UDC 595.726+391.526 (571.1/%) zntomological Review, 72 (4

{997

Reguiarities of Distribution of Orthoptera Populations |
Natural and Anthropogenic Areas of Mountain
Depressions in Southern Siberia*

[.G. {AZAKOVA and M. G. SERGEEY

Biological [nstitute, Sibertan Branch. Russian Academy of Sciences. Novosibirsk

Abstract. Four groups of species with similar »atterns of topographic distribution
are distinguished for 49 species of Crthoptera in :depressions of mountains of S
Siberia. Regularities of changes of locality preferences of the species from one
depression tc another are shown. Peculiarities of settling of agrococenoses by species
of each group are revealed. Correlation of orthopteran distribution 1 natural and
anthropogenic areas with specific geographical, e.g., chimate, features ot the hollows
is demonstrated.
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Spatial populanion structures describe ecoevolutionary characteristics of species and are ne:
for the substantiation of forecasts of their activity in biocoenoses, including anthropogenic one:
1s especially important in such an economically important group as Orthoptera. According to
(1977) such groups are expressed in regular distribution of individuals and their groups m are
modern concepts of spatiai populanon structures are usually based on the distribution of individ
two-dimensional space. [n spite of this, an approach is being actively develeped (Tupikova.
Flint, 1972; Korenberg, 1979; Danilenko, 1980: etc.) which is obviously not sufficient when apr
small animals, mcluding insects. In this situation it is necessarv to introduce the third dir
altitude. or the vertucal distribution. including drainage differentiation of areas and their
(Gorodkov, 1985). One possible way of understanding regularities of the three-dimensional d:
tion of population groups may be developed on the basis of concepts of inner topographic pop
structure of the range Stebaev and Sergeev, 1982), developed from the classic studies of Bey-:
(1930, 1959, 1966) on zonal succession of habitats and worked out mainly for large geog
categories of rank of zone, subzone, or sector.

However, in each actual region. beginning with physiographic province and extendin:
including drainage series of areas such as river basins, it is also important to kanow mor:
patterns of distribution of population groups of species among areas and their subdivisions (S«
1989). Investigations at these levels permit approaching the solution of the problem of the forma
local faunas and muitispecific communities, including also those of anthropogenic areas. Prev
such models were worked out for regions at the rank of physiographic provinces with the exan
Orthoptera and some other insects by Stebaev (1971, 1974) and by Stebaev with other rese:
(1988). However, such reports are lacking at the basin level and the aim of this paper is to fill th!

The choice of S Siberia with its well-isolated lowlands as our study area was determ:.:.
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the fact that its Orthoptera fauna 1s well studied, the topographic structure is complex. and most natural
habitats are little disturbed and combined with diverse anthropogenic areas.

rour lowlands in which mvestications were conducted in 1978, 1983, and 1988 form a peculiar
-es ranging from the warmest and most humid Edigan Mountain depression o the most arid and
.. .olest Khandagay Mountain depression.

The largest. Edigan depression 1s i C Altar and is associated with the wider part ot the Katun
River valley and the rift, in which the Edigan River valley is located (Zyatkova, 1977). Here. in the
foothill plain. tvpical steppes have developed. The three remaining depressions are located in Tuva.
Among them Balgazyn Mountain depression ts the warmest one, adjacent to the NE slope of the &=
Tannu-Ola Mountain range and s characterized by diverse herbaceous-graminaceous steppes. The
Usunur Mountain depression is the largest and generally at a higher altitude and therefore its clumate
i. ooler; because it is shadowed by the Tannu-Cla Mountan range its climate 1s also more arid. Vast
fcothill plains of this mountaimn depression in Tuva are occupied predominantly by turt and desert tvpe
of steppes. The lesser Khandagay Mountain depression ts next o the Josunur Mountain depression: it
has a similar type ot vegetation, bur it is at still greater altitude and its climate s harsher

