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Abstract.   Land use and corresponding habitat loss are major drivers of local species extinctions. Orthop-
tera as important grassland herbivores showed different responses to land- use intensity in different stud-
ies, and the susceptibility of this group remains unclear. We sampled annually for seven years 150 tem-
perate grassland sites across three regions in Germany, for which land- use gradients were quantified as 
mowing, grazing, and fertilization intensity. We analyzed the effects of land- use intensity on orthopteran 
diversity and community abundance. To describe species- specific responses to environmental gradients, 
we employed a new approach termed “niche model,” coupled with a randomization procedure, which is 
sensitive even for rare species for which trends may otherwise be difficult to detect. Based on abundance- 
weighted means for each species, we quantified the species’ occurrence along land- use gradients and 
identified potential losers and winners of intensive land use. Overall, high land- use intensity negatively 
affected orthopteran diversity across years and regions, corresponding to decreases with high fertilization, 
mowing, and grazing intensity. Intensive mowing and grazing negatively affected abundance. Diversity 
and abundance increased with the time after the last cut. The niche model detected 15 of 29 Orthoptera 
species as losers of land use, showing significantly higher abundance in grasslands with low- intensity 
land use. Two species were winners of high land- use intensity, whereas the remaining 12 were assigned 
as opportunists. Most species were losers of high fertilization intensity, followed by frequent mowing. 
Grazing intensity was least detrimental at the species level. Omnivorous, herbivorous, and graminivorous 
species did not differ in their response to land- use intensity, whereas bryovorous/lichenivorous Tetrix spe-
cies showed consistently negative responses to intensive land use. Our highly replicated, long- term and 
large- scale survey suggests that further land- use intensification threatens many Orthoptera and causes a 
consistent diversity loss. Low intensity of fertilization, infrequent mowing, and variable grazing will help 
to maintain a high diversity of orthopterans. The generality of our niche model approach advances studies 
on species’ susceptibility in various study systems.
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IntroductIon

The current loss of species is to a great extent 
caused by anthropogenic influences (Pimm et al. 
1995, Hooper et al. 2005), especially by land- use 
change and intensification (Tilman et al. 2001) 
and by the corresponding loss or fragmenta-
tion of habitats (Krauss et al. 2010). Intensified 
land use is often described to decrease biodi-
versity, such as plant species richness (Haddad 
et al. 2000, Kleijn et al. 2009) and insect diversity 
(Haddad et al. 2000, Allan et al. 2014). These 
negative effects are often related to nitrogen 
input by fertilization (Van Den Berg et al. 2011, 
Socher et al. 2012, Simons et al. 2014). Decreased 
biodiversity translates into decreased ecosys-
tem performance and stability, which can partly 
be explained by a loss of functional diversity 
(Tilman et al. 1997, Birkhofer et al. 2015). Reduced 
plant species richness, for instance, has a nega-
tive effect on the temporal stability of net pro-
ductivity (Tilman et al. 2006) and may decrease 
the resistance of communities against invasive 
species (Hooper et al. 2005). Many trophic levels 
in turn suffer from reduced species richness of 
plants. Microbial biomass and fungal abundance 
decline with decreasing plant species richness 
(Zak et al. 2003) and arthropod species richness 
declines (Haddad et al. 2001, 2009, Allan et al. 
2014, Simons et al. 2014), especially of herbivo-
rous insects (Scherber et al. 2010).

Among arthropods, Orthoptera are important 
herbivores in grassland ecosystems as they con-
sume a considerable portion of grasses and forbs 
(Köhler et al. 1987, Blumer and Diemer 1996), 
regulate plant community structure (Zhang et al. 
2011), and are important food organisms for birds 
(Ingrisch and Köhler 1998), spiders, and lizards 
(Ingrisch and Köhler 1998). The functional role 
of Orthoptera in grassland ecosystems is also 
illustrated by their influence on nutrient cycling 
by enhancing the conversion of biomass through 
their easily transformable frass (Samways 1994). 
Orthoptera are widespread across grasslands 
and often sensitive to environmental changes 
(Guido and Gianelle 2001, Gardiner et al. 2002, 
Jonas and Joern 2007, Bharamal and Koli 2014), 
which makes them suitable for studying land- 
use effects on biodiversity.

Responses of Orthoptera communities to land 
use and other disturbances have been described 

by different studies across different ecosystems 
and showed distinct consequences. Studies in 
temperate grasslands showed that intensive graz-
ing reduced orthopteran species richness and 
Shannon diversity (Branson and Sword 2010), 
fertilization led to reduced survival (Ebeling 
et al. 2013) or decline in orthopteran species rich-
ness (Marini et al. 2008), and mowing strongly 
reduced grasshopper densities (Humbert et al. 
2010). In addition to direct management effects 
such as increased mortality by mowing, indirect 
effects such as changes in plant community com-
position can also affect orthopteran communities 
(Jonas et al. 2002, Schaffers et al. 2008, Unsicker 
et al. 2010, Hao et al. 2015). However, also posi-
tive effects of nitrogen addition on orthopteran 
densities (Haddad et al. 2000, Ritchie 2000) have 
been reported. Grazing and mowing showed 
both positive and negative effects on Orthoptera 
diversity and abundance (Ingrisch and Köhler 
1998), depending on management intensity. Data 
from extensive long- term studies with consider-
ation of the susceptibility of all local Orthoptera 
species—abundant species as well as rare spe-
cies—are needed to better understand the vari-
ation in susceptibility of this important group of 
herbivores.

