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Abstract: The Italian locust is a common species and one of the most important pest in the steppes,
semi-deserts, and deserts of Central and Southwestern Asia and also in the Mediterranean Region.
The aim of this paper is to discuss some problems arising from studies of eco-geographical distribution
and long-term dynamics of this species, especially in the southern part of West Siberia, and their
consequences for management of pest species and rare forms. Peculiarities of the Italian locust
populations’ distribution and long-term dynamics are discussed for the north-eastern part of the
species range (south-eastern West Siberian Plain, North-East and, partly, East Kazakhstan). Notable
differences between local populations are revealed. Some issues arising from results of insecticide
experimental treatments (mainly effectiveness of barrier applications with different compounds in
variable environment) and ecological association between the Italian locust and rare Orthoptera are
also discussed. Some suggestions as to requirements for improved monitoring, supervision, control,
and forecasting of the Italian locust populations’ distribution and dynamics are also provided.

Keywords: West Siberian Plain; outbreak; distribution; dynamics; population; population manage-
ment; plant protection

1. Introduction

The Italian locust (Calliptamus italicus (Linnaeus, 1758)) is a common and widely
distributed species and the most important acridid pest in the steppes and semi-deserts of
Eurasia, from Ukraine to the southern part of West Siberia, East Kazakhstan, and North-
West China. Many of its outbreaks were in these areas, in mountains and oases of Central
Asia, and also in the Mediterranean region. In the steppes, during the 20th century, its
outbreaks occurred in all decades, but the situation became especially dangerous in the
end of the last century, when in 2000 more than 16 million ha were infested and more than
10 million ha were treated by different acridicides from organophosphates to insect growth
regulators [1,2].

The Italian locust is an intermediate form between typical gregarious and solitarious
acridid species [1,3,4]. During outbreaks, the dense bands and swarms are common;
however, their dispersal rates are usually limited. Both hopper bands and swarms can
migrate over comparatively small distances, usually up to several hundred meters (rarely
up to several kilometers) for bands and up to 100–200 km (rarely up to 750–800 km)
for swarms [5–7]. Morphologically, the gregarious form of adults may be distinguished
only by relatively long wings [3,8]. Gregarious nymphs of the Italian locust are usually
characterized by dominance of dark colors (brown, grey, and black) [5,9].

Ecological peculiarities and distribution patterns of C. italicus are described in many
publications for some parts of its range. An analysis of many publications was given by
B.P. Uvarov [3]. He emphasized an insufficient level of our knowledge on the Italian locust
ecology for periods between outbreaks. During recent decades, results of many studies
concerning this species were published as well; however, nearly all of them are limited by
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outbreak periods [1,4,10,11]. Recently, the main part of all data was summarized for the
territory of the former USSR [9].

The Italian locust is a typical univoltine form with overwintering eggs. Its spatial
population distribution during periods between outbreaks shows that, in the northern
part of its range, the species occurs in very dry habitats, in the central one, it prefers
relatively dry and diverse habitats of the steppe and semi-desert life zones, while in
the southern part, its colonies are usually localized in meadow habitats of river valleys
or in mountains [4,12]. The species prefers highly heterogeneous semi-arid landscapes
(especially with dominance of sagebrushes—Artemisia spp.) in the dry steppes and the
semi-deserts. During outbreaks, the Italian locust can penetrate and colonize different
types of fields cultivated and abandoned, and also other types of transformed habitats,
e.g., roadsides, lawns, overgrazed sandy plots, etc. However, the Italian locust usually
prefers to consume dicotyledon plants, e.g., Artemisia Linnaeus, Lactuca tatarica (Linnaeus)
C.A.Mey, Kochia Roth, Medicago Linnaeus, Glyzyrrhiza Linnaeus, etc. [3,9]. This means the
species can seriously damage some cash crop fields, for instance, sunflowers, and, at least
on the first stage of infestation, may eat and destroy different weeds across wheat fields.

The aim of this paper is to discuss some problems arising from studies of long-
term dynamics of the Italian locust populations, especially in the southern part of West
Siberia, and their consequences for population management of both possible pest and rare
orthopteran species.

2. Materials and Methods
2.1. Study Territory

Original data were collected from 1979 until 2019 in the south-eastern part of West
Siberian Plain and in the adjacent north-eastern and eastern parts of the Kazakh Uplands
(Saryarqa). This region borders the Ishim River (left tributary of the Irtysh) to the west and
south-west, the southern edge of the Kazakh Uplands to the south, the Altay Mts. to the
south-east, and the Ob River to the east. Its northern boundary is approximately defined
by the 56th parallel north. Average temperatures are relatively low (mean temperatures of
the warmest month vary from 17 to 22 ◦C, the same for the coldest month—from −17 to
−20 ◦C), and annual precipitation amounts vary from 280 to 520 mm [13]. Originally, this
territory was covered with grasslands (from meadows to semi-deserts) and forests (mainly
birch and pine) [13–15]. The main part of the plains was transformed in agricultural lands
(fields and pastures), while the mountain steppes and semi-deserts are used for livestock
grazing. Besides, there are some flood-plains with meadows and forest patches, sandy plots,
solonchaks, and swamps. The Kazakh Uplands consist of small low ranges, numerous hills
and small mountains, where some elements of altitudinal zonation may be observed.

2.2. Observation Sites

Nine fixed sites were selected to study long-term dynamics of the Italian locust
populations in the central part of the so-called Kulunda steppe (between the Irtysh River
and the central part of the Altaj Region). Almost all plots were covered by more or less
typical steppe zonal vegetation. In some cases, vegetation cover was damaged by moderate
grazing or haymaking. These sites were distributed from the northern steppes to the
southern ones:

1. SE Aleksandrovskij settlement (Novosibirskaya Oblast (Novosibirsk Region), 53.67◦ N
78.25◦ E, northern steppe, studied in 2000–2008, 2015, 2018, 2019; in 2003 the local
control, i.e., untreated, plot was moved about 100 m southwards, because the main
part of the area was plowed) (Figure 1A).

2. S Burla settlement (Altai Krai (Altaj Region), 53.23◦ N 78.43◦ E, old abandoned field,
2000–2008).

3. SW Yarovoe town (Altai Krai (Altaj Region), 52.85◦ N 78.57◦ E, dry steppe (actually
very old crested wheatgrass field), 1979, 1992, 1999–2008, 2015).
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4. E Platovka settlement (Altai Krai (Altaj Region), 52.40◦ N 79.05◦ E, dry steppe, 1999–
2008, 2015).

