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The hidden urban parasite: occurrence of mistletoe (Viscum album) in selected
areas of Presov

VERONIKA OBONOVA' & JOZEF OBONA (?*

! Grammar School of Jan Adam Rayman, Mudrofiova 20, 080 01 Presov, Slovakia, ? Department of Ecology, Faculty of Humani-
ties and Natural Sciences, University of Presov, 17. novembra 1, 081 16 Presov, Slovakia

Abstract

European mistletoe (Viscum album) is an evergreen hemiparasitic shrub that represents an increasing challenge for urban greenery in Central
Europe. This study aimed to map the occurrence of mistletoe on urban trees in selected parts of the city of Pre§ov (eastern Slovakia) and to evaluate
its relationship with selected characteristics of host trees. Field surveys were conducted in publicly accessible areas, where tree species, basic
dendrometric parameters, health status, and mistletoe infestation characteristics were recorded. Out of 241 surveyed trees, 45 individuals (18.7%)
were infested with mistletoe. A total of 607 mistletoe clumps were recorded, with a high average number per infested tree (13.5). Infestation was
most frequent on Acer pseudoplatanus, Acer platanoides, and Tilia cordata. Mistletoe occurred predominantly in the middle and upper parts of
tree crowns, and trees with reduced health condition often exhibited higher infestation intensity. Spatial analysis revealed a clustered distribution
pattern, indicating local spread within the urban environment. The results confirm that European mistletoe represents a significant long-term stress
factor for urban trees in Pre$ov and highlight the need for systematic monitoring and targeted management to reduce its negative impacts on tree
vitality and urban safety.

Key words: Viscum album, urban greenery, hemiparasitic plant, tree health, mistletoe infestation, Presov

Introduction

European mistletoe (Viscum album L.) is an evergreen
hemiparasitic shrub that grows on the branches of both
deciduous and coniferous trees. Through specialized
organs called haustoria, it extracts water and mineral
nutrients from its host, while maintaining its own
photosynthetic activity (Zuber 2004). Although mistletoe
is culturally perceived as a symbol of tradition and has
been historically associated with medicinal use, its
ecological role in urban environments is more complex
and often problematic. In cities, Viscum album represents
a significant stress factor for urban trees (Figure 1). By
reducing water availability and nutrient balance, mistletoe
weakens host vitality, contributes to crown degradation,
and increases the risk of branch breakage, which may
pose safety hazards in parks, streets, and residential areas
(Cerny 1976; Rigling et al. 2010; Baltazar 2016). At the
same time, mistletoe plays an important ecological role
by providing food and shelter for birds, which are also
the exclusive vectors responsible for its dispersal (Zuber
2004).

The distribution of mistletoe in Slovakia is spatially
uneven and shows a pronounced tendency to concentrate
in urban areas, where favorable microclimatic conditions,
particularly the urban heat island effect, support its
survival and spread (Hajduk 1977; Elia$ 1981, 1985, 2002,
2010, 2011, 2014; Dobbertin et al. 2005; Baltazar et al.
2018). Several Slovak cities, including Presov, have been
identified as hotspots of mistletoe occurrence with a high Figure 1. Norway maple (Acer platanoides) infested by mistletoe
diversity of host tree species (Rejmdnek et al. 1978; in Presov.

Dostal 1985).
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Despite its visible presence, mistletoe infestation in
urban greenery is often underestimated and insufficiently
monitored. Given the high occurrence of suitable host
trees and favorable environmental conditions, systematic
research on V. album in the city of PreSov is essential for
understanding itsimpact on tree health and for supporting
effective management of urban green infrastructure.
The aim of this study was to map the occurrence of
European mistletoe on urban trees in selected parts of
the city of PreSov and to evaluate its relationship with
selected characteristics of host trees, particularly species
composition, health status, and crown characteristics.

European mistletoe in urban trees of Presov 5

Materials and methods

Field research was conducted during the winter season
2025 - 2026 in selected parts of the city of Presov (eastern
Slovakia), specifically in accessible sections of Sidlisko 2
(Marka Culena Street and Levoé¢skd Street) and Sidlisko
3 (Alexander Dubcek Park), see Figure 2. Only publicly
accessible trees were surveyed due to limited access to
private areas.

Figure 2. Map of the study area, created using www.google.com/maps. The yellow polygon represents Marka Culena Street, the blue
polygon represents Levocska Street, and the red polygon represents Alexander Dub¢ek Park.

The study focused on urban trees infested with European
mistletoe (V. album). Each infested tree was recorded and
assigned a unique identification number. Tree location was
determined using GPS coordinates to enable spatial analysis
of mistletoe distribution. For each tree, species identity
was determined in the field, and basic dendrometric and
biological parameters were recorded. Trunk circumference
was measured at 1.3 m above ground level, while tree
height was estimated and classified into three height
categories (1 - low tree (up to 10 m), 2 - medium-tall tree
(10-20 m), 3 - tall tree (over 20 m)). Tree health status was
visually assessed and classified into four categories ranging
from healthy to declining (1 - healthy tree without visible

damage, 2 - slightly damaged tree, 3 — weakened tree with
obvious signs of reduced vitality, 4 - dying tree).

Mistletoe infestation was evaluated by recording the
number of mistletoe clumps per tree, their size (classified
into three categories based on clump diameter (1 — small
mistletoe (up to 20 cm in diameter), 2 - medium-sized
mistletoe (20-50 cm), 3 - large mistletoe (over 50 cm)),
and their position within the tree crown (lower, middle,
or upper part). Supplementary field notes, including
mechanical damage or proximity to infrastructure, were
recorded to support data interpretation. Spatial analysis
of infested trees based on GPS data was visualized using
artificial intelligence tools (ChatGPT).
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Results

A total of 241 urban trees were surveyed in the selected
areas of the city of PreSov, of which 45 trees (18.7%) were
infested with European mistletoe (V. album). In addition,
one tree (Acer platanoides) was simultaneously infested
with Yellow mistletoe (Loranthus europaeus Jacq. (Figure
3)). Altogether, 607 mistletoe clumps were recorded, with
an average of 13.5 clumps per infested tree and 2.5 clumps
per tree when considering the entire surveyed dataset
(maximum of 42 clumps; see Figure 4). Although the
proportion of infested trees was relatively low, infestation
intensity on affected trees was high.

Figure 3. Acer platanoides simultaneously infested by Viscum
album and Loranthus europaeus.

Most infested trees were medium-height individuals
(10-20 m), representing 76% of the sample, followed by
tall trees (>20 m; 22%), while low trees (<10 m) were rarely
infested (2%). Mistletoe was recorded on eight identified
tree species and one genus (Salix sp.) (see Tab. 1). The most
frequent host species were Acer pseudoplatanus (32%), Acer
platanoides (30%), and Tilia cordata (20%), which together
accounted for the majority of infested trees. Other host
species (see Tab. 2) occurred only sporadically.

Table 1. Detailed overview of recorded infested trees.

Relative abun-

Tree Eﬁiﬁiﬁ;g Fiance (%) of
infested trees

Acer pseudoplatanus 14 32%

Acer platanoides 13 30%

Tilia cordata 9 20%

Salix sp. 3 6%

Fraxinus excelsior 2 4%

Quercus rubra 1 2%

Carpinus betulus 1 2%

Acer campestre 1 2%

Sorbus aria 1 2%

Figure 4. Acer platanoides infested with up to 42 mistletoe
clumps.

The health condition of infested trees was predominantly
classified as healthy (44%) or slightly damaged (42%).
Trees assessed as weakened or declining were less
frequent but often hosted a higher number of mistletoe
clumps. The number of mistletoe clumps per tree ranged
from 1 to 42 (see Figure 4), with the highest infestation
levels observed mainly on maples and lime trees.
Regarding clump size, medium (20-50 cm; 45%) and
large clumps (>50 cm; 45%) predominated, while small
clumps (<20 c¢cm) accounted for only 10%. Mistletoe
occurred most frequently in the middle (45%) and upper
(40%) parts of tree crowns, whereas occurrence in the
lower crown was less common (15%).
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Figure 5. Map of mistletoe hotspots, generated from collected GPS data using artificial intelligence (ChatGPT).

Spatial analysis based on GPS data revealed
a predominantly clustered distribution pattern of infested
trees (Figure 5). Strongly infested trees were often located
in close proximity, indicating local, focal spread of
mistletoe within the urban environment.

Discussion

Results from Presov revealed a higher prevalence of
mistletoe infestation (18.7%) compared to values reported
from other urban environments, such as Southwest China
(5.87%) (Niu et al. 2024) and Vienna (3.06%) (Bilonozhko
et al. 2025), indicating that infestation levels may be
more pronounced under certain Central European urban
conditions. Despite this, a similar pattern was observed
in terms of spatial distribution, as infestation in Presov
was clearly clustered, which is consistent with findings
from Vienna and Kaliningrad (Skrypnik et al. 2020;
Bilonozhko et al. 2025), where mistletoe occurrence tends
to form aggregated hotspots rather than being evenly
distributed across the landscape.

The host spectrum identified in this study, dominated by
species of the genera Acer and Tilia, corresponds well with
previous research, where these taxa are among the most
frequently infested in urban environments (Skrypnik et
al. 2020; Bilonozhko et al. 2025). Furthermore, although
the proportion of infested trees in Pre$ov remained
relatively moderate, the intensity of infection was high,

with an average of 13.5 mistletoe clumps per infested
tree. This finding aligns with other studies reporting that
mistletoe often exhibits relatively low prevalence but high
infection intensity on individual host trees (Skrypnik et
al. 2020).

The observed preference for medium and tall trees
supports the generally accepted relationship between
tree size (or age) and mistletoe occurrence, as larger trees
provide more suitable conditions for establishment and
persistence of the parasite (Skrypnik et al. 2020; Niu et al.
2024). In addition, the clustered spatial pattern detected
in this study suggests localized dispersal processes, most
likely mediated by birds and facilitated by the proximity
of suitable host trees, as also documented in other urban
ecosystems (Skrypnik et al. 2020).

Overall, the results confirm that mistletoe distribution in
urban environments is driven by a combination of host
species composition, tree size, and spatial arrangement
of vegetation, rather than by a single dominant factor,
which is in agreement with conclusions drawn from other
European urban studies (e.g. Bilonozhko et al. 2025).

Conclusion

The results of this study demonstrate that European
mistletoe is a common and locally concentrated
component of urban greenery in the city of Presov.
Although only a minority of surveyed trees were infested,
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affected individuals often hosted a high number of
mistletoe clumps, indicating long-term and unmanaged
infestation. Mistletoe occurrence was strongly associated
with specific host species, particularly maples (Acer spp.)
and small-leaved lime (Tilia cordata), and was more
frequent in the middle and upper parts of tree crowns.
Trees with reduced health condition tended to exhibit
higher infestation intensity, suggesting that mistletoe
may contribute to the weakening of host trees in urban
environments.

Recommendations for the City of Presov

Based on the findings of this study, it is recommended
that the city of PreSov implements regular monitoring
of mistletoe occurrence, with particular attention to
highly susceptible tree species. Early-stage and targeted
removal of mistletoe clumps should be applied to limit
further spread. In addition, host species susceptibility
should be considered in future urban tree planting and
management strategies to reduce long-term risks to tree
vitality and public safety.

