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THE EFFECTS OF METEOROLOGICAL FACTORS ON URBAN
BUTTERFLY FAUNA: INSIGHTS FROM A LIGHT TRAP
STUDY

Abstract. During our research, we collected moths using light traps in Mukachevo, one of
the largest cities in the Carpathian Basin, with the aim of exploring the composition of the
local moth fauna and examining the effects of meteorological factors (daily mean, minimum,
and maximum temperatures, relative humidity, and daily precipitation) on the number of
individuals collected. Using light traps, we recorded 51 moth species, including several that
are well adapted to urban environments and are of notable agroecological importance (e.g.,
Cydia pomonella, Ostrinia nubilalis, Plutella xylostella).

The results of the ordination and variance analyses indicated that meteorological
parameters explained a significant, albeit relatively small, proportion of the daily variability
in the moth assemblages. Temperature-related factors, particularly minimum and maximum
temperatures, proved to be the most influential, whereas the effects of relative humidity and
precipitation were comparatively moderate.

Our findings confirm that the efficiency of light-trap sampling in urban environments is
strongly influenced by prevailing weather conditions, which affect moth flight activity over
both short- and medium-term timescales. This underscores the importance of considering
the complex interactions between local microclimate and meteorological factors in ecological
studies of urban moth fauna, particularly in the context of the growing impacts of climate
change and urbanization.

Keywords: Lepidoptera, light trap, weather conditions, Mukachevo, Zakarpattia
Region.
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Introduction. During our research, we collected moths using light traps in Mukachevo, one of
the largest cities in the Carpathian Basin. In addition to studying the local moth fauna, we were
also interested in assessing the effectiveness of a light trap powered by a low-power household light
bulb in an urban environment, and in examining how meteorological factors such as average daily
temperature, daily minimum and maximum temperatures, relative humidity, and daily precipita-
tion influence the number of specimens collected. Previous research has shown that, in addition
to food availability and anthropogenic disturbances, weather conditions can significantly affect
the flight activity of many insect species and, consequently, the efficiency of light-trap collections
(Steinbauer, Haslem, & Edwards, 2011; Jonason, Franze, & Ranius, 2014). For many insect species,
it is likely that the spectral composition of nighttime lighting is more biologically relevant than
light intensity itself (Longcore & Rich, 2004), highlighting the importance of reducing light pollu-
tion in both urban and nature conservation areas.

We selected the city of Mukachevo as our study site because it is situated at the transition zone
between the Carpathian Plain and the surrounding mountainous region. The Latorica River flows
through the city, which is characterized by extensive forests adjacent to populated areas, as well as
agricultural zones and urban park-like habitats.

Previously, Heriak, (2010, 2012, 2021), Popov (2004), Liashenko, (2009), Szanyi, Nagy, & Varga
(2015), Szanyi, Nagy, & Varga (2018), Kanarsky, Geryak, & Lyashenko (2011), Matsiakh (2020),
and Vass, Hadnagy, Kohut, & Kolozsvari (2023) examined the composition of the butterfly fauna in
the region; however, current lepidopterological data for the city are lacking. The study of butterfly
fauna inhabiting urban environments has recently gained increased attention, as evidence suggests
that climate change, urbanization, and artificial light sources exert significant influences on but-
terfly population dynamics (Vass, Hadnagy, Kohut, & Kolozsvari, 2023).

The efficiency of light traps in capturing moths may be closely linked to prevailing meteorologi-
cal conditions. Previous research has demonstrated that meteorological factors distinctly affect the
number of moths captured in traps and that the population-level effects of these factors can be
effectively traced in long-term datasets (Kottek, Grieser, Beck, Rudolf, & Rubel, 2006). The local
microclimate of urban environments may further intensify these influences.

In recent years, Vass and colleagues (2023) have conducted a detailed analysis of the role of
weather factors in the Carpathian region, finding that fluctuations in temperature and humidity
were closely associated with trapping success. The combined interaction of these factors substan-
tially affects the interpretability of catch data, particularly in urban settings. Therefore, in studies
of urban butterfly fauna, it is essential to account for the complex impacts of meteorological condi-
tions for drawing reliable ecological conclusions (Yela, & Holyoak, 1997).

Materials and methods.

Field work. Mukachevo is located in the central part of the Zakarpatska Region and covers an
area of 27.9 km?. The collection site (48.451493, 22.727805) lies near the Latorca River, which di-
vides the city into two parts, and is adjacent to the 10.9-hectare Central Park. The park’s woody veg-
etation comprises Japanese cherry (Prunus serrulata), magnolia (Magnolia), apple (Malus), tulip
tree (Liriodendron tulipifera), birch (Betula), catalpa (Catalpa), and oak (Quercus) species. The sur-
rounding gardens include additional fruit trees: cherry, sour cherry, apple, walnut (Juglans), plum
(Prunus), and pear (Pyrus), as well as wild rose (Rosa canina).