5. SE Severka settlement (Altai Krai (Altaj Region), 52.12◦ N 79.32◦ E, typical steppe,
1999–2008, 2015).

6. S Pokrovka settlement (Altai Krai (Altaj Region), 52.00◦ N 79.37◦ E, typical steppe,
1999–2008, 2015).

7. NW Mikhaylovskoye settlement (Altai Krai (Altaj Region), 51.82◦ N 79.62◦ E, typical
steppe, 1999–2008, 2015; in 2003, we counted locusts on the adjacent steppe plot,
51.83◦ N 79.58◦ E, because we could not visit the stationary plot due to some technical
problems).

8. W Bor-Forpost settlement (Altai Krai (Altaj Region), 51.87◦ N 80.03◦ E, typical steppe
(actually very old crested wheatgrass field), 2000–2009, 2015).

9. E Ust-Volchikha settlement (Altai Krai (Altaj Region), 51.93◦ N 80.28◦ E, dry steppe,
1999–2009, 2015, 2018) (Figure 1B).
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bushes, and forest belts [16]. The steppe vegetation was quite diverse and heterogeneous 
(Figure 2). Several plant species, namely, Phleum phleoides (Linnaeus) H. Karst., Agrostis 
capillaris Linnaeus, Koeleria macrantha (Ledeb.) Schult., Potentilla argentea Linnaeus, Galium 
verum Linnaeus, Veronica spuria Linnaeus, Artemisia glauca Pall. ex Willd., A. gr. frigida, 
were common dominants. The local steppe habitats were used for very moderate livestock 
grazing and haying. The general distribution of C. italicus was studied over this area in 

Figure 1. Typical habitats of the Italian locust in the Kulunda steppe: (A)—northern steppe (near Aleksandrovskij settlement);
(B)—dry steppe (near Ust-Volchikha settlement).

As a rule, locust abundance/density was counted in the first half and middle of July,
while adults prevailed (see the Section 2.4). In this study, I analyzed data mainly for
2000–2008 when all nine sites were explored.

2.3. Experimental Area

In 2000, during the Italian locust outbreak, the dynamics of its local population was
studied on the experimental area near Alexandrovskij settlement (see Section 2.2). This
area included some plots with steppe vegetation, some agricultural fields, several small
birch forests, a shallow depression with halophytes vegetation, meadows and willow
bushes, and forest belts [16]. The steppe vegetation was quite diverse and heterogeneous
(Figure 2). Several plant species, namely, Phleum phleoides (Linnaeus) H. Karst., Agrostis
capillaris Linnaeus, Koeleria macrantha (Ledeb.) Schult., Potentilla argentea Linnaeus, Galium
verum Linnaeus, Veronica spuria Linnaeus, Artemisia glauca Pall. ex Willd., A. gr. frigida,
were common dominants. The local steppe habitats were used for very moderate livestock
grazing and haying. The general distribution of C. italicus was studied over this area in
June and July. These studies were continued in 2001 and 2002. Later we checked this
population of the Italian locust once a summer, commonly in July.
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Figure 2. Typical heterogeneous steppe habitat of the Italian locust with vegetation mosaic (grey—short sagebrushes,
green—grasses or forbs) in the Kulunda steppe (near Aleksandrovskij settlement): red dot—exact position of an adult (31
July 2019).

In 2000 and 2001, some experimental treatments were organized. The steppe parts
were split into several experimental and control plots. In 2000, experiments were conducted
with a water-based formulation of fipronil (phenylpyrazole insecticide). The acridicide was
applied to 50% of the main experimental plot, by alternating, 15-m-wide swaths. The dose
rate in the “barriers” was 4 g of a.i. per ha (i.e., 2 g of a.i. per protected ha). In 2001 the
main experiments included different types of treatments with a suspension formulation of
teflubenzuron (insect grow regulator—IGR). Four experimental treatments were conducted:
(1) blanket, (2) barrier (alternating swaths of 15 m wide), (3) alternating treated (15 m) and
untreated (30 m) swaths, and (4) alternating treated (15 m) and untreated (45 m) swaths.
The dose rate in the “barriers” was 30 g of a.i./ha, while the rate in the “blanket” area
was 22.5 g of a.i./ha. In 2003, some parts of the experimental area (north-eastern and
south-western) were plowed to cultivate perennial grasses (mainly Bromus inermis Leyss.)
However, after several years, the steppe vegetation has been recovered almost completely.

2.4. Field Studies

General distribution patterns of the Italian locust over the south-eastern part of West
Siberian Plain and the adjacent north-eastern and eastern parts of the Kazakh Uplands
were revealed on the basis of quantitative and qualitative samples collected in natural and
transformed ecosystems, usually in the middle of summer when adults were dominant.

Field sampling was organized along gradient (usually transzonal), regional and local
transects [4,17]. Each transzonal transect crossed the set of life zones, e.g., from the southern
taiga to the northern deserts, and consisted of the set of regional and local transects. Each
regional transect laid out a geographic region (e.g., the Kulunda steppe), commonly along
river valleys, and was composed of local transects. Each local transect crossed a river
valley or a lake basin from a local lower flood-plain to a watershed plain (plakor or flat
interfluve) or mountain slopes. The length of local transects was from hundreds of meters
to several kilometers. Grass ecosystems and similar transformed habitats were studied
along local transects. As a rule, each part (habitat) of the local transect (lower and upper
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flood-plains, lower and upper terraces, watershed plain, in some cases, their variants) was
explored separately. Samples captured during a fixed period of time were made in every
habitat studied [4,17,18]. Using this method, insects were captured with a standard net
(40 cm diameter) over a period of 10–30 min. Results for each habitat were extrapolated
to an hour. In some cases, a simple sweep netting was used too. Many habitats were also
investigated to find species with very low abundance. This approach allowed us to obtain
repeatable and comparable results over a number of years and habitats and independently
of collectors (Figure 3).

1975 1976 1986 1991

southern slope ? low level of abundance, 1–19 ind. per hour

piedmont plain

upper terraces ? medium level of abundance, 20–99 ind. per hour

lower terraces ? ?

upper flood-plains high level of abundance, more than 99 ind. per hour

lower flood-plains

Figure 3. Population distribution of the Italian locust along the local transect crossing the Ayagöz River Valley (semi-desert,
eastern part of the Kazakh Uplands, 47.92◦ N 80.25◦ E). Collectors: 1975—I. Stebaev, E. Moiseeva; 1976—A. Lopatkin; 1986
and 1991—M. Sergeev).

Some old data, mainly from the expeditions of Novosibirsk State University (1972–
1977), were also used. We employed the Glonass/GPS receivers to determine geographical
coordinates. We also used Google Earth Pro (©Google, 2020) to get the same parameters
for habitats explored before 2000. The main part of studied specimens is in the collec-
tions of Novosibirsk State University and the Institute of Systematics and Ecology of
Animals (Novosibirsk).

