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Grasshoppers facing land-use and climate change:
range shifts, community dynamics and implications for conservation
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Zusammenfassung: Der Landnutzungswandel gilt als die Hauptursache des gravierenden
Insektenriickgangs in Mitteleuropa. Dabei hat sowohl die landwirtschaftliche Intensivierung als
auch die Nutzungsaufgabe seit den 1950er-Jahren zu einem grofflachigen Lebensraumverlust
und einer Abnahme der Habitatqualitét fiir Insekten gefiihrt. Dariiber hinaus unterliegen die
Insektengemeinschaften in den verbliebenen Habitatfragmenten zunehmend dem Einfluss der
anthropogenen Klimaerwarmung. Wiahrend thermophile Arten oft in der Lage sind, ihre mittel-
europdischen Areale zu erweitern, werden fiir Arten, die an kithle oder feuchte Klimabedingungen
angepasst sind, zumeist negative Auswirkungen des Klimawandels prognostiziert. Da Heuschrecken
duBerst sensibel auf Verdnderungen der Landnutzung und des Klimas reagieren, gelten sie als
gute Indikatoren rezenter Umweltverinderungen in Offenland-Okosystemen. Die Ergebnisse
unserer aktuellen Studien belegen, dass sich das Verbreitungsgebiet vieler mitteleuropédischer
Heuschreckenarten in der zweiten Halfte des 20. Jahrhunderts infolge des Landnutzungswandels
dramatisch verkleinert hat. Starke Riickginge lieB3en sich vor allem filir Habitatspezialisten mit
einer geringen Mobilitit feststellen, die stark an das Vorhandensein landwirtschaftlich extensiv
genutzter Habitate (= High-Nature-Value-Farmland) gebunden sind. Im Gegensatz dazu ha-
ben sich in den letzten 30 Jahren warmeliebende, mobile Heuschreckenarten in Mitteleuropa
stark ausgebreitet. In einer Wiederholungsuntersuchung haben wir zudem klare Belege gefun-
den, dass sich die Zusammensetzung der Heuschreckengemeinschaften im Griinland der Eifel
in den vergangenen Jahrzehnten deutlich verdndert hat. Wahrend die Ausbreitung mobiler
Habitatgeneralisten in extensiv genutzten Griinlandhabitaten der Eifel zu einer Erhdhung der
Artenvielfalt gefiihrt hat, konnte diese Entwicklung in intensiv genutzten und brachliegenden
Lebensrdumen langfristig zu einer biotischen Homogenisierung der Heuschreckengemeinschaften
fithren. Die Ergebnisse der behandelten Arbeiten verdeutlichen die Herausforderungen fiir den
Naturschutz in Zeiten des globalen Wandels. Zukiinftige Schutzmafnahmen sollten darauf ab-
zielen, die Anpassungsmdglichkeiten an klimatische Verdnderungen fiir moglichst viele Arten
zu erhohen. Dies kann zum einen durch die Erhdhung der Habitatheterogenitit und zum anderen
durch die Verbesserung des Biotopverbunds zwischen den Habitaten gefordert werden. Dariiber
hinaus kann durch die Etablierung standardisierter Monitoringprogramme, die Entwicklung der
Heuschreckenbestinde zukiinftig besser nachvollzogen und Populationsriickgidngen frithzeitig
entgegengewirkt werden.
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Introduction

During recent decades, many insects have undergone severe population declines throughout Central
Europe. This development is mainly a result of large-scale habitat loss and degradation due to land-use
intensification and abandonment (LOFFLER & al., 2020; FARTMANN & al., 2022a). As a consequence,
the availability of suitable habitats is limited for many insect species. More recently, climate change
has contributed to severe shifts in insect distribution and community composition (e.g. LOFFLER & al.,
2019; Poniatowskl & al., 2020). However, there is much variation in the response of species to global
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warming across taxa and functional groups (STREITBERGER & al., 2016; ENGELHARDT & al., 2022).
Especially habitat specialists with low mobility have to struggle with a lack of suitable habitats in Central
Europe’s fragmented landscapes and thus they are often not able to keep up with recent global warming
in (PLATTS & al., 2019; LOFFLER, 2021).

