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A B S T R A C T

Promoting arthropods in agricultural landscapes can contribute substantially to stop their decline and enhance 
pest control. Higher soil moisture and the presence of field margins can increase the abundance of arthropods in 
agricultural landscapes and influence their distribution within crop fields. However, little is known about the 
influence of soil moisture and distance from field margins on the overwintering of arthropods in arable fields. We 
investigated the influence of soil moisture and distance from a field margin on the numbers of arthropods, 
ground beetles and spiders emerging from soil in winter wheat fields. We established transects in winter wheat 
fields away from two different types of field margins: (i) around small standing water bodies (kettle holes) to 
capture a wide range of soil moisture values and (ii) other semi-natural landscape elements. At three distances (1 
m, 20 m, 50 m), we sampled arthropods with emergence traps and measured soil moisture between March and 
June. We found that soil moisture had a positive effect on the emergence numbers of arthropods in general and 
ground beetles and spiders in particular. Distance from field margins generally had negative effects on the 
emergence numbers of ground beetles, but positive effects on the emergence numbers of spiders. Emergence 
numbers and soil moisture content did not differ significantly between the two types of field margins. The high 
emergence numbers inside the fields indicate that arable fields are important overwintering habitats for bene
ficial arthropods. Proper management of arable soils to promote soil water holding capacity and soil moisture 
content may have the added benefit of promoting the production of beneficial natural enemies from local soils.

Introduction

Arthropod populations worldwide are in decline (Cardoso et al., 
2020; Wagner, 2020) and agricultural intensification is one of the major 
drivers of the ongoing biodiversity loss (Sánchez-Bayo & Wyckhuys, 
2019). Agriculture benefits from a number of key ecosystem services 
provided by arthropods, mainly pest control (Landis et al., 2000), 
pollination (Klein et al., 2007) and decomposition of organic matter 
(Culliney, 2013). The local agricultural management not only affects the 
biodiversity of the farmed area but also of adjacent areas (Gabriel et al., 
2010), including imbedded natural habitats and conservation areas 
(Brühl et al., 2021). Agricultural landscapes therefore need to be part of 
the solution to maintain arthropod biodiversity (Samways et al., 2020).

Arthropods need suitable habitats for overwintering, but agricultural 
fields are often characterised by adverse conditions: High intensity and 
frequent disturbance through management, for example ploughing, 

increases mortality of arthropods (Thorbek & Bilde, 2004) and a lack of 
vegetation cover in winter results in unfavourable microclimatic con
ditions (Bürki & Hausammann, 1993; Frank & Reichhart, 2004; Pfiffner 
& Luka, 2000). Consequently, field margins (Andersen, 1997; Clem & 
Harmon-Threatt, 2021; Ganser et al., 2019) and semi-natural habitats 
(Feng et al., 2021; Knapp et al., 2022) often harbour higher numbers of 
overwintering arthropods in agricultural landscapes compared to arable 
fields. Movement from these overwintering habitats into arable fields 
occurs in spring (Blitzer et al., 2012; Coombes & Sothertons, 1986; 
Wamser et al., 2011) and spillover of beneficial organisms contributes to 
the provision of ecosystem services, such as pest control (Dennis & Fry, 
1992; Landis et al., 2000). Later in the crop growing season, spillover 
from semi-natural habitats into arable fields may, however, not provide 
a net benefit in terms of the number of pest control agents or pest control 
services (Birkhofer et al., 2018). In contrast, species overwintering in the 
field can account for a relevant proportion of the population during the 
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growing season and thereby enhance pest control (Noordhuis et al., 
2001).

Studies comparing the number of overwintering arthropods in semi- 
natural habitats or field margins to arable fields primarily sampled 
paired locations inside and outside the arable field (crop vs. non-crop 
habitat, e.g. Andersen (1997) [min. 20 m], Pfiffner and Luka (2000)
[30 m], Ganser et al. (2019) [3 m], Clem and Harmon-Threatt (2021)
[20 m]). Knapp et al. (2022) included a distance gradient in their design 
by placing additional sampling points at the edge between arable field 
and non-crop habitat. However, most studies that used a distance 
gradient focused on the distribution of arthropods in the growing season 
after emergence. With increasing distance into the fields, these studies 
often show changes in the activity-density of arthropods in general (Ng 
et al., 2018; Pollier et al., 2019) and amongst others for ground beetles 
(Anjum-Zubair et al., 2010; Birkhofer et al., 2014; Boetzl et al., 2019, 
2020, 2024) (but see: Hof and Bright (2010)) and spiders (Birkhofer 
et al., 2014; Boetzl et al., 2019) (but see: Boetzl et al. (2020)).

