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The present study discusses the light trapping of harmful insects depending on the moonlight, its polarized percentage, and the
moon phases. The trapping data were taken from light traps of North Carolina and Nebraska States of USA. We examined five
species. The maximum individual number of species was collected at new moon or near the first quarter and last quarter. The
farmers can use our results to forecast their plant protecting works.

1. Introduction

The light trap is the most commonly used sampling device
to study the daily activity of nocturnal insects. However, the
effectiveness of light trapping as an insect sampling method
was influenced by many environmental factors. Great many
studies in professional literature are devoted to the role of the
moon in modifying light-trapping catch. The conclusions are
contradictory and up to this day good many questions have
remained unqualified.

Some authors report an inability to detect a clear decrease
in the efficiency of the light trap as a consequence of the effect
of moonlight.

Williams [1] recognized that at the time of a full moon far
fewer insects caught the light traps than at the time of a new
moon. According to Williams [1], Williams et al. [2], and El-
Ziady [3], the reasons for a smaller catch at a full moon might
be as follows.

(a) Moonlight reduces the activity of insects and so
the active population accessible for the light trap is
smaller.

(b) The light of the lamp collects moths from a smaller
area in a moonlit environment.

In recent decades no scientist could give a provable
answer to this question; in fact, most have not even tried.

Based on latter concept, several researchers calculated
collection distances for different light-trap types under the
variation of lunar cycle (Dufay [4], Bowden [5], and Nowin-
szky [6]). Bowden and Morris [7] made some corrections
for daily catches by an index calculated from the changes of
collecting distance during lunation.

The following authors explain the lower catches recorded
when there is a full moon in terms of a shorter collecting
distance: Vaishampayan and Shrivastava [8], Vaishampayan
and Verma [9], Nag and Nath [10] also suggest that the lower
catches of light traps when there is a Full Moon may be due
to the stronger and brighter light of the Moon and a smaller
collecting area, which are clearly physical phenomena.

Gy6rfi [11] attributes the much smaller numbers of
insects caught by light traps at full moon to decreased activ-
ity. Nemec [12] is of the view that moths are inactive at full
moon. Based on the results of their studies, Baker and Sadovy
[13], Baker [14], and Sotthibandhu and Baker [15] believe
that moonlight cannot influence the collecting distance.
Thus, in their view, light intensity moderates flight activity.

The highest proportion of polarized moonlight is the
highest at first and last quarter. The moonlight is not polar-
ized at the time of full moon, directly before and after the
full moon the moonlight polarized ratio is very low. Horvath
and Varju [16] and Warrant et al. [17] documented in detail
that many insects are able to use the polarization pattern of



the sky in daytime and at dusk formed by the setting sun
and moon for spatial orientation. Nowinszky et al. [18] and
Danthanarayana and Dashper [19] recorded maximal light-
trap catches of some moth species in the first and last quarter
of moon, when the polarization proportion of moonlight
is the highest. Based on this catch pattern Nowinszky et al.
[18] suggested that the increasing rate of moonlight polariza-
tion is used as an orientation cue by night-flying insects,
consequently, in the first and last quarter more individuals
will be active elevating the catching probability.

Important experiments by Dacke et al. [20] proved that
the African scarabaeid beetle (Scarabaeus zambesicus Périn-
guey) is able to navigate with the use of polarization sky
pattern of moonlight. They later concluded that night-active
insects may be extremely sensitive to detect the sky pola-
rization pattern of moonlight, since they navigated with the
same precision under the pale moonlight intensity (Dacke
et al. [21], Warrant and Dacke [22]).

All in all, not to this day have researchers arrived at
a common platform regarding the influence of the moon
on the flight activity of insects and on the light-trap catch.
Therefore, we examined this question in light-trap catch data
of North Carolina and Nebraska (USA).

We always examined the possible influence of the collec-
tion distance of collection effectiveness in our previous works
(Nowinszky [23], Nowinszky et al. [24-27], and Nowinszky
and Puskés [28-30]). However, we could not carry out this
investigation in our current study, because the available
data collection originated from Black Light (BL) traps. The
emitted light cannot be seen by the human eye, because
of this fact the manufacturers do not give the luminous
intensity (candelas) of the BL lamps. Because insects’ eyes
are sensitive to short-wave (the maximum is around 360 nm)
light sources, they surely have the collection distance, but we
cannot calculate it.

