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Abstract

The significance of spatial population structures is discussed relative to locust and
grasshopper management. The general scheme of spatial population distribution is
characterized. The spatial population structures of the model species (Calliptamus italicus,
C. abbreviatus, Chorthippus parallelus, Ch. montanus, Ch. fallax, and Podisma pedesiris)
are described for temperate Eurasia. The temporal stability of many features of local
colonies is shown. The boundaries between the different parts of a population system are
evaluated as being very distinct. Movements of grasshoppers (including good flyers) are
limited by local landscape barriers. Approaches and procedures of acridological
population studies are discussed relative to management systems for pest and rare species.

1. Problems

Management of locust and grasshopper populations is usually based on the knowledge of
dynamic patterns. However, we should delineate observed differences of dynamics in
different parts of a population. As we know, a population is organized in space, and the
pattern of the spatial structure is usually rather complicated [1-5]. A few classic papers [6,
7] have been primarily concerned with the internal structures of local populations, their
dynamics and inner organization.

Usually local populations (demes) are distributed over a species’ range in
concordance with natural conditions, especially the geographical landscape structure of the
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Earth's surface. These populations may be connected with each other in one landscape unit
or may be divided by various barriers which determine the level of gene flow. A barrier
is considered to designate something which prevents the spread of animals or plants. We
can describe this general pattern as the spatial population structure of a species [8]. In
many theoretical studies, this population structure is termed a metapopulation [9, 10]. So
the spatial population structure is a system of all local populations in the limits of a species’
range (or a species’ area). This approach is expected to be very valuable for understanding
general ecology and biogeography of locusts and grasshoppers and for developing
management strategies.

The environmental factors and the biological properties of a species are variable in
time and space, so that their relations can be understood only by systematic studies of
populations throughout a species’ range [7]. We know of some fine examples of studies
of spatial distribution of individuals, hatching sites, swarms etc. However, nothing is
known of the spatial population structures for the majority of species, especially in
connection with population dynamics. To solve this problem we must understand where
populations are situated and how they change in space and time. When we eventually
understand the exact patterns of spatial population structures, we will be able to forecast
dynamic patterns in each local population, to manage each local population, and to manage
migrations between populations. While this will be hard to do for tropical locusts, the
approach will provide a real opportunity for managing temperate acridid species. In the
future, the studies of spatial population structures will allow us to manage some local
populations or parts of population systems without serious risk to the environment.

Spatial population structures can be described in a system of geographic gradients
[11, 12]: (1) The latitudinal (or zonal) gradient is mainly determined by solar radiation
distribution. (2) The longitudinal (or sectoral) gradient is chiefly associated with
precipitation distribution, temperature amplitudes, and climatic severity which increases
from coastal to central parts of continents. (3) The vertical gradient is determined by both
altitudes (elevations) and gravitational flows of energy and matter. As a result, it should
be related to not only mountain territories but also to each landscape system composed of
connected landscapes (e.g., an individual catena sensu lato) or other such units.

Spatial population structures can be studied and estimated at different spatial scales
[1,13]. (1) Atarange level, or at a broad scale, we investigate these structures as a system
of local populations throughout a species’ range. We can evaluate general spatial patterns
of a species’ distribution relative to geographic patterns (life zone and continental sector
distributions, etc.) and identify barriers that divide regional parts of a species. (2) Regional
(meta)populations are parts of a species and are limited by faunistic or geographic
boundaries. At a regional level, or at a medium scale, different spatial structures can be
described inside each region inhabited by a species that are more or less uniform from
faunistic or geographic points of view. (3) Local populations are parts of regional
metapopulations and are found within the basin limits of small rivers, the landscapes of
which are uniform or closely connected by energy and matter flows. As we know, at the
local level, identifying paths of wandering and potential contact between populations is
possible [4, 13]. The knowledge of grasshopper distribution within such small regions
allows for an understanding of the pattern of populations, community organization, and
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dynamics.