Acknowledgement

We would especially like to thank the anonymous
reviewers for their constructive comments, which greatly
improved the manuscript. The publication was created
with the support of the Ministry of Education, Research,
Development and Youth of the Slovak Republic from the
KEGA project No. 014PU-4/2025 Innovative methods in
teaching subjects with an ecological focus in university
studies.

References

Baltazar T. 2016. Problematika imela (Viscum L.) z pohladu zdhradnej
a krajinnej architektiiry. Dissertation, Mendelova univerzita
v Brné. Available from: https://theses.cz/id/ocircl/?lang=en

Baltazar T, Pejchal M, Varga I. 2018. Predpovedanie dal$ieho $irenia
imela bieleho (Viscum album) na zaklade globalnej zmeny klimy
a niektorych lokalnych faktorov. In: Stfeda T, Roznovsky J, eds.
Monitorovini ptirodnich procesii. Lednice, 12-13 September 2018.
Brno: Mendelova univerzita v Brné.

Bilonozhko Y, Tokarieva O, Heinze B, Feichter J, Kodym A. 2025.
Mistletoe on urban trees in the city of Vienna, Austria. Urban
Forestry & Urban Greening 107: 128740.

Cerny A. 1976. Lesnickd fytopatologie. Praha: Stitni zemédélské
nakladatelstvi.

Dobbertin M, Hilker N, Rebetez M, Zimmermann NE, Wohlgemuth
T, Rilgling A. 2005. The upward shift in altitude of pine mistletoe
(Viscum album ssp. austriacum) in Switzerland - the result of
climate warming? International Journal of Biometeorology 50:
40-47.

Dostal L. 1985. Poznamky k rozs$ireniu imela bieleho na vychodnom
Slovensku. Zbornik Vychodoslovenského miizea v KoSiciach,
Prirodné vedy 25: 51-67.

Elid§ P. 1981. Hostitelské dreviny imelovcovitych v CSSR. Les,
Bratislava 37: 163-165.

Elia$ P. 1985. K vyskytu imelovcovitych na Slovensku. Zprdvy Ceské
botanické spole¢nosti, Praha 20: 128-132.

Elias P. 2002. Hostitelské dreviny imelovcovitych (Loranthaceae) na
Slovensku. Bulletin Slovenskej botanickej spolo¢nosti, Bratislava
24:175-180.

Elia$ P. 2010. Imelo v urbédnnej vegetacii Slovenska a moZznosti ochrany

drevin v mestach. In: Juhdsova G, ed. Dreviny vo verejnej zeleni.
Nitra: Ustav ekoldgie lesa, Slovenskej akadémie vied, 35-39.

Elid§ P. 2011. Stromové poloparazity v historickych parkoch
a cintorinoch hlavného mesta SR Bratislavy. In: Juhdsova G, ed.
Dreviny vo verejnej zeleni. Nitra: Ustav ekolégie lesa, Slovenskej
akadémie vied, 41-47.

Elias P. 2014. Zmeny v rozsireni imelovcovitych (Loranthaceae s.l.) na
Slovensku. In: Barta M, Ferus P, eds. Dendrologické dni v Arboréte
Mlyriany SAV 2014. Prostredie a vitalita drevin. Vieska nad
Zitavou: Arborétum Mlynany SAV, 32-41.

Hajduk J. 1977. Poznamky k vyskytu a ekoldgii Viscum album L. s. 1.
na Slovensku. Zprdvy Ceskoslovenské botanické spolecnosti, Praha
12:201-205.

Niu Y, Laffitte B, Zuoqiu S, Seyler BC, Ha Z, Chen J, Chen L, Tang Y.
2024. Understanding predictors of mistletoe infection across an
urban university campus in Southwest China. Urban Ecosystems
27(4): 1085-1099.

Rejmanek M, Smidt I, Krlicka M. 1978. Hostitelské dreviny Viscum
album L. v Kosiciach a Presove. Zprdvy Ceské botanické
spole¢nosti, Praha 13: 125-126.

Rigling A, Eilmann B, Koechli R, Dobbertin M. 2010. Mistletoe-
induced crown degradation in Scots pine in xeric environment.
Tree Physiology 30(7): 845-852.

Skrypnik L, Maslennikov P, Feduraev P, Pungin A, Belov N. 2020.
Ecological and Landscape Factors Affecting the Spread of
European Mistletoe (Viscum album L.) in Urban Areas (A Case
Study of the Kaliningrad City, Russia). Plants 9: 394.

Zuber D. 2004. Biological flora of Central Europe: Viscum album L.
Flora, 199(3): 81-203.



Biodiversity & Environment, 2026
Vol. 18, No. 1, 9-14

Original paper

Seasonal variability in yellow abdominal colour of Episyrphus balteatus

(Syrphidae, Diptera)

JOZEF OBONA (2)* & PETER MANKO

Department of Ecology, Faculty of Humanities and Natural Sciences, University of Presov, 17. novembra 1, 081 16 Presov, Slovakia

Abstract

This study analyses seasonal variation in yellow abdominal colouration in Episyrphus balteatus (de Geer, 1776) (Syrphidae, Diptera). A total of 643
field-collected specimens were examined. The proportion of yellow on abdominal tergites (T2-T5) was quantified from dorsal photographs using
image analysis. Yellow colouration was highly variable in both sexes. Females were generally darker and showed greater variability than males.
In both sexes, the highest proportion of yellow was consistently recorded on tergite 5, while yellow decreased anteriorly, with tergite 2 dominated
by black pigmentation. Linear mixed-effects modelling revealed a significant sex x tergite interaction: the male advantage in yellow pigmentation
amplified posteriorly, from 4.0 pp on T2 to 14.7 pp on T5. Day-of-year showed a marginally negative trend on yellow proportion (f = —0.027, p =

0.053), consistent with seasonal darkening.

Keywords: marmalade hoverfly, abdominal tergites, yellow colour

Introduction

Seasonal phenotypic plasticity in Diptera frequently
affects body colour, body size, pilosity, and wing
morphology. In Syrphidae, darker adults typically
emerge during cooler periods, while lighter individuals
occur during warmer seasons. These changes are largely
influenced by temperature during pupal development
(e.g. Dusek & Laska 1974; Heal 1981, 1989; Holloway
1993; Ottenheim et al. 1996).

Episyrphus balteatus (de Geer, 1776), commonly
known as the marmalade hoverfly, is a widespread and
abundant species in Europe (Speight 2011; Mazéanek et
al. 2025). It plays an important role in biological control
of aphids (Hondelmann et al. 2005). In Central Europe,
up to four generations per year have been reported
(Nawrocka 1988). Both migration and overwintering
contribute to population dynamics, but their relative
importance remains unclear (Hondelmann & Poehling
2007). Previous studies suggested that seasonal
variation in abdominal colour pattern may be linked to
thermoregulation (Holloway et al. 1997). The duration of
pupal development appears to be a key factor determining
adult colour pattern (Ottenheim et al. 1995; Marriott &
Holloway 1998). However, the proximate and ultimate
causes of abdominal colour plasticity remain incompletely
understood.

Unlike previous work that described seasonal trends
qualitatively or at the species level, the present study
provides quantitative, sex-resolved estimates of yellow
pigmentation across four tergites simultaneously,
accounting for the non-independence of within-
individual measurements using linear mixed-effects
modelling. The aim of this study was to quantify seasonal
changes in yellow pigmentation on abdominal tergites
(T2-T5) in males and females of E. balteatus and to
describe sex-related differences.

Material and methods

Specimens were obtained from Malaise traps operated
in 2008 in Sur (Slovakia) at five habitats. Sampling
was conducted at two-week intervals from April to
early November. Specimens were preserved in ethanol,
dried, and photographed dorsally under standardized
laboratory conditions using a trinocular microscope
(10x magnification).

The proportion of yellow pigmentation on tergites
T2-T5 was measured from photographs using Image]
software. Total tergite area and yellow area were
measured manually using the Polygon Selection tool,
and the percentage of yellow was calculated. Because
sample sizes varied throughout the season, analyses
were restricted to June, July, and August and evaluated
by decades (10-day periods). Measurement error was
assessed by repeated measurements of [N] selected
specimens. Proportional error was highest on T2 and
lowest on T3, consistent with the greater structural
complexity and colour variability of the anterior tergite.
Yellow pigmentation (%) on tergites T2-T5 was analysed
using linear mixed-effects models (LMM) fitted by
maximum likelihood. Analyses were performed in
R 4.3.3 (R Core Team 2024) using the packages lme4
(Bates et al. 2015), ImerTest (Kuznetsova et al. 2017),
and nlme (Pinheiro et al. 2024). Because each specimen
contributed four repeated measurements (one per
tergite), individual identity was included as a grouping
factor with a random intercept to account for within-
individual correlation. Tergite position (coded 1-4) was
included as a continuous random slope per specimen to
model spatial autocorrelation between adjacent tergites.
Temporal autocorrelation was addressed by including
day-of-year (DOY), centred at its grand mean, as
acontinuous fixed-effect covariate. Six candidate models
were compared using the Akaike Information Criterion

*
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(AIC; Table 1). Model M5 (nlme, with ARI residual
correlation structure) had the lowest AIC (1685.83); the
next best model, M4 (Ime4, without AR1 structure), had
AAIC = 1.24. Although a AAIC below 2 represents weak
support for one model over another, M5 was selected
for inference because it directly and explicitly addresses
the spatial autocorrelation between adjacent tergites,
whereas M4 only approximates this through a random
slope. The estimated ARI autocorrelation parameter
was @ = 0.305, confirming that residuals for adjacent
tergites were moderately correlated within individuals.
Fixed-effect coefficients with standard errors, p-values,
and 95% Wald confidence intervals of the best model
(M5, refitted with REML) are reported in Table 2. The
complete dataset and R analysis script are available from
the corresponding author upon reasonable request.

Results

A total of 643 specimens (328 females, 315 males) were
examined. Most individuals (84%) were collected in
July. Per-decade sample sizes were unequal: the largest
subgroups were June decade 2 (females n=9, males
n=14) and June decade 3 (females n=7, males n=3),
while several periods - particularly late July and August
— were represented by only one or two individuals per
sex (Figures 3 and 4). Boxplot elements for decades
with n=1 represent single observations and should be
interpreted with caution; model-based estimates (Table
2, Figure 1) are more reliable for inference as they pool
information across the full seasonal range. Yellow
pigmentation was highly variable in both sexes. Females

were generally darker and showed greater variability
than males. Across all decades and both sexes: the
highest proportion of yellow was consistently recorded
on T5; yellow pigmentation decreased anteriorly (T5 >
T2); T2 showed the lowest proportion of yellow and was
predominantly black.

Model selection based on AIC strongly supported model
M5 (LME with AR1 residual correlation structure;
AAIC > 27 relative to all simpler models; Table 1). At the
grand-mean day-of-year (DOY =206, approximately 25
July), predicted yellow was 37.5% (females) vs. 41.5%
(males) on T2, increasing to 80.7% vs. 95.4% on T5
(Table 2, Figure 1). The sex x tergite interaction was
significant (Table 2), confirming that the male advantage
grew progressively from T2 (difference: 4.0 pp, 95% CI:
1.0-7.1) to T5 (difference: 14.7 pp, 95% CI: 11.6-17.8).
Day-of-year showed a marginally negative association
with yellow pigmentation (p = —0.027 + 0.014 SE; 95%
CI: -0.055 to 0.001; p = 0.053). Although this effect did
not reach conventional significance, the direction is
consistent with the known seasonal darkening trend.
The stepwise increase in yellow colouration from T2 to
T5 was not uniform: the transitions between T2 and T3
(females: +21.6 pp; males: +24.4 pp) and between T4 and
T5 (females: +16.8 pp; males: +22.5 pp) were substantially
larger than the transition between T3 and T4 (females:
+4.9 pp; males: +6.9 pp), indicating that T3 and T4 form
a plateau of intermediate colouration (Table 2, Figure 1).
Greater individual variability in yellow proportion was
observed in females than in males across all tergites, as
visible in the seasonal variation plots (Figures 3 and 4).

