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Abstract

The study analysed the potential effects of mooasph on the light-trap catches of eight specien Beven Trichoptera
families. The light-traps operated between 1981201b at ten Hungarian sampling sites. Relativehest calculated from
daily collected data were arranged by the moon elagle groups within lunar cycle. Linear and rioedr regression
analyses were carried out to test the influenceasrofmoonlight variables (illumination of the moand rate of polarized
moonlight) and the collecting distance changindhwitoon phase angle groups on the averaged retatted. The relative
catch level of caddisflies significantly varied anspecies-specific way to changing moonlight charatics through the
lunar month. Two species showed a rising trendatftc levels with increasing moonlight illuminati@moundthe full
moon period. Only one species expressed significamtreasing relative catches by the increasiraptatical collecting
distance caused by the decreasing moonlight illation between full and new moon. The study dematedrfor the first
time the effect of increasing polarized moonlighthe first and last quarter on the flying activityfive caddisfly species.
Supposedly, caddisflies use these moonlight chenatits as orientation cues increasing the nundfeflying and,
consequently, captured adults.
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1. Introduction

Caddisflies are frequently represented by more @hoin  surrounding vegetation (Chan et al, 2007). Thipelisal
assemblages among aquatic insect groups; conséguent process contributes to a considerable nutrienttemaind
their larval and adult populations contribute tovesal energy flux from the lotic and lentic agquatic ecgisyns to
important ecosystem functions. Caddisfly larvaeveseas  the terrestrial ecosystems (Gratton & Zanden, 2009)

food base for fishes and other aquatic predatoiie(@:

Malmagyvist, 1998 and Shubina, 2006), they intengiveke Several collecting methods were developed to obtaige
part in the decomposition of organic matter (Giller guantitative samples in order to study these foneti
Malmqvist, 1998 and Graca, 2001), and they are hyide roles of adult caddisflies. One of the best of ¢hesethods
used as bioindicators in water quality assessmentss light trapping e.g. thousands of adults werdectdd in
(Chantaramongkol, 1983; Usseglio-Polatera & Boudpau the study of Svensson, 1974 and Almeida & Marinoni,
1989 and Stuijfzand et al, 1999). During their Hiligo 2000. This trapping method has been extensively bge
inland, the emerging caddisfly adults may serveprays trichopterologists from temperate areas (e.g. @oith
for many invertebrate (insects, spiders etc.) artebrate  1960; Svensson, 1974; Malicky, 1981; 1991; Usseglio
(e.g. frogs, lizards, bats, birds etc.) predativisd in the Polatera & Bournaud 1989; Waringer, 1989 and Koeats
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al, 1996), Mediterranean aquatic habitats (e.g.aBaret al,
2004 and Diken & Boyaci, 2008) and from
subtropical/tropical regions (e.g. Corbet, 1958nAida &
Marinoni, 2000 and Chan et al, 2007).

The light-trap is the most commonly used sampliagice
to study the flight characteristics, swarming péyio
population dynamics, or daily activity of nocturnasects
at different (from daily to yearly) time scales (Maszky,
2003). The Hungarian light-trap network supplietiuge
scientific material
entomological basic research, plant protection postcs
and environmental protecting research (Szentkir@@D2

and Nowinszky, 2003). However, the effectiveness of
sampling method wasGal et al, (2001) investigated the polarizatiortgrat of the

light-trapping as an insect
influenced by many environmental
meteorological to cosmic factors.

variables from

Meteorological elements are the most known
environmental factors influencing the light traglection

of caddisflies. Several investigations were carred to
measure the effects of various weather variablg®, |
precipitation, wind speed, cloud cover, relativaniity,

and night air temperature (Mackay, 1972; Usseglio-

Polatera & Auda, 1987; Waringer, 1991; 2003 andt®&mi
et al, 2002). While these abiotic factors influeshceore or
less the frequency of take-off and the timing andaton
of flight (Waringer, 1991), most studies indicatbdt only
air temperature had a highly significant effect tre
catching success. Among the abiotic variables dntheo
most interesting environmental effects is causedthsy
periodic change in moonlight during lunar cycleheT
influence of the moonlight on the catches of liglajps has
been examined for decades (Nowinszky, 2008). Inafine
the earliest light-trapping studies, Williams (1936und

