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ABSTRACT: Orthoptera are often surveyed in research on urban environments, but results are ambiguous in different regions and
cities. We studied the insects in a city located in the centre of the East-European plain, at the junction of the Continental and Boreal
biogeoregions. We distinguished suburbs and the urban landscape and meadows and lawns within the urban landscape. To find
orthopterans in grassland habitats, we used sweepnet, acoustic and visual observations, and pitfall traps. Urban habitats are
colonised by 20 species of Orthoptera from 29 species observed in the suburbs. Only five species are as frequent in urban habitats
as in suburban ones. The urban environment negatively affects both forest species, all three species of dry meadows and only one
of ten grassland generalists. On lawns, we found 11 species. Total abundance and species numbers were lower in lawns than in
meadows. Only three late-emerging and high-dispersing species were quite frequent in lawns. The occurrence of Conocephalus
fuscus in lawns was positively influenced by the presence of uncut patches, Chorthippus dorsatus—by the density of the herb layer.
Ch. mollis, which is native to dry meadows, preferred unshaded lawns. Chorthippus biguttulus is a single species inhabiting lawns
of almost every quality.
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1. Introduction

Urbanisation is driving rapid declines in species richness and abundance worldwide, driving changes in species
assemblages, and leading to biotic homogenisation [1-3]. However, it is known that urbanisation can increase or
decrease species richness, depending on several variables [4—6]. The impact of urbanisation on species abundance varies,
depending on taxons and cities [7,8]. Urban habitats are reported to favour some species due to man-made habitats,
wastes and substrates, which are exploited by animals as food, decreasing pressure from predators or competitors [1,9].
The main effect of urbanisation is the replacement of specialists with generalist species [2,4]. Nevertheless, some rare
species live in urban environments [10]. Species diversity within urban habitats can vary from very high to very low
[11-13]. Cities are heat islands [14], and urban habitats at more northern latitudes can be similar to rural habitats at
more southern latitudes [15,16]. However, urban sites can be less sunny and cooler than those in the suburbs [17]. It is
shown that climate strongly modifies the effects of urbanisation [18]. The history of urbanisation, which is unequal in
different parts of the world, also impacts its ecological consequences [19]. Therefore, it is important to study the
urbanisation effect in different regions. Now, people believe that it is important to conserve biodiversity in cities [20],
so we need to know patterns of the shaping of species assemblages in the urban environment.

Orthoptera are one of the most noticeable groups of insects due to their songs and hoppers. Some of them are pests,
while others are endangered charismatic species [21-23]. Orthopterans are frequently used as model organisms in
ecological studies and modelling, because a large part of them have limited dispersal ability and specific habitats, and
these insects can be relatively easily collected and identified [24-26]. There are a significant number of papers about
orthopterans in urban environments [27—40]. The earliest of them describe a decrease in diversity and abundance along
urban gradients—from suburbs to city centres, where only some eurytopic species live. Recent surveys mainly focus
on species traits. It was shown that species with low mobility and more specialised habitats have a higher probability
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of local extinction in the urban environment [39]. Yet, in some cases, mobile species were more sensitive to urbanisation
at larger scales than sedentary species [33]. Urban habitats can be colonised by mobile species, as well as by habitat-
specialised species that can live within small patches of habitat [32]. As shown, the urban matrix has great significance
for surviving orthopterans in cities [40]. However, some surveys suggest that the vegetation type of the patch is more
important than urban landscape parameters [38]. Therefore, patterns of the influence of the urban environment on
orthopterans are not well known. It is not clear what ecological traits of species (habitat preference, layer preference,
dispersal ability) favour them to colonise urban habitats. In particular, some researchers found that cities are favourable
to thermophile orthopterans [31], but in light of the cited paper [17], we should verify if it is a general pattern or not.
Most studies on urbanisation effects on orthopterans have been performed in West, Central or South Europe and in
West Siberia, while East Europe is underexplored in this aspect despite published species lists for some cities [41-45].
Investigation of Orthoptera in the urban environment of East Europe would allow us to clarify general patterns of
urbanisation impacting insects and assess the possibility of conservation of this group in cities.

In this study, we investigated Orthoptera in Kaluga, a typical middle-Russian city in the broadleaved and mixed
coniferous-broadleaved forest zone. Our questions were as follows. (1) What species of Orthoptera colonise urban
habitats, and what are ecological traits (habitat preference, layer preference, dispersal ability and phenology) according
to which the urban environment filters species from a regional species pool? (2) What species of Orthoptera colonise
lawns in the urban environment? (3) What properties of urban habitats enhance their favourability to Orthoptera?