Since they respond rapidly to both land-use and climate change, Orthoptera (hereinafter grasshoppers)
are well-suited indicators to study the effects of recent environmental changes in grassland ecosystems
(FARTMANN & al., 2012). Here, we synthesize the content of three of our recent studies investigating
changes in grasshopper distribution and community composition: (i) PoNiaTowsk1 & al. (2020); (ii)
LOFFLER & al. (2019) and (iii) FARTMANN & al. (2022b). In the first study (PoNiaTOowskI & al., 2020),
we investigated historical and recent range shifts of Central European grasshoppers in response to
land-use and climate change. Since we expected that climate-driven range shifts also caused changes in
grasshoppers community composition, we additionally conducted a re-survey of grasshopper assemblages
in calcareous, mesic and wet grasslands in the Eifel uplands (W Germany, LOFFLER & al., 2019). Apart
from temperature increase, climate change led to an increase in the frequency of summer drought, which
likely causes detrimental effects on phytophagous insects, such as most grasshoppers (LENHART & al., 2015;
STREITBERGER & al., 2016). To shed light on this, we finally studied grasshoppers in semi-natural
grasslands along an elevation gradient in the Diemel Valley (NW Germany, FARTMANN & al., 2022b).
Overall, we hypothesized that both land-use and climate change cause distinct changes in grasshopper
distribution and community composition in Central Europe. While we assumed that the former is
detrimental to grasshoppers across the board, the latter may foster thermophilic habitat generalists,
which are able to expand their distribution ranges under recent global warming. The results of our studies
demonstrate the key challenges for grasshopper conservation in times of global change. To account for
the interacting effects of land-use and climate change on the grasshopper fauna of Central Europe, we
outline implications for conservation, which may help species to cope with recent environmental changes.

Methods
The methods underlying the studies synthesized here are briefly described below. More detailed information
about the methodology can be found in the original papers.

(i) Grasshopper range shifts in Central Europe (PONIATOWSKI & al., 2020): In the first study, we modelled
the distribution trends of 58 grasshopper species in Germany. Distribution modelling was done
using Spatial Point Pattern Analysis based on > 100,000 aggregated observational records. Using
Generalized Linear Models (GLM), historical (pre-1990 vs. 1990—-2000) and recent (1990—-2000
vs. 2000-2017) range shifts were compared among four functional groups: habitat specialists
and generalists with low and high mobility, respectively. Furthermore, the observed distribution
trends were analyzed against the Species Temperature Index (STI) and Species Farmland Index (cf.
LOFFLER & al., 2019; Fumy & al., 2020).

(ii) Grasshopper community dynamics in semi-natural grasslands (LOFFLER & al., 2019): In the second
study, we examined grasshopper community shifts in three different grassland habitats — (a) calcareous
grassland, (b) mesic grassland, (c) wet grassland — in the Eifel uplands. In total, 67 patches studied
in 1994 were re-surveyed in 2015 using the same sampling methods. Based on these data, we
analyzed differences in overall species richness, the number of habitat specialists/generalists, the
number of mobile/less mobile grasshopper species as well as the Community Temperature Index
(CTI, cf. DEVICTOR & al., 2012) using pairwise statistical comparisons.

(iii) Effects of summer drought on grasshopper abundance in semi-natural grasslands (FARTMANN & al.,
2022b): In the third study, we studied grasshopper abundance in semi-natural grasslands with low-
intensity land use. The plots included calcareous and mesic grasslands (each 27 plots), which were
randomly distributed along an elevation gradient in the Diemel Valley (100—600 m a.s.1.). In these
plots, grasshoppers were sampled in 2020 using a box quadrat, which accounts for the most accurate
methods to ascertain species richness and abundance of grasshoppers (FISCHER & al., 2020). To
unravel the impact of summer drought on grasshopper assemblages, we applied Generalized Linear
Mixed-effect Models (GLMM) including both habitat and climate parameters.
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Results and discussion

Our studies revealed a strong response of grasshoppers to both land use and climate change. While many
grasshopper species historically experienced strong declines, an increasing number of species recently
expanded their Central European distribution ranges in response to global warming. However, at the
same time, we found that drought may cause negative effects on grasshopper abundance in semi-natural
grasslands exposed to warm summer temperatures.

