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Abstract

Many European insect species are bound to open habitats, hence disturbances that reset succession are important for
their conservation. These can be employed in the form of low-intensity management or, alternatively, natural processes.
Rooting by wild boar (Sus scrofa) is an example of such a natural process. In this study, we investigated if and how boar
rooting influences Orthoptera (grasshoppers and crickets) communities in calcareous grasslands. We compared three suc-
cessional stages in abandoned calcareous grasslands in Hainich National Park, Germany: fresh rootings, old rootings and
the matrix. We tested for differences in microhabitat, Orthoptera abundance, species composition and demography. We
found that crickets and bush-crickets (Ensifera) preferred late successional stages in May and June, whereas grasshoppers
and groundhoppers (Caelifera) preferred early successional stages in May, whereas they did not show any preference
in June. We found two mechanisms through which rooting by wild boar supported Orthoptera diversity: (1) different
microhabitats support different habitat specialists with different life cycles. Habitat mosaics created by wild boar are thus
more diverse than just undisturbed grassland and (2) the most diverse microhabitat, characterised by the highest species
richness, was created by wild boar. Additionally, our observations also indicated that successional mosaics offer habitats
for species requiring different microhabitats throughout their life cycle. Implications for insect conservation: Our results
indicate that, at this density, wild boar can help to sustain Orthoptera biodiversity in calcareous grasslands. We advise to
take the beneficial role of wild boar into consideration in conservation measures and wild boar population management.
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Introduction

Insects are critical to ecosystems due to their impor-
tant ecological roles (Wagner 2020; Nyffeler et al. 2018),
their high diversity (Stork 2018) and their strong declines
in recent years (e.g. Hallmann et al. 2017; Wagner 2020).
For instance, the International Union for Conservation of
Nature reveals that about a quarter of all insects are nowa-
days near-threatened, threatened, or already extinct (ITUCN
2024). Many threatened species are bound to open habi-
tats, in particular grassland ecosystems (Wagner 2020). In
forest biomes, grasslands were historically maintained by
natural disturbances such as foraging by large herbivores,
storms, floods and fires (Brackhane et al. 2021; Navarro et
al. 2015; Pearce et al. 2024). Nowadays, however, natural
disturbance dynamics have largely been lost from European
landscapes (Brackhane et al. 2021). Instead, grasslands are
maintained through management practices such as clearing,
mowing and livestock grazing. When land is abandoned
and these practices stop, they currently undergo vegetation
succession towards woodland (Navarro et al. 2015). This
process often results in loss of plants and insects adapted
to grasslands due to litter accumulation and cooler micro-
climates (Benton 2012; Bobbink and Willems 1993; Otti
1989). Consequently, a certain level of disturbance is crucial
for maintaining grassland biodiversity (Partel et al. 2015).
The level of disturbance needed to maintain grassland bio-
diversity, is dependent on the specific context and system
(Bakker et al. 2006; Nabe-Nielsen et al. 2021).

One increasingly popular way to re-establish a natural
disturbance regime is rewilding with ecosystem engineers
(Bakker and Svenning 2018; Navarro et al. 2015); organ-
isms that directly or indirectly modify the availability of
resources for other species by altering the physical state
of the ecosystem (Jones et al. 1994). However, scientific
understanding of how ecosystem engineers contribute to
conservation of species associated with grasslands is still
limited (Bakker and Svenning 2018). In particular, little is
known on how physical disturbances affect insect commu-
nities, and risks have been identified as well (van Klink &
Wallis DeVries 2018). Given the urgency of insect biodi-
versity loss, it is important to assess the effect of ecosys-
tem engineers on insect communities (Bakker and Svenning
2018).

One of the most important extant ecosystem engineers in
Europe is the wild boar (Sus scrofa) (Labadessa and Ancil-
lotto 2023), which roots, often belowground, for arthropods,
tubers and other food resources (Ballari and Barrios-Garcia
2014; Bueno et al. 2013). This foraging behaviour sets back
vegetation succession by removing vegetation and turning
over the topsoil (Hor¢ickova et al. 2019). Subsequently,
these disturbances (hereafter referred to as ‘rootings’)
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become colonised by pioneer communities (van Leeuwen
et al. 2025; Scherer et al. 2025). As succession progresses,
ecological communities evolve sequentially (Steffan-
Dewenter and Tscharntke 1997; Fig. 1). The hypothesis
(Fig. 1) is that up to a certain level, rooting could elevate
the biodiversity of ecosystems by creating mosaics of suc-
cessional stages that provide habitat to a higher diversity of
species, because they provide niches to specialists of differ-
ent vegetation structures (Verberk and Esselink 2003), form
combinations of different microhabitats needed throughout
insect life cycles (Diacon-Bolli et al. 2012), and offer shelter
against stochastic disturbances (Oliver et al. 2010).

In this study, we tested whether rooting by wild boar
enhances insect biodiversity in abandoned, species-rich
grasslands by adding early successional stages. We focused
on grasshoppers, a group of insects tightly associated with
grasslands (Fartmann et al. 2012; Helbing et al. 2014). They
are important indicators for environmental change, as they
prefer specific microhabitats and vegetation structures (Far-
tmann et al. 2012; Schirmel et al. 2011). Additionally, they
play important ecological roles as grazers (Fartmann et al.
2022) and as a food source for many vertebrates (Zahn et
al. 2010).

Specifically, we tested the prediction that the abundance,
species composition and life stages of grasshoppers differ
between fresh and old wild boar rootings, and the matrix.
The latter is defined as a closed grassland vegetation with-
out any signs of rooting. Subsequently, we also explored
mechanisms behind the observed compositions of Orthop-
tera species, their life stages, and their occurrence in certain
successional stages.

Methods
Study area

The study was conducted in the species-rich calcareous
grasslands in the southern part of the Hainich National Park
in the German federal state of Thiiringen (51° 2’ 16 N; 10°
25’ 13.6” E). The climate is subcontinental (Cfb), with an
average annual temperature of approximately 8.5 °C and
an average annual precipitation of 700800 mm (long-term
average 1989-2018; Kronenberg et al. 2021). Historically,
these grasslands were kept open through sheep grazing and
military activities (Grofmann 2018). Since 1993, the land-
scape has been left unmanaged and is kept open solely by
large herbivores (GroBmann 2018). The most recent esti-
mation of wild boar population density in the study area is
around 12 individuals per 100 ha (Klamm et al. 2020).
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Fig. 1 Conceptual model of vegetation and grasshopper succession
in wild boar rootings in calcareous grasslands. Wild boar create fresh
rootings, which subsequently age and eventually converge to sur-

Study design

To study this successional trajectory on wild boar rootings,
we used a space-for-time substitution (sensu Pickett 1989).
We mapped wild boar rootings and then divided the area
into three different successional stages — fresh rootings, old
rootings and matrix — based on field characteristics, as in
Cabon et al. (2022). Fresh rootings had signs of very recent
rooting: a low vegetation cover and a high microrelief. Old
rootings were largely overgrown patches which still held
signs of wild boar rooting activity. Matrix was grassland
vegetation without signs of wild boar rooting. We sampled
40 2 x2 m plots for each successional stage (total: N=120,
Fig. 2). Sets of one fresh rooting, one old rooting and one
matrix plot were selected within 825 m from each other,
representing a block design. All plots were located in areas
with a gentle slope (inclination<10°), and >10 m from the
closest shrub to the south to avoid shading.