The main goals of this chapter are: (1) to characterize general patterns of spatial
population structures of locusts and grasshoppers, (2) to show some applications of this
approach by exemplifying some model species distributions, and (3) to describe the
relationships of this approach to management of locust and grasshopper populations.

2. Tools
2.1. METHODS AND MATERIALS

This study is based on quantitative and qualitative data collected on regularly distributed
survey areas, as well as on the analysis of earlier published works (basically for the last two
decades) and specially developed range maps.

Field sampling was organized along local transects [11]. Each local transect crossed
a river valley or a lake basin from a local flood plain to a watershed plain or a montane
slope, in cases where local watershed plains were almost absent or fully cultivated (see Fig.
1). Local transects were distributed according to their real positions inside three
geographic gradients (zonal, sectoral, and vertical). The length of local transects varied
from hundreds of meters to several kilometers. Essentially it consisted of local transect
sets, extended to several hundreds of kilometers. Local transects were embedded in the
long (up to several hundreds or thousands of kilometers) gradient transects (e.g.,
transzonal).

Grass landscapes and similar anthropogenic habitats along local transects were
studied mainly in connection with specificity of temperate grasshoppers and locusts [2, 3,
11, 12]. Each part of local transects (low and upper flood plains, low and upper terraces,
watershed plain) usually was investigated separately. Samples were also collected for
different variants and units of the natural and anthropogenic landscapes. A sample area
and time could vary in different landscape units and were limited by the landscape unit
area.

[nsects were caught by a standard net for a fixed period of time [11, 14], and the
results were extrapolated to an hour. Orthopteran density was estimated from a set of plots
[15, 16]; in our case usually from an area of 25 square meters. Our data show that these
methods allow us to obtain stable results suitable for long-term observations and
geographical studies. These methods allowed us to obtain repeatable results over a number
of years and permitted precise, fine-scale definition of distributions at the population level.

The materials were collected from 1976 to 1999 in South Siberia, Kazakhstan,
Kyrgyzstan, Uzbekistan, Turkmenistan, and Tajikistan. The data archived in the
Department of General Biology, Novosibirsk State University, (1972-1981) were also
analyzed for Siberia and Central Asia.

Three groups of relatively abundant species have been chosen to illustrate the utility
of this approach. All these model groups include common species of the Palaearctic. The
first group consists of the Italian locust, Calliptamus italicus (L.), and its nearest relative
C. abbreviatus lkonn. of the subfamily Calliptaminae (or the tribe Calliptamini). These
species are mainly connected with the semi-desert habitats of the Mediterranean and
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Central Asia. The second set of species includes the group Chorthippus paratlelus of
Gomphocerinae (Gomphocerini) - Ch. parallelus (Zett.), Ch. montanus {Charp.), and Ch.
Sallax (Zub.). These species are associated with the typical meadows, meadow-steppes and
dry steppes of Eurasia. The widely distributed melanopline grasshopper Podisma pedestris
(L.) belongs to the third group. In spite of its huge range this species is distributed in many
insular populations where its abundance can be high.

C. italicus is usually a good flyer and can cover relatively long distances (up to few
hundreds of kilometers). Almost all other species of Calliptamus are brachypterous,
although macropterous forms are sometimes abundant. Ch. montanus has both meso- and
macropterous forms. However, migration by these species is strongly limited.

2.2. SPATIAL POPULATION STRUCTURES: GENERAL APPROACHES

The traditional approach - the analysis of spatial distributions, phylogenetic and genetic
relationships between local populations inside a species range in two-dimensional
geographical space [17] - is not sufficient to understand the ecology of many animals
including locusts and grasshoppers. The inclusion of the vertical dimension is necessary
[12, 18, 19]. The vertical axis is associated with not only general elevation butalso vertical
landscape structures determined by gravitational flows of energy and matter. These
landscape structures can be observed as a system of slopes, terraces, depressions, etc. Such
a three-dimensional approach is associated with geographic changes in habitats (12, 18]
and can be expressed by vertical distributions of populations on maps of different scales.