The studied lowlands are characterized by sumilar species diversity of Orthoptera. In the transects
studied in the Balgazyn depression 33 species. in the Kandagay depression 38 species, in the Edigan
devpression 43 species, and in the Ubsunur depression 44 species were found. The species composition
o~ e Edigan depression is the most charactenistic. [n this area 17 species were found which until then
h:  aever been recorded in S Tuva. Together with W Palearctic Orthoptera, Poecilimon intermedius
(Fieo.) and Chortippus parallelus (Zett.), there are some forms limited largely to the E Palearctic und
distributed around Tuva in the N, (" wethalinus (Zub.) (Sergeev, 1986). The lowlands ot Tuva, espe-
cially the Ubsunur and Khandagay lowlands, are similar to each other. However, the Ubsunur depression
contains desert Orthoptera, Compsoriupis lavidiana (Sauss.) and Sphingonows bevbienkoi L. Mistsh. At
the same time 2 certain peculiaritv of the tauna of Orthoptera of the Khandagay depression 1s caused
by the subendemic species of Altai. Stenobothrus newskii Zub.. which we found in its high mountain
part. The fauna of the Balgazyn depression differs in the presence of mesophilic, multizonal. and
for- ~-steppe species, which are in common with the fauna of Edigan depression, Dectics versucivois
(L., :nd Euthvstira brachvprera 1Ocsk).

[n each mountain depression we set up a system of ecologic transects. each ot which included the
entire topographic diversity. from mountain watershed to river and lake vallevs. The location of the
transects was determined by the character of altitude-related zonality and direction of river valleys. All
majer topographic plots were investigated by time survey (Gause, 1930 Kashkarov. 1933 etc.). The
total number of 423 survevs was made n 28 transects and. as a result. about 40,000 specimens
belenging to 69 species of Orthoprera were collected.

Ne sincerely thank [. V. Stebaev and T. T. Myagkaya for granting permission to examine some
of their collections from the Ubsunur Mountain depression.

We macde models of local areal-populational structures of species as suggested by Stebaev (1974,
and Stebaev and Sergeev (1982). As a basis we had matrices in which transects were shown horizon-
tally from the lowest to highest localities and parts of the area were shown vertically (Fig. 1). Compari-
Son of species matrices of each lowland permits distinction of basic groups of species (naturally. one
Spe~== in different depressions may belong to different groups).

L. Group of species associated with N slopes of mountain ranges. This group is represented bv a
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ew species n all lowlands (Table). In the Edigan and Ubsunur lowlands, these are represented by
species widely distributed in the Palearctic, inciuding its forest zone: Mewricoptera brachvptera (L),
Terngonia viridissima L.. and Melanoplus frigidus (Bon.). in the Khandagay depression this group in-
sludes chietly species associated with deserts and semudeserts ot C Asia: Deracantha deracanthoides
3.-Bien.) and # baranovi{B.-Bien.). Under these conditions they are distinctly associated with N
iopes, but only in thewr lowest parts, with thickets of Curagana sp.. where these grasshoppers often live
-Sergeev and Bugrov. 1988).

Typical habitats of most other Orthoptera of this ¢roup are humid, with diverse herbaceous
vegetation and rarely with grass-Curex meadows. Such species may also occur along forest edges and
under mixed forest canoov. A few of them. Zubovskyu koeppeni (Zub.) were found only on N slopes
(Fig. la). Most spectes occur mn the S, mainly in quite humid habitats. Some of these species of
~ hoptera also mhabit floodplains (7 intermedium). The densitv of such species is not high and only

some representatives the abundance exceeds 100 spms. per hour. for example. Chortippus dorsatus
(Zett). {n oeneral the distribution of population groups ot such Orthoptera 1s of local character, caused
particularly by the mosaic distribuuon of habitats. Species with high population density are distributed
relatively continuously, especially in river terraces and iower parts of mountain slopes. It is interesting
that Crrhoptera associated with N slopes are hardly ever found in field agrocoenoses.