Measurements

Orthoptera communities were sampled in 2023 in two rounds
(May and June) using a 2 m? box quadrat (1,41 x 1,41 m) (as
in Fartmann et al. 2024). Sampling did not take place during
rain (as in Gardiner and Hassall 2009). Identification was
performed using Thommen (2021) for nymphs and Fischer

Cover of bare
H .
ground, gravel High Intermediate Low
& Rocks
Vegetation Low | Intermediate High
cover
Vegetation = ,m o
heterogeneity =

rounding matrix vegetation. The matrix may be rooted again or fur-
ther develop into shrubland/forest. Changes in insect communities are
expected to change with microhabitat quality

et al. (2020) for adult grasshoppers. Unidentified (escaped)
individuals (which escaped too quickly) were included in
calculations on abundance, but excluded from species rich-
ness calculations. All individuals were identified to (mor-
pho)species level and classified by life stage (young nymph,
old nymph, or adult) and suborder (Ensifera and Caelifera).
Caelifera are mostly herbivorous, have short antennae (Ben-
ton 2012) and are represented by grasshoppers and ground-
hoppers in the study system (Benton 2012). Ensifera are
omnivorous, have long antennae and are represented by
crickets and bush-crickets. Old nymphs were defined as
nymphs in the last two nymphal stages, in which the wing
stubs are no longer in inverted position (Benton 2012). For
all plots the Shannon Index and Shannon’s evenness were
calculated (Weaver and Shannon 1949). For calculating the
Shannon Index the function ‘diversity’ from the ‘vegan’
package was used (Oksanen et al. 2022).

Microhabitat was measured by estimating cover (in 5%
increments) of bare ground, bare rock and gravel, mosses,
lichens, herbs, grasses, shrubs (height: >50 cm), litter and
flowers (as in Fijen et al. 2019), and anthills (as ants might
also function as ecosystem engineers that create habitats
for early successional species, cf. Streitberger and Fart-
mann 2015; van Leeuwen et al. 2025). Moreover, we mea-
sured vegetation height with a yardstick at five regularly
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Fig.2 Aerial photograph showing the locations of the plots used in the
field study in Hainich National Park, Germany. The white dots indicate
fresh rootings, the light blue dots indicate old rootings and the dark
blue dots indicate matrix plots. The different subareas, used as random

distributed locations per plot, and calculated the average
and standard deviation.

Data analysis

Data analysis was conducted in R version 4.3.1 (R Core
Team 2023). Predictions on grasshopper abundance, life
stages, species richness and habitat quality and were tested
by GLMM’s using the ‘lme4’ package (Bates et al. 2015),
with successional stage and measurement round as fixed
factors and subareas and predefined clusters within each
subarea (Fig. 2) as random factors. The model family was
determined by visually assessing the data distribution using
histograms. We used post-hoc tests from the ‘multcomp’
package (Hothorn et al. 2008). Multiple testing correction
was applied according to the false discovery rate (FDR)
method (Benjamini and Hochberg 1995). In the models with
successional stage and measurement round as fixed factors
and the habitat quality variables, grasshopper abundance
and species richness, we checked the Poisson models for
overdispersion using the ‘AER’ package (Kleiber & Zeileis
2008). When a significant overdispersion was detected,
the Poisson models were substituted negative binomial
GLMM’s.
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factors in the statistical analysis, are indicated in orange. The white
ellipses indicate the clusters of plots, these are also used as random
factors in the analysis (GDI-Th; dl-de/by-2-0)

The specificity and sensitivity of all (morpho)species to
(combinations) of successional stages were calculated using
an indicator species analysis with the package ‘indicspecies’
(Caceres and Legendre 2009). As input data, the sum of
grasshopper abundances was pooled for both May and June.

To visualise the data and test the prediction on if grass-
hopper communities differed between different successional
stages, NMDS ordination was used. NMDS ordinations were
based on grasshopper abundance using the ‘Vegan’ package
(Oksanen et al. 2022). Again, the sum of grasshopper abun-
dances was pooled for both May and June as input data.
Due to the presence of a relatively high number of zeros in
the dataset, the Euclidean distance measure was used with a
maximum of 100 random starts. A PERMANOVA test was
conducted to test whether the point clouds of the different
successional stages significantly differed from each other,
with a post-hoc test using the package ‘pairwiseAdonis’
(Martinez Arbizu 2017).

To test for a relationship of species richness with micro-
habitat quality, we used GLMMs with the abundances of
all grasshoppers or grasshopper suborders as response vari-
ables, habitat quality parameters as fixed factors, and sub-
area and cluster as random factors. Environmental variables
were scaled. As bare soil cover, total vegetation cover and
grass cover were highly intercorrelated (Pearson correlation
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coefficient>0.7), we included only bare soil cover, as this
variable is the ecologically most important for many Orthop-
tera species, providing warm microclimates (Wiinsch et al.
2012; Schirmel et al. 2010). We then used model averag-
ing based on an information-theoretic approach. Different
candidate models were formulated by including all possible
combinations of habitat quality variables into the models,
using the ‘MuMIn’ package in R (Burnham and Anderson
2004). The best-fitting models were selected using the small-
sample corrected Akaike’s information criterion (AICc).
Using model averaging, the values from the top-rank mod-
els (AAICc<3) were combined to estimate the final coef-
ficients for all habitat quality variables. As this modelling
technique cannot deal with missing values, the few missing
values in the first round were filled up as described in Online
Appendix 3. Due to a large number of missing values in the
second round, 8 plots containing missing values for at least
one variable were removed from the dataset. The ‘ggplot2’
package was used for data visualisation (Wickham 2009).

Table 1 Average (£SE) values of vegetation S.ructure parameters in
fresh rootings, old rootings and matrix in abandoned calcareous grass-
lands in Hainich National Park, Germany

Parameter Fresh Old rooting Matrix Post-hoc
rooting test

Cover (%)

Vegetation 52.44+2.87 91.46+098 98.26+0.34 F<O,M

total

Herb layer 51.67+2.98 91.46+098 98.2+034 F<O,M

Shrubs 1.04+0.65 0.93£0.45 1.96+0.86 n.s.

Grasses 20.64+2.51 79.39+2.29 91.6£149 F<O<M

Forbs 40.26+£2.80 39.86+2.25 26.84+2.06 F,O>M

Grass/forb 0.62+£0.11  2.34+0.19 4.51+£043 F<O<M

ratio

Mosses 1.81£0.36 15.70£2.54 52.5+3.71 F<O<M

Litter 7.27+£0.90  30.74+£3.35 69.14+3.58 F<O<M

Bare soil 45.00£2.76 8.50+0.99 1.84+0.35 F>O0>M

Rocks and 5.83+0.51 2.28+0.27 0.09+0.07 F>0>M

stones

Anthills 3.06+£0.67 3.54+0.55 5.74+1.15 ns.

