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Search of pattern in presence of epiphytic lichens growing in an urban
environment - case study in PreSov city (Slovakia)
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2 Department of Environmentalistics and Natural Resources, Faculty of Regional Development and International Studies, Mendel
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Abstract

Lichens are sensitive organisms, widely applied in air quality assessments and monitoring programs around the world. Traffic emissions or particulate
matter influence the pattern in presence of lichens on roadside trees. The research of epiphytic lichens in Presov city (Slovakia) was conducted in 17 near-
road localities (three trees per locality). The traffic density, selected tree parameters, lichen density, and presence in research squares (15 x 15cm) on 4
sides of the tree (side in the direction of traffic, in the opposite direction of traffic, the side facing towards the road and the side facing away from the road)
were analysed. Three lichen species were most often determined on the trees: Xanthoria parietina (L.) Th. Fr., Phaeophyscia orbicularis (Necker) Moberg,
and Physcia adscendens (Th. Fr.) H. Olivier. The most common lichen was the Ph. orbicularis accounted for up to 86% of all records. The highest presence
was confirmed in localities with the highest traffic density. Based on the results it is obvious that atmospheric pollution alters lichen communities and

therefore can be effectively used as biological indicator of air quality.

Keywords: urban area, Phaeophyscia, Physcia, Xanthoria, traffic density

Introduction

It is well established that lichens are sensitive to a wide
range of habitat changes, most of them man-driven
(Pinho et al. 2004). Changes in lichen diversity are used
as indicators of environmental conditions and have been
widely applied in air quality assessments and monitoring
programs around the world (Llop et al. 2012). In Europe
is often used method LBI (evaluation of the lichen
biodiversity index, e.g. Cioffi 2009; Giordani et al. 2002;
Caoduro et al. 2014, etc.) and European guideline for
mapping lichen diversity (e.g. Asta et al. 2002). The point
quadrat method (e.g. Dunford et al. 2006; Martinez et al.
2006) or lichen based index (e.g. Will-Wolf et al. 2015)
are used less often.

Tolerance to most of the heavy metals and the slow
growth rate are the main factors which make lichens
good indicators or/and monitors of metal pollution
(e.g., Seaward & Letrouit-Galinou 1991; Paoli et al. 2019;
Tarawneh et al. 2021). Biomonitoring with lichens can
be done according Branquinho (2001) in three ways:
using variations in diversity and/or abundance, using
variations in physiological parameters, or using lichens
as accumulators of pollutants. Lichen diversity has been
used as an indicator for monitoring the effects of air
pollution in urban areas since 20" century (Llop et al.
2012). Variations in lichen biodiversity may be due to
changes in microclimatic conditions particularly light,
water and nutrients. These alterations may be driven
by local sources of disturbance, such as roads or farms,
different land uses or habitat fragmentation (e.g., Jonsson
& Jonsell 1999; Sillett & Goslin 1999; Moen & Jonsson
2003; Paoli et al. 2013; Asta et al. 2019).

It has been found in earlier studies that air quality in
Central Europe has significantly deteriorated during
second half of the 20" century (Lisowska 2011;
Marnkovska et al. 2017). Traffic-related pollutants are
considered one the biggest contributors to the urban
air pollution (Stenson et al. 2021). The main pollutants
in urban environments, roadsides and areas near the
roads are the gases emitted from motor vehicles, such
as sulphur dioxide (SO,), carbon monoxide (CO) and
nitrogen dioxide (NO,) (e.g., Gilbert et al. 2007, Marmor
& Randlane 2007). Traffic emissions or particulate matter
influences the diversity and abundance of lichens on
roadside trees. Non-tolerant lichens react to the presence
of contaminants by inhibiting the growth, on the contrary
pollution-tolerant species, thrive in such an environment
(Marmor & Randlane 2007; Stapper 2012).

This study aims to i) determine the most frequently
occurring epiphytic lichen taxa growing around the roads
in the city of PreSov using modified quadrat method, ii)
find out the relationship between the presence of epiphytic
lichens and their orientation to the direction of traffic, iii)
determine the relationship between the traffic density and
the epiphytic lichens presence.

Materials and methods

A simple study of epiphytic lichens to assess the
environmental quality of the PreSov (Slovakia) city during
May 2019 for the first time was conducted.

The roads were selected for research as follows:

at least 3 trees had to grow by the road, ideally on each side
of the road;

%
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the trees near road had to be of the same species and
approximately the same size;

the minimum tree circumference had to be at least 80 cm
(at a height of 1.3 m above the ground).

(note: The tendency should be to use only trees with acid
bark, preferably of one species only; which was unrealistic
for very specific urban conditions e.g. van Herk et al. 2002;
Gombert et al. 2004).

A total of 17 near-road localities were selected for the
research purposes. At each sampling locality three trees
were randomly selected (if possible — on each side of the
road - which was fulfilled only in 4 locations). For each
tree, the genus of the tree, the perimeter of the trunk at
1.3m height, and the radius of the crown were determined.
Basic data on selected localities are given in Table 1.

Table 1. Basic information of sampled roads.

no: GPS Eir:f:i(i(ies
001 48°59°27.3”N 21°14°02.9”E LD
002 48°59°29.0”N 21°14°06.1”E LD
003 48°59°29.5”N 21°14’11.0"E LD
004 48°59°31.8”N 21°14’13.8”E LD
005 48°59°29.5”N 21°14’14.3”E MD
006 48°59’53.2”N 21°13’17.8”E MD
007 48°59°41.4”N 21°13°40.2”E LD
008 48°59’52.1”N 21°13’17.5”E MD
009 48°59°58.9”N 21°13’33.2”E HD
010 49°00°06.3”N 21°1324.7”E MD
011 49°00’14.7”N 21°13’16.3”E HD
012 48°59’57.0”N 21°13’38.0’E HD
013 48°59°41.5”N 21°13’54.8”E MD
014 48°59’45.2”N 21°13’59.0’E LD
015 48°59°42.5”N 21°14°06.6 E LD
016 48°59°24.3”N 21°14'26.4°E MD
017 48°59’18.9”N 21°14’12.2”E HD

The traffic density was determined for individual roads as
mentioned in Demkova et al. (2019). Based on the results,
the roads were divided into three traffic density categories:
high traffic density (HD): > 600 cars per hour; medium
traffic density (MD): 599 - 200 cars per hour; low traffic
density (LD): < 199 cars per hour.

The coverage of each lichen was estimated by the modified
quadrat method as follow. On each tree in 3 different heights
(up to 40 cm from the ground, height approx. 130 cm from
the ground and approx. 180cm from the ground) were
drawn squares measuring 15 x 15cm. These squares were
drawn on 4 sides of the tree (side in the direction of traffic
(marked as 3), in the opposite direction of traffic (marked
as 4), the side facing towards the road (marked as 1) and

the side facing away from the road (marked as 2). A total of
12 squares were drawn on each tree (Figure 1). Overall, it
was evaluated 756 squares on 63 trees near 17 roads.

Figure 1. Ash tree with drawn squares at locality 001 — Kupelna
street.

Subsequently, the percentage coverage of the total square
area by lichen species was determined at each square
(whole area = 100%, Figure 2).

Figure 2. Example of a marked square with lichens.

All information was recorded and photographically
documented directly in situ. Subsequently, they were
digitized in the laboratory by estimation based on visual
inspection and statistically analysed. Only those species of
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lichens whose coverage in the square was at least 1% were
analysed. The possible influence of individual factors (e.g.,
traffic density, orientation to the road) was analysed using
the nonparametric Kruskal-Wallis test in particular given
that the distribution of data on the cover (representation)
of individual species was not normal and Levene’s test
confirmed the inequality of deviations (inhomogeneity of
variation). All statistical analyses and descriptive statistics
were performed in the program JASP (2020), for creating
box-diagrams (boxplots) program PAST (ver. 4.03,
Hammer et al. 2001) was used.

Results

For the research purposes, following trees growing near
the roads in the Presov city were used: ash (Fraxinus spp.),
boxelder maple (Negundo sp.), maple (Acer spp.), linden
(Tilia spp.), chestnut (Aesculus sp.) and cherries (Cerasus
spp.). Ash was found as the most frequently occurred tree
accounting for about 27% of all examined trees, followed
by maples (24%), chestnuts (19%), lindens (14%), boxelder
maple (11%), and cherries (5%) (Table 2).

Table 2. Number and percentage of measurements on trees of
different species.

tree-species frequency percent
Acer spp. 180 23.8
Aesculus sp. 144 19.0
Fraxinus spp. 204 26.9
Negundo sp. 84 11.1
Cerasus spp. 36 4.80
Tilia spp. 108 14.3
Total 756 100

The perimeter of the trunk at a height of 130 cm from the
ground reached values from 68 cm to 205 cm. The average
circumference of the trunk was 136 cm. The radius of the
crown of the examined trees reached values from 2m to
6 m. The average radius was 5m (Table 3).

Table 3. Descriptive statistics of the properties of sampled trees —
perimeter of the trunk and radius of the crown.

perimeter of the crown radius (m)

trunk (cm)
Valid 756 456
Missing 0.00 0.00
Mean 136 4.97
Median 136 5.00
Std. deviation ~ 33.1 1.05
Minimum 68.0 2.00

Maximum 205 6.00

Most of the measurements were performed at the low
traffic density locations (43%), followed by medium traffic
density locations (33%) and high traffic density locations
(24%) (Table 4)

Table 4. Number and percentage of measurements in localities
with different traffic density (LD - low traffic density; MD -
medium traffic density, HD - high traffic density).

traffic intensity number of percent
measurements

LD 324 42.9

MD 252 33.3

HD 180 23.8

Total 756 100

On the examined trees, most often 3 species of lichens
were found (species with a coverage of less than 1%
were not included in the analyses): Maritime sunburst
lichen - Xanthoria parietina (L.) Th. Fr., Phaeophyscia
orbicularis (Necker) Moberg, and Physcia adscendens
(Th. Fr.) H. Olivier. The most common lichen growing on
the evaluated trees was Ph. orbicularis (86% of records),
followed by Ph. adscendens (12%) and X. parietina (2%).
We also observed the highest proportion (average,

median and maximum) in all recorded lichen species
(Table 5).

Table 5. Descriptive statistics of the presence of individual lichen
species.

Ph. orbicularis  Ph. adscendens X. parietina
Valid 756 756 756
Missing 0.00 0.00 0.00
Mean 19.8 2.81 0.34
Median 10.0 0.00 0.00
Std. Deviation 22.8 7.98 2.45
Minimum 0.00 0.00 0.00
Maximum 100 70.0 40.0

The possible influence of individual factors (the traffic
density and orientation to the road) was analysed only for
the most frequently occurring species Ph. orbicularis. We
found that the presence of Ph. orbicularis was influenced
by the density of traffic and the orientation of the
measured area towards the road (Table 6, Figure 5). The
highest presence of Ph. orbicularis was determined in the
localities with the highest traffic density (Figure 3) and in
the northern and western areas of the trunk. The lowest
presence of Ph. orbicularis was found in the south-facing
areas of the trunk (Figure 4).
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Table 6. The results of nonparametric Kruskal-Wallis test
expressing the differences in the presence of the Ph. orbicularis
depending on the traffic density and orientation to the road.

factor statistic
traffic intensity 41.654
orientation-road 14.739

As can be seen from Figure 3, the presence of Ph. orbicularis
in localities with a low density of traffic represented
approximately 12% to 17% of the records, at a medium
traffic density of about 18% to 25% of the records. The
highest presence (23 — 30%) was recorded at the localities
with high traffic density.