2 Group of species assoctated with S slopes. This eroup is well represented m ail lowlands, ex-
cept the Ubsunur: in this lowland the group is formed almost exclusively of €' Asiatic desert-steppe
s~ es of Orthoptera, which in general are associated with mountain foothill plains and upper river
v... v terraces In the Edigan and Khandagayv lowlands. among species associated with S slopes some
forms are wvidely distribured 1 the forest-steppe and steppe zones of the Palearctic' Paracvprera
microptera {F.d. W i, Chortinppus apricarius (L), and 8rvodema wberculamum (F.). [n the Balgazyn
lowlands the S slopes are mhabited predommantly by E Palearctic mesophilic Orthoptera (Gampsocleis
sedakovi F. d. W, Calliptamus abbreviams Tkonn.. and Chorthippus hammarstroemi (Mr.)), and to a
lesser extent by their W Palearctic ecologically similar counterparts, Stenobothrus fisheri (Ev.s and 5.
eurasins Zyb.

Jlost species of ‘his group are associated with steppe and even desert habitats. In different

slopes, but concentrate in therr arid parts; this 1s also seen m the Ubsunur lowland. In the Khandagay
lowland similar species were not found on N slopes. Species of this group hardly penetrate into river
floodplains and there occur locallv. Some orthopterans reach very high population density, C
hammarsroemi having a recorded density above 2000 spms. per hr., C. apricarius up to 500 spms. per
br., Celes skalozubovi Adil. and Vivrmeleotettis pallasi (Zub.) over 200 spms per hr. Therefore on S
slopes such species are distributed almost continuously. from the most arid to the most humid habitats
In ac“Hion, they actively migrate to fields and pastures to form considerable aggregations (C.

Fig. i. Major types of areal-populational structures of Orthoptera of the Edigan (a-d) and
Ubsunur ‘owiands (e-h). /-4) Groups of species associated with various areas: /) N slopes, 2) S
slopes, 3) foothill plains, 4) river valleys; a) Zubovsiva koeppeni (Zub.), by Chorthippus
hammarstroemi (Mir.), ¢) Stenobothrus eurasicus Zub.. d) Chorthippus parallelus (Zett.), &)
Montana montana (Koll.y, 1) Brvodema holdereri Kr., g B. gebleri (F. d. W), h) Chorthippus
‘alicze Zub.y; NY N oslopes, S) S slopes, U) upper oarts, M) middle parts, L) lower parts, F)
1 plains and alluvial cones: 1) upper terraces. [) lower terraces, V) valleys; A-D) levels
v. ~undance: A) highest abundance of species, B) moderate abundance, C) low abundance,
D) intensive invasion into the anthropogenic agrocoenosis.
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Distribution of species of Crthoptera associated with areal-populational groups

Group Lowland
’ Edigan Baigazyn Ubsunur | Khandagay

Species associated with

a) N slopes 6 " 6 4

b) > slopes 12 13 4 10

¢) foothill plains 7 10 12 4

d) valleys 12 3 22 {0
Total 43 33 44 38

Note. In the Balgazyn lowland. N slopes and anthropogenic areas were not investi-
gated.

hammarstroemi was recorded at a density of 300 spms. per hr.; (Fig. 1b). However, this situation is
typical only in the Altai, where species assoclated with S slopes reach the highest density.

3. Plain species. These species are most typical of lowlands of Tuva, where large areas of
foothill plans are better developed. In the Edigan lowland. among plain species, the mesophilic W
Palearctic species, Moniana eversmanni (Xitt.) and S. eurasius are widely represented. [n the Balg:
lowland, where meadow steppes with diverse herbaceous wvegetation are often developed. ¢
transpalearctic forest-steppe species D. verrucivorus and E. bruchyprera are common. [n the Ubsunur
and Khandagay lowlands most plain species are restricted in their distribution to arid regions of C
Asia. These are primarily Orthoptera of the tribe 3ryodemini.