We studied responses of Orthoptera to grass-
land land use within a large- scale and long- term 
project in three regions of Germany (Fischer 
et al. 2010). These grasslands are managed by 
fertilization, mowing, and grazing with different 
intensities (Blüthgen et al. 2012). By covering a 
broad range of land- use intensities, this research 
platform provides unique opportunities to study 
determinants of orthopteran community struc-
ture in an authentic scenario, which is an alterna-
tive to laboratory and artificial field studies.

Here, we examined the effects of land- use inten-
sity on orthopteran abundance, diversity, and 
community composition, particularly the influ-
ence of the different management types: fertiliza-
tion, mowing, and grazing. To infer causal effects 
of the three management types on orthopteran 
communities, we compared Orthoptera diversity 
and abundance with their incidence. In extension 
to other studies on Orthoptera responses to land 
use, we investigated these responses on a species- 
specific level and analyzed the niche breadth of 
single species with a niche model combined with 
a randomization approach. For each Orthoptera 
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species, we defined a “habitat niche” based on the 
occurrence and abundance across 150 grassland 
sites of variable land- use intensities during seven 
years, allowing us to distinguish losers, winners, 
and opportunists of intensified land use. In con-
trast to aggregate diversity measures such as the 
common Shannon diversity, species richness or 
other multispecies indices (Vačkář et al. 2012), 
this methodology considers rare species and 
gives an opportunity to evaluate each species’ 
response along environmental gradients. Our 
simple approach can also be used to describe the 
species’ responses to other environmental gradi-
ents, for example, temperature, pH, or moisture.

Based on findings from other studies (Hohl 
et al. 2005, Marini et al. 2008, Branson and Sword 
2010, Humbert et al. 2010), we expected intensive 
land use to decrease orthopteran abundance and 
diversity, leading to more species being losers 
than winners within the community, that is, more 
species predominantly occur at low- intensity 
grasslands.

MaterIals and Methods

Study site
The study was conducted within the framework 

of the Biodiversity Exploratories, which covers 
three different regions across Germany (Fischer 
et al. 2010), the biosphere reserve Schorfheide- 
Chorin (SCH; 53°02′ N, 13°83′ E, 2–139 m a.s.l., area 
about 1300 km2, annual mean precipitation 500–
600 mm, mean annual temperature 8–8.5°C) in the 
northeast, the national park of Hainch- Dün and its 
surrounding areas (HAI; 51°20′ N, 10°41′ E, 285–
550 m a.s.l., 1300 km2, 500–800 mm, 6.5–8°C) in the 
center, and the biosphere reserve Schwäbische Alb 
(ALB; 48°43′ N, 9°37′ E, 460–860 m a.s.l., 420 km2, 
700–1000 mm, 6–7°C) in the southwest of Germany. 
Every area contains 50 grassland sites (each 
50 m × 50 m), which represent agriculturally used 
meadows or pastures along a land- use intensity 
gradient and are managed by local farmers. Type 
and intensity of management is assessed yearly 
since 2006 by standardized  interviews with the 
farmers and landowners. The three components 
that shape land- use intensity of grasslands—fertil-
ization (kg N·ha−1·yr−1), mowing (cuts/yr), and 
grazing (livestock units·grazing days·ha−1·yr−1)—
are combined in an index of land- use intensity 
(LUI; Blüthgen et al. 2012). The LUI was calculated 

as the sum of the globally standardized land- use 
components (intensities per site were divided by 
the global mean of all sites in all regions) of each 
site and then square- root- transformed for a more 
even distribution.

Sampling design
The study was conducted from 2008 to 2014, 

assessing orthopterans in 150 grassland sites of 
the three regions. In 36 of 1050 sampling occa-
sions, sites could not be sampled in a given year 
because entering was not permitted at the survey 
time. Sampling from 2008 to 2013 was conducted 
twice per year in June and August, where each 
site was sampled by standardized sweep- netting 
during a long- term arthropod survey (Simons 
et al. 2015). On each grassland site, 60 double 
sweeps were conducted along the borders of the 
site, which are 200 m in length. For the analyses, 
we only included sites which were sampled 
twice per year. In 2014, we conducted a more 
specific sampling campaign for orthopterans 
with a biocenometer (1 m × 1 m area, height 
0.6 m), which is an aluminum frame covered 
with gauze and is quickly placed on an area to 
prevent insects from fleeing from the area before 
capture. This method provides an assessment of 
standardized densities of both active and inac-
tive individuals and a more complete sampling 
by covering the herb as well as the ground layer. 
In August 2014, each region was sampled within 
14 d, by randomly sampling ten units of 1 m2 on 
each site along the same transect as above. All 
Orthoptera were collected and determined to 
species level (determination 2014: M. N. Chisté; 
2008–2013: G. Köhler). Our analyses are based on 
a total of 3752 adult individuals (2099 in 2014 
with the biocenometer; 1653 by sweep- netting in 
2008–2013) we found from 2008 to 2014.