Some earlier two-dimensional maps (especially for the breeding areas of the Desert
locust (Schistocerca gregaria Forsk.) [20, 21] and the Moroccan locust [Dociostaurus
maroccanus (Thnb.)] [22] are very interesting and important for understanding spatial
population structures. They permit us to divide the species range into many zones with
different types of population dynamics. However, in many cases, they can be interpreted
as three-dimensional maps because the text description of landscape features is added. For
example, Adamovié [22] described the apparent restriction of the solitarious form of the
Moroccan locust to small spots with optimal soils and vegetation.

Previously we described three main types of species colonies on plains [3, 12]:

(1) The watershed populations are more or less diffusive, ie., they occupy all
available habitats, and there are no evident barriers between local populations (Fig. 1, WP);

(2) The valley populations occur on flood plains and low (moist) terraces (Fig. 1,
FL, FU, TL). As a rule, such populations may be characterized as insular or linear. The
insular populations are distributed as islands with significant uninhabited areas between
them. The linear pattern resembles a band associated with a linear landscape unit.
Popuiations of this type are usually isolated from their neighbours.

(3) The slope (terrace) populations are distributed over upper and middle terraces
of rivers and lakes (Fig. 1, TU).

Insular high-montane populations can be observed at high altitudes in montane
regions.

As a rule, these types form a limited number of combinations in every region or
locality. We described four combinations for plains {3, 11, 12]:
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1 - The optimal or main part is distributed over all available habitats at a high (but
not extremely high) and comparatively stable level of abundance (the optimum of a range)
(Fig. 1, black arrows).

2 - The transitional part is associated with the beginning of population dissociation
(bifurcation) into the watershed and valley population subsystems. Populations are very
rare or almost absent on the terraces.

3 - The basic part is found over watershed plains, flood plains and/or low terraces
(sometimes over watersheds only), species abundance can be high locally. These areas
often occupy almost all of the range.

4 - The marginal part is characterized by connection of populations with flood
plains and low terraces; the populations are insular or linear.

The high-montane-valley part should be added to montane areas. There are
systems of insular, linear and linear-insular local populations.

The analysis at the regional and local levels usually shows that every part of the
range (especially the basic one) is a mosaic, where areas of different types of population
distribution are interspersed throughout the dominating background. This is especially
important for re-assessment of different ecogeographic barriers which constitute the limits
for species spreading and migration. For instance, Schennum and Willey [23] have
emphasized that the montane populations show amuch higher degree of differentiation and
discordance, and Lake Michigan acts as a natural barrier for gene flow [24]. In some cases,
human activity sharply limits the spatial distribution of grasshopper populations.
Conversely, new corridors for migration and colonization of previously uninhabited
habitats can be established [1, 5, 25, 26 er al.].

2.3. TEMPORAL STABILITY OF SPATIAL STRUCTURES

Quantitative and qualitative samples of grasshoppers taken through a number of years in
the comparatively uniform regions are highly correlated with each other and often have no
meaningful differences [3, 4]. This seems to be consistent for temperate grasshoppers and
solitarious populations of locusts [7, 22]. Our studies (unpublished data) in the Central
Altai Mts. have shown that population distributions and frequencies of different variants
of polymorphic traits exhibit some fluctuations but stay relatively stable in most cases.

Quantitative accounts on a constant set of habitats in the vicinity ot Novosibirsk
were conducted to study the long-term stability of abundance levels and population
distributions in 1981-1999 [27; unpublished data]. An analysis of the long-term data
confirmed that the landscape distribution of Ch. parallelus did not change significantly [3].
In weakly disturbed habitats, its abundance varies, but maintains approximately the same
level. Asawhole, Ch. parallelus demonstrates constant preference for the steppe meadows
of watershed plains. Therefore, in spite of certain variation, we contend that landscape
distribution of populations and their parameters are comparatively stable for temperate
grasshoppers.
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2.4. SPECIES CO-EXISTENCE

Co-existence of species in every region is sustained by the differentiation of so-called
"place niches" [28]; this co-existence is supposed to be a result of specific habitat
elimination [29] and different species connections with succession processes [30]. The
problem of competition at different levels is not solved to date, but in most cases the role
of competition is nat too significant [31]. Mulkern [32] analyzed multidimensional
overlapping in resource utilization by prairie grasshoppers and found that there was little
overlap among co-existing species.