Pitfall traps are the most common sampling technique for ground- 
dwelling arthropods such as ground beetles (Coleoptera, family Cara
bidae). The resulting estimates of local numbers are activity-densities 
without any reference to the origin of the beetles (Brown & Matthews, 
2016). Emergence traps, in contrast, provide reliable estimates of the 
local production and emergence of arthropods overwintering in the soil 
and results can directly be linked to the properties of local soils (Holland 
et al., 2007). Soil moisture is an important soil characteristic and 
decreasing soil moisture inside agricultural fields leads to lower abun
dances of arthropods (measured with suction sampling), including 
ground beetles and spiders (Frampton et al., 2000; Zaller et al., 2014). 
However, knowledge about the influence of soil moisture on over
wintering arthropods is scarce (but see: Holland et al. (2007)). Kettle 
holes, as small standing water bodies, provide a natural source of soil 
moisture. In Northeastern Germany, kettle holes are distributed with a 
density of up to 40 kettle holes per km2 in agricultural landscapes 
(Kalettka & Rudat, 2006; Pätzig et al., 2012) and are regarded as hot
spots of biodiversity (Pätzig et al., 2012; Vasic et al., 2020). These 

densities and their properties provide ideal conditions to study the in
fluence of soil moisture and distance from field margins on the emer
gence of arthropods from soils of adjacent crop fields. The focus of this 
study is on ground beetles and spiders as numerically dominant gener
alist predators in agroecosystems, which contribute significantly to the 
biological control of pests and develop and emerge from soil (Birkhofer 
et al., 2013; Kromp, 1999; Michalko et al., 2019; Symondson et al., 
2002).

We sampled arthropods with emergence traps along two distance 
gradients, with distances of 1, 20 and 50 m: (a) a distance gradient 
parting from the field margin of focal kettle holes into the surrounding 
wheat field and (b) a distance gradient from the field margin of another 
semi-natural landscape element into the same wheat fields. We hy
pothesize that (i) soil moisture is highest closest to the kettle hole field 
margins and that it decreases towards the centre of the wheat fields, (ii) 
numbers of arthropods, including ground beetles and spiders, emerging 
from soil generally increase with soil moisture and (iii) numbers of ar
thropods, including ground beetles and spiders, emerging from soil are 
highest near the kettle hole field margins, lower at other field margins 
and generally lowest in the field centres.

Materials and methods

Study area

The study area is located in the Uckermark region in the Federal 
State of Brandenburg in northeast Germany (Fig. 1). The landscape 
laboratory (AgroScapeLab Quillow, 2023) (https://comm.zalf.de/sites/ 
aslq/SitePages/Home.aspx) is part of the Quillow catchment with an 
area of 160 km2 which is intensively farmed. The undulating landscape 
was shaped by the Ice Age, leaving many small standing bodies of water 
called kettle holes which are often situated inside the arable fields 
(Appendix A: Fig. A.1). The study area is characterised by temperate 
climate with a mean air temperature of 8.9 ◦C and low annual precipi
tation (mean 498 mm), in the transition zone between subatlantic and 

Fig. 1. Location of the study area. The landscape laboratory “AgroScapeLabs Quillow” is situated in the northeast German lowlands. Land cover types are indicated 
by colours. The area is dominated by arable land (yellow).
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subcontinental impacts. The altitude varies between 20 and 110 m 
above sea level. Ranging mainly from sandy loam to loamy sand, soil 
types comprise a heterogeneous distribution of luvisols, arenosols, 
phaeozem, retisols, histosols, and planosols (Schultz et al., 2022). Due to 
a medium to high yield potential (winter wheat yield between 7.0 and 
9.5 t/ha) (Schultz et al., 2022), land use is dominated by conventional 
farming with winter cereals (mostly wheat), silage maize and oilseed 
rape as the main crops (Raatz et al., 2019). The average field size 
amounts 27.5 ± 1.1 ha (Ullmann et al., 2020).

