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Abstract


The study examined the light-trap catch of European Corn-borer (Ostrinia nubilalis Hubner) in connection with the sunspot numbers. The catching data of European Corn-borer (Ostrinia nubilalis Hbn, Lepidoptera: Crambidae) were taken from the light-trap registers of the Hungarian Light-trap Network. During these years (between 1959 and 2006), 321,795 moths were caught by the 131 light-traps. Our results demonstrate it is favourable for the Ostrinia nubilalis Hbn. if the number of sunspots is the same as the average. Both the smaller and the higher number of sunspots reduce the flying activity.
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Introduction

The Sun's activity is the common name of the larger, local disturbances in the Sun's radiation. Electromagnetic and corpuscular radiation coming from the Sun causes changes in geophysical parameters on Earth (The coincidence or delay of the appearance of a terrestrial phenomenon depends on whether it is caused by electromagnetic or corpuscular radiation).



Such events may be the aurora polaris, the change of the ionospheres and the magnetosphere of the upper atmosphere, the formation of weather fronts, and the sudden alteration of the characteristics of the earth's magnetism. These can be followed by changes in the biosphere's phenomena.



The solar activity, such as solar flares, may cause irregular departures from typical climatic conditions. Blunck & Wilbert [1] assumes that insect gradations may be related to solar activity.



Polgár [2] found that the dry and the inland water years coincide with the sunspot with maxima or minima.



Manninger [3] made observations on the gradation of harmful insects during a long period. There was a connection between overproduction and dry and rainy periods that are related to the activity of the Sun. It has been shown that in the second half of the dry season there was gradation for drought- loving species, while at other times the gradation occurred in wet habitats for moisture-loving species. Richmond [4] suggests the sunspots affect the weather, which in turn affects the abundance of insects. However, Hemlock Looper (Lambdina fiscellaria Guenee) abundance in British Columbia was apparently not related to the sunspot cycle.



Klimetzek [5] investigated pest gradations between 1810 and 1970. He found in these investigations that high gradation occurs in those cases, when the minimum and maximum values of sunspots can be counted. Later a lot of researchers have created an index number that takes into account the intensity of the flares and the duration of their existence.



The solar activity typified by the use of different indices. The solar activity can show all the information about the Sun's surface got them with several way. The most important one is the appearance of sunspots, which has been continuously examined since the 18th century phenomenon. The sunspots can be seen on the sun-facing hemisphere of the Earth. Their appearance and their strength frequency are about 11.2 years. The generally accepted index-number of their observable quantity is the Wolf- type relative number (RW), which is calculated according to the following formula:



Rw=constant (10g+f)



Where: g=the number of observed sunspot groups 


f=the number of all sunspots



Features of instruments used in detection determine the value of constant. After the selection of instruments sunspot relative number determined in any of the world's solar physics observatory can be reduced onto a uniform scale.



The use of Wolf's relative numbers has been significant progress in the meteorological researches in the second half of the 20th century. Similarly, significant results were obtained in studies of Wolf's relative numbers and the relationship between plant pathogens. Details of these could not be our goal, but we refer to a previous study of ours [6], in which we have a detailed overview about this. Some researchers found a contact between some pests and the solar activity.




Martinek [7] concluded that in a large number of appearance of European Pine Sawfly (Neodiprion sertifer Geoffroy) can be found in every 11 year when there is maximum of sunspots. Benkevich [8-11] studied several cyclic solar activities and gradations of Gipsy Moth (Lymantria dispar L.). Based on data from long periods, he found that in the vast areas of the Soviet Union they are related to Wolf's relative numbers. Kleczek [12] was the first researcher, who used first time the Q-index to demonstrate the daily flare activity. This daily flare activity is specific characteristic in the whole day.



Q=(i x t)



where i=flare intensity, t=the time length of its existence.



Kleczek thought this connection show about the whole energy which arises from the flares. In this relation "i" shows the intensity on scale of importance and "t" shows the period (in minutes) of the flare. Some researchers used the method of Kleczek in connection with flare activity which is determined for every day [12,13].



