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Insect- and spider-friendly mowing
technology in grassland - overview and
evaluation
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Meadows and pastures (grassland) are man-made agricultural areas that are managed
intensively to extensively. In Germany, about one third of these areas is permanent grass-
land. Depending on the intensity and form of use, permanent grassland represents important
habitat for many plant and animal species and can decisively contribute to the preservation
of biological diversity. In this review, we pay particular attention to mowing and its effects
on arthropods, an ecologically highly relevant group. Mowing contributes indirectly through
various factors to the general decline of arthropods but also has a direct effect by killing
arthropods in the mower. We have reviewed various mowers from a technical perspective and
evaluated their effect on the arthropod fauna in grassland. In addition, we present existing
arthropod-friendly alternatives to conventional mowing technology and discuss their poten-
tial. Scientific studies show that, irrespective of the studied arthropod group, bar mowers
and, especially, double-blade bar mowers cause less mortality than rotary mowers. The high-
est damage rates have been found with conditioners and flail mowers. The consistent use of
insect flushing bars and modified rotary mowers might contribute to a reduction in arthropod
mortality with only minor economic losses.
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Until the late 1990s, only sparse literature was available concerning the effects of various mowing
equipment on grassland fauna and their tractor-induced damage (TYLER et al. 1998, OPPERMANN and
CLASSEN 1998). During the following years, the importance of grassland for the conservation and
promotion of biodiversity became more apparent (OPPERMANN and CLASSEN 1998, HUMBERT et al.
2010c). Several studies aimed at determining the losses of grassland fauna and at developing practi-
cal recommendations for the protection of the flora and fauna were therefore carried out in order to
clarify previous uncertainties about mowing-related damage, especially with regard to insects (FLURI
et al. 2000, OPPERMANN and KriSMANN 2001, VICKERY et al. 2001, ROBINSON and SUTHERLAND 2002,
HuMmBERT et al. 2009, HUMBERT et al. 2010c). In Germany, where permanent grassland accounts for
approx. 28.5 % (as of 2020, GERMAN ENVIRONMENT AGENCY 2021) of agricultural land, the practical
implementation of animal-friendly mowing is a challenge. However, grassland such as meadow or-
chards or meager dry grasslands are, because of their structural diversity and staggered flowering
sequences, particularly valuable man-made habitats for many bird species, amphibians, and inverte-
brates such as spiders and insects (VAN DE POEL and ZEuM 2014). The latter have attracted much at-
tention during the last few years mainly because of the studies of HALLMANN et al. (2017) and SEIBOLD
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et al. (2019), both having pointed out the massive decline in the numbers of species and individuals
in these groups. Several investigations have provided evidence that a large proportion of arthropods
living in agricultural grassland are directly injured and/or killed during mowing (e.g. OPPERMANN
and KrisMANN 2001, HUuMBERT et al. 2010c, Btz et al. 2022, STEIDLE et al. 2022). In addition, re-
search is increasingly showing indirect consequences caused, for example, by high mowing intensity
(TSCHARNTKE et al. 2021, BLUTHGEN et al. 2022).

Here, we review the current state of nature- and arthropod-friendly mowing techniques and show
the associated challenges and perspectives. We pay particular attention to the evaluation and vali-
dation of insect- and spider-friendly mowing technology. The central question is whether the biodi-
versity and preservation of intact grassland ecosystems can be achieved by using effective mowing
technology.

We have taken information concerning the principles of the various mowing techniques from
technical articles and current textbooks. Further information on current mowing techniques has
been retrieved from publicly available product manuals from the relevant manufacturing companies.
Few scientifically published data are available about the direct damage of arthropods caused by the
various mowing techniques, and any publications are difficult to compare. Therefore, not only articles
published in peer-reviewed scientific journals, but also theses at universities, newspaper articles or
online reports, book contributions, reports of governmental agencies, and patents were considered
in this review.

