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SPATIO-TEMPORAL DYNAMICS OF VEGETATION
AS A FACTOR OF DYNAMICS OF HARMFUL INSECTS’ POPULATION 
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The article presents data about the influence of vegetation dynamics on the number of harmful insects. It is established that vegetation dynamics during the previous and current years affects the rate of growth of pest populations in a present year compared to last year. Quantitatively this effect is estimated using regression analysis. 
For the qualitative assessment of the impact of vegetation dynamics on the number of pests of sugar beet dynamic maps of the following types are offered: Aphis fabae, Asproparthenis punctiventris, Cassida nebulosa, Cassida nobilis, Tanymecus palliates. This tool allows you to visualize the complex nature of the processes that determine the dynamics of insect populations, including harmful ones.
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Statement of the problem. The problem of the populations’ dynamics over long periods of time is the major problem in environmental studies from many countries of the world. Particularly relevant is the study of the environmental regularities of the dynamics of populations as a basis for environmental prediction. 
There is a need for further study of the environmental regularities of the dynamics of populations of pests of major crops in some soil-climatic zones of our country considering the fact that predictive models still develop on the basis of quantitative indicators of the phytosanitary status of any agricultural lands.  
Analysis of recent studies and publications which discuss the solution to this problem. The concept of landscape and ecological diversity as a factor of sustainable functioning of the agro-industrial complex is based on the works of M. P. Akimov [1]. These ideas in the context of studying complexes harmful entomofauna were creatively developed by such scientists as L. G. Apostolov [2], V. P.  Fedorenko [6], V. O. Barsov [3] and O. M. Sumarokov [5]. 
Principles of agricultural ecology of M. T. Masyuk [4] approach to solving complex interactions of living organisms, environmental conditions and human activities in the functioning of agricultural production.
Among the pests of sugar beet insect belongs to the leading place: they continuously or cyclically damage to sugar beet in different natural-climatic zones of Ukraine. Insufficient knowledge of environmental regularities of the dynamics of certain pests’ populations of sugar beet, the lack of reliable regional methods of forecasting the beginning of their regular population cycles determined the feasibility of performing these studies in the interests of the region of the sugar beet.
The aim of the research is to determine landscape-ecological determinants of the dynamics of populations of certain pests of sugar beet.
The objective of the research is to create a regression model that can be applied for prediction of population dynamics of pests and to assess their explanatory power.
Materials and methods research. To determine the influence of landscape-ecological indicators on the dynamics of insect populations used regression analysis and for graphical display of the influence of vegetation dynamics on the population of pests used a method of dynamic maps. Latin names of insects is given in accordance with the database Fauna Europea (de Jong, Y. S. D. M. (ed.) (2013) Fauna Europaea version 2.6. Web Service available online at http://www.faunaeur.org).

The results of the research. To visualize the impact of vegetation on the number of individual pests of sugar beet we propose a dynamic map. An example of a map for Aphis fabae is shown in picture 1.
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Picture 1. Dynamic map of Aphis fabae
Explanations: x-axis is the order of the scenes shooting last year (8-22) and in the current year (1-7); line denotes averaged over 3 years derivative index NDVI; arrows indicate the sign of the statistically significant regression coefficients influence the dynamics of NDVI on the dynamics of insect populations (arrow pointing up is positive, down is negative).
The map contains a curve which corresponds to the average over the period of the research value of the derivative index NDVI. This curve shows the typical processes of vegetation change during the year within the Poltava region. In time from year to year and in space (administrative districts) there are deviations from the standard values of vegetation dynamics. This variation can cause changes in the status of populations of insects, or be the result of other factors that may also affect populations of insects. 
On the map a statistically significant regression coefficients are shown by the arrows marks: a positive sign indicates an upward direction and negative – downward direction. These stamps can be interpreted: in case of the upward arrows deviation of the actual curve upwards leads to the increase of the rate of change of pest populations. If in reality will be observed deviation towards lower NDVI curve, respectively, will decrease the rate of growth in population. In the case of downward arrows the relationship is observed exactly the opposite.
Data analysis of picture 1 shows that the slow dynamic of processes of vegetation cover leads to increase in populations of beet leaf aphid.

