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Introduction

points, polarization by the Sun and the Moon, sunspot numbers,

Catch data from light traps are assumed to reflect the actu- . . . .
§ p solar 10.7 cm radio flux index, solar Q index and solar flare activity

al flight activity of insects to a greater or lesser degree. Analyses
of Australian light trap data have mostly examined the effects of
weather and climate on the abundance and migration of insects
although a few studies examined lunar factors (phase and illumi-
nated fraction). These were reviewed by Hill [1]. In recent years,
Nowinszky, et al. [2,3]and Puskas, et al. [4] used data from three
continents including Australia to reveal relationships of light and
pheromone trap catches to many lunar and solar factors such as lu-
nar phase, illumination lux, illuminated fraction of the Moon, gravi-
tational pull of the Sun and Moon, position of the Arago and Babinet

numbers.

Dreyer, et al. [5]used wild, tethered Bogong moths Agrotis in-
fusa in flight simulators to investigate the influence of Earth’s mag-
netic field and horizontal landmarks on flight direction. The steer-
ing direction of Bogong moths was concluded to be, ‘the result of
an interaction between visual landmarks and the earth’s magnetic
field. This species is included in the current study. The significance
of migration to pest prognosis has been much studied in Australian
agricultural entomology. Farrow and McDonald [6]reviewed migra-
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tion strategies of noctuid pests in Australia including species in the
noctuid genera Agrotis, Chrysodeixis, Heliothis, Helicoverpa, Myth-
imna, Persectania and Spodoptera. They proposed that migration
enables these species to track host plants and erratic rainfall across
the continent. Five such species are included in the current study.
Hill (2007) noted that a large proportion of the biomass of moths
light-trapped at Stony Rise in Tasmania in spring are known or sus-
pect migrants as did Drake, et al. [7] first note for earlier Tasmanian
light traps at other locations.

This proportion decreases in summer [8]. However, the resi-
dential versus migrant status of many insects trapped at Stony Rise
remains unclear and probably spans a spectrum of behaviour rath-
er than binary alternatives. This study sought to identify common
responses to solar activity among closely related species of Tasma-
nian Lepidoptera or those with similar migratory life strategies.

Material and Methods
Data Sources

In our study we used the data of mean magnetic field of the
Sun published by the Wilcox Solar Observatory from 1975 to 2020.
These solar mean magnetic field (SMMF) values are averages of the
solar longitudinal component of the Sun’s photospheric magnetic
field, averaged over the entire visible disk of the Sun and taking into
account the instrument profile [9]. Positive and negative values in-
dicate the direction of the mean field (+: north polarity, -: south po-
larity). In this report we illustrate the results of the analysis in terms
of the absolute values of the SMMF. Data on catches of moths derive
from a single light trap operated at Stony Rise near Devonport in
Tasmania, Australia from 1992 until 2019. The trap was typically
operated every night, with some exceptions as detailed by Hill [10],
with all individuals of selected taxa counted. Sometimes the catch
was not emptied daily so that a single ‘trapping event’ represents
variously 1-14 nights of trapping. There were 5433 trapping events
embracing 7897 nights including 4167 single-night events, 502
two-night events and 516 three-night events. Data from 248 events
of variously 4 to14-nights duration were not used. Data from some
collecting events was not used because corresponding SMMF data

was unavailable.
Data Availability

The raw catch data is available in Excel spreadsheet format
from the leading author’s Research Gate webpage (https://www.
researchgate.net/project/Long-term-light-trap-data-for-insects-
in-Tasmania-1992-2019). This dataset is also available in other for-
mats at https://doi.org/10.5281/zenodo.6820319 and at https://
www.gbif.org/dataset/044f96bc-3bf2-4a38-9f7c-8808ab48db-
f1#contacts.

Statistical Analysis

Basic data were the number of individuals of each species

caught per night drawing on catches from single, double and triple
night collecting events. In order to compare the differing sampling
data, relative catch values were calculated. The relative catch (RC)
was defined as the quotient of the number of specimens caught
during a sampling time unit (one night) per the average nightly
catch of individuals within a calendar year sampling period. The RC
equals one when the catch for one particular night equals the aver-
age nightly catch for that year [11]. Collecting events with nil catch
of a particular species were excluded from the analysis for that
species. Relative catches were grouped into classes. The number of
these classes was calculated using the formula of Sturges (Odor and
Igl6i 1987): k=1 + 3.3* 1g n, where k = the number of classes and n
= the number of observation data.