2. Materials and Methods
2.1. Study Area

Kaluga is located in the centre of the East-European plain, on the northwest margin of the Middle-Russian Upland,
at the boundary of the Continental and Boreal biogeoregions [46] or the mixed coniferous-broadleaved forests zone and
the broadleaved forest zone [47]. So, the primary vegetation of the area is oak-linden and spruce-oak-linden forests. But
it is an old agricultural region, so meadows (pastures and haylands) have a long history. It is located on the Oka River,
the largest right tributary of the Volga River, and the meadows in its valley are rich in forest-steppe plants—“the Oka
flora” [48].

Kaluga is a large urban settlement and urban district, but for our study, we should regard it as an urban landscape,
a specific system of habitats for insects. Historically, the urban landscape of Kaluga developed on the left bank of the
Oka River, between its tributaries, the Yachenka and Kaluzhka [49].

The western suburb of Kaluga (to the west of the Yachenka River) is formed by alluvial plains with sandy
sediments [50], with pine forests and dry meadows which are located mainly along the Oka River and have many forest-
steppe plants, with small swamps.

The southeastern suburb of Kaluga is formed by a fluvioglacial plain with loam sediments and is occupied mainly
by fields. Small tall-grass meadows are located along the Kaluzhka River. Dry meadows are located along the Oka
River and on some roads, as well as in broad clearings along electrical lines. Locally, there are lime quarries.

The northeast suburb of Kaluga is formed mainly by moraine plains with clay loam sediments. It is occupied by
mesic or moist meadows, secondary deciduous forests (including those with birch or aspen, as well as linden, oak, and
maple), gardens, and hamlets. This suburb is separated from the urban landscape by a broad belt of deciduous forests
and a cluster of new high-tech factories.

The north and northwest city peripheries and suburbs do not have large meadows; in these areas, industrial and
residential buildings are alternated with secondary deciduous forests, making it difficult to find suitable sample plots.
Through their landforms and forest vegetation, these lands resemble the northeast suburbs. In the south, the Oka River
is the natural boundary of the urban landscape. Large meadows along this river within the Kaluga city are absent; the
bank is mainly populated by willows and box-elder. On the right bank of the river, there are also built areas of Kaluga,
but we regard them as separate small urban landscapes and do not include them in this research.

2.2. Sample Plots

In total, we surveyed 174 individual plots in the urban landscape and in the suburbs: the western (W), the
northeastern (NE), and the southeastern (SE). Each sample plot is characterised by a unique combination of
geographical coordinates, has uniform vegetation cover and is not divided by roads or by other barriers for orthopterans.
We divided them into the following types, primarily based on EUNIS [51].
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2.2.1. Meadows

Habitats dominated by grasses and herbs, with low anthropogenic pressure, i.e., unmowed or mowed one or two
times per summer. This type includes all grasslands outside built areas or roadsides. Within built areas or roadsides, the
mowing frequency was estimated by regular direct observation and by observing unmowed herbs (relatively tall with
seeds) during summer surveys of the insects.

Dry Meadows

Grasslands on sands, with bare ground, dominated by dry-tolerant grasses and herbs: Festuca ovina L., Festuca vallesiaca
Schleich. ex Gaudin, Koeleria glauca (Spreng.) DC., Pilosella spp., Artemisia campestris L., Fragaria viridis Weston.

Mesic Meadows

Dominated by such grasses as: Calamagrostis epigejos (L.) Roth, Dactylis glomerata L., Festuca pratensis Huds.,
Elytrigia repens (L.) Nevski, Phleum pratense L., Festuca rubra L., Poa pratensis L., Agrostis capillaris L.

Wet Meadows

Dominated by large sedges (Carex and Scirpus spp.) and grasses.

2.2.2. Lawns

Intensively-mowed grass sites with short herb layers, surrounded by sealed surfaces and buildings, usually with
small areas or on roadsides. Lawns can be found along streets, between residential or business buildings, in squares and
parks. Usually, “lawn” means cultivated grassy vegetation. But in Kaluga lawns are often degraded, with bare ground
and small ruderal weeds. Most sites are dominated by grasses, i.e., D. glomerata, somewhere by forbs, such as
Taraxacum officinale F.H.Wigg., somewhere by forbs, which are typical for shaded environment, such as Aegopodium
podagraria L. or Glechoma hederacea L. Most of the lawns are shaded by trees and buildings. Specific subcategories
of lawns are unshaded lawns (located between roads without buildings) and lawns with shrubs (hedgerows or
decorative), sometimes with small patches of rarely mowed herbage around shrubs or artificial constructions.