Dynamic map conventional Asproparthenis punctiventris is shown in picture 2. The obtained data indicate that activation of the rate of increase of biomass during the spring and summer last year creates conditions that are favorable to the increase in the pest population. This increase in biomass is naturally accompanied by a sharp trend of decline in late summer (scene 14 is characterized by a negative regression coefficient). Also on populations of the common beet weevil affected by the processes that occur during the growing season of dormancy in late fall and winter. The decrease in the intensity of vegetation dynamics will contribute to the risk of increase of the population of this pest. The trends that influence their population in the past year remain relevant incurrent year. The active growth of the vegetative mass of plants in early spring promotes growth of populations of common beet weevil.
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Picture 2. Dynamic map Asproparthenis punctiventris

Explanations: x-axis is the order of the scenes shooting last year (8-22) and in the current year (1-7); line denotes averaged over 3 years derivative index NDVI; arrows indicate the sign of the statistically significant regression coefficients influence the dynamics of NDVI on the dynamics of insect populations (arrow pointing up is positive, down is negative).
Thus, we found that populations of the common beet weevil respond to the dynamics of vegetation cover. The character according to the regression analysis gives the possibility to predict the dynamic processes in populations of this pest in the current year, taking into account data of the dynamics of variation of vegetation cover established by means of remote sensing.
Dynamic map Cassida nebulosa and Cassida nobilis is shown in picture 3.
.
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Picture 3. Dynamic map Cassida nebulosa and Cassida nobilis

Explanations: x-axis is the order of the scenes shooting last year (8-22) and in the current year (1-7); line denotes averaged over 3 years derivative index NDVI; arrows indicate the sign of the statistically significant regression coefficients influence the dynamics of NDVI on the dynamics of insect populations (arrow pointing up is positive, down is negative).
Analysis of data suggests that the decrease in the rate of increase of the vegetative mass of vegetation in the summer of last year promotes the growth of the population of these pests in the current year. Reducing the rate of decay of biomass in the fall also increases the risks of increasing the number of Cassida nebulosa and Cassida nobilis. Spring trend last year repeats itself: the slower growth of the biomass of the vegetation cover can increase the number of Cassida nebulosa and Cassida nobilis. 
Dynamic map of  Tanymecus palliatus is shown in picture 4.
4.
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Picrure 4.  Dynamic map Tanymecus palliates

Explanations: x-axis is the order of the scenes shooting last year (8-22) and in the current year (1-7); line denotes averaged over 3 years derivative index NDVI; arrows indicate the sign of the statistically significant regression coefficients influence the dynamics of NDVI on the dynamics of insect populations (arrow pointing up is positive, down is negative).
The data analysis shows that in the period from late spring to late summer of the previous year the increase in the rate of growth of the biomass of the vegetation cover contributes to the growth of populations of Tanymecus palliates. On the contrary, the acceleration of the dynamics of processes in the late fall and early winter last year's results depressed populations. The trend of faster growth in the number of Tanymecus palliates due to the acceleration of the growth processes of plant cover observed in early spring  period.
Conclusions:
1. Vegetation dynamics during the previous and current years affects the rate of growth of pest populations in a present year compared to last year. Quantitatively this effect is estimated using regression analysis where as predictors of population dynamics of harmful insects derivative index NDVI installed using the tool of remote sensing MODIS. 
2. Quantitative aspects of the results of the regression analysis can be applied to the annual forecast pest of sugar beet in the districts of Poltava region. Regression models allow us to explain 57–85 % dispersion of population dynamics of the examined species are pests of sugar beet.
3. For the qualitative assessment of the impact of vegetation dynamics on pest dynamic maps are offered. This tool allows you to visualize the complex nature of the processes that determine the dynamics of insect populations, including harmful ones.
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