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Abstract. Analysis results of long-standing population dynamics of nongregarious locusts in northern regions
of Kazakhstan are presented in the article. Some regularity was revealed. Thus, the expected cyclicity of certain
phases of the phytophagous organisms population dynamics is not always maintained. They are subject to change
under the influence of environmental factors. Based on modeling of long-term population dynamics of this pest, the
main predictors developed prediction of phase state on the basis of substantiated agricultural land to be treated at a
different phase state studied herbivores. The findings may offer us as criteria for predicting trends in the next phase
of the harmful grasshoppers population dynamics in Northern Kazakhstan.

Introduction. Locusts and grasshoppers, as a kind of herbivores, give rise to many problems. One of
the most important is related to the frequency of their mass reproduction in space and time. In such
circumstances, sometimes it is very difficult to maintain the functioning of locust monitoring [1-4].

In Kazakhstan habitat home to over 270 species and sub-species of grasshoppers insects. Among
them periodically heavy damage to farmland cause only 15-20 species [5,6]. Fauna of pest locusts and
grasshoppers is presented mainly Calliptamus italicus L. - one of the most harmful species, Dociostaurus
maroccanus Thunb., Locusta migratoria migratoria. Along with a gregarious species of locusts in the
republic territory no small importance are nongregarious kinds of locusts or harmful grasshoppers. The
most common types include: Dociostaurus kraussi Ingen, Dociostaurus brevicollis Ev., Aeropus sibiricus
L., Arcyptera microptera FdW, Chorthippus albomarginatus Deg. and Stauroderus scalaris FW, Steno-
bothrus fischeri Ev. |7,8]. Of these, the most frequently encountered species include Stenobothrus fischeri
Ev., Chorthippus albomarginatus Deg., Aeropus sibiricus L., Dociostaurus brevicollis Ev. They are found
on all of the above habitats, reservoirs, pastures and hayfields. Other species are less common [9].

Long-term analysis of the population dynamics makes it possible to identify the main environmental
features, causes and patterns of population dynamics of harmful grasshoppers, and also allows building
some forecast predictors based on the integral indexes of the population dynamics phases [10].

The Body. According to the methodology [11-13], to produce specific indexes or predictors of long-
term forecasting of pests, it is necessary to conduct a long-term analysis of the population dynamics of
these herbivores and based on the existing laws to build forecasting predictors of the phase population
dynamics. To do this, we had collected and thoroughly investigated perennial materials of distribution and
populations farmland of harmful grasshoppers in northern regions of Kazakhstan. To identify the causes
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and characteristics of the population dynamics of these pests, in the research areas we conducted
appropriate tests. This compared changes in the abundance of years and with the state of biotic indices,
abiotic and anthropogenic factors of their habitat. This made it possible to understand the underlying
causes of fluctuations in numbers of this species in the regions.

We have made a systematic analysis of the population dynamics of harmful grasshoppers the past
16 years. An analysis of the dynamics of harmful grasshoppers population complex in northern
Kazakhstan for 1998-2013 years, will help to build and develop a system of numerical indicators
(Tables 1, 2 and Figure).

Table 1 — Population of farmland by harmful grasshoppers in Northern Kazakhstan
(Akmola, Kostanai, Pavlodar, North Kazakhstan oblast), 1998-2013 years

Years Examined area, Populsted area, i i Population
Thousand, ha Thousand, ha respective, main, exemplar/ absolute, exemplar/
% examined area examined area

1998 2955,0 12223 41,3 72 2,9
1999 7650,5 6789,1 88,7 6.3 5,5
2000 13210,1 37172 28,1 1,0 0,2
2001 8312,2 3456.5 41,5 8,1 3,3
2002 1455,5 4533 31,1 7.3 22
2003 2312,3 789.9 34,1 5,6 1,9
2004 1154,7 464,1 40,2 6,0 2.4
2005 822,03 636,1 774 49 3,7
2006 1596,3 1027.8 64,4 48 3,0
2007 1437.,05 10459 72,8 54 3,9
2008 1256,7 9174 73,0 6,0 43
2009 1467,9 11574 78,8 6,7 5,2
2010 8329 701,6 84,2 5,7 477
2011 1185,5 9252 78,0 5,6 43
2012 2480,7 2001,2 80,6 6,7 54
2013 1235,7 939,8 76,0 5.5 4,1