According to the Koppen-Geiger classification (Kottek et al. 2006), the region’s climate is clas-
sified as warm-summer humid continental (Dfb). Based on the CarpatClim climate atlas (Szalai et
al. 2013) and grid point data No. 1572 for the period 1961-2010, the mean annual temperature is
10.1 °C. The coldest month is January (-2.4 °C), and the warmest is July (20.4 °C). The summer and
winter seasons are clearly distinct. On a multi-year average, mean temperatures in December, Janu-
ary, and February remain below 0 °C, while monthly mean temperatures from April to October
exceed 10 °C. The average annual precipitation is 710 mm, distributed relatively evenly throughout
the year. June is the wettest month (80 mm) and March the driest (48 mm). The growing season,
defined by a daily mean air temperature of at least 5.5 °C, lasts approximately 245 days per year.
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A Jermy-type light trap was used to collect specimens in the northeastern part of the city, an
area characterized primarily by residential buildings and small gardens. The trap was positioned 2
meters above ground level and equipped with a 100 W conventional light bulb as the light source.
It was operated nightly between 8:00 p.m. and 5:00 a.m. (CET). Moths captured in the collection
container were anaesthetized with ethyl acetate and subsequently preserved by freezing until taxo-
nomic identification. The sampling period extended from April to August 2024. In total, the trap
was operated 67 times on the following dates: 04.01., 04.02., 04.02., 04.03., 04.03., 04.04., 04.04.,
04.05., 04.06., 04.07.,04.09.,04.10., 04.11.,04.12.,04.12., 04.13., 04.16.,04.17., 04.19., 04.20., 04.20.,
04.21.,04.23.,04.24.,04.24.,04.25., 04.26.,04.27.,04.28., 04.29., 04.28., 04.29., 04.29., 04.30., 05.01.,
05.02., 05.02.,05.03., 05.05., 05.06., 05.06., 05.07., 05.09., 05.10., 05.10.,05.11.,05.11., 05.12., 05.12.,
05.13.,05.22.,05.23.,05.23., 05.24., 05.25., 05.26., 05.26., 05.27.,05.27.,05.28., 06.01., 06.02., 06.02.,
06.03., 06.06., 06.07., 06.07., 06.08., 06.13.,06.14., 06.16., 06.17.,06.17.,06.18., 06.19., 06.20., 06.22.,
06.23., 06.26.,06.27.,07.07.,07.08., 07.09.,07.10.,07.10.,07.11.,07.12.,07.13.,07.13., 07.14., 07.14.,
07.15.,07.15.,07.16.,07.18.,07.19.,07.19., 07.20., 07.20.,07.21.,07.22.,07.23.,07.23.,07.24., 07.27.,
07.28.,07.28.,07.29.,07.29.,07.30., 08.03., 08.04., 08.04., 08.05., 08.06., 08.07., 08.16.,08.17.,08.17.,
08.18.,08.20.,08.21.,08.21.,08.22.,08.23.,08.24., 08.24., 08.25., 08.25., 08.26., 08.28., 08.29., 08.29.,
08.30.

Data analysis. Statistical analyses were performed using Microsoft Excel 2019 and PAST ver-
sion 4.50 (Hammer, Harper, & Ryan, 2001). Meteorological data were obtained from measure-
ments recorded at the meteorological station located in the Jézsef Szikura Botanical Garden of the
II. Rakoczi Ferenc Carpathian Hungarian College in Nagybereg.

The relationships between environmental variables and variations in the abundance of indi-
vidual butterfly species were analysed using redundancy analysis (RDA; Legendre & Legendre,
1998), canonical correspondence analysis (CCA), one-way analysis of variance (one-way ANOVA),
and linear correlation tests. Temporal effects of environmental variables on fluctuations in the total
number of butterfly species were examined through cross-correlation analyses.