30

20

15+

presence of Ph. orbicularis [%]

10 -
I T
LD MD HD

traffic intensity

:[min—max * average

Figure 3. Presence of the species Ph. orbicularis in localities with
different traffic density (x-axis, LD - low density, MD — medium
density, HD - high density).

100 - -
80 . . .
60 — . . .
40 - .

20

presence of Ph. orbicularis [%]

0_

orientation towards the cardinal points

Iminfmax - average D 25%-75% e outlaying values

Figure 4. The presence of the Ph. orbicularis in squares with dif-
ferent orientations to the world sides (x-axis, sides of the world).

From the point of view of the presence of Ph. orbicularis
in relation to the world sides (Figure 4), this species
predominated in the west (W) and north (N), subsequently
in the south-west (SW), south-east (SE) and north-east
(NE). Less often Ph. orbicularis has occurred in the east
(E), north-west (NW) and south (S), but these results are
statistically insignificant.

30

25

20

coverage of Ph. orbicularis [%]

10 -

1 2 3 4
orientation to the road

Imin—max e average

Figure 5. Coverage of Ph. orbicularis according to the orientation
towards the road (diameters with standard error, 95% interval
(side facing towards the road 1 and side facing away from the
road 2, side in the direction of traffic 3, against the direction of
traffic 4).

From the point of view of the cover of the species Ph.
orbicularis and orientation to the road (Figure 5), we
found, that this species grew most frequently on the side
of the tree facing towards the road (19% to 27% cover),
then on the side in the direction of traffic (18% to 25%
coverage), followed by the opposite direction of traffic side
(16% to 23% coverage). The lowest cover of this species
was recorded on the side of the tree facing away from the
road (12% to 18% cover).

Discussion

Atmospheric pollution alters lichen communities, and
depending on the nature and concentration of pollutants,
usually results in an impoverishment in terms of richness
and/or abundance (Gries 1999). In many earlier studies,
lichens have been recognized and successfully utilized as
biological indicators of air quality (Shukla & Upreti 2012).
Demkova et al. (2019) confirmed a significant positive
correlation between risk elements and the traffic density.
The species of lichens which were in greater numbers
recorded in our study (namely X. parietina, Ph. orbicularis,
and Ph. adscendens) were frequently represented in other
European urban areas (Farkas et al. 2001; Matwiejuk &
Chojnowska 2016; Djekic et al. 2017). Additionally, in the
study of Piervittori & Maffei (2001) who evaluated the



8 Obona et al.

presence of lichens in the urban area in Italy (the city of
Aosta), the species Ph. adscendes, X. parientina , and Ph.
orbicularis were among the most frequently recorded. The
species which were recorded as the most abundant along
Presov city streets, were in earlier studies rated as the most
tolerant to environmental stress or air pollution (Elsinger
et al. 2007; Dymytrova 2009; Vitali et al. 2019; Owczarek-
Ko$cielniak et al. 2020).

The most common lichen growing on the road was Ph.
orbicularis accounted for up to 86% of all records. According
to Van Herk et al. (2001) and Loppi & Pirintos (2000) the rise
in the number of necrophilous lichens especially members
of the Physciaceae family (including Phaeophyscia) has
been attributed to climate change and also to dry and dusty
conditions in urban centres.

Gombert et al. (2005) found, that the presence of Ph.
orbicularis was influenced by the density of traffic and the
orientation of the measured area towards the road. From
the point of view of the cover of the species Ph. orbicularis
and orientation to the road, we found that this species grew
most frequently on the side of the tree facing towards the
road to the road. The lowest cover was recorded on the
side of the tree facing away from the road. Gombert et al.
(2005) use autecological and environmental parameters for
establishing the status of lichen vegetation of urban areas
in France and in agreement with our results he confirmed
that Ph. orbicularis is frequent and tolerant species. Shukla
& Upreti (2012) have designated this species as frequency
and abundance thermophilus and poleotolerant lichens.
The highest presence was recorded in the localities with the
highest traffic density and in the northern and western areas
of the trunk. It is likely that the climatically less exposed
sides (west, north), which have less light and more humidity,
are more suitable for the growth of lichens (Gombert et
al. 2005). But, the presence, absence and the diversity of
lichen species is influenced by many other characteristics
such as the tree size, tree age, diameter, branch density,
bark chemical properties, bark structure, its water holding-
capacity, and also the position of the tree in the stand
(Raniu et al. 2008; Johansson et al. 2009; van Her et al. 2002;
Backlund et al. 2016). Some authors have stated that the pH
of the bark and susceptibility to toxic substances are among
the most important properties affecting the presence and
composition of lichens (Jiriado et al. 2012). Transport
pollution substances (CO_, NO,, SO,) causing acidification
of the environment (Sebal et al. 2022), what can lead to
the reducing bark pH. Since, according to our results, the
highest presence of Ph. orbicularis was recorded on the
high traffic density localities, with the highest abundance
at the side facing the road, we assume that the recorded
lichen belongs to pollution-resistant and favouring acidic
environment species.

Conclusions

In Presov city three lichen species that most often grow on
the trees near roads are Xanthoria parietina, Phaeophyscia
orbicularis, and Physcia adscendens. The most common

lichen was Ph. orbicularis accounted for up to 86% of all
records. We found that the presence of Ph. orbicularis was
influenced by the density of traffic and by the orientation
towards the road. The highest presence was confirmed in
localities with the highest traffic densities. Ph. orbicularis
grew most frequently on the side of the tree facing towards
the road to the road, and the lowest cover of this species
was recorded on the side of the tree facing away from the
road.

We therefore conclude that presence and quantity of Ph.
orbicularis growing on a tree may be a suitable indicator of
traffic density, as well as traffic contamination.
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Aktivita pddnych mikroorganizmov ovplyvnena vyskytom Fallopia japonica
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Abstract. Activity of soil microorganisms affected by occurrence of Fallopia japonica

The present work deals with the activity of microorganisms in sites that are invaded by Fallopia japonica in eastern of Slovakia. The aim of the study
was to determine physico-chemical (soil pH, organic carbon content, total nitrogen content, soil gravimetric moisture) and microbial parameters (soil
respiration, enzymes: p-glucosidase, FDA hydrolase, acid and alkaline phosphatase) that influence quality and health of soil ecosystem. The study
was carried out within three climate localities represented by warm, mediate warm and cold conditions. Significant correlations were found between
the parameters depending on location and altitude. Our results show that invasive plant species significantly alter the values of physicochemical and

microbial parameters.

Keywords: invasive plants, physico-chemical parameters, microbial indices, enzymatic activity

Uvod

Poda je nenahraditelnym prirodnym zdrojom, ktory
umoziuje produkovat suroviny a potraviny, filtruje
a zadrziava vodu, zabezpecuje kolobeh latok v prirode,
udrziava diverzitu rastlin a Zivo¢ichov a formuje kvalitu
zivotného prostredia (Fazekasova & Bobulskda 2012).
Kazda poda ma svoje fyzikalne, biologické a chemické
vlastnosti, ktoré ovplyviuji kvalitu a zdravie pody
(Javorekova 2008). Pod pojmom kvalita pody rozumieme
schopnost pddy fungovat v ramci ekosystému, udrZiavat
kvalitu prostredia a podporovat zdravie rastlin, Zivo¢ichov
a ¢loveka (Yakovchenko et al. 1996). Kvalitu odvodzujeme
zo zmien jej parametrov (indikatorov) (Wick et al
2002). Casto vyuzivané si biologické parametre
pody (Fazekasovda & Bobulskd 2012), najcastejsie
a najefektivnejsie su mikrobiologické charakteristiky,
ktoré vdaka svojej reaktivite, generacnej dobe a diverzite
pddnej mikrofléry umoznuji okamzitd reakciu na rdzne
podnety prostredia (Kubat et al. 2002). Medzi vyznamné
mikrobidlne parametre patri: podna respirdcia, podna
mikrobidlna biomasa, aktivita pédnych enzymov a pod.
(Fejér & Bobulska 2015). Pojem invézia, odvodeny od lat.
slova ,,invado®, znamend vpadnut alebo nésilne vstupovat
(Cvachova & Gojdi¢ova 2003). Invazie su pritomné vo
véetkych biotopoch (Zahorska 2016). Vytlacaji domace
druhy, ¢im menia $truktiru a funkciu pédvodného
ekosystému (Nentwig 2014). Cielom tejto prace bolo
stanovit aktivitu pédnych mikroorganizmov v porastoch
invadovanych druhom Fallopia japonica na tzemi troch
klimatickych oblasti vychodného Slovenska.

Material a metody
Odbery podnych vzoriek boli realizované v troch
klimatickych oblastiach (Obrazok 1): Stara Lubovna

(okolie rieky Poprad), Humenné (okolie rieky Laborec)
aRimavska Sobota (okolie rieky Slana). Pre vy$sie uvedené
lokality plati, Ze boli vyrazne invadované rastlinou Fallopia
japonica. Na vsetkych troch vyskumnych lokalitach bolo
stanovenych 20 odbernych miest (10 pre invadované a 10
pre neinvadované porasty) s rozmerom lm x 1m, ¢o
predstavovalo celkovo 60 pddnych vzoriek. Kazda vzorka
pozostavala z troch ¢iastkovych vzoriek odobratych
z hibky 0,1 - 0,2m, ktoré boli nisledne po odbere
vzoriek homogenizované. Pred samotnymi analyzami
boli vSetky vzorky preosiate cez sito s velkostou 6k 2 mm
a ulozené v chladnicke az do samotnych analyz. Nasim
cielom bolo stanovit fyzikalno-chemické a mikrobialne
parametre (pH, obsah organického uhlika, celkovy
dusik, gravimetrickd vlhkost pody, pddna respirdcia,
enzymy: B-glukozidaza, FDA hydrolaza, kysld a zasadita
fosfataza). Aktivita jednotlivych pédnych enzymov bola
stanovena za pouzitia konkrétnych substratov, tlmivych
roztokov a podmienok jednotlivych metodickych
postupov (Eivazi & Tabatabai 1988, Green et al. 2006,
Grejtovsky 1991). Pre kazdu aktivitu podneho enzymu sa
vykonala zodpovedajica kontrola rovnakou analytickou
metodou, ale bez pridania substratu v okamihu zacatia
enzymatickej reakcie. Aktivita enzymov bola stanovena
spektrofotometricky (UV  Spektrophotometer 1800,
Shimadzu) vytvorenim kalibra¢nej krivky. Jednotlivé
koncentrdcie enzymov boli stanovené pri réznych
vinovych dizkach (464 nm - B-glukoziddza, 490 nm -
FDA hydrolaza, 510 nm - fosfatazy). Zistené udaje boli
Statisticky vyhodnotené v programe STATISTICA 12
a vietky Statistické operdcie boli vykonané v programe
PAST 4.03. Data boli pred samotnou analyzou
logaritmicky transformované.

%
Kore$ponden¢ny autor: L. Bobulska. E-mail: lenka.bobulska@unipo.sk
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Obrazok 1. Mapa odbernych miest na Slovensku.

Vysledky a diskusia

Hodnotenie fyzikdlno-chemickych a mikrobiologickych
parametrov

V Tabulke 1. uvddzame ziskané vysledky fyzikalno-
chemickych ~a  mikrobidlnych  parametrov, kde
porovnavame vzorky pody na lokalitich invadovanych
rastlinou Fallopia japonica (F) a kontrolné vzorky
pody bez invazie (C). Podla Stefanowicz et al. (2016)
rastlinné invdzie moézu ovplyvnit vlastnosti pody ako

napr. pH, vlhkost pody, $truktdru a funkciu pddnych
mikroorganizmov. Na zdklade dosiahnutych vysledkov
mozeme konstatovat, Ze posobenie invaznej rastliny
v pode signifikantne meni hodnoty sledovanych podnych
parametrov. Priemerné hodnoty pddnej reakcie, obsah
organického uhlika a aktivity FDA su $tatisticky vyznamne
vy$Sie v invadovanych pddach v porovnani s podami
neinvadovanymi (p<0,05).