(i) In the range shift study, we found that many grasshopper species historically suffered from large-
scale habitat loss prior to the 1990s (PoNiaTowskI & al., 2020). This was especially true for habitat
specialists, which are associated with low-intensity land use and are highly sensitive to environmental
changes in their habitats (e.g. FARTMANN & al., 2012). For instance, the loss of nutrient-poor habitats
historically caused a severed decline in the Central European distribution of many habitat specialists.
Accordingly, historical range retractions were strongly related to species with high SFI values
(= species requiring a high extent of High Nature Value farmland). A typical example is the Lesser
mottled grasshopper (Stenobothrus stigmaticus), which strongly depends on the occurrence of
nutrient-poor grasslands and heathlands (F1scHER & al., 2020). Since the extent of these habitats
severely declined during the 20" century, this species now has to struggle with limited habitat
availability (Fig. 1). By contrast, an increasing number of grasshopper species recently expanded
their distribution range. Range expansions occurred mostly among species with high STI values
(= species requiring a warm macroclimate) with high mobility. This has been exemplarily shown for
Roesel’s bush-cricket (Roeseliana roeselii), which is able to occur in a wide range of habitats and
can become highly mobile under favourable climatic conditions (Fig. 1; PoNiaTowsk1 & al., 2012;
FiscHER & al., 2020). In particular, warm springs promote high densities of larvae of R. roeselii. This
finally leads to an increased development of long-winged individuals of this species, which have
strongly been associated with its rapid expansion during the last decades (PoNiaTOwsKI & al., 2012).
The findings of our study broadly correspond to previous research on other insect taxa providing
evidence that mainly thermophilic species, which are able to overcome the distances between
remaining habitat fragments, can keep pace with recent global warming (e.g. DEVICTOR & al., 2012;
PLATTS & al., 2019; TERMAAT & al., 2019).

(i1) According to the results of the range-shift study (Poniatrowsk1 & al., 2020), we also found distinct
changes in the composition of grasshopper assemblages across different grassland habitats in the
Eifel uplands between 1994 and 2015 (LOFFLER & al., 2019). While the overall species richness
increased in well-managed calcareous and mesic grasslands in the study area, grasshopper species
richness did not change in wet grasslands, which were often lacking management and thus exhibited
a decline in habitat quality (SCHERER & al., 2021). Furthermore, in this study, only the number
of habitat generalists and mobile species increased but not the number of habitat specialists and
species with low dispersal ability. This largely corroborates the results of the first study showing
that habitat generalists historically were less strongly affected by land-use change and recent range
shifts mainly occurred among mobile species (PoNiaTOWSKI & al., 2020). At the same time, we
found an increase in the Community Temperature Index (CTI) in mesic and wet grasslands of the
study area, which was caused by high turnover rates towards more thermophilic species. In line
with Fumy & al. (2020), our study revealed that climate-driven range shifts of thermophilic species
can increase grasshopper species richness in well-managed habitats in the rather cool climate of
Central Europe. By contrast, there was an increasing risk of biotic homogenization in abandoned
wet grasslands with a low habitat quality for most grasshopper species (cf. Fumy & al., 2020).

(iii) During recent years, summer drought increasingly affected Central European grassland ecosystems.
Though the majority of grasshoppers is thermophilic, the results of the third study revealed that
grasshopper abundance decreased with increasing summer temperature in semi-natural grasslands
(FARTMANN & AL., 2022b). The study was done in the Diemel Valley in summer 2020, which was
extraordinarily dry and warm. As a result, the vegetation in plots with higher summer temperatures
started to wither early in the summer season. This can lead to food shortage among phytophagous
insects such as grasshoppers and thus likely causes negative effects on grasshopper abundance

127



MITT. DTSCH. GES. ALLG. ANGEW. ENT. 23 HALLE (SAALE) 2024

(LENHART & al., 2015; FARTMANN & al., 2022a). Whereas grasshopper abundance was still high
at higher elevations in the study area, it usually was low in lower situated grassland areas, which
were characterized by high summer temperatures and low levels of precipitation. Apart from its
detrimental effects on grasshopper food supply, drought can also result in a limited development of
larvae, especially among hygrophilous grasshopper species (INGRiscH & Kohler, 1998).