Horvath & Varji (2004) and Warrant et al (2006)
documented in detail that many insects are ableséothe
polarization pattern of the sky in daytime and askd—
formed by the setting sun and moon - for spatial
orientation. Nowinszky et al (1979) and Danthananay&
Dashper (1986) recorded maximal light-trap catcbés
some moth species in the first- and last-quartemobn,
when the polarization proportion of moonlight iseth
highest. Based on this catch pattern Nowinszky €19v9)
suggested that the increasing rate of moonlighdration

over the past five decades foris used as an orientation cue by night-flying ifsec

consequently, in the first- and last-quarter mariviiduals
will be active elevating the catching probability.

nocturnal sky at full moon, which was practicaltientical
to that of the diurnal sky, when the zenith distaof the
sun and the moon was the same. Important expersngnt
Dacke et al (2003) proved that the African scardigdtle
(Scarabeus zambesiani®éringuey) is able to navigate
with the use of polarization sky pattern of moohtigrhey
later concluded that night-active insects may beeexely
sensitive to detect the sky polarization pattern of
moonlight, since they navigated with the same pgieni
under the pale moonlight intensity (Dacke et all2@nd
Warrant & Dacke, 2011).

Besides polarized moonlight and perhaps polarimatio
pattern of the night sky, many aquatic insectsadse able
to detect their habitats by the perception of lihea
horizontally polarized light reflected from the wat
surfaces. Detailed studies discussed that apam Various
taxonomic groups of aquatic insects, Trichoptera us
horizontally polarized light reflected from naturduatic
(Schwind & Horvath, 1993; Horvath 1995a; b; Horvé&th

that much fewer insects were collected at full moonGal, 1997 and Horvath & Varji, 1997) or artificial

compared to new moon. Williams (1936) established t
reasons, which may be responsible for lower cateiel$

at full moon periods: (1) increased moonlight rezhithe
flying activity of insects, consequently, a smaltate of
active population will be accessible for the ligiap, or (2)
the artificial light of the trap collects moths noa smaller
area in the concurrent moonlit environment. Based o
latter concept, several researchers calculateceatih
distances for different light-trap types under ttagiation

of lunar cycle (Dufay, 1964; Bowden & Morris, 19@8d
Nowinszky, 2008). Bowden & Morris (1975) made some
corrections for daily catches by an index calculai®m
the changes of collecting distance during lunation.

However, other studies reported increasing captafes
light-traps during full moon, a phenomenon thatwtio
reflect an increased insect activity in some caSd¢we
possible moonlight effects on insects sampled ghtdi
trapping were published by Nowinszky (2008) in a
detailed review.
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surfaces (Horvath & Zeil, 1996; Kriska et al, 1988d
Bernath et al, 2001) for navigation. For examplaska et

al, (2008) documented that the caddistydropsyche
pellucidula (Curtis) can be attracteén masseto the
vertical glass surfaces of buildings near the rivireir
experiments showed that glass surfaces can reflect
horizontally polarized light so strongly that theyere
detected by caddisflies as water bodies (Kriskal,e2008

and Horvath et al, 2010).

The daily distribution of flight activity is an ingptant
aspect in the study of potential moonlight effects
caddisflies because the nightly duration of the mdisc
staying above the horizon use to change duringdhieus
quarters (Nowinszky et al, 1979 and Nowinszky, 2008
Caddisflies may have very different type of daibtiaty
patterns. Many trichopteran species fly exclusivaty
daylight (Flannagan, 1978 and Cobb et al, 1981)st\od
the caddisflies are active during evening or night,some
species have a daily bimodal activity pattern (e