Tabulka 1. Sledované pddne parametre invadovanych (F) a neinvadovanych (C) pod.

Podna c N f:’si‘il;da BGL(ug  FDA KFOS ZFOS
F/C pH vlhkost (‘;;’)‘ (()/(t)‘;t (1g C-CO,/g pIA\TP/g (Hg FS/g (IPg P/g (Iflg P/g
(%) A pddy.1h) pody.1h) pody.3h) pody.3h)
pody)
min 5,83 6,58 1,20 0,15 48,6 161 27,4 10,9 41,1
F max 7,55 41,5 7,34 0,81 129 463 110 254 194
PR 6,96 20,7 3,09 0,39 84,3 263 63,3 107 110
min 4,49 5,21 0,55 0,09 82,2 133 21,1 10,2 12,8
C max 7,3 29,1 3,11 0,57 201 343 89,9 213 196
PR 6,32 17,3 1,84 0,34 195 251 55,5 181 157

F - vzorky pddy invadované rastlinou Fallopia japonica, C - kontrolné vzorky bez invazie, PR - priemerné hodnoty, pH - pddna reakcia,
Cox - obsah organického uhlika, Ny, - obsah celkového dusika, BGL - B-glukozidaza, FDA - fluorescein diacetat, KFOS a ZFOS - kysla
a zasadita fosfataza.
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Pddna reakcia (pH) ovplyviiuje mikrobidlnu aktivitu
a tym aj aktivitu enzymov v pdde (TobiaSova 2020).
Sttdia Acosta-Martinéz & Tabatabai (2000) podporuje
nazor, ze pH je délezitym ukazovatelom kvality a zdravia
pody. Pédna vlhkost je momentélny obsah vody v pode
v uréitom case, vyjadreny v percentich k hmotnosti/
objemu suchej zeminy (Varga 2015). Pasternakova (2015)
uvadza, Ze vyssie hodnoty vlhkosti pody sa predpokladaji
na miestach napadnutych invaznymi rastlinami, kvoli
plytkym korenom a tym nizSiemu prisunu vody. Podla
Fejéra & Bobulskej (2015) sa pri vy$sej podnej vlhkosti
obsah uhlika zvySuje, ¢o kore$pondovalo s nasimi
dosiahnutymi vysledkami. Medzi délezité biogénne prvky
patri uhlik a dusik a podla Pilkovej (2018) sa obsah dusika
uvadza v spojitosti s obsahom oxidovatelného uhlika,

vyjadreného v pomere C:N. Najjednoduch$im a najlepsie
interpretovatelnym mikrobialnym parametrom je podla
Javorekovej (2008) mikrobialna respiracia.

V predkladanej praci sme zistovali vplyv nadmorskej vysky
na sledované pddne parametre zobrazené na Obrazku
2. Hodnotili sme vSetky podne parametre bez ohladu
na lokalitu. Boli stanovené tri kategérie: do 200m n. m.,
200 — 400 m n. m. a nad 400 m n. m. Statisticky vyznamné
rozdiely (p<0,05) boli zaznamenané pri vsetkych
podnych parametroch s vynimkou pddnej reakcie (pH)
a B-glukozidazy. Podla Kumara et al. (2019) je nadmorska
vys$ka hlavnym faktorom, ktory ovplyvinuje biodiverzitu
a fyzikalno-chemické vlastnosti pody. V ich stadii boli
zaznamenané vyssie hodnoty pH vo vyssich nadmorskych
vyskach, ¢o kore$ponduje s nasimi vysledkami.
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Obrazok 2. Priemerné hodnoty pédnych parametrov podla nadmorskej vysky.

Nasledne sme sledovali suvis medzi sledovanymi
podnymi parametrami a klimatickymi regiéonmi. Bolo
stanovenych pat klimatickych regiénov: od klimaticky
teplej po chladntd oblast a hodnotenych bez ohladu
na invadované uzemie a lokalitu a vymedzenych podla
urcitych kritérii (Obrazok 3). Klimaticky regién 4 a 5
(Rimavska Sobota) je charakterizovany ako najteplejsi
a velmi suchy spomedzi sledovanych regionov.
Klimaticky regién 6 a 7 (Humenné) je charakterizovany
ako teply a mierne suchy region. Klimaticky regién 8
(Stard Lubovna) je charakterizovany ako najchladne;jsi
spomedzi sledovanych regiénov s najvy$sim thrnom
zrazok.

Na Obrazku 3 su zobrazené priemerné hodnoty
mikrobiologickych ~ parametrov  podla  klimatického
regionu. Statisticky vyznamne najvy$sie hodnoty (p<0,05)
boli preukazané pri podnej vlhkosti, organickom uhliku
a celkovom dusiku v klimatickom regiéne 6 a 7. Rasttce
klimatické zmeny vyrazne menia aktivitu pddnych enzymov
a tym aj kolobeh latok v pode (Cao et al. 2021) a vyvoj
organického uhlika (Sobocka et al. 2019). Na Obrazku
3. st zobrazené priemerné hodnoty mikrobiologickych
parametrov podla klimatického regiénu. Pri pddnej
respiracii, FDA hydrolyze, kyslej a zasaditej fosfataze
parametrov (p<0,05) v klimatickom regiéne 8, ktory bol
charakterizovany ako pomerne chladny.
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Obrazok 3. Priemerné hodnoty mikrobiologickych parametrov podla klimatického regiénu.

Zaver

Cielom tejto prace bolo stanovit aktivitu mikroorganizmov
v porastoch invadovanych Fallopia japonica na tzemi
Slovenska. Odberypodnych vzoriekbolirealizované vtroch
klimatickych oblastiach a na v$etkych troch lokalitach bolo
stanovenych 20 odbernych miest (10 pre invadované a 10
pre neinvadované alebo kontrolné vzorky pody). Nasim
cielom bolo stanovit fyzikilno-chemické a mikrobialne
parametre, ktoré ovplyvinuju kvalitu pody (podna reakcia,
gravimetricka vlhkost pody, obsah organického uhlika,
celkovy dusik, pddna respiracia a enzymy: p-glukozidaza,
FDA hydrolaza, kysld a zasadita fosfatdza). Z nasich
vysledkov vyplyva, Ze posobenie invaznej rastliny v pode
meni hodnoty pédnych sledovanych parametrov. Taktiez
posobenie klimatickych podmienok a rézne nadmorské
vy$ky maju vplyv na mikrobidlnu aktivitu a ostatné pddne
parametre.
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Abstract

Pitcher plants provide temporal aquatic habitats, known as phytotelmata, which can be colonized by aquatic invertebrates. In this study, we tested, if
phytotelma provided by an exotic pitcher plant Sarracenia purpurea L. could be colonized by native aquatic organisms. Thus, we exposed three plants
to natural conditions for three months from June to August in E Slovakia and sampled the contained water in monthly intervals. As many as 15 taxa of
the groups Rotatoria, Ciliophora, Flagellata, Nematoda, Tardigrada, and Diptera colonized the phytotelmata. The Rotifera species belonged to Lecane
bulla (Gosse 1851), L. inermis (Bryce 1892), and Colurella obtusa (Gosse 1886). Dipterans were represented by families Ceratopogonidae, Chironomidae,
Psychodidae, and Sciomyzidae. The results confirmed that phytotelmata provided by non-native plant species can potentially be colonized by native

aquatic organisms, even though some microorganisms could have been remains of a previous colonization.
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Introduction

Small periodic waters are undeniably interesting but
often overlooked ecosystems. Kitching (2000) and
Williams (2006) developed their detailed classification.
An interesting type of small periodic aquatic habitats are
phytotelmata i.e., small temporary habitats provided by
water-filled cavities of terrestrial plants. In the climate
conditions of Europe, compared to the tropics, the
variability of these ecosystems is much smaller. In Europe,
phytotelmata occur on plants of the genus Dipsacus and
natural occurrence of tropical plants forming phytotelmata
e.g., from Bromeliaceae or Nepenthales is fully excluded.
On the other hand, representatives of these groups are
often present as ornamental houseplants throughout
Europe (e.g., Kitching 2000).

The natural area of distribution of Sarracenia purpurea
L. is limited to the eastern part of the USA and Canada
(Juniper et al. 1989) where it grows on low-nutrient
soils in boggy locations, but allochthonous populations
have been reported from Britain and Ireland (Walker
2014), Sweden (Almborn 1983), Switzerland (Marabini
1994; Parisod et al. 2005), and Germany (Marabini
1994; Fiirsch 2001; Gebithr et al. 2006). The pitchers
of this carnivorous plant are formed in tubular leaves
that work as passive pitfall traps, even though at least
one species produces attractant substances (Miles et al.
1975). A combination of downward-pointing hairs, waxy
sections of the inner walls, the low surface tension of
the chamber fluid, and the presence of insect-paralyzing
compounds allows to retain prey species (Folkerts
1999). The type of pray captured is largely related to
leaf morphology and varies among Sarracenia species,
with spiders being the prevailing prey for S. purpurea
(Williams 2006). The decomposition of prey residuals

occurs mainly by microbial extracellular enzyme activity
(Bradshaw & Creelman 1984), although some Nepenthes
and most Sarracenia species also produce digestive
enzymes (Juniper et al. 1989). Despite the carnivorous
nature of the plant, a number of invertebrate species have
become residents in Sarracenia pitchers, even though the
mechanism of the survival of these organisms is not fully
understood. Most of the pitcher colonizers profit from
the food resources i.e., the accumulation of the bodies
of prey. Typical inhabitants of this habitat are dipterans,
such as mosquitos (Wyeomyia smithii (Coquillett, 1901)),
chironomids (Metriocnemus knabi Coquillett, 1904),
sciarids and phorids (e.g., Aldrich 1916; Jones 1918;
Buffington 1970; Cameron et al. 1977; Rymal & Folkerts
1982; Bradshaw 1983; Milne et al. 2008; Hamilton &
Duffield 2002). From microscopic organisms there were
recorded mites, microcrustaceans, rotifers, nematodes,
and protozoans (e.g., Aldrich 1916; Hegner 1926; Goss et
al. 1964; Addicott 1974; Petersen et al. 1997; Hamilton et
al. 2000). Top predators, such as Odonata or Megaloptera
were recorded from Sarracenia pitchers by Mather
(1981), Rymal & Folkerts (1982), and Corbet (1983).
Bradshaw (1980) and Cameron et al. (1977) examined the
temperature and oxygen regimes within the pitcher liquid
of S. purpurea, while Fish & Hall (1978) measured pH in
such environments. The unique environment of pitcher
plants was studied by e.g., Wray & Brimley (1943), Judd
(1959), Paterson (1971), Fish & Hall (1978), Kingsolver
(1979), Rymal & Folkerts (1982).

The main goal of this work was to find out whether this
non-native ecosystem can be colonized by native insect
species in European climatic conditions.
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Material and methods

The research was carried out in the vicinity of the village
Tuléik, eastern Slovakia (49.0882949 N, 21.3136972 E,
286m a.s.l) in 2022. There are no permanent aquatic
ecosystems near the site, only seasonal waters, so-called
anthropotelmata (rainwater tanks, etc.). Three plants of the
genus Sarracenia (Figure 1) were used for the experiment.