/ () Land-use change: \
Habitat generalist ~ — Habitat lossand  Habitat specialist
degradation
Roesel's bush-cricket Lesser mottled grasshopper
(Roeseliana roeselii) (Stenobothrus stigmaticus)
Habitat availability Habitat availability
still met (1) Climate change: limited
l /—> Temperature increqse\ l
High Mobility Low Mobility
Range expansion No expansion

Fig. 1: Schematic illustration of the effects of land-use and climate change based on the examples of Roesel’s
bush-cricket (Roeseliana roeselii) as a mobile habitat generalists and Lesser mottled grasshopper (Stenobothrus
stigmaticus) as a habitat specialist with low mobility. Illustration according to the results of PoNiATOWSKI & al.
(2020) (Photos: R. roeselii by F. Loffler, S. stigmaticus by T. Fartmann).

Conclusions

Our studies have shown that both land-use and climate change had severe effects on grasshoppers in
Central Europe. While the distribution of many grasshopper species historically experienced strong
declines due to the large-scale loss of High Nature Value Farmland, thermophilic species with high
dispersal ability recently expanded their ranges in response to climate change (PoniaTowskI & al.,
2020). At the same time, less mobile habitat specialists were not able to keep up with global warming
due to the lack of their habitats in Central Europe’s fragmented landscapes. The changes in grasshopper
distribution also caused severe changes in grasshopper communities in temperate grassland ecosystems
(LOFFLER & al., 2019; Fumy & al., 2020). While we found evidence that the expansion of thermophilic
species throughout Central Europe can even lead to an increase in overall species richness in well-
managed grasslands, there is an increasing risk of biotic homogenization in habitats with low habitat
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quality (LOFFLER & al., 2019). Therefore, future conservation actions need to increase the availability
of suitable habitats and build dispersal corridors between existing habitat fragments. This may foster the
dispersal of species facing global warming and allow them to keep pace with recent global warming.
Furthermore, conservation management should additionally aim to increase habitat heterogeneity within
existing habitats, which may increase the capability of species to evade from detrimental environmental
conditions such as drought (STREITBERGER & al., 2016). Finally, there is a vital need for standardized
monitoring schemes. Monitoring data could especially help to assess the population status of grasshoppers,
to identify potential threats at an early stage and to increase knowledge on the response of grasshoppers
to global change in the long run.

References

DEVICTOR, V., VAN Swaay, C.A.M., BERETON, T., BROTONS, L., CHAMBERLAIN, D., HELIOLA, J., HERRANDO,
S., JULLIARD, R., KUUSSAARL, M., LINDSTROM, A., REIE, J., Roy, D. B., SCHWEIGER, O., SETTELE,
J., STEFANESCU, C., VAN STRIEN, A., VAN TURNHOUT, C., VERMOUZEK, Z., WALLIS DEVRIES, M.F,
WyYNHOFF, 1. & JIGUET, F. (2012): Differences in the climatic debts of birds and butterflies at a
continental scale. — Nature Climate Change 2: 121-124.

FarRTMANN, T., KRAMER, B., STELZNER, F. & PoNiatowskl, D. (2012): Orthoptera as ecological indicators
for succession in steppe grassland. — Ecological Indicators 20: 337-344.

FARTMANN, T, JEDICKE, E., STREITBERGER, M. & STUHLDREHER, G. (2022a): Insektensterben in Mittel-
europa: Ursachen und GegenmafBinahmen. — Ulmer, Stuttgart.

FARTMANN, T., BRUGGESHEMKE, J., PON1ATOWSKI, D. & LOFFLER, F. (2022b): Summer drought affects
abundance of grassland grasshoppers differentially along an elevation gradient. — Ecological
Entomology 47: 778-790.

