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Abstract
An underestimated factor that contributes to the decline of insects observed during
the last year is probably the mortality, which is caused by mowing of grassland. We
studied the negative impact of mowing on the arthropod fauna of roadside grassland, which might serve as potential habitat for insects to prevent their local extinction and as corridor for the dispersal in anthropogenic landscapes. In addition, we
studied if losses due to mowing can be mitigated by the use of ‘arthropod-friendly’
mowing technique. In agreement with earlier studies, we found that mowing with
a conventional mowing head (MK 1200 from MULAG) caused considerable losses
in arthropods, ranging from 29% for Heteroptera over around 50% in Araneae,
Cicadina, Hymenoptera and Diptera, up to 73% for holometabolous larvae, and 87%
for Lepidoptera. These losses by mowing were fully offset for Araneae, Cicadina,
Heteroptera, Lepidoptera and larvae of holometabolous insects when using the mowing head Eco 1200 from MULAG, which was designed to be ‘arthropod-friendly’. For
Hymenoptera and Diptera, the losses were reduced by 15% and 25% respectively.
For Saltatoria and Coleoptera, we did not find any significant differences between
all treatments. These data demonstrate that mowing of roadsides with conventional
mowing technology has a highly detrimental effect on the grassland arthropod fauna.
However, this effect can be offset or at least mitigated by the use of ‘arthropod-
friendly’ mowing technique. Therefore, this technique has a high potential to reduce
insect decline in roadside grassland, making these areas a habitat for insects.
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(Goulson, 2019). In agricultural fields, this is mostly due to the large
monocultures causing the loss of habitats and structural diversity

The world has been facing a drastic decline of insects during the past

(Tscharntke et al., 2021), as well as the intensive use of pesticides

decades (Hallmann et al., 2017; Sánchez-Bayo & Wyckhuys, 2021;

(Wood & Goulson, 2017) and fertilizers (Kurze et al., 2018). In grass-

Seibold et al., 2019; Wagner et al., 2021). The industrialized agri-

land, insect biodiversity and biomass is strongly affected by the over-

culture is considered as the most important factor for this decline

all decline of grassland areas in general but also by indirect negative
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effects based on fertilization and frequent mowing regimes. They

analogous to ‘flushing bars’ used to chase away wild fowl (Klonglan

both reduce the diversity of insect host plants (Gossner et al., 2016;

et al., 1959). For mowing of roadside grassland, recent developments

Müller et al., 2016), the latter also causes thermally hostile environ-

of insect-friendly ‘eco-mowers’ and mowing techniques in Germany

ments for insects with excessively high temperatures (Gardiner &

have been compiled in Gsell (2020) and Zeitner and Aschauer (2021).

Hassall, 2009). An additional, so far underestimated direct reason

They make use of different types of flushing bars, blowing machines

for decline in grassland is probably insect mortality caused by highly

to chase insects away, increased mowing heights (>10 cm), modified

efficient mowing machines (Gossner et al., 2016), which cut the

disc mowing principles providing smaller attack surfaces and re-

grass and process the mowed material. This includes its pick-up and

duced suction effects and wheels with decreased contact surfaces.

–in the case of silage production –its wrapping in foil, which di-

However, to the very best of our knowledge, there are no published

rectly kills grassland insects (Fluri et al., 2000). So far, there are only

studies demonstrating that these technical modifications are in fact

few studies on these direct effects of mowing, which report con-

reducing insect losses.

siderable mortality of up to 88% in insects (reviewed by Humbert

Here, we studied the effect of a roadside embankment mower

et al., 2009). For instance, Fluri et al. (2000) calculated losses of up

(‘Eco 1200 plus’ from MULAG Fahrzeugwerk/Heinz Wössner GmbH

to 90,000 honeybees per ha in a field of Phacelia tanacetifolia on a

u. Co. KG) that has been modified in a way that is expected to signifi-

sunny day, which is equivalent to the population size of two honey-

cantly reduce insect mortality. We compared it with a conventional

bee colonies in summer. Considering that grassland is mown up to

flail mulching head with MS blades that is also mulching the cut

five times per year and over many years (Niedrist et al., 2009), this

grass and leaves the mowed material in place, thereby increasing the

might well result in an overfishing effect and lead to a drastic decline

nutrient content of the site (‘MK 1200’ also from MULAG). Among

of grassland insects.