Overview of mowing techniques used today

Fundamentals of selected mowing techniques

Two different cutting principles are used in practice for mowing grassland, whereby a distinction is
made between shear cut and impact cut (FEHR et al. 2016). In shear cut, the grass is guided and cut
along either a fixed counter-blade (finger cutter bar mower) or a moving counter-blade (double-blade
mower, EICHHORN 1999). In both designs, the blades move in an oscillating manner. An average rela-
tive speed of at least 2.5 m s'! between the blade and the counter-blade is necessary to ensure a clean
cut (SCHAEFER 1966). In grassland management, oscillating mowers with shear cut have played only
a minor role for decades (CLaus 1988). The reasons for this are the higher maintenance costs attrib-
utable to the wear of the blades, the high susceptibility to failure, and the high total costs (including
labor costs per hectare), which are approximately twice that of rotary mowers commonly used today
(SCHON 1998, SAURMA-JELTSCH et al. 2020). Despite these disadvantages, double-blade mowers are
the focus of environmentally friendly mowing technology, as scientific studies have established their
lower damage rates compared with those of rotary mowers (see section: Effects of varoius mowing
techniques on insects and spiders).

The rotary mowers commonly used today cut the grass with an impact cut (CLaus 1988, SCHON
1998, EicHHORN 1999), which, in contrast to shear cut, does not involve a counter blade. This requires
cutting speeds of approx. 80 m s! to be able to use the inertial and bending forces of the stalk as
counterforces for the cut (KEMPER et al. 2014). Compared with oscillating mowers, rotary mowers are
characterized by a higher working speed and greater performance (SCHON 1998). Rotary mowers are
differentiated according to the position of the rotation axis and the drive. Top-driven drum mowers and
bottom-driven disc mowers have a vertical axis of rotation. Flail mowers, on the other hand, are usually
driven from the side and have a horizontal axis of rotation transverse to the direction of travel. Rotary
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lawn mowers, which are rarely used in agricultural grassland and usually have only one blade rotat-
ing around the vertical axis, are not considered further here. In agriculture, mowers are mainly used
for forage harvesting, whereby the crop is cut and left lying on the ground, for which double-blade,
disc, and drum mowers are well suited. In municipal applications, on the other hand, the crop is often
shredded further after cutting; this is the reason that flail mowers, designed for shredding, are mainly
used in this sector.

Bar mowers

Oscillating mowers such as the finger cutter bar or double-blade bar are characterized, among other
aspects, by a clean cut, low power requirement, and light construction (SCHON 1998, FEHR et al. 2016).
In grassland mowing, double-blade mowers are preferred (ExcCHHORN 1999) in which both the blade
and the counter-blade are in motion. This leads to a better mass balance than with the finger cutter
bar mower in which only the blade moves. As a result, higher blade speeds are possible on the dou-
ble-blade mower, which in turn allows higher working speeds (MEINERS et al. 2009a). In addition, the
two moving blades of the double-blade mower are better able to eject stones coming into contact with
them than is the blade of the finger cutter bar mower in which stones are more likely to be trapped
and cause the blade to jam (MEINERS et al. 2009a).

Rotary mowers - disc mowers

Rotary mowers are superior to double-blade mowers in terms of susceptibility to failure. This ad-
vantage is mainly attributable to the brackets in which the rotary blades are movably mounted. The
blades can thus avoid obstacles to a limited extent (SCHON 1998). However, rotary mowers have a
higher weight and a greater power requirement compared with bar mowers (SCHON 1998), because
the mower discs must rotate at high speed to achieve the blade speeds of up to 80 m s'! needed for im-
pact cutting. For example, a mower disc diameter of 500 mm requires a disc rotation of approximately
50 s7! to achieve a speed of 80 m s on the outer edges of the blades. Since a modern mower disc has
two blades mounted opposite to each other, the frequency at which one of the two blades cuts grass at
any point on the “orbit” in the present example is 100 s'L. In the overlapping zones, where the cutting
areas of the two mowing discs coincide, the cutting frequency is doubled to 200 s'! (Figure 1). High
cutting frequencies therefore lead to multiple cuts of the grass. The cutter bar of a disc mower glides
over the surface on skids, relieved of weight by a suspension system (FEHR et al. 2016, HENSEL 2019).
The cutting height is changed via the inclination of the cutter bar or the attachment of special skids
(HENSEL 2019).
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Figure 1: Top view of the overlapping zones of the KRONE EasyCut cutterbar; red arrows show the direction of rota-
tion of the discs, orange zone = overlapping area where the blades move backward and red area = overlapping area
where the blades move forward (MASCHINENFABRIK BERNHARD KRONE GMBH & Co. KG 2022)

Conditioners on rotary mowers

Conditioners can be fitted to both drum and disc mowers. The function of the conditioner is to bend,
crush, and splice the grass, thereby damaging the stabilizing and evaporation-inhibiting wax layer
(cuticle) of the plant’s outer surface and accelerating the outflow of water (DERNEDDE 1969, SCHON
1998, EICHHORN 1999). As a result, the mown grass dries faster, and the harvesting process is short-
ened (DERNEDDE 1969). In rotary mowers, the conditioner is mounted behind the cutter bar and takes
over the crop directly after the cut. Various types of conditioners are used depending on the compo-
sition of the stand.