Figure 1. One from the tree experimental plants Sarracenia
purpurea L.

At the beginning of the experiment (7.5.2022), the plants
were completely drained of old water that they contained
and filled with rainwater free of organisms after filtering
through a plankton net. The plants prepared in this way
were then placed outside in the nature and left to self-
develop. Subsequently, the plants were checked at monthly
intervals during the three-month experiment (7.6., 7.7.
and 7.8.). The last date, however, was without water, since
owing to the extremely hot summer the phytotelmata
naturally dried up. At each inspection, the number of leaves
that formed phytotelma was counted, water was removed
from each plant and its total volume was measured. Water
samples were subsequently fixed with 96% ethanol and
transferred to the laboratory for further processing. The
amount of pumped water from phytotelmata was always
filled up with new filtered water as described above.

In laboratory the water samples were thoroughly examined
under a stereomicroscope and the representatives of
insects were picked. Subsequently, water samples were
examined once again under high magnification for aquatic
microorganisms.

Insects were identified according to Rozkosny (1980)
and Nilsson (1997), rotifers using keys of Barto$ (1959)
and Segers (1995), and for microinvertebrates guide of
Sladecek & Sladeckova (1997) was used.

Results

The volume of water changed over time. While in June there
was about 350 ml of water contained in the pitchers, one
month later less than half of this water was present in the
pitcher leaves. In August there was no water present. The
basic overview of the development (number and volume)
of phytotelmata (Figure 2) in the three examined plants in
different sampling dates is given in Table 1.

Figure 2. Phytotelmata created in Sarracenia purpurea L.
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Table 1. Overview of the number of pitcher leaves and contained
water volume in different sampling dates.

Sampling date/ 7.6.2022 7.7.2022
experimental No. Volume No. Volume
plant No. leaves* (ml) leaves* (ml)
1 11 105 13 40
2 9 108 7 50
3 11 143 11 70
Total 31 356 31 160

* Leaves with water

Atotal of 15 taxa wererecorded in the pitcher phytotelmata
during the three-month period (Table 2). While seven
taxa were collected at the first sampling date, 14 taxa were
found one month later. Six taxa overlapped between the
two samplings. We primarily focused on the composition
and dynamics of the Rotifera and Diptera fauna. From
the rotifer fauna, we recorded only bdelloids (mainly
juvenile individuals) with a frequency of ~1.3 ind./leaf
in June. One month later, in July, we found a significantly
larger amount of deposited organic material and, at the
same time, an increase in both the number of individuals
and the species diversity of rotifers (Bdelloidea 108.5;
Lecane bulla (Gosse 1851) 147.7 ind/leaf; L. inermis
(Bryce 1892) 124.5 ind/leaf; Colurella obtusa (Gosse
1886) 2.3 ind/leaf. From dipterans, a representative of the
family Psychodidae (Psychoda sp.) and Chironomidae
(Paratanytarsus sp.) were recorded in June, while
Ceratopogonidae (Dasyhelea sp.), Sciomyzidae and
Chironomidae (Paratanytarsus sp. and Chironomus
sp.) in July. Representatives of Tardigrada, Nematoda,
Ciliophora (e.g., Colpidium sp.) and Flagellata (e.g.,
Katodinium sp.) were also recorded.

Discussion

Dipteran larvae are the most frequent inhabitants of
pitchers. Fish & Hall (1987) confirmed three dipteran
families, Chironomidae, Sarcophagidae and Culicidae. In
the present study, larvae of four families were recorded.
Chironomidae were represented by genera Chironomus and
Paratanytarsus. Chironomus is one of the most species-rich
genera of the family with many opportunistic species that
may be early colonizers after a significant environmental
change (Brooks 1997). It was also a common inhabitant in
fountains of some European cities (Hamerlik & Brodersen
2010; Obona et al. 2017), and frequently one of the first
colonizers after their fill-up. Moreover, it was the most
abundant and frequent chironomid in water-filled garden
barrels in eastern Slovakia (unpublished data), so this
could be the colonization source of the plants in our
case, since natural water bodies did not occur close to the
experimental set-up.

Table 2. List of collected taxa in different sampling dates.

Taxon 7.6.2022 7.7.2022
Diptera

Ceratopogonidae

Dasyhelea sp. - 3 larvae
Chironomidae

Chironomus sp. - 1 larva
Paratanytarsus sp. 1 larva 4 larvae
Psychodidae

Psychoda sp. 2 larvae -
Sciomyzidae

Sciomyzidae indet. - 2 larvae
Rotatoria

Bdelloidea 1.3 ind/leaf  108.5 ind/leaf
unidentified bdelloids ™ ™)
Habrotrocha sp. *) ")
Lecanidae

Lecane bulla (Gosse, 1851) - 147.7 ind/leaf

Lecane inermis (Bryce, 1892) - 124.5 ind/leaf

Lepadellidae

Colurella obtusa (Gosse, 1886) - 2.3 ind/leaf
Ciliophora

Colpidium sp. - *
Flagellata

Katodinium sp. - *
Nematoda * *
Tardigrada * *

(*) since most individuals (>90%) were juveniles or morpholog-
ically unidentifiable specimens, the numbers could not be rele-
vantly quantified to this level

Occurrence of Paratanytarsus in the pitchers is interesting,
since the genus has not been known as an exceptionally
good colonizer. Paratanytarsus grimmii (Schneider 1885)
was, however, recorded in some fountains (Hamerlik &
Brodersen 2010). This parthenogenetic species, known
as a pest through its ability to breed in water distribution
system, was hypothesised to originate from the tap water
network, however, in nature it may occupy hyporheic
habitats. Unfortunately, in our case the species and its
source of colonization remain unknown.

When it comes to the food source of the recorded
chironomids, it is likely that similar to the larvae of
Metriocnemus knabi found previously in pitcher plants,
they feed on the food remains and detritus on the bottom
of the pitcher.

We are aware that in the case of microorganisms,
it is challenging to decide whether the plants were
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newly colonized, or they are remains of the previous
environment. It is likely that draining the old water from
the pitchers did not remove the microscopic organisms
completely, which may have easily survived in the newly
added water. Many of the taxa identified in our study
survive unfavourable conditions in various stages and
that once suitable conditions are restored, the ‘dormant’
stages are reactivated. If this is the case, the colonisation
of the plants occurred much earlier and not in the new
environment, during the experiment. The bdelloid rotifer,
Habrotrocha rosa Donner 1949 is considered as a common
and dominant inhabitant of Sarracenia purpurea leaves
by many authors (Bateman 1987; Bledzki & Ellison 1998,
2003; Kneitel & Miller 2002; Petersen et al. 1997). H.
rosa was found also in the pitchers of the allochthonous
S. purpurea populations in Germany (Gebiihr et al. 2006).
Petersen et al. (1997) found two other bdelloid species
(Macrotrachela quadricornifera Milne, 1886, and Adineta
steineri Bartos, 1951) and two individuals of the genus
Lecane in S. purpurea leaves. Bledzki & Ellison (2003)
added three more species to the list of Sarracenia dwellers,
Cephalodella anebodica (Berzins 1976), Lecane lunaris
(Ehrenberg 1832) and Notholca acuminata (Ehrenberg
1832).

Based on the above results, we can conclude that Sarracenia
purpurea phytotelmata represent an interesting ecosystem,
with a potential for a suitable free ecological niche even
in a new environment, and which is colonized by similar
groups of organisms as in the original ecosystems.
However, presence of some microscopic organisms could
be the result of a previous colonisation that occurred in the
original environment.

Conclusion

Common inhabitants of the water-filled pitchers of S.
purpurea were rotifers, dominated by bdelloid rotifers, as
well as Lecane bulla and L. inermis, and larvae of dipterans,
especially Chironomidae. Our results indicate that the
biodiversity of the pitcher-occupying communities
increase with retention time of the water and consequently
the accumulation of sediment. Longer and more complex
survey will be needed to describe the succession of the
aquatic communities in pitcher plants.
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Abstract

In Hungarian and international ornithology literature certain colour variations of Eurasian woodcock (Scolopax rusticola) and their pattern are described,
but the literature on the topic is rather incomplete and often contradictory. This article deals only with colour changes caused by genetic disorders
i.e., with mutations that affect pigmentation. These include melanism, i.e., brown mutation, dilution, gray discoloration, leucism and Ino mutation.
The descriptions of the colour variants help to identify the mutations by briefly explaining physiological processes in the background, pointing out
uncertainties and the misinterpretation of the different mutations. In addition to a literature review of the mutations we illustrate the most significant
colour varieties with photos, and we present our own research results on colour aberration. The large-scale analysis of the variability of colors and patterns
was supported by the Woodcock Monitoring Project managed by the Hungarian Hunters Association since 2010. Based on countrywide Woodcock wing
collection, as part of the biometric module of monitoring, we examined 12 078 wing samples from 2010 to 2018. Only six specimens (0.05%) were found
in the entire data set showing deficient pigmentation of some degree or pastel colour.

Keywords: Scolopax rusticola, Woodcock curiosities, color aberration, colour variability, pigmentation disorders

Introduction

The plumage colour variability in birds is not rare, in
polymorphic species forms with deviating colours are
generally regarded as varieties (van Grouw 2013). In the
case of the Woodcock (Scolopax rusticola Linnaeus 1758
- Scolopacidae), however unique coloured specimens
occur only very rarely. The aim of the study is to represent
a uniform system of colour deviations occurring by
Woodcock and to resolve the related contradictions
in the professional literature. Representing the basic
characteristics of the most common mutations promotes
the use of correct terminology and makes easier to
identify them. It is to be noted that there are also known
colour deviations which are difficult to distinguish from
one another (van Grouw 2006, 2013). Since pigmentation
disorders, as well as any disorder of varying quality and
quantity in melanin production, can lead to similar
coloration, a visual examination is not consistently
sufficient to precisely describe the lesions (van Grouw
2006, 2013). The classification of curiosities in taxidermic
collections is also made more difficult by the fact that
the feather loses its fine, detailed pattern over time, as
pigments are also destroyed by light, however, there is
often the only possibility of examining unique specimens
in such collections or photos of their materials.

Pigmentation process

To correctly identify these colour mutations, is important
to know which pigments define the species-specific
normal colour of feathers and the physiognomy of
pigmentation process disturbances. The multistage
chemical process of the melanin formation as well as the
pigmentation process itself became known in the second
half of the 20" century (Mason 1953; Lubnow 1963). The
typical colour and pattern of Woodcock are determined

by two types of melanin - eumelanin and pheomelanin.
Melanocytes are formed by melanoblasts that develop
in the embryonic spinal cord at an early embryonic
stage and then spread during transport processes to
the skin and feather follicles where they may produce
melanin. Both forms of colour-determining melanins
are not necessarily present in the plumage of all species
(Lubnow 1963). In the species of the Corvidae family
only eumelanin is found in the plumage, while both
melanins are present in the feathers of the Woodcock.
In this case feathers can be characterized by certain
patterns and/or colour differences caused by different
amount, oxidation state and specific distribution of
eumelanin and pheomelanin. During the development of
the species-specific pattern and colouration, eumelanin
is mainly concentrated in the centre while pheomelanin
on the edges of the feathers. The central compound in
the chemical process of melanogenesis is the amino acid
tyrosine, pigment formation occurs through its oxidation
and is regulated by the tyrosinase enzyme (van Grouw
2006). Melanin polymer molecules are oxidized during
the process. However, the degree of oxidation can vary,
and thus the intensity of the colour produced. Black is
the most oxidized form, while brown indicates a weaker
oxidation state. Depending on the concentration and
distribution of the different melanin types in the feather,
eumelanin is responsible for the black, gray and dark
brown shades. Pheomelanin produces a red-brown hue
at high concentrations and a yellowish-brown colour
at lower concentrations. The common presence of the
two melanins leads to a combination of the colours
determined by them, resulting in a normal coloration
and pattern typical for the species (van Grouw 2006).
It should be noted hereby that any abnormality during
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the melanoblast spread, or melanin synthesis may affect
the final pigmentation of the plumage. Of course, the
deviations do not always have a genetic background,
unusual colour changes can also develop due to external
factors. In the ornithological literature, the nomenclature
of lesions indicating colour varieties are mainly based on
the mutations of rock doves (Columba livia Gmelin 1789)
(van Grouw 2013).

