number of individuals 
showed higher values in wildflower strips than in reference 
field margins (Fig. 2b, 3b) (wild bees: p < 0.05 (one-year 
old); p < 0.01 (three-year old); butterflies: p < 0.01(three-
year old)). For wild bees the total numbers from one-year old 
[in total 544] to two-year old [in total 405] and three-year 
old strips [in total 552] showed no significant difference. In 
the reference field margins, the number of individuals [in 
total 163, 110, 114] also showed no significant differences. 
In the one-year and the two-year old flower strips Bombus 
species (mainly B. lapidarius and B. terrestris) dominated 
total individual numbers with 78.31% and 66.67%. Without 
bumblebee individuals, there was an increase in the number 
of wild bee individuals from one-year old [in total 118], 
to two-year old [in total 135] and three-year old [in total 
184] flower strips. In butterflies the number of individuals 
increased from one-year old [in total 35], to two-year old 
[in total 68] and three-year old [in total 158] flower strips, 
while the respective reference field margins showed only lit-
tle variation [in total 14, 12, 22]—again with no significant 

differences neither in flower strips nor in reference field 
margins.

Diversity

For both wild bees and butterflies Shannon index increased 
from one-year [1.71 wild bees, 1.59 butterflies], to two-year 
[2.14 wild bees, 1.89 butterflies] and three-year old [2.33 
wild bees, 1.96 butterflies] flower strips (Fig. 2c, 3c). For 
wild bee diversity in reference field margins, the index also 
increased continuously [2.45, 2.73, 2.76]. For butterflies the 
diversity in reference field margins decreased over the years 
[1.49, 1.54, 1.34].

Pollination type and nesting behavior

The oligolectic species and the abundance of oligolectic 
individuals were similar in flower strips and reference field 
margins. Overall, 15% of the species and 3% of the indi-
viduals in flower strips were oligolectic species. In reference 
field margins the distribution of oligolectic species is simi-
lar with 17% of species and 4% of individuals (Table S4). 
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Fig. 3   Species richness (a), number of individuals (b), Shannon index 
(c) and calculated biomass (d) of butterflies in perennial flower strips 
of different age types and reference field margins in an intensively 

used agricultural landscape. * p < 0.05, ** p < 0.01, n.s. p > 0.05; one 
year old age type: n = 11; two year old age type and three year old age 
type: n = 8
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Further, there could not be found significant differences in 
wild bee nesting types between flower strips and reference 
field margins.

However, the amount of wild bee species nesting above 
ground, e.g. inside of plants like dead flower stalks, is higher 
in flower strips compared to reference field margins. Here 
only 27% of species belong to the group of above ground 
nesting species, whereas in flower strips there have been 
found 36% of species belonging to this kind of nesting type. 
In comparison, the amount of ground nesting species in 
flower strips is lower (61% in flower strips, 67% in refer-
ence field margins) (Table S4).

Biomass

For both wild bees and butterflies the total biomass in wild-
flower strips always showed higher values compared to ref-
erence field margins (Fig. 2d, 3d). In wild bees the total 
biomass decreased from one-year [23.4 g] to two-year old 
flower strips [15.4 g] and increased again in three-year old 
[20.3 g] flower strips, while in the respective reference field 
margins biomass decreased from one-year, to two-year and 
three-year old margins [5.6 g, 3.2 g, 2.6 g]. In butterflies the 
total biomass increased from one-year [21.7 g], to two-year 
[45.3 g] and three-year old [123.8 g] flower strips. In the 
respective reference field margins biomass also increased 
[8.2 g, 7.1 g, 12.0 g] over the years, but on a lower level. 
List of all species with respective weight and number of 
individuals for each type of flower strip and reference are 
listed in S4.

Flower densities

The highest flower densities in the year (40% at 50–100%) 
could be found in first year flower strips (Figure S1a). Two- 
and three-year-old flower stripes (Figure S1c, e) had lower 
densities (12.5% and 22.22% at 50–100%). Reference field 
margins (Figure S1g) generally showed a reduced supply 
of flowers, with only 11.11% achieving a flower density of 
20–49%.