FISCHER, J., STEINLECHNER, D., ZEHM, A., PONIATOWSKI, D., FARTMANN, T., BECKMANN, A. & STETTMER, C.
(2020): Die Heuschrecken Deutschlands und Nordtirols: Bestimmen, Beobachten, Schiitzen. — Quelle
& Meyer, Wiebelsheim, 2. Aufl.

Fumy, F., LOFFLER, F., SAMwAYS, M.J. & FARTMANN, T. (2020): Response of Orthoptera assemblages
to environmental change in a low-mountain range differs among grassland types. — Journal of
Environmental Management 256: 109919.

ENGELHARDT, E.K., BIBER, M.F., DOLEK, M., FARTMANN, T., HOCHKIRCH, A., LEIDINGER, J., LOFFLER, F.,
PINKERT, S., PoN1ATOWSKI, D., VOITH, J., WINTERHOLLER, M., ZEUsS, D., BowLER, D.E. & Hor, C.
(2022): Consistent signals of a warming climate in occupancy changes of three insect taxa over 40
years in central Europe. — Global Change Biology 28: 3998-4012.

INGRISCH, S. & KOHLER, G. (1998): Die Heuschrecken Mitteleuropas. — Westarp Wissenschaften,
Magdeburg.

LENHART, P.A., EUBANKS, M.D., & BEHMER, S.T. (2015): Water stress in grasslands: dynamic responses
of plants and insect herbivores. — Oikos 124: 381-390.

LOFFLER, F. (2021): Global warming meets habitat fragmentation — Challenges for biodiversity conservation
in semi-natural grasslands. — Phd thesis, Osnabriick University.

LOFFLER, F., PON1ATOWSKI, D. & FARTMANN, T. (2019): Orthoptera community shifts in response to
land-use and climate change — Lessons from a long-term study across different grassland habitats. —
Biological Conservation 236: 315-323.

LOFFLER, F., PoN1aTowsKI, D. & FARTMANN, T. (2020): Extinction debt across three taxa in well-connected
calcareous grasslands. — Biological Conservation 246: 108588.

PLATTS, P.J., MASoN, S.C., PALMER, G., HiLL, J. K., OLIVER, T. H., POWNEY, G.D., Fox, R. & THOMAS, C.D.
(2019): Habitat availability explains variation in climate-driven range shifts across multiple taxonomic
groups. — Scientific Reports 9: 15039.

Poniatowskl, D., HEINZE, S. & FARTMANN, T. (2012): The role of macropters during range expansion
of a wing-dimorphic insect species. — Evolutionary Ecology 26: 759-770

129



MITT. DTSCH. GES. ALLG. ANGEW. ENT. 23 HALLE (SAALE) 2024

Pontatowskl, D., BECKMANN, C., LOFFLER, F., MUNScH, T., HELBING, F., SAMways, M.J. & FARTMANN, T.
(2020): Relative impacts of land-use and climate change on grasshopper range shifts have changed
over time. — Global Ecology and Biogeography 29: 2190-2202.

SCHERER, G., LOFFLER, F. & FARTMANN, T. (2021): Abandonment of traditional land use and climate
change threaten the survival of an endangered relict butterfly species. — Insect Conservation and
Diversity 15: 556-567.

STREITBERGER, M., ACKERMANN, W., FARTMANN, T., KRIEGEL, G., RUFF, A., BALZER, S. & NEHRING, S.
(2016): Artenschutz unter Klimawandel: Perspektiven fiir ein zukunftsfahiges Handlungskonzept. —
Naturschutz und Biologische Vielfalt 147.

TERMAAT, T., VAN STRIEN, A.J., VAN GRUNSVEN, R.H., DE KNUF, G., BJELKE, U., BURBACH, K., CONZE, K.-J.,
GOFFART, P., HEPPER, D., KALKMAN, V.J., MOTTE, G., PrINS, M.D., PRUNIER, F., SPARROW, D.,
VAN DEN Top, G.G., VANAPPELGHEM, C., WINTERHOLLER, M. & WALLIS DE VRIES, M.F. (2019):
Distribution trends of European dragonflies under climate change. — Diversity & Distributions 25:
93-950.

130