Mutations leading to colour varieties

WoodcocKs most extensive knowledge of colour varieties
was published in the journal of the Club National des
Bécassiers, La Mordorée, in France (see e.g., Boidot
2002a-2015; Chantron 2019; Jarry 2018 etc.). Although
the uniquely coloured Woodcocks are presented, they are
not comprehensively systematized and the genetic and
physiological reasons for the lesions are not presented.
In our study we performed the systematization of colour
deviations due to genetic mutations in this species.
According to the literature, the following colour deviations
occur in Woodcock: melanism, melanin thinning (pastel,
Isabella), brown mutation Ino and leucism. In addition,
some special colours (agate, opal) have also been described.

Melanism

Melanism is the most common polymorphism in birds
(Mundy 2006), but in Woodcock, the lesions associated
with an increase in the amount of melanin are rather
infrequent pigment disorders. No birds are known in which
the concentrations of both melanins were increased at the
same time (van Grouw 2013). If the amount of pheomelanin
remains at a normal level with increased eumelanin
concentrations, the colour induced by pheomelanin is
hardly or even not recognisable, which means that the bird
will turn completely black as the brown / gray patterns are
barely noticeable. This mutation appears in two forms:

(1) Eumelanism - a lesion associated with an increase in
the amount of eumelanin that results in a black-tinted
appearance of the bird’s plumage. Eumelanism is the most
common melanistic lesion (Van Grouw 2006).

(2) Pheomelanism - an increase in the amount of
pheomelanin, which shifts the colour of the bird’s plumage
more towards red-brown than the normal wild-dominant
colour.

In French literature, Boidot (2009a) distinguishes the
following two main categories in case of Woodcock
melanism:

(1) Jet-black mutation - affects the entire plumage, the legs
are dark, steel gray, the nails black. In this case, the brown
colour is completely absent, so the wild dominant pattern
does not appear due to the lack of transverse markings on
the feathers. Jet-black plumage has not been observed in the
Woodcock until now (Boidot 2009b, 2012).
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Figure 1. A pheomelanic Woodcock described as a transitional
form of the gray colour variety. (Boidot 2009a) (Photo: J-P.
Boidot).

(2) Transient black mutation - the black mutation is to
a greater or lesser extent present in the plumage, the
brown colour is still visible in some places, so that the
classic wild-dominant pattern is locally recognizable
(especially on the lower body and on the wings with the
exception of the primaries and secondaries). But these
transitive forms appear also very rarely in Woodcock
(Boidot 2012). According to Boidot’s (2009b) hypothesis,
the melanistic mutation can occur in two ways, depending
on the initial melanisation sequence in the feather: type I:
brown/black and type II. black/brown.

In the first type the brown markings in the patterning are
replaced by black melanin during the development of the
feather. Oxidized black eumelanin is the only pigment
synthesized in the early stages of feather growth. Later,
however, some brown, red pigments are occasionally
incorporated, resulting in a light brown or very fine
beige pattern on the tip or the edge of the feathers. In
the second type, the process begins with a brown/black
sequence. The patterns of the feathers are getting blacker
as the oxidation process continues, and the markings in
the patterning are thickening during the melanisation.
Even the lightest areas will be filled with dark pigment
and the feather will be deeply black tinted as it grows. The
brown patterns change to gray while the gray patterns
turn to black. In the first type, it is remarkable that the
melanisation affects feathers from the upper body, with
very few feathers from the lower body. In the second
case Boidot (2009b), believes that the entire plumage
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is concerned by the melanisation. During the first type
the melanisation process is slowed down, disrupted,
or blocked by genes responsible for pigment polarity.
In connection with the phenomenon declares Boidot
(2012), that Woodcock specimens even with a patterned
melanistic character are extremely rare.

Boidot (2009b) suggests the following classification based
on the low number of known melanistic birds:

Black / melanistic plumages

Brown / black pattern-dependent melanisation

Black plumage pattern

Black / brown melanisation independent of the pattern
1. Transient black, upper body intensely, lower body not
significantly melanized

2. Limited / partial black, intensive melanisation in the
upper or lower body

Figure 2. Special black coloured Woodcock from France.
(Boidot 2009b) (Photo: M. Baril).

Brown mutation

The brown colour change is caused by a qualitative
decrease in eumelanin. In case of this mutation the
amount of eumelanin remains unchanged by decreasing
oxidation degree. The hereditary, incomplete oxidation
of eumelanin causes black feathers to turn dark brown,
while the colour induced by unchanged quality and
quantity of the pheomelanin dominates (Kopf 1986). In
the Woodcock, caused by the presence of both melanins,
this mutation is less pronounced than in species whose
feathers only contain eumelanin. This phenomenon gives
the birds different colour intensity in patches, caused by
melanin amounts present in various oxidation states.
Overijssel (1996) refers to this change as ,, biscuitcoloured”
which deviation also occurs in Woodcock (Url. 1; Url.
2; Url. 3; Url. 4; Boidot 2012; Vorontsov 2014). There is
a mentionable important fact that eumelanin in different
oxidation degrees is responsible for the different shades

of brown, so eumelanin is not only by deviations present
in feathers in different qualities and concentrations.
The decrease in quality of eumelanin in feathers causes
sensitivity to sunlight, which effects the pigments
a rapid and strong fading. In case of such a very pale,
almost white “brown mutant” bird, it is worth looking
at the lower layer under the contour feathers as well as
the plumage on the inner, covered parts. The brown
mutation is widespread among bird species and is also
one of the most common lesions in the Woodcock, but
extremely light, almost white “brown mutants” are very
rare. Inheritance of brown mutation is linked to sex
chromosomes. In birds, males have homogametic (ZZ)
females heterogametic (WZ) sex chromosomes, which
explains why most brown mutant birds female are, since
in their case the brown mutation appears even by one
altered gene sequence (Van Grouw 2006, 2013).

Changes associated with melanin dilution

The melanin dilution is defined by Kopf (1986) as
a quantitative decrease, which means, that the quality,
i.e. the oxidation state of the pigment does not change
during the mutation, but the concentration can decrease
significantly. As a result, a “thinned”, lighter shade can be
observed compared to the original colour. Two types of
this lesion can be distinguished:

(1) Isabella plumage - defined by French experts as
a separate colour category, but aware of the biological
causes that lead to the development of the lesion, Van
Grouw (2006) classifies it among melanin dilution
mutations. In contrast to pastel mutations, the
Isabella mutation results in a quantitative decrease of
eumelanin, only one of the two melanins, the black/
dark brown feathers turn gray, while the concentration
of pheomelanin causing the red/brown colour does not
change. According to Boidot (2012), two mutations occur
in this case, the number of brown pigments decreases,
but the black colour is missing because of the incomplete
oxidation of eumelanin, which results in a lighter so-
called Isabella plumage.

(2) Pastel mutation - caused by a quantitative decrease
in both eumelanin and pheomelanin. Black feathers turn
gray, while red-brown feathers yellowish-brown. The
extent of pigment concentration decrease in Woodcock
is varying widely, which affects plumages faded to
different degrees. According to Boidot (2008a, b, ¢),
the changing melanin concentration is also responsible
for pattern formation in different shades. The pastel
mutation actually leads to a normally patterned, but to
different degrees faded bird. The plumage of birds with
heavy melanin dilution are often almost white as the low
pigment concentration in the feathers fades further by
sunlight.



Figure 3. Woodcock with Isabella plumage from Italy. (Url.5).
(Photo: P. Pennacchini).

According to the French literature, melanin dilution occurs
simultaneously with further mutations causing colour
lesions and induce together a colour change. An example
of this is the black pastel (Boidot 2013a; Pennacchini 2013;
Maltot 2017) colour variety. In these birds, a significant
part of the body plumage is white due to a strong
melanin dilution. Patterns of normal coloured plumage
are often completely absent, but melanin responsible for
the black colour is present in high concentrations, in
a highly oxidized state in some regions of the plumage.
The peculiarity of this colour variety is confirmed by the
low number of known black pastel birds in the Palearctic
(Bende & Ldszld 2019a, 2020a,b, 2022).
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The first known mutated brown pastel Woodcock was
exhibited in the collection of the Rothschild Zoological
Museum accompanied by a pure white specimen (Anonym
2018). In these birds, due to the very low oxidation level of
eumelanin the black colour does not appear at all, stronger
or weaker brown shades dominate depending on the
concentration. The pattern of these birds corresponds to
that of classic wild-dominant birds but is paler due to the
lower pigment concentration.

Black eumelanin / N Bumelanin
A

N\ ’
Y/ Eumelanin
t dilution: pale
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feather centre.
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Figure 5. Classic wild-dominant, pastel and Isabella mutation of
Woodcock. (after Boidot 2008c).

Gray mutation

The gray colour variety results from the strong
pheomelanin decrease, leading to a suppression of brown
and red shades and the more intense appearance of gray
and black tones (van Grouw 2006). Among the special
pastel birds, the French experts also described the medium
gray and gray pastel types (Boidot 2012). According
to Boidot’s (2012) assumption and to Grow’s (2006)
assertions, there is a connection between the origin of
the black and gray colour varieties, because both lesions
are caused by the inhibition of phaeomelanin, whereby
gray shades are emphasized. Only two such specimens
are known from the literature (Chantron 2019; Url. 5.).
It is important to point up that schizochromism in which
one of the melanins is completely missing is not identical
to gray mutation.

Figure 4. Black pastel Woodcock from Hungary. (Photo: Zs.
Marton).

Figure 6. Gray Woodcock. (Chantron 2019) (Photo: P. Chantron).
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Albinism and leucism

Some information about the colour and pattern variability
ofthe Woodcockisknown from the second half of the 1800s.
These usually report on birds with a lack of pigmentation
with very pale patterns on the feathers. Other specimens
are known with basic white plumage with very few dark
patterns or patchy unpigmented, so-called “varicoloured”
Woodcocks. However, these designations are ambiguous
in many cases contradictory.

According to the definition of Fox & Vevers (1960) albinism
means the deficiency of both pigments in plumage, skin
and in the iris caused by the inherited lack of the enzyme
tyrosinase. In this case, the pigments are not only missing
in the plumage (white colour), but also in legs, claws and
eyes. Real albino specimens are very rare among wild birds
because they have no depth perception with eyes without
pigments. There are not any known reports of true albino
Woodcock. In the published, white-feathered specimens,
the eyes, the skin and the naked horny structures have
always been pigmented. Accordingly, with the correct
terminology, these partially unpigmented specimens are
not albinos, but leucistic mutants which means white
specimens with some pigmentation.