Data analysis
Combined land- use intensity (LUI) effects on 

diversity and abundance.—Orthopteran diversity 
was analyzed as a response to gradually incre-
asing land- use intensity. To quantify diversity, 
Shannon’s diversity index H′ was calculated for 
each site and year, which considers both species 
richness and the abundance distribution. For 
analysis and graphics, the more tangible effective 
Shannon diversity eH′ (Jost 2006) was used, which 
can be interpreted as “effective” number of 
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species and is more intuitive than Shannon’s 
index of uncertainty H′. As eH′ is not zero, but one, 
if only one species occurs on a site, the 
differentiation between sites with only one 
species (eH′ = 1) and empty sites (eH′ defined as 0) 
was possible. Abundance obtained for the 
sampling year 2014 refers to the total number of 
adult Orthoptera in 10 m2; in 2008–2013, it refers 
to the sum of Orthoptera adults sampled by 120 
double sweeps during the two sampling dates. 
Data analyses were performed with the statistical 
software R 3.1.2 (R Core Team 2014). The across- 
years analysis was conducted using linear mixed- 
effects modeling with “lmer” within the package 
“lme4” (Bates et al. 2014). The response of 
orthopteran eH′, abundance, and species richness 
was analyzed to the fixed explanatory variables 
LUI and region, and the interaction of both. LUI 
was calculated indepen dently for every study 
year, as land- use intensity on each site can change 
annually. LUI of the previous year was considered 
to account for possible long- term effects of land 
use, but no considerable difference between the 
fits of the models with both LUIs (see Appendix 
S1: Table S1) was found. Year and siteID were 
defined as random factors with own random 
intercepts to standardize for overall interannual 
variation and to consider repeated measures of 
the same sites. For diversity as response variable, 
for example, the syntax of our model was 
defined as diversity ~ region × land- use 
intensity + (1 | year) + (1 | siteID). For within- 
years analyses, linear modeling was used within 
the package “nlme” (Pinheiro et al. 2014), testing 
the effects of LUI, region, and their interaction on 
eH′. The syntax in R was the same as above without 
random effects.

In earlier analyses, we tested the effect of 
the size of the whole grassland, containing our 
50 × 50 m sites, which is managed in the same 
way as the respective site, and found no effect of 
this factor on all response variables. This factor is 
therefore not included in our model.

Effects of fertilization, mowing, and grazing on 
diversity and abundance.—To assess the influence 
of the individual management types, fertilization, 
mowing, and grazing, our response variables 
were related to these factors as described above 
for the effects of LUI. Our response variables 
were then compared with the incidence of each 
of the three management types, that is, fertilized/

unfertilized, mown/unmown, and grazed/
ungrazed. In addition to the effects on all sites, 
we analyzed the effects of mowing, grazing, and 
fertilization intensity with exclusion of unmown, 
ungrazed, and unfertilized sites. Modeling 
occurred as described above. For the temporal 
effects of mowing, our response variables were 
related, exemplarily for 2014, to the number of 
days between the last cut and the sampling date 
by linear modeling for the sites, where this 
information was available.

Abundance- weighted means and niche model.—To 
define the ecological niches of orthopterans on a 
species level, abundance- weighted means 
(AWMs) of land- use intensity for each species 
were calculated. AWMs of the LUI, fertilization, 
mowing, and grazing intensity were calculated. 
AWMi of a species i was calculated as 

where pi,s,y is the proportion of individuals of 
species i found in site s in year y in relation to 
its total abundance across all sites and all years 
(Σs Σy pi,s,y = 1) and Ls,y is the land- use inten-
sity on site s in year y. Ls,y was calculated for 
each year using respective land- use intensities 
of the sampling year. We also checked the anal-
yses with previous years’ LUI and found that 
AWMs of previous years strongly correlated 
with AWMs of respective years. As a proxy for 
the niche breadth of a species, we also calculated 
the abundance- weighted SD (AWSD), weighted 
by the proportion of abundance.

For statistical analysis of the AWMs, we have 
chosen a randomization approach, based on 
the null model that an Orthoptera species can 
occur on every site with the same likelihood and 
describes the most probable site conditions for 
that species. The null model chooses LUI, mow-
ing, grazing, or fertilization intensities of random 
sites for each species, considering the number of 
sites, where this species occurs, and calculates 
after 10,000 iterations an expected value of the 
site conditions for each species. To avoid repeated 
consideration of sites, intensities were averaged 
across the years 2008–2014 for the null model. 
The null model was restricted to the one, two, or 
three regions in which the species was recorded 
(Appendix S1: Table S2); for example, when a 

AWMi=

150
∑

s=1

2014
∑

y=2008
pi,s,y ⋅Ls,y



November 2016 v Volume 7(11) v Article e015455 v www.esajournals.org

  CHISTé ET AL.

species only occurred in region ALB, the null 
model picked a given number of sites from the 
pool of 50 sites in ALB only. The objective of this 
restriction was to consider distribution boundar-
ies of single species across Germany. As in any 
randomization model, the proportion of AWMs 
from 10,000 null models with greater or smaller 
AWMs respectively than the observed value 
provides the P- value for the significance of the 
deviation between observed and expected val-
ues. Species with significantly smaller observed 
than expected AWMs were declared as “losers,” 
and species with significantly higher AWMs than 
expected were declared as “winners.” For species 
which could be classified neither as “losers” nor 
as “winners,” we tested whether they could be 
specialized on intermediate land- use levels, that 
is, whether they have an intermediate AWM with 
a narrower niche than expected. Therefore, we 
compared the observed and expected weighted 
coefficient of variation (CV = AWSD/AWM) to 
account for the increase in SD with increasing 
mean. This comparison allows us to distinguish 
“opportunists” (observed CV ≥ expected CV) 
from species that are “specialized” on intermedi-
ate land- use intensities (observed CV < expected 
CV and species not only occurred on one site, i.e., 
CV ≠ 0); the latter apply only to those species that 
are not significant winners or losers.