Peculiarities of long-term and seasonal dynamics and results of experimental treat-
ments were revealed on the basis of the Italian locust density estimations. In each habitat
studied, locusts were counted on arbitrarily placed plots 0.25 × 0.25 m2 (in some cases—
0.5 × 0.5 m2 or 1 × 1 m2) [4,16,19]. We determined densities on 25 plots, while locust
densities were high, and on 50–200 plots (sometimes more), when densities were low. After
that, the average density was estimated for every habitat studied.

2.5. Data Analysis

The general distribution patterns of the Italian locust along transects and habitats were
analyzed by simple ratio scaling to avoid some problems with variations of abundance
estimations [4,20] (see also Figure 3). Three scales were used: from very low up to 19 ind.
per hour; from 20 to 99 ind. per hour; more than 99 ind. per hour.

Data on the long-term and seasonal dynamics and results of experimental treatments
are commonly non-parametric. The long-term dynamics patterns of the Italian locust
populations on the model plots (see Section 2.2) were compared by the Spearman rank
order correlation analysis. Significance of difference between years for each model plot
was estimated by the Kruskal–Wallis ANOVA and median tests. The Mann–Whitney U
test was also calculated for every consecutive pair of years on each plot. The same tests
were used for the analysis of seasonal dynamics peculiarities and results of treatments (see
Section 2.3). Effectiveness of treatments was estimated by the modified Abbott’s formula
considering population dynamics on both test and control plots [21]. Data analyses were
mainly conducted using PAST 4.02 [22] and Statistica 10 (© StatSoft. Inc., Tulsa, OK, USA;
now—© TIBCO Software Inc., Palo Alto, CA, USA).

The tegmen length/posterior femur length ratios (E/F) were also counted for popu-
lations studied [8,19], especially for outbreak seasons. According to K.A. Vasil’ev [8], the
typical solitarious specimens have relatively short tegmina (E/F for females < 1.418 and
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for males < 1.402), and the tegmina of the typical gregarious adults are visibly longer (E/F
for females > 1.608; for males > 1.625).

Numerous publications describing the Italian locust spatio-temporal distribution in
different parts of its range were also analyzed.

3. Results
3.1. Distribution Patterns of the Italian Locust over the South-Eastern Part of West Siberian Plain
and the Adjacent North-Eastern and Eastern Parts of the Kazakh Uplands

A comparative analysis of three gradient transects crossing the eastern part of the
Italian locust range from the forest-steppes of West Siberian Plain to Central Asia: (1) mainly
along the 77–79th meridians east [4,9,12]; (2) along the 80th meridian east (Figure 4B), and
(3) along the Irtysh River (Figure 4A)—allowed to reveal the general patterns of the species
populations’ distribution in the periods between outbreaks.
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northern steppe Cherlak 54.05 74.98 1974

typical steppe Osmeryzhsk 53.1 75.92 1972, 1974, 1975

? ?
Mamait Omarov 

(Grjaznovka, Kazaly) 51.92 77.03 1972, 1975

Yamychevo 51.88 77.38 1972, 1974

Kurshim 48.63 83.6 1976

Karatogaj 48.38 84.52 1976

northern desert Boran 48 85.15 1976

Chulym 55.08 81 1985

Bystrukha 54.4 80.85 1985

? ? ? Pankrushikha 53.85 80.42 1992

? Bayevo 53.27 80.78 2019

northern steppe ? Shimolino 52.98 80 2018

Kuchuk 52.68 80.05 2015

? Zhira 52.66 79.43 2019

156 ? 126 Kulunda 52.57 79.05 1979

? Kayaushka 52.53 80.48 1992

? Malinovoye Ozero 51.72 79.77 2018

dry steppe
Beskaragaj (Bolshaja 
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Ayagöz 74.92 80.25 1975.1976

northern desert Lepsy 46.2 79.22 1975

low level of abundance, 1–19 ind. per hour

medium level of abundance, 20–99 ind. per hour

high level of abundance, more than 99 ind. per hour

B

southern steppe

semi-desert

A

forest-steppe

typical steppe

semi-desert

Figure 4. Population distribution of the Italian locust along two gradient (transzonal) transects crossing the south-eastern
part of West Siberian Plain and the adjacent north-eastern and eastern parts of the Kazakh Uplands along the Irtysh River
(A) and near the 80th meridian east (B). N—north; E—east.
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In the southern forest-steppes and in the northern steppes of West Siberia [23], the
Italian locust is distributed sporadically, especially during years without outbreaks. Its local
colonies occur mainly in dry habitats of watershed plains, including overgrazed pastures
and road-sides, while its abundance may be very low. Sometimes a surveyor may spend
more than an hour to find one adult. The species is more common in the typical steppes. Its
populations are also associated with the steppe habitats on watershed plains, but they are
more or less common over terraces and dry parts of upper flood-plains. In the dry steppes
of the Kulunda Plain [23], there is the local optimum of the Italian locust. Its populations
are in almost all applicable habitats, from flood-plains to watershed plains [6,12,24,25]. In
the southernmost steppes and in the northern parts of the semi-deserts, the species colonies
occur either in watershed plains and southern slopes of hills or along upper flood-plains.
The main optimal area of the Italian locust is in the southern parts of the semi-deserts. Its
populations occur in all or almost all favorable habitats, and the abundance level is usually
moderate (Figures 3 and 4). Further south, its populations are again sporadic and scarce. In
the deserts, they are commonly associated with some parts of watershed plains, mountain
slopes, and upper floodplains. The sketchy pattern of the Italian locust distribution along
the Irtysh River in the 1920s described by G.Ya. Bey-Bienko [26] corresponds mainly to our
data (Figure 5).
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3.2. Long-Term Dynamics of the Italian Locust in the Central and Eastern Parts of Its Range:
General Patterns

General trends of the Italian locust long-term dynamics were mainly evaluated on the
basis of published data [10,11,27–31]. Recently many of them were described for the main
regions of the former USSR countries [9].

In the 19th century, the situation with the Italian locust and other grasshoppers in the
Russian Empire was relatively calm. Many acridid outbreaks were registered in 1821–1830
and 1841–1850. However, K. Lindemann [27] described in detail a series of outbreaks of
the Italian locust per se in the forest-steppes of European Russia. The situation changed
during the next century. Some serious outbreaks occurred in 1921–1940. However, the
Italian locust had remained the secondary pest.