The comparison of local population distributions of orthopteran species in the small
river basins within the main biogeographical regions allows us to describe three main
trends of grasshopper co-existence for temperate Eurasia [13, 33]:

(1) The majority of species inhabiting small river basins have strongly localized
populations, and the density of each population is usually low. Such situations occur in the
Far East and the deserts of Central Asia. There are a few species with widely distributed
populations.

(2) Most species are distributed over all available habitats of the local river basin
at high levels of abundance. Such forms spread through anthropogenic landscapes. As a
rule, the maximum density of one species does not coincide in space and time with the
maximum of others. This situation is observed in the forest-steppes and in some parts of
the mountains of South Siberia.

(3) The intermediate type includes local populations distributed over a number of
habitats, which are usually connected with each other. Densities can be high to very high.
In the plain steppes, such species prefer local watersheds. Both in the mountains of South
Siberia and in the northern part of the Central Asian mountains, these species are mainly
associated with local southern slopes. On the contrary, in the southern part of these
mountains, such orthopterans are linked with northern slopes.

2.5. SPATIAL POPULATION STRUCTURES OF THE MODEL SPECIES

To simplify discussion we compare spatial population structures of the model species only
along a main transzonal transect which crosses the internal part of Eurasia from the West
Siberian forests to the southern desert of Tajikistan and Turkmenistan (Fig. 1, A, C-E) [3,
5]. This transect crosses almost all ranges of the model species from north to south. It
consists of local transect sets representing vertical landscape organization. Their positions
are determined by distributions of life zones and their subzonal parts. Therefore, we can
characterize the spatial population distribution along this main transect as the zonal-
landscape form.

2.5.1. Calliptamus italicus
The Italian locust is a common species and the most important pest in the Mediterranean
and Saharan-Gobian regions. Many of its outbreaks were described for these areas and for
the neighbouring steppes and mountains.

The Italian locust is an intermediate form between typical gregarious and solitarious
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acridid species [7]. For its gregarious form distinctive migrations are described over
comparatively small distances of about 100-200 km [34].

Ecological and geographical particularities of this species are described in many
publications and for different parts of its range. Analysis of the main part of these studies
is given by Uvarov [7], who emphasized the insufficiency of our knowledge of the Italian
locust during periods between outbreaks. For the last two decades, more than 20 studies
of this species were published but nearly all of these are limited to outbreak periods.

General particularities of spatial distribution. The main part of the species’ range is
located in the semi-desert zone where many outbreaks have been often observed and as a
rule, abundance is high [5, 7]. This pattern coincides with the distribution of plants
preferred by this species - xeromorphic dicotyledons like sagebrush [7, 37], as well as with
the availability of the terrain used for egg laying (nearly bare, often sandy, soil) [7]. Based
on available data, the Italian Locust appears to prefer landscapes with a mosaic of xeric
plant cover. It is interesting to note that in spite of the overall abundance of the Italian
Locust, its several restricted populations in Western Europe are critically endangered or
even likely to go extinct [35, 36].

Zonal-landscape distribution over the studied transect. On the main transect, the [talian
locust distinctly prefers the semi-desert of the Kazakh Uplands, or so-called Sary-Arka
(Fig. 1, A). Nearly constant high abundance (observed in 1975, 1976, 1986, 1991) and
distribution in all available habitats suggest that this region is optimal for the species. This
area covers the semi-desert of East Kazakhstan and confirm earlier resuits [2, 38].

In the northern part of the transect, the Italian locust is actually distributed more
widely than was indicated by Stebaev [38]. Here, it inhabits the forest-steppes on
overgrazed plain pastures, but usually occurs very locally and at low levels of abundance.
In the steppes, its populations occupy not only local watershed plains, but the dry parts of
upper flood plains and lower terraces, and the stony southern slopes of hills. In this area,
another optimal habitat of this species occurs in the dry steppes of Kulunda [2]. This
habitat partly covers a zone of the dry pine forests of the Irtysh region, and outbreaks often
occur here [34, 39].