Table 2 — Harmful grasshoppers population indexes in Northern Kazakhstan
(Akmola, Kostanai, Pavlodar, North Kazakhstan oblast), 1999-2013 years

Years Di_spersal Population Net _ E1_1ergy of Energy (_)f Progradation
index index reproduction dispersal reproduction index

1999 2,1 0,8 1,6 - - -
2000 0,3 0,1 0,03 0,6 0,04 0,02
2001 1.4 8,1 11,2 0.4 0.8 0,3
2002 0,7 0,9 0,6 0,9 7,05 6,3
2003 1,0 0,7 0,7 0,7 0.4 0,2
2004 1,1 1,0 1,1 1,1 0,7 0,8
2005 1,9 0,8 1,5 2,09 1,6 3.3
2006 0,8 0,9 0,7 1,5 1,09 1,6
2007 1,1 1,1 1,2 0.8 0.8 0,6
2008 1,0 1,2 1,2 1,1 1.4 1,5
2009 1,0 1,1 1,1 1,0 1,3 1,3
2010 1,1 0,8 0,8 1,1 0,9 0,9
2011 0,9 0,9 0,8 0,9 0,7 0,6
2012 1,0 1,2 1,2 0,9 0,9 0,8
2013 0,9 0,8 0,7 0,9 0.8 0,7
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Main and absolute population dynamics of harmful grasshoppers in Northern Kazakhstan, 1998-2013 years

Variations of relative and absolute populations according to years, index of reproduction, the energy
of dispersal and reproduction and progradation index had more prognostic value. The following
diagnostic features of harmful grasshoppers gradation phases by years have been established.

Table 3 — Diagnostic features of harmful grasshoppers gradation phases, 1998-2013 years

Dynamics phase Diagnostic indicators Years
Depression Energy of dispersal — energy of reproduction < 2, Reproduction index< 1 | 2002, 2003
Population growth Energy of dispersal - energy of reproduction < 2, Reproduction index > 1 | 2001, 2004, 2007, 2008
Population boom Respective population, Absolute population, Progradation index — max 1999, 2005, 2009, 2012
(Mass reproduction)
Population peak Respective population, Absolute population, Progradation index > max 2010, 2013
Population decline Energy of dispersal - energy of reproduction < 2, Reproduction index < 1 | 2000, 2006, 2011

According to the diagnostic features of harmful grasshoppers gradation phases, population boom
(mass reproduction) took place in 1999, 2003, 2009. Population peak was observed in 2010 and decline in
2000, 2006, 2011. Depression was in 2002 and 2003, while the population growth was marked in 2001,
2004, 2007, 2008, 2012. However, in the dynamics gradation phases the consistent sequence of certain
dynamics phases is not always maintained. They may vary and occur inconsistently. So, after population
decline in 2000, stepping over the phase of depression, population growth was marked in 2001. And in
2002 - on the contrary, instead of growth a phase of depression came.

In general, long-term fluctuations in the number of insects depend largely on human activity
(anthropogenic factor) and climatic conditions (abiotic factor). Thus, large-scale changes in agrocenoses
occurred in cenoses in the above years, had a marked effect on the population dynamics of locusts. Under
these conditions, the rise of the abundance and the mass reproduction of herbivores lasted 4-5 years, and
the migration of insects on crops uncultivated land becomes a regular. Also found a close correlation
between solar activity (Wolf number) and locust breeding [11].