80




L. Nowinszkyet al / Research Journal of Biology (2012), V@&, Bsue 03, pp. 79-90 ISSN 2049-1727

Taylor, 1964). Other studies reported that the svirag of moonlight can influence the capture level in twoysva
caddisfly adults starts mainly after dusk and pdaif®re during the lunar cycle (Williams, 1936): (1) thesing
midnight during early or late evening hours but flying moonlight intensity directly increases/decreases th
of many species continues till dawn (Tshernyshé611  number of flying insects primarily during the madm
and Jackson & Resh, 1991). Jackson & Resh (1991)llumination in the full moon phase, (2) the rising
monitored the daily flight pattern of three cadljispecies moonlight intensity decreases the effective tragpin
using female sex pheromones to attract males:distance competing with the artificial light soursed thus
Dicosmoecus gilvipegHagen) (Limnephilidae)Gumaga the number of captured insects is the lowest arduiid
nigricula (McL.) (Sericostomatidae) arffdumaga griseola moon and highest in the new moon phase. The rate of
(McL.). They found that the light intensity influeed the direct polarized moonlight has two increasing pdsiavith
flight activity of these species but not their Atg peaks of 6.6% in the first and 8.8% in the lastrtpra
periodicity. Catch peaks in the number of flying moths and setl
corresponding to the periods with higher proportioin
According to Nowinszky (2008), if the insects at#eato  polarized moonlight were first documented by Nowkys
navigate by the polarized moonlight, it can notitithe €t al (1979). The reaction of insects to these rigin
collection of lighttrap. The collection radius may changes may be species-specific as it was found in
influence the catch level only if the environmenfriee of ~ nNumerous cases (Nowinszky, 2008). The aim of ptesen
light pollution and when the collected species abke to ~ study was to analyse and describe the possibleeinfies
fly larger distances. Mackay (1972) reported thlae t Of the moonlight illumination, the polarization eatof
number of caddisfliesRycnopsychespp, Limnephilidag) moonlight and the change of collecting distancenduthe
caught by BL (Black Light) trap was low on nightsfoll lunar cycle on the light-trap catches of severaldesfly
moon, especially, when the moon disc was above theSPecCies.
horizon. Corbet (1958 and 1964) collected African
Plecoptera, Ephemeroptera, and Trichoptera over &@. Material and Methods
hundred consecutive nights using Robinson-Typetdigh
traps (125W mercury vapour bulbs) on the shoreakel. 2.1, Collecting Sites and Characteristics of Light-
Victoria. Only four of the 37 species showed a gdigal Trappings
fluctuation in the number of individuals correspomy
well to the changes of the lunar phases. In hidystthe  Light-traps collected the investigated caddisfligs the

timing of mass emergence of adult caddisiihripsodes  following sites (near Hungarian villages or towre)d
ugandusKimmins (Leptoceridae) followed the periodic time periods:

changes in lunar cycle, specifically, an activigak was

found in the first and last quarter. He proposeat these  Szilvasvarad (48.64N; 20.23E): 1980, Vorésklgy
catching peaks reflect the emergence pattern oftsadu (48.34N: 20.27E): 1981-1982, Dédestapolcsany (48.11
influenced by moonlight rather than changes in the20.28E): 1988, Maroslele (46.27N; 19.35E): 2001,
catching ability of light-traps (Corbet, 1958 an@63).  Fiiléphaza (46.89N; 19.44E): 2001-2002, Csongrad
Bowden (1973) also suggested that peak periods 0{46.71N; 20.14E): 2003-2005, Tiszakérod (48.10N;
oviposition and emergence of some insects could be2 71E): 2003-2005, Tiszaroff (47.39N; 20.44E): 200
influenced by photoperiodism determined by the amiou 2005, Tiszasiés (47.55N; 20.71E): 2003-2005 (Kiss,
duration and distribution of moonlight. According t 2003).

Harris (1971), crepuscular Trichoptera could notheght

by the light-trap when the reflected solar lightswgreater  The light source of the applied Jermy-type liglaigs was
than sixteen cd. The swarming of caddisflies stevtben a 100W normal white light electric bulb hanged unde
the light intensity dropped below four cd, a th@sh  metal cover (@: 1m) at 200 cm height above the miou
serving as a cue for beginning of flying (Harri871). Collections were conducted by modified Jermy-trapar
Flléphaza and Maroslele using a compact fluorescenc
Within the Hungarian light-trap network, some traps light source (Philips PL-T 42W/830/4pJn each case
operating near different aquatic habitats collecteh chloroform was used as a killing agent. The tragsew
caddisfly materials in the last decades. From tlregmping operated through every night during the season fignil
materials we selected the most abundant Trichopterauntil October.
species to evaluate how flight patterns are matlity
periodic changes of moonlight factors. Light-tragpi 2.2. Species|nvestigated and Their Catching Data
investigations (Nowinszky et al, 1979 and Nowinszky
2008) suggested that the most effective moon viesab For our analyses the light-traps produced suitelbta sets
were the reflected moonlight illumination and the only from 8 species of the sampled caddisflied &sllows.
polarized rate of moonlight. The illumination byeth Some characteristics of these caddisflies are based
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works of Kiss (2003), Malicky (2004) and Graf et al compare the differing sampling data of a speciektive

(2008).