The most recent C. italicus outbreak started in this optimal habitat in the summer
of 1999. (However, in neighbouring Pavlodar Region of Kazakhstan, the outbreak began
in 1997). Densities of the Italian locust increased sharply after a warm and dry May,
especially in fallow fields. Its populations occupied almost all suitable habitats including
openings of pine forests, fallow agricultural fields, stony slopes and wet meadows at
comparatively high levels of abundance (1-5 individuals per square meter). Some
agricultural fields (mainly sunflowers) were damaged. However, our data show that all
studied populations are intermediate between the typical solitarious and gregarious
populations.

The presence of two optima near the east boundaries of Kazakhstan (main and
additional) corresponds to the situation described by Stolyarov [40] for West Kazakhstan.
Both optima seem to stretch east-west through the whole eastern part of the locust’s range.

In the southern part of the transect, populations of the Italian locust once again
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become more local. In the northern deserts, they are distributed on plain watersheds (Fig.
1, A), and their local density can be rather high. The locust’s abundance decreases to the
south where its main populations are associated with river valleys and lake basins. Here
the Italian locust often inhabits not only sagebrush vegetation in the steppe habitats but also
meadows. In this part of its range, the Italian locust is widely distributed through irrigated
fields, including alfalfa, and canal borders.

Spatial population distribution of the Italian locust at periods between outbreaks
both within the whole area, and on along the model transect, generally corresponds to the
rule of habitat change [18]. In the northern part, the species is distributed over very dry
habitats; in the central zone it prefers medium to xeric and varied habitats of the steppe and
semi-desert; in the southern part, its habitats are usually localized in meso-hygrophylous
areas of river valleys or in the mountains.

Ifthe distribution of the Italian locust along the model transect is compared with the
distribution of relatively well-studied grasshoppers such as the white-striped grasshopper
[Ch. albomarginatus (Deg.)] [18] and Ch. parallelus [3], it becomes absolutely clear that
its distribution is very different from them [3, 12]. In the first place the Italian locust
dominates in the additional (steppe) optimum of the population distribution. Besides that,
the Italian locust’s range includes a comparatively small mountain area, where conditions
for its existence are nearly optimal [5].

It is important to note that population dynamics within main and additional optima
differ significantly, because they are situated in different climatic zones. In even greater
degree, this is true for the marginal areas of high abundance and probably for the
populations occupying different ecosystems within a small region (e.g., flood plain and
watershed plain). For forecasting of the Italian locust (and other locusts) it is necessary to
locate permanent survey sites in different parts of its range, including both natural and
anthropogenic landscapes.

2.5.2. Calliptamus abbreviatus

C. abbreviatus is another species of this genus in Central and East Asia [41]. Its abundance
can be rather high sometimes even reaching pest levels [42]. C. abbreviatus belongs to the
north temperate group of the genus Calliptamus, more adapted to humid and cool boreal
and sub-boreal conditions, but its isolation from C. italicus has occurred due to isolation
in the Far East and Central Asia [43].

General particularities of spatial distribution. As with the Italian locust, C. abbreviatus
prefers the dry steppes and semi-deserts with a mosaic of xeromorphic vegetation and
stony soils [11, 41]. Both species are distinguished from the nearest relatives - West-
Mediterranean C. wattenwylianus (Pantel) and Irano-Turanian C. turanicus Serg. Tarb.
The first prefers the typical, often disturbed, Mediterranean habitats [43], and the second
is mainly associated with the deserts of piedmont plains. C. abbreviatus is obviously
adapted to conditions of the Mongolian area with maximum precipitation and
corresponding growth of plants occuring in late summer. This pattern corresponds to the
distribution of of its preferred plants such as xeromorphic dicotyledons (sagebrush) [37].
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Zonal-landscape distribution over the studied transect. Because this species is distributed
in the eastern half of temperate Eurasia, it does not occur along the main transect. As a
result, we used another transect for the comparative analysis of its spatial distribution. This
additional transect crossed the southern part of Krasnoyarsk Region, Khakasia and Tuva
Republics (Fig. 1, B}.