Turkish astronomers [14] characterised the daily flare activity for several decades. They used for this characteristic the Q-index. This index shows the significance of flares also by their duration Ataf [15] and Ataf & Ozgtif [16].




The Q-index data are available to researchers from 1966. In addition to our own studies [17-22] other researchers did not make any examinations dealing with the connection between entomology and Q-index data. A Hungarian researcher, Ormenyi [23] also calculated and published the "Flare Activity Numbers" based on similar theoretical principles as the Q-index for the period of 1957-1961.



Waldmeier [24] has been executing studies on the frequency, extent ad intensity of flares. He proposed a new method for the definition of the intensity of chromospheric flares. This was based on brightness measurements, taking into account the average intensity of the flares. As a result of these investigations, a new scale of intensities has been established namely classification by Waldmeier: 0.6, 1.0 and 2.0.




For the scale of simplifying the calculations, Ormenyi [23] has adopted the proportions 1.0 : 2.0 : 4.0 for the characterization of the intensities of various flares. An index for chromospheric Ha flare activity is introduced by Ormenyi [23]. This procedure is expressed by the formula:
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Where: FAN=Flare Activity Number




I=intensity of the flare (one of the values 1, 2 or 4)



n=indicates the serial number of a flare occurring on a given day



Δ tn=the duration of the given flare (minutes)



There were established two light trap networks (agricultural and the other at research institutes) till 1958 which were in operation uniformly with Jermy-type light-traps. From 1961 some light-traps of forestry already were in operation.



Nowinszky & Puskas [25] examined the light trapped three moth (Lepidoptera) species from the data of agricultural observation stations in connection with the FAN numbers. It is found that their results proved that "Flare activity numbers" could be used for entomological researches.



Material


The catching data of European Corn-borer (Ostrinia nubilalis Hbn, Lepidoptera: Crambidae) were taken from the light-trap registers of the Hungarian Light-trap Network. During these years (Between 1959 and 2006), 321,795 moths were caught by the 131 light-traps. Of course, not all light-traps operated full years, but some of them were ceased, others sited later. This many moths were trapping in 6,635 nights. However, because more light-trap worked during one night, we could work up 80,773 observation data.



The sunspot data were taken from the World Data Center SILSO, Royal Observatory of Belgium, Brussels.



Methods



The daily values of the sunspot numbers showed significant differences in the various years therefore we looked into the question of whether sunspot numbers that show significant differences from one year to the other modifies the number of the caught of examined moths collected in the different years. Three classes were formed from the years in accordance to the average sunspot numbers were in swarming period of less than 30 (19 years), between 30-100 (7 years), or was there more than 100 (20 years).



The individual number is not the same in the different years and regions concerning to the same species. Because of this, relative catching (RC) values were calculated from number of caught individuals. RC value means the sampling time unit (generally it is one night) and the average individual number in unit time of sampling [26].



Within the three groups, we made divisions using Sturges' method [27,28]. Finally, we averaged within groups the sunspot and relative catch data pairs. In the figures are plotted the results and in them were shown the confidence intervals.



Results and Discussion


Our results demonstrate in all three groups that both the low and high values of sunspot depress the flying activity of European Corn-borer (Ostrinia nubilalis Hbn.). In contrast, the moderate values of sunspot can rise in flying activity and of course together with the caught individuals (Figure 1 & 2).
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Figure 1:  Light-trap catch of European corn-borer (Ostrinia nubilalis hubner) In connection with the sunspot numbers (Average values in summer months of sunspot numbers are lowerthan 30).
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Figure 2:  Light-trap catch of European corn-borer (Ostrinia nubilalis hubner) In connection with the sunspot numbers (Average values in summer months of sunspot numbers are higher than 100).


 



It seems, therefore, that during the drawing periods it is favourable for this species if the number of sunspots is the same as the average. Both the smaller and the higher number of sunspots reduce the flying activity. We do not know exactly why However, we assume that the influence of solar activity is related to a change in terrestrial weather conditions and geomagnetic disturbances or other environmental factors. These all affect the life phenomena of insects, including their flying activity.
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