Flowers 290+0.41 1.70+0.27 1.27+0.13 F>M

Average veg- 6.75+£0.42 11.9+£0.39 16.53+0.87 F<O<M

etation height

(cm)

StdDev veg- 3.77+0.46 4.10£0.30 4.71+0.53 ns.

etation height

(cm)

The last column S.ows S.gnificant differences between S.ages from
post-hoc z-tests. N. S. N.t S.gnificant. Significant differences are
based on P<0.05

Results
Vegetation structure

Vegetation structure clearly differed between successional
stages. Vegetation cover, including forbs, grasses, mosses
and litter was highest in the matrix and lowest in fresh
rootings (Table 1). Forb cover was significantly lower in
the matrix than in fresh and old rootings but did not dif-
fer between these latter two successional stages (Table 1).
Bare soil, rocks and stones had decreasing covers in fresh
rootings, old rootings and matrix plots respectively. Flower
cover was significantly higher in fresh rootings than in
the matrix, with intermediate values in old rootings. The
grass-to-forb cover ratio and the average vegetation height
increased significantly from fresh rootings to old rootings
and the matrix respectively (Table 1).

Grasshopper communities

We found 15 grasshopper (morpho)species, including 6
Caelifera and 9 Ensifera species. Samples ranged 0-42
individuals of 0-6 species per plot, with a median of 2
individuals of 2 species. In May, 28% of the plots had no
grasshoppers. In June, this was 8%. No significant differ-
ences in grasshopper abundance were found between suc-
cessional stages in both rounds, neither overall, nor for
specific life stages (Fig. 3a and Tables A2a and A2b).

In May, overall species richness did not significantly
differ between successional stages (Table 2). However,
Caelifera species richness was significantly higher in fresh
and old rootings compared to the matrix, while Ensifera
species richness was significantly higher in the matrix and
old rooting plots than in fresh rootings. In June, overall spe-
cies richness was significantly higher in old rootings than in
fresh rootings, which were both not significantly different
from the matrix. In this month, no significant differences in
species richness for either Caelifera or Ensifera specifically
were found. Neither the Shannon index or Shannon even-
ness did differ significantly between the successional stages
in neither May or June.

In May, Caclifera were significantly more abundant
in fresh and old rootings than in the matrix (Fig. 3b and
Table A2a). In June, no differences in Caelifera abundance
between the successional stages were found (Fig. 3b and
Table A2b). Ensifera were significantly more abundant in
old rootings and the matrix in both May and June (Fig. 3¢
and Tables A2a and A2D).

Three species emerged as indicator species. Metriop-
tera brachyptera and Roeseliana roeselii were significantly
biased towards old rootings and the matrix, and TZetrix

@ Springer
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Fig. 3 Abundances of grasshoppers and crickets b
(Orthoptera) in fresh rootings (F), old rootings (O)
and matrix (M) with SE in in calcareous grasslands
in Hainich National Park, Germany, measured in ®
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Table 2 Mean=+sd of species richness, Shannon index and Shannon
evenness for the two grasshopper suborders in the calcareous grass-
lands of Hainich National park, Germany in May and June

Parameter Fresh rooting Old rooting Matrix Post-hoc
Orthoptera

species

richness

May

Caelifera 1.10+1.15 0.70+£0.992 0.15+0.533 F, O>M
Ensifera 0.18+0.45 1.08+1.02 0.875+0.88 F<O,M
Overall 1.28+1.20 1.78+1.12 1.03+1.14 n.s.
June

Caelifera 1.60£1.26 2.304+0.992 1.73£1.20 ns.
Ensifera 0.275+0.452 0.70+£0.791 0.65+0.802 n.s.
Overall 1.88+1.36 3.00£1.26 2.38+1.60 F<O
Shannon

index

May 0.32+0.43 0.52+0.45 0.22+0.38 n.s.
June 0.45+0.48 0.85+0.43 0.70+0.53 n.s.
Shannon

evenness

May 0.64+0.46 0.83+0.36 0.58+0.49 nus.
June 0.78+0.35 0.89+0.11 0.77+0.35 n.s.

The last column indicates significant differences as found in the
glmm’s. N.s. Not significant. Significant differences are based on
P<0.05

tenuicornis was significantly biased to young and old root-
ings (Table 3).

Habitat quality affecting grasshopper abundance

In May, the total grasshopper abundance was positively
related to distance to the nearest shrub and negatively by
the standard deviation of the vegetation height and the moss
cover. The Caelifera were positively influenced by the stan-
dard deviation of the vegetation height and the distance to
the nearest shrub and negatively by the average vegetation
height in May. Ensifera were positively influenced by the
cover of anthills and negatively by the standard deviation of
the vegetation height, and the covers of bare soil, forbs and
mosses in May (Fig. 4). In June, the results were different.
The total grasshopper abundance and the Caelifera abun-
dance were positively correlated with the forb cover and
negatively by the rock cover and the cover of anthills. The
Ensifera abundance, in contrast, was positively correlated

with the standard deviation of the vegetation height and
negatively by the covers of bare soil and mosses (Fig. 4).

Succession of grasshopper communities

For the NMDS, we used 4 dimensions (k=4). This resulted
in a stress value of 0.097. The NMDS showed that Grass-
hopper community composition in samples differed between
the three successional stages (Fig. 5). The grasshopper com-
munities in the matrix differed from those in the fresh and
old rootings (permanova test), while these latter two suc-
cessional stages hosted similar grasshopper communities.
Cover of bare soil, forbs and mosses and the average veg-
etation height were the main habitat quality variables that
explained differences in community composition. Early
successional stages were characterised by high covers of
bare soil and forbs. Late successional stages were character-
ised by high vegetations with a high moss cover.

Discussion

Rooting by wild boar has been put forward as a natural pro-
cess that conserves insect communities of open habitats by
resetting vegetation succession in grasslands. In this study,
we tested whether rooting by wild boar increases Orthoptera
biodiversity in abandoned calcareous grasslands by enhanc-
ing microhabitat heterogeneity. Our study expands on previ-
ous studies on wild boar rooting by dividing the successional
trajectory into three stages, instead of the two stages used in
many earlier studies (but see Cabon et al. 2022).

We found significant differences in microhabitat struc-
ture between the successional stages. Rooting thus indeed
produced a mosaic of patches with contrasting microhabi-
tats. As we also found significant differences in grasshop-
per communities from fresh and old rootings to matrix plots
along a successional axis, we conclude the mosaic supports
a more diverse Orthoptera community than the matrix alone
(Fig. 5).

