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Abstract

The authors studied the number of Macrolepidoptera individuals and species caught by light-trap, in relationship with the
geomagnetic Kp and M-index.

A correlation was found between the averaged geomagnetic M-index values measured at night, and the number of
individuals and species caught by light-trap in the Kdmon Botanic Garden (Hungary).
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Introduction

It has been known for decades that the insects detect the geomagnetic field, and even can use it as a three-
dimensional orientation. A number of laboratory experiments and comprehensive studies are devoted to the
physiological bases of perception and the ways of orientation (Wehner & Lobhart, 1970; Kirschvink, 1983;
Wehner, 1984 & 1992; Jahn, 1986).

The magnetic field of the earth is an omnipresent, reliable source of orientational information. A magnetic
compass has been demonstrated in 18 species of migrating birds (Wiltschko & Wiltschko, 1996).



40 L. NOWINSZKY & J. PUSKAS

It is known that the geomagnetic field can influence animal migration and homing. The magnetic field
detection by animals is known as magnetoreception and it is possible due to behaviour is the magnetic
alignment where animals align their bodies to the geomagnetic field (Belova & Acosta-Avalos, 2015).

Magnetoreception in the animal kingdom has focused primarily on behavioural responses to the static
geomagnetic field and the slow changes in its magnitude and direction as animals navigate/migrate (Prato et
al., 2016).

Becker (1964) has found that certain species of termites (Isotermes), beetles (Coleoptera) flies (Diptera),
orthopteroids (Orthoptera), and hymenopterans (Hymenoptera), found that they orient according the natural
magnetic field. Way of their mobility is North-South, rarely East-West. Their original way of movement could
be modified by artificial magnetic field.

Mletzko (1969) carried out his experiments with specimens of ground beetles (Broscus cephalotes L.,
Carabus nemoralis Mull. and Pterostichus vulgaris L.) on a 100 square meter asphalt coated area in the
Moscow botanical garden.

Iso-Ivari & Koponen (1976) studied the impact of geomagnetism on light trapping in the northernmost part of
Finland. In their experiments they used the K index values measured in every three hours, as well as the 2K
and the dH values.

Examinations over the last decades have also confirmed that some Lepidoptera species, such as the Large
Yellow Underwing (Noctua pronuba L.) (Baker & Mather, 1982) and the Heart & Dart (Agrotis
exclamationis L) (Baker, 1987) are guided by both the Moon and geomagnetism in their orientation, and
they are even capable of integrating these two sources of information.

Using hourly data from the material of the Kecskemét fractionating light-trap, we have examined the light
trapping of the Turnip Moth (Agrotis segetum Den. et Schiff.), the Heart & Dart (Agrotis exclamationis
L.) and the Fall Webworm Moth (Hypantria cunea Drury) in relationship with the horizontal component of
the geomagnetic field strength (Kiss et al., 1981).

According to the authors of recent publications (Srygley & Oliveira, 2001; Gillet & Gardner, 2009; Samia et
al., 2010) the orientation/navigation of moths at night may becomes not by the Moon or other celestial light
sources, but many other phenomena such as geomagnetism.

Material

The Forest Research Institute operated a JERMY-type light-trap in Kamon Botanic Garden (Szombathely,
Hungary) between 1962 and 1970. The geographical coordinates of this Botanic Garden are 47°25'66"N and
16°60'36"E.

All Macrolepidoptera species and individuals were identified from the catch of this period. This Jermy-type
light-trap operated continuously in all the years, except on snowy winter days and a few malfunctioning
nights.

There were caught altogether the specimen of 549 different Macrolepidoptera species by light-trap during 9
years.
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The number of caught species, individuals and yearly swarming are shown in Table. We worked up only the
catch data of early and late summer aspects, because only some individuals of some species were caught by
the light-trap in spring and autumn aspects.

Table 1. Light-trap collecting data of early and late summer aspects in Kdmon
Botanic Garden of Szombathely, Hungary as well as the number of caught
species and swarming.

t t
Years Early and late summer aspects (15t May to 31t October)

Number of species Number of individuals

1962 291 3359
1963 300 5446
1964 303 2562
1965 146 919

1966 13 599

1967 229 4096
1968 226 2364
1969 268 3670
1970 268 4268

We applied only the collecting data of early and late summer aspects 1st May to 31st October because in both
the spring and autumn aspects few species and specimens were caught by light-trap.

The average field strength of the Earth as a magnetic dipole is 33.000 y (1 y = 105 Gauss = 10° Tesla
[nanoTesla]). The geomagnetic field strength can be decomposed into three components: H -horizontal, Z -
vertical and D - declination components. With regard to the entomologic trials the extent of total field strength,
on the one hand, and the value of horizontal component, on the other, are important because, insects fly
rather horizontally than vertically.