2.3. Data of the Moon-Phases, Polarization of Moonlight
and Collecting Distances

The mean revolution time of the moon on its orbbduad
the Earth is 29.53 days. This time period is nuisible by
entire days, therefore, we rather used phase alagge For
every midnight of the flight periods (UT = 0 h), wave
calculated phase angle data of the moon. The 368Sep
angle of the complete lunation was divided intopBase
angle groups. The phase angle group including tiie f
moon (0° or 360°) and + 6° values around it wakedd).
Beginning from this group through the first quantetil a
new moon, groups were marked as -1, -2, -3, -4,6:5,7,
-8, -9, -10, -11, -12, -13 and -14. The next diuisiwas
%15, including the new moon. From the full moonotigh
the last quarter to the new moon the phase anglepgr
were marked as 1, 2, 3,4, 5,6, 7, 8,9, 10, 21,18 and
14. Each phase group consists of 12° (Nowinszk9320
These phase angle groups are related to the feuteys of
lunar cycle as it follows: full moon (-2 to +2) staquarter
(3to 9), new moon (10 to -10) and first quartérté -3).

Because the increasing moonlight intensity can edeser
the catching radius of a light-trap (Nowinszky, 8p0the
required illumination of the moon correspondinget@ch
night of moon phase angle divisions was calculatedur

custom-made computer program (Nowinszky & Toéth,

1987). This software calculates the illuminatiorx) (I
originating from the sun at dusk, the light of theon and
the nocturnal sky for any given geographical ldgakday

and time, including some corrections for cloudinelse

collecting distance (actual effective catching wadof a
trap) was calculated from the environmental illuation

components by the following formula:

o ——
ES + EM + ESS

Where: g = collecting distance, | = illumination from theutb of trap,
E = the illumination coming from the environmennsisting of the
light of the setting or rising sun §& the moon (), and the starry sky
(Es9.

The collecting distances for Jermy-type light-treere

catching values were calculated from the number of
individuals. For each examined species the Rel&iateh
(RC) data were calculated for each sampling daysipe

per year. The RC was defined as the quotient of the
number of individuals caught during a sampling tiomet

(1 night) per the average catch (number of indigldu
within the same generation relating to the same timit.

For example, when the actual catch was equal to the
average individual number captured in the same
generation/swarming, the RC value was 1. Since,t mos
caddisfly species showed more or less continuous
swarming over the seasons with overlapping gerersiti
we use the daily average of total catches in a ye&C
calculations.

The RC values of a species from all sites and yeare
arranged into the proper phase angle groups. THmir
moving averages were calculated from the RC vaunes
arranged by the consecutive phase groups for qraties.

In the first step, the greater catch peaks werectlsd in
temporal patterns of RC ranging through the phaggea
groups of lunation. The mean of the peak RC and &Cs
the next 3-3 phase groups on both sides of the peak
compared with t-test to the mean of the remainihgse
groups’ RC values. If the t-test produced a sigaiiit
difference between the two RC means then we coreide
the possibility that the higher catching level witlthe
peak was promoted by one of the moonlight variables
investigated. In order to identify the potentiafluencing
factor, the allocation of each significant catchpepk in
the lunar cycle was compared with the pattern of
moonlight characteristics (illumination level, pent of
polarized moonlight) and effective trapping distanc
variation by phase angle groups.

The moonlight variables were not available in dilape
angle groups (e.g. illumination or polarized moghtiin

new moon phase, therefore the regression analyses w
carried out for those phase angle groups where the
moonlight variables could be calculated.