It is not reasonable to have big differences in the number of
data across classes. Therefore, the classes at the two extremities are
wider than those in the middle. Within each class we used our own
method and calculated three point weighted moving averages from
the values of the dependent variable [11]. In preceding studies, the
use of moving averages meant that the first and last values, which
often carry valuable information on the most important biological
impacts, were lost. In elaborating our method, we considered the
work of Urmantsev [12]. He came up with a solution to ensure that
no data is lost, with every initial data being accompanied by a mov-
ing average value. The new method assigns differing weights to the
middle, previous and following values. Thanks to this method, our
moving averages get weighted with the number of initial data. The
three point moving average is calculated on the basis of the follow-
ing formulae:

TEx1+4Xx2—2Xx3
Tm+4m—-2m

The first value:

TXx0+42x0-1—22X0-2
Tna+4ns-1—2nn-2

The last value:

XXi-1+2XXi+ X Xi+1

The remaining values: -1+ 21+ Mi+1

Where n = the number of catch data for the given nights and h
= the designation of the additional nights. The use of moving aver-
ages is justified whenever the independent variable is made up of
data representing a wide range of values that are to be contract-
ed into classes. The dividing line between these classes is always
drawn more or less arbitrarily. Extreme values in two neighbouring
classes of the independent variable are always closer to each other
than they are to the middle value of their own class. Working with
moving averages ensures a degree of continuity between the data
of our arbitrarily established classes and partly eliminates the dis-
turbing influence of other environmental factors that are not being
examined in the analysis [11]. In this work, we chose a slightly dif-

ferent solution. Separately, all catch data by species per year were
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considered as a single sample and thus relative catch values were
calculated. This solution also made it possible to determine the ef-
fectiveness of trapping from the relative catch values of each year
and to compare the effectiveness of the years.

Results

The results were plotted for each of 40 taxa using both the polar
and absolute values of the SMMF but individual plots are not giv-
en here. Instead responses were classified as positive, negative or
ambivalent in regard to absolute values of the SMMF (Table 1) and
pooled plots for taxa within each of the three types of relationship

are given, with the ambivalent category divided into two subcate-

gories (Figures 1-4). However, the RC values with associated pos-
itive and negative values of the SMMF are tabulated for all 40 taxa
in Supplementary Information (Table 1). Positive correlation of RC
to the absolute value of the SMMF occurred in 18 of the 40 taxa
studied or 45% of taxa (Figure 1). Negative correlation of RC to ab-
solute SMMF occurred in 10 of the 40 taxa (25%). The negative cor-
relations were perhaps clearer than the set of positive correlations
(Figure 2). The relationships were unclear or ambivalent in 12 taxa
(30%), which can be split into a group of eight with an ambivalent
positive relationship and a group of four with an ambivalent nega-
tive relationship (Figures 3-4).

Table 1: Relationships of RC of 40 taxa of Lepidoptera in Tasmania to the absolute values of SMMF with their taxonomic identity,
number of specimens caught, number of catching nights and the year in which catching commenced. +ve means positive relation-

ship, -ve means negative relationship.