The distribution of these types of habitats in the urban landscape and the suburbs is presented in Table 1. Sample
plots are mapped in Figure 1. A list of sample plots with geographical coordinates can be found in supplementary
materials.

Table 1. Numbers of sample plots per type of habitats used for survey of Orthoptera in Kaluga, Russia.

Numbers of Plots

Method Zone Lawns Meadows Total
Dry Mesic Wet
NE 0 0 8 8
suburbs SE 0 3 17 20
Sweepnet W 1 3 7 1 12
urban 6 0 33 39
Total 7 6 66 79
NE 0 0 2 2
suburbs SE 0 3 8 11
Acoustic and visual \\ 2 5 15 22
urban 57 0 22 79
Total 59 8 47 114
Pitfall traps urban 3 0 6 1 10
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Figure 1. Map of the surveyed area. A—acoustic and visual observation, S—sweepnet.

For lawns in urban landscapes, we also measured the following properties. (1) Shading by trees or buildings during
most part of the day: 0—unshaded, 1—shaded. (2) Density of the herbage: 0—sparse herb cover, with patches of bare
ground, 1—dense herb cover, without visible patches of bare ground. (3) Presence of uncut patches—shrubs or tall
ruderal or ornamental herbs (i.e., D. glomerata and Urtica dioica L.): 0—absent, 1—present. (4) Degree of isolation
from a suburb or large urban meadow, assessed as a number of barriers, which are roads and large areas without
grassland habitats: 1—one road with high traffic; 2—two roads with high traffic, or one such road and one array of built
area of 100-200 m, 3—three roads or arrays of built area, 4—four or more roads with high traffic.

2.3. Survey of Orthoptera

Orthoptera were surveyed from 2002 to 2024. Detailed information on sampling events can be found in the datasets
[52,53]. Information on sampling protocols for each plot is given in Table S1.

We surveyed orthopterans using three methods: sweepnet, acoustic and visual observations, and pitfall traps.

Sweepnet was used on sunny days in late July—September when almost all species were adults. In some plots (No.
147, 156, 161, 162, 166 in Table S1), orthopterans were also sampled by sweepnet in June—late July to find nymphs.
Sweepnet in large meadows consisted of 100 strokes. Our path was a linear transect. Its directions were optimal to not
scare away the insects before catching them. In small meadows and lawns, we passed all their areas; in linear habitats,
it was also a linear path, and in squares, we went all lawns by a circle, so in such habitats, our sampling effort was 50—
100 strokes.

Acoustic and visual observations have been conducted on sunny days in late July—September in 2023 and 2024. In
2023-2024, we went to most of the points surveyed previously using sweepnet to distinguish grasshoppers of the
Chorthippus biguttulus group. The duration of the acoustic survey was 15 min in lawns and small meadows and 30 min
in large meadows. In late July—early August of 2023, we recorded grasshoppers of the Chorthippus biguttulus group
from plot No. 43 using Xiaomi Redmi 8. In other cases, orthopterans were auditively observed. In lawns, most of the
specimens found by songs have also been seen (excluding Tettigonia), so we note this method as “acoustic and visual
observation”, and we usually did not need the sweepnet. In meadows, orthopterans have not been seen during acoustic
observation, and we combined the sweepnet and acoustic observation.
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Pitfall traps were applied to survey ground-dwelling insects and to quantitative assessment of abundance in urban
areas. A trap was a 0.5 L transparent plastic cup with a mouth of 85 mm in diameter filled with 4% formalin solution,
with a cover made of transparent polyethylene film. Every year, 15 traps were exposed during May—September, and
insects were sampled every two weeks. In each plot, 815 traps were exposed according to their size. We calculated the
activity density of insects—the number of specimens per 100 trap days.

Orthopterans were identified according to Bey-Bienko’s key [54]. For Omocestus and Stenobothrus we used the
book of Bey-Bienko and Mitshenko [55]. Identification of specimens of the Chorthippus biguttulus groups was based
on recent works [56—59]. Nomenclature was given according to Orthoptera Species file [60].