Plamns Orthoptera are most numerous in mountain foothtil plains and alluvial cones with zonal
vegetation. In river floodplains they are not found. On N slopes they are distribured locally and on S
sloves some species, such as G. sedakovi and S. eurasius, occur more often (Fig. 1¢). In the Altal the
most abundant species are 5. eurasius (over 170 spms. per ir) and Chortippus failux «Zub.) (o7 20
spms. per hr.). They rarely spread into agrocoenoses, sometimes forming aggregations. in C. falluy up to
210 spms per hr. In the Ubsunur lowland the density of species of this group was higker (in Oedaleus
decorus (Germ.) up to 600 spms. per hr., and 1n M. paipuiis over 200 spms. per hr.). In the remaining
lowlands of Tuva their density is considerably lower. Most plains Orthoptera of Tuva form diffuse
populations and, unlike those of Altai, actively intrude into agrocoenoses. In irrigated fields, aban-
doned fields, and roadsides geophilic Orthoptera of the tribe Bryodemini (Brvodeniu orientale B.-Bien..
B. gebleri (F. d. W.) (Fig. 1g), Angaracris barabensis (Pall.) and also C. abbrevianisy are common.

4. 4 group of vallzy species. The specific diversity of this group in the studied lowlands iuctuates
greatly. However, ecogeographic characteristics of such Orthoptera in general are uniform: These are
Palearctic species widely distributed in the forest, forest-steppe. and steppe zones: Bicolorana bicolor
(Phil.), Tewrix subulata (L.), and Omocestus viridulus (L), etc.

Only in the Ubsunur lowland are the E Palearctic Orthoptera associated with most humid areas
of river valleys found (Eirenephilus longipennis (Shir.) and C fallax). The C Asiatic species C. davidiund

and W Siberian species associated with arid upper terraces are distinctly associated with river =1eVs.

Orthoptera of this group are most abundant in meadows. rarely in swampy and salty parts Of
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Lowlands

Edigan  Balgazyn Ubsunur  Khandagay
N Slopes ﬁ%
S Slopes
Foothill plans =
Valleys ot
AJ‘ldi[y

Fig. 2. Major directions of changes of areal asscciations m the
transitions from one lowiand to another.

ser floodplain and low terraces (Fig. td and th). In the Altar about half of them almost do not extend
onto mountain slopes and remain in meadow habitats on not only N but also S slopes. Such species as
Omacestus haemorrhoidales (Charp.) and C. biguiatus are associated with river terraces and almost
never occur in floodplains. The population density of river valley Orthoptera may be very high (¢
parallelus and Stauroderus scalaris (F d. W.) reached above 2000 soms. per hr and Chrotippus
intermedius (B -Bien) above 1000 spms. per hr.). These 3 spectes and also Podisoma pedestr:y (L.) ac-
tively penetrate into pastures and fields located n lower terraces (Fig. 1d) and in insignificant quantities
into other agrocoenoses, mostly those with ruderal vegetation. In Tuva the most vailey Orthoptera do
30 beyond the limits of the floodplain and tloodplain terraces. They are characterized by lowJ
ceziers of high density. This, for example. 1s typical of Chorthippus albomurginams (Deg.). (
intermedius, and C. dichorous (above 1000 spms. per hr.). As well as in Altar. some valley species
occur in felds. Among them B. wberculatum, Tetrix tenuicornis (Sahlb.), and .. fallax are most com-
mon.