others, the insect-friendly mowing head Eco 1200 features the fol-

Currently, it is impossible to predict when or if at all a political

lowing innovations (Mulag, 2021): (i) The mowing disc has a smaller

framework will be established on national or international levels that

contact surface with the grass, (ii) the mower has an increased mow-

will finally result in a more sustainable agriculture to stop insect de-

ing height of >10 cm, (iii) sucking up of insects into the mowing head

cline. Therefore, it is paramount to identify and improve potential

is presumably prevented by the facts that the underside is largely

habitats for insects to prevent their local extinction. For grassland

closed and that no vertical airflow is generated from below, (iv) the

insects, road verges could provide these habitats. Although much

contact area of the wheels is reduced which should prevent damage

more research is required to judge the detrimental effect of nearby

to insects on the soil surface and (v) the cut grass is not mulched but

roads on the fauna of roadsides, for example their role as barriers and

sucked up to remove nutrients from the site. In addition, the current

mortality by traffic (Hoiß, 2020; Muñoz et al., 2015), the benefits of

version of the Eco 1200 is equipped with a flushing bar in front of

roadsides for biodiversity conservation are increasingly discussed

the mower consisting of a skirt made of truck tarpaulin. Because we

(New et al., 2021; Phillips et al., 2020; Reck & Mueller, 2018). They

aimed to study the effect of the modified mowing head, the flushing

comprise a considerable area of 6,767 km2 in Germany (equivalent

bar was not used in our experiments.

to 1.9% of the total area) (Reck & Mueller, 2018), and 270,000 km2
worldwide (Phillips et al., 2020), are not used economically and
hardly ever treated with insecticides or fertilizers. Therefore, they
can provide habitats for plants and animals (Gardiner et al., 2018;
Hopwood, 2008; Noordijk et al., 2009) and serve as corridor for the
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2.1 | Field experiment

dispersal of organisms in anthropogenic landscapes (Lázaro-Lobo &
Ervin, 2019) to promote genetic exchange between isolated pop-

The experiments took place August 20–21 and 24–27 in 2020 on

ulations. However, as with agricultural grassland, mowing has also

two meadows (A, B) in Löcherberg near Bad Peterstal-Griesbach

a detrimental effect on insects along roadsides. Already in 1987,

(Baden-Württemberg, Germany) at sunny and dry weather condi-

Hemmann et al. (1987) studied the loss of insects by roadside mow-

tions between 10 a.m. and 7 p.m. Both meadows were alternately

ing on experimentally released insects and reported mortalities of

wet to moist nutrient-rich valley meadows.

up to 84% in true bugs and 30% in adult mealworm beetles.

A conventional mulching mower (MK 1200 flail mulching head

So far, only few attempts have been made to avoid insect losses

with MS blades) and a Eco 1200 plus green maintenance head with-

during mowing by developing alternative technologies. For agri-

out flushing bar were used. The Eco 1200 plus was mounted on the

cultural grassland, tractor-operated beam mowers are causing less

rear mowing arm of an UNIMOG vehicle equipped with a suction

insect damage, while disc mowers, drum mowers and drum mow-

device which removed most of the cut grass. The conventional MK

ers with conditioners are increasingly detrimental for arthropods

1200 was mounted on the front mowing arm of the same vehicle

(Humbert et al., 2010; Poel & Zehm, 2014). However, because the

and was used without suction device. Mowing speed was 2–4 km/h.