The use of a tine conditioner is recommended for grassland stands with a high proportion of stalks
(SCHON 1998, CLAAS VERTRIEBSGESELLSCHAFT MBH 2022, MASCHINENFABRIK BERNHARD KRONE GMBH
& Co. KG 2022). This type of conditioner consists of a tine rotor that guides the mown grass past a
friction plate or several counter-blades. In this process, the stalks are bent, spliced, and struck. The
intensity of the processing can be adjusted by the position of the friction plate or the counter-knives
and by the speed of the rotor. For leafy crops with a high proportion of clover or legumes, roller
conditioners are used (SCHON 1998, CLAAS VERTRIEBSGESELLSCHAFT MBH 2022, MASCHINENFABRIK
BERNHARD KRONE GMBH & Co. KG 2022). The mown crop is passed between two profiled rollers and
crushed. The intensity of the conditioning can be adjusted by the distance between the rollers. This
type of processing is gentler on the material, as the separation of individual plant parts is avoided
(MASCHINENFABRIK BERNHARD KRONE GMBH & Co. KG 2022).

Rotary mowers - Flail mowers

Flail mowers and mulchers differ in the way that they work from disc and bar mowers. The latter
mowers cut the grass and leave it on the ground, so that only the stalk is cut off and the grass is
not shredded further. The influence of the blades here remains limited to the cutting horizon, which
roughly corresponds to the thickness of the blades (SCHON 1998). A flail mower, on the other hand,
is designed to shred, strike, and crush all the vegetation several times. To do this, a horizontal shaft
equipped with blades or flails rotates at a speed of up to 38.34 s1 (Rux 1999), and the blades, which
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are freely suspended from the shaft, can reach a linear speed of 45 to 65 m s™! (KUHN MASCHINEN-VER-
TRIEB GMBH 2021). The rotation of the shaft is mostly against the direction of travel. Because of the
geometry of the machinery, a sufficiently high crop is first cut by a blade at the height of the shaft.
Depending on the crop and the cutting height, the first contact can also take place later, as plant parts
lying below the shaft are only gradually cut off during the pass. The rotational movement of the blades
or flails carries the cut material above or below the shaft and finally deposits it behind the rotor over
the entire working width. On its way over the shaft, contact with the cover of the rotor leads to further
processing of the green material (Rux 1999). The removed plant material usually remains on the area
as mulch for fertilization. A suction mower sucks up the mown material after the shredding step. The
free suspension of the blades means that they are deflected on contact with an obstacle, making the
flail mower insensitive to impacts and any hard resistance. Flail mowers are therefore particularly
suitable for mowing fallow land and roadside verges (MEINERs et al. 2009b). Height guidance and
cutting height adjustment are carried out via support wheels, skids, or support rollers (MEYER 1998).

Theoretical calculations to compare the potential harmful effects of various
mowing techniques on arthropods

The functional principles of double-blade, disc, and flail mowers result in a variety of theoretical
risk potentials for insects and other arthropods. To determine risk potential, the area that is swept
or affected by the blades of a mower per second is calculated. The risk potential for the arthropod
fauna increases with the size of the swept area. The mowers are viewed from above, so that only the
movement of the blades projected onto the ground is determined and not the volume traversed by
the blades. To determine the damage potential, only the area swept (per unit of time) by the blades
is relevant; the movement of the supporting parts is not considered.