Between moonlight variables (x-axis) and mean RiQes
(y-axis) regression analyses were made using liaedr
non-linear fitting. The regression equations yieddithe
best fits were given in the figures with tRévalues and
probability levels.

calculated for each phase angle groups and given in

Table 1.
2.4. Data Processing and Statistical Analysis

Basic data was the number of individuals caughbbg
trap in one night. The number of basic data exatede

3. Results

3.1. Changes in Moonlight Variables and Effective
Trapping Distancein the Lunar Month

The degree of illumination varied periodically beem the

number of sampling nights because in most collgctin new and full moon phase during the synodic mon¢h52

years more light-traps operated synchronously.réteoto
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d). The illumination had a maximal value at full omo(0
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phase group: 0.179 Ix) and a minimal value at neyem
(15. phase group: 0.0012 Ix). The multiplicatiorctéa
between the minimal and maximal illumination was 15
The calculated effective radius of trapping coroegbing

to the changing moonlight illumination varied beéme
23.2 and 365.1 metres equivalent to a 15.7 timeease
(Table 2).

Table 1. Trichoptera Species Investigated and Thei€atching Data

The ratios of mean peak RC and mean of other phase
groups were 2.2 and 2.0 in case Hbf instabilis and O.
albicorne respectively.

The fourth type was found in the catching patteshs.
lunatus and H. digitatus characterised by a definite RC
peak in the first quarter between -11 and -7 plyasaps.

Trichoptera Species Collecting Sites Years Individuals Observing Datal
Rhyacophila fasciatéHagen, 1859) 1 2 132 64
Psychomyia pusilldFabricius (1781) 1 2 718 91
Ecnomus tenelluRambur, 1842) 7 8 24763 1105
Hydropsyche instabiligCurtis, 1834) 4 3 5539 205
Odontocerum albicornéScopoli, 1763) 2 2 369 89
Limnephilus lunatugCurtis, 1834) 1 2 309 58
Halesus digitatugSchrank, 1781) 2 3 978 105
Agraylea sexmaculatgCurtis, 1834) 4 4 887 81

The proportion of linearly polarized moonlight (Tal®)
has a bimodal temporal pattern with two peaks dutire
lunar cycles. One of the maximal polarization rates
reached in the first quarter between -10 and -7s@ha
groups (6.57%), and the second peak can be recanded
the last quarter between 7 and 10 phase group8%3.7

3.2. Types of Catching Pattern in the Lunar Cycle

After the detection of significant catching peakse
grouped the caddisfly species on the basis of #imiilar
type of flying patterns expressed through lunaleysext
types of catching patterns were identified. Twocspg R.
fasciataandP. pusillashowed a clear catching peak at full

These catching peaks differ significantlylinlunatus(t =
4183, P < 0.01) andl. digitatus(t = 4.236 P < 0.001)
from the mean RC of other phase groups. The ratfos
peak RC relative to the mean of other phase growgs
2.3 and 2.7 ir.. lunatusandH. digitatus respectively.

The last type of catching patterns was shown Ay
sexmaculata with the highest trapping level in the
moonless period of new moon (between 13-15 phase
groups) and the lowest level during full moon (Qtzase
groups). The difference between the mean RCs ofi¢he
moon and other moon phase groups was significant (t
2.11, P < 0.05). The ratio for mean RC of new moon
compared to the mean of other moon phases was 2.9.

moon (0+3 phase groups) compared to the mean RC of

other phase groups.

E. tenellusdemonstrated another catching pattern with a

characteristic bimodal RC distribution over theduaycle.
The light-trap catches of this caddisfly peakedha first

3.3. Results of Regressions between Moonlight Variables,
Trapping Distance and RC

The results of regression analyses are illustretédgures
1-8. Only those regressions are presented in theefs,

quarter (range: -10 and -7 phase groups) and tsie la which produced significant effects on the lightptigatches

quarter (range: 6 and 8 phase groups).
difference was detected between mean RC valuesaksp
and other phase groups (t = 3.792, P < 0.001).rate of
peak to mean of other RCs was 1.8 in the first h6din
the last quarter.

The third type of RC pattern in lunar cycle waswhdy
H. instabilisand O. albicornewith a significant RC peak
allocated in the last moon quarter between 7 anghbke
groups. The RC peaks were significantly higher ttan
mean RCs of other phase groups for bdthinstabilis(t =
4.554 P < 0.001) an@®. albicorne(t = 3.43, P < 0.001).
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Significantby the above-mentioned pattern type of moonlightl an

trapping distance as independent variables.