The different feeding habits of each species 
(Ingrisch and Köhler 1998) were classified, which 
are herbivorous (H) feeding on different plants, 
graminivorous (G) feeding on grass only, omniv-
orous (O) feeding on animals and plants, and 
bryovorous–herbivorous (BH) species feeding 
on moss, algae, lichens, and plants, and tested if 
AWMs responded differently to the feeding hab-
its based on an ANOVA.

Leptophyes punctatissima (Bosc, 1792), Meconema 
thalassinum (De Geer, 1773), and Tettigonia viridis-
sima (Linnaeus, 1758) were excluded from the 
niche analysis, because these species are shrub-  
or tree- dwelling and occur only coincidently in 
grasslands (Ingrisch and Köhler 1998).

results

Combined land- use intensity (LUI) effects on  
diversity and abundance

A total of 32 Orthoptera species out of eight 
subfamilies were recorded in 150 sites, thereof 19 

in ALB, 19 in SCH, and 14 in HAI. The mean 
(±SE) orthopteran effective Shannon diversity eH′ 
of 2008–2014 (Fig. 1a) was highest in region SCH 
(1.51 ± 0.05), followed by HAI (0.87 ± 0.05) and 
ALB (0.82 ± 0.06). Mean abundance per site 
(Fig. 1c) was highest in region SCH (5.72 ± 0.66), 
followed by ALB (2.90 ± 0.31) and HAI 
(2.88 ± 0.34). Both diversity and abundance dif-
fered significantly across regions in 2014, but not 
based on the earlier data set (Appendix S1: 
Table S3).

Orthopteran diversity, but not abundance, 
declined significantly with increasing land- use 
intensity, consistently across all regions and 
years, both in 2008–2013 (F1,424.4 = 10.42, P < 0.01) 
and in 2014 (F1,134 = 13.21, P < 0.001; further infor-
mation in Appendix S1: Table S3).

When analyzing years separately, in four of 
seven years increasing LUI significantly reduced 
orthopteran diversity (Fig. 1b); in the remaining 
three years, no significant effects despite a con-
sistent trend (Appendix S1: Table S4) were found. 
LUI significantly decreased Orthoptera abun-
dance in 2013, but not in the remaining years 
(Fig. 1d; Appendix S1: Table S4). Predominant 
negative slopes also confirmed negative effects 
on orthopteran diversity and abundance, even 
in years or regions, where effects were not sig-
nificant (Appendix S1: Table S4). Results for spe-
cies richness were consistent with results for eH′ 
(Appendix S1: Table S3).

Effects of fertilization, mowing, and grazing on 
diversity and abundance

Fertilization intensity had a significant nega-
tive effect on eH′ in 2008–2013 in all regions, but 
not in 2014 (Table 1). Abundance in all years and 
all regions was not significantly affected by 
 ferti lization intensity. Mowing frequency had a 
significant negative effect on Orthoptera abun-
dance in 2008–2013, but not in 2014 (Table 1). 
Diversity eH′ significantly decreased with mow-
ing frequency in 2014, but not in 2008–2013. For 
2014, we found a significant interaction between 
region and mowing intensity for diversity. 
Mowing- intensity effects on eH′ were negative in 
region ALB (F1,46 = 13.37, P < 0.01) and HAI 
(F1,48 = 0.001, P = 0.982) and positive but not sig-
nificant in region SCH (F1,40 = 0.07, P = 0.796). 
Grazing intensity significantly reduced eH′ and 
orthopteran abundance in 2014, while in the 
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remaining years grazing had no significant 
effects. Orthoptera abundance and eH′ differed 
significantly across regions for the three different 
management types (Table 1). Results for species 
richness were consistent with results for eH′, 

except that mowing intensity in 2014 had a sig-
nificant effect on species richness in all three 
regions (Appendix S1: Table S5).

Analyzing the incidence of land use (Fig. 1e–p; 
Appendix S1: Tables S6 and S7), we found that 