2.4. Species Traits and Statistical Analyses

The dispersal ability of species was accessed using a well-known paper on the Continental biogeoregion [61] but
with some corrections based on other works [62,63], which are consistent with our observation in Kaluga. By layer
distribution, we divide species into several groups using literature data on life forms [64,65]: 1—insects spending all
life on plants (specialised phytophiles); 2—insects which live on plants (grass-inhabitants) but lay eggs in the soil; 3—
insects which keep both on plants and the ground; 4—insects living on the ground (geophiles and herpetobionts). By
phenology, we divide species into two groups: “early”—emerging in June and early July; “late”—emerging in late July—
August. By habitat preference, we classified species by their distribution in the suburbs of Kaluga into four groups: (1)
grassland generalists (inhabit mesic, dry and moist meadows), (2) habitats of dry meadows, (3) habitats of moist to wet
meadows, (4) forest species. For detailed information, see Table Al.

Our datasets consist of data on relative abundance (the number of specimens observed with a certain sampling
effort). However, in this paper, we analyse only the presence—absence of species in each site, as the quantitative
comparison of orthopterans observed at different times and in plots with unequal herbage heights appears to be
problematic. Our data includes 1430 occurrences. One occurrence is a find of one species in one day in one site. These
are rows of the datasets [52,53] belonging to Kaluga city and surroundings, excluding non-systematic (occasional)
observations and data sampled using traps.

Data processing and statistical analyses were conducted using the R 4.1.3 [66]. To compare frequencies of species
and groups of species between suburbs and urban areas or between meadows and lawns, we used Fischer’s test. To
assess the influence of the four above mentioned properties of lawns on the occurrence of insects, we used GLM
(generalised linear models) with binary distribution and iteratively reweighted least squares. To compare groups of
species according to mentioned species traits, we calculated a relative difference in species occurrences [67] between
suburbs and urban landscapes for each species and then obtained Kruskal-Wallis’s test for groups of species. To
compare activity density between different types of habitats, we applied Kruskal-Wallis’s test. Maps were made in
QGIS 3.

3. Results
3.1. Species Composition in Urban Landscape Compares to Suburbs

In total, we sampled 29 species of Orthoptera in meadows in Kaluga city and suburbs using sweepnet, acoustic and
visual observations (Table 2). Nine species of Orthoptera were found in 14 sites; hence, they are not applicable to
comparison. Excluded two small ground-dwelling species of Tetrix, we have 17 species of Orthoptera to assess the
impact of urbanisation. For six species, we found a negative effect of the urban landscape on the number of occupied
sites based on one or both methods. Five species did not decrease their occupancy in the urban landscape compared to
suburbs, as estimated by both methods. They were: Chorthippus apricarius (Linnaeus, 1758), Ch. biguttulus (Linnaeus,
1758), Chrysochraon dispar (Germar, 1834), Conocephalus fuscus (Fabricius, 1793), Decticus verrucivorus (Linnaeus,
1758). They may be regarded as tolerant of urbanisation. For other species, differences between urban and suburban
habitats were not significant due to low frequencies. In meadows surveyed during June—late July, we found both adults
and nymphs of such species as C. fuscus, D. verrucivorus, Phaneroptera falcata (Poda, 1761), Tettigonia cantans
(Fuessly, 1775), the Chorthippus biguttulus group, Pseudochorthippus parallelus (Zetterstedt, 1821), Tetrix spp. So,
observed orthopterans are true inhabitants of the city.

Regarding species traits, we found that the urban environment negatively affected all three species of dry meadows
and only one of ten grassland generalists (Fischer’s test p = 0.014). Both forest (edge) species were influenced negatively.

For phenological groups, there were no significant differences between late and early species (the Kruskal-Wallis’s
test p = 0.489 for acoustic and visual observation and 0.496 for sweepnet). This was also true of the dispersal ability
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between high-movers and low-moderate-movers (p = 0.489 and 0.496). Regarding layer preference, all groups are
presented both among tolerant and among sensitive species (p = 0.66 and 0.48).

Table 2. Occurrences of Orthoptera in Kaluga city with suburbs estimated using sweepnet and acoustic and visual observation (AV).