We found clear differences in species abundance, rich-
ness, and composition between the successional stages.
These may be explained by changes in microhabitat and
vegetation structure during succession, as our data shows
that successional stages differ in vegetation structure and

Table 3 Results of the indicator species analysis on orthoptera communities in calcareous grasslands in the Hainich National Park, Germany

Successional stage

Species Life stage Fresh Old Matrix Spec. Sens. v P
Roeseliana roeselii Young nymphs v v 1.000 0.375 0.612 wE
Metrioptera brachyptera Young nymphs . v v 0.921 0.325 0.547 *E
Tetrix tenuicornis Adult females v v 0.973 0.262 0.505 **

Spec. Specifity, Sens. Sensitivity

iv=indicator value (test statistic), for P, * <0.05, ** <0.01, *** <0.001
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Fig. 4 Associations of Orthoptera with microhabitat variables in cal-
careous grasslands in the Hainich National Park, Germany. The fig-
ure shows the estimated effect size of the different measured habitat
quality variables as derived from the model averaging. The shown
values for the estimated effect sizes and confidence intervals are the
conditional averages of the top-rank models (AAICc <3). Their effects
on the abundances of total Orthoptera, as well as specifically on the

that the different successional stages harbour grasshoppers
with different life cycle characteristics (see Online Appendix
3). Vegetation structure is important for Orthoptera, because
it determines opportunities for thermoregulation, hiding for
predators, oviposition and finding mates (Schirmel et al.
2010; Schwarz and Fartmann 2022; Wiinsch et al. 2012).
In contrast to vegetation structure, Orthoptera depend less
on plant species composition, as most grasshoppers are
generalist feeders, feeding on a broad range of plants (both
Caelifera and Ensifera) and animals (only Ensifera) (Kleuk-
ers et al. 2004; Loffler and Fartmann 2017).

The observed differences in grasshopper community
composition between the successional stages are expected
to link to oviposition preferences, as the majority of the

@ Springer
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Legend
—@-— = All grasshoppers
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suborders Caelifera and Ensifera, were tested. The left panel shows
the results for May, and the right panel those for June. The error bars
indicate the 95% Confidence intervals around the estimated values of
the effect size. This means that the effect sizes of which the conditional
averages do not overlap with 0 are significant (p<0.05). Subarea and
spatial clusters were used as random factors

recorded grasshoppers were young nymphs. Nymphal
habitat choice of Orthoptera often reflects the oviposition
preferences of adult females, as young grasshopper nymphs
have a limited mobility, and hence stay close to where they
hatched (Cherrill and Brown 1992; Wiinsch et al. 2012).
To identify microhabitat preferences of adult grasshop-
pers, further research is needed (Cherrill and Brown 1992;
Wiinsch et al. 2012). The differences in preferred habitats of
Ensifera and Caelifera in May might be explained by their
species-specific life cycles. Ensifera were most abundant
in old rootings and matrix in both May and June and their
species richness was highest in these two stages in May as
well. Of the 7 Ensifera species observed, almost all have a
(facultative) biannual or perennial life cycle (except for the
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occasionally occurring Phaneroptera falcata and the once
observed Oecanthus pellucens; see Online Appendix 3).
This means that their eggs hibernate twice or more before
hatching, and hence are also present during summer (Benton
2012; Kleukers et al. 2004). Grasshopper eggs are sensitive
to desiccation (Ingrisch 1986). This makes them vulnerable
for warm and dry conditions during summer (Poniatowski
et al. 2020). The vegetation in old rooting and matrix sites is
relatively dense, which likely results in higher humidity lev-
els (Barkman and Stoutjesdijk 1987). This may explain why
Ensifera, like the two indicator species Roeseliana roeselii
and Metrioptera brachyptera, prefer old rootings and matrix
for oviposition. Hence, early nymphal stages of such spe-
cies can also be expected to occur mostly in old rootings
and matrix. This is mainly caused by their limited mobility
(Cherrill and Brown 1992; Wiinsch et al. 2012). However,
the nymphs might also profit from the microhabitat in the
later successional stages, as these provide them with shel-
ter and sufficient food (Kleukers et al. 2004). The observed
negative responses of Ensifera abundance to bare soil (May
and June) and forb cover (May) are in line with this.

In contrast, a combination of all successional stages after
disturbance seems important for Caelifera. The majority
of Caelifera belong to the Chorthippus biguttulus-group,
which therefore influences the overall trend for this order
(Online Appendix 5). They only seem to have a preference
for early successional stages in May, as in June, we found no
differences in Caelifera abundance between the successional

NMDS1

stages. This can be interpreted as an ontogenetic niche shift.
Both C. biguttulus and C. brunneus are indeed known to
oviposit in bare soil (Kleukers et al. 2004), which has a
higher cover in young and old rootings than in the matrix.
Such early successional stages provide warm microclimates
(Barkman and Stoutjesdijk 1987), which are known to be
ideal for nymphal development of several Caelifera species
(Schirmel et al. 2010; Wiinsch et al. 2012). This preference
for warm microclimates is supported by observations that
in May, Caelifera abundance was positively influenced by
factors that contribute to warmer microclimates, such as
greater distance from the nearest shrub and low vegeta-
tion cover (Barkman and Stoutjesdijk 1987). In contrast,
Caelifera were negatively influenced by a higher rock cover
and a higher cover of anthills, different habitat factors that
indicate short and open vegetations.

The ontogenetic niche shift of Caelifera indicates that a
successional mosaic not only increases biodiversity because
different successional stages support different species, but
also because certain species are specifically dependent on
a combination of successional stages throughout their life
cycle (de Nooij et al. 2006; Verberk and Esselink 2003).
This is also supported by the positive response of the abun-
dances of Caelifera in May and Ensifera in June on the vari-
ation in vegetation height.

The importance of different successional stages during
grasshopper development is in line with earlier findings.
It is known that during development, nymphs of several

@ Springer
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grasshopper species are in increasing need for higher and
denser vegetations. Expectedly, this is because their depen-
dence on shelter and food increases, since they become
increasingly attractive as prey for insectivores and need
increasing amounts of food during growth respectively
(Cherrill and Brown 1992; Wiinsch et al. 2012).

Nevertheless, it is also important to note that the total
Caelifera abundance in June was much higher compared
to May. This might provide an alternative explanation for
the fact that Caelifera were most abundant in fresh and old
rootings in May and showed no preference for specific suc-
cessional stages in June. The difference in total abundance
could also be caused by the fact that in the warmer microcli-
mates in earlier successional stages (Barkman and Stoutjes-
dijk 1987), the temperature sum needed for the eggs to hatch
was simply achieved earlier in the season (Bieringer and
Zulka 2003; Willott and Hassall 1998). This might have led
to a temporary Caelifera (or Chorthippus biguttulus group)
peak in fresh and old rootings.

Summarising, we conclude that rooting wild boar can
contribute positively to grasshopper species richness, but
not necessarily to the Shannon index and evenness in calcar-
eous grasslands. We indeed found clear differences in com-
munity composition between different successional stages,
$0 a mosaic supports more species than a homogenous
matrix vegetation. Grasshopper species may be classified as
either early successional species (mostly occurring in fresh
and old rootings; like the indicator species T. tenuicornis),
late successional species (mostly occurring in old root-
ings and the matrix; like the indicator species M. brachyp-
tera and R. roeselii) or habitat generalists (no preference
for a specific successional stage); differences that might
be explained by differences in life cycles. Moreover, we
found that old rootings, a microhabitat specifically created
by wild boar, supports most Orthoptera species in June. As
old rootings represented an intermediate stage of grassland
succession, this is also in line with studies assessing adult
Orthoptera, that also found the highest Orthoptera densities
within intermediate stages (Fartmann et al. 2012; Helbing et
al. 2014). Finally, our results indicate that the successional
mosaics in the grasslands are used by Caelifera species that
use the combination of successional stages throughout their
life cycle. This points to the idea that the species richness of
mosaics is higher than just the sum of specialists of the dif-
ferent patches (Diacon-Bolli et al. 2012).