First, the affected area Ay is calculated (Table 1). It describes the area swept by a blade during
one revolution or stroke. Area A is then multiplied by the number of blades present in the respec-
tive mower for the processing of a working width of 3.05 m. The determination of the area swept per
second is based on the rotation speed or stroke frequency required by the respective mower. All the
machines presented here have been selected as being exemplary of their design. The calculations for
the double-blade mower are based on data from SCHON (1998) and the ESM System Bidux (KERSTEN
MASCHINENFABRIK 2022). The double-blade mower has a section pattern of 84 mm on the upper and
lower blades. To achieve approximately the required working width of 3.05 m, 36 blades each are
needed at the top and bottom. The working width in this case is 3.024 m. One blade is 60 mm long.
In the case of the double-blade mower, the affected area A results from the lateral displacement of a
blade by the stroke and from the length of the blade (Figure 2). The values for the disc mower have
been determined on a Novacat 305 h from Péttinger (ALOIS POTTINGER MASCHINENFABRIK GMBH 2007;
Figure 2), available at the Institute of Agricultural Engineering at the University of Hohenheim. The
influenced area Az here is the circular “orbit” of a blade above the ground. The mower has a working
width of 3.05 m, which is achieved by seven partially overlapping mowing discs.
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Table 1: Calculation of the swept area per second as a measure of the potential threat to small animal fauna in grass-
land for three different mower types: double-blade, disc, and flail mowers. The affected area A per stroke or rotation
is calculated from the stroke or rotation frequency of the respective mower type to the affected area per second.
This area is then divided by the area mown by the mower per second. The ratio of the area affected by the blades per
second to the area mown by the mower per second is also presented (N/A = not applicable).

Double-blade Disc mower Flail mower
mower
(Figure 2a) (Figure 2b) (Figure 2c)
Working width 3,024 mm 3,050 mm 3,050 mm
Cutting width of one blade 60 mm 50 mm 115 mm
Rotor diameter incl. flails/blades N/A 520 mm 650 mm
Stroke 42 mm N/A N/A
Affected area Ag per stroke or rotation 0.0025 m?2 0.0738 m? 0.0748 m?
Number of blades or flails 72 14 34
Rotation speed N/A 50 1/s 28.34 1/s
Single stroke frequency 50 57" N/A N/A
Affected area per second 9.072 m2 57! 51.653 mZs! 72.009 m2 s
Driving speed 2.22ms’! 3.33ms! 2.22ms!
Area mown by the mower per second at correspon- 6713 m2 51 10.157 m2 &1 6.771 m2 s-1
ding driving speed
Ratio of affected area per second (blades) to mown 1351 5085 10.635
area per second (working width)
a b c
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Figure 2: Top view of a) a double-blade mower and b) a disc mower, plus the top view and cross-section of c) a flail
mower with the area AE marked in yellow, which is influenced by the blade during a stroke or a revolution
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The data for the flail mower is based on an RM series implement from Kuhn (KUHN MASCHINEN-
VERTRIEB GMBH 2021). Flail mowers are offered in working widths of 2.80 m (with 32 flails) or 3.20 m
(with 36 flails). Thirty-four flails are needed to adjust the working width to the desired 3.05 m. In
flail mowers, the affected area Ay describes the area that a flail sweeps over on the ground when the
rotational movement is viewed from above. The area A is therefore composed of the diameter of the
rotor including the flails and the working width of a single flail (Figure 2). The area Ay describes the
maximum possible influenced area, which is only achieved when the crop has grown to the height of
the rotating shaft. With lower stands, the affected area is correspondingly smaller.

The blade of the double-blade mower covers a considerably smaller area Ay per stroke than the
blades of the two rotary mowers per revolution. The area A is then multiplied by the number of
blades required and by the rotational frequency or stroke frequency of the blades to obtain the affect-
ed area per second. SCHAEFER (1966) has reported a double stroke frequency of 25 s1 for the blades of
a double blade bar. One double stroke corresponds to the forward and backward movement of a blade.
For the calculation of the area swept per second, this frequency is converted to the single stroke, i.e.,
it corresponds to 50 s1. The area swept per second by the blades of the double-blade mower is 9 m?,
which is significantly smaller than that of the disc mower with 52 m? or the flail mower with 72 m?,
as the latter moves more blades at higher speeds.

A mower with a working width of 3.05 m for discs and flail mowers and 3.024 m for double-blade
mower sweeps an area dependent on the driving speed per second. This area describes the area ac-
tually mown or worked and can be related to the area swept by the blades in one second. This ratio
indicates how much larger the area covered by the blades per second is than the area mown by the
mower in the same time. The area mown by the mower per second is 7 m?/s for the double-blade and
flail mower and 10 m?/s for the disc mower. Finally, the ratio of the area worked per second to the area
affected by the blades per second is calculated. For the double-blade mower, the ratio is 1.3, which
means that the blades of the mower sweep only slightly more area per second than is mown by the
mower per second. For the disc mower, the area swept by the blades per second is approximately five
times greater and, for the flail mower, the area is ten times greater than the area worked or mown by
the double-blade mower. The double-blade mower therefore appears to be the least damaging mower
for arthropods such as insects, as the movement of the blades above the ground is comparatively small.