The RC values of caddisflieR. fasciata,and P. pusilla
were regressed against the illumination level adoful
moon because of the significant corresponded tngppi
peak (Figures 1-2). The significant positive slop#s
regression lines reflect the increasing catches$ whie
rising moonlight illumination around full moon beten
0.1 and 0.18 Ix. lllumination explained a greatartgrom
the total variance of RC, as suggested by the Vadjies of
R (> 0.6).
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Table 2. Calculated lllumination, Polarization Rate of the
Reflected Moonlight, and Collecting Distance Arrangd
by the Consecutive Moon Phase Angle Groups

E\ngee lllumination Polgrized Cs)i!te;t]igg
Group (Ix) Moonlight (%) (m)
15 0.0012 0.000 338.1
-14 0.0034 0.000 282.8
-13 0.0097 3.563 223.6
-12 0.0199 4.422 200.0
-11 0.0332 5.365 178.9
-10 0.0492 6.000 139.7
-9 0.0665 6.324 105.4
-8 0.0854 6.576 88.1
-7 0.1041 6.285 58.6
-6 0.1221 5.788 49.1
-5 0.1389 4.950 45.0
-4 0.1533 3.697 41.8
-3 0.1654 2.412 31.0
-2 0.1736 0.412 26.6
-1 0.178 0.115 23.2
0 0.1791 0.000 26.5
1 0.1772 0.115 31.9
2 0.1713 0.041 33.9
3 0.1618 2.511 36.5
4 0.1497 3.927 42.7
5 0.1345 5.412 49.9
6 0.1181 6.869 72.8
7 0.1001 7.941 90.1
8 0.0825 8.714 107.7
9 0.0646 8.765 126.5
10 0.0475 7.212 141.4
11 0.0321 6.083 163.3
12 0.0193 4.939 239.0
13 0.0097 0.000 282.8
14 0.0033 0.000 365.1

Note: Phase angle groups of moon quarters: full moon2=t6 2), last

quarter = (3 to 9), new moon = (10 to -10), firstayter = (-9 to
-3); the illumination caused by the Moon; the coiiieg distance
was calculated for Jermy-type light-traps usechiis study

The pattern of light-trap catches (RC) of five datlg
species showed positive correlation with the rafe
polarized moonlight either in the first, last ottbhguarters.

For the last case, an example was providedt btenellus
with maximum catches both during the first and fasbn

increasing RC in response to the increasing rate of
polarized moonlight from 0 to near 9%. Polarized
moonlight above 6% seemed to cause greater RCs in
particular (Figure 3). The significant effect ofigh
moonlight component was underlined WY values
explaining more than 60% of total variance.

y=19.234k - 19268
R*=06742 P<001

Relative catch

013 0l 0l 015 015 016 016 017 017 018 018
Tlumination ()

Figure 1. Changes in the Mean Relative Light-Trap @tch (RC) of
Rhyacophila fasciata (Hagen) around Full Moon
Depending on the Increasing Moonlight lllumination

yF212x-2204 y70019¢™%
226623
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Figure 2. Changes in the Mean Relative Light-Trap @tch (RC) of
Psychomyia pusilla (Fabricius) around Full Moon
Depending on the Increasing Moonlight lllumination

The peak of relative catch level &f. instabilis and O.
albicorne was associated with the maximum of polarized
moonlight only in the last quarter. Based on this
correspondence the regression showed a near linear
significant fit of increasing catch depending orapiaed
moonlight for bothH. instabilis (Figure 4.) with a high
explanation of varianceR{= 0.9) and forO. albicorne
(Figure 5) with less explanation of variané&< 0.45). For
these two species the increasing trapping level was
recorded between 2 and 9% rate of polarized madalig

Based on their RC patterh. lunatus and H. digitatus

quarters. The regression line on Figure 3 expressedeemed to be under influence of polarized mooningak
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only in the first quarter. Regression of RCs forthbo
species (Figures 6-7) yielded significant linegpetedence
on the rate of polarized moonlight in the rangeneen 2
and 7%. The ratio of variance explainedywas 77% in
L. lunatusand 52% irH. digitatus.

y=0081x+0.67
18 R*=0SI9P 00T

=

Relative catch
-

y=06382¢"
l(’ =UTI93 <001

-

% . i

00 10 20 30 40 50 60 70 80 9.0

Polarized moonlight (%)