Meanwhile, the fluctuation of the population dynamics of harmful grasshoppers largely depends on
the abiotic and to a lesser extent by biotic factors. Namely, depending on the weather conditions the
previous and current year, as well as the completeness of the scope and timeliness of chemical control of
locusts in the previous year [12].
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In the process of population dynamics of pests observed regularities of phase change of qualitative
state populations predetermining intrapopulation, intraspecific and interspecific relationships. Variation
phases of population dynamics is primarily determined by food supply and the effects of weather on their
formation and distribution.

Over the full cycle of the dynamics of reproduction of pests can be allocated to the five phases of
population variability. Most often said ring population dynamics of pest species is incomplete. Thus, the
phase of depression may occur immediately after the settlement, if sharply deteriorating living conditions.
For drawing up long-term forecasts are extremely important statistical information system analyses of
changes in population dynamics for several years.

We conducted a systematic analysis of the dynamics of population complex harmful grasshoppers in
northern Kazakhstan for the period 1998-2013 years, will help to build and develop a system of numerical
indicators that are important prognostic direction.

Based on the results of these analyzes have been built support schemes (Tables 4 and 5) diagnostic
predictors of population status of harmful grasshoppers and their quantitative characteristics in different
phases of their dynamics to produce long-range forecasts.

Table 4 — Diagnostic predictors of phase status of harmful grasshoppers populations at different dynamic phases

(in Northern Kazakhstan)
Population dynamics phase

# Diagnostic indicators Depression | Increase in Mass Abundance | Abundance

abundance reproduction maximum decay
1 | Relative colonization, %/surveyed area 0-35 35-75 75-100 75-50 50-35
2 Absolute colonization, spec./surveyed 0-2 2.4 46 6-4 40

area

3 | Expansion energy 0.1-0.9 0.9-1.1 1.1-2.0 2.0-0.9 0.9-0.1
4 | Reproduction energy 0.1-0.7 0.7-1.5 1.5-1.7 1.7-0.7 0.7-0.1
5 | Net reproduction 0.1-0.7 0.7-12 1.2-1.6 1.6-0.7 0.7-0.1
6 | Progradation rate 0.1-0.3 0.3-1.5 1.5-3.3 3.3-03 0.3-0.1

It should be noted, gradation data were built based on the analysis system during those 16 years.
Thus, the phase state of populations of harmful grasshoppers depends on change of several numerical
indicators (relative population, absolute population, etc.).

Based on the essential difference between them and other literature [12, 13] Forecasting pest have
been made more quantitative characteristics (the density of adults, the density of egg capsules in the soil,
etc.) to build a long-term forecasting of the expected number of herbivores (Table 5).

Table 5 — Predictive model of quantitative aspect of non-gregarious locusts populations at different dynamics phases

(in Northern Kazakhstan)
4 Population . Summer survey . . Autumn survey .
dynamics phase R@latl_ve Imago denglty, Den51ty (_)f egg-potg Infestation o_f egg-pots
colonization, % spec./m in the soil, spec./m by parasites, %

1 | Depression 0-35 3.0-5.0 0.01-3.5 >25

2 | Increase in the abundance 35-75 5.0-15 3.5-5 25-15

3 | Mass reproduction 75-100 15-30 5-15 15-10

4 | Abundance peak 75-50 30-15 10-5 10-15

5 | Decay in the abundance 50-35 15-3.0 5-35 <15

The basis for the construction of this projection, the recommendations have been taken of guidelines
for other pests [11-14].

Results of analyzes of indicators measures the levels of pests listed in Table 2 were taken to
rounding. Since, for the construction of the predictors tone required system parameters and sequence
numbers. The table shows the predictive model -5 quantitative characteristics of populations harmful
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grasshoppers at different stages of their dynamics. Also, these figures need to reference in making early
projections in determining the phase dynamics of pest populations.

Rational planning of the volume of protective treatments is an important element of preventive plant
protection organization. We know two types of planning volumes protective measures: the current
calculated for a year or a season, and a multi-year, justifying the need for plant protection products on the
five-year period and more. Both types of planning based on the corresponding forecasts of distribution
and development of pest - annual, seasonal and perennial.