Study design

We selected ten kettle holes that were located entirely inside winter 
wheat fields (N = 6 fields; Fig. 2). These fields were all conventionally 
managed with maize as previous crop, did not border one another and 
were spread across the study area. The kettle holes had a distance to the 
field margin of at least 50 m and represented both the overflow and the 
storage type (Kalettka & Rudat, 2006). We established an orthogonal 
transect from the field margin around the kettle holes towards the centre 
of the surrounding wheat field (N = 10 transects). Additionally, we 
established a control transect from the field margin of another 
semi-natural landscape element (e.g. hedgerow or grassy margin) to
wards the centre of each of the same six fields that contained the selected 
kettle holes (N = 6 transects). The transects consisted of four sampling 
points for soil moisture at a distance of 1, 5, 20 and 50 m from the field 
margin (kettle hole or other margin) into the wheat field. We also 
collected arthropods with emergence traps at 1, 20 and 50 m. The 
number of sampling points differed for soil moisture and arthropods 
because we used a joint study design with other investigations analysing 
the impact of soil moisture. The sampling period started in mid-March 
and ended in late June 2020, just before the harvest.

Arthropod sampling

We set up commercially available (Emergence trap, 2023) (NHBS, 
https://www.nhbs.com/soil-emergence-trap-ii, Appendix A: Fig. A.2) to 
collect all invertebrates emerging from soil. We apply the term emer
gence in a broad sense to the process of individuals appearing from soil 
independent of (a change of) developmental stage. The traps (tents) 
were white and covered a surface of 60 × 60 cm (0.36 m2). To catch all 
emerging individuals, we used the collecting bottle at the top of the tent 
for flying and climbing arthropods together with one pitfall trap in the 
centre of the tent for ground beetles, spiders and other ground-dwelling 
arthropods. Both sampling methods were combined to ensure that we 
captured the total amount of emerging individuals, taking into account 
their different modes of locomotion (Hanson et al., 2017). Bottles were 
filled with 200–300 ml of 70 % ethanol. For the pitfall traps we used 
glass cups (diameter 7.5 cm) half filled with a saturated salt solution and 
a drop of tenside to reduce the surface tension. Every two weeks, we 
replaced collecting bottles and pitfall traps over the sampling period of 
16 weeks. We counted all arthropods, ground beetles and spiders in each 
sample but without consideration of larvae. We replaced missing values 
from lacking samples (N = 157 out of 2304) and outliers (criteria for 
definition: Cleveland dotplot and plausibility, N = 4) by the corre
sponding mean (i.e. the respective value of the means calculated for 
each trap type at each date at each distance at each field margin). To 
calculate the number of individuals emerging from soil (referred to as 
emergence numbers), we summed up all sampled individuals of ar
thropods or ground beetles or spiders over the entire sampling period for 
each emergence trap (i. e. for bottles and pitfall traps together as we 
focus on total emergence numbers). One value for the number of ar
thropods was implausibly high and was therefore replaced by the second 
highest value in the dataset.

Fig. 2. Schematic illustration of the study design. The black line represents the outline of the study area. Blue circles: selected kettle holes (N = 10); yellow squares: 
fields containing the selected kettle holes (N = 6); green rectangles: selected other semi-natural habitats as control for each field (N = 6). Transects ran from the field 
margin of the kettle holes and the other semi-natural habitats towards the field centre (N = 16; not plotted). Smallest distance between fields: 2.4 km; greatest 
distance between fields: 13.4 km.
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Soil moisture measurements

Next to the emergence traps, we measured the soil moisture (m3/m3, 
volumetric soil moisture content) using microclimatic measuring sta
tions (Hobo H21 Micro Station, Onset Computer Corporation, MA, USA) 
with a soil moisture smart sensor (S-SMD-M005), which reported the soil 
moisture in a depth of approximately 10 cm continuously every hour. 
Due to technical problems, we did not get soil moisture values for the 
entire sampling period from all measuring stations. Therefore, we 
replaced the missing values (N = 16,108 out of 156,608) by the corre
sponding mean (according to the field margin type, distance and mea
surement time and date). We calculated mean soil moisture values over 
the entire measurement period as response variable.