In the case of leucism, the enzyme tyrosinase is present
so that melanin is produced in the body of these birds.
The pigment deficiency occurs in the feathers because the
pigment-producing melanoblasts cannot reach certain
parts of the body (in extreme cases the entire surface
of the skin) due to a congenital and hereditary defect.
Pigment cells are therefore absent from the skin or part of
it, where they would normally supply pigment material to
the growing feather. The size of the body surface covered
with white feathers shows a varied picture, from a few
white feathers (partly leucistic) to full plumage; in the
latter the skin appendages are also colourless. Leucistic
birds always have dark eyes and pigmented bills, legs and
claws (van Grouw 2006). White groups of feathers caused
by leucism usually have bilateral symmetry, so some white
primaries appear on either side (van Grouw 2013). At
first, describing leucism, it was assumed to be caused by
malnutrition (Rollin 1964), but later it came to prove of
a mutation of genetic origin behind the phenomenon.

Figure 7. Rare leucistic Woodcock from France. (Boidot 2008a)
(Photo: M. Tauxe).

Ino mutation

The Ino mutation arises from a strong qualitative
reduction in eumelanin and pheomelanin. In contrast to
melanin dilution, in this case both melanins are present
in normal amounts, but in an incompletely oxidized state,
so that brown eumelanin and pale pheomelanin lead to
this colour. The Ino mutation is based on a single gene
linked to the sex chromosome in each species (Van Grouw
2013). The mutation can lead to a variety of phenotypes
depending on melanin oxidation grade. The oxidation
degree of melanin varies, so that black eumelanin can
be dark to very light brown, whereas reddish-brown
pheomelanin is always very pale or even barely visible.
The plumage has a faint pattern, particularly at higher
levels of eumelanin, which is typically noticeable in
species where the feathers usually contain white parts, like
the feathers of Woodcock. According to Boidot (2014),
Ino is characterized by a special melanisation in which
eumelanin, often in a strongly oxidized state, accumulates
in the plumage of certain body regions, especially in the
wings, at the tip of the feathers. The mutant Ino bird has
reddish eyes, although the iris pigments are not absent,
but melanin is in a slightly oxidized state. Due to the
available pigment materials, these birds have much better
sight than an Ino. It is to claim that the red-eyed white
birds registered under natural conditions are certainly
INOs and not albinos. This recessively inherited mutation
occurs only in females (Van Grouw 2013).

English specialistliterature (Van Grouw 2013) distinguishes
between two categories:

(1) Ino-Light - significant quality decrease in of both
melanins due to insufficient oxidation grade. The original
black colour turns very light brownish cream, while the
original red yellowish-brown colour is barely visible. The
eyes, beak, and legs are pink.

(2) Ino-Dark - strong quality reduction of both melanins
due to insufficient oxidation state. The original black
colour becomes light brown while the red yellowish-brown
colour changes to brown cream. The beak and legs are also
creamy brown coloured (Van Grouw 2013).

French literature (Boidot 2014) also distinguishes two
main categories:

(1) Standard Ino plumage - the pattern of the upper parts
of the body is characterized by a complete lack of brown
colour. The concentration of pigment granules occurs in
more distant parts of the body. The body is typically white
with a fuzzy pattern. The beak and legs are yellow, the
tips of the wing feathers show a disproportionate colour
change without wild dominant patterns.

(2) Transitional Ino plumage
Type 1 - blurred pigmentation is characteristic in the
upper body. The wings are evenly dark gray coloured due



to a pigment lack. The legs and beak are yellow.

Type 2 - only in the upper part of the bird’s body and only
to a negligible extent, but the discoloration with a blurred
contour in the white colour is present. Discoloration is
mainly seen on the end or side of the wings, leg, and beak
of the bird.

Further mutations in the Plumage of Woodcock

Opal

The opal mutation prohibits the appearance of the brown
colour, since it is coupled with the inconsistently positioned
quantitative decrease in eumelanin. It differs from pastel
in that the pigment concentration in the centre decreases
more intensely than at the edges of the feather (BoipoT
2008¢). Boidot considers the simultaneous appearance of
the opal and pastel mutations is possible, which leads to an
even more intense decrease in the pigment concentration.
As a result of the opal mutation, the melanins responsible
for the brown colour decrease quantitatively, which leads
to a bluish effect. The pattern usually appears in light brown
and with a blurred contour, which is most noticeable on
the wing plumage. This recessive mutation is described by
Boidot (2006) for Woodcock using unusual wing patterns
from two different countries (Russia, France).

Agate plumage

The mutation, which leads to a quantitative reduction
in melanin giving the brown colour, does not change
the quality of the melanin. A characteristic of the agate
mutation is the simultaneous presence of eumelanin and
pheomelanin, like black and “diluted” brown pigments
(Boidot 2002a, 2008a). Boidot (2003) reported that the
agate and opal mutations can even occur simultaneously.

Some literature discrepancies regarding colour
variations

Melanism

Finding that the markings are reduced through progressive
melanisation or during pattern independent incorporation
of dyes is fraught with uncertainty if it is relied only on
phenotypic traits. In this way, the system of melanistic
categories (partially black, transient black, limited black,
black in pattern) constructed by Boidot (2009b) is also
uncertain.

With regard to the hypotheses on the melanisation process
described by Boidot (2009b), it should be pointed out that
in type I it is not known whether the colour modification is
caused by a change in the oxidation state and / or an increase
of melanin concentration. According to Van Grouw (2006),
the two melanins (eumelanin and pheomelanin) cannot be
substituted, so that the appearance of the colour determined
by them is ruled by their oxidation level and relative
concentration. In type II. the exact genetic background of the
concentration and/or oxidation state of the weakly oxidized
eumelanin and pheomelanin resulting the brown colour
is not known, which means that the reduction processes
behind the species-specific wild-dominant patterns are also
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not clear identified. It can even be difficult to determine,
especially in specimens with partially pattern-deficient
melanistic plumage, whether the lesion is indeed caused
by a mutation. In case of many bird species, it has been
proven that non-mutational lesions may also underlie this
phenomenon e.g.: illness, malnutrition. Unfortunately, the
problem of partial melanism in Woodcock is still unclear,
although Boidot (2009b, 2011) considers this as a common
phenomenon especially in the coverts of flight feathers.
Between 450 and 500 samples of this wing type have already
been collected by French experts. However, there are only
a few literature references to larger lesions affecting other
areas of the body’s plumage.

Lesions caused by melanin dilution

French ornithologists investigating colour variations of
Woodcock use pastel shades to differentiate further each
of the classic colour categories such as black, agate, brown
(classic brown and reddish brown) and Isabella pastel
(Boidot 2008a). In French literature, Isabella-lesion is
classified as one of the main categories (Boidot 2003b,
2007; Jarry 2018) and Isabella pastel often described as
its colour variant based on French and Italian Woodcock
specimens (Boidot 2008e, 2009a). In the case of Isabella, this
description of the colour variant is questionable, as Isabella
is formed by quantitative eumelanin reduction, while pastel
by the combined quantitative reduction of eumelanin
and pheomelanin, therefore, the amount of either or both
melanins varies, so the mutation can be either Isabella or
pastel.

Figure 8. Woodcock specimen described as Isabella pastel.
(Boidot 2009a) (Photo: M. J. Bernard).
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Boidot (2008b) points out the uncertainty of the
distinction between Isabella and pastel colour variants
when publishing a photo by Fernan Blandin (England)
and one by Alain Chalopin (France) of pastel Woodcock
specimens. While describing the birds, Boidot (2008c)
reports that the categories Isabella and pastel are often
confused. In our opinion, the combined interpretation
of these two phenomena is by definition contradicting,
and the phenotypic features seen in photographs of
preparations of these birds are not sufficient to clarify this
problem.

French experts describe the so-called ‘agate’ mutation
as a separate colour category. In this case, the mutation
reduces the concentration of brown melanins, resulting
in a lighter plumage. In our opinion, the agate lesion
cannot be distinguished from the range of melanin
dilution lesions based only on phenotypic appearances.
It is also questionable whether this mutation can appear
in a pastel version, however, in the case of a Woodcock
shot in Ireland, Boidot (2008a) assumes a double melanin
dilution and reports it as agate pastel. The agate-opal lesion
was described by Boidot (2006) based on a single special
sample of Woodcock.

Figure 9. Agate-opal coloured Woodcock with light gray, bluish
plumage. (Boidot 2002a) (Photo: M. M. Boulanger).

Quantitative as well as qualitative disorders in melanin
production often result in very similar pale colour changes,
so the visual description of these mutations is rather
uncertain, which Boidot (2002a) also draws attention to.

The assessment of this complex mutation is made even

more difficult by the fact that it is the only known specimen
in which the simultaneous occurrence of “partial agate
plumage” and “opal mutation” has been described.

The literature is also often contradictory in the description
of the black-pastel colour variant, since several specimens
discussed among Ino mutants are clearly corresponding to
the black-pastel category due to their appearance (Boidot
2003a, 2014). The classification of the unusually coloured
Woodcock, recommended by Alain Le Coniac to Boidot,
shot in the hunting season 2003/04 in Russia is also
ambiguous, as Guy Hellequin describes the plumage as
pastel mutation, while Boidot considers the opal mutation
to be likely. Therefore, the opinion of the experts on the
classification of individual specimens is also not clear even
for these two lesions.

Leucism

Woodcock with deficiency of colour of different degrees
are so-called leucistic birds (Anonym 2018), but the lack of
pigment in the feather can be caused not only by mutation,
but also by other factors. Worthy of mentioning is the
phenomenon of gradual graying, in which as a bird ages,
the amount of pigment cells gradually decreases, finally the
entire plumage becomes whitish. In the case of Woodcock,
this phenomenon has not yet been described, but its
possibility cannot be ruled out. In the case of leucism, or
in extreme cases of gradual graying, the abnormal feathers
are completely white because of melanin deficiency. This
issue is further complicated by the fact that external, non-
hereditary factors such as disease or malnutrition can
also cause discoloration because of disturbed melanin
synthesis, in which case pigmentation normalizes as soon
as external causes disappear.

Another difficulty with describing leucism is that the
extremely pale, almost white plumage may be the result of
other mutations, of which the brown mutation is the most
frequent (Buckley 1982; Van Grouw 2013). It is important
to note that leucistic feathers are completely pigmentless,
as there are also specimens whose feathers are almost
completely white, but on closer inspection the normal
wild-dominant pattern in light brown or silver colour is
partially or fully visible.

Ino mutation

Regarding the Ino mutation two publications with
contradictory findings are known from France (Boidot
2003a, 2014). Boidot (2003a) refers to a strongly white
Woodcock described as a pastel, however, he states that this
specimen can be classified as Ino because of its plumage.
Boidot (2014) also points to a specimen previously
described as Isabella mutant, whereby Ino mutation would
be the correct classification according to current knowledge.
In the case of the Woodcock, we do not yet have any
authentic literature on the Ino phenomenon, so we
consider the French classification problematic in this
regard. In published descriptions, the authors usually rely
on photographs of preparations, which further impedes the



description of the lesion, since its defining characteristics
cannot be objectively assessed using collection materials.
Lesions examined only visually often cannot be determined
with absolute certainty, not even in case of a living bird or
of a fresh cadaver.

Depending on the mutation scale the degree of melanin
oxidation can vary significantly, so a variety of colour
changes can result in a range of theoretical phenotypes,
leading to a range of specimens that can be confused with
many other modifications genetic origin as well (e. g.
melanin dilutions, brown mutation).

In species without phaeomelanin, Ino can be distinguished
from the brown mutation by foot and beak, as they are
always pink due to the lack of melanins (Van Grouw 2013),
however, in the case of Woodcock, both melanins are
found. The correct description of this mutation is further
complicated by the fact that the plumage continues to fade
over time after moulting. According to Van Grouw (2013)
the mutation is recessive, its inheritance is linked to the
sex chromosome, so that the change occurs phenotypically
only in females, i.e., without sex dimorphism in the case
of living birds and without knowledge of the sex in case
of preparations, the claim about the mutation cannot be
trustworthy.

