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Abstract. In this study we have compared con-
centrations of accumulated elements in algae and
cyanobacteria from different localities over several
years and throughout the seasons. We collected
chrysophyceae Hydmms foetidus and cyanobac-
teria Oscillatoria sp. in Javorinka mountain stream
over three years (2019 - 2021). A comparison of
the concentrations collected from two localities
showed that Ba, Fe, Mn and Ti are being accu-
mulated at almost double the rate at the site with
lower stream velocity. Depending on the year, we
have observed a significant increase in Ca concen-
trations. We also examined the trend of intense up-
take of these elements by algae and cyanobacteria
during the summer season, due to the growth of re-
productive organs during this season. Analysis was
performed using the Kruskal-Wallis test (p < 0.05).
It has been confirmed that algae and cyanobacteria
can be used as bioindicators of spatial and seasonal
pollution and element concentration variations.
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Introduction

The biological value of algae has been known since
the mid-19™ century. Its greatest importance is as
a bio-indicator. Russian scientists have studied
the saprobity of algae; the physiological and bio-
chemical characteristics which allow it to live in
an environment that contains organic matter, with
a certain degree of pollution. Their study was fo-
cused on organic pollution in stream and river
environments. This system was altered, modified,
and expanded over the years by several authors.
Because saprobity is defined by the intensity
of heterotrophic activity, all photoautotrophic spe-
cies were finally excluded from the saprobic sys-
tem when the inorganic nutrient load in rivers be-
came increasingly problematic. During the process
of studying saprobity in running water, the trophic
classification system was developed for lakes. It is
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based on inorganic nutrients which are gained from
catchments. In both cases, there is a belief that
the presence, absence, or abundance of certain
species can reflect the current biochemical, physi-
cal, and general state of the environment in which
these organisms were located. Such organisms
are referred to as bio-indicators. Their specificity
is the low ecological valence for living conditions
and their specific stress symptoms, which respond
to changes in the environment. Thanks to these
manifestations of an organism, indicators are not
only their presence, absence, but also biomass or
growth of algae. Such species are a very reliable
indicator of natural pollution. The indicator species
then becomes a ‘bio-sensor’. During its lifespan, or-
ganic and inorganic elements from the environment
accumulate, and reflect the level of substances in
the environment and exposure to organisms. Such
species are labelled as ‘bio-accumulators’ which
can be particularly useful when concentrating very

low levels of a substance (Dokulil 2003).
Freshwater algae provide two main types of in-

formation about water quality:

- Long-term information; the status quo. In the case
of a temperate lake, for example, detection of
an intense summer bloom of the colonial blue-
green algae Microcystis is indicative of a pre-
existing high-nutrient (eutrophic) status.

- Short-term information; environmental change. In
another lake environment, detection of a change
in subsequent years from low to high blue-green
dominance (with increased algal biomass) may
indicate a change in eutrophic status. This may
be an adverse transition (possibly caused by hu-
man activity) that requires changes in manage-
ment practice and lake restoration.

In the context of change, bioindicators can thus

serve as early-warning markers of the health status

of an aquatic system (Bellinger and Sigee 2015).
Lethal concentration of zinc in algae have been

determined to be 30 ug/L. Productivity of several

studied algae (green algae (Ankistrodesmus and

Scenedesmus), one diatom (Navicula), and natural

phytoplankton) at this concentration was reduced

by 59, 55, 49, and 52 per cent respectively. At 17

ug/L there was a 37 % reduction in primary produc-

tion, and 3 pg/L of zinc, there was an 80 % reduc-
tion in nitrogen fixation. Zinc is often found in labile
or in free ionic form even though Cu, Cd and Pb
are in strongly bound compounds. More than 80 %
of zinc in water is in free (labile) form (Wong and
Chau 1990). Based on the algae species, toxic levels
of chromium can range between 20 pg/L to 10,000
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ug/L. It should be considered that these results are
also a function of several additional conditions such
as pH, temperature and salinity. The most common
symptoms of toxicity were inhibition of growth and
photosynthesis inhibition. Toxic concentrations for
Cladophora glomerata were 250 ug/L, Thalassiosira
pseudonana < 20 pg/L, and Skeletonema costa-
tum at 980 pg/L (Nriagu and Nieboer 1988). When
the chromium concentration changed it caused a
shift in community dominance. When algae was
exposed to wastewater with a level of chromium
between 1 - 40 mg/L only Oscillatoria sp. were
present (Nriagu and Nieboer 1988).

The metal sorption ability of algae varies greatly
from species to species and even among strains of a
single species for any given metal Each type of heavy
metal also uniquely impacts the sorption abilities of
different species of algae (Mehta and Gaur 2001).

By studying different species (Codium vermi-
lara, Spirogyra insignis, Asparagpsis armata, Chon-
dmus crispus, Ascophyllum nodosum and Fucus
spiralis) from three main algae groups; green algae
(Chlorophyta), red algae (Rhodophyta), and brown
algae (Chromophyta), we developed a sequence of
metal uptake decrease, as follows: Pb >Cu >Cd > Ni >
7Zn. This sequence has held true for all studied species.
Corroborating to this claim, we hypothesize that the
binding of metal to active sites of the cell wall is related
to their inner metal properties, such as ionic radii and
electronegativity of atoms (Romera et al 2000).

On the other hand, brown algae achieved sig-
nificantly better results with higher uptake capac-
ity. At worst, brown algae reacted two times better
than other species, as likely due to alginate groups,
brown algae anchors the metal to its biomass. The
sequence obtained as a function of the type of al-
gae was: brown > red > green. In conclusion, be-
sides the type of algae, or the physical and chemi-
cal properties of the environment, metal uptake is
largely dependent on the type of metal to which the
algae is exposed (Romera et al 2006).

The cell wall of green algae likely contains two
adjacent carboxylic groups to share the bond with
one metal cation. Therefore, it shows lower levels
of metal recovery. The reason why some biomass-
es show high affinity for a given metal and low
sorption capacity, or vice versa, may be related to
the degree of affinity of a specific biomass for each
metal (Romera et al 2006).

Many individuals of the chlorella species have
excellent sorption capacity, in some cases up to
714 mg-g* when exposed to Cu®. Generally, its ca-
pacity is around 100 mg-g* (Zeraatkar et al 2016).
In a study of chlorella vulgaris that contained con-
centrations of 2.5 ppm, samples were able to re-
move between 69 % and 80 % of Ni (II) and Cu (II)
cations. When the concentration was increased to
10 ppm, the metal removal rate was reduced to
37 % and 42 % (Mehta and Gaur 2001). Sargassum
sp., as saltwater algae, has a maximum sorption of
72,5 mg-g. Sargassum sp. absorb more heavy metal
elements and their compounds. This is due to a high
alginate content, along with other brown algae. For
example, the alginate content of Sargassum fluitans
is 45 % of its dry weight (Mehta and Gaur 2001).

In general, Chlorophyta, commonly known as
green algae, has significant accumulating abili-

ties, especially the Cladophora species; one of
the best bio-indicators in water environments for
nutrient and heavy metal pollution. They gener-
ate the majority of algal biomass in some water
bodies (Chmielewskd and Medved 2001). Using
Cladophora completely removed arsenic from
drinking water (Salama et al. 2019).

Using the cyanobacteria Gloeothece sp., we ob-
served its high susceptibility to Cu?*. Metal concen-
trations of 1.0 mg Cu?"1" led to cell death. Whereas
when using Pb%, similar effects were achieved us-
ing a concentration of 40 or 50 mg.l''. A bi-metal
system, where cyanobacteria were exposed to both
Cu?" and Pb*, caused decrease in removal of each
metal Cu® removal decreased by 47.2 % and Pb*
removal decreased by 13.8 % (Pereira et al 2011). In
cyanobacteria, copper is a micronutrient, function-
ing as a cofactor and required for structural and cat-
alytic properties of enzymes. It is also a cofactor of
the electron transport protein plastocyanin and other
proteins associated with thylakoids, which imposes
an extra complexity to copper homeostasis in these
organisms compared with non-photosynthetic pro-
karyotes. However, exposure to excessive amounts
of copper ions, may lead to cell destruction, similarly
to all photosynthetic organisms (Pereira et al 2011).

Accumulation of metals is due to adsorption
onto the cell surface (wall, membrane, or external
polysaccharides) and binding to cytoplasmic li-
gands, phytochelatins and metallothioneins, as well
as other intracellular molecules. Through electron
microscopy and X-ray energy dispersive analysis,
studies have been carried out on the localization of
heavy metal ions. On the algal cell wall there are
many functional groups, such as, hydroxyl (OH),
phosphoryl (PO,0,), amino (NH,), carboxyl (COOH),
sulphydryl (SH), etc., which confer a negative
charge to the cell surface. Metal ions are absorbed,
because generally they exist in water in cationic
form (Mehta and Gaur 2001).

The distribution of functional groups varies
among algae, therefore, biosorption is different. Met-
al sorption depends on these groups and if they are
present in a given cell. Their presence is dependent
on cell wall components, (e.g., peptidoglycan, tei-
chouronic acid, teichoic acids, polysaccharides, and
proteins). Conversely, cyanobacteria are dependent
on typical carboxylic groups which exist on peptido-
glycan, consisting of linear chains of N-acetylglucos-
amine and B 1, 4-N-acetylmuramic acid with peptide
chains. Lipopolysaccharides, lipids, and membrane
proteins are also important for sorption. Some stud-
ies prove that the carboxyl groups are the primary
location for metal binding in cyanobacteria (blue-
green algae). Most of the species of this group has a
capsule, which tends to have an anionic nature, thus
giving them a very high affinity towards metal ions.
This could result in significant removal of heavy met-
als in waste waters (Mehta and Gaur 2001).

In green algae contain significant carboxyl and
sulphate groups. The percentage of protein content
in cell walls on which these group are attached
varies from 10 - 70 %. As previously mentioned, in
brown algae the main mean of metal biosorption
are alginate groups. Alginate is commonly found in
cell wall membranes, where through the sorption is
metal binding site (Mehta and Gaur 2001).
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Participation of carboxyl groups in adsorption
of heavy meatal such as Cu, Cd and Pb has been
demonstrated on cyanobacterial cell walls, as well
as in green and brown algae (Macrocystis pyrifera,
Kjellmaniella crassiforia and Undaria pinnatifida).
A study of carboxyl groups presented great suc-
cess in binding Au and bivalent metal ions. Re-
search has even shown binding of Cd and Pb ions,
to small binding on sulphate groups. Good sorp-
tion of heavy metals by carboxyl groups has been
very well demonstrated, even by fungi and higher
plants (Mehta and Gaur 2001).

Other groups exhibit a lesser extent of binding
compared to carboxyl group. Non-living sargassum
has demonstrated binding of Co on carbonyl groups.
The amino group plays an important role in the bind-
ing of Au in chlorella (Mehta and Gaur 2001).

The above discussion leads to the generalization
that carboxyl groups of cell wall polysacharides play
a predominant role in heavy metal sorption by al-
gae and cyanobacteria. The other functional groups,
such as sulfonate and amino, play a relatively minor
role in metal sorption (Mehta and Gaur 2001).

Binding mechanisms. The process of biosorp-
tion includes a number of mechanisms, like ion ex-
change, complexation, electrostatic attraction and
microprecipitation. The most significant of these has
been proved to be ion exchange. It was observed in
Spirulina platensis, that during the binding of Cu*,
Pb%, Zn*, Ni*" and Cr® protons were liberated from
biomass, which leads us to the conclusion of ion ex-
change. We also observed the release of Cu* and Ca*
by algal biomass while binding Zn* and Ni*" ions. All
these studies suggest that the exchange of metal ions
with surface bound protons or cations play a signifi-
cant role. in heavy metal sorption, though this varies
among algal species. We reported the maximum ion
exchange capacity (in term of Na/H" exchange) of
five algal species ranging from 41 — 825 peq g dry
weight (Mehta and Gaur 2001). Large variability in ion
exchange may be due to cell composition, meaning
unicellular algae has a higher surface/volume ratio
than filamentous forms, and therefore a higher ion
exchange capacity. This capacity can be increased
by increasing the pH level However, this mechanism
is not the only one and it can be combined with oth-
ers. In a study of Sargassum vulgaris it was reported
that Cd binding involved chelation, while he binding
of Pb consisted of ion exchange and chelation. In the
adsorption of Ni and Zn on Chaetophora elegans it
was observed that electrostatic attraction and cova-
lent binding played a role. In view of the complex-
ity of the composition of algal surfaces, it is possible
that various mechanisms operate simultaneously to
varying degrees depending on algal species and envi-
ronmental conditions (Mehta and Gaur 2001). If they
are not attached to cell wall, metal ions may get in-
side the cell and bind to intracellular components or
precipitate. In algae cells metals can be detoxified.
Their activity is impacted by biological macromol-
ecules and enzymes that are being accumulated in
polyphosphate bodies and in intracellular metal bind-
ing proteins. In Ankistrodesmus falcatus, Sn has been
part of about 85 % of cellular polysaccharide fraction,
and 15 % in the protein fraction. In some eukaryotic
algae, metal solutions were observed within the vacu-
oles (Mehta and Gaur 2001).

Factors of binding. Results may be affected by
several factors, including concentration of metal
and biomass, pH, temperature, contact time, pres-
ence of competing ions and the metabolic stage of
the organism (Mehta and Gaur 2001).

Concentration of metal Initial concentration of
metal ions in the solution is a significant factor of
biosorption ability. Biosorption initially increases as
the initial concentration of metal ion increases up
to the optional concentration. It was reported, that
in dry biomass of Scenedesmus obliqus, a 5-fold in-
crease in initial concentrations of Zn* (from 10 to 50
ppm) boosted the metal ion sorption from 19 to 209.6
mg Zn* /g. Based on that, the biosorption capacity
is increased, but the removal yields of the metal
ion are reduced. Therefore, the higher the metal ion
concentration, the lower the efficiency and removal
yield would be. In another study, Chlorella vulgaris
in concentrations of 2.5 ppm were able to remove
69 % and 80 % of Ni*" and Cu?" cations. When the
concentration was increased up to 10 ppm, the
metal removal rate was reduced to 37 % and 42 %
(Zeraatkar et al 2016). Getting to know proper
concentration is a necessity for efficient growth of
algae. Higher rates can inhibit growth or lead to
cell and cell structure destruction. For some algae,
heavy metals can be beneficial and enhance their
growth, while to the others, heavy metal may be
toxic at all concentrations. In Cladophora fracta,
continual increase of lead and cadmium exposure
resulted in total chlorophyll content loss, reduced
number of chloroplasts, and disintegrated cell walls
responsible for cell death and reduced cell growth.
Algae have better sorption abilities at lower con-
centration, because the presence of any excessive
toxicity in algal bodies is harmful and can lead to
cell destruction (Zeraatkar et al 2016).