Results and Discussion. During the light-trap sampling, a total of 336 individuals representing
51 butterfly species were collected: (1) Acrocercops brongniardella (Fabricius, 1798), (2) Achroia
grisella (Fabricius, 1794), (3) Agrotis exclamationis (Linnaeus, 1758), (4) Agriphila inquinatella
(Denis & Schiftermiiller, 1775), (5) Anania verbascalis (Denis & Schiftermiller, 1775), (6) Anticlea
derivata (Denis & Schiffermiiller, 1775), (7) Apotomis lacunana (Denis & Schiffermiiller, 1775),
(8) Argyresthia spinosella (Stainton, 1849), (9) Catoptria falsella (Denis & Schiffermiiller, 1775),
(10) Celypha striana (Denis & Schiffermiiller, 1775), (11) Clepsis rurinana (Linnaeus, 1758), (12)
Cydia pomonella (Linnaeus, 1758), (13) Ephestia kuehniella Zeller, 1879, (14) Epermenia iniquel-
la (Wocke, 1867), (15) Hedya ochroleucana (Frolich, 1828), (16) Hypsopygia costalis (Fabricius,
1777), (17) Idaea dimidiata (Hufnagel, 1767), (18) Idaea politaria (Hiibner, 1799), (19) Idaea se-
riata (Schrank, 1802), (20) Macdunnoughia confusa (Stephens, 1850), (21) Macrochilo cribrumalis
(Hitibner, 1793), (22) Mesoligia furuncula (Denis & Schiffermiiller, 1775), (23) Monopis obviella
(Denis & Schiftermiiller, 1775), (24) Nomophila noctuella (Denis & Schiffermiiller, 1775), (25) No-
tocelia cynosbatella (Linnaeus, 1758), (26) Ochropleura plecta (Linnaeus, 1761), (27) Oligia latrun-
cula (Denis & Schiffermiiller, 1775), (28) Oncocera semirubella (Scopoli, 1763), (29) Orthotaenia
undulana (Denis & Schiffermiller, 1775), (30) Ostrinia nubilalis (Hiibner, 1796), (31) Ostrinia
scapulalis (Walker, 1859), (32) Pandemis heparana (Denis & Schiffermiiller, 1775), (33) Parectopa
robiniella (Clemens, 1863), (34) Patania ruralis (Scopoli, 1763), (35) Pelosia muscerda (Hufnagel,
1766), (36) Peribatodes rhomboidaria (Denis & Schiffermuller, 1775), (37) Phalonidia contract-
ana (Zeller, 1847), (38) Phragmatobia fuliginosa (Linnaeus, 1758), (39) Platyedra subcinerea (Ha-
worth, 1828), (40) Plutella xylostella (Linnaeus, 1758), (41) Pyrausta despicata (Scopoli, 1763), (42)
Pyrausta purpuralis (Linnaeus, 1758), (43) Rivula sericealis (Scopoli, 1763), (44) Spilosoma lubrici-
peda (Linnaeus, 1758), (45) Syndemis musculana (Hiibner, 1799), (46) Thisanotia chrysonuchella
(Scopoli, 1763), (47) Timandra comae (Schrank, 1802), (48) Tineola bisselliella (Hummel, 1823),
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Fig. 1. Quantitative ratios of members of the Lepidoptera species identified in the samples.
(49) Yponomeuta irrorella (Hiibner, 1796), (50) Yponomeuta plumbella (Denis & Schiffermiiller,
1775), (51) Yponomeuta sedella (Treitschke, 1832).

During the sampling period, the highest frequencies of occurrence were recorded for Celypha
striana, Plutella xylostella, Epermenia iniquella, Apotomis lacunana, Ostrinia nubila, Cydia pomo-
nella, and Orthotaenia undulana (Fig. 1). Light-trap sampling was not conducted throughout the
entire vegetation period; therefore, additional species active in autumn may also occur in the study
area.

We analysed the effects of environmental variables on the efficiency of light-trap sampling of
butterfly species from multiple perspectives. Based on daily individual counts per species, the results
of redundancy analysis (RDA) indicated that the examined meteorological variables (daily mean,
minimum, and maximum temperatures, relative humidity, and daily precipitation) significantly,
though only to a limited extent, explained the daily variability of the butterfly fauna (R* = 0.1453;
R%adj = 0.07409; F = 2.04; Perm. p = 0.002). Figure 2 clearly demonstrates that certain species—
such as (7) Apotomis lacunana, (10) Celypha striana, (31) Ostrinia scapulalis, (40) Plutella xylostella,
and (51) Yponomeuta sedella are more distinctly separated in the ordination space, suggesting that
their occurrence and activity are more sensitive to fluctuations in meteorological parameters. In
contrast, most species are clustered near the centre of the coordinate system, indicating a more
moderate response to environmental variation, at least with respect to the variables analysed.

The trend in individual abundance shows correlation with temperature extremes (minimum and
maximum) and relative humidity; however, the proportion of explained variance remains relatively
low (R* = 0.1453; R*adj = 0.07409; F = 2.04; Perm. p = 0.002). This suggests that, in addition to
meteorological factors, other ecological and biotic variables (e.g., food source availability, predation,
population dynamics, and anthropogenic influences) may also exert a significant impact on the
composition and development of butterfly fauna during sampling.