Taxon of Lepidoptera +ve -ve none Moths caught nights Start year
1 Plutella xylostella (Linnaeus, 1758), Plutellidae, Plutellinae X 13,766 1,254 1992
2 Philobota productella (Walker., 1864), Oecophoridae, Oeco- X 6,208 229 2012
phorinae
3 Stathmopoda melanochra Meyric.k 1897, Oecophoridae, Stath- X 837 267 2014
mopodinae
4 Phthorimaea operculella (Zeller, 1873), Gelechiidae Gelechiinae X 326 153 1992
5 Lecithocera terrigena (Meyrick, 1904), Lecithoceridae X 1,990 204 2013
6 Coleophora alcyonipennella (Kollar, 1832), Coleophoridae X 1,239 235 2012
7 Epitymbiini constrictana group, Tortricidae, Tortricinae X 2,396 462 2015
8 Etiella behrii (Zeller, 1848), Pyralidae, Phycitinae X 488 211 2012
9 Faveria tritalis (Walker, 1863), Pyralidae, Phycitinae X 2,509 455 2012
10 Nacoleia rhoealis (Walker 1859), Crambidae, Spilomelinae X 951 242 2012
11 Metasia capnochroa (Meyrick, 1884), Crambidae, Spilomelinae 782 138 2017
12 Achyra affinitalis (Lederer, 1863), Crambidae, Pyraustinae 2,656 460 2011
13 Hednota sp. near crypsichroa I(Lower, 1893, Crambidae, Cram- X 10,206 1,588 2012
binae
14 Hednota pedionoma (Meyrick, 1885), Crambidae, Crambinae X 2,653 287 2012
15 Hednota grammellus (Zeller, 1863), Crambidae, Crambinae 4,094 268 2013
16 Culladia cuneiferellus (Walker, 1863, Crambidae, Crambinae) 1,722 454 2012
17 Ptochostola microphaeellus (Walker, 1863), Crambidae, Cram- X 7,214 617 2011
binae
18 Scopula rubraria (Doubleday, 1843), Geometridae, Sterrhinae X 2,060 320 2013
19 Epyaxa subidaria (Guenée, 1857), Geometridae, Larentiinae X 3,103 1,027 1992
20 Mnesampela privata (Guenée, 1857, Geometridae, Ennominae) X 429 265 1993
21 Thalaina selenaea (Doubleday, 1845), Geometridae, Ennominae X 1,058 486 1993
22 Trichocercus sparshalli (Curtis, .1830), Notodontidae, Thaume- X 444 223 1993
topoinae
23 Utetheisa pulchelloides Hampson, 1907, Erebidae, Arctiinae X 1434 184 1992
24 Rhapsa suscitatalis (Walker, 1859), Erebidae, Calpinae X 331 250 1992
25 Pantydia sparsa ar;ci;’;r&;);c'iigaﬁi:?:;é)oth Guenée, 1852 X 502 403 1992
26 Chrysodeixis argentifera (Guenée, 1852), Noctuidae, Plusinae X 520 284 1992
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27 Thoracolopha near flexirena (Walken 1865), Noctuidae, Amphi- X 1181 439 1992
pyrinae
28 Proteuxoa tortisigna (Walker, 1857), Noctuidae, Amphipyrinae X 2,041 480 1992
29 Proteuxoa sanguinipuncta (Gue.enée, 1852), Noctuidae, Amphi- X 2472 616 1992
pyrinae
30 Proteuxoa amaurodes (Lower, 1902), Noctuidae, Amphipyrinae X 2,335 459 1992
31 Proteuxoa hypochalchis (Turrller, 1902), Noctuidae, Amphipy- X 2732 926 1992
rinae
32 Athetis tenuis (Butler, 1886), Noctuidae, Amphipyrinae X 1,093 402 1992
33 Persectania ewingii (Westwood, 1839), Noctuidae, Hadeninae X 6,323 1,106 1992
34 Leucania uda Guenée, 1852, Noctuidae, Hadeninae X 289 247 1992
35 Agrotis infusa (Boisduval, 1832), Noctuidae, Noctuinae X 859 419 1992
36 Agrotis munda Walker, 1857, Noctuidae, Noctuinae X 3,739 924 1992
37 Agrotis porphyricollis Guenée, 1852, Noctuidae, Noctuinae X 527 247 1992
38 Diarsia intermixta (Guenée, 1852), Noctuidae, Noctuinae X 1,568 826 1992
39 Helicoverpa punctigera (Walllﬁggzen, 1860), Noctuidae, Helio- X 2,938 976 1992
40 Uraba lugens Walker, 1863, Nolidae, Nolinae X 3,064 405 1999

1.6

Relative catch
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Solar mean magnetic field, absolute microTesla