Although we found a few species that profit from the
presence of rootings, it should be remarked that the num-
ber of indicator species for the different successional stages
was limited, although calcareous grasslands are generally
known for their high Orthoptera diversity (Fumy et al. 2020;
Fartmann et al. 2024). Additionally, it can be remarked, that
although we found significant differences in species richness
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between the successional stages, there were no differences
in either Shannon Index or Evenness. This probably reflects
the fact that the communities were often dominated by a
few common species, and that other species only occurred
in low abundances. In comparison to the species pool of
calcareous grasslands in the surrounding landscape (Kohler
2001), several characteristic species, like Oedipoda caerule-
scens or Platycleis albopunctata, are lacking or very rare in
the study area (own observation). This might imply that the
rootings are not necessarily effective for early successional
grasshoppers in general, but that only certain early succes-
sional specialists can profit from it. The grasslands in the
study area have already been abandoned for nearly 30 years,
and the matrix is characterized by a high grass cover, litter
accumulation and shrub encroachment (Scherer et al. 2025;
Schroer et al. 2024). Grasshoppers are generally known to
be negatively affected by shrub encroachment (Helbing et
al. 2014; Reif et al. 2023). We therefore expect this might
explain why some early successional species are not present
in the species pool of the national park, and hence are not
able to profit from the rootings.

In the Hainich National Park, wild boar densities are suf-
ficient to create mosaics of different successional stages,
in which both rooted and unrooted patches are still present
(own observation). By increasing the habitat heterogeneity,
rooting by a wild boar population at this density contributes
positively to Orthoptera biodiversity in calcareous grass-
lands (Cabon et al. 2022). Earlier studies also showed root-
ing wild boar can have positive effects on the biodiversity
of other species groups (Hor¢ickova et al. 2019; Labadessa
and Ancillotto 2023; de Schaetzen et al. 2018; Scherer et
al. 2025; van Leeuwen et al. 2025). That wild boar can also
positively contribute to biodiversity is an important conclu-
sion, as wild boar is often regarded as a problem species
(Ballari and Barrios-Garcia 2014). In the study area, there
are currently no other ecological disturbances that cre-
ate microhabitats comparable to the rooting patches (own
observation). However, if rooting intensity would be higher
or lower, the grasslands would probably be less heteroge-
nous, and the positive effects of wild boar would be less pro-
nounced. This might explain why in other contexts, negative
effects on biodiversity have been observed as well (Barrios-
Garcia and Ballari 2012).

Conclusion

Based on the fact that the grasshopper communities differed
significantly between different successional stages and that
Caelifera differed in the use of successional stages between
May and June, we conclude that wild boar rooting is ben-
eficial for Orthoptera biodiversity in the study area. Wild
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boar benefit Orthoptera through two different mechanisms:
(1) different microhabitats support different habitat special-
ists with different life cycles, meaning that habitat mosa-
ics are more diverse than just undisturbed grassland and (2)
the most diverse microhabitat (Old rootings), characterised
by the highest species richness, was created by wild boar.
Additionally, our observations also indicated that succes-
sional mosaics offer habitats for species that require dif-
ferent microhabitats throughout their life cycle. Our results
thus support the idea that wild boar can play an important
role as ecosystem engineers for grasshoppers in calcareous
grassland ecosystems. Providing room for natural processes
like wild boar rooting might be a useful tool for insect con-
servation. Therefore, we advise to take the beneficial role of
wild boar into consideration in conservation measures and
wild boar population management.
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supplementary material available at https://doi.org/10.1007/s10841-0
25-00715-2.

Acknowledgements We are grateful to the Department for Nature
Conservation and Research of the Hainich National Park, in particular
Alisa Klamm, Madlen Schellenberg and Andreas Henkel, for permits
and for their help in coordinating the study. We thank Heiko Korsch for
guiding and information on the vegetation of the national park.

Author contributions Q.T.: Conceptualization, Data Curation, For-
mal Analysis, Methodology, Investigation, Visualisation, Writing
— original draft, Writing — review & editing. B.v.L.: Conceptualiza-
tion, Methodology, Formal analysis, Investigation, writing — review
& editing, P.V.: Supervision, Conceptualization, Methodology, Formal
analysis, Validation, Project administration, Writing-Review & editing
G.S: Supervision, Conceptualization, Methodology, Formal analysis,
Validation, Project administration, Writing-Review & editing, Project
administration, Funding acquisition. T.F.: Supervision, Conceptualiza-
tion, Methodology, Formal analysis, Validation, Project administra-
tion, Writing-Review & https://submission.springernature.com/new/
submission/5ab1b61b-4a3a-4039-87bf-c85feeaf327c/declarationsed
iting, Project administration, Funding acquisition., P.J.: Supervision,
Conceptualization, Methodology, Formal analysis, Validation, Project
administration, Writing-Review & editing.

Funding This study was funded by the Hainich National Park admin-
istration and Erasmus+grant to QAMT.

Data availability We will make the data and analysis scripts available
via a Data repository soon.

Declarations
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless

indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

Bakker ES, Svenning J-C (2018) Trophic rewilding: impact on ecosys-
tems under global change. Philos Trans R Soc Lond B Biol Sci
373:20170432. https://doi.org/10.1098/rstb.2017.0432

Bakker ES, Ritchie ME, Olff H, Milchunas DG, Knops J, M. H (2006)
Herbivore impact on grassland plant diversity depends on habitat
productivity and herbivore size. Ecol Lett 9(7):780-788. https://d
oi.org/10.1111/j.1461-0248.2006.00925.x

Ballari SA, Barrios-Garcia MN (2014) A review of wild boar Sus
scrofa diet and factors affecting food selection in native and intro-
duced ranges. Mamm Rev 44:124-134. https://doi.org/10.1111/
mam.12015

Barkman JJ, Stoutjesdijk P (1987) Microklimaat, vegetatie en fauna.
Pudoc, Wageningen

Barrios-Garcia MN, Ballari SA (2012) Impact of wild boar (Sus
scrofa) in its introduced and native range: a review. Biol Inva-
sions 14:2283-2300. https://doi.org/10.1007/s10530-012-0229-6

Bates D, Michler M, Bolker B, Walker S (2015) Fitting linear mixed-
effects models using Ime4. J Stat Softw 67:1-48. https://doi.org/
10.18637/jss.v067.101

Benjamini Y, Hochberg Y (1995) Controlling the false discovery rate:
a practical and powerful approach to multiple testing. J Roy Stat
Soc: Ser B (Methodol) 57:289-300. https://doi.org/10.1111/j.251
7-6161.1995.tb02031.x

Benton T (2012) Grasshoppers & crickets. HarperCollins, London

Bieringer G, Zulka KP (2003) Shading out species richness: edge effect
of a pine plantation on the orthoptera (Tettigoniidae and Acridi-
dae) assemblage of an adjacent dry grassland. Biodivers Conserv
12:1481-1495. https://doi.org/10.1023/A:1023633911828

Bobbink R, Willems JH (1993) Restoration management of abandoned
chalk grassland in the Netherlands. Biodivers Conserv 2:616—
626. https://doi.org/10.1007/BF00051962