2. Material and Methods

The light traps of North Carolina and Nebraska supplied a
huge scientific material over the past two decades for ento-
mological basic research, and plant protection prognostics
work for the farmers. We could investigate only the data of
six species, because enough catch data were found (Table 1).

In this investigation the BL traps data of USA States
of North Carolina and Nebraska were used. These were
downloaded from North Carolina Pest News on the
Internet (http://ipm.ncsu.edu/current_ipm/pest_news.html)
and the North Carolina Cooperative Extension Service
(http://www.ces.ncsu.edu/) websites. The light-trap collect-
ing data of Nebraska State were from the years 2000 and
2005 and the North Carolina State traps’ material was found
in years between 1994 and 2010. In these states 15 W BL
traps were in operation. The data collection was published
several times each year. The data can be used by farmers in
the development of pest control.

To create lunar phase divisions, we downloaded temporal
data on full moons from the website of the Astronom-
ical Applications Department of the US Naval Obser-
vatory (http://aa.usno.navy.mil/data/docs/MoonPhase.php).
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We arranged data on the relative polarization of moonlight
into phase angle divisions based on the study by Pellicori
[31].

Data on the illumination of the environment were cal-
culated using our own software. This software for TI 59
computers was developed by the late astronomer Gyorgy
Téth specifically for our joint work at that time (Nowinszky
and T6th [32]). The software was transcribed for modern
computers by assistant professor Miklos Kiss. The software
calculates the illumination in terms of lux of the Sun at
dusk, the light of the Moon, and the illumination of a
starry sky for any given geographical location, day and time,
separately or summarized. It also considers cloudiness. In
this investigation we need a constant cloud value, because
during the night we could not take into consideration the
permanently change of clouds, and we had only one catch
data for one night.

Most of our data collection is from Lenoir County in
North Carolina State, that is why the sky light was calculated
by Lenoir City geographical coordinates (35°54'30"'N and
81°31'48""W) by entering the clear sky, the time of the full
moon in August 2003. Of course, the full moon lighting has
changed slightly in different years, months, and gathering
places. The measured illumination rate remained unchanged
during the full moon lunar phase and the other ones. The
clouds covered the sky in different degrees during each day
and location of collection. It can be assumed that, however,
these changes mostly cancelled each other out in different
times and places. So these facts could not cause significant
errors in our calculations.

The mean revolution time of the moon on its orbit
around the earth is 29.53 days. This time period is not
divisible by entire days, therefore, we rather used phase angle
data. For every midnight of the flight periods (UT = 0 h), we
have calculated phase angle data of the moon. The 360° phase
angle of the complete lunation was divided into 30 phase
angle groups. The phase angle group including the full moon
(0° or 360°) and *6° values around it was called 0.

Beginning from this group through the first quarter until
a new moon, groups were marked as —1, -2, -3, —4, -5, —6,
-7, -8, -9, -10, —11, —12, —13, and —14 (Waxing sector).
The next division was +15, including the new moon. From
the full moon through the last quarter to the new moon the
phase angle groups were marked as 1, 2, 3, 4, 5,6, 7, 8, 9, 10,
11, 12,13, and 14 (Waning sector). Each phase group consists
of 12° (Pellicori [31]). These phase angle groups are related
to the four quarters of lunar cycle as it follows: full moon (-2
to +2), last quarter (3 to 9), new moon (10 to —10), and first
quarter (=9 to —3).

Based on the number of specimens trapped, we calcu-
lated relative catch values by species and by broods. Relative
catch (RC) is the ratio of the number of specimens caught
in a given sample unit of time (1 hour or 1 night) and the
average number of specimens caught in the same time unit
calculated for the whole brood. If the number of specimens
trapped equals the average, the value of relative catch is
one. Only those nights were taken into consideration when
trapping was successful. When trapping wasn’t successful,
there were extreme circumstances (e.g., hurricanes, heavy
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TaBLE 1: The data of species examined from catching material of the Nebraska and North Carolina States (USA).
Species Years Number of