DPH level The majority of studies show that bio-
sorption of metal ions is highly dependent on the
pH of the solution. Functional groups on cell wall
membranes do not have same features at every pH,
and therefore it was important to deduce the op-
tional pH for heavy metal removal The sorption of
C16+ and Cd on Padina sp. and Sargassum sp. and
Cs sorption on Padina australis was optimal at pH 2.
In a study of Durvillaea potatorum, very little sorp-
tion of Cu was observed at a pH below 2, but this
sorption increased with a rise in pH. They found
maximum Cu sorption between pH 3 and 4, and a
plateau was reached at around pH b. There are nu-
merous studies showing increased metal sorption
with increasing pH of the solution. It was suggest-
ed that the optimum pH for Cu and Cd sorption by
Laminaria japonica and Sargassum kjellmanianum
lies between 4 and b, while the maximum Cr®*
sorption capacity of Sargassum sp. was observed
at pH 4. The majority of metal binding groups on
cell walls are acidic (e.g., carboxyl), and their avail-
ability is pH dependent. In acidic pH they generate
a charged surface, and since the metal ions are at
most charged positively, there is increase in their
biosorption. However, at extremely acidic pH (< 2),
metal sorption decreased. In general, for metal
binding, an acidic pH is more efficient, although
this pH level varies (1 - 7) (Mehta and Gaur 2001). It
has been clearly shown that algae prefer acidic or
slightly acidic environments. However, this prefer-
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ence is also dependent on which metal is bonded.
The optimum sorption pH of cadmium, nickel and
zinc was 6. For copper, the value ranged between 4
and 5, while optimal pH for the sorption of lead was
between 3 and 5, based on the type of biomass.
The pH value rose between brown algae, through
red algae to green algae. Within higher pH values
the metal uptake capacity did not show significant
differences (Romera et al 2006).

Temperature. Temperature affects each algae
species differently based on the type of metal to
which they are exposed. It is known that metal
sorption capacity is a function of temperature.
There are several reasons why increasing tem-
perature causes an increase in metal ion bio-
sorption. Increased temperature results in an in-
creased number of active metal binding sites with
an increased tendency. Additionally, reduction in
mass transfer resistance in the diffusion layer is
caused by a reduction of the thickness of the diffu-
sion boundary layer around the adsorbent groups.
Along with temperature changes, a complex for-
mation constant that assists metal binding also
changes. On the other hand, some studies con-
firmed higher rate with lower temperature, while
others confirmed no significant effect of indicative
temperature on biosorption ability. Similarly, sev-
eral studies have determined temperature-linked
changes in metal ion uptake by living algal cells
(Zeraatkar et al. 2016). These reported a slight in-
crease in cation sorption by powdered seaweed
biomass with an increase in temperature from 4
to 55°C. Similarly, was recorded increased Ni*
biosorption by dried biomass of Chlorella vulgaris
with an increase of temperature from 15 °C
(48.1 mg/g) to 45 °C (60.2 mg/g). This suggests
that heavy metal biosorption is most likely an en-
dothermic process, though it has also been sug-
gested that the effect of temperature on sorption is
not as certain as that of pH (Mehta and Gaur 2001).

Time. Heavy metal ion biosorption is highly
dependent on contact time. Biosorption occurs
in two stages. First, for algal biomass, metal ions
are passively adsorbed into cell membranes, and
biosorption of metal ions occurs rapidly within
the first minute. Second, for live algae, active bio-
sorption occurs as the algal cell slowly uptakes
the HM ions (Salama et al 2019). Biosorption of
uranium by non-living Chlorella vulgaris achieved
more than 90 % dissolved uranium adsorb during
the first 5 min. In other studies, with biomass of
Chlamydomunas reinhardtii, microalgae rapidly ad-

Fig. 1. Profile of downstream section (Photo: J. Tuchyna 2021).

sorbed free ions biosorption and equilibrium was
achieved in 60 min. All these examples show that
biosorption of heavy metal ions is passive and oc-
curs relatively rapidly. Higher rates of accumula-
tion occurred with less contact time. In separate-
ly harvested Cladophora fracta, after 2, 4, 6, and
8 days of Cd and Hg exposure it was found that
while the algal growth rate decreased over time, a
greater biosorption capacity was obtained in older
cultures. These results suggest that while passive
heavy metal biosorption commences swiftly in the
first moments of contact, a greater level of heavy
metal bio removal can be achieved with longer con-
tact times using living algae (Zeraatkar et al 2016).
Our main objective in this work was to follow
the annual cycles of some heavy metal pollutants
and their abundance in aquatic ecosystems. Salt as
well as freshwater algae have been used in the past
for bioremediation of heavy metals and the results
of these studies have been valuable. We sought to
determine how the Javorinka stream changes over
the course of the year and which elements fluctu-
ate over time. Secondly, we examined what types
of algae live in the aquatic foothills, whether they
increase or decrease in volume, and whether bio-
sorption capacity changes through the seasons.

Material and Methods
Sample collection

Samples are collected from attached algae in the
mountain stream Javorinka. Two collection sec-
tions were chosen based on the findings of previ-
ous studies.

The first section is a segment of river situated
between two villages, Tatranska Javorina and Pod-
spady (Fig. 1). It is about 3 km long. The altitude
range is between 930 - 970 m a.s.1 The stream bed
consists of large and small granitic boulders and oc-
casionally limestone. Water in this section is fast
moving and rough, with many small, but deep la-
goons that serve as an excellent habitat for fish and
other aquatic organisms. Due to its dynamic nature,
algae coverage of the rocks is sparse and for the
most part of the year only microscopic or foliose al-
gae grow. This section is marked as upper stream.

The second section is situated near the vil-
lage of Vojtasova (N 49.292550°, E 20.169038°).
In this section, the stream is significantly milder
and slower. Depth is consistent over the length of

Fig. 2. Rough nature of upstream (Photo: J. Tuchyna, 2021).
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the river. Altitude here varies between 850 - 865
m a.s.l. Algae growth occurs at a higher rate and
tends to contain macroscopic algae. This section is
marked as downstream (Fig. 2).

Sample preparation and laboratory analyses

Following sample collection, all invertebrates and
large soil particles are removed. Afterwards they
are left to dry naturally prior to further processing.
In next step we crushed dried samples into fine
dust using a cryo-mill (which mills each sample
for 40 seconds). Following this, we measured ele-
ment concentrations using a ED-XRF spectrometer
DELTA (Olympus, Innov-x Systems, USA). In ap-
proximately 13 minutes results are available. For
data analysis, Statistica 8 (StatSoft, USA) software
was used. The comparison of individual elements
conducted using the nonparametric Kruskal-Wallis
test, because variances were highly variable be-
tween groups. Values with p < 0.05 were consid-
ered to be statistically significant. The potential syn-
ergic effect of elements was evaluated by principal
component analysis (PCA), which is widely used in
ecotoxicological studies. It is a variable reduction
technique that maximizes the amount of variance
accounted for in the observed variables by a smaller
group of variables called components or factors.

From all the elements we chose 3 model ele-
ments with which we will work more extensively
— chromium, zinc, and lead (Cr, Zn, Ph).

During our work we also had to learn from sci-
entific literature, where we mainly focused on algae
biology and their processes throughout their lifes-
pan. The algae species were identified with the pro-
fessional assistance of Mgr. Alica Hindakovéa, PhD.

Studied species

Hydmms foetidus (Fig. 3) is a cold-water golden
alga (Chrysophyceae) found in fast-flowing rivers
mainly during periods of snowmelt. Hydrurus is a
rheophile, preferring swiftly flowing water. It is also
a psychrophile, dependent on low temperature.
Hydrurus appears to be of specific importance for
the early emerging aquatic larvae of chironomids.
Hydrurus thrives well under seasonal climatic con-
ditions, where there is snow in the winter, cold
meltwater, and moderate summer temperatures. Its
early emergence during snowmelt makes it visually
prominent (Klaveness 2019).

Diatoma ehrenbergii (Fig. 4) are a species of the
class bacillariophyceae. It is almost always present
in fibers of Hydmurs foetidus.

Valves are narrow and elongate becoming lan-
ceolate in smaller valves. Apices are broadly round-
ed sub-rostrate to capitate. Costae are mostly pri-
mary, and number 9 - 15 in 10 ym. Secondary and
tertiary costae are commonly present. Frustules are
attached to the substratum or joined in zig-zag col-
onies by mucilage (Kalina and Vana 2010).

Oscillatoria sp. (Fig. 5). Cyanobacteria can eas-
ily handle sudden physical and chemical alterations
of light, salinity, temperature, and nutrient compo-
sition. These organisms are very efficient for sew-
age water treatment, remediation of aquatic and
terrestrial habitats, chemical industries, industrial

Fig. 3. Hydmrus foetidus (Photo: J. Tuchyna, 2021).

Fig. 4. Diatoma Ehrenbergii (Photo: J. Tuchyna, 2021).

Fig. 5. Oscillatoria sp. (Photo: J. Tuchyna, 2021).
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effluents, etc. In addition, organic solutions, nitrate
and phosphate compounds, carbon dioxide or alka-
linity are important factors in determining the dis-
tribution of cyanobacteria (Dubey et al 2011).

Five different cyanobacteria groups were stud-
ied (Oscillatoria sp., Synechococcus sp., Nodularia
sp., Nostoc sp. and Cyanothece sp.). All of them
were superior degraders and removers of pollut-
ants. They were monitored in 2, 4 and 7 day pe-
riods. During the 2 day, the majority of samples
(with the exception of one) were between 92 % and
99.7 % effective at removing pollutants. At their
fastest rate, these species could remove almost
99 % of present pollutants while showing high re-
sistance against toxicity (Dubey et al 2011).

Results

In this study we conducted several tests to better
understand the seasonality of accumulation in this
stream. All our tests could register some changes
in the aquatic environment; therefore, we can say
that algae and cyanobacteria are suitable for eco-
toxicological studies.

There is a trend of higher concentrations at the
downstream location compared to the upstream
location. This was demonstrated by almost all ele-
ments which can be influenced by different dy-
namics of each part of the stream as well as other
physical properties of the stream. Out of all the
studied elements, four in particular were notable
because of their significant variation between the
two localities (Figs. 6 and 7). These significant ele-
ments were detected by the KW-H test with a p-
value of < 0,05. At the downstream location, mean
values were almost double of those upstream.
Those elements were Ti, Mn, Fe and Ba.

Changes year to year (Table 1, Fig. 8) be-
tween most of the elements where either insig-
nificant, or slight.

Regarding seasonal accumulation, most of the
elements exhibited the highest concentrations in
summer (Figs. 9 - 17). With the exception of Sr,
Ca, and S, every other element showed a signifi-
cant increase in concentration during summer. In
case of Fe (Fig. 11) the rise was almost double the
spring values. On the other hand, standard devia-
tion was also relatively high, which could attribute
this increase to flash floods and resulting transport
of elements and their compounds. Granite bedrock
is covered in Fe (OH), and due to flash floods, it is
released and adsorbed by algae and cyanobacteria.

During the summer season the level of water in
Javorinka stream is generally low and the density
is high. Elements are much more concentrated
than in any other season.

Altogether we did three univariate statistics
and one multivariable statistic (Table 2). We com-
pared how they reacted together throughout the
study and if we could find any patterns or inter-
dependency. We chose 5 of 13 factors with a vari-
ance greater than 3 %. In the first pattern we can
see mutual growth in S, K, Ti, Cr, Mn, Fe, Zn, Rb,
71, Cd, Ba and Pb. Its variance is 51 % (the highest
observed). The second factor is a function where
the mutual decrease of S and K affects growth in Sr.

Year Mean + SD (n) KW-H P

S 2019 8,636 + 15,883.5 (10)
2020 3,931 + 4,243 (25) 0.48  0.79
2021 3,182 + 1,479 (24)

Cl 2019 750.77 +717.22 (9)

2020 494.8 + 325.82 (15) 058 0.74
2021 403.27 + 134.69 (16)

K 2019 13,271 16,006 (10)
2020 12,366 + 10,963 (25) 0.26  0.88
2021 11,263 + 6,523 (24)

Ca 2019 17,845 +13,968 (10)
2020 34,660 + 28,282 (25)  9.68 0.008
2021 54,636 + 42,408 (24)

Ti 2019 1,034 + 932 (9)
2020 1,654 + 1,481 (24) 216 0.34
2021 1,823 1,422 (24)

Cr 2019 163 +127.97 (10)
2020 108.6 +57.39 (25) 2.45 0.29

2021 167.69 +120.76 (24)
Mn 2019 394.9 +328.43 (10)
2020 317.96 + 324.19 (25) 069 071
2021 304 + 243.18 (24)
Fe 2019 10,034 + 8,101 (10)
2020 16,084+ 16,636 (25) 1.88 0.39
2021 17,792 + 16,932 (24)

Cu 2019 18.56 +8.31 (6)
2020 20.38 +5.88 (9) 1.31 0.62
2021 24 +13.64(9)

Zn 2019 63.6 = 47.59 (10)
2020 71.76 + 48.16 (25) 0.99 0.61
2021 69.46 + 41.33 (24)

Rb 2019 20.61 +10.37 (10)

(
2020 32.228 +29.71 (25) 0.84  0.66
2021 28.42 + 22.21 (24)
St 2019 88.35 +70.93 (10)
2020 106.572 + 62.37 (25) 222033
2021 121.58 +69.01 (24)
Zr 2019 89.36 +94.76 (9)
2020 116.26 +101.47 (24) 1.24 054
2021 118.60 + 78.61 (24)
Ba 2019 1,218 + 2,189 (10)
2020 363.33 + 265.35 (24) 0.87 0.65

2021 391.83 + 236.87 (24)

Pb 2019 17.2 £5.73 (10)
2020 20.77 +6.99 (25) 3.94 014
2021 23.75 + 9.87 (24)

Table 1. Mean values concentrations (+ SD) of the mea-
sured elements in algae from mountain stream Javorinka
during the individual years of the research. Mean con-
centration values are given in ppm.(KW-H - Kruskal-Wal-
lis test, significant differences are in bold p < 0.05).
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Fig. 6. Mean (+ 95 c. limits) concentrations of barium in
dependence on sample locations. The levels were signifi-
cantly higher downstream than upstream.
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Fig. 8. Mean (+ 95 c. limits) concentrations of calcium
depended on year. The levels were significantly higher by
each year.
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Fig. 7. Mean (+ 95 c. limits) concentrations of iron in de-
pendence on sample locations. The levels were significant-
ly higher downstream than upstream.

Factor Factor Factor Factor Factor

1 2 3 4 5
S 0.245 0.800 0.458 0076 -0.117
K -0.627 0568 0.476 0058 0111
Ti -0.941  -0.074  0.007 0162 -0.095
Cr -0.673 0153 -0.123 -0.515 -0.308
Mn -0.808 0222 -0.200 0137  0.064
Fe -0.972 0094 -0.070 0044  0.039
Zn -0.718 0219 -0.466  0.076  0.303
Rb -0.875 0007 0154 0183  0.292
St -0.288 -0.574 0.643 -0.296  0.175
7t -0.742  -0.428 0251 0299 -0.072
Ba -0.629 -0.139 -0.076 -0.367  0.291
Pb -0.680 -0.266 -0.005 0296 -0.519
Xla;jance 51.5  13.3 9.4 7.1 5.9

Table 2. Multivariable statistic for studied elements (in
ppm) with their variance (%).

In the third factor, decrease in S, K and Sr results
in the growth of Zn level In the fourth factor, Cr
and Ba grow together. The last factor was mainly
described by mutual growth of Pb and Cr with an
antagonistic effect on Ba and Rb.

Fig. 9. Mean (+ 95 c. limits) concentrations of barium de-
pended on season of collection.
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Fig. 10. Mean (+ 95 c. limits) concentrations of chromium
depended on season of collection.