Brackhane S, Reif A, Zin E, Schmitt CB (2021) Are natural distur-
bances represented in strictly protected areas in Germany? Glob
Ecol Conserv 26:¢01436. https://doi.org/10.1016/j.gecc0.2020.¢
01436

Bueno CG, Azorin J, Gémez-Garcia D, Alados CL, Badia D (2013)
Occurrence and intensity of wild boar disturbances, effects on the
physical and chemical soil properties of alpine grasslands. Plant
Soil 373:243-256. https://doi.org/10.1007/s11104-013-1784-z

Burnham KP, Anderson DR (eds) (2004) Model selection and multi-
model inference. Springer, New York, NY. https://doi.org/10.10
07/b97636

Cabon V, Bui M, Kiihne H, Seitz B, Kowarik I, von der Lippe M,
Buchholz S (2022) Endangered animals and plants are positively
or neutrally related to wild boar (Sus scrofa) soil disturbance in
urban grasslands. Sci Rep 12:16649. https://doi.org/10.1038/s41
598-022-20964-4

Caceres MD, Legendre P (2009) Associations between species
and groups of sites: indices and statistical inference. Ecology
90(12):3566-3574. https://doi.org/10.1890/08-1823.1

Cherrill AJ, Brown VK (1992) Ontogenetic changes in the micro-hab-
itat preferences of Decticus verrucivorus (Orthoptera: Tettigoni-
idae) at the edge of its range. Ecography 15:37—44. https://doi.or
2/10.1111/1.1600-0587.1992.tb00006.x

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1098/rstb.2017.0432
https://doi.org/10.1111/j.1461-0248.2006.00925.x
https://doi.org/10.1111/j.1461-0248.2006.00925.x
https://doi.org/10.1111/mam.12015
https://doi.org/10.1111/mam.12015
https://doi.org/10.1007/s10530-012-0229-6
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1023/A:1023633911828
https://doi.org/10.1007/BF00051962
https://doi.org/10.1016/j.gecco.2020.e01436
https://doi.org/10.1016/j.gecco.2020.e01436
https://doi.org/10.1007/s11104-013-1784-z
https://doi.org/10.1007/b97636
https://doi.org/10.1007/b97636
https://doi.org/10.1038/s41598-022-20964-4
https://doi.org/10.1038/s41598-022-20964-4
https://doi.org/10.1890/08-1823.1
https://doi.org/10.1111/j.1600-0587.1992.tb00006.x
https://doi.org/10.1111/j.1600-0587.1992.tb00006.x
https://doi.org/10.1007/s10841-025-00715-2
https://doi.org/10.1007/s10841-025-00715-2
https://submission.springernature.com/new/submission/5ab1b61b-4a3a-4039-87bf-c85feeaf327c/declarationsediting
https://submission.springernature.com/new/submission/5ab1b61b-4a3a-4039-87bf-c85feeaf327c/declarationsediting
https://submission.springernature.com/new/submission/5ab1b61b-4a3a-4039-87bf-c85feeaf327c/declarationsediting

78 Page 12 of 13

Journal of Insect Conservation (2025) 29:78

de Nooij RJW, Lenders HIR, Leuven RSEW, Nienhuis PH, Verberk
WCEP (2006) The importance of hydrodynamics for protected
and endangered biodiversity of lowland rivers. In: Leuven
RSEW, Ragas AMJ, Smits AJM, van der Velde G (eds) Liv-
ing rivers: trends and challenges in science and management.
Springer Netherlands, Dordrecht, pp 153—162. https://doi.org/10.
1007/1-4020-5367-3_10

de Schaetzen F, van Langevelde F, WallisDeVries MF (2018) The
influence of wild boar (Sus scrofa) on microhabitat quality for the
endangered butterfly pyrgus malvae in the Netherlands. J Insect
Conserv 22:51-59. https://doi.org/10.1007/s10841-017-0037-5

Diacon-Bolli J, Dalang T, Holderegger R, Biirgi M (2012) Heterogene-
ity fosters biodiversity: linking history and ecology of dry calcar-
eous grasslands. Basic Appl Ecol 13:641-653. https://doi.org/10.
1016/j.baae.2012.10.004

Fartmann T, Krdmer B, Stelzner F, Poniatowski D (2012) Orthoptera
as ecological indicators for succession in steppe grassland. Ecol
Indic 20:337-344. https://doi.org/10.1016/j.ecolind.2012.03.002

Fartmann T, Poniatowski D, Holtmann L (2022) Effects of land-use
and climate change on grasshopper assemblages differ between
protected and unprotected grasslands. Basic Appl Ecol 63:83-92.
https://doi.org/10.1016/j.baae.2022.06.005

Fartmann T, Freienstein FM, Helbing F, Scherer G, Poniatowski D
(2024) A box quadrat for standardised sampling of orthoptera in
open habitats: design, handling, applications and baseline data.
Glob Ecol Conserv 55:¢03217. https://doi.org/10.1016/j.gecco.2
024.e03217

Fijen TPM, Scheper JA, Boekelo B, Raemakers I, Kleijn D (2019)
Effects of landscape complexity on pollinators are moderated by
pollinators’ association with mass-flowering crops. Proc Biol Sci
286:20190387. https://doi.org/10.1098/rspb.2019.0387

Fischer J, Steinlecher D, Zehm A, Poniatowski D, Fartmann T, Beck-
mann A, Stettmer C (2020) Die Heuschrecken Deutschlands
und Nordtirols, Bestimmen—Beobachten—Schiitzen. Quelle &
Meyer, Wiebelsheim

Fumy F, Loffler F, Samways MJ, Fartmann T (2020) Response of
orthoptera assemblages to environmental change in a low-moun-
tain range differs among grassland types. J Environ Manage
256:109919. https://doi.org/10.1016/j.jenvman.2019.109919

Gardiner T, Hassall M (2009) Does microclimate affect grasshopper
populations after cutting of hay in improved grassland? J Insect
Conserv. https://doi.org/10.1007/s10841-007-9129-y

GroBmann M (2018) Nationalpark Hainich — Vom militérischen
Ubungsplatz zum UNESCO-Welterbe. Handbuch naturschutz
und landschaftspflege. John Wiley & Sons, Ltd, pp. Hoboken,
NJ, p 16. https://doi.org/10.1002/9783527678471.hbnl2018001

Hallmann CA, Sorg M, Jongejans E, Siepel H, Hofland N, Schwan
H, Stenmans W, Miiller A, Sumser H, Horren T, Goulson D, de
Kroon H (2017) More than 75% decline over 27 years in total fly-
ing insect biomass in protected areas. PLoS ONE 12:¢0185809. h
ttps://doi.org/10.1371/journal.pone.0185809

Helbing. F, Blaeser TP, Loffler F, Fartmann T (2014) Response of
orthoptera communities to succession in alluvial pine woodlands.
J Insect Conserv 18:215-224. https://doi.org/10.1007/s10841-01
4-9632-x

Horc¢ickova E, Brina J, Vojta J (2019) Wild boar (Sus scrofa) increases
species diversity of semidry grassland: field experiment with
simulated soil disturbances. Ecol Evol 9:2765-2774. https://doi
.org/10.1002/ece3.4950