Comparison of spatial distribution of species found m several investigated lowlands enables one
to cite for several the following peculiarities of their topographic associations. A considerable group,
ab~wt 1/2 of the total number of species, are mesophilic and meschygrophilic Crthoptera: M. brachvprera,
T ulata, Chorthippus montanus (Charp.), C. albomarginatus, and Stethophyvma grossum (L.). At the
Same time similar habitat association is displayed by some species of the S slopes (Podismopsis altaicu
Zub., Stenobothrus linearus [Panz.}). and species of plains (G. sedakovi and B. gebleri). Among re-
mainmg Orthoptera several groups which changes in their topographic associations in different depres-
sions may be distinguished. It is interesting that the sharpest differences in habitat associations of
Orthoptera are observed between the Edigan and Balgazyn lowlands. on one hand, and between the
Ubsunur and Khandagay lowlands, on the other hand.

1 most Orthoptera the major factor determining distribution of population groups is the degree
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Fig. 3. Composition of topographic-population groups. a-d) Lowlands: a) Edigan, b) Balgazyn,

¢) Khandagay. d) Ubsunur; N) northern slopes, S) southern slopes, F) foothill plains, V) river

valleys, w) widely distributed Palearctic species (multizonal, forest-steppe and N steppe

Transpalearctic species). h; W Palearctic species: 1) C Palearctic species and endemics of
Altal and Sayan mountains. j) E Palearctic species.

of humidity. With increase of aridity, according to successions of habitats (Bey-Bienko, 1920) the
shift into more humid and less heated habitats.

At the same time in some species there are different models of topographic associations in whic
temperature is a determining ractor. Thus, for example, 5. eurasius in the Edigan lowland is concer
trated in foothill plains and alluvial cones, whereas in Tuva, according to our data, it is associate
predominantly with well-heated mountain slopes. A similar pattern is observed in M. frigidus. ™ B¢
are interesting because in many investigations it has been stated that Orthoptera are capablie o mair
taining constant body temperature within a broad range of environmental temperature which in th
presence of direct sunlight secured for them considerable thermoregulatory independence (Chappe
1983; Hunter, 1683; Kemp, 1986). It is possible that S. eurasius and M. frigidus belong to species
which this capability is low.

Finally, there are several species of Orthoptera in which the material studied a distinct rule ¢
succession of habitats is not observed. These are species associated mamly with a certain *~=¢zraph
type, but in one lowland are distributed beyond its limits. Thus, Montana montana (Koll.,. .</cxpre’
fusca (Pall.), O. haemorrhoidalis, and C. intermedius in general are associated with mesophilic habita

of river valleys and mountain siopes, but in the Balgazyn lowland they are distinctly associated Wi
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foothill valleys, which here are otten filled with graminaceous-diverse herbaceous vegetation ot steppe-
type meadows. The distributional pattern of such species as C. uporeviatis, C. hummarstroemi, and 5.
tmbercilanum 1s associated predominately with S slopes. but in the Ubsunur lowland is associated less
clearly with foothiil plains and even valleys. Causes of these deviations are probably of different
sharacter m each individual case and require further investigation.

All lowlands compared here differ in their local faunas, particulariv in the representation of
eroups of Orthoptera that we disunguished in their zoogeographic characteristics and their distribution
in the anthropogenic habitats.

Thus, the Edigan lowland s characterized by predominance of species associated with vallevs
and 5 mountain slopes (Table:. Here Orthoptera widely distributed in the forest. rorest-steppe, and
teppe zones of the Palearctic (Fig. 3) are predomimant. Mostly W Palearctic steppe species are
ssociated with plains. The parttern observed reflects connections of this small lowland with Altai plain
regions along the Katun River valley and in the case with the boreal species such a connection was
maintained along mountain ridges.

The Balgazvn lowland connected with the Yenisey River basin m this respect resembles the

Edigan valley. Here too the role ot muitizonal and forest-steppe Transpalearctic species is considerable.
a

but in communities on S mountain slopes with their shrub-steppe mesoxerophilic E Palearctic Cr-
thoptera are especially distinct.