Data analyses

To test for a soil moisture gradient from a field margin towards the 
field centre, we used a linear mixed-effect model. We included distance 
from a field margin (log-transformed to account for the non-linear 
relationship) and the type of the field margin (kettle hole vs. other 
semi-natural landscape element) as fixed factors and the field (Fields 
1–6), in which the transects were placed, as random factor. To test for 
effects on emergence numbers of arthropods, a second linear mixed- 
effect model was used (Table 1). Emergence numbers were log- 
transformed prior to analyses to fit the model assumptions. This model 
included the mean soil moisture, distance from a field margin (log- 
transformed for arthropods and spiders to account for a non-linear 
relationship) and field margin type as fixed factors and the field as 
random factor. For all statistical analyses, we used R, version 4.1.3 (R 
Core Team, 2022) with the package “nlme” for linear mixed-effect 
models (Pinheiro et al., 2022). We confirmed model assumptions of 
homoscedasticity and normal distribution of the residuals visually. We 
selected the model with the lowest AIC value as minimum adequate 
model. To control the selection of the terms, we determined the statis
tical significance of fixed effects by Wald’s chi-square tests on each of 
the full models (Anova function, ‘car’ package (Fox & Weisberg, 2019)). 
These tests confirmed the selected parameters (Appendix A: Table A.1).

Results

Soil moisture ranged between 0.12 m3/m3 to 0.38 m3/m3 for single 
measurement readings and between 0.22 m3/m3 to 0.33 m3/m3 for 
mean values per sampling point. Variation in soil moisture was best 
explained by distance from a field margin: Soil moisture declined with 
increasing distance (Fig. 3; estimate = − 0.003, p = 0.021, 40.7 % 

explained variance). The field margin type was not selected as predictor 
of soil moisture in the model.

Arthropods, ground beetles and spiders emerged over the entire 
sampling period from March to June at constant or increasing rates over 
time (Appendix A: Fig. A.3). At all three investigated distances, emer
gence of the three taxa occurred (Appendix A: Fig. A.4). Between 644 
and 2708 arthropods were caught per emergence trap over the sampling 
period. In total, 52,033 arthropods, with 11,399 in the pitfall traps (21.9 
% of all individuals) were sampled. Emergence numbers of arthropods 
were positively related to soil moisture in the minimum adequate model 
(Table 1, Fig. 4) and all four alternative models within 2ΔAIC units 
(Appendix A: Table A.2).

In total, 1770 ground beetles, with 1355 in the pitfall traps (76.6 %), 
were sampled ranging from 8 to 254 individuals per emergence trap. 
Emergence numbers of ground beetles were positively related to soil 
moisture in the minimum adequate model (Table 1, Fig. 5A) and all four 
alternative models within 2ΔAIC units (Appendix A: Table A.2). Dis
tance from a field margin as well as the interaction between distance and 
soil moisture were selected as predictors in the minimum adequate 
model, but both model terms did not affect the emergence numbers 
significantly (Table 1, Fig. 5B). At greater distances from a field margin, 
the positive influence of soil moisture became weaker, with no rela
tionship at a distance of 40 m or greater. Distance decay of the emer
gence numbers was strongest at soil moisture higher than 0.27 m3/m3. 
At low soil moisture values (0.21–0.24 m3/m3) or a large distance from a 
margin (40 − 50 m), emergence numbers of ground beetles were 
generally lower.

In total, 1500 spiders, with 1041 in the pitfall traps (69.4 %), were 
sampled ranging from 3 to 111 individuals per emergence trap. Emer
gence numbers of spiders were positively related to soil moisture in the 
minimum adequate model (Table 1, Fig. 6A) and the single alternative 
model within 2ΔAIC units (Appendix A: Table A.2). Distance from a field 
margin affected emergence numbers of spiders, with highest numbers at 
20 m distance from a margin independent of field margin type (Table 1, 
Fig. 6B).

Discussion

We investigated the emergence of arthropods, ground beetles and 
spiders in winter wheat fields. Here we show that soil moisture posi
tively influences the emergence numbers of all three taxa, but that the 
effect of distance from a field margin differs between taxa. Overall, 
emergence numbers suggest crop fields as relevant overwintering 
habitats.