Hothorn T, Bretz F, Westfall P (2008) Simultaneous inference in gen-
eral parametric models. Biometrical J 50:346-363. https://doi.org
/10.1002/bimj.200810425

Ingrisch S (1986) The plurennial life cycles of the European tettigoni-
idae (Insecta: Orthoptera). Oecologia 70:624—630. https://doi.org
/10.1007/BF00379915

@ Springer

TUCN (2024) The IUCN red list of threatened species, Version 2024-2.
https://www.iucnredlist.org. Accessed 17 Dec 2024

Jones CG, Lawton JH, Shachak M (1994) Organisms as ecosystem
engineers. Oikos 69:373-386. https://doi.org/10.2307/3545850

Klamm A, Dachs D, Ebert C, Franke U, Henkel A, Morelle K (2020)
Entwicklung und [report].umnutzung [report].nes Schwarzwild-
Bestandes in abhidgigkeit von Den naturrdumlichen gegeben-
heiten des Buchenwald-Nationalparks Hainich und Dessen
intensiv landwirtschaftlich Genutzten umfeldes. Abschlussberi-
cht fiir Das Thiiringer ministerium fiir infrastruktur und land-
wirtschaft [Report]. Erfurt. Landesjagdverband Thiiringen e.V.,
Bad Langensalza: Nationalparkverwaltung Hainich and Gotha:
ThiiringenForst AoR, “ Forstliches Forschungs- und Kompetenz-
zentrum, p 408

Kleiber C, Zeileis A (2008) Applied econometrics with R. Springer,
New York. https://doi.org/10.1007/978-0-387-77318-6

Kleukers R, van Nieukerken E, Odé B, Willemse L, van Wingerden
W (2004) De sprinkhanen en krekels van Nederland. Nationaal
Natuurhistorisch Museum Naturalis, KNNV Uitgeverij & EIS
Nederland, Leiden

Kohler G (2001) Naturschutzreport 17: fauna der Heuschrecken
(Ensifera et Caelifera) des freistaates Thiiringen. Thiiringer
Landesamt fir Umwelt, Bergbau und Naturschutz, Jena

Kronenberg R, Franke J, Neumann T, Struve S, Bernhofer C, Som-
mer W (2021) Regionale Klimainformationssytem ReKIS- eine
gemeinsame plattform fiir sachsen, Sachsen-Anhalt und Thiirin-
gen. Thiringer Landesamt fiir Umwelt, Bergbau und Natur-
schutz, Jena

Labadessa R, Ancillotto L (2023) Beauty and the beast: multiple effects
of wild boar rooting on butterfly microhabitat. Biodivers Conserv
32:1189-1204. https://doi.org/10.1007/s10531-023-02545-7

Loffler F, Fartmann T (2017) Effects of landscape and habitat quality
on orthoptera assemblages of pre-alpine calcareous grasslands.
Agr Ecosyst Environ 248:71-81. https://doi.org/10.1016/j.agee.
2017.07.029

Martinez Arbizu P (2017) pairwiseAdonis: Pairwise Multilevel
Comparison using Adonis. R package version 0.4.1. [Computer
software]

Nabe-Nielsen LI, Reddersen J, Nabe-Nielsen J (2021) Impacts of
soil disturbance on plant diversity in a dry grassland. Plant Ecol
222:1051-1063. https://doi.org/10.1007/s11258-021-01160-2

Navarro LM, Proenga V, Kaplan JO, Pereira HM (2015) Maintaining
disturbance-dependent habitats. In: Pereira HM, Navarro LM
(eds) Rewilding European landscapes. Springer International
Publishing, Cham, pp 143-167. https://doi.org/10.1007/978-3-3
19-12039-3_8

Nyffeler M, Sekercioglu CH, Whelan CJ (2018) Insectivorous birds
consume an estimated 400—500 million tons of prey annually. Sci
Nat 105:47. https://doi.org/10.1007/s00114-018-1571-z

Oksanen J, Simpson GL, Blanchet FG, Kindt R, Legendre P, Minchin
PR, O’Hara RB, Solymos P, Stevens MHH, Szoecs E, Wagner
H, Barbour M, Bedward M, Bolker B, Borcard D, Carvalho G,
Chirico M, Caceres MD, Durand S, Weedon J (2022) Vegan:
Community Ecology Package (2.6-4) [Computer software]. https
://cran.r-project.org/web/packages/vegan/index.html

Oliver T, Roy D, Hill JK, Brereton T, Thomas CD (2010) Hetero-
geneous landscapes promote population stability. Ecol Lett
13(4):473-484. https://doi.org/10.1111/j.1461-0248.2010.01441
X

Otti W (1989) Zur entwicklung von trespenrasen Im Letzten Halben
jahrhundert: Einblick—Ausblick—Riickblick, Das beispiel des
Kaiserstuhls. Diisseldorfer Geobotanische Kolloquien 6:3—17

Pértel M, Bruun H, Sammul M (2015) Biodiversity in temperate Euro-
pean grasslands: Origin and conservation. Grassland science in
Europe: Proceedings of the 13th international occasional sympo-
sium of the European grassland federation 10:1-14


https://www.iucnredlist.org
https://doi.org/10.2307/3545850
https://doi.org/10.1007/978-0-387-77318-6
https://doi.org/10.1007/s10531-023-02545-7
https://doi.org/10.1016/j.agee.2017.07.029
https://doi.org/10.1016/j.agee.2017.07.029
https://doi.org/10.1007/s11258-021-01160-2
https://doi.org/10.1007/978-3-319-12039-3_8
https://doi.org/10.1007/978-3-319-12039-3_8
https://doi.org/10.1007/s00114-018-1571-z
https://cran.r-project.org/web/packages/vegan/index.html
https://cran.r-project.org/web/packages/vegan/index.html
https://doi.org/10.1111/j.1461-0248.2010.01441.x
https://doi.org/10.1111/j.1461-0248.2010.01441.x
https://doi.org/10.1007/1-4020-5367-3_10
https://doi.org/10.1007/1-4020-5367-3_10
https://doi.org/10.1007/s10841-017-0037-5
https://doi.org/10.1016/j.baae.2012.10.004
https://doi.org/10.1016/j.baae.2012.10.004
https://doi.org/10.1016/j.ecolind.2012.03.002
https://doi.org/10.1016/j.baae.2022.06.005
https://doi.org/10.1016/j.baae.2022.06.005
https://doi.org/10.1016/j.gecco.2024.e03217
https://doi.org/10.1016/j.gecco.2024.e03217
https://doi.org/10.1098/rspb.2019.0387
https://doi.org/10.1016/j.jenvman.2019.109919
https://doi.org/10.1007/s10841-007-9129-y
https://doi.org/10.1002/9783527678471.hbnl2018001
https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.1007/s10841-014-9632-x
https://doi.org/10.1007/s10841-014-9632-x
https://doi.org/10.1002/ece3.4950
https://doi.org/10.1002/ece3.4950
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.1007/BF00379915
https://doi.org/10.1007/BF00379915

Journal of Insect Conservation (2025) 29:78

Page 130f 13 78

Pearce EA, Mazier F, Fyfe R, Davison CW, Normand S, Serge MA,
Scussoilini, Svenning JC (2024) Higher abundance of distur-
bance-favoured trees and shrubs in European temperate wood-
lands prior to the late-Quaternary extinction of megafauna. J Ecol
112(12):2813-2827. https://doi.org/10.1111/1365-2745.14422