The characteristics of local faunas of the Ubsunur and Khandagay lowlands, which have no
dramnage, are determined bv S steppe, semidesert, and partly by desert C Asiatic species (Fig. 3). Only
in high and medium mountains and also m valleys Orthoptera are widely distributed in the Palearctic
distinct. Here forms with different types of ranges such as E and W Palearctic species are also
assoctated with vallevs.

Therefore. analysis of topographic distribution of population groups of Orthoptera confirms the
fact that the lowlands belong to different zoogeographic regions. Thus, the Edigan and Balgazyn
It ands belong to the steppe-type of subprovince of Palearctic. while the Ubsunur and Khandagayv
lo v.ands belong to the Ancient Mediterranean subprovince (Sergeev, 1986). The first two lowlands
also celong to different regions within the subprovince.

High mountains and river vallevs as well are mhabited by relatively uniform ecogeographical
complexes of Transpalearctic Orthoptera associated mainly with various meadow habitats. These land-
scapes are used by similar Orthoptera, but such areas are used by species of Orthoptera as channels for
dispersion into arid regions (Stebaev =t al.. 1988). At the same time topographic habitats in mountains
ars ~losest 10 zonal habitats (foothill plains and to a certain extent S slopes), and are inhabited by
C  otera determining the specific characteristics of each fauna.

Analysis of our material indicates that the possibility of the penetration of various groups of
Orthoptera into agrocoenoses is determined by two major factors: first, by peculiarities of topographic
distribution of agrocoenoses and, second. by the availability of species it is possible to include not cnly
Orthoptera living in habitats naturally similar to agrocoenoses, but also other species reaching high
density in adjacent natural habitats.

“hus in the Edigan lowland the major areas of fields and pastures are located not only in foothill
pl: and upper terraces, but also in lower terraces. Therefore, they are inhabited mostly by valley
SPecies and to a lesser extent by plain species associated with S slopes. At the same time, in Tuva



agrocoenoses located almost exclusively in foothill plains (including overgrazed pastures near human
communities) are innabited mamly by Orthoptera >f the second group, here reaching high density.
Such species actively penetrate not only pastures, abandoned lands, and sparse rrigated crops, but also
irrigated tields with dense ~egetation. Besides plains-living Orthoptera, vallev-preferring Orthoptera
also penetrate, but less often

Therefore, bv the character of the distribution of Crthoptera in natural regions of mountain
depressions in S Siberia 4 large groups of species may be distinguished: species associated with N
mountain siopes, with S mountains slopes, with plains, and with river valleys. Species associated with
steppe habitats on S slopes and plains are characterized by rather integrated population systems (diffused
populations) of considerably density. Valley species also may reach high density, but they are diswrib-
uted in stripes or narrowly insular type of population ranges (Yablokov, 1987). Finally, population
systems of species associated with N slopes are close to the insular type of range structure. Populatic
density of these species is not high.

The importance of each here distinguished group of spectes in mvestigated mountain depressions
is determined by the climate of each given region and its topographic structure, partcularly by the ratio
of areas of specific topographic habitats. Most observed changes among depressions m topographic
associations of species of Orthoptera are also determined by the climatic gradient. As a rule, they shift
from more arid and hot habitats in C Altail to more humid and cool habitats in S Tuva, the decisive
factor is mainly the degrez of aridity and only 1 some cases warmth of the climate. However, abor-
1/3 of the total number of species, mostly vailey species, retain their preference for the same habitat.

The population density and species diversity of Orthoptera in different semunatural ecosystems
and anthropogenic ecological complexes are determined chietly by topographic population structure of
species living in adjacent natural habitats. Agrocoenoses are usually populated by Orthoptera with the
highest population density in adjacent habitats of the same topographic position. Therefore. the pattern
of populations of agrocoenoses in mountain depressions of the S Siberia is considerably different from
those in many other regions of Asiatic Russia and adjacent countries (Vasil’ev, 1963; Naumovich =t
al., 1982; Popova and Serge=v, 1983, Sergeev, 1984, 1985, 1987a, b; Kopaneva and Nasyrova, !¢
because in most of them agrocoenoses are inhabited predominantly by species living 1n similar zr:co
and, as a result. sources of formation of populations of agrocoenoses may be considerably remote.
Therefore, in mountain-steppe mountain depressions of S Siberia, population of fields, pastures, and
hay fields by Orthoptera precedes more intensively and investigation of the pattern of their topographic
distribution and particularly centers ot high density becomes critically important.