Based on the results of canonical correspondence analysis (CCA) conducted on the same
dataset, the composition of species assemblages exhibited a similarly strong relationship with
meteorological variables. The first axis (eigenvalue = 0.322; p = 0.042) primarily reflected the
negative effects of precipitation, mean temperature, and minimum temperature. This axis likely
represents a gradient ranging from wet and cool to dry and warm conditions, along which several
species were differentiated. Pelosia muscerda and Macrochilo cribrumalis were associated with
drier, warmer periods, whereas Spilosoma lubricipeda and Ephestia kuehniella occurred in greater
numbers during cooler, wetter periods.
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Fig. 2. Result of the redundancy analysis on the number of Lepidoptera species and the 5 meteorological variables
studied (T_mean - Mean daily temperature, T _max. - daily maximum temperature, T_min. - daily minimum
temperature, Relative_hum. - relative humidity, Total_precip. - total precipitation).

The second axis (eigenvalue = 0.308; p = 0.001) showed a strong correlation with minimum
temperature, mean temperature, and relative humidity. This axis represents a gradient from warm
and humid to cool and dry conditions. Species responding more favourably to higher nighttime
temperatures and greater humidity (e.g., Idaea dimidiata, Yponomeuta sedella) were positioned on
the positive side of the axis, while those located closer to the negative side (e.g., Anticlea derivata,
Argyresthia spinosella) were associated with cooler, less humid nights.

The third axis (eigenvalue = 0.283; p = 0.001) exhibited a weaker and more complex pattern
in relation to the environmental vectors, which may indicate that the organization of species
assemblages is influenced not only by the main climatic gradient variables but also by other factors
that were not examined in the present study.

In addition to the ordination analysis of daily individual numbers per species, we also compared
the daily total numbers of collected butterfly species with the values of the examined meteorological
parameters using a one-way analysis of variance (ANOVA). The ANOVA revealed a significant
difference in the mean numbers of individuals among the groups (F = 1113, df = 5.264, p < 0.001).
The relationship was also found to be significant in this approach (w? = 0.954), indicating that
more than 95% of the variance in individual numbers is explained by weather variables (Vargroup
=581.7, Varerror = 23.5, p < 0.001; Levene’s test). Daily temperature fluctuations, relative humidity,
and precipitation significantly influence the flight dynamics of moths. This finding is consistent
with the well-established ecological observation that temperature and humidity fundamentally
determine the nocturnal activity of insects, while precipitation frequently acts as a direct limiting
factor on flight and, consequently, on trapping efficiency. All these findings suggest that local
climatic conditions exert a pronounced influence on the composition of butterfly communities
even in the short term, which may represent an important factor when interpreting the results of
population dynamics research and long-term monitoring studies.

In the correlation analysis, among the meteorological variables examined, daily average
temperature (r = 0.466, p < 0.01), maximum temperature (r = 0.455, p < 0.01), and minimum
temperature (r = 0.425, p < 0.01) exhibited significant positive correlations with the total number
of individuals captured in light traps. From this, it can be concluded that butterfly activity increases
on warmer days, resulting in higher trap catches. A weak, non-significant positive correlation was
observed between relative humidity and the number of individuals (r = 0.085, p = 0.58). In contrast,
a significant negative correlation was detected between daily precipitation and total daily catches
(r=-0.334, p < 0.05), indicating that the number of individuals captured decreases on rainy days.
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Fig. 3. Cross correlation results of daily counts and meteorological variables.

We also sought to determine whether the measured meteorological variables influenced the
development of individual numbers over a longer period. To address this question, we conducted
cross-correlation analyses; however, due to the relatively short sampling period, these results should
be regarded as preliminary and are presented for informational purposes only.

The daily total count and the daily minimum and maximum temperatures emerged as the most
significant influencing factors. Higher temperatures markedly increased butterfly flight activity in
the short term (minimum temperature: r = 0.576, lag = —-18 days, p < 0.01; maximum temperature:
r = 0.611, lag = -21 days, p < 0.01). Relative humidity exhibited a moderate stimulating effect on
moth abundance in the short term (r = 0.456, lag = -18 days, p < 0.05), whereas delayed negative
correlations (r =-0.561, lag = 10 days, p < 0.01) suggested a suppressive effect of sustained humidity.
Precipitation inhibited flight activity, with the strongest negative correlations observed during the
immediately preceding days (r = —0.424, lag = —14 days, p < 0.05).