Fig. 1. Differences in orthopteran effective Shannon diversity eH′ (a) and relative abundance (c) between the 
three regions ALB, HAI, and SCH in all study years and response of eH′/abundance to combined land- use 
intensity LUI (b/d) on fertilized vs. unfertilized sites (e/g), to fertilization intensity (kg N·ha−1·yr−1) within 
fertilized sites (f/h), mown vs. unmown sites (i/k), mowing intensity (cuts/yr) within mown sites (j/l), grazed vs. 
ungrazed sites (m/o), and cattle- grazed vs. sheep- grazed sites within grazed sites (n/p). Relative abundance 
refers to total abundance in each study year. Significant relationships are indicated by regression lines in 
scatterplots and by stars in boxplots.
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fertilized sites were significantly less diverse than 
unfertilized sites across the first six sampling 
years (Fig. 1e; FNumDF = 1 DenDF = 368.35 = 5.518, 
P = 0.019). Within fertilized sites, orthopteran 
diversity significantly decreased with increas-
ing nitrogen amounts applied in 2008–2013 
(F1,307.04 = 5.637, P = 0.018), but not in 2014 
(Fig. 1f; F1,140 = 0.912, P = 0.345). Mown sites 
had a smaller diversity (Fig. 1i; F1,140 = 6.941, 
P = 0.009) and species richness than unmown 
sites in 2014 and showed lower abundances of 
orthopterans in 2008–2013 (Fig. 1k; Appendix 
S1: Tables S6 and S7; F1,266.59 = 4.323, P = 0.039). 
Grazed and ungrazed sites did not differ in 
diversity (Fig. 1m; 2014: F1,140 = 0.865, P = 0.174; 
2008–2013: F1,348.07 = 0.771, P = 0.380) or abun-
dance (Fig. 1o; 2014: F1,140 = 1.358, P = 0.246; 
2008–2013: F1,334.57 = 1.288, P = 0.257) in all sam-
pling years. In 2014, cattle- grazed sites were 
significantly less diverse (Fig. 1n; F1,95 = 9.704, 
P = 0.002) and species- rich (Appendix S1: 
Table S7) than sheep- grazed sites, and within 

sheep- grazed sites, diversity of Orthoptera also 
declined significantly with the intensity of graz-
ing (F1,38 = 4.49, P = 0.041). Abundance did not 
differ between sheep- grazed and cattle- grazed 
sites (Fig. 1p; 2014: F1,95 = 0.031, P = 0.862; 2008–
2013: F1,107.55 = 0.078, P = 0.748).

Concerning the timing of mowing in 2014, 
diversity (F1,60 = 4.50, P < 0.05) and abundance 
(F1,60 = 4.25, P < 0.05) of Orthoptera significantly 
increased with the time span since the last cut 
(Fig. 2a, b).

Abundance- weighted means
Most species were found on sites with land- 

use intensities lower than the mean intensities 
over all years across all regions. This is illus-
trated by their AWM on the left side of the 
dashed line in Fig. 3. Only few species were 
winners of high land- use intensity or of high 
intensities in the three management types 
(Fig. 3, Table 2; more detailed in Appendix S1: 
Table S8).

Table 1. Management effects on Orthoptera diversity and abundance.

Response

2008–2013 2014
All regions All regions

Int Region Int × region Int Region Int × region

Fertilization
Diversity Slope −0.002 −0.006

F 8.619 19.472 0.115 2.076 14.708 2.532
P 0.003 <0.0001 0.892 0.152 <0.0001 0.083

Abundance Slope −0.004 −0.039
F 0.428 7.447 1.243 <0.001 9.209 0.243
P 0.513 0.001 0.289 0.993 <0.001 0.785

Mowing
Diversity Slope −0.075 −0.282

F 1.578 8.362 2.328 4.988 15.137 3.134
P 0.210 <0.001 0.099 0.027 <0.0001 0.047

Abundance Slope −0.398 −0.780
F 4.694 6.183 0.413 0.112 9.227 0.739
P 0.031 0.002 0.662 0.739 <0.001 0.726

Grazing
Diversity Slope <0.0001 −0.001

F 0.564 18.368 0.273 5.520 14.647 0.514
P 0.453 <0.0001 0.761 0.020 <0.0001 0.600

Abundance Slope 0.001 −0.011
F 0.023 6.101 0.432 4.909 9.617 0.770
P 0.880 0.003 0.649 0.028 <0.001 0.465

Notes: We distinguish between effects of intensity (Int) of fertilization (kg N·ha−1·yr−1), mowing (cuts/yr), and grazing 
( livestock units·grazing days·ha−1·yr−1), of the sampling region, and of the interaction between region and intensity on ortho-
pteran effective Shannon diversity eH′ and abundance in all three regions during the two sampling periods. Significant effects 
of management intensity are shown in bold. This analysis includes all 150 sampling sites, and also unfertilized, unmown, or 
ungrazed sites.
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The vast majority of Orthoptera species 
occurred at higher abundance on sites with 
low land- use intensity; that is, their observed 
abundance- weighted mean (AWM) of LUI was 
lower than the expected mean LUI based on a 
random selection of sites (Fig. 3a, Table 2). One 
half of our Orthoptera species showed a signifi-
cant deviation from the null model (losers), and 
about 40% of species showed no higher abun-
dances on specific LUI (opportunists). More 
than 90% had an AWM of fertilization less than 
expected by the null model, thereof almost a 
third of the sampled species occurred only on 
unfertilized sites. Almost a third of our sampled 
species significantly occurred on less intensively 
fertilized sites (losers); the rest of the species 
were opportunists. There was no winner of fer-
tilization intensity (Fig. 3b, Table 2). Most ortho-
pterans occurred on rarely mown sites, more 
than a quarter had significantly smaller observed 
than expected AWMs of mowing (losers), and 
more than 60% were opportunistic concerning 
mowing intensity (Fig. 3c, Table 2). Most ortho-
pteran AWMs for grazing intensity were smaller 
than the expected mean value (Fig. 3d, Table 2) 
with almost the same number of species signifi-
cantly occurring either on strongly grazed sites 
or on weakly grazed sites, which means that the 
number of winners and losers of grazing inten-
sity was similar. More than 70% of opportunistic 
orthopterans concerning grazing intensity were 
found.