For instance, in the comprehensive report on the acridid pests of the USSR for
1925–1933 [29], authors described the problems associated with the migratory locust, Lo-
custa migratoria (Linnaeus), on 32 pages, with the Moroccan locust, Dociostaurus maroccanus
(Thunberg)—on 33 pages, and even with the desert locust, Schistocerca gregaria (Forskål)—
on four pages, while the part concerning the Italian locust took up slightly more than
one page only. As a rule, the breeding areas of C. italicus were localized and limited by
hundreds or thousands hectares, mainly in the semi-deserts [28]. For instance, during the
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outbreak in 1932–1933 in Kazakhstan, the general infested area was less than 190,000 ha
(cf. with the area infested in 2000—more than 8 million ha [1]). However, its local bands
and swarms were characterized by very high densities and active migrations, especially in
the semi-deserts.

From 1940 until 1990 upsurges had been more or less common but remained highly
localized. However, at the end of the 20th century, the outbreaks became extremely
serious and common. For the North Caucasus—Lower Volga area, M.V. Stolyarov [10,11]
described four outbreaks of the Italian locust (in 1954–1957, 1972–1974, 1982–1984, and
1992–1998). However, in the southern part of West Siberia, the outbreaks occurred in
1952–1956, 1967–1971, 1977–1982, and 1999–2002 [9]. Thus, the outbreaks of the Italian
locust did not exactly coincide in the different part of its range. In many cases, outbreaks in
West Siberia started earlier than in the North Caucasus—Lower Volga region, but, as a rule,
were relatively weak and sporadic. However, the last and worst outbreak had begun in
1991 in the North Caucasus—Lower Volga region. After that, the outbreak spread over a
huge area from Azov Sea to the eastern part of Kazakhstan (1996–1998). In 1998–2001 the
main breeding areas moved northward and eastward. On the last stage (2002–2014), these
areas became smaller and occupied the territory from south Ukraine to Caspian Sea and
to the Ural Mts. [9]. The last decade is characterized by some sporadic outbreaks of the
Italian locust in the central and eastern parts of its range, e.g., mainly in some regions of
the North Caucasus [32–34].

Thus, the long-term population dynamics of the Italian locust can be very distinct
in the different part of its range. Such pattern may be determined by regional climatic
peculiarities, by variations in soils and vegetation covering, and by some changes in
human activities.

3.3. Peculiarities of Long-Term Dynamics of the Italian Locust in the South-Eastern Part of West
Siberian Plain and in the Adjacent Parts of the Kazakh Uplands

The south-eastern part of West Siberian Plain and the adjacent parts of the Kazakh
Uplands are the typical territories where outbreaks of the Italian locust began and may be-
gin [1,4,6,9,30,35,36]. First data on its local outbreaks appeared in the 1910–1930s [29,30,37,38].
However, these outbreaks were sporadic and restricted by one or a few years [29,30]. In the
1930s I.A. Chetyrkina [36] studied the Italian locust distribution in the semi-deserts and
in the dry steppes of the eastern part of Kazakhstan. She revealed the main peculiarities
of its population distribution when its colonies were found in almost all habitats except
pine forests and some plots with halophytes. Actually, her observations showed the Italian
locust preferred habitats with sagebrush dominance, including abandoned fields. These
shifts in the Italian locust distributions could be associated with some transformation of
the territory, because in the beginning of the 20th century, many areas had been plowed,
and after that, many fields had become abandoned.

Later, in the middle of the 1950s, during the co-called Virgin Land campaign, vast
steppe areas have been plowed and many remaining steppe habitats have become over-
grazed. As a result, many habitats of C. italicus have been destroyed or damaged. Such
regional and local transformations and/or also climate changes could and can result in
some shifts in its population dynamics and spatial distribution (Figure 6). Extensive plow-
ing often resulted in very significant decreasing of grasshopper abundance, especially over
steppe regions [39].
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Omsk Regions of Russia) and in the Pavlodar and East Kazakhstan Regions of Kazakhstan (% of the maximal registered
infested areas [9]).

Later, in the 1960–1980s, some development of technologies preventing soil erosion
caused again local but relatively weak and rare outbreaks of grasshoppers and locust,
including C. italicus [6], but mainly in the semi-deserts of East Kazakhstan. The last and
most devastating outbreak of the Italian locust started in 1998. The maximal infested areas
were registered in 1999 in the Pavlodar Region and in the south-eastern parts of West
Siberia (i.e., mainly in the steppes) and in 2000 in East Kazakhstan (i.e., in the semi-deserts).
This outbreak may be qualified as a plague, because the large-scale infestation occupied
huge areas and continued at least three years [1,9,16]. Besides, there were numerous bands
and swarms in almost all parts of the territory, except local forests and the upper altitudinal
belts of mountains. Some swarms actively migrated and could cross the state and regional
borders. This extreme outbreak might be promoted either by economical transformations
in the former USSR countries in the 1990s, while plant protection services were partly
destroyed, trans-boundary cooperation in breeding areas was limited, and abandoned
fields spread over huge territories, or by climatic changes of recent decades as well [1].

3.4. Dynamics of the Italian Locust Populations in the Kulunda Steppe in 2000–2008

In the Kulunda steppe, the last outbreak started in 1999. This area might be colonized
by a specific mixture of local and vagrant populations [19,35], but our observations showed
the low possibility of long migrations (cf. [36]). The Italian locust occurred in natural,
semi-natural and anthropogenic habitats, including cultivated and abandoned fields. In
1999–2000, the average densities of the Italian locust were usually about 0.3–9.6 adults/m2,
but in some places, the density was significantly higher (~24 adults/m2) [16,19]. Swarms
of this species were common in 2000 and 2001. In 2000, they had occupied about 84 km
(from 337 km) along a road from Ust-Volchikha to Aleksandrovskij (see Section 2.2), while
in 2001 the swarms were observed over a distance of 60 km. Later, in 2002–2008, there
were no swarms along this route. However, in 2015, very small bands (up to several square
meters) were observed near Severka and Bor-Forpost.

Dynamics patterns were different in all observation sites (Table 1). One can formally
split them into four groups based on the position of the maximum average population
density. The first group includes the majority of studied populations (Aleksandrovskij,
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Burla, Yarovoe, Platovka, and Mikhaylovskoye). They were at maximum levels during
2000. This group includes mainly the populations from the northern part of the Kulunda
steppe, except Mikhaylovskoye. The other groups had the maximum densities of the Italian
locust in 2001 (Severka), in 2002 (Bor-Forpost and Ust-Volchikha), and in 2000 and 2002
(Pokrovka), respectively.

This grouping is partly supported by the Spearman rank order correlation analysis (Rs
from 0.900 up to 0.975 at the significance level p < 0.05) for 2000–2004 (Figure 7) [19]. The
analysis of relatively long rows of data (from 2000–2005 to 2000–2008) allows to gradually
combine almost all populations (except Bor-Forpost) but with less significant support
(Rs > 0.7, p < 0.05) (Figure 7). Such similarity is determined by low levels of population
densities from 2003 until 2008 in almost all sites. The population near Bor-Forpost only
was characterized by more or less gradually increasing from 2003 until 2008 (actually this
trend continued in 2009, with the average density 2.69 ± 0.54).
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Figure 7. Associations between the long-term dynamics of the Italian locust populations in the Kulunda steppe for 2000–2004
and 2000–2008 (levels of the Spearman rank order correlation—Rs, p < 0.05).