Conclusions. As a result of our light trap collections of butterflies conducted in the city of
Mukachevo (Zakarpattia region, Ukraine) in 2024, we identified 336 individuals representing
51 species. The light trap, powered by a household light source, proved effective in revealing the
fundamental structure of the local moth community; however, our findings also demonstrated that
the trap’s efficiency was strongly influenced by meteorological conditions. Ordination and variance
analyses confirmed that temperature parameters, particularly daily minimum and maximum
temperatures, were closely and significantly associated with the daily activity of moths. Based on
cross-correlation analyses, we conclude that local microclimatic conditions also affect the long-
term flight dynamics of moth species.

Our results align with previous studies indicating that temperature and humidity play primary
roles in determining the nocturnal activity of insects, whereas precipitation can directly constrain
flight and light trapping. Nevertheless, beyond meteorological factors, other ecological and an-
thropogenic influences, such as the availability of food sources, light pollution, and habitat char-
acteristics, may also significantly contribute to population dynamics. In the context of light trap
collections conducted in urban environments, temperature factors appear to be the principal deter-
minants of population dynamics, while humidity and precipitation exert secondary effects.
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BIUIMB METEOPOJIOITYHUX YMHHUMKIB HA MICbKY ®AYHY METE/IMKIB:
TOCBII TOCTIIXKEHHA 3 BUKOPVICTAHHAM CBIT/IOBOI ITACTKU

Konoxsapi C. B., CrankoBuu A-M. I1., Konop 3. I Inmap JI. A., Tagnans 1. I.
3akapnaTcbkuil yropcbkuii yHiBepcutet iMeHi @epenna Pakoni 11

Anomauia. Y x00i HAui020 00CiOHeHHS MU NPOBOOUNU 8i0/I06U MemenuKie 3a 00NoM02010
C8IMAONACMOK Y 00HOMY 3 Hallbinvuiux micm 3akapnamcokoi Hu3osunu Myxauesi. Memoro 6yno
suseuUmMU CK1a0 mMicyes6oi nenioonmepodayHu ma 00CniOUMU BNAUBE MEMeOPONIOIMHUX PaKmopie
(cepedHb000606a, MiHIMANLHA MA MAKCUMANILHA MeMnepamypa, 6i0HOCHA 6807102icb No8imps,
0o6osa KinvKicmv 0nadis) Ha KinvKicmv 3i6panux 0coOuH. 3a 00NOM02010 CEIMNONACMKU B0ANOCS
3ibpamu 51 6udu memenukis, ceped AKUX Kibka 000pe NPUCOCOBAHUX 00 MiCbK020 cepedosud,
a makox 8udu, w0 Marmo eaxnuse azpoexonoziune snavenns (Cydia pomonella, Ostrinia nubi-
lalis, Plutella xylostella). Pe3ynvmamu opounayitinoeo ma Oucnepcitinoeo ananiiié noxasanu, uyo
MemeoponoziuHi napamempu Maau CramucmuuHo 3HALYULULL, X04a 6i0HOCHO NOMIPHULL 8NIUE HA
uj00eHHy minausicmo nenioonmepogayru. Hatibinouw eusHauanvHumu Gakmopamu 6UsSEUIUCT
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memnepamypHi noKA3HUKuU, 0COONUB0 MIHIMANbHA MA MAKCUMANbHA memnepamypa, mooi Ak
8NUB BIOHOCHOT 6071020cMi ma Kinvkocmi onadie 0ye meHus eupaxcenum. Hawi pesynomamu
niomeepoxcytomo, w0 eekmueHicmo 6i07106i6 Memenukié Céimaonacmkamu Yy Mmicbkomy
cepedosUL4i CYMIMEBO 3AeHUMb 6i0 AKMYATLHUX NO200HUX YMOB, AKi 6NIUEAIMb HA OUHAMIKY
oMy AK Y KOPOmMKo-, max i 6 cepeOHboCmpokosiii nepcnekmusi. Lle nioxpecntoe eaxcnusicmo
KOMNIEKCHO20 BPAXYBAHHS JIOKALHO20 MIKPOKIIMAMY Ma MemeoponoziuHux gakmopie nio uac
eK07102iuHUX 00CTiOHeHb MiCbKoi 1enioonmepopayHu, 0cobaUB0 6 yMOB8AX NOCUIEHHS 6NIUBY 3MIH
Knimamy ma ypoanisauii.

Kntouosi cnoea: Lepidoptera, csimnosa nacmxa, nozooHi ymosu, Myxaueso, 3axapnamcoka
obnacm.
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