Figure 3. Changes in the Mean Relative Light-Trap @tch (RC) of
Ecnomus tenellus (Rambur) Depending on the Increasing
Rate of Polarized Moonlight in the First and Last Quarter
within a Lunar Cycle

y=02747x-0312)
R*=08908P <001

Relative catch
\.
-

20 30 40 50 60 70 80 90
Polarized moonlight (%)

Figure 4. Changes in the Mean Relative Light-Trap @tch (RC) of
Hydropsyche instabilis (Curtis) Depending on the
Increasing Rate of Polarized Moonlight in the Fir$ and
Last Quarter within a Lunar Cycle

Only one caddisfly species showed clear respongbeto
changes of collecting distance during the lunatecy€he

regression of rising RC values Af sexmaculatéFigure 8.)
against the calculated increasing collection radiuswed
a significant linear relationship witR?= 0.5. In Figure 8,
the gradually decreasing level of illumination itsca
represented in parallel with the increasing tragpadius.

4. Discussion

For astronavigation nocturnal insects can potdntiase
several celestial cues such as the direct lighhefbright
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moon disc, the circular sky pattern of polarizedomigght
around the moon (atmospheric scattered light), her t
constellation of stars (Wehner, 1984; Horvath & j\iar
2004 and Warrant & Dacke, 2011). Insect species leay
able to use more than one of these nocturnal atient
cues for navigation. Of these orientation cuesdissean
easily see the large and bright moon disc becaisse i
perception does not require a specialised visustegy
(Dacke et al, 2004 and 2011).
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Figure 5. Changes in the Mean Relative Light-Trap @tch (RC) of
Odontocerum albicorne (Scopoli) Depending on the
Increasing Rate of Polarized Moonlight in the Fir$ and
Last Quarter within a Lunar Cycle
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Figure 6. Changes in the Mean Relative Light-Trap @tch (RC) of
Limnephiluslunatas (Curtis) depending on the increasing
Rate of Polarized Moonlight in the First and Last Quarter
within a Lunar Cycle

In order to explain our results on catch level aton
during the lunar month, we assumed that (1) calgdisf
adults use at least one moonlight characteristsam
orientation cue in certain periods of lunation &Rgif this
way the navigation of caddisflies becomes saferrandce
precise, then a higher number of individuals camraw
during nights of a favourable lunar phase. Consetlye
the probability level of captures by light-trapslivalso
increase (catching peaks).
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Figure 7. Changes in the Mean Relative Light-Trap @tch (RC) of
Halesus digitatus (Schranck) depending on the increasing
Rate of Polarized Moonlight in the First and Last Quarter
within a Lunar Cycle
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Figure 8. Changes in the Mean Relative Light-Trap @tch (RC) of
Agraylea sexmaculata (Curtis) Depending on the Collecting
Distance

4.1. Influence of Moonlight Illumination on the Catch
Level of Caddisflies

The light-trap catches of two caddisfly speciRsfasciata
andP. pusillawere positively correlated with the level of
moonlight illumination, especially during the futhoon
period. The explanation for these significant caigh
peaks may be that the brightest full moon discistpy
above the horizon throughout the whole night cobéd

4.2. Influence of Effective Trapping Distance on the
Catch Level of Caddisflies

Among caddisfly species investigated oAlysexmaculata
had maximum catch level near new moon and minimal
catch around the full moon period. This catch patte
supports the idea about the effective collectingtagtice,
which depends on the competition between the fixed
brightness of the trap’s light-source and the civang
moon light illumination during the lunar month (Wdms,
1936 and Bowden & Morris, 1975). The caddisfy
sexmaculatainhabits standing waters (Graf et al, 2008),
thus during its dispersion the adults tends to getei in
longer distances when they search for aquatic &isbit
This species was characterised as a strong flicdisily

by Svensson (1974). Therefore, a less direct degerdof
spatial navigation on periodic moonlight changes/ e

an important adaptive trait dk. sexmaculataThus, the
moonlight illumination can only indirectly influeacthe
catch probability of this caddisfly via changeseffiective
trapping radius.

The small difference between the two peaks of prdtion
percent is caused by the dissimilarity of reflectagpht
characteristics from the two moon hemispheres
(Nowinszky et al, 1979). At full moon (phase groOpthe
moonlight is not polarized (0%) but in a narroweinal (+

2.5 d) the polarization plane of moonlight turnseov
(Pellicori, 1971 and Nowinszky et al, 1979).