However, this comparison neglects several parameters that can have a considerable influence on
arthropods in practice. On the one hand, the crop flow in the machine after cutting is not taken into
account. For example, the crop is cut and chopped many more times in the flail mower. On the other
hand, rotating mowers develop a suction, because of the high rotational speeds, and this can actively
suck arthropods into the blades. The model presented here should therefore be understood primarily
as an approximation showing the ways in which various potential hazards for insects and spiders
result from the design differences of the mower types. A final assessment of the harmful effect on
arthropods is not possible with the models presented and can only be achieved in field trials.

Effects of various mowing techniques on insects and spiders - documented damage
In our literature search, we have been able to identify several studies dealing with the effects of various
mowing techniques, the entire harvesting process, and the associated damage to insects and spiders.
To emphasize the importance of arthropod-friendly mowing techniques, we provide an overview of the
results on some fundamental studies on the mowing-related damage rate of various arthropod groups.
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Depending on the study, damage rates refer to the proportion of individuals (or model bodies) injured
or killed by mowing compared with the number of individuals thought to be within the studied area
(HEMMANN et al. 1987, WILKE 1992, LoBBERT 2001, OPPERMANN and KRiSMANN 2001, HUMBERT et al.
2010a, HumBERT et al. 2010b, Berz et al. 2022, SteiDLE et al. 2022) or to the proportion of injured
compared with non-injured arthropods in the mown grass (FLURI et al. 2000, HECKER et al. 2022). The
indirect negative consequences of mowing, such as microclimatic changes are not considered. The
evaluation of the existing literature and the development of resulting recommendations is associated
with certain challenges. Most of the studies differ in terms of the mowing techniques and arthropod
groups studied and of the methodological approach used to determine damage to arthropods. This
makes it difficult to compare the studies but, at the same time, represents a broad spectrum. In addi-
tion, most studies have not been performed with a sufficiently high number of replicates, and stand-
ardized long-term studies on defined areas are lacking. In addition, ecological studies are generally
subject to many unknowns, such as weather effects or seasonal fluctuations in population densities of
arthropods (HUMBERT et al. 2009, VAN DE POEL and ZEuM 2014).

The first study to determine damage rates for various mowing techniques was carried out in the
1980s (HEMMANN et al. 1987) and involved the testing of the damaging effects of a bar mower, a flail
mower, and a suction mower on true bugs and mealworm beetles. The insects were applied to 3 x 2.7 m
experimental plots for 5-10 minutes before mowing and those remaining were counted immediately
after mowing. Different damage rates were observed depending on the insect group (adult bugs, bug
larvae, and mealworm beetles). Overall, the proportion of Killed or injured individuals was lowest for
the bar mower with an average of 28.4 %, whereas the damage rates of the suction mower with an av-
erage of 46.5 % and the flail mower with an average of 62.8 % were significantly higher. For adult bugs,
the negative effects of both mowing techniques were highest, with 84-88 % of individuals being killed
or injured (Table 2).

Table 2: Summary of literature review concerning the percentage of mowing-related damage rates of various insect
groups and spiders when mowing with various mowers: B = bar mower, C = conditioner, R = rotary mower.

Damage rate in %

Insect and spider Bar mower Rotary  Rotary mower Flail Suction Entire Publication
groups mower with conditioner mower Mower harvesting
process

Orthoptera

. . WILKE
Diverse species 6 30 (1992)

(KIEL 1999),

Diverse species 75 citeted in Hum-

BERT et al. (2009)

OPPERMANN and

Diverse species 9 21 34 80 KRISMANN
(2001)
Metrioptera bicolor 42 WAGNER
(2004)
. GARDINER
Chorthippus parallelus 59 (2006)

. . GARDINER
Diverse species (nymphs) 21 (2006)
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Damage rate in %

Insect and spider Bar mower Rotary  Rotary mower Flail Suction Entire Publication
groups mower with conditioner mower Mower harvesting
process

. . 66 (B) - HuUMBERT et al.
Diverse species 13 21 57 84 (R+A) (2010a)
Beetles (Coleoptera)

. . HEMMANN et al.