Pickett STA, Likens GE (1989) Space-for-time substitution as an
alternative to long-term studies. Long-term studies in ecology:
approaches and alternatives. Springer, New York, NY, pp 110-
135. https://doi.org/10.1007/978-1-4615-7358-6_5

Poniatowski D, Beckmann C, Loffler F, Miinsch T, Helbing F, Sam-
ways MJ, Fartmann T (2020) Relative impacts of land-use and
climate change on grasshopper range shifts have changed over
time. Glob Ecol Biogeogr 29:2190-2202

R Core Team (2023) R: A Language and environment for statistical
computing [Computer software]. R foundation for statistical
computing, Vienna

Reif J, Chajma P, Dvorakova L, Koptik J, Marhoul P, Cizek O, Kadlec
T (2023) Biodiversity changes in abandoned military training
areas: relationships to different management approaches in mul-
tiple taxa. Front Environ Sci 11:1243568. https://doi.org/10.3389
/fenvs.2023.1243568

Scherer G, Streanga B, Fartmann T (2025) Rare butterfly species
vitally depend on soil disturbance by an ecosystem engineer in
abandoned calcareous grasslands. Glob Ecol Conserv 58:¢03451.
https://doi.org/10.1016/j.gecco.2025.e03451

Schirmel J, Blindow I, Fartmann T (2010) The importance of habitat
mosaics for orthoptera (Caelifera and Ensifera) in dry heathlands.
Eur J Entomol 107:129-132. https://doi.org/10.14411/eje.2010.0
17

Schirmel J, Mantilla-Contreras J, Blindow I, Fartmann T (2011)
Impacts of succession and grass encroachment on heathland
orthoptera. J Insect Conserv 15:633—-642. https://doi.org/10.100
7/510841-010-9362-7

Schroer C, Singer D, Kamp J (2024) Large, but dispersal-limited
populations of the marsh fritillary Euphydryas aurinia persist on
abandoned military training areas three decades after the end of
the cold war. Ecol Evol 14:¢70459. https://doi.org/10.1002/ece3
70459

Schwarz C, Fartmann T (2022) Traditional grazing management cre-
ates heterogeneous swards and fosters grasshopper densities.
Insect Sci 29(6):1805-1818. https://doi.org/10.1111/1744-7917.
13041

Steffan-Dewenter I, Tscharntke T (1997) Early succession of butterfly
and plant communities on set-aside fields. Oecologia 109:294—
302. https://doi.org/10.1007/s004420050087

Stork NE (2018) How many species of insects and other terrestrial
arthropods are there on earth? Annu Rev Entomol 63:31-45. http
s://doi.org/10.1146/annurev-ento-020117-043348

Streitberger M, Fartmann T (2015) Vegetation and climate determine
ant-mound occupancy by a declining herbivorous insect in grass-
lands. Acta Oecol 68:43—49. https://doi.org/10.1016/j.actao.2015
.07.004

Thommen D (2021) Jugendstadien der Heuschrecken der Schweiz.
Haupt, Bern

van Klink R, WallisDeVries MF (2018) Risks and opportunities of tro-
phic rewilding for arthropod communities. Philos Trans R Soc
Lond B Biol Sci 373:20170441. https://doi.org/10.1098/rstb.201
7.0441

van Leeuwen BO, Tuinder Q, Fartmann T, Scherer G, Vergeer Klamm
A, Schellenberg M, Jansen P (2025) Effects of wild boar rooting
on the vegetation of abandoned calcareous grasslands. Glob Ecol
Conserv. https://doi.org/10.1016/j.gecco.2025.e03535

Verberk WCEP, Esselink H (2003) Restoring fauna diversity requires
and integration of animal ecology and landscape ecology. Land-
schap 20:3-7

Wagner DL (2020) Insect declines in the anthropocene. Annu Rev
Entomol 65:457—480. https://doi.org/10.1146/annurev-ento-011
019-025151

Weaver W, Shannon CE (1949) The mathematical theory of communi-
cation. University of Illinois, Urbana, IL

Wickham H (2009) ggplot2: elegant graphics for data analysis.
Springer-, New York, NY. https://doi.org/10.1007/978-0-387-98
141-3

Willott SJ, Hassall M (1998) Life-history responses of British grass-
hoppers (Orthoptera: Acrididae) to temperature change. Funct
Ecol 12:232-241. https://doi.org/10.1046/j.1365-2435.1998.001
80.x

Wiinsch Y, Schirmel J, Fartmann T (2012) Conservation management
of coastal dunes for orthoptera has to consider oviposition and
nymphal preferences. J Insect Conserv 16:501-510. https://doi.or
2/10.1007/s10841-011-9436-1

Zahn A, Englmaier I, Drobny M (2010) Food availability for insecti-
vores in grasslands — arthropod abundance in pastures, meadows
and fallow land. Appl Ecol Env Res 8:7-100

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1146/annurev-ento-020117-043348
https://doi.org/10.1146/annurev-ento-020117-043348
https://doi.org/10.1016/j.actao.2015.07.004
https://doi.org/10.1016/j.actao.2015.07.004
https://doi.org/10.1098/rstb.2017.0441
https://doi.org/10.1098/rstb.2017.0441
https://doi.org/10.1016/j.gecco.2025.e03535
https://doi.org/10.1146/annurev-ento-011019-025151
https://doi.org/10.1146/annurev-ento-011019-025151
https://doi.org/10.1007/978-0-387-98141-3
https://doi.org/10.1007/978-0-387-98141-3
https://doi.org/10.1046/j.1365-2435.1998.00180.x
https://doi.org/10.1046/j.1365-2435.1998.00180.x
https://doi.org/10.1007/s10841-011-9436-1
https://doi.org/10.1007/s10841-011-9436-1
https://doi.org/10.1111/1365-2745.14422
https://doi.org/10.1007/978-1-4615-7358-6_5
https://doi.org/10.3389/fenvs.2023.1243568
https://doi.org/10.3389/fenvs.2023.1243568
https://doi.org/10.1016/j.gecco.2025.e03451
https://doi.org/10.1016/j.gecco.2025.e03451
https://doi.org/10.14411/eje.2010.017
https://doi.org/10.14411/eje.2010.017
https://doi.org/10.1007/s10841-010-9362-7
https://doi.org/10.1007/s10841-010-9362-7
https://doi.org/10.1002/ece3.70459
https://doi.org/10.1002/ece3.70459
https://doi.org/10.1111/1744-7917.13041
https://doi.org/10.1111/1744-7917.13041
https://doi.org/10.1007/s004420050087

	﻿Impact of wild boar (﻿Sus scrofa﻿) rooting succession on grasshoppers (Orthoptera) in abandoned calcareous grasslands
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study area
	﻿Study design
	﻿Measurements
	﻿Data analysis

	﻿Results
	﻿Vegetation structure
	﻿Grasshopper communities
	﻿Habitat quality affecting grasshopper abundance
	﻿Succession of grasshopper communities

	﻿Discussion
	﻿Conclusion
	﻿References