Table 1. AIC comparison of candidate linear mixed-effects models for yellow abdominal colouration in Episyrphus balteatus. df =
number of estimated parameters; logLik = log-likelihood; AIC = Akaike Information Criterion; AAIC = difference from best model. MO

included as reference only (violates independence assumption).

Model  Description df logLik AIC dAIC
M5 LME (nlme) — as M4 + AR1 residual correlation within individuals 14 -828.92 1685.83 0

M4 LMM (Ime4) - random intercept + random tergite slope + sex x tergite 13 -830.54 1687.07 1.24
M2 LMM (Ime4) - random intercept + random tergite slope per specimen 10 -846.75 1713.5 27.67
Ml LMM (Ime4) - random intercept per specimen 8 -855.85 1727.7 41.87
M3 LMM (Ime4) - random intercept + random DOY slope per specimen 10 -854.56 1729.11 43.28
MO OLS - no random effects (violates independence; reference only) 7 -882.13 177826 9243
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Figure 1. Seasonal trend in model-predicted yellow abdominal colouration (%) for tergites T2 and T5 in females and males of Episyrphus
balteatus (de Geer, 1776). Lines = fixed-effect predictions of the best-fit model (M5) at the mean day-of-year of each calendar month
(June - October); shaded ribbons = 95% Wald confidence intervals. The slight decline from summer to autumn is consistent with the
marginally negative DOY effect (p = —0.027, p = 0.053; Table 2).
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Figure 2. Model-predicted yellow abdominal colouration (%) by tergite and sex in Episyrphus balteatus (de Geer, 1776). Bars
= population-level fixed-effect predictions of the best-fit model (M5, LME with ARI residual correlation structure) evaluated at
the grand-mean day-of-year (DOY = 206, approximately 25 July); error bars = 95% Wald confidence intervals; dots = individual
observed values (jittered for clarity). Dashed lines indicate months outside the analytical range (June — August) and represent model
extrapolation. Parameter estimates are given in Table 2.
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Table 2. Fixed-effect coefficients of the best model (M5: LME with random intercept + random tergite slope per individual + ARI residual
correlation; refitted with REML). Reference category: tergite T2, sex Female, grand-mean DOY. SE = standard error; df = Satterthwaite
degrees of freedom; CI = 95% Wald confidence interval.

Parameter Estimate  SE tvalue df p value CI 95 lower CI 95 upper
Intercept (T2, Female, mean DOY) 37.49 1.113 33.695 195 <0.001 35.295 39.684
Tergite T3 vs T2 21.568 1.047 20.594 195 <0.001 19.502 23.633
Tergite T4 vs T2 26.448 1.211 21.837 195 <0.001 24.06 28.837
Tergite T5vs T2 43.203 1.278 33.804 195 <0.001 40.682 45723
Sex: Male vs Female (at T2) 4.044 1.519 2.663 64 0.010 1.01 7.078
Day-of-year (centred) -0.027 0.014 -1.974 64 0.053 -0.055 0.001
Tergite T3 x Male (interaction) 2.804 1.429 1.963 195 0.051 -0.013 5.622
Tergite T4 x Male (interaction) 4.868 1.652 2.946 195 0.004 1.61 8.127
Tergite T5 x Male (interaction) 10.614 1.744 6.088 195 <0.001 7175 14.053
Tergite 2 (T2) Tergite 3 (T3) Tergite 4 (T4) Tergite 5 (T5)
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Figure 3. Seasonal variation in yellow abdominal colouration in females of Episyrphus balteatus (de Geer, 1776). (A) Schematic
representation of the range of phenotypic variation: pale (summer) form (left) and dark (autumn/spring) form (right); labels indicate
abdominal tergites T2-T4. (B) Observed values shown as boxplots by 10-day sampling decade (June - August) for each abdominal
tergite (T2-T5). Box = interquartile range (IQR); centre line = median; whiskers = 1.5xIQR beyond box edges; dots = individual
specimens. Numbers above each box (n) indicate the count of individuals in that decade. Decades with zero observations are omitted.
For model-predicted values see Figure 1. In the bottom right corner, extremely colored individuals are visualized, with the tergites
displayed.
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Figure 4. Seasonal variation in yellow abdominal colouration in males of Episyrphus balteatus (de Geer, 1776). (A) Schematic
representation of the range of phenotypic variation: pale (summer) form (left) and dark (autumn/spring) form (right); labels indicate
abdominal tergites T2-T4. (B) Observed values shown as boxplots by 10-day sampling decade (June - August) for each abdominal
tergite (T2-T5). Box = interquartile range (IQR); centre line = median; whiskers = 1.5xIQR beyond box edges; dots = individual
specimens. Numbers above each box (n) indicate the count of individuals in that decade. Decades with zero observations are omitted.
For model-predicted values see Figure 1. In the bottom right corner, extremely colored individuals are visualized, with the tergites

displayed.

Discussion

The use of linear mixed-effects models, which accounted
for within-individual non-independence of tergite
measurements and spatial autocorrelation between
adjacent tergites, extended the previous qualitative and
univariate findings with statistically robust, tergite-
resolved estimates. The significant sex x tergite interaction
indicates that sex differences in pigmentation are not
uniform across the abdomen but amplify posteriorly,
a pattern that warrants further investigation in the
context of thermoregulatory or signalling hypotheses.
The present study therefore confirms that abdominal
yellow pigmentation in E. balteatus is highly variable
across the season. Females were generally darker and
exhibited greater variability than males. This pattern is
consistent with findings of Marriott & Holloway (1998),
who reported sex-specific differences in colour plasticity
in this species. In both sexes, the highest proportion of
yellow pigmentation was consistently recorded on T5,
with a gradual decrease towards T2. T2 showed the lowest
proportion of yellow and the greatest variability. A similar
pattern of differential plasticity among tergites was
reported by Marriott & Holloway (1998), who identified
T2 as the most plastic segment and T3 as the least plastic.
In our dataset, measurement error was highest on T2
and lowest on T3, which corresponds with the observed
biological variability. Although measurement error does
not explain the pattern, it reflects the higher structural
variability of T2.

Seasonal variation in colour pattern in Syrphidae has
repeatedly been linked to temperature-dependent
phenotypic plasticity during the pupal stage (Dusek &
Laska 1974; Heal 1981, 1989; Holloway 1993; Ottenheim

et al. 1995, 1996). Holloway et al. (1997) demonstrated
that darker individuals of E. balteatus are more
frequent during cooler parts of the season, supporting
a thermoregulatory hypothesis. Our results show clear
seasonal variation in yellow proportion; however, because
temperature data were not directly analysed in this
study, we cannot test the thermoregulation hypothesis
explicitly. The observed pattern is nevertheless consistent
with previously described seasonal plasticity.

Periods of relatively lower yellow pigmentation visible in
the third decade of Juneand the second decade of Augustin
the seasonal plots (Figures 3 and 4) may reflect overlapping
generations. In Central Europe, E. balteatus can produce
up to four generations per year (Nawrocka 1988), and both
migration and local overwintering contribute to seasonal
population structure (Hondelmann & Poehling 2007;
Speight 2011). Overlapping generations may therefore
obscure clear temporal differentiation in colour pattern.
Given that generations overlap substantially, precise
assignment of individuals to particular generations is not
possible based on sampling date alone. The proximate and
ultimate bases of abdominal colour plasticity in hoverflies
remain unresolved. Although thermoregulation has been
proposed as a primary mechanism (Holloway et al. 1997),
the developmental duration of the pupal stage appears to
be a key proximate factor influencing adult colour pattern
(Ottenheim et al. 1995; Marriott & Holloway 1998).
Our results support the existence of strong phenotypic
plasticity but do not allow discrimination between
adaptive thermoregulatory function and developmental
constraint. The finding that T3 and T4 form a plateau
of intermediate colouration - with much smaller inter-
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tergite differences than the T2-5T3 and T4->T5 transitions
- is consistent with Marriott & Holloway (1998), who
identified T2 as the most plastic and T3 as the least plastic
segment. Whether this plateau reflects a developmental
compartmentalisation of pigment deposition, or is
partly an artefact of the increasing proportion of yellow
area relative to tergite size in more posterior segments,
warrants targeted experimental study.

Long-term sampling covering winter months, combined
with direct environmental data (e.g. temperature during
development), would allow stronger inference about
the mechanisms underlying seasonal colour variation.
Integration of multiple sampling methods may also
improve temporal coverage. Image-based quantitative
analysis, as applied here, provides a reliable and non-
destructive approach for future studies of colour plasticity.
The study is based on material from a single locality and
season, and environmental variables were not directly
measured. Overlapping generations and migration may
also have influenced the observed seasonal patterns.
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Abstract

Varroa destructor - external parasitic mite is among the most serious biotic threats affecting honey bee colonies worldwide. This study evaluated
associations between beekeeper practices, reported infestation, colony losses and perceived effects on honey production in Eastern Slovakia. Data were
obtained from a questionnaire survey of 154 beekeepers and analysed using descriptive statistics and the chi-square test of independence. Regular
monitoring was significantly associated with lower reported infestation levels (x*> = 26.24, df = 9, P = 0.0019, Cramér’s V = 0.24). Regular treatment
frequency was significantly associated with lower colony losses (x> = 27.58, df = 9, P = 0.0011, Cramér’s V = 0.24). A significant relationship was also
found between infestation level and perceived reduction in honey production (x> = 33.05, df = 9, P = 0.0001, Cramér’s V = 0.27), and between beekeeper
sex and monitoring frequency (x> = 11.03, df = 3, P = 0.0116, Cramér’s V = 0.27). No significant associations were detected for beekeeper type and
knowledge level, locality and infestation level, or perceived resistance and treatment type. The findings emphasise the practical importance of regular

monitoring and treatment practices, together with beekeeper education, for effective varroosis management.

Keywords: Apis mellifera; apiculture; colony loss; honey production; monitoring; varroosis

Introduction

The western honey bee, Apis mellifera Linnaeus, 1758
(Hymenoptera: Apidae), is a key pollinator in both,
natural and agricultural ecosystems. However, honey
bee colonies are currently affected by multiple stressors,
including habitat degradation, pesticide exposure,
climate-related factors and pathogens. Among these,
the ectoparasitic mite Varroa destructor Anderson et
Trueman, 2000 (Mesostigmata: Varroidae) is regarded as
one of the most harmful agents affecting colony survival
and productivity (Genersch 2010; Rosenkranz et al. 2010;
Toporcak 2012).

In addition to direct parasitism, V. destructor acts as
an important vector of viral pathogens, particularly
deformed wing virus and acute bee paralysis virus,
thereby substantially worsening colony health (Martin
et al. 2012; Ryabov et al. 2014). Because mite population
growth may remain unnoticed until colony condition is
already compromised, regular monitoring is considered
essential for effective varroosis management (Dietemann
etal. 2013; Nazzi & Le Conte 2016). Standard monitoring
approaches include natural mite fall counts, alcohol wash,
powdered sugar roll, CO, testing and other validated
methods that differ in their sensitivity and practical
application (Dietemann et al. 2013).