It is well known that the magnetic poles and the geographic one of the Earth do not coincide, therefore
besides the geographic coordinates, the geomagnetic latitudes and longitudes are to be distinguished; and
these coordinates are characteristic for the geomagnetic reasons of a given geographic coordinate. The
geomagnetic parameters are significantly different on various regions of Earth's surface at a given time. As
an average of 300 km distance may result in significantly different characteristics along the geomagnetic
meridian (Nowinszky and Téth, 1987).

The K-index scale summarises geomagnetic activity at an observatory by assigning a code, an integer in the
range 0 to 9 (0 being the least active field and 9 the most active field). The K-index is quasi-logarithmic local
index of the 3-hourly range in magnetic activity relative to an assumed quiet-day curve for a single
geomagnetic observatory site. First introduced by Bartels (1935), it consists of a single-digit 0 thru 9 for each
3-hour interval of the universal time day (UT). The planetary 3-hour-range index Kp is the mean standardized
K-index from 13 geomagnetic observatories between 44 degrees and 60 degrees northern or southern
geomagnetic latitude. The scale is O to 9 expressed in thirds of a unit, e.g. 5-is 4 2/3, 5is 5 and 5+ is 5 1/3.
This planetary index is designed to measure solar particle radiation by its magnetic effects.
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We collected the Kp index data from the data.noaa.gov website.

The geomagnetic data measured along the magnetic meridian (direction: North-West to South-East) in
function of time. These measurements are made at Nagycenk, near Sopron in the Geodetical and
Geophysical Research Institute of the Hungarian Academy of Sciences. The geographical coordinates of
Observatory are 47° 38' N; 16° 43' E. Its distance from the Kdmon Botanic Garden (Szombathely) is 43 km.

The observatory is situated about 10 km to E from the city Sopron and 60 km SE from Vienna, on the
southern shore of Lake Fertd. The observatory lies on thick conductive sediment and it is surrounded by the
Fertd-Hansag National Park.

Values of local horizontal component, M-index for our research have been taken from a series of
observations carried out at Nagycenk (Western Hungary) description of which can be found in:
Observatoriumsberichte des Geophysikalischen Forschungslaboratoriums der UAdW in Sopron, 1962-1966;
Geophysical Observatory Reports of the Geodetical and Geophysical Research Institute of the Hungarian
Academy of Sciences in Sopron, 1967-1976. Data on the field strength changes of the horizontal
geomagnetic component are given for each 3-hour-period in a scale from 0 to 9, where the scale unit is
7y=17nT. The scale is linear.

The value of C9-index does not have dependence of the local time, but it can globally characterize the
geomagnetic activity. The magnetic index (M), measured in three hours, has a local character. This index is
determined and published by the Geophysical Observatory of Hungarian Academy of Science (HAS), named
Istvan Széchenyi. The magnetic index has strong dependence to the local time and it is typical of medium
width. The magnetic disturbances can be found only in less number, which are typical at the equatorial and
polar zone. According to Prof. Jozsef Verd (member of HAS) in the case of a local phenomenon, such as the
investigated moths’ flight, the M-index is much more usable than any other global indices, because it
expresses the local conditions (J. Verd, personal communication).

The M-index was determined between 1962 and 1991, and was published in Observatory’s Reports. The M-
index can be 0-9 integer value. It is a linear scale with 7 nT (nanoTesla) steps and it reaches the 9 degree
level at >63 nT (J. Szendrdi, personal communication).

Methods

We summarized and averaged the four published M-index values for every night. The number of caught
species and individuals was also averaged.

According to the method of Sturges (Odor & 1gl6i,1987) we arranged the data of M-index, species and
individuals into classes. All data were averaged, and then Kp and M-index, each species and individuals
were plotted.

The results obtained are plotted. We determined the regression equations, the significance levels which were
shown in the figures. The relationship with second degree parabola was best characterized.

We calculated the determination coefficients of parabolic curves and their significance levels by way of
Manczel (1983).
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Results and Discussion
Our results are shown in Figures 1-4.
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Figure 1. Averaged number of light trapped Macrolepidoptera individuals in connection with geomagnetic
Kp-index in summer aspects (Kdmon Botanic Garden, 1962-1970).
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Figure 2. Averaged number of light trapped Macrolepidoptera species in connection with geomagnetic Kp-
index in summer aspects (Kamon Botanic Garden, 1962-1970).
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Figure 3. Averaged number of light trapped Macrolepidoptera individuals in connection with geomagnetic M-
index (Kamon Botanic Garden, 1962-1970).
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Figure 4. Averaged number of light trapped Macrolepidoptera species in connection with geomagnetic M-
index in summer aspects (Kamon Botanic Garden, 1962-1970).

Only a few researchers reported the results of their researches about the relationship between light-trap
catch and geomagnetism in the earlier decades and the recent past.

Mletzko (1969) found the insects flew several meters uncertainly, and after these they oriented towards a
given direction, with an accuracy of + 5 grades at daylight and + 60 grades at night respectively. The author's
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hypothesis is that, the orientation follows the terrestrial magnetic field. The orientation shows the same trend
the whole day and it does not change at night, when there is no sunlight.