Common name Scientific name Individuals Observing data Nights

European corn borer (ECB) Ostrinia nubilalis Fbn. 1994-2010 173840 7830 1449
Lepidoptera: Pyralidae

Yellow woolly bear (YWB) Spilosoma virginica Fabr. 2001-2005 25972 728 593
Lepidoptera: Arctiidae

Corn earworm moth (CEW) Hell_(’th“ zea BOddle. 1996-2010 73100 2059 1596
Lepidoptera: Noctuidae

Forage looper (FL) Caenurgina erechtea Cramer 2000-2005 14304 1140 651
Lepidoptera: Noctuidae

Western bean cutworm (WBC) Strzflcosta albicosta S.mlth 1998-2010 61851 955 462
Lepidoptera: Noctuidae

precipitation and wind). These are not in connection with 115

the moon, so they are as a distortion.

According to our former investigations the moonlight 1.05

can decrease the insects’ flight to light but never makes it
impossible (Nowinszky [33]).

We have sorted relative catch values into the proper
phase angle divisions and averaged them. Table 2 contains
the results of our calculations.

Based on our results further significance calculations
were performed to verify the effects, of all species on the
polarized moonlight or polarized moonlight separating the
waxing and waning sector of lunar month. These results are
further shown in figures.

3. Results

According to our investigations, the light-trap catch of all five
species is low at a full moon. In case of the yellow wooly bear
(Spilosoma virginica Fabr.), the forage looper (Caenurgina
erechtea Cramer), and the western bean cutworm (Striacosta
albicosta Smith) a catch maximum is detectable in the
vicinity of a new moon. In these cases, the connection is
characterized by linear regression. In case of the other two
species, the European corn borer (Ostrinia nubilalis Hbn.)
and corn earworm moth (Heliothis zea Boddie) the catch is
higher in the first and last quarter. However, correlation is
stronger when we tested separately in two moon sections. At
this last species the curves are different in waxing and wan-
ing phase, so we show results in two figures (Figures 3 and
4).
Results are shown in Figures 1, 2, 3, 4, 5, and 6.

Result of the European Corn Borer’s collection is high
when the proportion of polarized moonlight is highest both
waxing and waning sector of the lunar month. The relation-
ship is characterized by logarithmic functions.

The light-trap catch of the Western Bean Cutworm is also
effective when the polarized moonlight is the highest. The
connection is both in waxing and waning phase, and it can
be described by the exponential function.

Relative catch
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FiGure 1: Light-trap catch of the European corn borer (Ostrinia
nubilalis Hbn.) depending on polarized moonlight (North Carolina
and Nebraska, 1994-2010).
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Figure 2: Light-trap catch of yellow woolly bear (Spilosoma vir-
ginica Fabricius) depending on the moonlight (lux) (North Caro-
lina and Nebraska, 2001-2005).

4. Discussion

The degree of illumination varied periodically between
the new and full moon phase during the synodic month
(29.53 d). The illumination (Table 2) had a maximal value at
full moon (0 phase division: 0.231x) and a minimal value at
new moon (15 phase division: 0.001 Ix).
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TaBLE 2: The moonlight parameters depending on the phase angle divisions (Lenoir County, for lunar month of 2003 August) and the

relative catches of examined species.

Phase angle divisions Moonlight (lux)

Relative catch of

Polarized moonlight (%)