Control of varroosis generally relies on combinations
of monitoring, chemical or organic treatments, and
zootechnical or biotechnical practices, including drone
brood removal, brood interruption and other integrated
management measures. The success of these measures
depends not only on the biology of the parasite, but also
on beekeeper knowledge, experience and management
consistency (Calderone 2005; Rosenkranz et al. 2010;

Topor¢ak 2012; Nazzi & Le Conte 2016; Ritter 2018;
Rangel & Ward 2018; Topor¢ak & Chlebo 2018; Urban
2018; Bava et al. 2022; Porporato et al. 2022; Toporc¢ak
& Filo 2023; Cook et al. 2024; Horr & Krupan 2025a, b).
The present study therefore aimed to evaluate whether
selected beekeeper-reported management practices,
particularly monitoring and treatment frequency, are
associated with reported V. destructor infestation, colony
losses and perceived effects on honey production in
Eastern Slovakia.

Materials and methods

Study design

The study was based on a questionnaire survey
conducted among 154 beekeepers in Eastern Slovakia.
The questionnaire collected self-reported information
on beekeeping experience, number of managed colonies,
apiary locality, frequency of V. destructor monitoring, the
monitoring method most commonly used (sticky boards,
alcohol wash, powdered sugar test or other methods),
perceived infestation level, colony losses, treatment
method, treatment frequency, perceived treatment
resistance, self-assessed knowledge of varroosis and the
perceived impact of infestation on honey production.
Monitoring frequency was classified into four categories
(regularly, occasionally, rarely and no monitoring).
Respondents also indicated the monitoring method
they most used. The level of V. destructor infestation
was recorded as the respondent’s own assessment using
the categories low, medium, high and unknown; no
standardized quantitative thresholds were defined in the
questionnaire.

%
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Treatment practices were recorded according to the
respondents declared management strategy (chemical
treatment, organic acids, biotechnical methods,
combined treatment or no treatment) together with the
reported frequency of treatment. The questionnaire did
not record the seasonal timing of treatment applications
or the specific biotechnical procedures used.

Variables analysed

The following relationships were tested:

1. reported monitoring frequency x reported infestation

level

reported treatment frequency x reported colony loss

reported beekeeper type x reported knowledge level

reported locality x reported infestation level

reported infestation level x reported perceived impact

on honey production

6. reported perceived resistance x reported treatment
type

7. reported beekeeper sex x reported monitoring
frequency

It should be noted that, since the study was based

on questionnaires, no independent verification was

conducted of the reported levels of infestation or the

procedures used to manage them.

AN

Statistical analysis

Data were processed using descriptive statistics, graphical
presentation and the chi-square test of independence.
Associations were considered significant at a = 0.05.
Effect size was expressed as Cramér’s V.

Statistical analyses were performed using GraphPad
Prism version 5.01 (GraphPad Software Inc., San Diego,
CA, USA).

Results

Beekeeping profile of respondents

A total of 154 respondents participated in the
questionnaire survey. Their responses were analysed
using descriptive statistics and the chi-square test of
independence to evaluate relationships among beekeeper
practices, infestation level, colony losses and perceived
production effects.

Most respondents had long-term beekeeping experience.
As shown in Figure 1, 40% of respondents had more
than 10 years of beekeeping experience, 30% had 6-10
years, 22% had 2-5 years, and 8% had less than 2 years
of practice.

With respect to the number of managed colonies, 40% of
respondents kept 11-30 colonies, 35% kept 1-10 colonies,
15% managed 31-50 colonies, and 10% kept more than
50 colonies (Figure 2). The surveyed sample therefore
predominantly represented small-scale beekeeping
operations.

. Less than 2 years (8%)
B 2-5years (22%)

B 6-10 years (30%)

8%
40%

Bl More than 10 years (40%)

A total of 154 respondents.

Figure 1. Length of beekeeping experience among respondents.

. 1-10 bee colonies
. 11-30 bee colonies
B 31-50 bee colonies

. More than 50 bee colonies

A total of 154 respondents,

Figure 2. Number of honeybee colonies managed by respondents.

Monitoring and infestation level

The frequency of V. destructor among respondents is
shown in Figure 3. Regular monitoring was reported by
40% of respondents, occasional monitoring by 35%, rare
monitoring by 15%, while 10% stated that they did not
monitor mite occurrence at all.

The relationship between reported monitoring frequency
and the reported infestation level is presented in Table
1. Respondents who monitored their colonies regularly
more frequently reported low infestation levels, whereas
respondents monitoring rarely or not at all more frequently
reported medium or high infestation levels. The chi-square
test revealed a statistically significant association between
monitoring frequency and infestation level (x* = 26.24, df =
9,P =0.0019, Cramér’s V = 0.24).

Table 1. Relationship between monitoring frequency and
infestation level.

Monitoring frequency Low Medium High Unknown Total

Regularly 13 34 9 6 62
Occasionally 5 34 13 2 54
Rarely 1 8 9 5 23
Do not monitor 1 4 5 5 15

Total 20 80 36 18 154
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A total of 154 respondents.

Figure 3. Frequency of Varroa destructor monitoring among
respondents.

Treatment and colony losses

Annual colony losses associated with V. destructor
infestation are summarised in Figure 4. The largest
proportion of respondents (45%) reported colony losses of
11-25%, whereas 26% reported losses of 0-10%. Higher
losses of 26-50% were reported by 19% of respondents,
while losses exceeding 50% were reported by 10%.

The relationship between treatment frequency and colony
loss is presented in Table 2. Respondents reporting regular
treatment more frequently reported lower colony losses,
whereas respondents treating only as needed, rarely or
not at all more frequently reported higher colony losses.
The chi-square test revealed a statistically significant
association between treatment frequency and colony loss
(x> =27.58,df =9, P =0.0011, Cramér’s V = 0.24).

B Less than 2 years (40%)
I 2-5 years (30%)
B 5-10 years (8%)

. More than 10 years (22%)

A total of 154 respondents,

Figure 4. Annual colony losses attributed to Varroa destructor
infestation.

Table 2. Relationship between treatment frequency and colony loss.

Treatment frequency 0-10% 11-25% 26-50% >50% Total

Regularly 29 35 9 4 77
As needed 9 23 8 6 46
Rarely 2 6 6 1 15
No treatment 0 5 7 4 16
Total 40 69 30 15 154
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Beekeeper type and knowledge

The structure of respondents according to reported
beekeeper type is shown in Figure 5. Hobby beekeepers
represented the largest group (55%), followed by semi-
professional beekeepers (30%) and professional beekeepers
(15%).

B Hobby
. Semi-professional

. Professional

A total of 154 respondents,

Figure 5. Type of beekeeping activity among respondents.

Self-reported knowledge of varroosis is summarised in
Figure 6. More than half of respondents (51%) considered
their knowledge sufficient, whereas 26% reported
insufficient knowledge. High knowledge was reported
by 16% of respondents, while 7% stated that they had no
knowledge of the issue.

The relationship between reported beekeeper type and
reported knowledge level is presented in Table 3. Although
professional beekeepers more frequently reported high
or sufficient knowledge than hobby beekeepers, the
association was not statistically significant (x> = 8.30, df =
6,P=0.217, Cramér’s V = 0.16)

Table 3. Relationship between beekeeper type and knowledge
level.

Beekeeper type  High Sufficient Insufficient None Total
Hobby 9 42 28 6 85
Semi-professional 9 24 10 3 46
Professional 6 13 2 2 23
Total 24 79 40 11 154

B High (16%)
B sufficient (51%)
B insufficient (26%)

B none (7%)

A total of 154 respondents.

Figure 6. Self-reported knowledge of beekeepers about varroosis.
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Locality and infestation level

The reported infestation level of V. destructor is shown
in Figure 7. Medium infestation was the most frequently
reported category (57% of respondents), followed by high
infestation (22%) and low infestation (12%). The remaining
9% of respondents were unable to assess the infestation level
in their apiaries.

The relationship between reported locality and reported
infestation level is presented in Table 4. Although respondents
from rural and mountainous areas more frequently reported
medium or high infestation levels, the association between
locality and infestation level was not statistically significant
(x* =13.02,df =9, P = 0.1619, Cramér’s V = 0.17).

The seasonal period of the highest occurrence of V. destructor
is shown in Figure 8. Most respondents reported the highest
occurrence at the end of summer (45%), followed by autumn
(30%) and summer (15%). Lower frequencies were reported
for spring and winter (5% each).

Table 4. Relationship between locality and infestation level.

Locality Low Medium High Unknown Total

Urban 1 6 4 1 12
Rural 12 55 15 10 92
Mountain 2 14 12 3 31
Lowland 4 13 2 0 19
Total 19 88 33 14 154

B vigh (22%)
B Medium (57%)
B Low (12%)

B ! don't know (3%)

A total of 154 respondents.

Figure 7. Reported level of Varroa destructor infestation in apiaries.
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B winter (5%)
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Figure 8. Seasonal period of the highest occurrence of Varroa
destructor.

Infestation level and honey production

The relationship between reported infestation level and
the reported perceived effect on honey production is
presented in Table 5. Respondents reporting medium
or high infestation levels more frequently perceived
a moderate or strong reduction in honey production,
whereas respondents reporting low infestation more often
reported little or no effect. The chi-square test revealed
a statistically significant association between infestation
level and perceived reduction in honey production (x* =
33.05,df =9, P =0.0001, Cramérs V = 0.27).

Table 5. Relationship between infestation level and honey production.
Strong Moderate No

Infestation level decrease  decrease  effect Unknown Total
Low 5 10 2 2 19
Medium 28 40 7 13 88
High 18 13 2 0 33
Unknown 1 5 7 1 14
Total 52 68 18 16 154

Treatment methods and perceived resistance

Preferred treatment strategies are summarised in Figure
9. Combined treatment approaches were the most
frequently reported method (43%), followed by organic
acid treatments (30%). Chemical treatment was reported
by 14% of respondents, biotechnical methods by 10%,
whereas 3% stated that they did not treat V. destructor.

-

A total of 154 respondents.

B Combination (43%)
B Organic acids (30%)
B Biotechnical methods (10%)
B Chemical treatment (14%)

B 1 donot treat (3%)

Figure 9. Treatment methods used against Varroa destructor by
respondents.

Interest in new treatment methods is shown in

Figure 10. Occasional interest in new treatment
approaches was reported by 45% of respondents, whereas
30% regularly searched for and tested new methods. The
remaining 25% of respondents reported no interest in new
treatment strategies.

Therelationship betweenreported perceived miteresistance
and reported treatment type is presented in Table 6.
Although some variation among treatment categories was
observed, the association was not statistically significant
(x*=11.52,df = 8, P = 0.1741, Cramér’s V = 0.19).
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Figure 10. Interest of respondents in searching for and testing
new treatment methods against Varroa destructor.
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Sex and monitoring frequency

The relationship between reported beekeeper sex
and reported monitoring frequency is presented in
Table 7. Male respondents more frequently reported
regular monitoring, whereas female respondents were
proportionally more represented in less frequent
monitoring categories. The chi-square test revealed
a statistically significant association between sex and
monitoring frequency (x* = 11.03, df = 3, P = 0.0116,
Cramér’s V = 0.27). However, this finding should be
interpreted cautiously because the analysed sample was
strongly male-biased, which may have influenced the
observed association.