To use the data planning summer adult locust survey and the autumn survey of egg capsules.
According to the logical model of the quantitative characteristics of harmful grasshoppers populations at
different phases of their dynamics can be represented in a table model on the areas treatments against
harmful grasshoppers in northern Kazakhstan (Table 6).

Table 6 — Agricultural area to be treated against the locusts nongregarious complex harmful, depending
on the phase of population dynamics (Northen Kazakhstan)

_ _ Northen Kazakhstan
# Populatl(ﬁlaggnamlcs Relative colonization, The area required for treatment insecticides
P % Thousands of hectares In % of the populated area
1 Depression 0-35 <10 <10
2 Increase in the abundance 35-75 60-90 40-45
3 Mass reproduction 75-100 200-250 60-70
4 Abundance peak 75-50 150-200 50-60
5 Decay in the abundance 50-35 40-60 <30

Irrational uses of pesticides in agriculture lead to their accumulation in the soil, food. However, there
is no doubt that the rise of farming, improved pesticide application technology, limiting their use, strict
dosage when applied to the soil can significantly reduce their negative impact. The treatment of crops
with pesticides should be done in the recommended timeframe. Especially strictly necessary to comply
with the terms of recent treatments before harvest, are listed in the "List of chemical and biological means
of pest control, plant diseases and weeds".

Conclusion. On the territory of Northern Kazakhstan periodic mass reproduction of harmful
grasshoppers increases their value as dangerous pests of agricultural lands. The above analysis of long-
term population dynamics of harmful grasshoppers is a determining factor in the long-term forecast of the
abundance these polyphagous pests. It was found that the change in the population dynamics of harmful
grasshoppers depends largely on the state of the abiotic and anthropogenic factors. The established
patterns of change in the population dynamics of herbivores allowed for support scheme diagnostic
predictors of These pests population status and their quantitative characteristics in different phases of
dynamics to produce long-range forecasts. It is a necessary part of pest forecasting.
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SUAHABI CAAK IWETTPTKEJEPAIH NOITYJIALINWA THWHAMUKACBIH
KOII’KBLJIABIK TAJTAAYBI — OTAPJABIH CAHABIJIBITBIH Y3AK MEP3IM/II
BOJIZKAYAbIH AHBIKTAYIIBI ®AKTOPHI PETIHJE

K. C. Baiidycenon
Kazax yaTThIK arpapislk yHEBEpcuTeTi, AmMarsl, Kasakcran

Tipek ce3mep: 3WIHIBI CASIK IICTIPTKENEP, TAPANYbI, CAHIBLIBIK JHHAMHKACHL, O0DKaMIay, (paszamibIk >KaFmaiisl,
conrycrik Kazakcras.

Annoramua. Maxkana conryctik KasakcTtaH afiMaFpIHIAFbl HETI3TI 3HAHABI CAafK MICTIPTKCIICP KCIICHIHIH
TIOTLY JUIIUST THHAMHUKACHIHBIH KOIDKBULABIK TAJJdyJ1ap HOTIKEJICPI MEH COHBIH HETI31H/C aHBIKTAIFAH OJAp/IbIH CaH-
JANBUTBIFBH OODKANTHIH NMPSAUKTOPIIAP KAWBIHIA OW KO3FAIbl. OTKI3UITCH Tangay HOTICKCICPI Oy 3HAHKECTED
CAHIBUIBIFBIH Y3aKMEp3iMal OOIDKANTBIH AHBIKTAYINBI (DakTopbl OoJsbIm TaOBLTAABL. MomiMETTEpHiH KOpceTyl
OOUBIHINA, 3UAHIBI CASK MCTIPTKCICPAIH CAHABLIBIK JHMHAMHKACHIHBIH 63repyi KoOiHeCce adHOTHKATIBIK KOHE aHTPO-
MOTECHAIK (PaKTOpIApABIH *KaFAaibIHA Toyendl 6onansl. DurodarrapablH CaHABUIBIK JUHAMHKACHIHBIH AHBIKTAIFaH
OyHIal 3aHABUIBIKTAPBI, 3HAHABI CASIK INCTIPTKENCP IOIYJLIIICH >KAFJAHbIH KOPCETETIH JHATHOCTUKAIBIK IIpe-
JUKTOpNAp CYIOACHIH KYpaCTHIPYFa, COHal-aK, Y3akMep3iMai OomKkaMaapabl >KOHE KOPFay IMapalapblH HETi3ACYAC
OYJ1 SHAHKCCTCPOIH Op TYpJi AWHAMHAKA (Da3agapblHOAFBI CAH MOJMICPiIHIH KOPCCTKIINTCPIH AHBIKTAYFa CCMTITiH
Turizai. Byn gpurocanuTapIiblk 00mKAMHBIH KQKETTI KypaMaac 0emiri OOJIbIN ecenTemnei.