Percentage of Occupied Plots

Species Sweepnet AV Fisher’s Test, p
Suburb  Urban  Suburb Urban  Sweepnet AV
Bicolorana bicolor (Philippi, 1830) 32.5 23.1 20.0 1.3 ns ns
Calliptamus italicus (Linnaeus, 1758) 5.0 0.0 11.4 0.0 ns 0.0079
Chorthippus apricarius (Linnaeus, 1758) 47.5 46.2 17.1 15.2 ns ns
Chorthippus biguttulus (Linnaeus, 1758) 72.5 71.8 71.4 73.4 ns ns
Chorthippus brunneus (Thunberg, 1815) 5.0 0.0 14.3 0.0 ns 0.0022
Chorthippus dorsatus (Zetterstedt, 1821) 80.0 53.8 57.1 36.7 ns ns
Chorthippus mollis (Charpentier, 1825) 35.0 2.6 57.1 21.5 0.004 0.0001
Chrysochraon dispar (Germar, 1834) 17.5 20.5 8.6 1.3 ns ns
Conocephalus fuscus (Fabricius, 1793) 45.0 61.5 25.7 304 ns ns
Decticus verrucivorus (Linnaeus, 1758) 15.0 15.4 8.6 8.9 ns ns
Euthystira brachyptera (Ocskay, 1826) 50.0 25.6 143 0.0 0.037 0.0022
Gomphocerippus rufus (Linnaeus, 1758) 5.0 0.0 0.0 0.0 ns ns
Leptophyes albovittata (Kollar, 1833) 5.0 0.0 0.0 0.0 ns ns
Locusta migratoria (Linnaeus, 1758) 0.0 0.0 2.9 0.0 ns ns
Metrioptera brachyptera (Linnaeus, 1761) 7.5 0.0 0.0 0.0 ns ns
Oedipoda caerulescens (Linnaeus, 1758) 7.5 0.0 14.3 0.0 ns 0.0022
Omocestus haemorrhoidalis (Charpentier, 1825) 5.0 0.0 2.9 0.0 ns ns
Omocestus viridulus (Linnaeus, 1758) 15.0 2.6 2.9 0.0 ns ns
Phaneroptera falcata (Poda, 1761) 55.0 51.3 17.1 1.3 ns ns
Pholidoptera griseoaptera (De Geer, 1773) 12.5 5.1 143 0.0 ns 0.0022
Poecilimon intermedius (Fieber, 1853) 5.0 2.6 0.0 0.0 ns ns
Pseudochorthippus parallelus (Zetterstedt, 1821) 72.5 69.2 25.7 7.6 ns ns
Roeseliana roeselii (Hagenbach, 1822) 32.5 35.9 17.1 8.9 ns ns
Stenobothrus lineatus (Panzer, 1796) 5.0 2.6 0.0 0.0 ns ns
Stethophyma grossum (Linnaeus, 1758) 0.0 2.6 0.0 0.0 ns ns
Tetrix bipunctata (Linnaeus, 1758) 2.5 0.0 0.0 0.0 ns ns
Tetrix subulata (Linnaeus, 1758) 12.5 5.1 2.9 0.0 ns ns
Tetrix tenuicornis (Sahlberg, 1891) 10.0 10.3 0.0 2.5 ns ns
Tettigonia cantans (Fuessly, 1775) 27.5 20.5 20.0 11.4 ns ns

ns—non-significant.

3.2. Species Colonising Urban Lawns Compares to Meadows

In urban lawns, we found 11 species of Orthoptera, nine using acoustic and visual observation, eight using sweepnet
(Table 3), and five using pitfall traps (Table 4). Almost all species were found in lawns rarer than in meadows. For four
species, these differences were statistically significant. Based on acoustic and visual observation, the most frequent
species in lawns were Chorthippus biguttulus, Ch. dorsatus, and Conocephalus fuscus. These three species are late-
emerging and have high dispersal ability.

Table 3. Occurrences of Orthoptera in Kaluga city with suburbs estimated using sweepnet and acoustic and visual observation (AV).

Number of Occupied Plots

Species Sweepnet AV Fisher’s Test, p, Sweepnet
Meadows Lawns Meadows Lawns
Bicolorana bicolor (Philippi, 1830) 7 2 0 1 ns
Chorthippus apricarius (Linnaeus, 1758) 17 1 5 6 ns
Chorthippus biguttulus (Linnaeus, 1758) 22 4 19 33 0.0186
Chorthippus dorsatus (Zetterstedt, 1821) 16 5 7 17 ns
Chorthippus mollis (Charpentier, 1825) 1 0 10 7 0.0042
Chrysochraon dispar (Germar, 1834) 8 0 1 0 ns
Conocephalus fuscus (Fabricius, 1793) 22 2 7 13 ns
Decticus verrucivorus (Linnaeus, 1758) 6 0 4 2 ns
Euthystira brachyptera (Ocskay, 1826) 10 0 0 0 ns
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Omocestus viridulus (Linnaeus, 1758) 1 0 0 0 ns
Phaneroptera falcata (Poda, 1761) 17 3 0 0 ns
Pholidoptera griseoaptera (De Geer, 1773) 1 0 0 0 ns
Poecilimon intermedius (Fieber, 1853) 1 0 0 0 ns
Pseudochorthippus parallelus (Zetterstedt, 1821) 23 4 3 1 ns
Roeseliana roeselii (Hagenbach, 1822) 14 0 4 0 0.0049
Stenobothrus lineatus (Panzer, 1796) 1 0 0 0 ns
Stethophyma grossum (Linnaeus, 1758) 1 0 0 0 ns
Tetrix subulata (Linnaeus, 1758) 1 0 0 0 ns
Tetrix tenuicornis (Sahlberg, 1891) 2 1 1 0 ns
Tettigonia cantans (Fuessly, 1775) 8 0 7 1 0.0001