Omnivores, herbivores, and graminivores did 
not differ in their sensitivity to compound LUI 

(Fig. 3) and were found throughout the different 
land- use intensities. Bryovorous species (Tetrix 
spec.), however, were found predominantly 
on low- intensity sites (Fig. 2) and differed sig-
nificantly from herbivorous species concerning 
their AWM for the compound LUI (Tukey test, 
P < 0.01). Herbivorous Orthoptera differed sig-
nificantly from bryovorous (P < 0.01), gramini-
vorous (Tukey test, P < 0.01), and omnivorous 
species (P < 0.001) concerning their AWM for 
grazing intensity.

dIscussIon

Orthoptera diversity generally decreased with 
increasing grassland land- use intensity. Among 
the three management types, fertilization had the 
strongest negative effect, followed by mowing 
and grazing. Total Orthoptera abundance did 
not show a consistent decline, but revealed 
strong effects at the species level: Most orthop-
terans had higher abundances at low- intensity 
grasslands, particularly at unfertilized and infre-
quently mown sites. This species- level pattern, 
revealed by a newly developed method that 
describes the species’ tolerance by combining 
weighted means with a null model approach, 
corresponds to diversity decline, but also allows 
for a more informative and powerful analysis 
than the analysis of diversity and total abun-
dance alone. Orthopterans seem to be more 
affected by combined land- use intensity, as we 
found higher proportions of opportunists within 
the single management types.

Fig. 2. Changes in orthopteran eH′ (a) and total abundance in 10 m2 (b) with number of days between mowing 
and sampling in 2014. Each point represents one of the 60 sites of two regions (ALB, HAI) where mowing 
occurred and mowing date was available. Region SCH was excluded because mowing dates were not available 
in this region.



November 2016 v Volume 7(11) v Article e015459 v www.esajournals.org

  CHISTé ET AL.

Fig. 3. Land- use niches of each orthopteran species, reflecting those grasslands in which they occur most 
frequently: (a) abundance- weighted mean of the compound land- use intensity (LUI) of their sites, (b) the 
fertilization intensity (kg N·ha−1·yr−1), (c) mowing intensity (cuts/yr), and (d) grazing intensity (livestock 
units·grazing days·ha−1·yr−1) from 2008 to 2014, along with weighted SDs (corresponding to niche breadth). 
Open dots in the top represent the mean and SD of land- use levels across all 150 sites from 2008 to 2014; 
abundance is shown in parentheses behind species names. Feeding habits of the different species are herbivorous 
(H), omnivorous (O), graminivorous (G), and bryovorous–herbivorous (BH).
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General effects of land use (LUI)
Grasslands with increasing combined land- use 

intensity (LUI) hosted less diverse orthopteran 
communities and were often also less frequented 
by Orthoptera. Also at the species level, we found 
that most of the species were losers of high LUI, 
some were opportunists, and only three species 
were winners of combined LUI. The combination 
of the three management types adds up to a 
stronger disadvantage to grasshoppers than each 
of them alone. Diversity declines of different 
insect taxa through intensified land use are 
known from previous studies (Haddad et al. 
2000, Allan et al. 2014, Simons et al. 2014), where 
frequent disturbance and habitat loss may be the 
major reasons for declining diversity. Orthop-
tera may be susceptible to fluctuations in the 
appearance of their habitats in intensively man-
aged grasslands, like changes in vegetation 
height (Gardiner et al. 2002), which alter the 
microhabitats they need. Different management 
types will result in different microhabitats and 
changes, which are discussed below.

The regional differences in orthopteran diver-
sity and abundance are mainly based on the 
geographical and thus climatic and ecological 
differences of the three regions and did not occur 
unexpectedly. Communities differ regionally and 
species have different altitudinal and habitat dis-
tribution boundaries across Germany (Ingrisch 
and Köhler 1998).

Fertilization
Fertilization was the most influential land- use 

type in grasslands, showing the strongest 

negative effects on diversity and single species 
occurrences with many species not tolerating fer-
tilization at all. Although fertilization increases 
plant productivity (Ritchie 2000), it often reduces 
plant species diversity (Bakelaar and Odum 1978, 
Haddad et al. 2000). Insect species diversity 
(Haddad et al. 2000), especially of herbivorous 
insects including orthopterans (Scherber et al. 
2010), is positively related to plant species rich-
ness in experimental grassland systems, and nat-
urally assembled grasslands (Simons et al. 2014). 
Plant species richness may also have positive 
effects on the fitness of grasshoppers (Unsicker 
et al. 2010). Indeed, in the sampled grasslands 
researchers also found a strong decrease in plant 
diversity with increasing land- use intensity 
(Socher et al. 2013, Simons et al. 2014), corre-
sponding to the decline in Orthoptera species 
diversity. Simons and colleagues (2014) also 
 concluded that herbivore diversity (including 
Orthoptera) is more strongly affected by changes 
in plant diversity than by changes in plant bio-
mass. Fertilization had the most consistent nega-
tive effect on plant diversity and positive effect 
on plant biomass across two years and the three 
regions (Simons et al. 2014). The increase in plant 
biomass did however not increase herbivore bio-
mass which could have in turn increased herbi-
vore diversity. Diversity of plants seems thus to 
play a key role in the context of diversity loss of 
Orthoptera.