The Kruskal–Wallis ANOVA and median tests show significant inter-annual difference
for each site studied at p < 0.0001 for all tests. Thus, in all cases, the null hypotheses (the
different samples are from the same distribution) should be rejected. The Mann–Whitney
U test calculated for every consecutive pair of years for each population (Table 2) reveals
significant differences between years with high densities and the adjacent ones for almost
all populations [19]. In all cases, variations between consecutive years with densities lower
than 3.0 ind. per m2 are insignificant.
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Table 1. Dynamics of the average densities (ind. per m2 ± s.e.) of the Italian locust in the Kulunda steppe.

Year Aleksandrovskij Burla Yarovoe Platovka Severka Pokrovka Mikhaylovskoye Bor-For- post Ust-Volchikha

1999 ? ? 0.48 ± 0.27 0.80 ± 0.33 0.32 ± 0.22 ~1 3.2 ± 0.61 ? 0.32 ± 0.22

2000 24.32 ± 2.34 9.60 ± 0.85 6.40 ± 0.65 4.48 ± 0.48 2.88 ± 0.67 5.28 ± 0.86 6.56 ± 0.80 0.96 ± 0.35 0.48 ± 0.27

2001 2.77 ± 0.70 5.60 ± 0.73 4.16 ± 0.63 3.04 ± 0.53 7.36 ± 0.82 4.00 ± 0.65 0.96 ± 0.35 0.08 ± 0.08 1.60 ± 0.46

2002 0.16 ± 0.16 3.20 ± 1.31 0.16 ± 0.16 1.28 ± 0.89 1.92 ± 1.06 6.40 ± 1.85 0.32 ± 0.32 1.92 ± 0.74 1.92 ± 1.06

2003 + 0.16 ± 0.16 + 0.16 ± 0.16 0.32 ± 0.23 0.13 ± 0.13 0.16 ± 0.16 0.32 ± 0.23 0

2004 0.32 ± 0.32 + + 0.96 ± 0.54 + 0 0 0.40± 0.27 0.32± 0.32

2005 0.32 ± 0.23 0 0.38 ± 0.22 0.53 ± 0.37 0.05 ± 0.05 0 0 0.85 ± 0.29 +

2006 + 0.64 ± 0.45 0.21 ± 0.15 0.43 ± 0.30 1.28 ± 0.62 0.21 ± 0.21 0 0.75 ± 0.028 0.16 ± 0.16

2007 0.32 ± 0.23 0.96 ± 0.54 0.64 ± 0.32 1.16 ± 0.69 1.92 ± 0.74 1.07 ± 0.46 0 1.15 ± 0.37 +

2008 0.48 ± 0.27 0.16 ± 0.16 0.51 ± 0.25 0.96 ± 0.54 0.64 ± 0.45 0.32 ± 0.32 0 1.54 ± 0.46 0

+—One or several specimens were found beyond counts; ?—no data for this year.

Table 2. Mann–Whitney U test (U/p < 0.05) for the status of Italian locust populations for every consecutive pair of years in the Kulunda steppe.

Year Aleksandrovskij Burla Yarovoe Platovka Severka Pokrovka Mikhaylovskoye Bor-Forpost Ust-Volchikha

1999–2000 ? ? 41.5
0.0000

85
0.00001

202.5
0.0328

125
0.0003

167.5
0.000 ? n.s.

2000–2001 469
0.0000

195.5
0.0024

196.5
0.0250 n.s. 126.5

0.0003 n.s. 166
0.0045 n.s. n.s.

2001–2002 n.s. 165.5
0.0042

84.5
0.00001

153.5
0.0020

94
0.00002 n.s. n.s. n.s. n.s.

2002–2003 n.s. n.s. n.s. n.s. n.s. 1012
0.0055 n.s. n.s. n.s.

?—no data for this pairs; n.s.—not significant difference.
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The seasons with the high locust abundance can be considered as outbreak periods.
Our data showed that, in the region, the outbreaks were characterized by the average
densities of adults more than 3 ind. per m2. However, intensity and duration of each local
outbreak may be quite different. For instance, the maximal registered densities varied very
significantly between the populations studied (Tables 1 and 2). As for duration, 5 from 9
populations were characterized by the explicit one-year maximum, while one population
(near Platovka) showed the high levels both in 2000 and 2001, and the population near
Pokrovka was distinguished by the relatively long outbreak from 2000 until 2002. Two
other stages in long-term dynamics of the Italian locust populations can be revealed as well:

(1) A recession, when adults’ abundance in a local population in the middle and the end
of a summer varies between relatively low and moderate (according our estimation,
in the Kulunda steppe, from 0.1 up to 2.0 ind. per m2, perhaps in some cases—up
to 3.2). This means that recommendations of some published manuals concerning
monitoring and management of pest locusts and grasshoppers [40,41] to organize
partial treatments in the next year, when the density of the Italian locust adults is
more than 1 ind. per m2, are based on too conservative estimations.

(2) A depression, when density is very low, commonly significantly less than 0.1 ind.
per m2. In this case, a population may be stable, but scarce locusts are distributed
very sporadically. For instance, in 31 July 2019, I spent about two hours on our main
model site in the northern part of the Kulunda steppe (near Aleksandrovskij) finding
only 10 adults of the Italian locust and estimated their average density as about 25 ind.
per ha (Figure 2).

Besides, there were no evident correlations between species abundance, its morpho-
logical characteristics (actually the E/F ratio), and its behavior (Table 3). In 2000, when the
Italian locust was very abundant on our main model plot near Aleksandrovskij settlement
and there were numerous and dense bands and small swarms, the average level of the E/F
ratio corresponded to the transiens status [19]. In 2008, when its abundance was low and
there were no bands or swarms, the E/F ratio for females corresponded to transiens again
(moreover, one female morphologically looked like the gregarious one). Similar discords
could be likewise observed on other sites (Table 3) [19]. Our data for 1999–2000 also show
that presence of the gregarious form was limited (for all samples—about 4.9% of females
and 7.1% of males) [19]. This also means that the rate of long (including transborder)
migrations during the outbreaks was low.

Thus, the adjacent local populations of the Italian locust could differ significantly in
their long-term dynamics patterns. In the south-eastern part of West Siberian Plain, these
changes often look like some waves of spatial redistribution of maxima and minima of
abundance [19,20]. The akin peculiarities of the Italian locust population dynamics were
described for the North Caucasus as well [42].