Discussion

There are several points of criticism about nature conser-
vation measures in agricultural landscapes and especially 
such within the framework of the CAP (Hauck et al. 2014; 
Pe'er et al. 2014; Concepción et al. 2007). Flower strips 
have repeatedly been discussed critically in various ways 
(Ganser et al. 2019; Wix et al. 2019), especially because 
they are often disturbed by land use, characterised by a 
dense vegetation and they do not offer favourable nesting 
habitats for birds, due to high predation pressure (Bro et al. 

2004; Oppermann et al. 2013; Dietzel et al. 2019). In addi-
tion, the optimal width of flower strips is often discussed 
which seems to be less relevant to the diversity of pollina-
tors compared to birds. Studies could not record a signifi-
cant effect of the size of flower patches on the densities 
of bumblebees (Carvell et al. 2015). Furthermore, Denys 
and Tscharntke (2002) only found a slight difference in the 
number of arthropods between three-meter wide strips and 
patches above 1 ha. To support pollinators and to preserve 
local plant diversity, criticism of the use of wildflower 
seeds from (1) non-native species or (2) non-regional 
seeds in flower strips is understandable. However, the use 
of both is banned for the open landscape in Germany since 
April 2020 (§ 40 Abs. 1 BNatSchG).

Further, the positioning of measures along field edges 
that are prone to be negatively affected by drifts of pesti-
cides (Jauker et al. 2009; Ganser et al. 2019), as well as 
annual mulching (Haaland et al. 2011) is often viewed 
as harmful to biodiversity. With the ambition to realize 
conservation measures for insects on a large scale with 
regard to the global decline in species richness, abun-
dance, and biomass, currently both aspects may hardly be 
avoidable, since most of the agricultural area is managed 
conventionally (in Germany 92,5%; BMEL 2017). Further-
more, mowing of the growth, which is mostly preferred in 
nature conservation activities in protected areas (van de 
Poel and Zehm 2014), is often not feasible due to a lack of 
the required farm machinery, especially in regions without 
grassland management such as the study area. Addition-
ally, a seasonal rotation of mulching for different parts 
of flower strips is often not feasible from an economical 
perspective (van de Poel and Zehm 2014). Due to these 
circumstances, it is to be expected that some pollinator 
species will suffer from these two limitations, e.g. con-
cerning reproduction or hibernation.

Our results, however, reveal that species richness, abun-
dance and biomass of wild bees and butterflies do not 
decrease about the three-year aging process of a flower strip. 
Especially in butterflies, all recorded parameters (species 
richness, abundance, Shannon index and biomass) increase 
with the age of the flower strips. Results gained for wild 
bees are generally similar, although biomass was highest in 
one-year-old flower strips. This is due to the fact that in one-
year-old flower strips a high amount of Bombus individuals 
was present, presumably because of a mass flowering effect 
of annual plant species like Centaurea cyanus and Papa-
ver rhoeas, which caused the highest flower densities in the 
flower strips. Legumes also have a strong attraction to bum-
blebees (Pywell et al. 2005), but according to own observa-
tions from various projects the used legumes often begin 
to flower in the second year after sowing. In addition, the 
seed mixture used has a low percentage of legumes (< 5%). 
Overall, the proportion of oligolectic bee species is similar 
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to the reference field margins, so that there was probably no 
one-sided promotion of polyletic species in the flower strips.