latter are much more efficient, can be used at a greater speed, and

On the edge of both meadows, a strip of 6 m of width next to

require less maintenance, they are almost always preferred. We

the road was divided into 7 m sections. In total, the strip was 126 m

are aware of only one project in which a mechanical structure was

long on meadow A (18 sections), and 21 m long on meadow B (three

mounted in front of a disc mower to scare away insects (Hotz, 2013),

sections). Each section consisted of three parallel tracks (2 m wide),

|
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which received different treatments (Figure 1): One of the tracks
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2.2 | Counting of arthropods

served as control and was not mown, one was mown with the MK
1200, and one was mown with the Eco 1200 plus. These three mow-

Due to time constraints, we were unable to count the arthropods in

ing treatments were assigned randomly to the tracks for each 7 m

all 189 samples. Therefore, we randomly selected between 93 and

section. As mowing heads are 1.2 m wide, the distance between the

106 samples, i.e. 30–36 samples per treatment, depending on taxo-

mown tracks was about 0.8 m. Therefore, the different treatments

nomic group (Figure 2). From the total number of 106 samples, 88

did not influence each other.

samples were from meadow A and 18 from meadow B. Organisms

On each track, the arthropods were collected on three 1 × 1 m

were sorted under a stereomicroscope in dishes containing 70% eth-

plots with a distance of one metre between each other using bio-

anol and the number of individuals of the taxonomic groups Araneae,

coenometers with lids measuring 1 × 1 × 1 m (Mühlenberg, 1993).

Saltatoria, Cicadina, Heteroptera, Coleoptera, Hymenoptera (incl.

Before mowing of one seven metres section, three biocoenometers

parasitoid wasps but excluding Formicidae), Diptera and Lepidoptera

were placed on the plots of the control track. Then, the other two

were counted for each sample. In addition, we also counted the

tracks were mown with the MK 1200 and the Eco 1200, respec-

number of larvae of holometabolous insects. Formicidae were ex-

tively. Immediately after mowing, the biocoenometers were placed

cluded due to the heterogeneous spatial distribution of their nests.

on the three plots of the two mown tracks (Figure 1). Then, all liv-

We included injured individuals in our counts, i.e. individuals missing

ing arthropods within each of the biocoenometers were removed

single legs but excluded individual parts of insects such as legs.

with an insect vacuum cleaner (ecoVac from EcoTech GmbH) and
transferred to a plastic bottle, which was afterwards filled with 70%
ethanol for preservation. Preliminary tests revealed that no speci-

2.3 | Statistical analysis

mens were left in biocoenometers after removal with the vacuum
cleaner. Mowing and sampling of the three tracks of each section

Statistical analysis was carried out with the software ‘R’ (R Core

(see below) were done successionally on the same day within a few

Team, 2016). Data were analysed for normal distribution using

hours. Insects collected in one biocoenometer were treated as one

Shapiro-
Wilk normality test and for homogeneity of variances

sample. Thus, we collected 189 samples in total from the 21 sec-

using Levene's test. For Araneae and Coleoptera, data were sqrt-

tions, i.e. nine samples per section consisting of three tracks each.

transformed and subsequently analysed using linear mixed models

F I G U R E 1 Experimental design
showing the three tracks in each seven
metre section and the plots with
the biocoenometers within in each
track [Colour figure can be viewed at
wileyonlinelibrary.com]
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F I G U R E 2 Effect of the conventional
mower MK 1200 and the insect-friendly
mower Eco 1200 on the number of
individuals (box-and-whisker plots in
a–g, i) for Araneae and different insect
taxa, and the number of samples with
Lepidoptera (barplot in h). Plots were
unmown (control) or mown immediately
before sampling with the conventional
mower MK 1200 or the MULAG Eco 1200
plus. Percentage values are only provided
when there are significant differences in
the number of insects between control
and MK 1200 or between control and Eco
1200. Different letters above the bars
indicate significant differences between
the treatments (p < 0.05). The data from
A-H and I were analysed using linear or
generalized mixed models (family negative
binomial) with treatment as factor
(unmown control, MK 1200, MULAG
Eco 1200 plus) and study site as random
factor followed by Tukey test. Data
from H were analysed with the Fisher
exact test for Count data. The number
of samples per treatment analysed in the
different taxonomic groups are given in
brackets [Colour figure can be viewed at
wileyonlinelibrary.com]