Table 6. Relationship between perceived resistance and treatment type.

Resistance Chemical Organic acids Biotechnical Combination No treatment Total
Yes 9 21 19 0 54
No 4 14 18 1 39
Unknown 9 11 9 29 3 61
Total 22 46 16 66 4 154

Table 7. Relationship between beekeeper sex and monitoring
frequency.

No
S R ly Occasionally Rarel Total
ex egularly Occasionally Rarely monitoring o
Male 56 47 15 10 128
Female 6 7 8 5 26
Total 62 54 23 15 154
Discussion

The present study provides further evidence that V.
destructor remains one of the principal threats affecting
honey bee colony health and productivity. The overall
pattern of responses is consistent with previous studies
identifying this ectoparasitic mite as a major factor
contributing to colony weakening, viral transmission
and increased colony mortality (Rosenkranz et al. 2010;
Genersch 2010; Ryabov et al. 2014).

One of the most important findings of the present study was
the significant relationship between monitoring frequency
and infestation level. Respondents who monitored
their colonies regularly more frequently reported lower
infestation levels than beekeepers performing only
occasional or no monitoring. These findings support
previous conclusions that regular monitoring represents
a fundamental component of effective varroosis
management (Dietemann et al. 2013; Nazzi & Le Conte
2016). However, the present questionnaire evaluated
primarily the reported frequency of monitoring and did
not distinguish between the effectiveness of different
diagnostic approaches. Consequently, the present study
cannot assess whether monitoring methods differ in
their ability to detect increasing mite populations or

reduce colony losses. Early detection of increasing mite
populations allows timely intervention and may reduce
the probability of severe infestation and colony decline.

A similarly important result was the significant association
between reported treatment frequency and colony losses.
Respondents reporting regular treatment more frequently
reported lower annual colony losses, whereas irregular
treatment or absence of treatment was associated with
higher mortality. Although these findings are consistent
with current knowledge of varroosis management, the
questionnaire did not record the seasonal timing of
treatment. Consequently, no conclusions can be drawn
regarding the influence of treatment timing, which is
considered an important determinant of successful Varroa
control (Rosenkranz et al. 2010; Jack et al. 2023).
Although professional beekeepers more frequently reported
high or sufficient knowledge levels than hobby beekeepers,
the relationship between beekeeper type and knowledge
level was not statistically significant. This suggests that
practical experience and individual interest in bee health
management may influence knowledge acquisition
independently of beekeeper category. Nevertheless, the
descriptive pattern observed in the present study generally
supports previous findings emphasising the importance
of beekeeper education and management experience for
successful disease control (Jacques et al. 2017).

The relationship between locality and infestation level was
also not statistically significant. Although respondents
from rural and mountainous areas more frequently
reported medium or high infestation levels, the observed
varjation among localities was insufficient to support a
clear geographic effect. These results suggest that colony
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management practices may exert stronger effects on
infestation dynamics than locality alone within the studied
region. Another factor that may contribute to infestation
dynamics is the density of neighbouring apiaries and the
associated risk of mite reinvasion. This variable was not
included in the questionnaire and therefore could not
be evaluated, although it may represent a more direct
determinant of infestation pressure than the general
classification of apiary locality. Similar conclusions were
reported by Smolinski et al. (2021), who emphasised
that environmental and climatic factors interact with
management practices, colony condition and local
environmental characteristics.

The significant association between infestation level and
perceived reduction in honey production further supports
the importance of V. destructor as a major economic and
biological threat in apiculture. Respondents reporting
higher infestation levels more frequently indicated
moderate or severe decreases in honey production.
Previous studies similarly demonstrated that mite
infestation negatively affects colony vitality, worker
longevity and foraging efficiency, which may ultimately
reduce colony productivity (Medina-Flores et al. 2011).
No statistically significant relationship was detected
between perceived mite resistance and treatment type. This
may reflect the multifactorial nature of treatment efficacy,
which depends not only on resistance development,
but also on treatment timing, dosage, rotation of active
substances and overall colony condition. In addition, the
questionnaire did not distinguish between individual
biotechnical practices, such as drone brood removal,
brood interruption or queen replacement, which may also
influence treatment effectiveness. Nevertheless, resistance
to acaricides remains an important concern in modern
apiculture, particularly under repeated use of identical
active compounds (Elzen et al. 1999). The present findings
therefore support recommendations favouring integrated
and rotational treatment strategies.

The significant relationship detected between beekeeper
sex and monitoring frequency should be interpreted
cautiously because the analysed sample was strongly male-
biased. Consequently, the observed pattern may partly
reflect unequal sample structure rather than biologically
meaningful behavioural differences. Additional studies
using more balanced respondent samples would be
necessary to evaluate this relationship more reliably.
Several limitations of the present study should also be
acknowledged. The analyses were based on self-reported
questionnaire data rather than direct field measurements,
and several evaluated variables reflected respondent
perception rather than objectively quantified infestation
or production parameters. Infestation level was based
on respondents’ own assessment, and no standardized
quantitative thresholds were applied. Furthermore,
although the questionnaire included information on
monitoring methods, the present study focused primarily
on monitoring frequency and therefore did not evaluate

differences among individual monitoring methods. In
addition, the questionnaire did not record the seasonal
timing of treatment or specific biotechnical management
practices. Finally, the study was geographically restricted
to Eastern Slovakia, and variables such as apiary density
or the risk of mite reinvasion from neighbouring colonies
were not assessed. Despite these limitations, the study
provides useful information on beekeeper behaviour,
management practices and perceived impacts of V.
destructor under regional apicultural conditions.

Conclusion

The present study showed that beekeeper practices were
significantly associated with several important aspects
of Varroa destructor management and colony health in
Eastern Slovakia. Regular monitoring was associated
with lower reported infestation levels, whereas regular
treatment was associated with lower annual colony
losses. In addition, higher reported infestation levels were
significantly associated with a perceived reduction in
honey production.

In contrast, no statistically significant relationships were
detected between beekeeper type and knowledge level,
locality and infestation level, or perceived resistance
and treatment type. These findings suggest that colony
management practices, particularly regular monitoring and
treatment, may represent more important determinants of
infestation dynamics than beekeeper category or locality
alone.

The results emphasise the importance of regular
monitoring, regular treatment and continued beekeeper
education for effective varroosis management. Despite
the limitations associated with questionnaire-based and
self-reported data, the study provides useful insight into
beekeeper behaviour and management strategies under
regional apicultural conditions in Eastern Slovakia.
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Abstract

A short-term faunistic survey of butterflies was conducted at six localities in Montenegro during May 2026. The surveyed localities represented a mosaic of
habitat types, including wetland habitats, riverine vegetation, montane meadows, ecotonal habitats, and semi-natural rural landscapes distributed across
continental and mountainous regions of the country. A total of 75 individuals belonging to 20 taxa and 6 families were recorded. Nymphalidae was the
most abundant family (26 individuals), followed by Lycaenidae (22 individuals) and Pieridae (18 individuals). The highest species richness was recorded
at Etno Selo Vrelo (Berane) in northeastern Montenegro, where 10 taxa and 24 individuals were observed, whereas Pos¢ensko jezero (Durmitor NP)
and Plav yielded the lowest diversity, each with a single species. The most abundant species was Coenonympha pamphilus (12 individuals), followed by
Leptidea sinapis and Polyommatus icarus (9 individuals each). Several taxa were restricted to a single locality, including Papilio machaon, Carterocephalus
palaemon, and Glaucopsyche alexis, each recorded from a single locality. The assemblage was dominated by Palaearctic and West Palaearctic faunistic
elements; the Pontomediterranean Cupido decolorata was noteworthy as an indicator of the xerothermic character of certain investigated habitats and the
presence of south-eastern European biogeographical affinities in the studied area. Despite the limited sampling period, the study contributes additional
distributional and ecological data on the butterfly fauna of Montenegro and expands current knowledge of butterfly diversity in the investigated region.

Key words: butterflies, Lepidoptera, Hesperioidea, Papilionoidea, faunistics, biodiversity, Montenegro, short-term survey, species diversity

Introduction

Butterflies are among the best-studied insect groups in
Europe and serve as important bioindicators due to their
sensitivity to habitat alteration and their dependence
on specific host plants and habitat conditions (Erhardt
& Thomas 1991; Fox 2013). Consequently, butterfly
assemblages are widely used to assess the conservation
status and ecological integrity of terrestrial ecosystems.

In recent decades, butterfly populations throughout
Europe have declined mainly because of habitat loss,
agricultural intensification, abandonment of traditional
land use, urbanisation, fragmentation of semi-natural
habitats, and climate change (Maes & Van Dyck 2001;
Sanchez-Bayo & Wyckhuys 2019). These negative trends
affect both habitat specialists and widespread generalist
species, leading to substantial reductions in regional
biodiversity and ecosystem functioning. Similar patterns
have also been reported from the Balkan Peninsula, where
many ecologically valuable grassland and mountain
habitats are increasingly threatened by land-use changes
and succession processes.

Despite its relatively small territory, Montenegro represents
one of the biologically most diverse countries in the
Balkan Peninsula due to its pronounced geomorphological
heterogeneity, climatic variability, and the presence of
diverse habitat types ranging from Mediterranean coastal
ecosystems to mountainous continental environments
(Franeta 2018). These environmental conditions create
suitable habitats for a remarkably rich butterfly fauna.
According to the most recent checklist, 192 butterfly

species have been recorded in Montenegro, representing
a substantial proportion of the European butterfly fauna
(Franeta 2018).

Research on the butterfly fauna of Montenegro dates
to the late nineteenth century, with the pioneering
faunistic observations of Nicholl (1899). More systematic
investigations were subsequently conducted by Rebel
(1913), Rebel & Zerny (1931), Carnelutti & Michieli
(1958), Sijari¢ (1984), and Jaksi¢ (1988), while additional
faunistic and distributional data were later supplemented
by numerous regional studies (Franeta 2018). Although
the butterfly fauna of Montenegro has been relatively well
documented (Franeta 2018), additional local faunistic
surveys continue to provide valuable distributional and
ecological records that complement existing knowledge
of the country’s butterfly fauna. Recent conservation
assessments indicate increasing threats to butterfly diversity
in Montenegro. The Red List of Butterflies of Montenegro
evaluated all 192 recorded species in the country, of which
35 species were classified within threatened categories or
considered regionally vulnerable (Roganovi¢ & Malidzan
2023). The importance of butterflies as ecological
indicators and conservation targets has therefore gained
increasing attention within biodiversity monitoring and
nature protection programmes.

The present study provides faunistic notes on butterflies
recorded during a short-term survey conducted in selected
localities of Montenegro in May 2026. The study aimed to
document species composition, relative abundance, habitat
affiliation, and faunistic characteristics of the recorded
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butterfly assemblages and to contribute additional data to
the knowledge of Montenegrin butterfly fauna.

Materials and methods

Study area

The field survey was conducted on 19 and 20 May 2026
at six investigated localities in Montenegro (Figures 1
and 2). The investigated sites represented a mosaic of
habitat types, including montane meadows, river valleys,
wetland habitats, forest edges, canyon habitats, and
anthropogenically influenced rural areas. The surveyed
localities covered both continental and mountainous
regions of Montenegro and ranged from lowland habitats
to montane lake surroundings.
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Figure 1. Investigated localities of butterfly sampling in
Montenegro. Localities: L1 — Po$¢ensko jezero; L2-L3 transect —
Komarnica; L4 - Savnik; L5 - Camp Vrbnica; L7A - Brezojevica;
L7B - Plav; L8 — Etno Selo Vrelo.