Soil moisture

We expected soil moisture to be highest closest to the field margins of 
kettle holes and to show generic decreasing trends towards the field 
centre (Gerke et al., 2010). Soil moisture was indeed highest close to 
field margins, but independent of the field margin type (kettle hole or 
other semi-natural landscape element). Surprisingly, sampling points on 
the kettle hole transects showed no strong trend towards elevated soil 
moisture values compared to the transects from other field margins. The 
year 2020 was very dry, together with the proceeding years, with kettle 
holes falling dry or having a much smaller water body than in more 
average years (Pätzig & Düker, 2021). These drought conditions may be 
a reason for the lack of differences in soil moisture between the two field 
margin types. A second potential explanation may be that we measured 
soil moisture in the upper part of the soil which dries out first. We 
decided to sample soil moisture at this depth, because it is the most 
relevant layer for soil-living organisms in this study.

Soil moisture was the most important predictor of the emergence 
numbers of total arthropods as well as ground beetles and spiders, as 
numbers of all three taxa were higher at high soil moisture levels. This 
result confirms our hypothesis and underlines the relevance of soil 

Table 1 
Model parameters of the minimum adequate models. The effects of soil moisture, 
distance from a field margin and field margin type and the interaction between 
the factors on the emergence numbers of arthropods, ground beetles and spiders 
are shown with model estimate, p-value and the percentage of explained vari
ance. “Not selected” means that the variable is not part of the minimum 
adequate model. Emergence numbers were log-transformed. Distance was log- 
transformed in the models on the emergence of arthropods and spiders.

Arthropods Ground beetles Spiders

Estimate p- 
value

Estimate p- 
value

Estimate p-value

Soil moisture 
(S)

3,75 0.032 12,90 0.023 10,59 0.011

Distance (D) not selected 0.06 0.199 0.19 <0.001
Field margin 

type (T)
not selected not selected not selected

S x D not selected − 0.29 0.097 not selected
D x T not selected not selected not selected
S x T not selected not selected not selected
Variance expl. 47.7 % 47.2 % 49.6 %
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moisture for arthropods. This is consistent with the finding that 
decreasing soil moisture leads to lower abundance of ground-dwelling 
arthropods (Frampton et al., 2000; Zaller et al., 2014). However, 
emergence is rarely studied in relation to soil moisture in the field. One 
exception is the study by Holland et al. (2007) who found emergence 
numbers in individual ground beetle species to respond positively to soil 
moisture in winter-sown cereals. Given the positive influence of soil 
moisture on total arthropod as well as ground beetle and spider emer
gence, the widespread decrease in soil moisture associated with 
anthropogenic climate change (Seneviratne et al., 2010) is worrying in 
light of the general decline in arthropod populations worldwide 
(Cardoso et al., 2020; Wagner, 2020).

Distance from field margins

In contrast to soil moisture, which had a positive effect on the 
emergence of all three taxonomic groups, the influence of the distance 
from a field margin differed between taxa: for spiders it was hump- 
shaped with peak numbers at 20 m (Fig. 6B), but for ground beetles it 
was negative or weak depending on soil moisture levels (Fig. 5B).

For ground beetle emergence, distance showed a negative trend, 
especially at high soil moisture levels, whereas at low soil moisture 

values, emergence numbers remained constant at all distances (Fig. 5B). 
The positive effect of soil moisture on the emergence numbers generally 
disappeared with increasing distances and soil moisture effects were 
even higher close to the edges of the fields (Fig. 5A). The potential for 
overwintering close to the field margin is probably higher for ground 
beetles and beneficial effects of soil moisture lead to higher emergence 
at these distances.

The influence of distance from a field margin on the emergence 
numbers of ground beetles and spiders is only partly reflected by pre
viously observed activity-densities during the growing season in cereal 
fields (see Introduction). Accordingly, those findings cannot generally 
be transferred to emergence numbers.

Crop fields as overwintering habitat

Crop fields can be important habitats for the overwintering of 
generalist predators (Feng et al., 2021; Hanson et al., 2017; Holland 
et al., 2007). Especially winter-sown cereals as in this study can support 
overwintering predatory arthropods (Birkhofer et al., 2018; Sotherton, 
1984) due to a less detrimental timing of soil tillage (Fadl et al., 1996; 
Purvis & Fadl, 1996). Based on the high numbers of spiders and ground 
beetles (and overall arthropods) caught in our study, we conclude that 

Fig. 3. Response of soil moisture to distance from a field margin (combined for transects from kettle holes and other semi-natural landscape elements). At the 
furthest distance of 50 m, soil moisture was significantly lower than near a field margin. The bold horizontal line inside the boxes represents the median, with the box 
ranging from the first to the third quantile. Whiskers mark 1.5 times the interquartile range from the top and bottom of the box and points are outliers.