followed by ANOVA and Tukey test. Due to the absence of nor-

models, family negative binomial (Bates et al., 2014) followed by

mal distribution and/or inhomogeneous variances of data from all

ANOVA and Tukey test (Hothorn et al., 2008). In all models, target

the other taxa except of Lepidoptera, we used generalized mixed

variables were the number of individuals. Treatment (unmown, MK

|
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1200, Eco 1200 plus) was used as factor, and the site (meadow A,

fully restored in Araneae, Heteroptera, Cicadina, Lepidoptera and

meadow B) was included as random factor. Because Lepidoptera

holometabolous larvae and partially restored in Hymenoptera and

were rare, we analysed the number of samples in which Lepidoptera

Diptera.

were found using Fisher's exact test for count data.

3
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DISCUSSION

We studied the negative impact of roadside mowing on the grassThe statistical analysis revealed a significant influence of treat-

land arthropod fauna and its potential mitigation with a newly devel-

ment on the number of individuals in the samples for Araneae,

oped slope mowing head (Eco 1200 plus), which was developed to

Heteroptera, Cicadina, Hymenoptera, Diptera and larvae of ho-

reduce the losses of spiders and insects during the mowing process.

lometabolous insects (Table 1). No significant influence was found

Our study revealed for most studied arthropod groups a con-

for Saltatoria and Coleoptera. For Lepidoptera, there were only few

siderable reduction in the number of specimens retrieved in plots

individuals in the samples. Therefore, we compared the number of

mown with a conventional mowing head (MK 1200 from MULAG)

samples with lepidopterans with the number of samples without lep-

as compared to unmown control plots. The losses ranged from

idopterans in the three treatments using Fisher's exact test for count

29% for Heteroptera over around 50% in Araneae, Cicadina,

data. This also revealed a significant difference between treatments.

Hymenoptera and Diptera, up to 73% for holometabolous larvae.

For those taxa, for which the overall comparison showed a signif-

For Lepidoptera, the number of samples with adults was reduced by

icant effect, we performed single comparisons between treatments

87% in mown plots. This adds to the results of earlier studies, which

(Figure 2). There was a significant decrease between 29% and 73%

report losses due to grassland mowing of 80%–97% for grasshop-

in the number of insects between plots, which were mown using

pers (Humbert et al., 2010), up to 60% in Coleoptera (Hemmann

the MK 1200 standard mower as compared to the unmown control

et al., 1987), up to 88% in Heteroptera (Hemmann et al., 1987),

plots. For Lepidoptera, the reduction in the number of samples with

55% for arthropods (Wasner, 1987, cited in Humbert et al., 2009)

individuals was 87% as compared to the control samples.

and 66% for invertebrates in general (Löbbert et al., 1994, cited in

For Araneae, Cicadina, Heteroptera, Lepidoptera and holome-

Humbert et al., 2009).

tabolous larvae, there were no differences between samples from

Surprisingly, we could not find a significant reduction in Saltatoria

Eco 1200 plots and the control plots, and significantly higher num-

and Coleoptera, which is in contrast to these earlier studies. For

bers in samples from the Eco 1200 plots as compared to the MK

Saltatoria, one reason could be their very low density of <2 speci-

1200 plots. For Hymenoptera and Diptera, the number of insects

mens/m2 on the study site, which prevented the collection of mean-

in samples of the plots mown with the Eco 1200 was significantly

ingful data for this group in our study. The beetles in the test and

lower as compared to the control plots, but significantly higher than

control blocks mostly were flea beetles (Alticinae), which might have

in sample from the MK 1200 plots. The difference was 15% and 25%

escaped from destruction by the mowing machine due to their small

respectively.

size. In addition, Saltatoria and flea beetles have a highly developed

Taken together, mowing had no influence in the number of in-

jumping apparatus (e.g. Nadein & Betz, 2016), which might have en-

sects in the samples for Saltatoria and Coleoptera. For all the other

abled them to evade by jumping. Thus, more studies are required to

taxa, there was a significant decrease by mowing with the conven-

assess the effect of conventional roadside mowing on grasshoppers

tional mower MK 1200. Using the mower Eco 1200, this loss was

and beetles in general.