Other factors were not seasonally dependent.
Factor 2 of a mutual decrease of S and K, while
St values growth was not affected by seasonal-
ity (KW-H (3,54) = 0.5, p = 0.91). Factor 3, which
described an accumulation of Zn while S, K and
St decreased was not affected by seasonality
(KW-H (3,54) = 6.18, p = 0.27). Factor 4 of mu-
tual accumulation Cr and Ba did not depend on
seasonality (KW-H (3,54) = 3.89, p = 0.27). Factor
5 of accumulation Pb and Cr while antagonisti-
cally decreasing Rb and Ba was not affected on
seasonality (KW-H (3,54) = 0.82, p = 0.85). Only
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Fig. 11. Mean (+ 95 c. limits) concentrations of iron de-
pended on season of collection.

Fig. 14. Mean (+ 95 c. limits) concentrations of lead de-
pended on season of collection.
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Fig. 12. Mean (+ 95 c. limits) concentrations of potassium
depended on season of collection.

Fig. 15. Mean (+ 95 c. limits) concentrations of rubidium
depended on season of collection.
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Fig. 13. Mean (+ 95 c. limits) concentrations of manganese
depended on season of collection.

factor 1 showed any dependence on any of vari-
ables, namely that the summer season is a period
of intense uptake of elements (Fig. 19).

Discussion

Many elements exhibited variation between years.
Some elements tended to decreased (e.g., S, Cl,
K, ...) while others increased (e.g., Ca, Ti, Pb, ...).
Notable changes throughout the years were found
only in Ca (KW-H = 9.68, p = 0.0079). The concen-
tration of Ca in the stream experienced constant

Fig. 16. Mean (+ 95 c. limits) concentrations of titanium
depended on season of collection.

growth. Grounds for this trend are likely the flash
floods, which expose the bedrock and constantly
weather the rocks. These trends could also be a
direct consequence of global warming and more
extreme changes in weather.

Occasional elements

Although we have measured many elements, not
all were detectible in tests. Some of them were un-
able to be detected at all, due to their very low
concentration. Among these were Co, Ag and Hg.
Accumulation by algae showed a high affinity to-
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Fig. 17. Mean (+ 95 c. limits) concentrations of zinc de-
pended on season of collection
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Fig. 18. Mean (+ 95 c. limits) concentrations of zircon de-
pended on season of collection.
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Fig. 19. Mean (+ 95 c. limits) of principal component rates
on factor 1 mutual concentration of K, Ti, Cr, Mn, Fe, Zn,
Rb, Zr, Ba, Pb highly depended on seasons. The elements
accumulated in algae mainly in summer (KW-H (3,54) =
15.8, p=0.0013).

wards Hg by log K" MS (mean conditional stability
constant of M-sites of algae) with a value of 18.0
+ 0.3 (Vasconcelos and Leal 2001). Based on this
we can assume that mercury short-term concentra-
tions in Javorinka stream are not high. Other ele-
ments were found in some samples, but certainly
not often. Some of them were studied more exten-
sively but most remained unused. P, Se, Mo, Sn,
Sb were only found in a few samples and were not
used in any of the tests. Ni and As, as well as Cu

and Cl were detected in more samples, but not in
sufficient amounts for all our tests.

There was some seasonality associated with
phosphorus, with the highest values in algae in
summer and spring (Francoeur et al 1999). The de-
tectable values were mostly found between June
to August, though phosphorus was also present in
May and September. We obtained more values from
the downstream location due to the slower stream.

Nickel has its highest accumulation in algae in
autumn months (Haritonidis and Malea 199b; Vil-
lares et al 2002). The most common were values
present during late summer and autumn months,
from July to November. However, the most signifi-
cant results occurred between August and October.

Astatine was detected throughout the year in
relative equality. It was more abundant in July and
August, but this might be attributable to the higher
density of the stream. Astatine is a radioactive and
highly unstable element with a minute natural abun-
dance (Al-Adilah et al 2022; Sturges and Barrie 1988),
therefore its values are often more-or-less random.

Selenium was found only between December
and March. Organic selenium in water is at its
peak in late summer, but total selenium exhibits
maximum concentrations in winter (Sherrard et al
2004). We were able only to detect selenium dur-
ing winter months, due to the significant seasonal
growth during that period.

Molybdenum was only present in summer,
between June and August, presumably due to a
higher density of elements in the stream during this
period. We only found tin 5 times out of 569 samples,
and most often in January samples.

Antimony follows the same cycle patterns as
selenium (Pelachaty et al 2004) and most of the
measurable values were detected in late autumn,
winter, and early spring, (October to March). Nei-
ther Cu nor Cl had any visible seasonal pattern in
their accumulation.

Univariate statistics

Concentration of elements in relation to the loca-
tion. We tested 17 elements and their mean con-
centration depended on the locality of sample col-
lection (downstream and upstream). In general,
uptake of elements was higher at the downstream
location, with the exception of Zn and Ni. Four ele-
ments (Ba, Fe, Mn, Ti) exhibited significant varia-
tion between localities. Their concentration nearly
doubled at the downstream location compared to
the upstream location. Standard deviation varied
among all 17 elements. Some had higher deviation
at the downstream location, while others had high-
er deviation at the upstream location.

Uptake of barium is related to its concentration
in the environment; the higher the concentration
the higher the uptake. Oscillatoria sp. were able to
remove 10 % of Ba in the medium. Cell size or pH of
the cultures did not affect this accumulation (Fisher
et al 1991). Brown and green algae have many al-
ginate groups with a high affinity to barium. Ac-
cumulation takes place through ion exchange. This
process occurs rapidly at first and then takes time to
reach its equilibrium (Fontao et al 2020). Barium has
a minimal affinity toward minerals (Dong et al. 2003)
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that leave its compounds unattached. Additionally,
natural levels of Ba are the result of bleaching and
eroding of sedimentary rocks (Fontao et al 2020).

Higher uptake of Ba at the downstream loca-
tion was presumably caused primarily by differ-
ences in physical properties of the stream, lower
velocity and by bleaching of limestone and slates.
With lower velocity and higher abundance of Ba in
the water, there was more time and enough ele-
ment for algal cell walls to react with and reach
equilibrium of biosorption.

Algae accumulate iron mainly in Fe?" form, the
concentration of which is controlled by the solubil-
ity of FeCO,, Fe (OH), and FeS. Most of it is con-
nected to the cell wall (Mahasneh 1988). Sources of
iron in surface waters are primarily from bedrock
and soil, (i.e., granite and granodiorite) (Erel et al
1990; Romanescu et al 2016).

The granite bedrock of Javorinka river may
contribute to the higher concentration of iron at
the downstream location. Continual weathering
of these rocks creates higher concentrations at
lower localities.

Accumulation of manganese is mostly pro-
cessed by the cell wall, where it is absorbed by
alginate structures. It is an element present in the
Earth's core and is naturally occurring in the en-
vironment. Anthropic sources include fertilizers,
mining, metal manufacturing industries (Kaonga
et al 2008), and municipal sewage (Moore 2012).
When algae is exposed to Mn pollution it can ex-
hibit higher values depending on velocity of the
stream. In seasons where stream had lower veloc-
ity, its values increased up to 4.203 (ppm) + 0.805.
During seasons with higher velocity at both loca-
tions, its concentration was only 1.438 (ppm) +
0.196 (Kaonga et al 2008). Other studies, such as
Scott et al (2002), came to the conclusion that, in
lower localities less manganese was accumulated
in the stream than in higher localities. This is most
likely due to plant uptake. Manganese accumula-
tion takes place in two phases, rapid and slow. Its
rapid phase can absorb up to 25 % of accumulated
metal (Garnham et al 1992).

Titanium, similarly to other metals, transfers
within aquatic environment in oxides form, which
has a high sedimentary rate (Kulacki et al 2012).
Therefore at lower velocity, it begins to sediment at
higher rates (Lin et al 2015). Similarly to other met-
als, titanium uptake undergoes 2 phases, rapid and
slow (Kulacki et al 2012). Most of the elements did
not differ based on whether the algae were collect-
ed in higher located and faster moving parts of the
stream, or at a lower and slower locality. Variation
was only detected in Ba, Fe, Mn and Ti. This could
also be related to lower velocity, varying transfer
processes in aquatic environment, and different
physical properties of water in lower lying areas.

Concentration of elements between years.

Calcium was the only element that showed sig-
nificant growth over the year. Calcium is depen-
dent on bedrock and parental geology. Weather-
ing of the soil and rocks helps maintain natural
levels of calcium in the environment (Ohta et
al 2018). In July of 2018, the High Tatra expe-

rienced an extensive flood which resulted in a
great decrease in both nutrients and sediments
in water environments (Hrivnakovéa et al 2020).
According to Meurant (2012), the concentration
of calcium does not decrease immediately after
a flood decreases, contrary to other elements.
Flooding does not affected its cycles significant-
ly. Calcium concentration mainly affects plant
uptake, discharge, and bedrock. According to
Munn and Meyer (1990), the lowest uptake of
calcium occurred in gravelly soils, whereas high
uptake of calcium occurred at rock outcrops dur-
ing early spring. Higher flushing rates through
the sediments may result in a less stable and
less productive epibenthic community, resulting
in a lower nutrient demand.

Our results suggest that higher concentration of
calcium in the stream is likely due to the massive
flood that occurred in 2018. Flood exposed and accu-
mulated bedrock results in flushing calcium through
the stream. Continual erosion of the riverside and
its sediments exacerbates this phenomenon and the
concentration of calcium in the stream grows.

Almost all of elements (S, K, Ca, Ti, Cr, Mn, Fe,
7Zn, Rb, St, Zr, Ba and Pb) that we studied using this
test had significant seasonality variance (p < 0.05),
except S, Ca and Sr. Other seasonal patterns were
noted, but note were as distinct as the first. S and
Ca were the only elements to experience a peak
during autumn, while the rest of elements were re-
corded at their peak during summer.

Other studies (Skriptsova 2016; Imbs et al 2009;
Villbrandt et al 1991) proved that the highest uptake
of elements in water streams occurs during summer
or early autumn. In summer, season algae acquire
mature reproductive organs. Intensive growth and
development of reproductive structures causes an
intense uptake of nutrients (Skriptsova 2016). Gross
primary production in summer months ranged from
5.8 10 11.3 g O,/m* per day during the summer and
algal respiration from 1.9 to 2.7 g O,/m? per day.
Photosynthesis/respiration ratios depending on
month were ranging from 1.59 in December to 5.04
in May (Stockner 1968). Physical characteristics,
such as temperature and irradiation affect these
processes to a significant extent. Warmer water
during summer months, and higher irradiance in-
crease the tendency of the cell wall structures that
absorb metals (Zeraatkar et al 2016). According
to our results 7, out of 10 elements were metals,
which confirm their higher affinity for the algae
cell wall during summer.

In terms of space-time these critical phenom-
ena for heavy metal accumulation in algae and cya-
nobacteria seem to occur during the summer sea-
son. During this time of intense growth, they are
absorbing elements (K, Ti, Cr, Mn, Fe, Zn, Rb, Zr,
Ba and Pb) and nutrients from their surroundings,
including both biogenic as well as non-biogenic el-
ements (Pb). In summer, higher contamination of
water and the necessity of element uptake for the
growth of reproductive structures occur.

The smallest variance in values was observed
during winter. Many elements are stored in snow
and ice in the mountains. Thus, the composition of
water in colder months is more stable and there is
no disturbance present.
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Synergic accumulation depended on season

The results clearly indicate significant variance
based on season, mainly during summer. Synergic
effects proved a notable increase in accumulation of
K, Ti, Cr, Mn, Fe, Zn, Rb, Zr, Ba and Pb during the
season. An increased tendency of cell wall structures
(Zeraatkar et al 2016) and the need for growth of al-
gae and their reproductive organs enhances metal
uptake during this period (Skriptsova 2016).
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Biology of alpine accentor (Prunella collaris) VII. Moun-
tain tourism, climbing and hiking — a cause of drastic
synanthropy in alpine accentors in the last 200 years
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Tatranska Javorina 7, SK-059 56, Slovak Republic;
e-mail janiga@uniza.sk

Abstract. This study briefly describes the his-
tory of synanthropy in a high-altitude bird spe-
cies, Prunella collaris. A list of food items that
synanthropic individuals seek in garbage in the
mountains is presented. Possible influences on
behavioural changes and physiology of this pro-
tected species are discussed. The large number
of synanthropic individuals of this species is evi-
dence of how the development of alpine tourism
in Europe over the last 200 years has seriously af-
fected the life of alpine fauna.

Key words: Prunella collaris, bird synanthrophy, hiking
and climbing

Introduction

The family Prunellidae is a relatively old family of
songbirds. The group appears to split from outgroup
families approximately 14.8 million years ago, in the
middle Miocene (Drovetski et al 2013). The diver-
gence of the large Prunella collaris and Prunella
himalayana group and other small accentors oc-
curred during the late Miocene, approximately
7.31 million years ago according to Drovetskii et
al (2013) or 9.1 million years ago according to Liu
et al (2017). Ancestral area reconstructions indi-
cate a Himalayan region origin breeding north of
the Qinghai-Tibet Plateau. Later, new areas were
facilitated during glacial periods, when suitable ac-
centor habitats expanded west to east, and then
subsequently northward from the Plateau and the
great Asian mountain ranges (Liu et al 2017). P.
collaris and P. himalayana diverged from each other
approximately 3 - 4 million years ago during the
late Pliocene, in either the Himalayan region or the
central Palearctic (Drovetski et al 2013; Liu et al
2017). The sympatric species in the Sino-Himala-
yan Mountains have divergent habitat preferences,
with P. collaris residing at higher altitudes than the
others, in alpine habitats. Most speciation events
in accentors occured before the Pleistocene, but
climatic oscillations during that period may have

© 2022 Prunella Publishers

substantially modified their distribution. Liu et al
(2017) suggest that colonization of new areas by ac-
centors was facilitated during glacial periods, when
they expanded away from the great Asian moun-
tain ranges across low-elevation areas, followed by
the fragmentation of suitable habitats during inter-
glacial periods. In the period 115,000 BP - 10,000
BP, the alpine accentor was already widespread in
Euroasia, as well as in Europe, with a number of
isolated populations in different mountain ranges,
late Pleistocene fossils also exist from the lowlands
between mountainous regions (Tyrberg 1991).

Recent studies show that alpine accentors can
detect human activity in winter very quickly (Janiga
2021), therefore, it may be that the first associations
between ancient humans and these birds occurred
in Central Asia as early as 200 to 300 thousand years
ago, at the time of the Denisovans. The age of Cen-
tral Asian Denisovan fossils is estimated at 280,000
years (Jeenbaev 2007). Denisovans were likely
adapted to life in the high mountains, where alpine
accentors also lived. Living at high altitudes is hard.
The air there carries less oxXygen, making it harder to
breathe and causing a host of problems; but mod-
ern inhabitants of Tibet have adapted. Many studies
have linked their altitude adaptation to several genes
including EPAST; part of the system that helps the
body react to low levels of oxygen. Huerta-Sanchez
et al (2014) discovered that genetic adaptation in
modern Tibetans has its roots in Denisovans and
that gene flow from this extinct group is found to
have had important consequences. Alpine accentors
may also have come into contact with Heidelberg
or Neanderthal man in Europe. For example, many
Wiirmian fossil records of alpine accentors are from
SW Europe and link the populations in the Pyrenees,
Massif Central and the Alps. Some records also exist
from Greece (Tyrberg 1991).