Here C. abbreviatus distinctly prefers the semi-deserts of the Mongolian type (Fig.
1, B). In these semi-deserts, it is distributed through all available habitats, from flood
plains to watershed plains and southern slopes. Comparatively high levels of abundance
(in the second half of summer up to 300-500 individuals per hour of collecting) and
distribution in all suitable habitats indicate that this region is optimal for the species.

In the northern part of the transect, in the dry steppes, C. abbreviatus is found in
nearly all primary habitats, but its density decreases. However, in the montane steppes and
forest-steppes, C. abbreviatus is generally absent even on the driest southern slopes. It has
rare populations on the plains and arid slopes in the low part of the montane steppe belt
(usually not above 1500 m), as well as in the semi-desert of the central part of Tuva.
C.abbreviatus is not found northward.

In the southern part of the transect, its populations again become very local. In the
most dry variants of the semi-desert and in the deserts, they are on the watershed plains
(Fig. 1, B) and southern slopes.

In the Far East, C. abbreviatus is usually found in dry regions [41]. In contrast with
the South-Siberian transect, its abundance here is usually low; populations are local and
associated with xeric habitats, from the stony flood plains to the southern slopes. The
broad amplitude of its distribution is observed in the hill area near Khanko Lake. In the
northern forest-steppes of the Amur Region and in the Daurian steppes, C. abbreviatus
occurs in xeric plain habitats and southern slopes.

In the forest regions of the Far East, in spite of wide distribution of some xeric
habitats, particularly southern slopes, C. abbreviatus is a rare species. Only in the most
southern part of the Russian Far East, is it occasionally found on dry south declivities and
on the stony flood plains.

The distribution pattern of C. abbreviatus is similar to that of the Italian locust.
However, careful analysis reveals some essential differences: (1) C. abbreviatus
populations are distributed more locally and gravitate almost exclusively to xeric habitats
with a mosaic vegetation cover and stones; (2) Unlike the other species of the genus, C.
abbreviatus does not inhabit anthropogenic habitats. Moreover, its migratory potential is
probably very limited even at the intralandscape level.

As a result, it appears that in spite of the extensive range and rather high densities
in some habitats, the general pattern of its distribution is similar to many endemic species
of grasshoppers with their highly localized and usually fragmented populations [1]. This
makes C. abbreviatus a perfect species for testing the models developed in modern
conservation biology relative to endemic species with highly localized populations. This
type of distribution also helps to better understand the reasons for the absence of C.
abbreviatus’s outbreaks, since typically, outbreaks are characteristic of locusts and
grasshoppers with well integrated population systems. However, in the long term, changes
in the ecological and climatic setting (including the anthropogenic influence) will result in
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creating the conditions favourable for increasing C. abbreviatus abundance.

2.5.3. Chorthippus parallelus

The spatial population structure of Ch.parallelus was described by Kazakova and Sergeev
[3]. The species has a classic pattern of a population distribution with an optimum in the
northern steppes [12], making it suitable for spatial extrapolations.

General particularities of spatial distribution. The species is common and abundant in
meadow and meadow-steppe habitats of the temperate Palaearctic. Rare cases of
migrations of Ch. parallelus are mostly of an intrapopulation nature [44]; macropterous
specimens of this species can not usually fly [45]. Our experimental data for the West
Siberian forest-steppes also show that brachypterous (normal) specimens of Ch. parallelus
do not cross forest-bush belts 10-15 m in width.

Zonal-landscape distribution over the studied transect. The northern part of the main
transect is occupied mostly by scattered populations of this species associated with
watershed meadows (Fig. 1, C) and flood plains. Its local abundance can be very high.
Further south, in the south forest-steppe and particularly in the steppe life zone, abundance
of this species is usually high in all meadow and meadow-steppe habitats. Therefore, this
is an optimal area for this species.