Figure 1: Pooled chart of 18 individual taxa that showed a positive relationship of RC to the absolute value of the SMME. One
outlying coordinate (out of 133 coordinates) was excluded. This was a very high RC of 2.745 for Metasia capnochroa at the SMMF
value of +33.56 micro-Tesla.
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Figure 2: Pooled chart of 10 individual taxa that showed a negative relationship of RC to the absolute value of the SMMF.
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Figure 3: Pooled chart of 8 individual taxa that showed no clear relationship of RC to the absolute value of the SMMF. The hollow
markers are 8 outlying coordinates, one per taxon, representing low RC values at high positive (4) or negative (4) values of SMMF.
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Figure 4: Pooled chart of 4 individual taxa that showed no clear relationship of RC to the absolute value of the SMMEF. The hollow
markers are 4 outlying coordinates, one per taxon, representing high RC values at high positive values of SMMF.

Potential relationships in the ambivalent group of 12 taxa were
each confounded by a single contrary RC response at the highest
value of SMMF. In the case of the group of four taxa, this value was
always a positive SMMF value. In the case of the group of eight taxa,
the confounding coordinate had a high positive SMMF value in four

instances and was negative in four instances.
Discussion

The influence of the solar magnetic field on the interplanetary
magnetic field and that of the Earth is complex [13,14]. The coinci-
dence or delay in the appearance of a terrestrial phenomenon de-
pends on whether electromagnetic or corpuscular radiation is the
cause. Such events include changes in the ionosphere and the upper
atmosphere’s magnetosphere, the formation of weather fronts and
sudden changes in the characteristics of ground magnetism. The
basic phenomenon underlying many solar factors is the complex

solar magnetic field.

Closely related taxa did not necessarily show the same rela-
tionship of RC to SMMF (Table 1), whether expressed in absolute

or polar values. Nevertheless, five Noctuidae in or near the genus
Proteuxoa displayed a broadly similar positive response and four
of the five noctuine Noctuidae had a positive relationship of RC to
absolute SMMFE. The exception was the migratory Agrots munda,
which shared a negative response with the migratory hadenine
noctuid moth, Persectania ewingii. The three crambid species of
Hednota showed three different relationships of RC to absolute
SMMEF. Similarly, not all migratory species shared the one and same
relationship of RC to absolute SMMF. For example, positive relation-
ships occurred in P. xylostella, A. infusa and H. punctigera, negative
relationships in U. pulchelloides, C. argentifera, P. ewingii and A.
munda and no clear relationship occurred in E. behrii. In regard to
polar values of SMMF, these eight well understood migratory spe-
cies exhibited one positive relationship (E. behrii), four increasing
to decreasing relationships and three decreasing to increasing re-
lationships.

This study found that the flight activities of 70% of the 40 moth
taxa studied, as indicated by prolonged captures at one light trap,

show a positive or negative relationship to the solar mean magnetic

Copyright@ Nowinszky L | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007482.

38316


https://dx.doi.org/10.26717/BJSTR.2022.47.007482

Volume 47- Issue 2

DOI: 10.26717/BJSTR.2022.47.007482

field when expressed in absolute values. Nowinszky, et al. [3] also
found comparable relationships for eight species of Lepidoptera
and Trichoptera in Hungary and the USA although they used polar
values of SMMF. The cause of these relationships is not understood
but recent studies have shown relationships of flight activity to par-
ticular solar activities such a flares, sunspots and F10.7 cm radio
flux, which are known to have effects on terrestrial weather (e.g.
Puskas, et al. [14].

Conclusions

Analysis of large sets of data from multiple traps is likely to con-
firm that the solar magnetic field has an impact on the activity of
insects. Nowinszky, et al. [2] found in studies of various lunar and
solar factors using catch data from many traps located in Hungary,
Tasmania and the USA that data from a single or a few light-traps
had standard deviations that were large because of the significant-
ly different catches on different days. The standard deviations are
also extremely large for migratory species that appear intermit-
tently in highly variable numbers. The current study used a single
trap whose catch included a high proportion of migrants (perhaps
40%). The use of a three point moving average helped to mitigate
this problem. Long term catch data is rare but data for some pestif-
erous noctuid taxa in mainland Australia exists.
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