Following the arrival of modern humans as
many as 50,000 years ago (Svoboda 2014; Soukup
2015), most of the early relationships between larg-
er birds and humans were ones of predation. In the
case of small bird species, however, the relation
was more of a commensalism, with birds visiting
human settlements mainly in winter. Especially in
the Gravettien, human populations became more
and more settled with sufficient food sources in the
mammoth steppe. After the onset of the Neolithic
— Agricultural Revolution, significant changes also
occurred in the biology of many wild bird species,
including alpine accentors.

Humans began to impact the original biota in a
number of ways, including: the institution of agri-
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culture, storing of foodstuffs, modification of surface
of terrestrial ecosystems (including wetlands, lakes
and rivers), use of fire, fragmentation of wild nature,
and the introduction of invasive or alien organisms.
In late autumn, winter or early spring, some alpine
accentors are commonly found close to farms, and
they exploit feeding opportunities offered by this
association with agriculture (Schiferli et al 1980;
Del Hoyo et al 2005), such as feeding in barns,
close to livestock, or nearby mountain chalets (Fig.
1). The muscular gizzard and crop that characterize
acentors are adaptations to cope with their seed-
dominated autumn and winter diet. The process of
digestion of seeds is further assisted by the con-
sumption of grid. Therefore, some alpine accentor
individuals are commonly found close to human
habitation in winter. In this period of intense me-
dieval pastoralism, birds undoubtedly found food in
the vicinity of haylofts or stables sheltering sheep,
cows or horses. Such phenomena persist in suit-
able conditions today, and accentors are often seen
at horse farms, where they will search for and col-
lect seeds and grain from horse manure (Géroudet
1957: Dyrcz 1976; Stastny and Hudec 2011). Millet
or wheat, for example, has been found in the stom-
ach of birds caught in winter (Kovshar 1966).

A radical change in the relationship of alpine
accentors to humans has occurred in Eurasia over
the last 200 — 300 years with the development of
alpine tourism, which is seriously impacting breed-
ing sites of this species. In the past, a chalet in
the alpine area was mainly used by shepherds as
a shelter for themselves and their flocks. Herders
often visited the mountains to pasture their live-
stock and store milk and butter. This was often
the practice with herders in all Eurasia. During the
winter months, chalets were usually left unattend-
ed because herders would take their livestock and
products to the flatlands. As time went on, outdoor
enthusiasts started traveling to these mountains for
holidays and the herders gave out their homes as
shelter. Then as more people started visiting the al-
pine for holidays, the herders discovered the market
for these vacationers (Fig. 1). More so, this was also
largely the advent of mountain travel, leading to a
boom in tourism. The most important buildings of
this type in the High and Low Tatras were built in
the 19™ and 20™ centuries: 1841 — Skalnata chata,

1883 — Tatliakova Utulia, 1893 — touristic path in
Velkd Studenda dolina (Great Cold Valley), 1895 —
Chata pri Zelenom plese, 1899 — Téryho chata, 1932
— Chata Plesnivec, 1933 — Chata Rysy. In 1920, one
of today's most popular valleys, Ziarska dolina, was
almost unvisited, with the mountain cottage there
completed in 1939. In 1936 work began on the ca-
bleway to Skalnaté pleso and in 1949 the cableway
reached one of the highest summits of the Tatras,
Lomnicky Peak. In 1964 the cableway transported
270,000 people. In 1949 - 1950 the construction of
the cableway to Chopok summit began the devel-
opment of the largest ski resort in Jasna. The his-
tory of the development of alpine summer and win-
ter resorts in the Alps dates back about 100 years
earlier than in the Carpathians, and a boom in the
construction of mountain resorts in the Tian Shan
mountains is currently underway. More recently,
the market for chalets in Eurasia is even stronger
than that of hotels, and one can often rent luxuri-
ous private accommodation with many amenities.
Chairlifts, cable cars and these accommodations
allow many more tourists to visit high mountain
valleys or accesses mountain peaks. However, as
a result a huge amount of biological waste and lit-
ter is left behind. The impact of tourism greatly af-
fects the lifestyle of alpine accentor, as these birds
scavenge this waste throughout the year (Géroudet
1957; Praz 1976; Marti et al 1988), often congregat-
ing close to winter centres and hotels (Hudec 1983;
Cramp 1988; Heer and Fraenkel 1999) or around ski-
lift stations during winter (Dick and Holupirek 1978;
Janiga 2020). The birds can also be found looking
for food left by hikers on the tops of mountains or
in camps for climbers during the summer months
(Martin-Vivaldi et al 1995) (Fig. 2). Sometimes rela-
tively few sites (mountain huts and refuges) may
highly influence the life of accentors in several val-
leys (Janiga 1998). Accentors regularly and actively
forage on food leftovers of hikers (Delestrade 1995;
Henry 2011). As accentors often consume cakes, fat
or bread on mountain tops, feeding on rubbish can
be expected to have an adverse effect on their gen-
eral body condition (Dyrcz and Janiga 1997). The
aim of this study is to provide a summary of the
food that these birds feed on in human-influenced
environments. The findings come from both the
summer and winter seasons.

Fig. 1. Switzerland. Left: For many alpine accentors, seasonal movement to lower elevations introduces them to more heav-
ily vegetated habitats and often brings them into cultivated areas, where they are commonly associated with mountain
villages and livestock. Right: As more people started visiting the alpine, herders discovered the market for these vacationers,
and birds discovered new sources of diet (e.g., garbage left in the wake of tourists) (Photo: M. Janiga, 2013).
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Fig. 2. Left: Racek Mountain Camp, Ala Archa National Park, Kyrgyzstan. Alpine accentors feed on biological waste.
The waste was stored in barrels behind the mountain hut. Right. Rozsutec summit, The Mala Fatra National Park, the
West Carpathians, Slovakia. A young alpine accentor feeds on bread. In an undisturbed environment, the parents feed the
chicks with insects; after flying out of the nest, the fledglings learn to hunt insects and thus to be predators. If the parents
feed them bread, the animals’ foraging behaviour changes, potentially resulting in lower survival rates. The physiology of
individuals is also affected by changing nutrition based on this artificial diet (Photo: M. Janiga, 2012 - left, 2017 - right).

Material and Methods

As noted in many of our previous studies, alpine ac-
centors are the subject of long-term research at the
Institute of High Mountain Biology. The first data
on this bird species was systematically collected in
1984, and various types of research have continued
to the present day. In addition to systematic data
collection, we have had many opportunities to ob-
serve many other phenomena in the life of this spe-
cies. The results herein are the summary of long-
term observations of accentor feeding patterns on
garbage near mountain summits and near mountain
chalets, hotels and huts. The data mainly originate
from the West Carpathians, but observations from
the Alps, Pyrenees, Apennines, Tian Shan, Balkan
mountain range, and Krkonose are also included.
The observations date from 1984 to the present.

Results

An overview of the diet of alpine accentors offered
by people is presented in Table 1. Alpine accen-
tors usually arrive at their wintering grounds in No-
vember, and if they find places without snow, they
forage for grass seed. They seek anthropogenic
food sources particularly in times of snowfall, frost,
snowstorms, or heavy snow cover. In cases of bad
weather, one individual can eat up to 7.5 g of pop-
py seeds or 3 g of bread in the morning. Of these
anthropogenic foods, birds prefer poppy seeds to
bread, bread to biscuits, and biscuits to cheese. In
the case of poppies, they make approximately 40
to 60 pecks per minute. During sunny winter days,
birds actively hunt for insects (flies) under the roofs
or along the windows of hotels. In March, they vis-
ibly switch to foraging for animal food.

Discussion

Organisms that cohabit with humans may be
called synanthropic. Many species leave habitats
modifieds by human activity. Some experienced
populations decline, and a few have been extir-

pated. However, a good number of other species
of birds accommodated to habitat modification.
The existence of such synanthropic is no secret,
but the degree to which the birds of a continental
avifauna use habitats modified by humans has not
been historically and comprehensively evaluated
until recently. Species of early ecological succes-
sion and those known to be habitat generalists are
likely to be synanthropic in at least part of their
distribution. A large proportion of Eurasian birds
could likely be designated as synanthropic, a dis-
tinction probably owing to a longer period of expo-
sure to land use by humans. The enormous number
of feeding associations of birds with other taxa,
including primates, suggests the possibility that,
in the past, birds foraged with some of our human
and pre-human ancestors (see Introduction). Thus,
evolution has played a role in bird-human feeding
associations and the associations of birds with hu-
mans might be an example of very ancient sym-
biosis (Haeming et al 2015). The alpine accentor is
no exception; its winter occurrence has long been
observed on castles (Ferianc 1979), roads (Boehme
1926), or in towns (Schmidt 1985).

However, fundamental changes in the life of alpine
accentors and other mountain bird species occurred
following the Industrial Revolution with the start of
construction of hotels and restaurants beginning to
occur in the alpine. Cable cars and chairlifts allowed
ever greater concentrations of people on summits.
The result is huge amounts of litter at mountaineering
campsites, on high mountain peaks or at mountain
huts and hotels. Birds frequently visit these sites, par-
ticularly outdoor serving areas to feed on scraps and
leftovers (Heer 1998; Janiga 2020). Such summer and
autumn food supplementation could have deleteri-
ous impacts. It may result in an unbalanced diet and
consequently to changes in phenotypic structures
of breeding populations (Jones and Reynolds 2008;
Robb et al 2008; Plummer et al 2013a). The food list
in Table 1 confirms that the alpine accentors seek out
bread scraps (Fig. 3), chocolate and sweet biscuits,
sausage, bacon, and butter. A large body of scientific
literature, as well as the experience of songbird breed-
ers, warns that these food sources are not healthy for
wildlife. They can cause disease, mouth and throat
injuries, and even death. Songbirds must be very ef-
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Food Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Sum
Breads, rolls and 9 7 3 1 2 4 5 8 3 4 16 62
buns

Chocolate and 6 14 4 1 1 1 7 34
sweet biscuits

Sausage, salami, 2 2 1 2 1 8
bacon

Butter, bread and 3 5 1 1 2 12
butter

Poppy seed rolls, 16 4 13 33
poppy

Rice, hotel garbage 7 7
Cheese, milk 2 2
products

Synathropic insect 7 23 1 2 33
on hotels

Melted grassy 1 6 5 6 2 2 22

spots near hotels

Table. 1. Anthropogenic food of alpine accentors. The numbers indicate the number of times a particular bird was ob-
served feeding on a given food source. They depend on the possibility of daily field visits as well as the possibility of food
identification. Numbers therefore characterize qualitative food sources; they do not represent seasonal changes in forag-
ing. Identified food sources in the months November to April come from the winter ski resort of Maliné Brdo, observations
from May to October come from mountain peaks and chalets. Data on the capture of synanthropic insects by birds and
on the change of their diet in places with melted snow and exposed grass come only from the Maliné Brdo ski resort. To
identify the problem of synanthropy in alpine accentors, observations must be multiplied by the huge number of days and
the number of individuals that visit feeding sites and consume anthropogenic food every day in summer, autumn or winter.

Fig. 3. Left: A female alpine accentor collecting bread leftovers after tourists on Malolu¢niak summit, High Tatras, Polish
— Slovakian border. The female was bringing bread to her young. When young wild animals learn to depend on humans
for food, they become less experienced in foraging and consequently less likely to survive. Right: Furthermore, wild birds

that are accustomed to food provided by humans commonly lose their fear of people (Photo: M. Janiga, 2021).

ficient eaters due to rapid metabolism and the small
size of their stomachs. For example, bread robs birds
of the opportunity to take in the true nourishment
their bodies require to survive. Bread has zero nutri-
tion for wild birds. It is heavily processed and contains
chemicals and preservatives that are not suitable for
wild birds. Bread contains very little protein, calcium,
phosphorus, or other vitamins and trace minerals
(Burt et al 2021), which birds need to develop mus-
cles and feathers. As a carbohydrate-rich food, these
bread products do not contain sufficient fat, and while
it will provide momentary satiety, does not provide
much nutrition (Burt et al 2021). This is a deadly com-
bination of factors, considering how many calories
birds need to eat in order to survive. The same is true
for similar bread-like products such as buns, bagels,
crackers, chips, pretzels, cookies, cereal, and donuts.
For a small bird, this can lead to tragedy very quickly.

It can freeze to death overnight, with its stomach full
of bread. Foods such as chips, cookies, and crackers
are reported as terrible food choices for birds because
they are full of trans fats and crammed full of sugar
and salt. Bacon drippings are another dangerous diet
to offer wild birds. Bacon is full of nitrates, salt and
other additives which are very harmful to wild birds’
health. Fresh milk products or chocolate are also not
a good food for wild birds because birds are lactose
intolerant. Small chocolate residues can be fatal to a
bird, due to the theobromine and caffeine.

They cause a bird digestive distress as well and
heart and breathing difficulties. These snippets of
information from veterinary literature and guides
for songbird enthusiasts are just a very brief over-
view of what anthropogenic food can do to birds in
the high mountains. Moreover, feeding a bird can
change its normal behaviour and cause it to lose
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its natural fear of humans and pets (Fischer and
Miller 2015). A food-conditioned animal is likely
to approach other people looking for food (Clark
et al 2015). Birds can become dependent on artifi-
cial food sources, less able to survive on their own
(Plummer et al 2013b) and pass important survival
skills onto their young (Fig.3).

Humans are influencing food supply for birds
directly by providing feeders, but also indirectly via
waste treatment and through the creation of urban
spaces at the expense of natural habitats (Chace
and Walsh 2006). In this study, the important find-
ings on the effects of food supplementation on al-
pine accentor ecology were highlighted. It can be
estimated that between 10 and 30 percent of the
alpine accentor population may be fed in this way
during the summer and autumn months in the Tatra
mountains. Perhaps this phenomenon may be cor-
rected only by different feeding preferences among
individual birds (Janiga and Novotna 2006). It is
known that some accentors visit places with plenty
of anthropogenic food frequently, while others do
so only sporadically (Heer 1998). However, many
young birds can be observed on summits collecting
food from humans (Fig. 2). The distance they must
travel to do so are likely farther than previously
imagined. This indicates that the effects of supple-
mentary feeding on alpine acccentors are likely to
extend far beyond just one mountain valley. Thus,
learning and information transfer between genera-
tions can be a serious phenomenon that threatens
the population stability of this protected species
in the high mountains (Janiga 1998). As inciden-
tal supplementary provisioning of wildlife is hugely
prevalent and increasing in these habitats, this may
have large and widespread ramifications for bio-
diversity conservation in many mountain national
parks, and we urge caution upon policy makers in
national parks to ensure hygiene and enforce main-
tenance of tourist destinations in affected areas.
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Abstract. The accumulation of chemical ele-
ments in the bones of Tatra chamois (Rupicapra
mpicapra tatrica) in Tatranska Javorina in the area
of the Belianske Tatras were studied. Over a two
year period, bones taken from the same site were
sampled four times. During each sampling, chemical
elements were measured, and then the bones were
put back in their original position. The site was at an
altitude of 1000 m a.s.1. We investigated the effect of
time on the concentration of elements in the bones
of deceased chamois. It is clear from our research
that the elements behave differently over time. It can
be said that if bone samples are taken directly from
the field, the results may differ due to element ex-
changes, mainly between bones, precipitation water
and air. Elements like P, Cr, Mn, Fe, Zn, Rb, Sr, Mo,
Sb, Ba, and Pb tended to increase or do not change
concentrations in the bones over time, while con-
centrations of Ca, K, Cl decreased.