ns—non-significant.

Using pitfall traps, we found 15 species in urban meadows and five species in urban lawns (Table 4). Total
abundance and species richness of Orthoptera were significantly lower in lawns than in meadows. Three species were
frequent in urban meadows but colonised no lawn. Decticus verrucivorus and Tetrix tenuicornis are ground-dwelling.
Chrysochraon dispar is regarded as a grass-inhabiting species that can lay eggs on plants. The most abundant species
in lawns was Ch. biguttulus.

Table 4. Activity density of Orthoptera in urban habitats of Kaluga using pitfall traps.

Activity Density, ex. per 100 Trap Days

Species Lawns Meadows
Median Min Max Median Min Max
Bicolorana bicolor (Philippi, 1830) 0 0 0.1 0 0 0
Chorthippus apricarius (Linnaeus, 1758) 0 0 0.1 33 0 7.4
Chorthippus biguttulus (Linnaeus, 1758) 4.7 0.7 4.8 3.1 0.3 10.6
Chorthippus dorsatus (Zetterstedt, 1821) 0.2 0 0.3 0.1 0 0.8
Chrysochraon dispar (Germar, 1834) 0 0 0 0.1 0 0.3
Conocephalus fuscus (Fabricius, 1793) 0 0 0 0 0 0.2
Decticus verrucivorus (Linnaeus, 1758) 0 0 0 0.3 0 1.1
Euthystira brachyptera (Ocskay, 1826) 0 0 0 0 0 0.1
Metrioptera brachyptera (Linnaeus, 1761) 0 0 0 0 0 0.1
Phaneroptera falcata (Poda, 1761) 0 0 0 0 0 0.1
Pseudochorthippus parallelus (Zetterstedt, 1821) 0 0 0 0.1 0 5.1
Roeseliana roeselii (Hagenbach, 1822) 0 0 0 0 0 0.2
Stenobothrus lineatus (Panzer, 1796) 0 0 0 0 0 0.3
Tetrix subulata (Linnaeus, 1758) 0 0 0.1 0.2 0 0.8
Tetrix tenuicornis (Sahlberg, 1891) 0 0 0 5.9 0.6 10
Total abundance 4.7 1.1 5.1 14.8 6.7 24.0
Species number per sample plot 3 1 4 7 6 9

3.3. Occurrence of Orthopterans in the Lawns with Different Properties

For the most frequent species, Chorthippus biguttulus, we found no correspondence with any lawn properties
(Table 5). Chorthippus dorsatus tended to prefer lawns with sward herb cover. Conocephalus fuscus was found more
frequently in lawns with any unmowed patches—hedgerows, decorative shrubs, grasses or herbs, or ruderal weeds.
Also, this species occurred more frequently in sites with sward herb cover. We did not find the impact of the degree of
isolation from suburbs and large urban meadows on any orthopterans. For a single species of dry meadows, Ch. mollis,
we didn’t obtain adequate g/m due to the low number of occupied sites. Yet, it was found almost only in unshaded sites
(Fisher’s test p < 0.0001).
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Table 5. Influence of some properties of lawns on occurrences of the most frequent orthopterans (acoustic and visual observations,
generalized linear models with binary distribution). Bold p-values are statisticaly significant.