Summary

Using literature data on curiosities and the results of the
Hungarian Woodcock Bag Monitoring we tried to give
a comprehensive picture of the colour variability in the case
of Woodcock, referring to the possible reasons for the rare
occurrence, as well as to the possibilities and difficulties of
classification. To arrange uniquely coloured specimens in
a system, described color variant categories were collected
as classification options based on the nomenclature of the
mutations in the English and French specialist literature.

In addition, for each category, we referred to possible
inconsistencies in the literature on the coloration of
Woodcock.

Four categories of colour changes caused by confirmed
mutations occur in Woodcock, such as melanism, brown
mutation, melanin dilution (Pastel and Isabella) and
leucism. The phenomenon of Ino and albinism has not
been confirmed yet in this species, but their occurrence
cannot be excluded. In connection to the classification, it
can be stated that the correct naming and description of the
colour variants occurring in Woodcock is burdened with
considerable uncertainty based only on visual inspection.
This is especially true for the distinguishability of melanin
dilution mutations (pastel and Isabella) as well as for the
distinctness of colour variants resulting from multiple
mutations.

The establishment of certain categories or the description
of groups within larger categories - e.g. groups of melanism
described by Boidot (2009b) or the Ino categorization also
reported by Boidot (2014) - is considered justified only
if the given mutation has been credibly described for the
species or the abnormal feathered specimen required for
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exact categorization is known. It would be also important
to clarify which mutations may appear together, and how
they modify the colour of the specimen. It should also be
elucidated which relationship exists between the individual
categories (e.g., a leucistic specimen being black-pastel
at the same time) since the possibility of belonging to
more than one category cannot necessarily be ruled out,
especially if several mutations act simultaneously. It is
important to emphasize that only laboratory tests of
genetic background can give credible results if accurate
description of a colour variant is required.

During the investigation term 2010-2018, we observed
mutations resulting in a rare colour variation (leucism
and melanin dilution) in only 0.05% of the Woodcock
wing samples of the 12 078 specimens examined (Bende
& Laszld 2019a, b).
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Abstract

The Strepsiptera species Xenos vesparum Rossi, 1793, is an endoparasite of wasps (genus Polistes) characterized by a specific lifecycle and significant sexual
dimorphism. A total of 12 host specimens (Polistes dominula (Christ, 1791)) were caught using a beer trap - site Diviacka Nova Ves, period 25 July 2022 - 5
August 2022. The prevalence of X. vesparum were 83%. Overall, 33 parasites were present in 10 wasps (min. 1, max. 10, average 3.3). The highest number of
parasites (13 specimens) was observed below terga T3 and T4. It appears that the parasite X. vesparum most commonly infects P. dominula on the dorsal side

of the body under terga T3 and T4. In addition, beer traps seem to be a suitable mean of detecting and calculating the prevalence of this parasite.

Keywords: Strepsiptera, prevalence, European paper wasp, endoparasite, trapping, Slovakia

Introduction

Strepsiptera are among the smallest groups (male body size
1-7 mm, female body size 2-30 mm) of holometabolous
insects, with approximately 600 species described so far
(e.g., Pohl & Beutel 2013). The species Xenos vesparum
Rossi, 1793 (Insecta: Strepsiptera: Xenidae), is a
noteworthy organism representing an endoparasite of the
European paper wasp — Polistes dominula (Christ, 1791)
(Insecta: Hymenoptera). The species displays a peculiar
lifecycle and demonstrates extensive sexual dimorphism
(e.g., Beani et al. 2005; Cappa et al. 2014; Richter et al.
2017). Both sexes develop in their host. Males pupate
as adults, subsequently leave the host and actively seek
females. In contrast, females are obligatory and permanent
endoparasites (e.g., Beani & Massolo 2007; Beani et al.
2018). Beer traps represent a passive method commonly
used to capture a wide range of insects (e.g., Manko et al.
2018; Ruchin et al. 2020a; Touroult & Witté 2020). The
method has been proven to be suitable for trapping rare
insects as well as for monitoring selected invasive species
and pests (e.g., Dvorak et al. 2019, 2020, 2022; Dvorakova
et al. 2020; Hribar 2020; Albacete et al. 2020; Lioy et al.
2020; Mariychuk et al. 2020; Ruchin et al. 2020ab; Maceda-
Veiga et al. 2021; Manko et al. 2021). To date, this method
is not known to have been used for the detection of X.
vesparum in the population of P. dominula.

The present study aims to analyse the suitability of the beer
trap method for capturing and evaluating the prevalence
of X. vesparum endoparasites parasitizing P. dominula.

Material and methods

The study was carried out between 25 July and 5 August
2022 in the village of Diviacka Nova Ves (48.749672,
18.492035). A single beer trap (for more details, see Manko
et al. (2018)) was hung on Parthenocissus (up to a height
of approx. 2 meters above the ground). After exposure,
the caught specimens were removed from the trap,
washed under clean water, and fixed with 96% ethanol.
In the laboratory, they were determined after Richter

et al. (2017). The P. dominula specimens were separated
and subsequently examined under a Motic SMZ-168
microscope. In each of the sampled wasps, the abdomen
(this parasite does not infect other parts of the body) was
thoroughly examined and the position/presence of the
endoparasites was recorded.

Results and Discussion

A total of 12 specimens of P. dominula were caught using
the beer trap, 10 of which, were positive for X. vesparum.
In addition, 25 specimens of the German Wasp (Vespula
germanica (Fabricius, 1793)) were caught in the beer trap,
but these were completely free of parasites.

Figure 1. Positive sample of P. dominula infected by X. vesparum.

%
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The prevalence of X. vesparum was 83%. A total of 33
parasites were present in 10 wasps (min. 1, max. 10, average
3.3). The highest number of parasites (13 specimens) was

observed below terga T3 and T4. For more details, see
Table 1 and Figure 2.

Table 1. Overview of the presence of X. vesparum under the terga of P. dominula.

Specimen n. Tergite 1 Tergite 2 Tergite 3 Tergite 4 Tergite 5 Tergite 6 total
1 1 3 2 2 8
2 2 2
3 2 1 3
4 1 1
5 0
6 6 2 2 10
7 1 1
8 1 1
9 2 2
10 0
11 2 1 1 4
12 1 1
Total 0 1 13 13 6 0

Below tergite T3, 7 parasites occurred dorsally and 6
laterally, while under tergite T4, 11 parasites were present
dorsally and only 2 laterally. Below tergite T5, 6 parasites
were observed dorsally, and under tergite T2 a single
parasite was found dorsally. The frequency of occurrence
of the studied parasite in relation to individual tergites
is depicted in Figure 2. It appears that the parasite X.
vesparum infects P. dominula most commonly on the
dorsal side under terga T3 and T4.

Figure 2. Scheme of infestation of P. dominula by X. vesparum. The
colour scale indicates the position and frequency of occurrence
in individual tergites (from 0 % to 100 %).

Note. Tergite 5 is relatively narrow, therefore only one
point is used in the scheme to illustrate the occurrence of
the parasite. In two cases there was one parasite, in two
other cases two parasites closely packed together.

Findings similar to ours were reported by Reilly & McCarthy
(1993), who investigated the attachment site selection in
Eylais (Acari: Hydrachnellae) water mites, the larvae of
which infect Corixidae (Hemiptera: Heteroptera). The
species Eylais tended to attach to the abdominal terga of
the hosts. While E. infundibulifera Koenike, 1897, infected
the two anterior terga, E. discreta Koenike, 1897, infected
terga three and four. Ramsey et al. (2019) investigated the
location of Varroa destructor Anderson & Trueman, 2000,
in honeybees. This work revealed that the parasite is not
consuming haemolymph, as was previously accepted, but
damages the host bees by consuming the fat body, a tissue
roughly analogous to the mammalian liver.
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Sprava o opitovnom naleze Zingel streber (Siebold, 1863) v rieke Vah
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1 Odbor ichtyoldgie a ekoldgie rybdrskych revirov, Slovensky rybdrsky zviz - Rada Zilina, Ul. Andreja Kmeta 20, 010 55 Zilina, 2
Slovensky rybdrsky zviz, Mestskd organizdcia Martin, Ul. Hrdinov SNP 42, 036 01 Martin

Abstract. Note on the rediscovery of Zingel streber (Siebold, 1863) in the Vih River

The authors report a note on the first find of a Danube streber (Zingel streber) from the Vah River near the town of Vrutky (northern Slovakia). Specimen
with a body length of 147 mm was captured on the edge of a rapid section of the river at a depth of approximately 40 cm. This report is only the second
documented find directly from the Vih River in the region of northern Slovakia and at the same time from its very isolated section due to the presence
of several migration barriers in this area. In the end, the distribution of this species in the western part of the Danube river basin in Slovakia is disscused,

where the occurence of this species is considered to be very rare.

Key words: Percidae, Danube streber, Vah River, Northern Slovakia

Uvod

Viaceré toky podhorskej zony severozapadného Slovenska
patria z ichtyologického hladiska v porovnani so zvyskom
nadej krajiny medzi menej preskimané. Tento fakt
v stucasnosti plati najma pre povodie stredného a horného
tseku Vihu (medzi Tren¢inom aZz RuZomberkom), kde
boli podrobnejsie ichtyologické prieskumy realizované
zvacsa len na vyznamnej$ich pritokoch (Vldara, Rajéianka,
Kysuca, Varinka, Turiec, Orava, pripadne na samotnom
hornom useku Vahu), aj to vSak prevazne len v obdobi
pred niekolkymi desatro¢iami. Prave z tohto regiénu
véak pochddzaju viaceré mimoriadne zaujimavé nélezy
chranenych a ohrozenych zastupcov nasej ichtyofauny,
akymi st hraz Kesslerov (Romanogobio kesslerii), hruz
fazaty (Romanogobio uranoscopus) alebo kolok vretenovity
(Zingel streber), ktorych vyskytové zaznamy sa v prevaznej
miere datuju prave do obdobia minulého storoc¢ia (Balon
1956; Misik 1959; Kirka 1967; Hol¢ik et al. 1965; Bastl et
al. 1975; Cerny 1980).

Prave 1 exemplar kolka vretenovitého bol zaznamenany
dna 20. mdaja 2022 pracovnikmi MsO SRZ Martin
v starom koryte Véhu v katastri obce Turéianske Klac¢any
(49°06’44.7”N  18°56°35.2”E), pri odlove genera¢ného
materidlu mreny severnej (Barbus barbus) pre tclely jej
naslednej umelej reprodukcie. Vzhladom na vzacnost
tohto druhu v hornej ¢asti povodia Vahu ako aj jeho
citlivost voéi antropogénnym vplyvom, povazujeme
za dolezité informovat o tomto naleze detailnejsie
v kontexte doterajsich poznatkov o jeho rozsireni.

Material a metody

Samotny Védh v oblasti Tur¢ianskej kotliny moézeme
charakterizovat ako typicka podhorskd rieku (hyporitral),
spadajucu v ramci ichtyologickej klasifikdcie do mrenového
pasma. Staré koryto Vahu si v tejto oblasti zachovava
pomerne prirodzeny charakter so striedanim plytsich
torentilnych a hlbsich fluviatilnych usekov. Priamo
na mieste lokality nalezu dominuje vyrazne perejnaty tsek

s hibkou do 40cm, ktory pozvolna prechidza do pomalsie
prudivého tseku a nésledne ostro pada do tichej hlbociny
pri lavom brehu (Obrazok 1).