Tenebrio molitor 16 60 30 (1987)

. . . BLODGETT et al.
Epicauta occidentalis 4 21 (1995)
Table continued on next page
True Bugs (Heteroptera)
Dysdercus intermedius; HEMMANN et al.
adults 52 88 84 (1987)
Dysdercus intermedius; HEMMANN et al.
nymphs 7 41 26 (1987)

. . STEIDLE et al.
Diverse species 29 (2022)
Butterflies (Lepidoptera)

(LOBBERT et al.
Helicoverpa armigera; 1994), cited in
: 18 16 77
caterpillars HUMBERT et al.
(2009)
Pieris brassicae; HUMBERT et al.
caterpillars 20 87 69 (2010b)
Hympenoptera
. . FLURI et al.
Honey bee (Apis mellifera) 5 35 (2000)
. . STEIDLE et al.
Diverse species 55 (2022)
Other
Diverse cicada species 48 STEIDLE et al.
(Cicadina) (2022)
Diverse spider species 49 STEIDLE et al.
(Araneae) (2022)
Diverse insect and KRAUT
spider species 25 25 33 (1995)
Diverse insect and 52 70 HECKER et al.
spider species (2022)
Diverse fly species 59 STEIDLE et al.
(Diptera) (2022)
Larvae of various 73 STEIDLE et al.
holometabolous insects (2022)
Wax models
(LOBBERT et al.
Wax model 4 12 55 1994), zitiert in
(spiders/carabids) HUMBERT et al.
(2009)
Wax model (caterpillars) 11 17 28 HumBERT et al.

(2010b)
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LOBBERT (2001) also compared various flail mowers with a disc and a double-blade mower. Here,
however, instead of living arthropods, model bodies with the physical properties of carabid beetles or
spiders were applied to the vegetation on the ground, at the cutting height (5 or 10 cm), or at a height
of 20 cm. Similarly to HEMMANN et al. (1987), the least damage was determined for the bar mower. At
a cutting height of 10 cm, some of the damage rates were even less than 10 %. The disc mower dam-
aged approximately 30 % of the model bodies, whereas the various flail mowers showed damage rates
ranging from 50 to over 90 % depending on the application height and the model body used (Table 2).

Several studies investigated the effects of bar mowers and rotary mowers on grasshoppers. WILKE
(1992) reported damage rates of only 6 % when a double-blade mower was used, whereas the tested
rotary mowers Killed 28-30 % of the grasshoppers (Figure 3). Similar results were obtained by OPPER-
MANN and KRISMANN (2001). The bar mower was found to be gentler on grasshoppers with only 9 %
damage, whereas employment of a rotary mower killed 21 % of the grasshoppers. The additional use
of a conditioner increased the losses to 34 % (Table 2). A study of honey bees by FLURI et al. (2000)
provided similar results (Table 2). Mowing with a rotary mower without a conditioner only killed or
injured 5 % of the honeybees, whereas 35 % were killed when a conditioner was employed. Extrapolat-
ed to one hectare of flowering meadow, this would have resulted in losses of 2,000 honeybees without
conditioner and 9,000 to 25,000 with conditioner.

Figure 3: Large marsh grasshopper Stethophyma grossum damaged by mowing with a rotary mower (© T. Kimmich).

The effects of conditioners on a wide variety of arthropod groups were investigated in a study by
HECKER et al. (2022): 70 % of the arthropods contained in the mown material were damaged (bruised
thorax or abdomen) after mowing with a rotary mower plus conditioner, whereas only 52 % of the
individuals in the mown material from plots mown without conditioner showed such damage (HECKER
et al. 2022). So far the most extensive studies concerning mowing and insect fauna have been carried
out by Agroscope (HUMBERT et al. 2010b, HUMBERT et al. 2010a; Table 2). In addition to bar, drum, and
disc mowers, the effects of a conditioner were tested on living insects (grasshoppers and butterfly cat-
erpillars) and on wax models of various sizes. The hand-operated bar mower showed damage ranging
from an average of about 11 % for the wax models to about 20 % for the caterpillars (HUMBERT et al.
2010b). Mowing with the drum mower damaged an average of 17.2 % of the wax models and killed
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about 40 % of the caterpillars depending on their position in the vegetation. The use of an additional
conditioner increased this mortality to 70 % (HUMBERT et al. 2010b). The bar mower was also the gen-
tlest mower on grasshoppers, with 13 % killed. A conditioner on the drum mower increased damage
rates significantly from 21 % to an average of 57 % (HUMBERT et al. 2010a). Grasshopper damage rates
were recorded for the hay harvesting processes of tedding, raking, baling, and loading that occur after
mowing. This resulted in mortalities of on average 27 % attributable to tedding and baling and up to
51 % attributable to tedding and raking together (HUMBERT et al. 2010a). Depending on the mower,
the total mortality rates calculated for the entire harvesting process were on average 66 % for the bar
mower and 84 % for the drum mower with conditioner (Table 2, Figure 4). However, this work sug-
gests that the processes following mowing can cause higher levels of damage than the mowing itself
(HUMBERT et al. 2010a).