Species Parameters Gradation Estimate Std.Error zZ p-Value
(Intercept) —2.88 1.39 —2.08 0.0379

Shading yes/no 0.32 1.53 0.21 0.8315

C. fuscus (R* = 0.35) Herb density yes/no 2.46 0.95 2.60 0.0094
Unmowed patches yes/no 4.03 1.02 3.97 0.0001

Degree of isolation 1to4 —-0.10 0.55 —0.18 0.8575

(Intercept) 17.71 1388.17 0.01 0.9900

Shading yes/no -17.15 1388.17 —-0.01 0.9900

Ch. biguttulus (R*=0.11) Herb density yes/no 0.20 0.74 0.27 0.7850
Unmowed patches yes/no —0.38 0.71 —0.54 0.5890

Degree of isolation 1to4 =0.10 0.35 -0.28 0.7780

(Intercept) 0.65 0.99 0.66 0.5116

Shading yes/no —-0.61 1.03 —-0.59 0.5557

Ch. dorsatus (R>=0.11) Herb density yes/no 1.53 0.72 2.13 0.0331
Unmowed patches yes/no 0.11 0.79 0.14 0.8860

Degree of isolation 1to4 —0.38 0.36 —1.06 0.2893

4. Discussion

Colonisation of urban habitats by Orthoptera can be regarded as a combination of two processes: (1) colonisation
of the urban landscape as the set of all habitats closed by dense buildings and sealed surfaces, and (2) colonisation of
lawns as man-made and the most specific for city habitats. Alternatively, we can divide the recruitment of Orthoptera
from the regional pool to the urban landscape into two steps: (1) introduction to urban area and (2) expansion to lawns
as specific urban habitats.

(1) The species composition of Orthoptera in Kaluga city is diverse, but species of dry meadows are mainly eliminated,
so the spectrum of habitat groups is narrower than in the suburbs. There are many sites with short and sparse
herbage and bare ground, which are like dry sandy habitats in the suburbs. But they are generally shaded by
buildings and trees, and frequent disturbances of their ground delay the normal development of orthopteran eggs
and nymphs. This corresponds to knowledge about some ground-dweller arthropods, which sense urban parks as
not heat but cold habitats [17]. A single dry-meadow-inhabitant which colonises urban habitats, Chorthippus mollis,
has a high density in the suburbs, high dispersal ability and relatively small size, which allows its specimens to
survive in small habitat patches. It prefers warm and sunny habitats [68]. It can eat a wide spectrum of plants [69].
In Kaluga city, it lives not only in Festuca-dominated sites like in the suburbs but also in Calamagrostis epigejos—
Poa pratensis associations if they are not shaded and herbage is not too dense. So, we suggest that colonisation of
urban habitats by this grasshopper is limited by their temperature and their radiation regime. Other dry-meadow
specialists that did not develop the urban landscape—Oedipoda caerulescens and Calliptamus italicus—also have
broad food niches [55,70].

(2) Lawns with frequent mowing of herbage are known to be unfavourable habitats for Orthoptera, especially for
Ensifera [15,71]. Our results show that the environment of urban lawns makes the spectrum of layer groups
narrower. Both strong plant-inhabitants (specialised phytophiles) and ground-dwellers (geophiles) are eliminated.
It is caused by frequent disturbances in both the herb layer and soils, so only layer-mobile species can survive.
Many layer-mobile orthopterans are also disadvantaged by lawns. The most noticeable katydid of the city,
Tettigonia cantans, living in the crowns of trees and shrubs in the built area, is not an inhabitant of lawns because
its eggs develop in the soil, and nymphs develop in the herb layer [72]. Life cycles of listed species of Tettigoniidae
may be long (usually biennial) due to embryonic dormancy depending on soil temperatures [73,74], so they are
sensitive to disturbances.

A single species of katydids which can be found quite frequently in urban lawns of Kaluga city is Conocephalus
fuscus. In other countries, it also inhabits road verges with tall grasses, urban wastelands, and ruderal sites [75]. We
propose that it has some preadaptations to the urban environment: (1) High dispersal ability due to long wings. (2) Short,
annual life cycle because eggs develop without initial embryonic dormancy [76]. (3) It lays eggs into shoots of grasses
and sedges [75], so it is less sensitive to soil disturbances. (4) It has a small gracile body so that it can keep on single
stems of tall herbs or shrubs for a long time. In Kaluga city, some specimens have been observed in one place for a
month or longer (see dataset [53], occurrencelD 919). The short time of movement of its specimens minimises the
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probability of them being destroyed by cars and other machines. We did not exclude the possibility that the lower quality
of urban habitats caused by mowing can be compensated for by a lower pressure of predators, e.g., insect-eating birds,
in urban environments [62].

Do orthopterans live on a lawn? It depends on the quality of a lawn, including herb density and the presence of
uncut patches. Our data now does not allow us to decide if urban lawns are enough for the realisation of the life cycles
of orthopterans or not. It is possible that it is not even for the most common orthopterans (Chorthippus biguttulus, Ch.
dorsatus, and Conocephalus fuscus). Some sites can be inhabited only by adult specimens. This can be one of the
explanations for the fact that all lawn-tolerant species are late-emerging and high-dispersal.