Shannon index increases with the age of the wildflower 
strips in both species groups, even if the values for wild 
bees on reference field margins were generally higher due 
to an overall low number of species. Similar aging effects 
on the diversity of arthropods are already known from Bom-
bidae (Carvell et al. 2007; Pywell et al. 2007), Lepidoptera 
(Pywell et al. 2007), Carabidae and Staphylinidae (Barone 
and Frank 2003; Frank and Reichhart 2004). Reasons for 
this can certainly be the increase in plant diversity due to 
the later development of perennial species (e.g. Tantacetum 
vulgare) from the seed mixture and the partial immigration 
of weeds (e.g. Cirsium arvense) into the flower strips. A high 
number of species (annual and perennial) of site-adapted 
plants in flower strip mixtures is therefore the basis for an 
effective increase in arthropod diversity. Besides this aging 
effect, it cannot be excluded that enlarging of some flower 
strips in the study design might have also positively affected 
the diversity of pollinators, since combinations of old and 
newly established strips may attract more different species. 
However, both explanations for the increasing biodiversity 
deny the existence of an ecological trap. If the established 
measures would act as an ecological trap, without adequate 
reproduction habitats, the described increases would be 
assumed to occur due to an increasing growth rate of wild 
bee and butterfly populations in neighbouring agricultural 
landscapes combined with a migration to the flower strips. 
If this was the case, insects would migrate to flower strips 
and reference field margins equally and an increasing trend 
of species richness and abundance, as recorded for wild bees 
and butterflies in flower strips, should also be seen in the 
reference field margins. The minimum distance between 
flower stripes and reference field margins was an average 
of 958 m, so that any possible influence on one another 
was minimized, but all examined areas were overall in a 
similar environment, so that there was no strong one-sided 
influence. But instead, species richness and abundance stay 
relatively constant in reference field margins. In addition, 
both values are at a significantly lower level compared to 
the three-year-old flower strips. This indicates that migra-
tion cannot be the only reason explaining the positive trend 
in flower strips.

With our study design, we cannot exclude that some 
individuals might die in flower strips because of the influ-
ences from neighbouring intensively used fields or mulch-
ing. This might cause the assumption of flower strips being 
a sink habitat for some species. However, our results make 
explicitly clear that flower strips cannot be seen as an eco-
logical trap in the proper sense. Despite these possible 
impacts, the increase described shows, that flower strips 
may offer reproductive habitats for pollinators and that, as 
a consequence, species richness and abundance increase 

with growing age. For wild bees, flower strips are particu-
larly important as a feeding habitat, as they rarely nest in 
flower strips with a mulch layer. But even if the mulching 
restricts the ground breeding species in the flower strip, 
the source of nutrition potentially enables the use of adja-
cent breeding sites (e.g. adjacent wayside), which were not 
populated otherwise. This possibility is supported by the 
knowledge that the composition of the nesting types were 
in general similar to that of the reference field margins, 
even if the number of ground breeding individuals was 
somewhat higher here.

Furthermore, the efficacy of different management types 
of field margins (e.g. natural regeneration, sowing of a wild-
flower mixture with annual cutting) on bumblebee abun-
dance and richness in perennial field margins has already 
been studied (Carvell et al. 2007). In their study, Carvell 
et al. recorded an increase in both parameters in wildflower 
margins. Therefore, they concluded that flower strips are an 
effective measure to improve the quality of field edges for 
bumblebees, and the positve effects on insects outweigh the 
mulching practises (Hemmann et al. 1987). Hemmann et al. 
(1987) analysed the effects of mowing and mulching on bugs 
larvae and imagos of Tenebrio molitor. Although they did 
not focus on pollinators, they deduced that especially insects 
that rest in the vegetation during mowing/mulching, will suf-
fer from mulching. This affects for example butterfly cater-
pillars and pupae, which do not have the possibility to escape 
(Hemmann et al. 1987). Despite these negative effects of 
mulching, species richness and abundance increased in the 
considered perennial wildflower strips.

In summary, all our results reveal that perennial wild-
flower strips are not only a feeding place, but also a rea-
sonable habitat for some species of wild bees as well as 
butterflies and do not represent an general ecological trap, 
as especially species richness increases over the years. Thus, 
the creation of perennial flower strips with a small width, 
containing regional wildflowers can promote insect biodiver-
sity and biomass in agricultural landscapes, even if adjacent 
fields are farmed intensively and growing plant material is 
mulched annually. In order to support biodiversity in the 
cultural landscape across the board, however, these are only 
one component and should, if possible, be combined with 
other natural protection measures.
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