Fig. 4. Positive relationship between the emergence numbers of arthropods and soil moisture. The graph shows the prediction of the minimum adequate model using 
the “effects” package (Fox & Weisberg, 2019). Emergence numbers of arthropods are log-transformed.
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not only field margins are important, but soil management in-field also 
impacts arthropods. Consequently, we propose that efforts to maintain 
arthropod numbers should not be limited to the promotion of field 
margins and semi-natural habitats. Crop fields themselves deserve 
attention as important overwintering sites for arthropods. Soil man
agement resulting in reduced disturbance during the overwintering 
period (Thorbek & Bilde, 2004) and higher soil water holding capacity 
(Birkhofer et al., 2021) may help to reduce arthropod mortality and can 
promote emergence numbers from crops fields.

This may result in enhanced pest control (Noordhuis et al., 2001) and 
early-season pest regulation (Athey et al., 2016) as within-field 
emerging arthropods can reduce the need for colonization of fields 
from surrounding habitats. The high number of individuals not being 
ground beetles or spiders leaves open whether such management ad
aptations would also favour the emergence of pest groups.

Furthermore, our findings are not only important for overwintering 
arthropods, since emergence traps captured an increasing number of 
arthropods in May-June (Appendix A: Fig. A.3). Potentially, these are 
not exclusively overwintering individuals. Several ground beetle species 
are burrowers that dig into the soil not only for overwintering (Thiele, 
2012). Thus, our study highlights the general importance of agricultural 
soils and their adequate management as habitats for arthropods. 

Considering that agriculture is the most important land use type 
worldwide, covering 37 % of the terrestrial surface (Raschka & Carus, 
2012) and 50.6 % in Germany (Bundesministerium für Ernährung und 
Landwirtschaft, 2022), our study confirms its great potential in pro
moting arthropods and halt their decline (Samways et al., 2020).

Emergence traps

Emergence traps are a valuable method to estimate numbers of 
emerging arthropods related to a location of fixed area size which is not 
possible using pitfall traps. Emergence traps allow to identify and 
characterise overwintering habitats of organisms that develop in the 
soil. However, mobile taxa may not stay at their overwintering location 
and emergence traps cannot provide estimates of locally active organ
isms. The technique can therefore not be used to derive conclusions 
about ecosystem services provided by the respective organism groups. 
Hence, for an ecological evaluation both sampling methods (pitfall traps 
and emergence traps) should ideally be used together (Birkhofer et al., 
2018; Hanson et al., 2016). Given that one fourth of the ground beetles 
and even one-third-of the spiders were caught with the collecting bot
tles, it seems reasonable to use both, pitfall traps and collecting bottles, 
inside the tents when sampling ground-dwelling taxa with emergence 

Fig. 5. Relationship between the emergence numbers of ground beetles and (A) soil moisture, depending on the distance from a field margin, (B) distance from a field 
margin, depending on soil moisture. The graphs show the prediction of the minimum adequate model using the “effects” package (Fox & Weisberg, 2019). Emergence 
numbers of ground beetles are log-transformed.
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traps.

Conclusion

Within-field soil conditions matter for arthropod communities. Soil 
moisture is an important property for the overwintering of ground- 
active arthropods. Consistent for all three studied taxa, emergence 
numbers were positively related to soil moisture. Ground beetle and 
spider emergence numbers showed the same relationship to soil mois
ture, but differed regarding their response to the distance from a field 
margin. Thus, management for higher soil water holding capacity is a 
promising option to conserve numbers of beneficial arthropods but 
management practices that solely focus on narrow edges of crop fields 
may miss an opportunity to conserve arthropod predators. Management 
adaptations would be especially effective where emergence is highest, i. 
e. where moisture is high and at distances of up to 20 metres to field 
margins. It is crucial to emphasize that emergence numbers inside the 
fields were high. We therefore conclude that crop fields should not be 
neglected as overwintering habitats of beneficial arthropods. Increasing 
numbers over time even highlight the general importance of agricultural 
soils for arthropods. Consequently, management adaptations in crop 
fields that minimize the mortality of soil-emerging arthropods should 
become key practices to halt the ongoing biodiversity loss.
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