The results show that of the 20 species observed in the urban landscape, only one species inhabits lawns of different
quality. It is Chorthippus biguttulus. Its association with mowed habitats was also noted in western parts of the
Continental biogeoregion [77]. High mobility probably allows it to survive in severe urban environments [78].

The recruitment of listed species to the most transformed habitats of Kaluga looks to be expected based on papers
about Orthoptera of other regions of Europe [30,32,38,40].

Fragmentation is known to be an important factor in the diversity of orthopterans [72,79]. In Kaluga, we didn’t
find the negative influence of the isolation of lawns for any species. The key role of habitat quality in the shaping of
urban assemblages of Orthoptera corresponds to the paper [38].

It is known that leaving uncut refuges increases the diversity of Orthoptera [15,79,80]. Our results support this
notion and show that some species in cities need warm sites with sparse vegetation. This means that we can support a
relatively high level of orthopteran diversity in the urban landscape using simple management practices. We should
provide contrasting habitats: regularly mowed dry, unshaded sites and rarely-mowed sites with tall herbs and shrubs.

5. Conclusions

(1) There is a diverse complex of Orthoptera within the urban landscape of Kaluga, but it is almost deprived of dry
meadow species. (2) Lawns are deprived of ground-dwelling species and have low species numbers and low total
abundance of Orthoptera. Lawns are colonised by species with high dispersal ability. There are no species which prefer
lawns to meadows in Kaluga. (3) Presence of Orthoptera in lawns is influenced by the density of the herb layer and the
presence of uncut patches.

Supplementary Materials

The following supporting information can be found at: https://www.sciepublish.com/article/pii/568, Table S1: List
of sample plots with geographical coordinates.

Appendix A. Ecological Traits of Orthopteran Species Accepted for Kaluga City

Table Al. Ecological traits of orthopteran species accepted for Kaluga city. For designation see Section 2.4.

Species Habitats in Suburb  Phenology  Dispersal Ability Layer Group
Barbitistes constrictus Brunner von Wattenwyl, 1878 forest late 1 2
Bicolorana bicolor (Philippi, 1830) dry meadow early 2 2
Calliptamus italicus (Linnaeus, 1758) dry meadow late 2 3
Chorthippus apricarius (Linnaeus, 1758) meadow early 2 2
Chorthippus biguttulus (Linnaeus, 1758) meadow late 3 2
Chorthippus brunneus (Thunberg, 1815) forest early 3 2
Chorthippus dorsatus (Zetterstedt, 1821) meadow late 3 2
Chorthippus mollis (Charpentier, 1825) dry meadow late 3 2
Chrysochraon dispar (Germar, 1834) meadow (moist) early 2 1
Conocephalus fuscus (Fabricius, 1793) meadow late 3 1
Decticus verrucivorus (Linnaeus, 1758) meadow early 1 3
Euthystira brachyptera (Ocskay, 1826) meadow early 2 1
Gomphocerippus rufus (Linnaeus, 1758) forest late 2 2
Leptophyes albovittata (Kollar, 1833) no data late 3 2
Locusta migratoria (Linnaeus, 1758) no accessed late 3 3
Metrioptera brachyptera (Linnaeus, 1761) meadow early 2 1
Oedipoda caerulescens (Linnaeus, 1758) dry meadow late 3 4
Omocestus haemorrhoidalis (Charpentier, 1825) dry meadow early 1 3
Omocestus viridulus (Linnaeus, 1758) meadow (moist) early 2 2
Phaneroptera falcata (Poda, 1761) meadow late 3 1
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Pholidoptera griseoaptera (De Geer, 1773) forest late 1 3
Poecilimon intermedius (Fieber, 1853) meadow early 1 2
Pseudochorthippus parallelus (Zetterstedt, 1821) meadow early 2 2
Roeseliana roeselii (Hagenbach, 1822) dry meadow early 1 2
Stenobothrus lineatus (Panzer, 1796) dry meadow early 2 2
Stethophyma grossum (Linnaeus, 1758) meadow (wet) late 2 2
Tetrix bipunctata (Linnaeus, 1758) no data overwinter 2 4
Tetrix subulata (Linnaeus, 1758) riparian overwinter 1 4
Tetrix tenuicornis (Sahlberg, 1891) meadow overwinter 3 4
Tettigonia cantans (Fuessly, 1775) meadow early 1 2
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