Locality L1 - Durmitor National Park (Pos¢ensko jezero;
43.0916 N, 19.1099 E; ca 1,487 m a.s.l.): was situated in
the vicinity of Po$¢ensko Lake and represented a wetland
habitat with surrounding mesophilous vegetation.
Butterfly sampling at this locality was conducted between
08:00 and 09:00 h.

L2 to L3 transect (Komarnica; 42.9900 N, 19.0689 E; ca
950-1,000 m a.s.l. and 42.9821 N, 19.0683 E; ca 930-980
m a.s.l.): the transect were located near fishpond habitats
and riverine vegetation in the Komarnica region. Butterfly
sampling at these localities was carried out between 10:00
and 12:00 h and included observations and sampling
both directly at the investigated sites and along the route
connecting the two localities sampled as a continuous unit.
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Locality L4 (Savnik; 42.9562 N, 19.0929 E; ca 830-875
m a.s.l.): was situated near a river corridor with adjacent
meadow vegetation. Sampling was conducted between
12:30 and 13:30 h.

Locality L5 (Camp Vrbnica; 43.161680 N, 18.779737
E; ca 520-560 m a.s.l.): represented a riverine habitat
with anthropogenically influenced surroundings near
a campsite area. Sampling was conducted between 16:15
and 17:15 h.

Locality L6 (Tara Canyon; 43.127990 N, 19.310080 E; ca
700-750 m a.s.l.): was visited during the field campaign;
however, no butterfly sampling was conducted at this site
because the locality was excluded from the butterfly survey.
The numbering was retained to ensure consistency with
parallel studies on other invertebrate groups conducted
within the same expedition.

Locality L7A (Brezojevica; 42.6177 N, 19.9378 E; ca
930-970 m a.s.l.): represented ecotonal habitats near
cemeteries and a mountain pass. Sampling was carried out
between 11:40 and 12:00 h.

Locality L7B (Plav; 42.5914 N, 19.9154 E; ca 900-930
m a.s.l.): was situated near riverine habitats in the
surroundings of a local farm. Sampling was conducted
between 12:30 and 13:30 h.

Locality L8 (Etno Selo Vrelo (Trpezi, Berane
Municipality) 42.9006 N, 20.0092 E; ca 700-750 m
a.s.l): represented semi-natural meadow and rural
habitats associated with traditional land use. Sampling was
conducted between 15:10 and 16:20 h.

Sampling and species identification

Sampling was carried out using standard entomological
methods, including direct observation and capture using an
entomological net. All observed and captured individuals
were identified directly in the field using standard
identification guides and publications (e.g., Slamka 2004;
LastGivka 2008; Franeta 2018). Voucher material was not
collected, except for specimens of the genus Leptidea, which
were taken for subsequent dissection and examination of
genital structures for species determination. Individuals
that could not be reliably identified to species level under
field conditions were recorded only to genus level. The
observed Colias individual could not be identified to
species level, as it was recorded only in flight.
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Figure 2. Habitats surveyed for butterflies: wetlands, rocky xerothermic sites, fishpond surroundings, riverine habitats, forest edges,
ecotonal meadows, and traditionally managed semi-natural meadows at localities L1-L8.



Taxonomic arrangement and nomenclature of the
recorded taxa followed the checklist of butterflies of
Montenegro published by Franeta (2018), which currently
represents one of the most comprehensive overviews of
the Montenegrin butterfly fauna.

Ecological and faunistic classification

Based on habitat affiliation, butterfly species were assigned
to ecological categories following Macek et al. (2015).
The habitat categories used were ubiquitous species (U),
mesophilous meadow species (M1), woodland-edge
and forest-margin species (M2), forest species (M3),
xerothermophilous grassland species (X1), forest-steppe
and shrubland species (X2), and hygrophilous wetland
species (H1). In cases where species exhibited two habitat
optima, only the primary habitat affiliation was considered
in subsequent analyses.

According to faunistic distribution type, species were
classified into the following categories modified after
Macek et al. (2015): Cosmopolitan (KOS), Holarctic
(HOL), Palaearctic (PAL), Euro-Siberian (ESI), West
Palaearctic (WPA), and European (EUR).

Butterfly mobility categories followed the classification
proposed by Bartonovd et al. (2014), ranging from
extremely sedentary species to extremely mobile species:
extremely sedentary (1), very sedentary (2), sedentary (3),
rather sedentary (4), less sedentary (5), willing to disperse
(6), mobile (7), very mobile (8), extremely mobile (9).
Threat categories were assigned according to the Red List
of Butterflies of Montenegro (Roganovi¢ & Malidzan 2023).
Conservation status followed the IUCN classification
system. Among the recorded taxa, only the categories
Least Concern (LC) and Near Threatened (NT) were
represented, whereas no species belonging to the
categories Vulnerable (VU), Endangered (EN), Critically
Endangered (CR), Data Deficient (DD), or Not Evaluated
(NE) were confirmed during the present survey.

Results and Discussion

During the short-term survey conducted on 19 and 20
May 2026, a total of 20 butterfly taxa belonging to six
families were recorded from six investigated localities in
Montenegro, including two localities surveyed as paired
sampling sites (L2/L3 and L7A/L7B), with an overall
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abundance of 75 individuals (Tables 1-3). The recorded
assemblage represents approximately 10.4% of the 192
butterfly species currently known from Montenegro
(Franeta 2018; Roganovi¢ & Malidzan 2023). Despite
the limited temporal extent of the survey, the recorded
assemblage comprised a relatively diverse spectrum
of butterflies associated mainly with open and semi-
natural habitats, including grasslands, ecotones, riverine
vegetation, and traditionally managed rural landscapes
typical of the western Balkan Peninsula.

The highest species richness was recorded within the
families Pieridae and Lycaenidae, each represented
by six taxa, corresponding to 30.0% and 11.5% of the
species currently known from Montenegro, respectively.
Nymphalidae, represented by four taxa (4.4% of the
national fauna), was the most abundant family with
26 recorded individuals (Tables 1 and 3). Hesperiidae
comprised two taxa (8.7% of the national fauna), whereas
Papilionidae and Riodinidae were each represented by
a single species, corresponding to 16.7% and 100% of the
species currently known from Montenegro, respectively.
Comparable dominance of Nymphalidae, Pieridae and
Lycaenidae has previously been reported from meadow
and forest-edge habitats in Montenegro (Franeta 2018).
The predominance of these families in the present study
most likely reflects the prevalence of open and semi-
natural habitats among the investigated localities rather
than the overall composition of the Montenegrin butterfly
fauna. Despite the limited sampling effort, the survey
captured a relatively broad taxonomic spectrum of the
country’s butterfly fauna.

The recorded assemblage was dominated by widespread
and ecologically tolerant species, including Vanessa cardui,
Pieris rapae, Polyommatus icarus and Coenonympha
pamphilus, reflecting the predominance of common
spring species associated with open and semi-natural
habitats (Table 2). These species are capable of occupying
a broad spectrum of environmental conditions (Macek
et al. 2015). Habitat specialists and stenotopic mountain
species were represented only marginally, which is likely
attributable to the short sampling period and the habitat
types investigated.
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Table 1. Overview of butterfly species recorded at individual localities in Montenegro.

L2-13

L7A L7B

Species L1 transect L4 L5 area area L8 Total
Hesperiidae

Pyrgus malvae L. - 1 - 2 - 1 5
Carterocephalus palaemon Pall. - - - - - 1 1
Papilionidae

Papilio machaon L. - - - - - - 1
Pieridae

Pieris rapae L. - 1 1 - - - 2
Pieris napi L. - - 1 - - - 1
Colias sp. - 1 - - - - 1
Gonepteryx rhamni L. - - 1 - - - 2
Leptidea sinapis L. - - 2 - - 7 9
Anthocharis cardamines L. - - - - - 3 3
Riodinidae

Hamearis lucina L. - - 1 - - 1 2
Lycaenidae

Polyommatus icarus Rott. - 4 - 1 - - 9
Aricia agestis Den. et Schiff. - 1 - - - - 1
Cupido decolorata Staud. - 1 - 1 - 2 4
Lysandra bellargus Rott. - - 1 - - - 1
Celastrina argiolus L. - - - . . 1 1
Glaucopsyche alexis Poda - - - - - 6 6
Nymphalidae

Vanessa cardui L. 3 - - - - 7
Coenonympha pamphilus L. - 6 - 3 2 1 12
Erebia medusa Den. et Schiff. - - 1 - - 6
Pararge aegeria L. - - - - - 1 1
Total 3 23 7 8 2 24 75

Numbers indicate the abundance of recorded individuals at individual localities. Locality codes correspond to the study sites listed in

the Materials and Methods section.

Analysis of habitat affiliation demonstrated that ubiquist
species (U), together with species associated with
mesophilous meadows (M1) and woodland margins (M2),
represented the dominant ecological groups within the
recorded assemblage (Table 2). Ubiquist species included
P machaon, P. rapae, P. napi, P. icarus, and V. cardui.
Mesophilous and ecotonal habitats were represented
mainly by C. pamphilus, Anthocharis cardamines,
and Erebia medusa. Xerothermophilous species (X1),
particularly among Lycaenidae and Hesperiidae, also
formed an important component of the assemblage and
included Pyrgus malvae, Aricia agestis, Glaucopsyche
alexis, and Cupido decoloratus. Strictly forest-associated
species (M3) were represented only by Pararge aegeria.
Opverall, the ecological structure of the assemblage reflects

the predominance of open-habitat and ecotonal species
within the investigated landscape mosaic.

The most abundant species recorded during the survey
was C. pamphilus with 12 individuals, followed by Leptidea
sinapis and P. icarus with nine individuals each (Table
1). L. sinapis was recorded predominantly at locality L8,
where semi-natural meadow habitats and traditionally
managed rural vegetation probably provided suitable
habitat conditions. The relatively high abundances of C.
pamphilus and E. medusa further indicate the presence
of structurally diverse grassland habitats with relatively
preserved vegetation continuity and suitable nectar
resources.
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Table 2. Ecological and faunistic characteristics of recorded butterfly species in Montenegro.

Species Habitat affinity Faunistic element Mobility Red List MNE
Hesperiidae

Pyrgus malvae L. X1 PAL 3 LC
Carterocephalus palaemon Pall. M2 HOL 3 LC
Papilionoidea

Papilio machaon L. U HOL 5 NT
Pieridae

Pieris rapae L. 6] KOS 7 LC
Pieris napi L. V) PAL 7 LC
Colias sp. - - - LC
Gonepteryx rhamni L. M2 PAL 7 LC
Leptidea sinapis L. X2, M2 PAL 6 LC
Anthocharis cardamines L. M1 PAL 4 LC
Riodinidae

Hamearis lucina L. M2 EUR 3 LC
Lycaenidae

Polyommatus icarus Rott. U PAL 3 LC
Aricia agestis Den. et Schiff. X1 PAL 4 LC
Cupido decolorata Staud. X1 PME 2 LC
Lysandra bellargus Rott. X1 WPA 2 LC
Celastrina argiolus L. M2 PAL 5 LC
Glaucopsyche alexis Poda X1 PAL 3 LC
Nymphalidae

Vanessa cardui L. U KOS 9 LC
Coenonympha pamphilus L. M1 WPA 3 LC
Erebia medusa Den. et Schiff. M2 ESI 3 LC
Pararge aegeria L. M3 WPA 4 LC

Habitat affinity categories — U: ubiquist species, M1: mesophilous meadow species, M2: woodland edge and forest-margin species,
M3: forest species, X1: xerothermophilous grassland species, X2: forest-steppe and shrubland species. Faunistic elements — KOS:
Cosmopolitan, HOL: Holarctic, PAL: Palaearctic, ESI: Euro-Siberian, WPA: West Palaearctic, EUR: European. Mobility categories — 1:
extremely sedentary, 2: very sedentary, 3: sedentary, 4: rather sedentary, 5: less sedentary, 6: willing to disperse, 7: mobile, 8: very mobile,
9: extremely mobile. Threat categories — LC: Least Concern, NT: Near Threatened.