4.3. Influence of Polarized Moonlight as a Possible
Navigation Cueto Catching Level

Analyses of the collecting patterns of caddisfliesealed
clear peaks of the light-trap catches of five spedn
relation with the increasing percent of polarizedomlight
at the first and last quarter of lunar month. Thaeseks of
light-trap catches corresponded to a significany-feld
increase (range: 1.6-2.7) in the number of swarming
caddisfly individuals. Among the studied speci&s
tenellusresponded to both peaks of polarized moonlight in
the lunar cycle. The other caddisflies reacted dalyhe
polarization maximum in the firstH( digitatus and L.
lunatug or last quarterH. instabilis and O. albicorng.
Since the captures of caddisflies by light-trapping

used as a compass for flying caddisfly adults (moondecreased but never ceased at minimal or no rate of

compass hypothesis). The full moon disc is brightl a
effective enough at infinity to be perceived asoanplike
light source serving for the navigation (keep ainty
direction) of nocturnal insects like these cadglisfbecies
(Wehner, 1984). Although the theoretical effectlight-
trapping area is expected to be the smallest duhiedull
moon period, the significant catch peak of thesidisdly
species recorded at full moon reflects the increpsiffect
of illumination on the flight activity level (higmenumber
of flying individuals, longer flight period duringights).
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moonlight polarization, we propose that this moginti
variable only periodically contributes to the a@my of
orientation and the number of active adults in@eaga
this mechanism.

Species-specific circadian rhythm of nocturnal swiag
activity of caddisflies may serve as an explanation
these different responses given to polarized mgbtli
The more or less synchronized flight of adultsha same
period of nights can guarantee a successful reptimoiu
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(mating, oviposition) and mass dispersal for
nocturnal caddisfly species, when visual obsermai®
difficult. Some caddisfly species are characteriggith a
flying peak allocated before or after midnight h&uwhile
others continuously swarm through the night (Tspshev,
1961; Lewis & Taylor, 1964; and Jackson & Resh,1)99

Within the lunar month the moon disc is visible in
different parts of the night depending on the dctnaon
phase. During the first quarter the moon is abdwe t
horizon mainly in the hours before, while in thestla
quarter mainly after the midnight period. From tfsist we
conclude that some caddisflies lilke tenellus probably
fly throughout the night, so it can see the moast dioth
in the first and the last quarter and is able te tise

most these movements should be another orientation mode,

especially for vagrant caddisfly species associateéth
standing waters. While the polarized light reflechy the
water may be used by caddisfly adults for their
compensation flight to keep their route above ttieasn
surface or for detecting aquatic habitats, the giman
moonlight characteristics should promote the osgoh
during travels of larger distances over the teriast
landscape.

5. Conclusion

The results of these experiments support the cartbep
our studied caddisfly species were able to percéine
very low intensity of direct polarized moonlightchnse it

polarized moonlight as navigation cue. Because thisfor navigation. The increased number of flying induals

caddisfly species is a standing water inhabitaatadults
must fly longer distances to find a required pdadée etc.
Similar catching pattern was recorded for anotlagidcsfly
i.e. A. uganduswith peaks in first and last quarter (Corbet,
1964). Caddisfly species with a catch peak onlghinfirst
quarter H. digitatusandL. lunatug may have a swarming
period allocated predominantly to the first half mght,
while species with catch peaks in the last quaftér
instabilisandO. albicorng may have a flying period in the
second half of nights.

More studies have documented that the aquatic tsisec
involving caddisflies use the horizontally, linearl
polarized light reflected from water and other Batfaces
to detect their habitat (Horvath & Varju, 2004; ka et al,
2008 and Horvath et al, 2010).

Although the upstream and downstream movements ofmprovement of the computer

caddisflies are well-known, relatively few field

with the improved orientation at polarization peaks
produced higher catching levels in the first arsd Guarter.
We presented here for the first time a possiblégaion
role of the direct polarized moonlight during tHight of
caddisflies. We think that this moonlight variatideonly
one of further environmental cues contributing tee t
efficiency of nocturnal navigation and it has an
evolutionarily advantage for caddisfly species witie
synchronization of mating, egg-laying, or dispensio
flights of adults.
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