Both plants and herbivores usually benefit 
physiologically from higher nutrient availabil-
ity and thus fertilization (Ritchie 2000), but spe-
cies may suffer from an increased interspecific 

Table 2. Orthoptera species that are losers or winners of land- use intensity according to their abundance- 
weighted mean occurrence.

Intensity
Losers Winners Opportunists

obs = 0 obs < exp (P < 0.05) obs > exp (P < 0.05) obs < exp obs > exp

LUI – 15 (51.3%) 3 (10.3%) 9 (31.0%) 2 (6.9%)
Fertilization 9 (31.0%) 9 (31.0%) 0 18 (62.1%) 2 (6.9%)
Mowing 5 (17.2%) 8 (27.6%) 3 (10.3%) 15 (51.7%) 3 (10.3%)
Grazing 1 (3.4%) 4 (13.8%) 3 (10.3%) 18 (62.1%) 4 (13.8%)

Notes: Number and percentage of the 29 Orthoptera species that occurred with significantly higher abundances on lower 
land- use intensity than expected (obs < exp) are shown in bold and declared as “losers.” Species with “obs = 0” were only 
found on sites with intensities of zero (none of the sites had a LUI of zero) and are included in species percentages with bold 
“obs < exp.” Species that occurred with significantly higher abundances on higher land- use intensities than expected (obs > exp) 
are shown in bold and declared as “winners.” “Opportunists” are species with no significantly higher abundance on specific 
land- use intensities; directions of their occurrences are shown as “obs < exp” or “obs > exp.” We show losers, winners and 
 opportunists of the compound land- use intensity index (LUI), fertilization intensity (kg N·ha−1·yr−1), mowing (cuts/yr) and 
grazing (livestock units·grazing days·ha−1·yr−1).
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competition—one important reason why diver-
sity declines whereas abundance remains 
unchanged or even increases. In fact, higher 
fertilization intensity led to steeper abundance 
decay of the whole insect community, including 
Orthoptera, in the same grasslands through an 
increased dominance of the most abundant spe-
cies (Simons et al. 2015). Hence, the fertilization- 
tolerant and most abundant species Chorthippus 
parallelus (Zetterstedt, 1821) may either outcom-
pete fertilization- intolerant species or at least 
compensate for their absence and thereby sta-
bilizes orthopteran abundance levels. Higher 
nutrient levels in plant tissues can be beneficial 
to plant- feeding Orthoptera (Haddad et al. 2000) 
and can increase performance and reproductive 
success of the grasshopper C. parallelus (Ebeling 
et al. 2013), consistent with our finding that 
this species predominantly occurred on inten-
sively used and fertilized areas. C. parallelus 
seems to be an appropriate indicator for inten-
sive management.

Tetrix kraussi (Saulcy, 1888) was one of the most 
susceptible species of this study and is known 
to prefer calcareous habitats with a dry micro-
climate, listed as threatened in the Red List for 
Germany. Also the remaining Tetrigidae (Tetrix 
spec.) preferably colonize less intensively man-
aged habitats and thus turn out to be proba-
bly useful indicators for extensive grassland 
management. With fertilization enhancing the 
productivity of grasslands, open soil spaces dis-
appear (Hochkirch et al. 1999), which are import-
ant habitat parameters for Tetrigidae.

An essential reason for the negative effect of 
fertilization may be a higher vegetation structure 
and density of grassland plants, because many 
grasshopper species prefer open grasslands with 
exposed soil, probably due to climatic conditions 
and microhabitat preferences for egg- laying 
(Ingrisch and Köhler 1998).

Mowing
Negative effects of mowing on Orthoptera, as 

in this study, have often been described, with the 
killing of individuals through the physical inter-
vention (Humbert et al. 2010), destruction of vital 
food resources, increased predation pressure 
(Cizek et al. 2012), and disturbance of a suitable 
microclimate (Ingrisch and Köhler 1998, Gardiner 
and Hassall 2009), listed as major reasons. 

Migration of disturbed populations to intact 
 habitats can also play a role for population 
decline of several species (Guido and Gianelle 
2001). Mowing can reduce orthopteran densities 
by 65–85%, depending on the properties of the 
mower such as cutting height (Humbert et al. 
2010). The significant reduction of abundance of 
several Orthoptera species on frequently mown 
meadows in our study is consistent with current 
knowledge and corroborates findings of other 
studies (Humbert et al. 2009). We have looked 
into the dynamics of diversity changes following 
mowing: Orthopteran diversity and total abun-
dance increased with the time span between 
sampling and last cut, which may probably be 
due to more time for migration from neighboring 
habitats, repopulation, and egg hatching.

Species such as Euthystira brachyptera (Ocskay, 
1826), Phaneroptera falcata (Poda, 1761), Platycleis 
albopunctata (Goeze, 1778), or Leptophyes puncta-
tissima (Bosc, 1792) lay their eggs in plants and 
not into soil and were particularly threatened by 
mowing, which was also encouraged by Ingrisch 
and Köhler (1998), who stated reduced ecological 
resistance to environmental changes for ortho-
pterans with plant- derived egg- laying substrates.