TA B L E 1 Test statistics for ANOVA based on linear or generalized mixed models with treatment as factor and study site as random factor,
or Fisher's exact test for Count Data (Lepidoptera)
Taxon

Model or test

χ2

df

p

Araneae

LMER with sqrt transformed data

20.72

2

3.16 × 10–3***

Heteroptera

GLMER, family negative binomial

15.49

2

0.00043***

Auchenorrhyncha

GLMER, family negative binomial

32.23

2

1.01 × 10–7***

Saltatoria

GLMER, family poisson

5.10

2

0.078 n.s.

Hymenoptera

GLMER, family negative binomial

40.42

2

1.68 × 10–9***

Coleoptera

LMER with sqrt transformed data

4.52

2

0.10 n.s.

Diptera

GLMER, family negative binomial

43.12

2

4.34 × 10–10***

Lepidoptera

Fisher's exact test for count data

–

–

0.018*

Holometabolous larvae

GLMER, family negative binomial

32.61

2

8.31 × 10–8***

Note: *: p < .05; ***: p < .01; n.s.: p < .05.
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For the plots mown with the putative arthropod-
f riendly

height of at least 10 cm to save insects sitting at the lower heights of

mowing head Eco 1200, there was no significant difference

the plants and to keep the microclimatic conditions for the remain-

for Araneae, Cicadina, Heteroptera, Saltatoria, Coleoptera,

ing insects humid. Alternatively, Unterweger et al. (2018) suggested

Lepidoptera and larvae of holometabolous insects in the number

the combination of different mowing regimes to support metapop-

of specimens found as compared to the unmown control plots.

ulation dynamics and the recolonization of mown areas. Generally,

Thus, the Eco 1200 does not cause detectable losses in these

however, insect-friendly mowing technology should be included in

groups. For Hymenoptera and Diptera, the number of specimens

the package of measures that has been suggested to counteract in-

after mowing with the Eco 1200 was reduced, but was still 15%

sect decline (Harvey et al., 2020; Kawahara et al., 2021; Krogmann

and 25% respectively, higher than on plots mown with the conven-

et al., 2018).

tional mowing head. It is unclear if the reductions in the MK 1200
and the Eco 1200 plots in Hymenoptera and Diptera are due to
mortality caused by the mowing heads, or because the represen-

5
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tatives of these groups were not killed but have escaped from the
approaching mowing head by flying away. In any case, except for

In conclusion, our study demonstrates that mowing of roadsides

Saltatoria and Coleoptera (see above) our data demonstrate, that

with conventional mowing technology has a highly detrimental ef-

the Eco 1200 is in fact arthropod ‘friendly’, i.e. it either totally or

fect on the grassland arthropod fauna of these areas. This compro-

partially reduces insect losses caused by mowing.

mises the potential beneficial effect of these sites for biodiversity

It remains to be studied which of the specific features (smaller

and most likely contributes to the decline of insects observed dur-

contact surface with the grass, increased mowing height, largely

ing the last decades (Hallmann et al., 2017; Seibold et al., 2019).

closed underside, no vertical airflow from below, reduced contact

However, this effect can be mitigated or even offset by appropriate

area of the wheels) is responsible for this mitigating effect of the

mowing technique, which prevents the loss of arthropods during the

Eco 1200. We believe it is mostly caused by the closed underside

mowing process. Therefore, more studies are required to further de-

and the avoidance of a vertical airflow from below. This is because

velop the tested Eco 1200 as well as other putative insect-friendly

in our experiments the mowing head of the Eco 1200 was attached

mowing machines.

to a suction device that removed the mowed material but also all the
arthropods present in the mowing head. Therefore, all specimens
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