Locality L8 exhibited the highest diversity, with 10
recorded taxa and 24 individuals (Table 3). The locality
represented a mosaic of semi-natural meadows, rural
habitats and ecotonal vegetation associated with
traditional land use. Such habitat heterogeneity probably
contributed to the occurrence of several ecologically
distinct taxa, including G. alexis, C. decoloratus, L. sinapis
and A. cardamines. Semi-natural extensively managed
grasslands are generally considered important habitats
for butterfly assemblages because they provide diverse
nectar resources, larval host plants and favourable
microclimatic conditions. However, it should be
emphasised that the investigated localities were selected
primarily for ichthyological research rather than butterfly
surveys; therefore, the observed diversity should not be
regarded as representative of the regional butterfly fauna.
By contrast, localities L1 and L7B exhibited very low

diversity, each yielding only a single recorded species.
These low values may reflect the short sampling duration,
local weather conditions, lower habitat heterogeneity, or
temporary phenological mismatches between butterfly
emergence and the survey period.

From a faunistic perspective, the recorded assemblage
was dominated mainly by Palaearctic (PAL) and West
Palaearctic (WPA) elements (Table 2). Palaearctic taxa
included P. malvae, L. sinapis, P. icarus and G. alexis,
whereas West Palaearctic elements were represented
mainly by C. pamphilus and P. aegeria. Holarctic
(HOL) species were represented by P machaon and
Carterocephalus palaemon, while Mediterranean (MED)
elements occurred only sporadically, represented by
Lysandra bellargus. Cosmopolitan species (KOS),
including P. rapae and V. cardui, reflected the presence
of ecologically tolerant taxa with broad geographical
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distributions. =~ The  assemblage also  included
a Pontomediterranean (PME) element represented by C.
decoloratus, a species associated mainly with xerothermic
habitats of south-eastern Europe. Its occurrence further
supports the xerothermic character of some investigated
habitats and reflects the south-eastern European
biogeographical affinities of the Montenegrin butterfly
fauna. The predominance of broadly distributed faunistic
elements corresponds well with previous studies
conducted in Montenegro and neighbouring Balkan
regions (Jaksi¢ 1998; Franeta 2018).

Table 3. Summary of butterfly records by family from Montenegro.

Family Number of taxa Number of individuals
Hesperiidae 2 6
Papilionidae 1 1
Pieridae 6 18
Riodinidae 1 2
Lycaenidae 6 22
Nymphalidae 4 26
Total 20 75

Mobility analysis indicated a predominance of species
with low to intermediate dispersal ability, particularly
those belonging to mobility categories 3-5 (Table 2).
Sedentary and rather sedentary taxa included P. malvae, C.
decoloratus, G. alexis and E. medusa, whereas highly mobile
species were represented mainly by V. cardui (mobility
category 9), P. rapae and P. napi (mobility category 7). This
pattern suggests that many recorded species are closely
associated with local habitat conditions and highlights the
importance of maintaining habitat continuity within semi-
natural landscapes.

Several taxa exhibited localised occurrence patterns. P
machaon was recorded exclusively at locality L4, whereas
C. palaemon and G. alexis were observed only at locality L8
(Table 1). Although these records originate from a short-
term survey, they provide valuable distributional data and
contribute to current knowledge of butterfly distribution
in Montenegro.

From a conservation perspective, most recorded species
belonged to the Least Concern (LC) category according to
the Red List of Butterflies of Montenegro (Roganovi¢ &
Malidzan 2023). Only P. machaon belonged to the Near
Threatened (NT) category. Nevertheless, the occurrence of
species associated with traditionally managed grasslands
and ecotonal habitats underlines the conservation value of
semi-natural landscape mosaics in Montenegro. Although
no nationally threatened butterfly species were recorded,
the survey provides additional faunistic records from
six investigated localities, several of which have received
relatively little lepidopterological attention.

Although Montenegro is recognised as one of the
biodiversity hotspots of the Balkan Peninsula, the butterfly
assemblages recorded during the present survey were

dominated by widespread and ecologically tolerant species.
This pattern most likely reflects the short duration of the
survey, its restriction to a single sampling period, and the
fact that the investigated localities were selected primarily
for ichthyological rather than lepidopterological research.
Consequently, the recorded assemblage should not be
considered fully representative of the butterfly diversity of
the investigated region.

Nevertheless, habitat loss, abandonment of traditional land
use, vegetation succession, agricultural intensification and
landscape fragmentation have been identified as major
drivers of butterfly declines throughout Europe, including
the Balkan Peninsula (Van Swaay et al. 2006; Kuussaari et
al. 2007; Van Dyck et al. 2009; Ekroos et al. 2010; Warren
et al. 2021). Similar threats have also been recognised in
Montenegro, where the conservation of semi-natural
grasslands and traditionally managed landscapes is
considered essential for maintaining butterfly diversity
(Franeta 2018; Roganovi¢ & Malidzan 2023).

The surveyed localities retained many characteristics of
well-preserved semi-natural grasslands, ecotonal habitats
and riverine landscape mosaics, indicating that suitable
conditions for diverse butterfly assemblages are still present
in parts of Montenegro. Although no nationally threatened
species were recorded during the present survey, the study
provides additional faunistic and ecological information
from six investigated localities and complements the
current knowledge of butterfly distribution in the country.
Future surveys covering the entire flight season and
targeting a broader spectrum of habitats will be necessary
to obtain a more comprehensive assessment of butterfly
diversity and to improve our understanding of species
distribution and habitat associations in Montenegro.
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Short note

An unexpected host: Wohlfahrtia magnifica (Schiner, 1862) recorded from
a nestling of Cinclus cinclus (Linnaeus, 1758)
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Abstract

We report a rare case of myiasis caused by Wohlfahrtia magnifica (Diptera: Sarcophagidae) in a nestling of Cinclus cinclus in eastern Slovakia. The larva
was recorded on one of five nestlings during routine ringing in a nest located under a bridge (Tichy Potok village) on 16. May 2025. Identification was
based on larval morphology, including posterior spiracles with two distinctly curved slits, consistent with a second instar, and conspicuous bands of
cuticular spines. Although W. magnifica is a well-known obligate agent of traumatic myiasis in mammals, records from wild passerine birds are scarce.
This observation represents an unusual host association and highlights the potential for infestation in nestling birds.

Key words: myiasis, Sarcophagidae, white-throated dipper, Slovakia, host record

Introduction

Wohlfahrtia  magnifica  (Schiner, 1862) (Diptera:
Sarcophagidae) is a well-known species of flesh fly and an
obligate agent of traumatic myiasis of considerable medical
and veterinary importance (Farkas et al. 2001). The species
is widely distributed throughout the Palaearctic region,
including Central and Eastern Europe, the Mediterranean
basin, North Africa, the Middle East, and parts of Asia
(Farkas et al. 2009). Its larvae develop exclusively in living
vertebrate hosts (Table 1), where they feed on living tissues
and may cause severe tissue damage.

Infestation by W. magnifica (wohlfahrtiosis) affects a wide
range of domestic and wild animals, particularly livestock
such as sheep, cattle, horses, and pigs, as well as dogs
(Farkas et al. 2001, 2009). Birds are considered relatively
rare hosts, although cases have been reported in domestic
geese and other avian species (Farkas et al. 2001, 2009). In
avian hosts, infestations are often associated with injuries
or other predisposing conditions and may lead to severe
tissue destruction.

Table. 1. Reported hosts of Wohlfahrtia magnifica with documented geographic occurrence and literature sources.

Host species Country of occurrence Reference

Ovis aries (sheep) Greece; Italy; Europe (general) Sotiraki & Hall 2012; Hall & Farkas 2000
Capra hircus (goat) Europe (multiple countries) Sotiraki & Hall 2012

Bos taurus (cattle) Ttaly Ambrosi & Principato 1994
Canis lupus familiaris (dog) Ttaly Bonacci et al. 2017

Canis lupus familiaris (dog) Greece Orfanou et al. 2011

Canis lupus familiaris (dog) Hungary Farkas et al. 2009

Canis lupus familiaris (dog) Turkey Saki 2004; Utiik 2006; Dik et al. 2012
Canis lupus familiaris (dog) Iran Rafinejad et al. 2014

Canis lupus familiaris (dog) Morocco Farkas et al. 2009

Canis lupus familiaris (dog) Israel Schnur et al. 2009

Canis lupus familiaris (dog) Russia Portchinsky 1916

Homo sapiens (human) Italy Perroncito 1900

Homo sapiens (human) Turkey Kokcam & $aki 2005

Felis catus (cat) Italy Bonacci et al. 2020

Equus caballus (horse) Italy Bonacci et al. 2020

Sus scrofa domesticus (pig) Ttaly Bonacci et al. 2020

Sus scrofa (wild boar) Ttaly Bonacci et al. 2020

Oryctolagus cuniculus (rabbit) Ttaly Bonacci et al. 2020

Vicugna pacos (alpaca) Ttaly Bonacci et al. 2020

Anser (domestic goose) Hungary Farkas et al. 2001

Various mammalian hosts Europe; North Africa; Asia Hall et al. 2016; Spradbery 1991

*
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Observation

Locality and date: Tichy Potok village, tributary Filipovec
(stream) of Torysa river (Slovakia), 16. May 2025.

Host and context: The record originates from a nest of the
white-throated dipper Cinclus cinclus (Aves: Passeriformes:
Cinclidae) located in a half-open nest box (“polobudka”)
under a bridge. The nest contained five nestlings at the
time of inspection during bird ringing activities.
Findings: One dipteran larva (Figures 1-2) was detected
on one of the five nestlings. No additional larvae were
observed on the remaining nestlings during the same visit.
No further individuals of C. cinclus were examined on that
day. The exact localization of the larva on the host body
was not recorded. The specimen was collected during
ringing and subsequently examined under magnification.
Identification: 'The larva was identified based on
morphological characters following Niederegger et al.
(2019). Diagnostic features included posterior spiracles
with two distinctly curved slits, consistent with a second
instar larva; a robust and apparently incomplete peritreme;
and conspicuous bands of cuticular spines on the body
segments (Figures 1-2).

The combination of spiracular morphology and body
armature allows reliable separation from other myiasis-
causing Diptera. These characters are consistent with
larvae of W. magnifica (Diptera: Sarcophagidae) and differ
from those of Protocalliphora (Calliphoridae), which
typically exhibit smoother cuticle and different spiracular
morphology (Niederegger et al. 2019).