In the southern part of the studied transect, the species is found almost exclusively
in river valleys, near lakes, and in the mountains. Its populations are distributed
sporadically and occupy grass meadows on flood plains and low terraces. The species’
abundance is usually low but can be very high in some habitats. This means that contact
between these local populations is limited.

For the plains area as a whole, a border between the steppe and the semi-desert parts
of the range (i.e., the border between the natural life zones associated with significant
decreases of precipitation) is the most significant barrier for dividing spatial population
structures. As follows from landscape distribution of populations, this transition
corresponds to the change from diffusive and nearly diffusive distribution of Ch. parailelus
to the insular distribution.

The distribution pattern of this species is suitable for spatial extrapolations.
However, genetic and ecological differences between its local populations can be very
significant. This means that we should study every local population of the species for exact
temporal forecasting, but in practice this is impossible. Therefore, the compromise would
be to study a wide set of populations in different habitats and to evaluate main types of
dynamics.

2.5.4. Chorthippus montanus
This species inhabits the northern (boreal and subboreal) part of temperate Eurasia [11].
[t prefers wet meadows with grasses.

Our data show that its optimal area lies near the northern part of the model transect
(i.e., in the boreal forests). The southern portion (Fig. 1, D) lies in the south of the forest
zone. Some insular populations of the species are situated in the forest-steppes and the
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steppes. They are very local, and species abundance is usually very low. As a result,
populations of the species are sporadic and migrations between them are limited.

This pattern coincides with the species’ distribution in the Russian Far East [46]
where Ch. montanus prefers meadows of the south forests. In the mountains of South
Siberia this species is mesohygrophilous [33], and has an insular population structure.

The general distribution of Ch. montanus differs from the distribution of similar
species (Fig. 1, C-D). This is a result of ecological and evolutionary differences, probably
reflecting the species’ origination in the forest life zone.

2.5.5. Chorthippus fallax

Ch. fallax is a typical East-Palaearctic species [11]. Its range spreads westward over xeric,
anthropogenic habitats, like overgrazed rangeland and road sides. It does not reach the
main transect. However, in the near future, this species will probably be able to use
disturbed habitats of the local watershed plains and upper terraces to spread westward in
the steppe zone (Fig. 1, D, pointed arrows).

In the Kulunda steppe, Ch. fallax is distinctly associated with dry plots of watershed
plains, terraces and flood plains. As arule, its populations are highly localized and occur
in disturbed habitats. Its abundance can fluctuate significantly.

The optimum zone of its range lies in the steppe regions of Mongolia and the South
Siberian Mountains. Here the species prefers the steppe and dry meadow habitats [33].
In the dry steppes and semi-deserts, its populations are found in river valleys, from flood
plains to middle terraces. However, in the Far East, its populations are distributed over
mesic habitats (meadows, slopes with openings etc.) [46].

Therefore, three close species of the Ch. parallelus group differ significantly in their
ecological preferences. Ch. parallelus is associated with the central part of Eurasia and
prefers meadows and meadow steppes. Ch. montanus occupies the boreal area and prefers
wet meadows. Ch. fallax inhabits the eastern part of temperate Eurasia and uses dry
meadows and steppes. Their population distributions are usually limited by a consistent
set of conditions. As aresult, they occur very rarely in the same habitats at similar levels
of abundance.

2.5.6. Podisma pedestris
This species is widely distributed in the Palaearctic. It occurs from the mountains of South
Europe to East Siberia. P. pedestris usually prefers meadows and openings of pine forests.

This species is found in the northern part of the model transect (Fig. 1, E). Here its
populations are extremely sporadic and occur in meadew openings and forest edges on
watershed plains and upper terraces. In the typical steppes, P. pedestris is observed in
meadow openings of the riverine forests. Its abundance is usually very low.