Key words: bones, chamois, Tatras, elements, measure-
ment, XRF spectrometry

Introduction

Elements can be stored in the bones of an ani-
mal throughout its life (Ballova et al 2019). Bone
of a dead animal is a material that can absorb trace
elements from the surrounding soil and act as a
funnel for these trace elements. However, it ap-
pears that bone content does not always match soil
content (for some elements), suggesting that bone
may be affected by factors other than soil, such as
moisture, porosity, pH, reactive conditions, climate
and time (Krajcarz 2019). Therefore, the information
obtained will not be reliably usable in other condi-
tions in which the experiment was performed.

The concentration of elements in the bones
of dead wild ruminants reflects the environmental

© 2022 Prunella Publishers

conditions in which these animals lived, as well as
post-mortem changes in the levels of the elements.
It has been shown that the content of heavy met-
als increases with altitude and heavy metals can
have adverse effects on animal health. We there-
fore consider ruminants living in alpine ecosys-
tems to be a good indicator of environmental con-
tamination by heavy metals from the atmosphere
(Ballova et al 2019). Increased pollution in our
environment has exposed flora and fauna to the
harmful effects of toxic substances (Wavita 2018)
and this pollution can also be seen in the study
of bones from dead individuals. Heavy metals that
can be observed in bones include: lead, mercury,
arsenic, cadmium, nickel, or chromium.

This study focuses on assessing the impact
of the natural external environment over a rela-
tively short time (approximately 2.5 years) on the
concentration of elements in the bones of dead
Tatra chamois (Rupicapra rmpicapra tatrica). The
influence of the environment on the concentra-
tions of elements in the bones can manifest itself,
for example, as a chemical change in the main
component of the bone; trace metal sorption; and
adhesion of fine dirt particles to the bone surface
(Lopez-Costas et al 2016). Furthermore, a large
number of microcracks are likely to increase bone
fragility, which provides space for the accumula-
tion of elements (Jans et al 2002). When the bones
are warm, the dry environment affects them almost
immediately. Exposure to a temperature-controlled
environment results in dramatic changes in the in-
ternal composition of the elements in the bones, but
much more slowly than is shown for bones exposed
to warmer conditions (Karr and Outram 2015).

Material and Methods
Study area

The experiment was carried out using freshly pre-
pared bones (ribs and pelvic bones) from Tatra
chamois (Rupicapra mpicapra tatrica) which died
in the winter of 2017/2018 and were stored in freez-
ers at a temperature of -70° C. The site where the
bones were stored is located on the land belonging
to the Institute of Hight Mountain Biology (IHMB),
at an altitude of 1000 m a.s.l within an alder (Alnus)
forest. It is a place affected by different conditions and
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the climate is closest to the conditions of a decidu-
ous forest, though it is comprised of mountain alder
floodplain forests with gray alder (Alnus incana).
This type of floodplain forest occurs along mountain
streams and at springs up to 1200 m a.s.l. Through-
out our research, all the bones were placed at the
same location, at the coordinates: N 49.266262°,
E 20.141956° . The samples were placed at the site
during the summer (Fig. 1a) and winter seasons
(Fig. 1b). Bones were labeled using a sterile ban-
dage to allow precipitation and climatic conditions
to affect it. All bones were placed in a mesh to pro-
tect them from predators.

Sample preparation and laboratory analyses

Samples from Tatra chamois (n = 30) used for this
study came from naturally deceased Tatra chamois
found in their natural habitat (1600 — 2100 m a.s.1)
during the winter season (2017/2018). Animals
were recovered by the staff of the State Forests of
Tatra National Park. We obtained bone samples
by dissecting these dead chamois. Subsequently,
we removed the pelvis and rib bones from each in-
dividual. After dissecting the chamois bones, we
cleaned off as much soft tissue as possible. The
chamois bone samples included 30 pelvic bones
and 30 rib bones, so that together there were 60
bone samples. At the beginning of the experiment,
we cut a small piece of each bone sample using a
hand saw. The remains of the bones were placed in
mesh in the alder forest, where they were affected
by environmental conditions. At certain intervals
from October 2019 to December 2021 (October
2019, May 2020, June 2021, December 2021), we
examined the next piece of each bone. We obtained
a total of 4 samples from each bone during the 2.5
years of the experiment. These bone pieces were
dried in a laboratory Incubator IF 160 Plus (Mem-
mert, Germany) at 80 ° C for 8 hours.

Subsequently, these dried samples were ground
using a cryomill (Retsch, Germany) at a frequency of
30 oscillations per second for 50 seconds, to a pow-
der. Powder samples were continuously analyzed
immediately after sawing for elemental concentra-
tions using a hand-held XRF spectrophotometer
Delta (Olympus, Innov-x Systems, USA). Measure-
ments run in closed Delta XRF Portable WorkStation.
Samples were analyzed in plastic cuvettes with plas-
tic foil at the bottom for 240 s in three 80 s intervals,
from which the average was calculated. A spectrom-
eter was calibrated for bones by using certificated
reference Bone Meal standard (SRM 1486, Mary-
land). The detection limits were determined continu-
ously for each measurement and for each element
by software using Compton Normalization method.

Statistical analyses

The results processed by the XRF spectrometer were
stored in an Excel spreadsheet. Subsequently, sta-
tistical analyses were performed with Statistica 12
software for Windows (Stat Soft CR, Prague, Czech
Republic). Elements that had many values below the
detection limit of the XRF spectrophotometer were
excluded from statistical analyses: sulfur, titanium, co-
baltum, niccolum, cuprum, arsenicum, selenium, zir-
conium, argentum, cadmium, stannum, hydrargyrum.
Selected elements that we used in statistical analyzes
were: P, Cl K, Ca, Cr, Mn, Fe, Zn, Rb, Sr, Mo, Sb, Ba,
Pb. Because the distribution of observed levels of ele-
ments between groups was non-normal according to
the Shapiro-Wilk test, we used non-parametric tests.
Differences in elemental concentrations in the two
bone types (pelvis and rib) between different months
of exposure were compared using the non-parametric
Kruskal-Wallis test. Elemental concentrations were
also compared between rib and pelvic bones using the
Kruskal-Wallis test. As the concentration of elements
in the pelvic and rib bones did not differ for most ele-

Fig. 1. a) Place of storage of samples in summer. b) Place of storage of samples in winter (Photo: S. Brecelj, 2019/2020).
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ments other than Fe, both bone types were used in one
cluster to investigate the differences in the concentra-
tion levels of elements in different sexes and in juvenile
and adult individuals. These differences were analyzed
using the least squares average method.

Results

Phosphorus. The level of phosphorus in the pel-
vis and ribs ranged from 40,000 to 80,000 ug/g. Its
amount increased after exposure of the bone to the
outdoor environment from 8 to 19 months. Phos-
phorus began to decline slightly 26 months after the
bone was placed in the external environment. This
means that phosphorus levels increased after the
first and second winter periods (Fig. 2).

Chlorine. The amount of chlorine reaches a stan-
dard lower level immediately after the first winter
and then did not change significantly for the remain-
der of the observation period (Fig. 3).

Potassium behaves in the same way as chlorine
in both the ribs and the pelvis (Fig. 4). It is very likely
that it leached out of the bones in the external envi-
ronment in the form of salts (KCl).

Calcium. Figure 5 shows a decrease in the amount
of calcium in the pelvis after the first winter with a
subsequent increase following the second winter.
At the end of 26 months, calcium was leached from
the pelvis due to environmental conditions. Calcium
in the ribs did not decrease after the first winter or
after the second winter. Similarly to the pelvis, the
calcium content increased after 19 months and then
decreased after 26 months. The trend is not identical
but in the time horizon after 19 months, it is similar to
the variability of phosphorus in bones.

Chromium. After the first winter, the concentra-
tion of chromium in the ribs increased, but the con-
centration of chromium in the pelvic bones remained
unchanged throughout the experiment (Fig. 6).

Manganese is also a biogenic element. The
concentrations of this element in the ribs increased
significantly during the experiment. There was also
a slight increase in Mn in the pelvic bones, but this
was not significant (Fig. 7).

Iron. The concentrations of iron did not change
significantly for either type of bone (Fig. 8).

Zinc concentrations increased significantly in the
pelvic and rib bones during the experiment (Fig. 9).
The measured values ranged from 79 to 5604 ug/g.
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Fig. 2. Mean concentrations of phosphorus in the bones
of Tatra chamois. Amount of phosphorus significantly in-
creased in both types of bones from 8 to 19 months after
the exposure (pelvis: KW-H (3,67) = 27.4, p = 0.00000,
rib: KW-H (3,85) = 24.5, p = 0.00002).

Fig. 4 Mean potassium concentrations in chamois
bones. The amount of potassium decreased in both
bone types from 0 to 8 months after exposure (pelvis:
KW-H (3,66) = 27.9, p = 0.0000, Rib: KW-H (3,84) = 20.2,
p = 0.0002).
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Fig. 3. Mean chlorine concentrations in chamois bones.
The amount of chlorine decreased in both bone types
from 0 to 8 months after exposure (pelvis: KW-H (3,62)
=50.9, p=0.0000, rib: KW-H (3,77) = 66.1, p = 0.0000).

Fig. 5. Mean calcium concentrations in chamois bones
(pelvis: KW-H (3,67) = 14.0, p = 0.0029, rib: KW-H (3,87)
=7.6, p=0.0556).
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Fig. 6. Mean chromium concentrations in chamois
bones (pelvis: KW-H (3,67) = 6.3, p = 0.0958, rib: KW-H
(3,84) = 32.1, p = 0.0000).

Fig. 7. Mean manganese concentrations in chamois
bones (pelvis: KW-H (3,84) = 7.2, p = 0.0658, rib: KW-H
(3,84) =17.3, p = 0.0006).
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Fig. 8. Mean iron concentrations in chamois bones (pel-
vis: KW-H (3,67) = 8.5, p =0.0368, rib: KW-H (3,84) = 5.3,
p =0.1499).

Rubidium. The course of accumulation of ru-
bidium levels is different for the pelvic bones
and for the rib bones as a whole. In the pelvic
bones, the level of rubidium was lower at the
beginning of our study than at the end at 26
months. In the rib bones, the rubidium level was
higher at the beginning than at the end of the
experiment (Fig. 10).

Strontium. Changes in strontium levels were not
significant in the ribs or pelvic bones (Fig. 11).

Molybdenum. Molybdenum levels increased over
time in both types of bone. In the pelvic bones, the
level of molybdenum first decreased slightly (within 8
months) and then rose until the 26™ month, when it
exceeded the original values. Similarly on the rib bones,
the molybdenum levels dropped slightly until the 19™
month and then rose by the 26™ month (Fig. 12).

Antimony. Changes in antimony levels were not
significant in the ribs or pelvic bones in different
measured periods (Fig. 13).

Barium. The concentration of barium in the rib
bone increased after 8™ and then after 26™ month.
However, in the pelvis, changes in the concentra-
tion of this element were not significant (Fig. 14).

Lead. The concentration of lead rose signifi-
cantly for two years, with a visible curved line. This
means that the amount of lead in the bones con-
stantly increased over time (Fig. 15).

Fig. 9. Mean concentrations of zinc in the bones of chamois.
The amount of zinc significantly increased in both types of
bones from 0 to 26 months after the exposure (pelvis: KW-H
(3,67) = 45.4, p =0.0000, rib: KW-H (3,84) = 49.1, p = 0.0000).

Elements in the bones of dead chamois

Levels of element concentration in the pelvic and rib
bones of chamois were not significant in most cases
(Table 1). Higher levels of iron were measured in the
rib bones compared to the pelvis.

Interesting differences were found between ju-
veniles and adults older than 2 years, where the
juveniles were compared before the first winter of
survival Juveniles had the same calcium content as
adults (Table 1). However, they had also more bio-
genic elements in their bones (P, Fe, Zn) compared
to adults. In addition, they had higher levels of met-
als such as Sr and Sh.

After excluding juveniles from the measured set,
concentration of elements did not differ between
sexes (Table 1).

Discussion

We found that the phosphorus in the bones of the Ta-
tra chamois had values from 40,000 to 80,000 pg/g.
Hancock et al (1989) have phosphorus data in their
work ranging from 180,000 to 191,000 ug/g in human
archeological bones. Further, Zaichick et al (2009)
have values of 123,000 and 122,730 ug/g in their work
about rib bones in healthy humans. Farswan and
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Fig. 10. Mean rubidium concentrations in chamois
bones (pelvis: KW-H (3,67) = 16.3, p = 0.0010, rib: KW-H
(3,84) = 28.9, p = 0.00000).

Fig. 13. Mean antimony concentrations in chamois
bones. The amount of antimony did not differ among dif-
ferent periods of exposure. (pelvis: KW-H (2,9) = 2.2, p =
0.3316, rib: KW-H (3,19) = 2.7, p = 0.4428).
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Fig. 11. Mean strontium concentrations in chamois
bones (pelvis: KW-H (3,67) = 2.9, p = 0.4007, rib: KW-H
(3,84) =3.7, p=0.3015).

Fig. 14 Mean barium concentrations in chamois bones after
different time of exposure of bones in the field (pelvis: KW-H
(3,62) = 3.3, p =0.3462, rib: KW-H (3,81) = 7.9, p = 0.0478).
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Fig. 12. Mean molybdenum concentrations in chamois
bones (pelvis: KW-H (3,51) = 7.1, p = 0.0681, rib: KW-H
(3,756) = 16.5, p = 0.0009).

Nautiyal (1997) state that the phosphorus value in
mountain soils can be from about 400 to 1400 ug/g.
Phosphorus is a strontium-related element and can
enter the bones after death through snails that feed
on these bones because there is up to 10,000 pg/g of
phosphorus in the slug mucus (Greistorfer et al 2017).