Table 3. Changes of the average densities (ind. per m2 ± s.e.) and average tegmen length/posterior femur length ratios
(E/F ± s.e.) of the Italian locust on two plots with quite different long-term dynamics.

Year Aleksandrovskij Ust-Volchikha

Density Species
Behavior E/F Females E/F Males Density Species

Behavior E/F Females E/F Males

1999 ? ? ? ? 0.32 ± 0.22 No bands and
swarms

1.576 ±
0.004

1.609 ±
0.006

2000 24.32 ± 2.34

Numerous
bands, small

swarms, active
local flights

1.514 ±
0.016

1.539 ±
0.013 0.48 ± 0.27 Very small and

scarce swarms 1.368 ± 0.010 1.392 ± 0.012

2001 2.77 ± 0.70 No bands and
swarms 1.395 ± 0.013 1.406 ±

0.018 1.60 ± 0.46 Very small and
scarce swarms

1.473 ±
0.011

1.479 ±
0.009

2008 0.48 ± 0.27 No bands and
swarms

1.484 ±
0.038 1.384 ± 0.024 0 No bands and

swarms ? ?

In bold—the average E/F ratios correspond to the intermediate (transiens) status of the local population; in italics—the solitarious status of
the population; ?—no data for this year.
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3.5. Seasonal Dynamics and Distribution of the Italian Locust Local Population in the Northern
Steppe in 2000–2019

We started to study the dynamics of the Italian locust population in the northern part
of the Kulunda steppe (near Aleksandrovskij settlement) in 2000, on 20 June. The steppe
areas and the edges of agricultural fields were occupied by numerous hopper bands. These
bands mainly consisted of the first stage hoppers (about 95%) [16]. The average density of
locusts was 24.67 ± 4.42 ind. per m2 on the steppe plot and 430.4 ± 161.6 ind. per m2 on
the field edge where some bands concentrated. The density in bands could be more than
1000 ind. per m2, while band areas varied between 2 and 300 m2 [16].

After a week, the bands included the hoppers of all five instars, while the second and
third instars dominated. On 5 July, the main part of the population consisted of the fourth
instar hoppers; however, it also included many nymphs of the third and fifth instars [16].
The hopper band areas varied between 4 and 3500 m2. On 20 July, adults comprised almost
half of the population. The second half included mainly the fifth instar hoppers and a few
fourth stage hoppers [16]. Some bands occupied more than 5 ha. On the control plot, the
average density was relatively stable [16]. Adults tried to fly, but their flights were limited
to meters to dozens of meters. Besides, there were several huge colonies of rooks. Our
estimations show that these birds can withdraw about 10–15% of the locust population [9].

Treatments with fipronil showed very high effectiveness within the 15 m of the treated
swaths—more than 95% after several days, while on the untreated 15 m swaths only some
weak effects (17–33% reduction) could be observed only after a week or two [16,43]. This
pattern can be explained by extremely low rates of young hopper migrations till the end of
June, because there were sufficient quantities of preferred foods. In July, insects (last instars
and adults) started to move more actively [16,43].

In 2001, general abundance of the Italian locust decreased, and there were no bands.
In the beginning of our studies, on 5 June, the average density of the Italian locust was
only 3.41 ± 0.54 ind. per m2, while the population mainly consisted of the first stage
hoppers (about 87%). The early fourth instar hoppers were observed on 15 June, and the
first adults—on 5 July. On 15 July, adults comprised about 64% of the population. Besides,
there were also the fourth instar (about 21%) and fifth instar nymphs (about 15%). On
the control plot, the average density was relatively stable and remained almost the same
during the season (on 15 July—2.77 ± 0.70 ind. per m2).

Experiments with teflubenzuron showed that this IGR was highly effective in blanket
treatments and also within the treated 15 m swaths (Table 4). Effectiveness was most
obvious after about a week which corresponds to the molting rates of hoppers—every
5–7 days [9]. The high levels of effectiveness were observed on treated plots. Untreated
swaths were characterized by moderate effectiveness of treatments, usually about 80–84%.

Table 4. Effectiveness (%) of teflubenzuron treatments (6 June) on the experimental site in the northern part of the Kulunda
steppe (near Aleksandrovskij settlement) in 2001.

Plot 7 June 12 June 13 June 15 June 16 June 23 June 26 June 5 July 15 July

Type Treated/Untreated D1 D6 D7 D9 D10 D17 D20 D29 D39

Blanket 31.4 70.0 100 93.7 100 100 76.0 100 86.1

1:1
Treated 57.2 81.3 100 100 93.2 100 100 91.7 100

Untreated 35.7 43.8 77.5 80.3 79.5 70.8 55.0 50.0 65.4

1:2
Treated 46.4 81.3 100 96.1 100 100 100 100 82.7

Untreated 57.2 62.5 70.0 56.6 86.4 66.7 - 8.3 56.7

1:3
Treated 14.3 70.0 76.0 81.1 90.1 86.8 100 33.3 86.1

Untreated 14.3 10.0 52.0 36.9 78.2 33.9 4.0 - 58.4

These experiments showed that teflubenzuron (like other IGRs) could be very suitable
for the Italian locust management in the steppes of South Siberia. However, the efficacy



Agronomy 2021, 11, 746 14 of 21

of the barrier treatments with relatively wide untreated swaths was low. Hence, blanket
application and barrier treatments with narrow equal alternating swaths may be optimal.

3.6. The Italian Locust and Rare Orthopteran Species

Among local species of Orthoptera, Saga pedo (Pallas), Gampsocleis glabra (Herbst),
and Onconotus servillei (Fischer de Waldheim) are on the IUCN Red List of Threatened
Species [44]. The first species is also in the Red Book of the Russian Federation. Besides, in
the south-western part of West Siberian Plain, there are several rare species of Orthoptera.
Recently, we analyzed shifts in rare acridid species distribution over the Baraba and Ku-
lunda steppes [45]. At least two grasshoppers, namely, Notostaurus albicornis (Eversmann)
and Mesasippus arenosus (Bey-Bienko), could be found in the habitats where the Italian
locust may be very abundant. Miramiola pusilla (Miram) (Tettigoniidae) and Aeropedellus
baliolus Mistshenko. (Acrididae) may be observed on these plots as well. This means, in the
steppe habitats, anti-locust treatments can result in decreasing and even elimination of rare
species populations.

Rare species were found on almost all sites studied or just nearby (see Section 2.2),
except vicinities of Platovka and Pokrovka (Table 5). G. glabra was the most common rare
species in the steppe habitats. M. pusilla was found on four sites, both Saga pedo and A.
baliolus—on two, and N. albicornis occurred only in one place.