Pristavko & Karasov (1970) studying of Willow Ermine Moth, Yponomeuta rorellus Hbn. (Lepidoptera:
Yponomeutidae) were found a correlation between C and ZK values respectively, and the number of trapped
insects.

Tshernyshev (1972) observed that light-trap catches of some beetle (Coleoptera) and moth (Lepidoptera)
species increase with the geomagnetic perturbation. On the contrary, activity of other moth (Lepidoptera) and
several flies (Diptera) species is reduced by this phenomenon. He found high correlation between the 6H and
ZK values and the number of trapped insects.

Iso-Ivari & Koponen (1976) found a weak but significant correlation between the geomagnetic parameters
and the number of specimens of the various orders of insects caught. Significant correlation was found only
for Lepidoptera and Hymenoptera Parasitica (negative) and for Simuliidae (positive).

In the recent past we managed to prove that the vertical component of the geomagnetic field strength
influenced differently the light-trap catch of Turnip Moth (Agrotis segetum Denis et Schiffenmidiller) in the four
quarters of the Moon when there were periods with moonlight and without it.

The study of Nowinszky et al. (2015) deals with the change of light-trap catch of twelve caddisfly
(Trichoptera) species of Danube and Tisza rivers in connection with the geomagnetic horizontal component
(H-index). The catch of nine species increased in parallel with increasing values of the H-index, but the catch
of two species declined. There was one species which has decreasing catch at River Danube, but it was
increasing at River Tisza.

Our new results demonstrate that low values of geomagnetic Kp and M-index depress both the number of
species and individuals in the summer aspects. In contrast, higher values can rise in number of caught
species and individuals.

Growth of the geomagnetic field strength may generate an intensification of the flying activity consequently
the light-trap catch of insects. Growth of the geomagnetic field strength may generate an intensification of the
flying activity of insects.

Our results confirm the statement of previous researches; the insects are able to use geomagnetism for their
spatial orientation.

It is assumed that this fact can be widespread at nocturnal active moths, because our results came from the
catch data of more than 500 Macrolepidoptera species.
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NMPOMEHE BPOJA JEQVHKN 1 BPCTA MACROLEPIDOPTERA
YXBAREHWX CBET/TOCHUM KNOMKAMA'Y BE3/ CA TEOMATHETHWM
M-VHOEKCOM

NACNO HOBMHCKM 1 JAHOLL TYLUKALL

N3Bon

[eueHnjama je No3HaTO [a MHCEKTW AETEKTYjy reOMarHeTHO Norbe 1 fja ra KopucTe y opujeHTaumju. YpaheH
je Benuku Opoj nabopaTopujckux ekcrepuMeHaTta M cBeoOyxBaTHUX CTyauja mocBeheHux (U3NOMOLLKO]
nepuenuujn u napsumma opujeHTauuje (Wehner & Lobhart, 1970; Kirschvink, 1983; Wehner, 1984, 1992;
Jahn, 1986). Srygley & Oliveira (2001), Gillet & Gardner (2009) 1 Samia et al. (2010) yTBpaunm cy fa Ha
opuwjeHTaumjy morbaua Hohy He ytuday camo Mecew unu cBTnocT apyrnx Hebeckux Tena Beh u MHore apyre
rnojaBe Kao LUTO je reomarHeT13am.

Mopmaun objaBrbeHn y 0BOM pady A0OMjeHN cy kopuluhersem CBETNOCHMX knonku - JERMY-type y KamoH
Botanmukoj BawTtn (Kdmon Botanic Garden, Szombathely, Hungary 47°25'66"N 16°60'36"E) y nepuogy og
1962. go 1970. roguHe.

CabupaHe cy yeTupu npoceyHe BpegHoct M-uHaekca 3a ceaky Hoh. lNpuka3aHe cy u NpoceyYHe BpeaHOCTM
Opoja yxeaheHux npumepaka ceake Hohu. [JobujeHn peaynTaTi Cy npukasaHu Ha rapukoHuma.

PesynTatin Hawmx UCTpaxuBara nokasyjy HACKE BPeAHOCTM reomMarHeTHor M-uHgekca v no 6pojy BpcTa u
npumepaka y TOKy neta. Hacynpot Tome, Behe BpegHOCTM Mory pacTu ca bpojem yxeaheHux BpcTa w
jeanHkM. TopacT jauuHe reoMarHeTHOr norba YTWYe Ha WHTEH3WBMPAHe aKTUBHOCTW IeTewa kao W
nocneauua kopuwhersa CBETNIOCHUX KNOMKA. Hawwu pesyntati noTephyjy TBpAHE paHujux UCTpaxuBarwa aa
MHCEKTW KOpUCTE reomarHeTusam 3a opujeHTauujy y npoctopy. CmMatpamo [a je 0Ba YMtbeHMLa LUIMPOKO
pacnpocTparbeHa Kof HONHUX akTUBHOCTM MOrbaLia LUTO NOTKPENsbyjy HaLUW pesynTaTi ypaheHu Ha BuLle of
500 Bpcta Macrolepidoptera.
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