Obrazok 1. Lokalita nélezu kolka vretenovitého na starom koryte
rieky Véh v blizkosti obce Turcianske Klacany (Foto: Richard
Stencl).

Pri love bol pouzity batériovy elektricky agregat (typ
SAMUS 1000, 12 V, 50 A, 2-99 Hz). Dalsi odlov zamerany
na ziskanie pocetnejsicho materidlu predmetného
druhu bol uskuto¢neny 25. maja 2022 s pouzitim dvoch
elektrickych agregatov rovnakého typu. Tento pokus
nebol uspesny, avsak v jeho priebehu bolo sledované
celkové druhové spektrum ichtyofauny sledovaného tseku
a taktiez boli pomocou multifunkéného pristroja HACH
SL1000 zaznamenané nasledovné fyzikalno-chemické
ukazovatele vodného prostredia.: teplota vody = 13.7 °C;
obsah rozpusteného kyslika (O,) = 10.32 mgl'; pH = 6.83;
obsah Zeleza (Fe) = 0.01 mg.]"; amoniak (NH3) = 0.01 mg.I
'; uhlicitany (CaCO,) = 99 mg.l""Nakolko kolok vretenovity
predstavuje vzmysle platnejlegislativy (Vyhlaska ¢. 170/2021

*
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Z. 7., ktorou sa vykonava zédkon ¢. 543/2002 Z. z. o ochrane
prirody a krajiny v zneni neskor$ich predpisov) chraneny
druh so stanovenou spolo¢enskou hodnotou, ktory je
navyse aj druhom eurdpskeho vyznamu, bol tento jedinec
po odmerani dlzky tela (SL) a naslednej fotodokumentacii
(Obrézok 2) vypusteny na miesto pévodného vyskytu.

Obrazok 2. Uloveny exemplar kolka vretenovitého (Foto: Rudolf
Martiniak).

Vysledky a diskusia

Uloveny exemplér mal dizku tela 147mm ¢o na zaklade
poznatkov o veku a raste tohto druhu v blizkom Turci
(Muzik 1997) zodpoveda IV. vekovej kategérii. V priebehu
opakovaného odlovu bol na danej lokalite zaznamenany aj
vyskyt dal$ich 12 druhov ryb. Spolu s vysledkami predoslych
ichtyologickych prieskumov tak bolo v dotknutej oblasti
Vahu zdokumentovanych celkovo 22 druhov (Tabulka 1).
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Kolok vretenovity sa na uzemi Slovenska vyskytuje len
v dunajskom systéme (povodie Dunaja a Tisy). Kym
v minulosti bol tento druh rozdireny vo vicSej casti
podhorskej zény tokov (Hensel 1979), dnes je jeho areal
na Slovensku vyrazne obmedzeny. Pod tuto skuto¢nost
sa podpisali najmd fragmentdcia tokov, znecistovanie
vod (na ktoré je tento druh obzvlast citlivy) ako aj tazba
materialov zo $trkovych lavic, ktoré predstavuju habitat
pre jeho reprodukciu ako aj samotnu existenciu. V povodi
Tisy vo vychodnej ¢asti Slovenska je areal kolka situovany
prevazne do podhorskych usekov tunajsich riek (najma
Topla a Ondava) (Kosuth et al. 2006), ale vyskytuje sa aj
vspodnych usekoch Rimavy a Slanej v zapadnej ¢asti povodia
(Hajdua 2014). Podla autorov vs$ak aj v tejto oblasti doslo
v minulom storo¢i vdaka viacerym vodohospodarskym
upravam tokov a nadmernému znecistovaniu k vyraznému
ubytku lokalit s jeho prirodzenym vyskytom. V zépadnej
casti dunajského povodia bol kolok vretenovity v minulosti
zisteny zvac$a len v dolnych, resp. strednych usekoch
pritokov Dunaja, akymi st rieky Ipel, Hron, Vah alebo
Morava, pripadne aj v samotnych prieto¢nych ramenach
Dunaja pred vybudovanim VD Gabéikovo (Kux & Weisz
1962, 1964). V sucasnosti absentuju doklady o vyskyte
tohto druhu z oblasti dolného Vahu a Moravy, hoci podla
Horvatha et al. (2012) je najmd v rieke Morava velky
predpoklad jeho vyskytu vzhladom na viaceré zaznamy
z vyssie polozenych tsekov rieky na tzemi Ceskej
republiky. V ¢iastkovom povodi Vahu bol kolok v minulosti
zaznamenany v jeho dolnej casti pri PieStanoch (Misik
1958) a nasledne az v pritokoch podhorskej zény - v Turci
(Bastl et al. 1975), Orave (Balon 1956), resp. Ciernej Orave
pred vybudovanim VN Orava (Hol¢ik et al. 1965). Hensel
(1979) uvadza, ze koncom 19. storocia bol zisteny aj v rieke

Tabulka 1. Zoznam zaznamenanych druhov ryb na predmetnom useku rieky Vah.

Druh Kux & Weisz (1964)

Muzik (2005) Krizek & Stencl (2022) nase tidaje

Alburnus alburnus +
Alburnoides bipunctatus

Anguilla anguilla

Barbus barbus

Barbatula barbatula +
Blicca bjoerkna

Cobitis elongatoides

Cottus gobio +
Cottus poecilopus

+

Esox lucius

Gobio obtusirostris
Chondrostoma nasus
Leuciscus leuciscus
Lota lota

Perca fluviatilis

+ o+ o+ o+ o+ o+

Phoxinus phoxinus
Proterorhinus semilunaris
Rutilus rutilus +
Salmo trutta m. fario

Squalius cephalus

Thymallus thymallus

Vimba vimba

Zingel streber

+ +
¥

+ o+ o+ o+ o+
+ o+ o+ 4+ o+

+ o+ o+ o+ o+ +

+ o+ o+ o+ o+
+ + + + + + o+
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Kysuca (podla autora bol jedinec deponovany v Madarskom
narodnom muzeu v Budapesti). Populdcia kolka v rieke
Turiec je rovnako otdzna. Na lokalitich kde sa v minulosti
pravidelne vyskytoval (Bastl et al. 1975; Muzik 1996; Bastl
& Hol¢ik 1997; Stranai & Andreji 2002), dnes absentuje
(vlastné nepublikované pozorovania autorov). Zontag
(2000) koncom minulého storo¢ia zaznamenal jeho hojny
vyskyt vo viacerych pritokoch Turca priamo v intravilane
mesta Martin (vzdialenost lokality nalezu od ustia Turca
do Vahu je priblizne 2.2 km), odkial bol v pocte niekolko
desiatok kusov introdukovany aj do po6vodného aredlu
na sutoku Véhu a Oravy, resp. aj do oblasti pod sttokom
Véhu a Lubochnianky (okres Ruzomberok). Uspesnost
tejto introdukcie vSak zostala otdzna. Zatial poslednym
publikovanym tdajom o vyskyte kolka priamo vo Vihu
zostava zaznam Muzika (2012) z jesene roku 2010, ktory ho
ulovil pod sutokom s riekou Oravou. Rovnako vzacny bol
tento druh i v inych tokoch podhorskej zony zapadnej Casti
dunajského systému na Slovensku. V regione stredného
Pohronia sa podla Dudicha (1956) vyskytoval na useku
medzi Zvolenom a Banskou Bystricou. Aktudlne prace
(Skovranova et al. 2012; Varga et al. 2019) uz pritomnost
kolka na strednom tuseku Hrona nepotvrdili. Z dolného
tiseku pod Zeliezovcami jeho vyskyt uvddza Skovranova
et al. (2012). Podobne izolovand populacia existovala
aj v hornej casti rieky Nitra v okoli Prievidze (Kux &
Weisz 1964; Sedlar 1969). Podla Stranaia (1995) vsak
koncom 70. rokov 20. storocia z tejto oblasti postupne
vymizol. Na zaklade tychto poznatkov preto mozZeme tieto
lokalne populdcie pokladat za pravdepodobne vyhynuté.
Azda najvacsi areadl v ramci tokov dunajského povodia
vykazuje kolok vretenovity aktudlne v rieke Ipel, kde je
pravidelne zaznamenévany od dolného tseku nad ustim
do Dunaja az takmer po Lucenec (Weiperth et al. 2020).
Aj v tomto pripade vSak autori konstatuju, Ze tento druh
je pre povodie Ipla velmi vzacny. Nas§ nalez v danej situdcii
predstavuje mimoriadnu zaujimavost, najmi z pohladu
izolovanosti lokality medzi viacerymi neprekonatelnymi
migraénymi bariérami (Obrazok 3). Na rieke Vah je to
vodné dielo Krpelany spolu s niZ$ie polozenym VD Zilina,
na Turci mald vodna elektraren (MVE) Martin, resp. dalsia
vys$sie polozena nepriechodna hat s mlynskym nahonom
v Martine.

Tento fakt tak moze svedc¢it o uréitej adaptabilite tohto
druhu na narueny hydrologicky rezim v rieke Vah,
ktory spdsobuje vyrazné kolisanie vodnej hladiny
zapri¢inené prave manipuldciou viacerych vodnych diel.
Na druhej strane, prave fragmentdcia toku a naruenie
hydrologického rezimu mohli byt pri¢inou vyrazného
ubytku pocetnosti druhu v kontraste s obdobim pred
vystavbou vodnych diel. Pre postidenie velkosti tunajsej
populdcie a jej vekového zlozenia bude potrebné realizovat
podrobnejsi ichtyologicky prieskum rieky Védh v danej
oblasti. Vyznamnym d6évodom pre detailnej$i monitoring
je aj fakt, ze kolok vretenovity predstavuje prioritny druh
eurdpskeho vyznamu, pre ktorého ochranu je mozné
vyhlasit samostatné chrdnené tzemie (Gizemie eurdpskeho

‘\ % lokalita nélezu
A\
J[ f";ﬂ? = migratné bariéry J/\\

Obrazok 3. Mapa zaujmového tzemia s vyznacenou lokalitou
zaznamenaného jedinca (Autor: Peter Krizek).

vyznamu). Na zéklade informdcii Stétnej ochrany prirody
je aktudlne na Slovensku vyhlasenych 24 takychto tzemi,
medzi ktoré okrem inych patria aj rieky Orava, Turiec
alebo horny usek Vahu v okoli Ruzomberka. Na zaklade
sucasného nélezu mozZeme taktiez predpokladat, ze
izolované populacie kolka vretenovitétho v oblasti
regionu stredného Povazia v obmedzenej miere stale
pretrvavaju, avSak celia viacerym typom ohrozenia.
Okrem uz vys$sie spomenutého naruSeného vodného
rezimu vplyvom manipulacie vodnych diel a viacerych
nepriechodnych migra¢nych bariér, predstavuje riziko aj
moznost ndhleho mimoriadneho zhorsenia kvality vody
a ¢oraz vyraznej$i dopad klimatickej zmeny na vodné
toky, prejavujici sa najmi v letnych mesiacoch rapidnym
znizenim prietokov. N4§ sucasny zaznam o vyskyte kolka
v dotknutom tseku Vahu taktiez vytvara predpoklad
vyskytu dalsich ohrozenych reofilnych druhov ryb v tejto
oblasti (Romanogobio uranoscopus, resp. R. kesslerii),
ktoré tu neboli zdokumentované uz niekolko desatroci.
V tomto smere by mohla pomoct aj vyraznejsia aplikacia
progresivnych molekularnych metéd (environmentalna
DNA), ktora umoznuje detekciu druhov aj bez ich
priameho fyzického ulovenia (Ficetola et al. 2008).
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