Grazing
Grazing intensity resulted in decreases in 

orthopteran diversity and abundance, but app-
eared to be the least disturbing management 
type, as the proportion of species that were sig-
nificantly reduced on heavily grazed sites was 
lower than for fertilization and mowing. Studies 
have already shown that grazing affects grass-
hopper community composition (Jonas and Joern 
2007) and decreases their abundance (Simons 
et al. 2015). Reported effects of grazing on diver-
sity were ambiguous, ranging from positive 
(Joern 2005) to negative (Branson and Sword 
2010) when contrasting grazed and ungrazed 
sites. In fact, we found that as many species ben-
efitted as suffered from grazing. We found no 
differences between grazed and ungrazed sites, 
but between sheep- grazed and cattle- grazed 
sites. Grazing intensity and species identity of 
grazing animals, their selectivity, and body size 
are major factors that may influence the direction 
of grazing effects (Rook et al. 2004). Grazing rep-
resents a more patchy and gentle way of mow-
ing, because grazing animals are slower and 
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more selective and occur relatively patchy on a 
pasture, which is likely to facilitate avoidance by 
mobile grasshoppers. Grazing is also linked to 
nutrient recycling and high nitrogen availability 
through animal feces (Bilotta et al. 2007), which 
may have parallels to the impact of fertilization 
on insect communities although it is often spa-
tially more heterogeneous. Grazing or mowing 
has another positive effect, as it prevents the 
grasshoppers’ habitat from unfavorably high 
and dense vegetation or even disappearance by 
long- term scrub encroachment in otherwise 
untreated grasslands. The advantages of grazing 
are probable reasons that species, which lay their 
eggs into plant parts, are less disturbed by graz-
ing than by mowing. The date of mowing or 
grazing plays an important role, as an early date 
might erase a majority of present less mobile 
nymphs, whereas a midsummer date may poten-
tially disturb reproducing adults.

Feeding habits
The consideration of the feeding habits in this 

study did not show a disadvantage of higher 
 trophic levels with increasing land- use intensity, 
as it is predicted in other studies (Haddad et al. 
2011, Herbst et al. 2013). Specialized grass feeders 
as much as polyphagous Orthoptera occurred on 
differently managed sites. The only pattern we 
could find was that species that feed on moss, 
algae, and plants (Tetrigidae) were more often 
found on low- intensity sites. Bryophytes are 
known to decrease with strong fertilization, fre-
quent mowing (Müller et al. 2012), and high plant 
productivity in grasslands (Müller et al. 2014), 
which increases with land- use intensity (Haddad 
et al. 2000). Bryophyte species richness is highest 
on sites with bare ground (Müller et al. 2012), 
which is also favorably frequented by Tetrigidae.

We found that herbivorous Orthoptera (not 
graminivorous) differed in their weighted means 
from all the other feeding guilds, which must 
be treated with caution, because we only found 
three individuals out of two species of this feed-
ing guild.

Management implications
The diversity of grassland arthropods like 

Orthoptera can be supported by a patchy applica-
tion of mowing (Cizek et al. 2012), or by leaving 
uncut patches on meadows as refuges (Humbert 

et al. 2009, 2010), which has the same effect. The 
selection of equipment together with the mowing 
date also strongly influences the number of 
depleted grassland fauna (Humbert et al. 2009, 
2010). Later mowing dates in autumn are better 
than in the phenological peak of orthopterans. 
There is no perfect mowing time for all grassland 
organisms, however, and it seems likely that a 
yearly rotating mowing date would be best for 
biodiversity, corresponding to a positive effect of 
interannual variability in land use found for mul-
tidiversity (Allan et al. 2014). Annual variation in 
land- use intensity on the sites may enable the 
reproduction of species with different phenolo-
gies and thus increases diversity. As grazing had 
the least effects of the examined management 
types, the proportion of grazed sites should be 
promoted as it can increase diversity compared 
with mown sites. However, a moderate intensity 
and duration of grazing is crucial to preserve bio-
diversity. Land use as such supports grassland 
biocoenoses in Central Europe and prevents 
grasslands from scrub encroachment adding to 
landscape diversity in addition to forests.

conclusIon

Our well- founded data showed that the major-
ity of Orthoptera species were “losers”; that is, 
they were more common in low- intensity grass-
lands, which may ultimately add to their vulner-
ability and local extinction risk. Such negative 
impacts may be particularly well detectable in an 
analysis of individual species’ land- use responses 
like the niche model, rather than in aggregate 
analyses at the community level. Note that 
abundance- weighted diversity indices such as 
Shannon have an inherent bias for abundant spe-
cies and are not sensitive for rare species, for 
which the probability of detection is lower than 
for common ones. In contrast, our new species- 
level niche model is very sensitive to depict quan-
titative responses to environmental gradients 
such as land use, even for rare species, and reve-
aled that a high proportion of species declines 
with land- use intensity. A species’ sensitivity 
often corresponds to its rarity, either as a cause or 
as a consequence. It is thus crucial to disentangle 
responses for each species with an  unbiased 
approach, which is applicable for  different organ-
isms and environmental parameters. Our study 
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enhances our knowledge of the susceptibility of 
orthopteran diversity and abundance to different 
types of land use in grasslands. Sustainable man-
agement, low intensity of fertilization, infrequent 
mowing, and variable grazing would help to 
maintain a high diversity of orthopterans and 
surely other grassland organisms.
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