Average chlorine in our bone samples ranged
from approximately 100 to 4000 ug/g. Kilburn et al
(2021) report a value of chlorine of about 200 ug/g
in archaeological human skeletal remains. In work

Fig. 15. Mean lead concentrations in chamois bones
(pelvis: KW-H (3,4) = 6.7, p = 0.0832, rib: KW-H (3,62) =
13.7, p = 0.0033).

by Blondiaux et al (1992), on bones from the 6%
century, case data are reported as: compact bone
213 ug/g; trebacular bone 465 ug/g; and new bone
373 pg/g. Chlorine values of human archeological
bones are reported as follows: 118.6 ug/g, 127.7
ug/g, 254.9 ug/g, 683 ug/g and 934 ug/g (Edward
1990). Chlorine is an element that is absorbed by
bone mainly during the life of the animal. Following
death, or environmental exposure, the bones quickly
lose chlorine to almost zero values (Piga et al 2013).
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Element Rb Ca P K Cr Mn Fe
24.8 266,147.2 3167.8 39.8 30.6 412.9 138.4
Pelvis +6.8 +13,933.8 +465.7 +8.4 +5.2 +101.9 +12.2
(29) a (29) a (29) a (29) a (29) a (29) a (29) a
31.9 235,778.0 3323.0 36.5 35.4 637.3 179.4
Ribs +7.1 +14,440.7 + 482.6 +8.7 +5.4 +105.6 +12.6
(27) a (27) a (27) a (27) a (27) a (27) a 27) b
21.4 244,049.1 3516.9 35.9 36.9 554.0 160.1
Males +6.2 +13649.4 +447.1 +8.3 +5.1 +102.3 +12.3
Sample (32) a (32) a (32) a (32) a (32) a (32) a (32) a
type 35.0 260,346.6 3049.8 45.3 27.2 483.5 1565.5
Females +8.0 +17,713.8 +580.2 +10.8 +6.6 +132.8 +16.0
(19) a (19) a (19) a (32)a (19) a (19) a (19) a
31.6 243,266.0 2493.6 31.4 26.2 372.7 138.1
Adults +6.7 +13,550.0 +342.4 +4.6 +2.0 +60.4 +9.8
(32) a (32) a (32) a (32) a (32) a (32) a (32) a
24.3 242,675.3 4122.3 37.9 32.4 576.1 186.6
Juveniles +9.4 +19,162.6 +484.2 +6.5 +2.7 +85.5 +13.9
(16) a (16) a (16) b (16) a (16) a (16) a (16) b
Element Zn Sr Mo Sb Ba Pb Cl
182.9 4.2 16.8 104.0 9.9 24245 2424.5
Pelvis +13.4 +0.4 +1.6 +8.1 +1.0 +606.0 +606.0
(29) a (23) a (6) a (27) a (20) a (29) a (29) a
182.4 5.1 15.5 105.3 12.0 3680.9 3680.9
Ribs +14.0 +0.5 +1.6 +8.4 +1.0 +628.1 +628.1
(27) a (20) a (6) a (25) a (22) a (27) a (27) a
179.3 45 16.2 99.7 11.4 3253.3 3253.3
Males +12.8 +0.4 +1.3 +8.0 +1.0 +613.2 +613.2
Sample (32) a (27) a (10) a (29) a (23) a (32) a (32) a
type 191.5 5.0 16.0 108.3 10.56 2882.7 2882.6
Females +16.6 +0.6 +2.9 +9.9 +1.3 +795.8 +795.8
(19) a (13) a (2) a (19) a (14) a (19) a (19) a
176.7 3.8 14.9 87.3 9.5 2539.3 2539.3
Adults +10.5 +0.3 +0.7 +5.1 +0.9 +214.3 +214.3
(32) a (24) a (8) a (32) a (21) a (32) a (32) a
236.9 5.7 16.0 118.1 11.8 2767.6 2767.6
Juveniles +14.8 +0.5 +1.1 +7.2 +1.0 +303.1 +303.1
(16) b (12) b (3)a (16) b (15) a (16) a (16) a

Table 1. Least square means with standard errors of element concentrations (ug/g) in the bones of dead Tatra chamois
(One-way ANOVA, different letters in a column denote the significant differences between groups, p < 0.05, number

of samples is in the parentheses).

In our results, mean potassium in chamois bones
has values of about 3000 ug/g at the first measure-
ment and later drops to almost zero. Work by Blon-
diaux et al (1992), states that the bones from the 5
and 6™ century case contain compact bone values of
265 ug/g, trebacular bone values of 270 ug/g and per
new bone of 1155 pg/g. Values of rib bone of healthy
humans are 412 and 427 pg/g (Zaichick et al 2009).
Potassium in the human skeleton is 810 ug/g (Bratter
1977). According to Yamagata (1962), in human tis-
sues such as bones, potassium values increase from
0.98 to 20.0 pg/g. It is probably stored in the bones
of animals mainly during their lives and after death,
when their bones are exposed to external environ-
mental influences, potassium levels drop rapidly to
almost zero (Follis et al 1942).

In our results, average calcium in chamois
bones was found at values between 270,000 pg/g
and 190,000 pg/g. According to Hancock et al
(1989), values of 396,000, 400,000 and 402,000 ug/g
calcium were found in human archeological bones.

Zaichick et al (2009), in turn reported calcium val-
ues of 265,800 and 267,300 pg/g in rib bones of
healthy humans and Blondiaux et al (1992) report
compact bone values of 30, trabecular bone values
of 31, and new bone values of 32 pg/g in bones
from the 5™ and 6™ century. Calcium values were
from 200,000 to 240,000 pg/g in human archeologi-
cal bones (Edward 1990). Calcium is an element
that occurs naturally in animals and is an important
part of bones. This element is important to bone
strength. Calcium is leached from the bone after
death. According to Vass (2001), calcium concen-
fration can be used to determine the length of time
since death because it is leached from the bone
at a rate determined primarily by temperature and
exposure to moisture. This is corroborated by our
results, where the level of calcium was lower in
warmer months than in the colder months.
Chromium increased more significantly in rib
bones. In the pelvic bones, changes in chromium
levels are less noticeable. Bones as a sorbent can
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absorb chromium well from aqueous solutions
(Chojnacka 2005). Average manganese in our bone
samples reached a maximum value of 60 pug/g. Blo-
diaux et al (1992) recorded manganese values of
3.4, 65 and 252 pg/g, in their samples from the 5th
and 6th century, which are quite consistent with
our work. Conversely, other studies, (Zaichick et
al 2009) showed manganese values in human rib
bones was as high as 1000 to 1020 ug/g. Kilburn et
al (2021) recorded manganese values of 1000 ug/g
in archaeological human skeletal remains.

In our results, mean iron reached a level of 1000
ug/g in chamois bones. Iron levels in archaeological
human skeletal remains were recorded at a maxi-
mum of 30,000 ug/g, or conversely, Kilburn et al
(2021) recorded valuesa of 1000 pg/g. In Zaicshick
et al (2009) iron values in rib bone of healthy hu-
mans were 92,000 and 99,000 pg/g.

In our results, maximum average zinc concen-
trations were measured at 1500 ug/g. Zaichick et al
(2009) recorded zinc values in rib bones of healthy hu-
mans at concentrations of 143,000 and 147,000 ug/g.
Work by Blondiaux et al (1992) reported zinc values in
archeological bones at 82 ug/g for compact bone, 128
ug/g for trebacular bone and 350 ug/g for new bone.
Zinc was almost identical in the pelvic and rib bones.
Although there were some differences, they were less
significant than in other elements. It appears that zinc
was only present in small amounts in the bones and
concentrations increased over time. This increase
may be due to diffusion from the soil, as this element
occurs in the environment due to zinc smelters (Wier-
zbicka and Pielichowska 2004).

Rubidium in chamois bones was measured at val-
ues 60 ug/g and less. Yamagata (1962) records rubidi-
um values in human tissues such as bones at 4.9 ug/g,
5.4 ug/g, 9.7 ug/g and 10.5 ug/g (the work contained
more bones numbered as a type). Thus, rubidium is
already present in bone tissue, but in small quantities
(Yamagata 1962). Rubidium is normally found in ani-
mal and human bones, and Yamagata (1962) found 7.6
ug/g of rubidium in human bone ash.

Based on our results, strontium exists in bones
at values around 200 pg/g. Zaichick et al (2009)
recordss values in rib bone of healthy humans at
264,000 and 251,000 ug/g. Blondiaux et al (1992)
write that strontium values in bones from the 5™
and 6™ century are 220 for compact bone, 185 for
trabecular bone and 257 ug/g for new bone. Fur-
thermore, Edward (1990) mentions values in human
archeological bones such as 8b.7 ug/g, 90.1 pg/g, 90.7
ug/g, 99.3 ug/g, 100.2 ug/g. This may be due to food
intake, even in the case of plant foods (Price 2002).

In our results, molybdenum has the highest av-
erage value of approximately 9 ug/g in bones. Hid-
iroglou et al (1982) studies fresh long bones of the
left thoracic limb, and reported molybdenum values
averaging 1.66 ug/g, 1.69 pug/g and 1.74 ug/g. Other
molybdenum values are also mentioned, which are:
46, 48 and 49 pg/g (Hidiroglou et al 1982).

Antimony is an element found in the bones that
highest average values are 20 ug/g. Another study
(Heydorn 1967) reported antimony values for hair
in men, namely: 0.163 pg/g. Antimony levels in the
bones, as with many other elements, generally in-
creased. High levels of antimony, which were mea-
sured at the first measurement, can be taken up
into the bones through food or from the atmosphere

(Nixon 1969). Antimony concentration generally
increased, but this was mainly observed in the rib
bones. Measurements for pelvic bones at 26 months
were unavailable. Bones (such as teeth) absorb less
antimony than other parts of the body (such as soft
tissues) (Friedrich et al 2012).

Barium has the highest average value in bones,
with concentrations above 150 pg/g. According
to Zaichick et al (2009), the barium value in rib
bones of healthy humans is 270,000 ug/g and Brat-
ter (1977) mentions a barium value in the human
skeleton of 71 ug/g. Again, according to Kilburn et
al (2021) the barium value in archaeological human
skeletal remains is around 200 ug/g. The level of
barium in the bones generally increased, as with
other elements. As with other elements, the levels
in the pelvis and rib bones do not match at all. Bar-
ium is an element that is most likely to be absorbed
from the soil (Carvalho et al 2004), which can also
be seen in the graph.

Manganese is an element that generally does
not have high uptake in ruminants (Ballova et al
2019), which can also be seen in the results.

The highest average lead was shown by our data
as just below 20 ug/g. According to Brétter (1977),
lead values in human skeleton reach 3.43 ug/g. Lead
levels have generally risen sharply. Lead levels were
higher in the rib bones than in the pelvic bones. Lead
can also enter the environment due to road pollution
(Minoranskij 1990). According to Ballova et al (2019),
lead and zinc contamination in the High Tatras is
prevalent. Pollution or contamination by these ele-
ments is most likely caused due to the influence of
the coal and mining industries. The sources of these
pollutants do not neccessarily have to be in close
proximity to the High Tatras, but can travel long dis-
tances (e.g., Moravia in the Czech Republic).

The mountains are a good identifier of air pollu-
tion concentrations (Ba, Mn, Pb, St, Zn) in the bones
and teeth of wild ruminants from the West Carpath-
ians and the Tian-Shan Mountains, as evidenced
by Ballova et al (2019). These high pollution con-
centrations likely have had a significant effect on
element concentrations in chamois bones. Further,
bones, as calcified tissues, are good bioindicators
of long-term accumulation of elements. Pollution in
the mountains can also be related to emissions from
transport, which means that large cities are also
significant polluters (Ballovéa et al 2019).

Air pollution from transport emissions is mainly
a source of lead and barium. According to Krajcarz
(2019), the most important lithological features
of the soil in terms of chemical changes in metal
concentrations in bone are the content of organic
matter and sediment moisture. Both factors act-
ing together are necessary to significantly change
the chemical composition of bones. Further, other
elements such as sulfur, titanium, cobaltum, nic-
colum, cuprum, arsenicum, selenium, zirconium,
argentum, cadmium, stannum, hydrargyrum, had
poorly measured levels in chamois bones (Rupi-
capra rpicapra tatrica). Therefore, due to their
non-quantified levels, they were not included in the
processing of data on the synergistic behavior of
the elements, even though these elements are suf-
ficiently interesting from a research point of view.

Calcium is leached from the bone after death,
as confirmed by Vass (2001). Calcium is used as
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an element to determine the length of time since
death because it is leached from the bone at a rate
determined primarily by temperature and moisture
exposure. Zinc was present in the bones only in
small amounts and increased over time. This in-
crease may be due to diffusion from the soil, as
this element occurs in the environment due to zinc
smelting (Wierzbicka and Pielichowska 2004). Ac-
cording to Ballova et al (2019), environmental con-
tamination by lead as well as zinc is strong in the
High Tatras. Pollution is most likely caused by the
coal and mining industries.

Furthermore, bones as calcified tissues are
good bioindicators of long-term accumulation of el-
ements. Pollution in the mountains can be related
to emissions from transport, which means that even
large cities are significant polluters (Ballova et al
2019). Air pollution from transport emissions con-
sists mainly of the elements lead and barium. Ele-
ments such as sulfur, titanium, cobalt, nickel cop-
per, arsenic, selenium, zirconium, silver, cadmium,
tin, hydrargyrum had low levels in chamois (Ru pi-
capra rupicapra tatrica) bones. If bone samples are
taken directly from the field to compare concentra-
tions between mountain ranges, results may differ
due to these element exchanges mainly between
bones, soil and air. A duration of 26 months is
enough to change the chemical composition of the
bone to a detectable level, if environmental condi-
tions are suitable (Krajcarz 2019).
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Abstract. Temperature is a crucial driver of eco-
system dynamics in forests. Thermal changes
within forests can be highly variable and are de-
pendent on multiple factors, such as forest type,
soil composition, edge orientation, slope, humidity
and climate conditions. In this study we focused
on temperature measurement of forest stands us-
ing a thermal camera, in three different locali-
ties within the Belianske Tatras. These localities
were selected based on slope orientation and dif-
ferentiated by vegetation type. The main aim of
the study was to determine the surface tempera-
ture of the forest area in terms of seasonal and di-
urnal/night temporal changes. Field measurements
were carried out continuously for two years. The
results suggested significant temperature differ-
ences between the measured localities and also
showed in which locations the most heat accu-
mulates, the influence of slope orientation on tree
growth, and the response of vegetation to seasonal
changes. If the forest is significantly damaged, it
cannot function properly to mitigate large tempera-
ture fluctuations. The forest must inhabit a particu-
lar footprint and utilize the correct management
strategy for proper growth and regeneration in or-
der to maintain a mild microclimate. From an eco-
logical perspective, it preferable to leave old mixed
forests as intervention free as possible. Intervention
may include logging, planting of monocultures, or
drainage of slopes with the help of heavy machin-
ery, and contributes to long-standing problems that
persist for decades. Belianske Tatras, as an eastern
locality with unique dolomites and rare vegeta-
tion, fully captures the nature of the Tatras and is a
prime example of the microclimate within this re-
gion. This microclimate is crucial to this mountain
complex for the prevention of periphery drought,
whereby water resources will be lost. Additionally,
within this study, thermal imaging proved to be a
suitable tool to understand ecosystem response to
temperature extremes This technique still has its
flaws, and must be fine-tuned to fully determine
temperature, thermal conductivity, specific heat
and emissivity within these environments.

© 2022 Prunella Publishers

Key words: Belianske Tatry, forested areas, daily and sea-
sonal time scales, climatic conditions, forest temperature

Introduction

Forests are an important part of our lives, provid-
ing beauty, recreation, and an ecosystem that
helps us to combat climate change, but deforesta-
tion is still a widespread issue worldwide. Defor-
estation is not limited to rainforests alone; approx-
imately 3.7 million hectares of forest in Europe
has been damaged by insects, fires and human
activity. An additional threat to this ecosystem
is forest fragmentation (Ledig et al 1992), which
occurs due to the continuous development of cit-
ies and related infrastructure. Every day we lose
an area of forest equal to double the area of the
High Tatras due to deforestation. Forests produce
oxygen, which is requisite for life; they capture
and filter water; provide sustenance and shelter
for fauna and flora; and propagate medicinal sub-
stances. As the human population grows every
year, more and more food crops need to be grown.
Agriculture causes 80 % of deforestation. When
forests are clear-cut to create more land for grow-
ing crops, especially in rainforests during the dry
season, the soil becomes poorly nourished, dry,
and infertile, leading to a loss in value. Nutrients
are often supplemented with chemical sprays that
are unnatural to the environment, or “cutting and
burning” is relied on as an agricultural technique.
This land is fertile, but only for a short period, and
farmers quickly abandon fallow land for new areas.