LITERATURE CITED
BEY-BIENKO, G. Ya. 1930. Contribution to the problem of zone-ecological distribution of Crrcciers
(Acrididae) in the West Siberian and Zaysan lowlands. [In Russ.]. Tr. po zashch. rast., ser.

entomol. 1(1): 31-90

BEY-BIENKO, G. Ya. 1959. The principles of change of habitats and problem of 1nitial divergence ot
species. [In Russ.]. Zh. obshch. biol. 20(5): 351-358.

BEY-BIENKO, G. Ya. 1966. Change of habitats of terrestrial organisms as biological princinlz It
Russ.]. Zh. obshch. biol. 27(1): 5-20.

CHAPPELL, M. A. Metabolism and thermoregulation in desert and montane grasshoppers. Ogcologie
56(1): 126-121.

78



DANILENKO, A. K. 1980. Mapping analysis of the structure of the range of birds of open lands
(using the example of the black lark in northern Caucasus and plains of Altai Territory). [In
Russ.]. [n: Sovremennye problemy zoogeografii { Modern Problems of Zooveography). Nauka.,
Moscow: 180-217.

FLINT. V. E. 1977. Prostranstvennaya struktura populyatsiv melkikh mlekepitayushchikh (Spatial
Structure of Populations of Smail Mammals). Nauka, Moscow" 204 pp.

GAUSE. G. F. 1930. Studies on the ecology of the Orthoptera. Ecology 11(2): 307-323
GORODKOV, K. B. 1986. A mipartite-climatic model of potential range and some of its peculiarities.
[In Russ.]. Entomol. obozr. 64(2): 295-310.

1{UNTER, D. M. 1983. The mamteqanw of body remperature in adult Australian plague locusts. J
Austral. Entomol. Soc. 22(2): 135-136.

KASHKAROV, D. N. 1933 Sreda : soobshichestvo (osnovy sinekologi) (Environment and Commu-
nity (Basics of Synecoiogy)). Madgiz, Moscow" 244 pp.

KEMP, W. P. 1986. Thermeregulation in three rangeland species. Can. Entomol. |18(4): 335-343,

OPANEVA, L. M., and 5. R. NASYRCVA. 1985 Peculiarities of distribution of Orthoptera i
agricuitural regrons ot Kazakhstan and Kirgizia i the macrotransect from Chu-Balkhash low-
land to nner Tien Shan. [In Russ.} Tr Vsesovuzn. entomol. obshch. 68: 157-158.

KORENRBERC, E. 1. 1979. Biokhorologicheskaya struktura vida (na primere tayezinogo kleshcha)
(Biocheroiogical Structure of Species on the Example of the Tsiga Tick). Nauka, Moscow' 179

pp.

TASUMOVICH., O. N., et al. 1982, On regularities of the formation of populations of Orthoptera :n
agrocoenoses of the Inner Tien Shan. [In Russ.]. In: Formirovanie zhivotnogo 1 mikrobnogo
naseleniva agrotsenozov (Formation of Animal and Microbial Populations of Agrocoenoses).
Nauka. Moscow; 60-62.