Table 5. Occurrence of rare Orthoptera on sites studied in the Kulunda steppe.

Year Aleksandrovskij Burla Yarovoe Platovka Severka Pokrovka Mikhaylovskoye Bor-
Forpost

Ust-
Volchikha

1992 ? ? AB,
NA ? ?

1999 ? ? MP ?

2000 GG, MP b AB,
NA

2001 AB, GG c, MP GG NA GG, SP a

2002 AB, MP d AB

2003

2004 GG, MP e

2005 GG GG AB GG, SP

2006 GG AB,
MP MP a

2007 MP GG a

2008 GG e, MP e GG GG GG

2015 GG MP MP

AB—Aeropedellus baliolus Mistsh.; GG—Gampsocleis glabra (Hbst.); MP—Miramiolla pusilla (Mir.); NA—Notostaurus albicornis (Ev.); SP—Saga
pedo (Pall.); a—the species was found on some adjacent plot; b—the species was also found after the fipronil treatment (30 days since—20
July); c—the species was also found after the teflubenzuron treatment (39 days since—15 July); d—the species was found only on the plot
treated by the synthetic pyrethroid in 2001; e—the species was also found on the plots treated by the synthetic pyrethroid in 2001; ?—no
data for this year.

In 2000 and 2001 anti-locust treatments in the northern part of the Kulunda steppe
(near Aleksandrovskij settlement) did not result in elimination of the local populations
ofrare Orthoptera. Three species, namely, A. baliolus, G. glabra, and M. pusilla, were found
more or less often. Moreover, in 2000, the last species was observed on the treated swath
after a month. In 2001, a similar situation was registered for G. glabra. Later, in 2002, 2004,
and 2008, M. pusilla was also found on the plots treated by the synthetic pyrethroid in 2001.
This means some localized treatments with acridicides (especially the barrier ones) do not
destroy significantly populations of rare Orthoptera.
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4. Discussion

Our studies of the Italian locust ecology and distribution as well as studies of our
colleagues during last two decades resulted in revealing several dilemmas concerning
approaches to monitor, manage, and forecast its population dynamics in time and space.

4.1. May We Use for the Italian Locust Approaches and Technologies Developed for the Desert and
Migratory Locusts or Not?

Nowadays, the Italian locust is the only locust species mainly associated with temper-
ate grasslands, namely, steppes and northern semi-deserts. The main breeding (outbreak)
areas of the desert and migratory locusts as well as some other important pests are in the
tropical and subtropical regions [2,3,9,46]. This is why many ecological and biological
peculiarities of the Italian locust are quite different [1,2,9]. The species is univoltine and is,
even during depressions (see Section 3.4), often widely distributed across different ecosys-
tems, especially in the dry steppes and the semi-deserts. Its behavior during outbreaks
is common for locusts, but areas occupied by bands and swarms and ranges of dispersal
rates are relatively limited, while outbreaks are relatively short and commonly can last for
one or several years. This means that, in steppes and semi-deserts, it is almost impossible
to identify precisely preferred breeding areas of the Italian locust [47]. In the 1950s K.A.
Vasil’ev [5] tried to delimit some such breeding areas in Central Kazakhstan, but in reality,
he described several plots where gregarization already had started.

In the steppes, the species occurs usually in all applicable habitats, but their local
populations are often scarce and characterized by low abundance, while, in the semi-deserts,
its populations may be usually relatively abundant for many decades [4,9,12,36]. Besides,
the Italian locust long-term dynamics may be described as quite specific. In the dynamics
of the migratory and desert locust, several main periods, namely, plagues, outbreaks, and
recessions (and sometimes—also peak plagues, upsurges, and deep recessions), may be
often distinguished [48–50]. In the dynamics of the Italian locust, plagues are extremely
rare. Only last huge outbreaks in the end of 20th century can be qualified as the plague.
Actually, numerous outbreaks of C. italicus were and are usually limited in space and time,
and their decline may result in either the recession or the depression characterized by stable
populations with extremely low average densities and scarce individuals’ distribution (see
Section 3.4). If a population drops off, the recession may transform into the depression.
On the contrary, if a population with very low abundance begins to increase (and may be
crowding), the depression may transform into the recession.

One may suggest that, in this situation, we should monitor all habitats colonized by
the Italian locust across huge territories of its range and, inside the range, try to check
carefully populations with relatively high densities of adults (probably, more than 1 ind.
per m2 in the steppes and 5–7 ind. per m2 in the semi-deserts). Therefore, many (or all)
approaches developed to monitor and control the desert and migratory locusts are not
applicable for the Italian locust, or they should be adapted for the situation.

4.2. Monitoring, Management, and Forecasting: Is the Regional Level of Exploration Enough
or Not?

The environmental factors and the biological and ecological characteristics of each
species can significantly vary in time and space so that their relations can be revealed only
by consistent explorations of species populations across its total range [3]. This is important
for both potential pest species and rare forms. Actually, in many cases, pest infestations can
be small-scale events, localized in space and time and dependent on local conditions [51].

Local outbreaks of the Italian locust usually start after several years with warm and
relatively dry periods in the end of spring and in the beginning of summer, while their
regressions are mainly associated with cool and rainy summers [3,5,10,11]. However,
rates of increasing and decreasing, gregarization and dissociation in local populations
may be quite different [4,9,16] and look like depending on local environmental conditions.
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As a result, the local outbreak in one population can develop faster (or slower) than the
outbreaks in adjacent colonies. Some similar trends can be revealed for regression.

However, forecasting systems are usually based on the regional generalization and
simplification of assessment data [32,33,40,41], while local colonies of C. italicus can be
significantly different in their ecology (including dynamics) and diversity (including in-
trapopulation characteristics) [4,9,19,52]. This means that we should use often different
management procedures for two neighboring local populations of this species; moreover,
in many cases, we are not able to delimit a local population without special studies [52].

We should reveal seasonal and long-term dynamics of local populations (ideally, all
such populations) and try to evaluate their temporal patterns relative to climatic and
ecosystem changes and to peculiarities of each colony. We should reveal also spatial
structures (patches and gaps, distances, population connections, barriers and corridors)
and local dispersal systems (parameters of emigration and immigration).

These substantial localized variations in population dynamics mean large scale fore-
casting of Italian locust upsurges and declines is very difficult. Local forecasting and
management may be possible based on increased understanding of local population dy-
namics, but having local knowledge in the many parts of its vast range and in quite different
habitats would require substantial effort that at present is just not possible. However, if we
eventually understand the exact patterns of spatial population structures, we will be able
to understand, at least, some peculiarities of dynamic patterns in each local population.