Fortunately, in many countries, emissions are
falling as a result of the introduction of new laws
and policies, such as fuel standards, stricter build-
ing regulations and emission limits for power
plants. Also contributing to this are developments
in technology and lifestyle trends, and increasingly
incorporating the principles of sustainable use of
resources, partly in response to the growing inter-
est of governments, business and the general public
about the threat of social unrest and conflict, and
from worsening environmental problems (Gallopin
et al 1997). Many countries signed the Paris Agree-
ment in December 2015 and committed themselves
to better policies to combat climate change. This
change will be reflected in investment in cleaner
energy sources, such as wind turbines, solar pan-
els, hydropower and power plants that burn natural
gas instead of coal. Countries also set carbon taxes
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on emissions, which could have a profound impact
on and convince industries to start using cleaner
energy sources faster. However, in Slovakia, use
of forest resources is largely an issue of economy,
often due to the necessity for construction of new
human dwellings, tourism and transport. Increasing
deforestation in national parks, nature reserves, and
protected landscape areas continue to occur due to
state support and fundraising. Harvested wood is
also used in house construction, paper production
and heating. In addition, the loss of such habitats
in Slovakia also causes significant negative effects,
including: a reduction in biodiversity, contribution
to global warming, interruption of water cycles,
soil erosion, increase in greenhouse gases and, last
but not least, increasing the temperature of the for-
est and surrounding soils. This last factor was the
focus of this study, wherein we sought to evalu-
ate the extent to which this temperature increase
has impacted forests and their surrounding soils.
The main aim of the study was to obtain data on
forest temperature at selected localities, and to
find out how the forest temperature fluctuated de-
pending on seasonal changes, daily changes, and
depending on how much the given soil substrates
overheat to loss of vegetation.

Material and Methods
Study area

We carried out research on measurement of forest
temperatures in the Belianske Tatras, which com-
prise the northeast part of the Tatra Mountains (in
North Central Slovakia). We wanted to focus on
slopes oriented in different direction, therefore we
chose three localities that identify the forest tem-
perature due to the slope’s orientation to sun. Lo-
calities are affected by various local climate factors.

We chose the first locality L1 Pod Muranom (mea-
surement from point - N 49.24965°, E 20.15829°) in
the Javorova valley (Fig. 1). The slope is south-west
oriented, and is located at an altitude of 1084 m
a.s.l This locality was divided into three positions
for a better overview of the temperature at differ-
ent heights with different vegetation composition.
The first position is located between 55 and 168 m
from the point of measurement, at an altitude of
1100 - 1200 m a.s.1. The first position is composed
of young spruce forest that is not exposed to severe
weather conditions and is close to the meadow
ecosystem. The second position is located between
168 and 461 m from the point of measurement, at
an altitude of 1200 - 1300 m a.s.1. The second posi-
tion is a forest following a natural disturbance. It
consists of a mixed stand in which natural disorders
occur. It is mainly affected by stronger winds and
larger temperature fluctuations due to higher alti-
tudes. At this level of the slope, there is a natural
regeneration of the forest, which is composed of
nutrients from the previous stand of trees. Resto-
ration in this area began with a young deciduous
forest of beech, maple and rowan. The third posi-
tion is located between 461 and 636 m from the
point of measurement, at an altitude of 1300 - 1450
m a.s.l. This position is characterized as an old

spruce forest without current human intervention.
It withstands the greatest natural conditions and
forms the basic floor at this altitude. There are in-
dividuals of old age who will later provide a good
basis for future generations of young tree species.

We chose the second locality L2 Cierna val-
ley (measurement from point - N 49.24158°
E 20.30701°), near the village Tatranska Kotlina
(Fig. 2). This slope is south-east oriented, and is
located at an altitude of 793 m a.s.l. In this case,
we measured two positions. The first position is
located between 60 and 105 m from the point of
measurement, at altitude. This position is char-
acterized as a clear-cut forest area. It does not
contain any wood residues or trunks. It consists
only of soil or low grassland. This area is fully
exposed to the sun in the summer and frost in the
winter as it is not shielded by any geographical
features and has no other protection. The second
position is located between 50 and 70 m from
the point of measurement, at altitude. This posi-
tion consists of Norway spruce monoculture and
is fully forested with spruce trees that are tall and
slender. However, they are exposed from the bot-
tom and have no lower growth below them. The
crowns have grown up completely at the ends
due to dense growth.

We chose the third locality L3 Kon (measurement
from point - N 49.263752°, E 20.141879°), in the vil-
lage Tatranskéa Javorina (Fig. 3). This slope is north-
west oriented, and is located at an altitude of 950
m a.s.l. The slope is located on a limestone subsoil

Fig. 1. Photo from locality L1 pod Murdnom. The image
show slope with the relevant tree positions (Photo: D.
Surovcik, 2021).

Fig. 2. Photo from locality L2, Cierna valley, Tatranska
Kotlina. A preserved fragment of the forest in Cierna Val-
ley, divided into two positions (Photo: D. Surovéik, 2021).
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The intervening element during the measurement
is the river Javorinka, which flows through the bot-
tom of the hill. This locality was divided into three
positions. The first position is located between 70
to 100 m from the point of measurement. This po-
sition is comprised of beech clear-cut, along with
natural regeneration of other trees. The second po-
sition is located between 100 and 134 m from the
point of measurement. This position is a fully clear-
cut forest area with lonely beeches that are quite
bright. The third position is located between 134
and 145 m from the point of measurement. This po-
sition is characterised by young mixed forest with a
predominance of beech trees.

Fig. 3. Photo from locality L3 Kén. The locality is
characterized by solitary beeches and low, young
vegetation (Photo: D. Surovcik, 2021).

Field experiments

Measurements took place between November 2019
and December 2021. Field measurements took place
every month, and day/night intervals were recorded
in a regular ratio b times (morning, afternoon, eve-
ning, night, the next morning). They were measured
using a thermal imager testo 882 (Testo, USA).
Thermal infrared imaging is a powerful tool for eco-
logical studies, providing the possibility of accurate,
continuous, real-time measurement of vegetation
temperatures. Thermal cameras are analogous to
monochrome digital cameras; each pixel in the sen-
sor records a digital number that represents the light
intensity it receives. Parameters: Spectral range: 8
- 14 um; Detector type: 320 x 240 pixels; Thermal
sensitivity: 50 mK; Temperature range: -20 - 100 °C.

Three images were recorded for each mea-
surement. Each image was processed by the
Testo analysis program (Figs. 4-7) using the true
environmental parameters measured at the time
the image was recorded. This produces the true
temperature value for each pixel. Thermal interfer-
ence from the atmosphere and surroundings can
dramatically affect the recorded temperature of

forest area. Therefore, we tried to adhere to fol-
lowing parameters: Emissivity: 0.94; Distance: 55
- 636 m; Relative humidity: 0 - 100 %rF; Reflected
object temperature: 50 - 100 °C.

Fig. 4. Image analysis program, Testo IRSoft Software
Version 3 (Photo: D. Surovcik, 2021).
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Fig. 5. Evaluated image with average temperature from
locality L1 Pod Murdnom, Belianske Tatras 28. January
2021. (Photo: D. Surov¢ik, 2021).
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Fig. 6. Locality L2, Cierna valley from date 23. February
2021 (Photo: D. Surovcik, 2021).
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Fig. 7. Locality L3 Kon, with the Square function dis-
played, Tatranska Javorina, 23. February 2021 (Photo: D.
Surov¢ik, 2021).
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Corrections caused by thermal interference are
important, but the quality of image data should be
considered before applying any corrections. Careful
checking of imaging conditions, parameter ranges,
and general accuracy is more important than ultra-
accurate measurements of meteorological conditions.

All three measured localities were within the
same mountain range (Belianske Tatry). For this
reason, we have taken into account the direct
and indirect factors that affect forest tempera-
ture. The first of these factors is the type of for-
est. Measuring deciduous and coniferous forests
requires an understanding of their inherent dif-
ferences. While deciduous forests manage water
better, and are less dependent (it can withstand
larger periods of drought) (like in the case of L1
Pod Muranom position 2, L3 Kén all three posi-
tion), coniferous forests are scavengers (in the
case of L1 Pod Muranom position 1 and 3; L2
Cierna Valley position 2). Additionally, it is colder
beneath deciduous trees due to the fact that they
have larger leaves and thus shade a larger area
of land below. Coniferous forests have smaller
needles, which are more likely to withstand win-
ter periods. The second of these factors is soil
type. L1 Pod Muratom, L2 Cierna Valley and L3
Kén are located on a limestone subsoil. In these
mountain localities soils often occur on slopes
where there is a high risk of erosion. As a re-
sult, there is a lot of semi-natural vegetation in
these areas. This contributes to faster drainage
and drying of slopes where vegetation is lack-
ing. This is especially the case in the locality of
L2 Cierna Valley, where natural vegetation is
removed or missing. Slope orientation is anoth-
er factor influencing forest temperature. L1 Pod
Muranom has a south-west orientation, while L2
Cierna Valley has a south-east orientation, and
L3 Ko6n has a north-west orientation. The warm-
est slopes are those with the greatest sun expo-
sure; thus, southern slopes were selected. Me-
teorological conditions have significant impact
on the ability to utilize thermal imaging. Mea-
surements may be distorted by direct sunlight,
rain (precipitation) and high humidity, including
fog. We attempted to select optimal conditions
for measurement (e.g., partial sunlight or cloud).
Altitude and slope inclination have an impact on
measurement as well. Given that the selected lo-
calities are in mountainous terrain, we took into
account altitude, slope inclination and land cov-
er. Air temperature also had a significant effect
on measurements, and was included in the bind-
ing conditions for our measurements.

Preparation and analysis of images

Measurement took place five times per day in intervals
of six hours. Previous images were designed based on
the same shooting time. There are 830 complete ob-
servations with 12 variables in the dataset. The main
variables for data evaluation were the type of locality,
seasonality, minimal and maximal day/night tempera-
ture and type of forest area. Statistical analysis was
processed in the environment of programming lan-
guage “R” version 4.1.2. in the user interface RStudio
2021.09.2 Build+382 “Ghost Orchid” Release.

Results

Temperature of the studied forests from seasonality
point of view

The highest median monthly temperature was re-
corded in all localities in June, and the lowest (de-
pending on the locality) in March (L1 Pod Muranom),
January (L2 Cierna Valley) or December (L3 Kon)
(Figs. 8 and 9). Measured annual temperature at lo-
cality L2 Cierna Valley at the “clear-cut forest area”
experienced a large range of temperature variation
(Fig. 8). We can infer that this unshielded clear-cut
area over-heats faster and more significantly on sun-
ny days than the forest position comprised of “Nor-
way spruce monoculture” in the same locality.

Figure 10 shows an evident rise in temperature
in the morning and afternoon in some more stable
positions like “old spruce forest* and “natural distur-
bance-based mixed forest”, and a drop in tempera-
ture at these positions during the evening and night.

For position “clear-cut forest area”, the av-
erage temperature reached the largest range
of variation (it changed the most during the day
and within the year). This is likely related to the
lower water content in this type of forest area,
which would dampen temperature fluctuations
when the temperature changes occur. The small-
est temperature fluctuations were recorded in the
position “old spruce forest”, whose humidity can
likely cope with temperature fluctuations.

Discussion

We learned that there is high variability of forest
temperatures in different localities. In our case,
L1 Pod Murdnom, L2 Cierna Valley and L3 Kon.
The Belianske Tatras are part of the Eastern Ta-
tras, and the sun tends to warm this range the most
as it rises in the morning. The habitats that occur
here are diverse, depending on the type of soil and
geological bedrock, but are mostly comprised of
spruce forests. We have found that deforested ar-
eas like locality L2 with position “clear-cut forest
areas” on hillsides are overheating due to increased
forest management, when compared to forests left
without intervention, like the position “natural dis-
turbance-based mixed forest” in locality L1 (Fig. 8).
Temperate forests show moderate cooling in sum-
mer and moderate warming in winter with net
cooling annually. The cooling or warming effects
are mainly influenced by rainfall and snow (Li et al
2015). The forest stands (deciduous and mixed, co-
niferous) are surfaces that cool the landscape due
to evapotranspiration, which is reflected in low sur-
face temperatures (Hesslerova et al 2018).

In our measurement localities we also observed
a significant variation due to seasonality. During
summer, the most warm days were observed, par-
ticularly during the afternoon. In addition, the hot-
test temperatures at locality L2 were recorded in
the morning (Figs. 8 and 9). The habitat in locality
L2 was severely disturbed and sufficiently grafted
to such an extent that the overall respiratory activ-
ity was disturbed and generally drained. The forest
in the position “norway spruce monoculture” could
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Fig. 8. Boxplot of average monthly temperature of monitored localities by forest types. Locality: L1 Pod Muranom; L2
Cierna Valley; L3 Kon. The graph shows the presence of a considerable number of extreme values, which are marked
with black dots.
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not retain moisture that fell several times a month,
yet there was a precipitation deficit. The trees
lacked middle and lower levels of vegetation in
this position, and this effect was further enhanced.
The opposite effect occurred in winter, when am-
bient temperatures dropped deeper below zero.
In this case, the vegetation acted as an insulating
layer for the bare roots of the trees and protect-
ed them from the cold. In the position “clear-cut
forest area”, only smaller shrubs and weeds were
observed. According to Hesslerova et al (2018),
an increase in surface temperature is apparent in
an area where the forest canopy layer died in the
order of 2 - 4 °C. High surface temperature in the
harvested forest area indicates production of sen-
sible heat instead of evapotranspiration and cooling
like in the case of position “clear-cut forest area”.

Comparatively, in the position “old spruce for-
est” in locality L1, the temperature was completely
different throughout the year (Figs. 8 and 9). The
forest in this position was complete without seri-
ous intervention by anthropogenic activity, it re-
tained moisture, was larger in size and was com-
prised of a variety of ages of vegetation. A major
advantage such as stand density helped to balance
the temperature effect, keep the same moisture in
the summer and protect it from frost. In the po-
sition “natural disturbance-based mixed forest®,
dead trees, young beech, pioneer trees, rowan
trees, and shrubs acted like sponges and supplied
the habitat with the necessary water to survive the
warm months. The large variability of microclimates
in forest undergrowth is one of the most important
legacies following natural disturbances (e.g., dead-
wood, diverse species and age composition) (Swan-
son et al 2011). In winter, this position also showed
only small temperature variations. We found that
if the forest is of a mixed nature, and also consists
of deciduous trees, it helps to better cope with
moisture than a monocultural forest. Deciduous
frees can manage the obtained water much more
than coniferous forests (Wohlleben 2015). Trees like
beech, maple and birch are also able to provide wa-
ter to the surrounding environment and strengthen
the entire ecosystem. The Belianske Tatras also
have interesting soil conditions, with a composi-
tion of igneous rocks of granitoids and crystalline
shales. The casing consists mainly of limestone,
dolomite and clayey shales. This area does not
have rich nutrient soils and is very often overheated
through the earthenware base.