ECB YWB CEW FL WBC
15 0.001 1.004 1.478 1.122 1.427 1.453
-14 0.002 1.047 1.676 1.146 1.494 1.442
=13 0.013 3.563 1.033 1.654 1.204 1.331 1.278
-12 0.026 4.422 1.059 1.530 1.180 1.194 1.218
—11 0.043 5.365 1.077 1.296 1.284 1.161 1.291
-10 0.064 6.000 0.994 1.052 1.262 1.091 1.399
-9 0.086 6.324 1.004 0.784 1.316 1.032 1.374
-8 0.110 6.576 1.035 0.792 1.232 0.946 1.236
-7 0.134 6.285 1.084 0.837 1.219 0.894 1.130
-6 0.158 5.788 1.066 0.931 1.075 0.850 1.014
=5 0.179 4.950 0.999 0.916 0.953 0.824 0.960
-4 0.198 3.687 0.993 0.760 0.879 0.773 0.893
-3 0.214 2.412 0.916 0.524 0.799 0.683 0.813
-2 0.224 —0.412 0.818 0.422 0.714 0.590 0.607
-1 0.230 -0.115 0.799 0.593 0.627 0.497 0.494
0 0.230 0 0.807 0.917 0.622 0.473 0.448
1 0.230 -1.115 0.920 0.856 0.658 0.507 0.491
2 0.224 —0.041 0.936 0.719 0.718 0.577 0.489
3 0.214 2.511 0.983 0.539 0.852 0.706 0.554
4 0.198 3.927 0.987 0.591 1.027 0.775 0.628
5 0.179 5.412 1.017 0.632 1.088 0.845 0.737
6 0.158 6.869 1.055 0.734 1.138 0.963 0.741
7 0.134 7.941 1.095 0.923 1.035 1.099 0.734
8 0.110 8.714 1.073 1.172 1.049 1.339 0.701
9 0.086 8.765 1.027 1.359 1.018 1.350 0.769
10 0.064 7.212 1.031 1.397 1.034 1.318 0.941
11 0.043 6.083 1.056 1.256 1.043 1.151 1.261
12 0.026 4.939 1.090 1.163 1.027 1.203 1.484
13 0.013 1.014 1.085 1.035 1.145 1.524
14 0.002 1.022 1.284 1.039 1.385 1.502

As the insects see the light of BL traps, assume that at
new moon, when only the night sky light is present a larger
collection distance causes the more effective catching.

The reason for the catch minimum observed during full
moon may not be a relatively strong illumination caused by
the moon. Most insects take wing at dusk, and the illumi-
nation values recorded during different twilights are higher
than those due to moonlight. Generally, illumination by the
moon does not hamper the flight activity of insects.

It is a justified fact that certain insects use polarized
moonlight for their orientation. It is unthinkable that the
activity of these insects would decrease when polarized
moonlight is present in a high ratio.

Based on the works of Dacke et al. [20], we can presume
that a high ratio of polarized moonlight presents more infor-
mation for the orientation of insects than a smaller propor-
tion of either positively or negatively polarized moonlight
around the time of full moon. This may be the reason for
the high catches in the first and last quarters and low ones

during a full moon. The illumination due to moonlight at a
full moon does not generally decrease the flight activity of
insects, as proposed by Williams [1]. The point is rather that
at a full moon flight activity truly decreases, as compared
to that during the first and the last quarters. This might
be caused by the difference in the volume of polarized
moonlight, the highest during the first and the last quarters
and the lowest at a full moon.

Our new results indicate that catches are high when the
proportion of polarized moonlight is high (Figures 1, 3, and
4). Based on our study, we can complete and partially modify
the presumption of Williams [1] that strong moonlight
decreases flight activity.

There is another possibility; insects may be reluctant to
fly at full moon not because light (intensity and polarization)
hampers their orientation, but because light may make
insects more conspicuous to predators. This is the opposite
with the next study. According to Svensson and Rydell [34]
bats often feed in the vicinity of street lamps. They make
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FIGURE 3: Light-trap of corn earworm math (Heliothis zea Boddie)
depending on polarized moonlight in waxing section of lunar
month (North Carolina and Nebraska, 1996-2010).
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FIGURE 4: Light-trap of corn earworm moth (Heliothis zea Boddie)
depending on polarized moonlight in waning section of lunar
month (North Carolina and Nebraska, 1996-2010).
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FIGURE 5: Light-trap of forage looper (Caenurgina erechtea Cramer)
depending on the moonlight in waxing and waning sector of the
lunar month (North Carolina and Nebraska, 2001-2005).
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F1GURE 6: Light-trap catch of the Western bean cutworm (Striacosta
albicosta Smith) depending on the moonlight in waxing and waning
sector of the lunar month (North Carolina and Nebraska, 1998—
2005).

good use of the fact that moths gather around the light.
Mercury vapour street lamps confuse moths in their defence
mechanism and that is why they are more endangered in the
face of bats.

Our results indicate that when a high proportion of
moonlight is polarized, flight activity increases but when
there is a low level of polarization, as at a full moon, flight
activity decreases.

The farmers can use our results to forecast their plant
protecting works.
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