However, in some areas (e.g., in the Central Altai Mts., in some years, the
abundance of this species can be extremely high {33]. As aresult, local populations of P.
pedestris can colonize new habitats and areas. Here P. pedestris uses anthropogenic
habitats like road sides with ruderal vegetation, and cropland. In contrast, human activities
in the vicinity of Novosibirsk have resulted in almost complete extirpation of local
populations inhabiting the clearings of the pine forests.
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2.6. PHENOTYPIC TRAITS IN SPATIAL POPULATION ANALYSIS

The analysis of species distribution allows us to distinguish parts of a species range and its
population system. However, this approach is not sufficient, especially at the local level.
Completely isolated populations are exceptional [7] and usually restricted to non-flying
montane or island forms in specific natural conditions. Continuous populations with
uniform structure are very rare too. Therefore, it may be difficult to differentiate uniform
local populations solely on the basis of distribution patterns.

Investigations of frequency distribution of colour and other phenotypic traits can
show more complicated relations between the different parts of population systems. The
investigation of colour morph frequencies allows us to separate some parts of population
systems, which can not described by conventional methods [3].

For instance, the spatial distribution of Ch. parallelus in the optimal area shows that
there are no obstacles for migration and gene flow. However, phenotype frequencies
among valley and watershed populations demonstrate their separate status [3]. Similar
local studies of good flyers, [e.g., Bryodema tuberculatum (L.)], show that even a small
montane river (10-15 m wide) can be a serious obstacle to migration [4].

3. Solutions

Local populations of each species can be significantly different in ecological, geographical
and, probably, genetic characteristics. This is usually the case for neighbouring
populations, which may require different management procedures. This means that we
must evaluate these differences and these for population management.

Unfortunately, related species of locusts and grasshoppers can have different spatial
population organizations. Sometimes they are similar in general distribution pattern (e.g.,
C. italicus and C. abbreviatus) (Fig. 1, A-B), but they are significantly different at regional
and local levels.

This is important both for potential pest species and for rare grasshoppers and other
orthopterans. Consequently, species with spatially discrete population systems are not
suitable subjects for forecasting and modelling. Probably this is also true for typical
locusts, such as the Migratory (Locusta migratoria L..) and the Desert locusts.

Local populations of rare species may be very different. Some of them are under
the threat of extinction or critically endangered [26, 47]. Few populations can be stable for
a long time at low levels of abundance [47, 48]. However, some populations of rare
grasshoppers can be abundant for a long time in avery limited space. It is interesting that
some local populations of pest species (2.g., P. pedestris or especially C. italicus) may be
almost extinct, while others are thriving.

All this means that if we want to create a productive management system we must
study dynamic patterns of the spatial population structures of each species across a range
of scales from the general to the local (Fig. 2). These studies should include three main
levels: general (the whole species’ range), regional and local. At the general level of
studies, a species range and its boundaries can be explored relative to the ecological limits
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and general dynamic patterns. These data may be used to establish the main area for
regional studies with approximately similar conditions (usually geographic regions and life
zZones).

Regional studies should include research of spatial population structures, evaluating
barriers, and paths for migration, long-term dynamics, and genetic and phenotypic trait
distributions. Such studies should result in the choosing of model plots for local
investigations.

At the local level of study, we should assess spatial structures (patches and gaps,
distances, population connections, barriers and corridors) and local migration systems
(parameters of emigration and immigration) associated with a landscape matrix. We
should monitor seasonal and long-term dynamics of local populations and try to evaluate
their temporal patterns relative to climatic and ecosystem changes and to peculiarities of
each population. At this level, some special genetic investigations should be undertaken
and characters of gene flow should be estimated. Generally, a sound basis for population
management strategies can be created as a result of regional and local studies.

Population management strategies are manifest as three main types (Fig. 2). The
first strategy is for rare forms. As a result, conservation strategies can vary in different
parts of a range. The second one is for typical pest species. The results of spatial and
temporal research at different scales are important for forecasting, and spatial patterns are
very important in optimizing the use of insecticides, especially fogger treatments. In this
case, the optimal results of insecticide applications are only possible if control programs
are strongly associated with spatial heterogeneity of populations [49, 50]. The third
strategy is for forms with populations distinguished by their status in different areas. In
some territories, such species are subjects for conservation measures and in others their
dynamics and distribution must be managed to prevent damage.
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