4.3. Monitoring, Management, and Forecasting: When Should We Begin (or End) to Trouble or
When Not?

National and international plant protection services usually use one or several param-
eters to determine when and where control operations should start. J.A. Lockwood [53]
designated this approach as the administrative one. For example, in the USA and in
Russia, these operations usually begin when population densities of grasshoppers reach
more than 9–10 ind. per m2 [1,40,41]. In the case of the Italian locust, according different
authors [1,9,40,41], the critical values for hoppers are about 2–5 and for adults— about
1 ind. per m2. However, these levels of density are actually too low [53,54]. For instance, in
the dry steppes of Central Kazakhstan, the average adult density of solitarious populations
of C. italicus could be more than 2–7 ind. per m2 [5], while in the semi-deserts and the
mountain steppes of East Kazakhstan, this density might reach 26 ind. per m2 [36]. This
means that the critical values for the Italian locust may vary remarkably from one popula-
tion to another and from one year to another and can depend on numerous parameters
(climatic fluctuations, vegetation and soil dynamics, human resources, etc.) Moreover,
density effects can be also very notable [55]. They may be rather complicated and more or
less unpredictable due to complex nature of ecosystem and population dynamics. Besides,
according the catastrophe theory [56], small variations in weather may result in different
population dynamics. There are no exact criteria to distinguish consecutive stages of
long-term dynamics of locusts as well [50].

This means in many cases we do not have applicable criteria where, when, why and
how to monitor and control early infestations [57]. This is especially important for the
Italian locust, since its populations between outbreaks are sprawling and scarce. Some
formal criteria (densities, band formation, morphometric indices, etc.) may mean almost
nothing, because (1) critical values can vary significantly between different ecosystems
and between different periods, (2) some traits of gregarization may be revealed during
regressions when a population density is relatively low, (3) small changes can result in
different dynamics [55,56], and (4) at least in some cases usual criteria do not correlate [19]
(see also Section 3.4).

4.4. Treatments: When Do Barriers Work and When Not?

Barrier treatments are widely used for locust populations management in different
regions. The so-called reduced area and agent insecticide treatments (RAATs) technology
often result in evident decline of locust densities, preserve some level of biological diver-
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sity, and significantly decrease direct expenses [58,59]. However, the experimental barrier
treatment with fipronil showed that its general efficacy was low [16] (see also Section 3.5).
The hopper bands usually stayed on the steppe plots with well-developed vegetation, did
not move or moved only over the very short distances (about several meters per day) and,
thus, did not actively cross over the treated areas. In 2001 the experimental treatments with
teflubenzuron showed the similar pattern. The maximal effect on the untreated swaths
was observed in the middle of June (after 9–10 days since the treatment) (Table 4), and it
was relatively significant only for the experiment with equal narrow swaths. When hopper
bands begin to move more or less rapidly [5,60], barrier treatments, especially with low
dosage, may be very effective. Besides, the developmental stages of hoppers are also im-
portant, because one can use low dosage of an insecticide against young hoppers [16,60,61],
but such hoppers usually move slowly [5,60]. This means that we should take into consid-
eration not only pest abundance, situations with biodiversity, and management costs but
also general conditions of ecological systems and local population statuses.

4.5. Treatments: Can We Preserve Local Populations of Rare Orthoptera or Not?

Steppes and other grasslands are ecosystems where both pest acridids and rare Or-
thoptera are distributed [62–65]. This means there is a clash between approaches to manage
pest populations (to monitor, forecast and control their outbreaks) and to preserve rare
forms and their populations. In the steppes of the south-eastern part of West Siberian
Plain, some rare species may occur in the same habitats and for the same time as the Italian
locust, especially its bands [20,45,62]. Thus, acridicide treatments against the bands could
result in damage or full elimination of local populations of rare Orthoptera, such as S.
pedo, M. pusilla or A. baliolus. However, our observations show that the harmful effects of
acridicides on rare steppe species of Orthoptera may be relatively weak (cf. Section 3.6),
when treatments are localized in space, i.e., do not cover all area of a habitat, e.g., the
RAATs type or even simple variants of barrier applications.

5. Conclusions

The Italian locust is characterized by populations, which are widely distributed
across its range and through quite different types of grasslands. In the dry steppes and
especially in the semi-deserts, it may colonize all or almost all applicable habitats and may
be abundant, while in the forest-steppes and the northern and typical steppes, between
outbreaks, its abundance is commonly low or extremely low, and often surveyors may
observe very few specimens during several hours of observations. Its local populations
often respond differently to climatic fluctuations and changes of human activity. In the
steppes, hopper bands often move very slowly, or they stay in one place during several
days or even weeks, while adults prefer very short local flights. Besides, the Italian locust
often colonize the same grasslands as rare orthopteran species. This is why we cannot use
many of the ideas, approaches, and technologies suggested for the desert and migratory
locust to monitor, supervise, and control populations of C. italicus.

Recently we suggested to change considerably the strategy and tactics to avoid the
Italian locust outbreaks [66]:

(1) Crucial parts of the range, habitats, and time lapses should be determined for the
species across all species range, each region, and landscape.

(2) New approaches have to be elaborated to manage populations on the landscape scale
and to treat agricultural fields and rangelands.

(3) Agricultural technologies per se ought to be modified significantly. For instance, in
grasslands, overgrazing should be minimized, and restoration of abandoned fields
that commonly harbor C. italicus should be accelerated.

(4) Information technologies, especially associated with big data storage and analy-
sis, ecologo-geographic modeling, global information systems, and remote sens-
ing, should become the main basis for monitoring, supervising and forecasting (see
also [67–69]).
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(5) New approaches should be very important for field assessments of the Italian locust
populations as well. For instance, real time observations by using unmanned aerial
vehicles are very hopeful.

Besides, one should consider that the Italian locust is the member of grasshoppers’
group (Acridoidea), and these insects are common inhabitants of all or almost all grass-
lands. They often considered as one of the most important consumers in steppes, prairies,
savannas, semi-deserts, and even deserts [70–72]. Moreover, grasshoppers may enhance
net primary production over years [73]. In the dry steppes and the semi-deserts, even
between outbreaks, the Italian locust may consume significant part of aboveground vegeta-
tion, to damage growing points of sagebrushes and to accelerate their growth [36]. During
outbreaks the species can also change considerably fluxes of some chemical elements in the
steppe ecosystems [74]. One may also hypothesize that the Italian locust can also interact
with other species of Orthoptera in ecosystems, and some variations in its populations
should result in changes of orthopteran assemblages and populations, including colonies of
rare species. In any case, attempts to control the Italian locust populations affect colonies of
other species, either positively or negatively. This means we should alter widely distributed
common management approaches to the holistic ones arising not only from exploration of
species populations or their assemblages but also from investigations of ecosystemsper se
and their changes in space and time.
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