POPOVA, L. 1.. and M. G. SERGEEV 1983, Change of communities of Orthoptera of upper and
middle parts of the Amur River region with special reference to industrial activity. [In Russ.]. ia.
Okhran zhivoy prirody (Protection of Living Narure). Nauka, Moscow: 170-172

“RGEEV. M. G. 1981. Peculiarities of diffused type communities of Orthoptera (Insects, Orthoptera)
under city conditions (in the example of the Akadegorodok, Novosibirsk). [In Russ.]. [zv. Akaa.
Nauk SSSR, ser. biol. nauk 13(2): [22-125

SERGEEV, M. G. 1985. Formation of diffused-type communities of Orthoptera in city lawns (in the
example of Akademgorodok, Novosibirsk). [In Russ.]. In: Antropogennye vozdeistviya na
soobshchestva nasekomykh (Anthropogenic [nfluences on Communities of Insects). Nauka: 105-
112.

“GEEV, M. G. 1986, Zakonomernosti rasprostraneniya prvamokrylykh nasekomykh Severnoy Azu
{Regularities of the Distribution of Orthoptera of Northern Asia). Nauka, Novosibirsk: 235 pp.



SERGEEV, M. G. 1987a. Regularities of the formation of communities of Orthoptera in city coenoses
[ln Russ.]. Zh. obshch. biol. 58(2): 230-237.

SERGEEV, M. G. 1987b. Change of the composirion and population density ot Orthoptera in deser
agrocoenoses of southwestern Tajikistan. [[n Russ.]. Probl. osv. pustayn 2: 72-75.

SERGEEV, M. G. 1989. Scale levels of investigation of spatial groups of insects for land evaluatior
[In Russ.]. Vsesoyuzn. soveshch. probl. kadastr i vchet. zhivotn. mir. 1: 148-149.

SERGEEV. M. G, and A. G. BUGROV. 1988. Grasshoppers of the subtamily Derecanthinae (Or
thoptera, Bradyporidae) of Siberia. {In Russ.]. In: Taksonomiya zaivotnikh Sibiri (The Taxonom
of Animals of Siberia). Nauka, Novosibirsk: 46-52.

SHILCV, 1. A. 1977. Ekologofiziologicheskie osnovy populvatsionnykh otnosheniy u zhivotnyk.
(Ecophysiological Bases of Population Relationships in Animals). Mosk. Gos. Univ.: 262 pp.

STEBAEV, I. V. 1971. Ecological Peculiarities and Spatial Structure of Soil-Ecological Complexes o
Brown and Related “ypes of Soils of Mountains of Southern Siberia. [In Russ.]. Author’
abstract of dissertation, Moscow: 55 pp.

STEBAEV, I. V. 1974. The biological principle of succession of habitats and general pecuiiarities
the areal dismibution of Crthoptera (Acrididae) in the example of arid regions of sour:

Siberia. [In Russ.]. Entomol. obozr. S3(1): 2-23.

STEBAE™. [ V., ot al. 1988. Specific features of 2cological standards ot Orthoptera in landscape
with herbaceous vegetation in the Far East. [In Russ.]. Entomol. obozr. 67(2): 241-250.

STEBAEV, [ V., and M. SERGEEV. 1982, [nner topographic-population structure of range in th
example of Orthoptera. [In Russ.]. Zh. obshch. biol. 43(3): 399-410.

TUPIKOVA, L. V. 1969. Zoologicheskoe kartografirovanie (Zoological Mapping). Mosk. Gos. L
Moscow: 250 pp.

VASIL'EV, K. A. 1965. Injurious Orthoptera in the zone of virgin and long-cultivated lands. {I
Russ.]. Tr. Vsesovuz. entomol. obshch. 50: 129-145,

YABLOKOV, A. V. 1987. Populyatsionnaya biologiya (Population Biology). Vysshaya shkola. Mo:
cow: 303 pp.

ZYAT’KOVA, L. K. 1977. Strukturnaya geomorfologiya Altae-Sayanskoy gomoy oblasti (Souctur:
Geomorphology of the Altai-Sayan Mountain Provinces). Nauka, Novosibirsk: 214 pp.

30