MHOT'OJIETHAM AHAJIN3 ODOMYJIAIAOHHOMI AAHAMUKHA
BPEJJHBIX HECTAAHBIX CAPAHUOBbBIX KAK OIIPEAEJAIOIIANA ®AKTOP
J0JT'OCPOYHOI'O INTPOI'HO3A UX YAUCJIEHHOCTH

K. C. Baiidycenon
Kazaxckuii HannOHAIBHBIN arpapHbIH yHUBEPCUTET, Amvarsl, Kazaxcran

Kmo4eBsble c/10Ba: BPeIHBIC HECTAIHBIC CAPAHUOBBIC, PACIPOCTPAHCHHE, JHHAMHUKA YHCJICHHOCTH, POTHO3H-
poBanue, pazoBoe COCTOSHHE, CeBEpHbIM KazaxcraH.

Annortamust. CTaTbsg NPE3EHTYET PE3yIbTATHI MHOTOJICTHETO aHAIN3A IO Iy JBIIIMOHHONW JHHAMHKE OCHOBHOTO
KOMIIJICKCA BPETHBIX HECTAIHBIX CAPAHYOBBIX CEBEPHOTO Ka3axcraHa M MpeanKTOPHI MPOTHO3HPOBAHUS UX YHCIICH-
HOCTH, 0OOCHOBAHHBIC C IIOMOIIBIO JAHHOIO aHaiu3a. IIpoBeICHHBIM MHOTOICTHHH aHAIM3 ABICTCA ONPEACILIIO-
omM  (pakTOpOM TONTOCPOYHOTO ITPOTHO3A UKMCICHHOCTH JAHHBIX MHOTOSTHBIX BPEAMTEICH. YCTAaHOBICHO, YTO
H3MCHCHUE TUHAMHKH YHCJICHHOCTH BPCIHBIX HECTATHBIX CAPAHYOBBIX BO MHOTOM 3aBHCHT OT COCTOSHHS a0HO-
THYCCKHX W AHTPOIOTCHHBIX (PAKTOPOB. YCTAHOBJICHHBIC 3aKOHOMEPHOCTH HM3MCHCHHS AWHAMUKH YHCICHHOCTH
(uro(aros MOZBOIMIN COCTABUTH OMOPHBIC CXEMBI AHATHOCTHYCCKUX IMPEANKTOPOB COCTOSIHUS ITOILY LI BPEa-
HBIX HECTATHBIX CAPAHYOBBHIX, 4 TAKKE MX KOJIMYCCTBCHHBIX XAPAKTEPHUCTHK HA Pa3HBIX (pazax AMHAMHKH I
COCTABIICHHUS JOITOCPOYHBIX MPOTHO30B M OOOCHOBAHWS 3AIMUTHBIX MEPOIPHATHH. 3TO SBISICTCS HEOOXOIMMOU

COCTABHOM YACTHIO (DUTOCAHUTAPHOTO MPOTHOZHPOBAHHSL
Hocmynuna 10.10.2015e2.