100

bar mower
M rotary mower

80 - mrotary mower with conditioner

60 -

40

20 - I

| B B

after mowing after tedding after raking after baling/loading

cumulative damage rates of
grasshoppers in %

hay harvesting steps

Figure 4: Cumulative percentage damage rates of grasshoppers in grassland after various harvesting steps with
various types of mowing equipment. The values for the entire harvesting process were calculated form individual
survival rates of the respective steps (HUMBERT et al. 2010a) and subsequently converted into damage rates.

Further arthropod groups, which had not or were only rarely investigated with regard to mowing
losses, were included in a study on the influence of a conventional flail mower for municipal use (BE1z et
al. 2022, STEIDLE et al. 2022). Damage rates of up to 73 % were found, depending on the group (Table 2).

Insect groups affected by mowing

Grassland ecosystems created by human management provide important habitat for many insects
and other arthropods (VAN DE POEL and ZEHM 2014, BUNDESMINISTERIUM FUR UMWELT, NATURSCHUTZ,
BAU UND REAKTORSICHERHEIT 2015, KREMER 2020). The most famous flower-visiting groups include
bees and wasps (Hymenoptera, Figure 5a), flies (Diptera, Figure 5b), and butterflies (Lepidoptera,
Figure 5c¢). Many of these representatives have developmental stages that are not very mobile (e.g.,
butterfly caterpillars and larvae sawflies) and are therefore particularly vulnerable to mowing (FLURI
et al. 2000, Btz et al. 2022, STEIDLE et al. 2022). Various beetle species are also found on grassland
as flower visitors, herbivores, or predators, such as Trichodes alvearius (Fabricius 1972, Coleoptera,
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Figure 5d; WILLNER 2013). To date, grasshoppers (Orthoptera, Figure 5e) have received the most at-
tention with regard to damage caused by grassland mowing (OPPERMANN and KRISMANN 2001, WAG-
NER 2004, GARDINER 2006, HUMBERT et al. 2010a). Not only direct damage during mowing, but also
losses attributable to microclimatic changes caused by mowing are well documented for grasshoppers
(GARDINER and HAssALL 2009). The sap-sucking true bugs and cicadas (Hemiptera, Figure 5f) are also
inhabitants of or visitors to grassland and are therefore affected by frequent mowing (HEMMANN et al.
1987, STEIDLE et al. 2022).

Figure 5: Selected representatives of well-known insect groups: a) Bumblebee (Bombus sp., Hymenoptera) collecting
pollen, b) Large bee-fly (Bombylius major, Diptera) on creeping buttercup (Ranunculus repens), ¢) Imago and cater-
pillar of Papilio machaon (Lepidoptera), d) Trichodes alvearius (Coleoptera), e) Grasshopper nymph (Chorthippus sp.,
Orthoptera), f) Striped bug (Graphosoma italicum, Heteroptera), a) - d) © Lea von Berg, e) - f) © Florian Weber

“Arthropod-friendly” mowing technology

Although the damaging effects of mowing on arthropods, as shown above, is known, few attempts
have been made to avoid this effect by developing alternative techniques. Even those limited ap-
proaches undertaken provide hardly any accompanying ecological studies that establish their effec-
tiveness. To date, only modern double-blade bar mowers or insect flushing bars mounted in front of
the mower represent gentle alternatives for the agricultural management of grassland (ZIEGER 2021).
The Naturschutzbund Deutschland e.V. (NABU) in Gartringen-Nufringen (Baden-Wiirttemberg), for
example, used a bracket mounted in front of the mower as an insect flushing bar to encourage insects
and other arthropods to escape, when managing ecologically valuable grassland areas (Hotz 2013).
A unpublished accompanying study has confirmed this effect (OPPERMANN et al. 2012). Increased
political and public interest in arthropod conservation and biodiversity preservation in recent years
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has led a number of companies to develop and incorporate variants of what is believed to be the first
insect flushing bars, such as drooping tines, chains, and tarpaulin, into their mowers (MEISSNER
2020, ZIEGER 2021). An alternative form of insect flushing bar has been developed by Fischer Maschi-
nenbau GmbH & Co KG. In their EcoCut, arthropods will be gently removed from the vegetation with a
horizontal blower set at an air speed of 150 to 260 m/s and fixed in front of the mower unit (according
to the patent). A so-called “honeycomb test” has shown a protective effect of up to over 90 % with their
method (BEUTEL and REBER 2020, MEYER 2020). This superficially sounding promising approach,
however, appears to be scientifically unsound, since the “honeycomb test” only investigates the effect
on honeybees on honeycombs. The effect that the flushing bar has on wild arthropods in natural veg-
etation thus cannot be estimated based on this method.