Figure 1. Second instar larva of Wohlfahrtia magnifica (Diptera:
Sarcophagidae) collected from a nestling of Cinclus cinclus
(Tichy potok, Slovakia, 16 May 2025): dorsal view showing
segmentation and cuticular spines, ventral view.
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Figure 2. Posterior spiracular disc of a second instar larva of
Wohlfahrtia magnifica (Diptera: Sarcophagidae): detail of the
posterior end showing two curved spiracular slits and a weakly
developed peritreme.

Discussion

Wohlfahrtia magnifica is primarily associated with
mammalian hosts, and its occurrence in wild passerine
birds appears to be rare. The present finding represents
an unusual host association in the white-throated dipper
C. cinclus. Although the exact site of infestation was not
recorded, the presence of a larva on a nestling suggests that
even aquatic passerines may be susceptible to infestation,
possibly in connection with minor injuries or other
predisposing factors.

Further observations are needed to assess the frequency
of such host associations and their ecological significance.
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Dizkova $truktira a kondicia lososovitych druhov ryb
vo vztahu k biotopu a sezéne
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Lososovité ryby st celosvetovym predmetom zaujmu
vzhladom na ich socidlno-ekonomicky vyznam v oblasti
$portového rybolovu, akvakultiry a gastrondémie. Na
strane druhej sa v Eurdpe vyskytuju aj nepdvodné
lososovité druhy ryb, ktoré su kontroverznou témou
najma pre ich potencidlne negativny vplyv na ekosystémy.
Invazivny potencial pstruha duihového (Oncorhynchus
mykiss Walbaum, 1792, Actinopterygii: Salmonidae) je
¢asto prehliadany. To potvrdzuje aj recentny vyskyt 130
tzv. ,self-sustaining” populacii v 16-tich $tatoch Eurépy.
Vyskyt takychto populacii na tzemi Slovenska doposial
nebol mapovany. Jednou z kandidatskych lokalit na nasom
uzemi je povodie rieky Okna (Tisa), kde bol tento druh
introdukovany v 20. storo¢i a vyskytuje sa tu dodnes.
V auguste a oktobri 2024, a v marci a maji 2025 sme v rieke
Okna odobrali vzorky z 3 lokalit (biotopov) — Barlahov,
Remetské Hamre a Niznd Rybnica. Celkovo sme v rieke
Okna pocas rokov 2024 az 2025 zaznamenali 389 jedincov
ryb a mihual. Ako eudominantné druhy boli identifikované
pstruh dahovy (71,47 %) a pstruh poto¢ny (Salmo trutta
morpha fario Linnaeus, 1758, Actinopterygii: Salmonidae)
(17,74 %). Cielom prace bolo analyzovat dlzkovi
$trukturu a kondiciu populdcii nepoévodného pstruha
dihového a pdvodného pstruha poto¢ného v lokalitach so
spolo¢nym vyskytom. Celkovo sme pre $tatisticktl analyzu
pouzili 278 jedincov pstruha duhového a 69 jedincov
pstruha potoéného. Standardna dizka tela (SL) sa u pstruha
dahového pohybovala v rozpiti 35 - 250 mm (mean 98,5
mm, s. d. 40,3, pocet dizkovych skupin 21), pre pstruha
potoéného sme zaznamenali dizkové rozpitie 48 — 250
mm (mean 118,7, s. d. 45,1, pocet dlzkovych skupin 17).
Zaznamenané priemerné dlzky tiel sa liili medzi oboma
druhmi (t-test: t = -3,64; df = 276; p < 0,001). Priemerné
dizky tiel sa medzi lokalitami vyznamne lisili (Kruskal-
Wallis test, p < 0,001), pricom najvicsie jedince boli
zaznamenané v lokalite Rybnica a najmensie v Barlahove.
Zastpenie pstruha duhového v dizkovych skupinach
prevysuje zastipenie pstruha poto¢ného a to v 14 z 21
skupin. Podetnostna prevaha druhu pstruha duhového je
viditelna najmi v prvych dvoch dizkovych skupinach (30
- 50 mm), ¢o mdze zaroven naznacovat zvysend mortalitu
krat$ich (juvenilnych) jedincov. V skupinach dlhsich
jedincov (170 - 250 mm) sa zastdpenie oboch druhov
pocetnostne vyrovnava. Analyza kondicie bola realizovana
na subore 328 jedincov pstruhov (pstruh duhovy 263 ks,
pstruh potoény 65 ks). Hodnoty Clarkovho koeficientu
kondicie vsetkych skimanych jedincov boli nasledovné

mean 1,4, min. 0,79, max. 2,87, pri¢com hodnoty boli medzi
jednotlivymi biotopmi velmi podobné. To poukazuje na to,
ze nami zvolené biotopy kondiciu jedincov neovplyvnovali.
Naopak, rozdiely v kondicii oboch druhov sa lisili v ramci
sezény s najvys$imi hodnotami v mesiaci méj (pstruh
ddhovy 1,7, pstruh potoény 1,5), ¢o pravdepodobne
suviselo s dostupnostou potravy.

Klacové slova: pstruh dahovy, pstruh poto¢ny, kondicia,
dlzkova struktura, povodie Tisy.

Podakovanie: Praca bola vypracovana s podporou
projektu APVV SK-AT-23-0007.

Vplyv vybranej bioplynovej stanice na emisie
sklenikovych plynov a Zivotné prostredie
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Ziskavanie energie z biomasy patri medzi obnovitelné
zdroje energie. V bioplynovych staniciach prebiehaju
procesy, pri ktorych sa z roéznych organickych materialov,
ako su zvysky rastlin, zvieracie exkrementy ¢i biologicky
rozlozZiteIné odpady, vyraba bioplyn. V praci bolo popisané
ako bioplynové stanice funguju, ¢o je bioplyn a ako sa
tvori. Bolo poukazané na to, ze najekologickejsie je na
vyrobu bioplynu pouzivat odpadové produkty, a nie
cielene pestované rastliny. V pripade kukuri¢nej silaze
bolo jej uhlikové skére 29,83 gCO,eq/M]J. Naopak, pri
odpadovych substratoch, ako si mastalny hnoj alebo
kuraci trus, boli tieto hodnoty mierne nad nulou alebo
dokonca zaporné. Z tohto dévodu predstavuju odpadové
substraty environmentalne vyhodnej$iu alternativu oproti
cielene pestovanym energetickym plodindm. Pozornost
bola venovand vyrobe elektrickej energie a produkcii
tepla v kogenerac¢nej jednotke. V rozkladnych procesoch
okrem bioplynu vznika aj digestat pozostavajici z tuhej
a kvapalnej zlozky. KedZe obsahuje mnoZstvo Zzivin,
v polnohospodarskej praxi je vyuzivany ako organické
hnojivo. Uvedené teoretické poznatky boli aplikované
v praktickej casti prace. Objektom spoluprice bola
vybrana bioplynova stanica v Kamenici nad Cirochou.
V ramci vyskumu boli sledované pouzivané vstupné
suroviny a technologické procesy. V novembri 2025 sa
realizovalo emisné meranie. Boli sledované koncentracie
tuhych znecistujacich latok, oxidov dusika, oxidu
uholnatého, formaldehydu a celkového organického
uhlika. Analyzované boli aj konkrétne udaje bioplynovej
stanice za rok 2025, ktoré zahfnali mnozstvo vstupnych



surovin, produkciu bioplynu a celkové mnozstvo
emisii oxidu uhli¢itého a metanu. Do celkovej bilancie
bioplynovej stanice boli zahrnuté nielen emisie, ktoré
vznikli pocas samotnej tvorby bioplynu, ale aj tie, ktoré
vznikli pri pestovani plodin, ich transporte na stanicu
a emisie (alebo ich uspory) prameniace zo zmien zasob
organického uhlika v pode. Tieto data boli porovnané
s vyprodukovanymi emisiami z inych zdrojov energie
uvedenymi v sprave Life Cycle Assessment of Electricity
Generation Options vydanej organizaciou UNECE.
Priemerné hodnoty emisii predstavuju priblizne 923
gCO,eq/kWhpriuhli, 458 gCO,eq/kWh prizemnom plyne.
Pri fotovoltickych elektrdrhach cinia 45,5 gCO,eq/kWh
a pri koncentrovanej solarnej energii 74,5 gCO,eq/kWh.
Priemerne 76,5 gCO,eq/kWh emisii vznika pri energii
z vody, 11,9 gCO_eq/kWh pri veternych elektrarniach na
pevnine, 17,5 gCO,eq/kWh u veternych elektrdrni na
mori a 5,75 gCO,eq/kWh pri jadrovej energii. Stredné
hodnoty emisii z biomasy dosahuju 83 gCO,eq/kWh,
pri¢om v analyzovanej bioplynovej stanici v Kamenici nad
Cirochou bola vypocitana hodnota 75,6 gCO,eq/kWh.
Zhodnotené bolo, Ze emisie spojené s vyrobou bioplynu
boli v porovnani s tradi¢nymi sposobmi ziskavania energie
nizsie, a to najma pri vyuzivani odpadovych substratov.
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Ukrajina je bohatd na nerastné suroviny. Podla
Mykhailova & Hrinchenka (2018) zakladnu nerastnych
zdrojov Ukrajiny predstavuje priblizne 8000 lozisk, ktoré
st zdrojom viac ako 120 druhov nerastnych surovin,
vratane lozisk horlavych nerastov, rad, priemyselnych
nerastov a hornin. Nerastné bohatstvo Ukrajiny je
podmienené predovSetkym rozmanitostou geologickej
stavby krajiny. Najstars$ia znama bana na uzemi Ukrajiny
pochadza uz z obdobia eneolitu (4. tisicrocie pred n. 1.),
¢o poukazuje na dlha tradiciu banictva v tejto oblasti.
Vyznamné archeologické nalezy pochddzaju napriklad
z Luhanskej oblasti, kde boli objavené pozostatky
kremikovych bani patriace k najstar§im vo vychodnej
Eurépe. V oblasti Donbasu, v ktorej doslo k zatopeniu
velkého mnozstva podzemnych banskych priestorov,

je charakteristickd pritomnost kyslych banskych véd,
ktorych pH klesd na hodnoty 2 - 3. Tieto priklady
ilustruju nielen historicky vyznam, ale aj environmentalne
dosledky banickej ¢innosti a zaroven naznacuju, ze na
Ukrajine sa nachadza velké mnozstvo bani s réznorodymi
tazenymi nerastmi. Cielom tejto prace bola komplexna
analyza vyvoja a sucasného stavu banictva na Ukrajine
s doérazom na jeho historicky vyvoj, $truktiru tazenych
nerastnych surovin a charakteristiku banskych diel a tiez
identifikdcia a zhodnotenie kvality pddneho prostredia
v okoli vybranych starych banskych diel. Vo vzorkich
pody (n=10) odobratych z banskych lokalit Chyv¢insko-
Hrynavskych hér bol stanoveny celkovy obsah ortuti
(Hg). Na hodnotenie trovne kontaminacie bol pouzity
faktor kontaminacie (Cf) a index geoakumulacie (Igeo).
Zo ziskanych vysledkov mozno konstatovat, ze skiimané
uzemia nevykazuju extrémne znelistenie ortutou, avsak
v niektorych lokalitach je evidentny vplyv antropogénnej
¢innosti — predovsetkym historickej banskej tazby.
Najvyssie hodnoty kontamindcie st lokalne a poukazuju
na potrebu dalsieho monitoringu tychto oblasti.
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