A promising type of arthropod-friendly mowing technology has been developed by MULAG
Fahrzeugwerk (Heinz Wossner GmbH & Co. KG) and introduced to the market in form of the ECO
1200 embankment mower for roadside mowing. The key innovation of this mowing head is a modified
airflow and a largely closed base that prevents arthropods from being sucked into the mowing head
and thus reduces arthropod losses (MEISSNER 2020). In addition, the mowing head has an adjustable
insect flushing bar made from truck tarpaulin, an increased cutting height from 10 to 15 cm, narrow
blades, and a very narrow contact surface to the ground. Ecologists have compared the ECO 1200 with
the conventional MK 1200 flail mowing head from the same company. Depending on the arthropod
group, the MK 1200 causes mowing losses ranging from 29 to 73 % (Table 2). Use of the ECO 1200
resulted in no significant mowing losses for spiders, true bugs, cicadas, and holometabolous larvae
between unmown control meadow and meadow mowed with the ECO 1200 (Betz et al. 2022, STEIDLE
et al. 2022). In comparison with the conventional MK 1200, for flies and hymenopterans, the damage
rate decreases from 59 and 55 % to 34 and 40 %, respectively (BErz et al. 2022, STEIDLE et al. 2022).
Thus, the ECO 1200 represents an arthropod-friendly alternative for roadside mowing, despite the
involvement of the rotary mowing technique. Other mowers equipped with a wide variety of modifi-
cations or scarecrows are available primarily for municipal use (Z1EGer 2021). However, no proof has
been provided for their effectiveness.

Conclusions
Meadow management by mowing is essential to maintain the meadow ecosystem, this being the only
method to guarantee that such an area remains permanently open (HUMBERT et al. 2010c, KREMER
2020). At the same time, this type of management poses a threat to in meadow-living larger verte-
brates and invertebrates such as insects and spiders (HUMBERT et al. 2010c, SEIBOLD et al. 2019).
Differences in the extent of arthropod losses during mowing can be explained by the different con-
struction or general functioning of the various mowing technologies (Table 1). The circular “orbits” of
the blades and the high speeds of disc and flail mowers result in a large portion of the managed area
encountering the blades. Thus, disc or flail mowers cover a four to six times greater area per second
than a bar mower with the same working width (Table 1). The probability that arthropods will be in-
jured or killed when a rotary mower is used is therefore significantly higher than when a bar mower
is employed. Additionally, the potential damaging effects of rotary mowers are increased by the use of
conditioners and by the suction that can draw arthropods from the ground into the blades.

The potential damage to insects and spiders based on the construction and operation of individual
mowers has been confirmed by several studies (HEMMANN et al. 1987, FLurt et al. 2000, LOBBERT 2001,
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OpPERMANN and KrISMANN 2001, HUMBERT et al. 2010a). In addition, the grass-harvesting processes
that occur immediately after mowing can also result in high losses (HUMBERT et al. 2010a; Table
2, Figure 4). The use of modern double-blade mowers and the installation of insect flushing bars
should reduce the damaging effect of mowing on meadow-dwelling arthropods (OPPERMANN et al.
2012, Hotz 2013, BB-UMWELTTECHNIK GMBH 2022). Mowing with rotary mowers can be made more
arthropod-friendly by the use of modified mowers that have a lower suction effect and thus a high
potential to reduce or eliminate mowing losses (BETz et al. 2022, STEIDLE et al. 2022). Collaborative
projects such as the “BioDivKultur” project (TECHNISCHE UNIVERSITAT DARMSTADT 2022), which aims
to improve the protection of arthropods on open green areas of cities, businesses, and agriculture, or
the “InsectMow” project (UNIVERSITAT HOHENHEIM and UNIVERSITAT TUBINGEN 2022), in which insect-
and spider-friendly disc mowers are being developed and evaluated, represent promising approaches
to protect and strengthen biodiversity on grassland areas through an innovative form of management
and improved mowing techniques.
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