Our findings suggest that a forest without hu-
man intervention is far better able to tolerate differ-
ent temperature fluctuations. The larger the forest
ecosystem in terms of area, the more its microcli-
mate and its internal functioning as a whole are af-
fected. If a forest is extremely disturbed, fragmented
or logged, it struggles to recover. This claim is also
supported by the results which clearly show the
differences between winter and summer seasons,
daily and night time differences and their large tem-
perature fluctuations. It is clear from our research
that the highest temperatures in the areas occurred
in June and July. Clear-cut areas displayed the
highest values (Figs. 8 and 9), with temperatures
ranging on average from 18 - 22 °C. However, it
is worth mentioning that gusty temperatures were

able to climb up to 38 degrees locally. Soil and air
temperature are influenced by plant cover and the
extremes within seasons and in day and night-time
air temperatures are a function of transpiring veg-
etation height in hot and dry days and seasonal pe-
riods (Tesaf et al 2006).

The idea that harvested forests are less
equipped to adapt is also supported by findings
from the winter, that clearly demonstrate the same
result. The average winter temperature was be-
tween -8 to -10 °C, but occasionally dipped to -12
(Fig. 8). Other forest areas, such as young mixed
forests, tolerated such temperatures somewhat
better. However, old coniferous forests based on
natural disturbance were the areas that performed
best in terms of their microclimate conditions. Soil
saturation provides evaporation which in turn cools
the forest area. This reflects the general observa-
tion that soil respiration rates decrease in saturated
soils (Kucera and Kirkham 1971) and very dry soils.

These types of forests also fared better win-
ter where vegetation prevented severe frost from
penetrating the ecosystem and causing significant
frost dieback of seedlings. Spruce forests and their
monocultures are more susceptible to mortality
caused by changes in soil temperature. The results
of a Swedish study on soil warming (Bergh and
Linder 1999; Majdi and Ohrvika 2004) led to the as-
sumption that shallow roots determine the length of
the growing season and that root mortality increas-
es with increasing soil temperature. Closer analysis
of the results revealed how temperature varies dur-
ing the day at our studied localities.

In two localities (.1 Pod Murdanom, L3 Kon) we
found the same temperature pattern, namely that
the lowest temperature was measured early in the
morning when the air was still cool from the night,
and gradually began to warm up during the day
(Fig. 10). At that time, the sun is usually further from
the centre and the accumulated heat is held in the
canopy of trees or the sun-charged parts of holly
trees. The crucial factor in these results is the eleva-
tion of the two localities (L1 Pod Murdnom and L2
Cierna Valley). As the locality Pod Muraiiom has a
higher altitude, it is colder compared to Cierna Val-
ley (Fig. 8). Where the forest was left undisturbed,
whether it was old or young, the air was constantly
warming up along with the forest temperature. In
this ideal case, heat is accumulated in the forest eco-
system, and as the forest is not in thermal stress,
it functions properly (photosynthesis takes place).
Transpiration is the plant-regulated evaporation of
water from leaves or needles. Transpiration is only
switched on when a plant is at risk of overheating
due to ambient heat - from absorbed solar radiation
and/or from warm air (Liu et al 2016).

If the temperature of the plant drops - due
to heat being consumed for evaporation and/or
heat being radiated to cooler air, transpiration is
switched off. It is thus a control with negative feed-
back. It is characterised by the fact that the control
maintains the maximum temperature of the plant
so that it stays within a narrow range of approxi-
mately 23 to 27 °C, with an optimum value of 25 °C
(Sir et al. 2003). The L2 Cierna Valley in Tatranska
Kotlina, however, behaved oppositely. There is a
predominance of monoculture forest and clear-cut



33

Impact of forest
management on
the microclimate

areas, where the temperature of the forest rises
faster on sunny days than the air would be able
to compensate for. The slope absorbs a greater
amount of heat, causing greater evaporation, and
the landscape dehydrates faster, resulting in veg-
etation mortality (Hesslerova et al 2018). The air
only later equalizes the temperature of the forest
and this marks a non-constant curve. The areas
studied are evenly matched in ambient tempera-
tures and strive to maintain the same warming
throughout the day. This equilibrium is also due
to direct sunlight, which is evenly dispersed in the
dense vegetation and thus warms the air equally.

Deciduous, coniferous and mixed forests re-
spond differently to climate and temperature
changes through the canopy level, leaves, branch-
es and roots in the soil. The presence of a canopy
of trees or litter layer on the soil surface may limit
the flux of heat transfer from the atmosphere to
the soil during the day, particularly in summer.
However, at night, or on cool and cloudy days,
a canopy of trees or litter layer may limit the up-
ward trajectory of thermal radiation from the soil
to the atmosphere (Paul et al 2004).

Hutchison and Matt (1977) found a decrease
in diffuse radiation transmission under cloudy
skies. Compared to clear days in hardwood
stands, demonstrating the effect of scattered di-
rect radiation (Hutchison and Matt 1976). If the
area is open, a greater amount of radiation falls
and is immediately absorbed by the surface. If
this area is disturbed by any activity, it is all the
more vulnerable. Everything that receives the
sun's rays heats up. The darker the object, the
greater the response. However, nature is more
complex and different principles apply. Accord-
ing to the interactions of forest temperatures, we
can confirm that the first heat wave had its peak
in February, then decreased gently and started to
increase again at the end of April until June when
it peaked (Figs. 8 and 9). Indirectly, we can argue
that summer temperature seasons are becoming
both more intense and longer lasting compared
to winter seasons. When water was non-limiting,
warm and even very warm summers had no nega-
tive effect on the canopy of mountain forests ex-
posed to heat waves. The summer water balance
partially expands the green period in late summer
and early fall (Corona-Lozada et al. 2019).

Forest areas responded about the same in the
measured mountainous localities with a few ex-
ceptions. Some areas have warmed up so much
that they have prevented the growth of a new
generation of forest. These are forests areas with
no vegetation (bare-root areas). The land surface
temperature regimes that affect these areas may be
subject to changes in the form of altered energy
balance, evapotranspiration and precipitation (Culf
et al 1996). Deforestation can accelerate climate
warming, both directly as a result of the surface
and indirectly as a result of increased greenhouse
gases. It is also one of the main causes of biodiver-
sity loss worldwide (Cusack et al 2016), including
in our measured localities.

Looking at the progression of the months more
closely we can analyse the temperature varia-
tion during the day. We know that under ideal

conditions, the sun is strongest, and thus emits
the most light rays between morning to afternoon,
and this is exactly what can be observed in our
measurements (Fig. 10). The temperature at the
localities rises between morning and afternoon,
and the areas that are not shaded or have no veg-
etation cover are the ones that overheat the most.
Calmer lower temperatures occur in the evening
and at night. Various scientific studies indicate
that temperatures during the day are higher than
normal and therefore many forest areas are drying
out. Plant regeneration and growth are also affect-
ed (Frost 1992), as tree mortality (Ruth et al. 1953;
Gratkowski 1956) and ecosystem processes such
as productivity and decomposition are strongly in-
fluenced by human encroachment.

Removing tree canopies through harvesting may
result in increasing surface and air temperatures and
in decreasing humidity. Soil compaction and rut for-
mation by heavy machinery leads to increasing sur-
face flow, enhanced erosion, and accelerated run-off
generation in managed areas (Beudert et al 2018).
Microclimatic conditions and temperature changes
are manifested differently in clear-cut areas com-
pared to those where natural disturbance took place.
Our results in two positions, (“clear-cut forest area”
in the locality L2 and “natural disturbance-based
mixed forest” in the locality L1) present exactly this
scenario (Fig. 8). Dead trunks following natural dis-
turbance provide shade and limit wind speed, thus
maintaining microclimatic variability in their sur-
roundings and underlying soils (Kopacek et al 2020).
Stands regenerating after disturbance in unmanaged
areas have a heterogeneous structure due to the
predominant association of seedlings with specific
microhabitats (Bace et al 2015).
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Abstract. The work is focused on the study
of ventral spotting of the vyellow-bellied toad
(Bombina variegata) depending on different locali-
ties. The individuals analysed in this study come
from four localities (Rosina, Zilina, Spigska Magu-
ra and Bukovské vrchy), which are quite spatially
separated. The research was based on photographs
of the abdominal side of individuals captured in
2013, 2018, 2020 and 2021. Evaluation of ventral
spot patterns was performed using Image-Pro Plus
6.0 software. The resulting factors, determined
by the statistical method of PCA (principal com-
ponents analysis), were correlated with individual
morphometry of individuals, sex, location of cap-
ture. Subadults had a more yellow abdomen and
less variable spots. Spatial spot analysis confirmed
that individual populations of frogs differed and
showed differences in colouration and abdominal
spots in the compared localities. Individuals from
Rosina were darker, black spots were more variable
in shape, their number was higher, and yellow pre-
vailed in the B/Y ratio. Individuals from Duben were
darker, with a strong circularity and a lower number
of black spots, and a yellow colour predominated in
the B/Y ratio. Individuals from Bukovské vichy were
darker, smaller in body size, with more variable and
a greater quantity of black spots. Black predominat-
ed in the B/Y ratio. Individuals from SpiSsska Magura
were lighter, with a more pronounced circularity of
black spots, a high number of black spots, and black
colour predominated in the B/Y ratio. We also evalu-
ated microsatellite variation and ecomorphological
differences in B. variegata from the locality Bukovské
vrchy (Carpathian primeval beech forests, Poloniny
National Park). We amplified 5 microsatellite loci, of
which 4 were used to perform further fragmentation
analysis. The number of alleles per locus ranged from
1 t0 9. The observed heterozygosity ranged from 0 to
0.925 and expected heterozygosity from 0 to 0.846.
Deviation from the Hardy-Weinberg equilibrium was
not detected.

Key words: Bombina variegata, spotting - pattern map-
ping, biotope, locality, microsatellites
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Introduction

Camouflage through background colour matching
has been considered a primary force driving the
evolution of colour changing ability (Kang et al
2016). Animals use their distinctive colour mainly
to protect themselves from predators. Bright caro-
tene shades of yellow and fiery red draw attention
to toxicity of an object. Striking patterns and co-
louring is often displayed during the mating sea-
son. Overall, colouration is also a result of natural
selection, which takes into account several aspects
of natural history, such as protection against solar
radiation, thermoregulation, osmoregulation, nitro-
gen metabolism (e.g., Kobelt and Linsenmair 1986;
Schmuek and Linsenmair 1988; Kaul and Shoemak-
er 1989; Tattersall et al 2006). Colouration and spot
pattern are important features used for traditional
animal identification within taxa (Todd et al 2005),
distinguishing between populations (Costa et al
2008), and individuals (Carafa and Biondi 2004).

Amphibians possess a diverse range of colour
pattern and body markings (Hoffman and Blouin
2000). Pattern recognition is influenced by animal
posture, hormonal status, injury marks, environ-
mental influences, as well as dirt (Jergensen and
Larsen 1960; Kindermann et al 2014). In anurans,
it has been suggested that striking male colou-
ration during mating time is a visual signal that
supports partner recognition (Ries et al 2008;
Sztatecsny et al 2012).

The term ‘spot pattern’, or ‘colour pattern’, re-
fers to a mosaic of colour spots of various sizes and
shapes that are arranged in a certain position rela-
tive to each other. Pattern mapping has been wide-
ly used among herpetologists in amphibian studies
for several years (e.g., Donnelly et al 1994; Arntzen
et al 2004; Moon et al 2004; Davis and Grayson
2007). The principle of mapping is to study the co-
louration of individuals and compare spots, pattern
distribution, their position, and connections. The
aim of our study was to find out how spot patterns
vary in different localities and populations. For this
purpose, we used the analysis of photographs of
the abdominal side of B. variegata. In the example
population, we tried to evaluate the variability of
microsatellites by selecting appropriate loci and
summarized the findings of population studies of
the genus Bombina based on the applicability of
molecular methods in the protection of amphibians.
The fire-bellied toad (B. bombina) and its sister
species, the yellow-bellied toad (B. variegata), are
anurans. Phylogenetically, they likely separated
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during the Pleistocene glaciation (Szymura 1998).
B. bombina is widespread throughout Central and
Southern Europe (Fijarczyk et al 2011), except in
the southwestern part. It is distributed from central
France, across central Germany, northern and west-
ern Switzerland, north-eastern Italy, Turkey (Bilbiil
et al 2016), the Balkan region and the Carpathian
Mountains (Csanady et al 2020). In Europe, the yel-
low-bellied toad, Bombina variegata has an eleva-
tional range of 100 - 2100 m a.s.l (e.g., Lac 1968;
Kuzmin et al 2019). In Slovakia, it is commonly lo-
cated in the range of 250 to 1200 m a.s.l, or higher
(Zwach 2013). B. variegata occurs in various water
bodies, including lakes, ponds, swamps, rivers and
stream pools (sometimes streams with swift cur-
rents), and springs. Its requirement for water qual-
ity is relatively low. This toad even occurs in highly
polluted wetlands, where water has high concen-
trations of hydrogen sulphide and salts. It is the
most common amphibian species inhabiting the
broadest range of habitats.

Toads of the species B. variegata present brightly
coloured yellow-and-black ventral patterns, which
act as aposematic colouration (Di Cerbo and Bian-
cardi 2010). Quantitative evaluation of ventral pat-
terns (e.g., dark to yellow ratio, colour, amount, and
shape of spots) are considered important diagnostic
features for distinguishing between B. bombina and
B. variegata (Lac 1961; Sas et al. 2005; Ghiurca and
Gherghel 2007; Voros et al 2007; Covaciu-Marcov
et al 2009), but may also be important features
within individual populations or individual charac-
teristics (Delarze et al 2000; Seidel et al 2001). The
method of analysing digital images through graph-
ics programs is a relatively inexpensive and non-in-
vasive, albeit time-consuming process undertaken
by individuals (Arntzen et al 2004; Patel and Das
2020). This method is suitable for amphibian spe-
cies that have highly variable dorsal or ventral spot
patterns. The advantages of spot mapping include
its non-invasive nature, re-use of images, and fea-
sibility in the field in a relatively short time. This
way, on an individual basis, we can create a history
of photos that allow a comprehensive examination
of population size (Plaiasu et al. 2005).

The use of molecular methods in population
studies allow not only knowledge of genetic di-
versity within a population, but also knowledge
of the status of species and populations over rel-
atively short periods of time in contrast to demo-
graphic studies, which can last up to several years
(Pechmann et al 1991). Suitable methods for evalu-
ating the genomes of amphibian populations are
analysis of highly variable genetic markers such as
microsatellites, SNP markers, or the AFLP method
(Storfer et al 2009). Hypervariable genetic mark-
ers, such as microsatellites or SNP markers, are
widely used in landscape genetics, mainly because
of their high statistical ability to distinguish the
genetic diversity of individuals, groups, or popula-
tions (Storfer et al 2007). Another method useful in
amphibian protection is real-time PCR (a method
that is a variation of the standard polymerase chain
reaction). Using it, we can visualize SNP markers
needed to characterize population and species
diversity. Microsatellites have been shown to be
particularly useful for measuring gene flow and mi-

gration, for classifying individuals in the most likely
population of their origin, for measuring effective
population size by comparing the frequency of al-
leles between generations, and for detecting demo-
graphic bottlenecks in the past (Storfer et al. 2009).

Microsatellites represent the repetitive tandem
stretches of DNA that occur in the genomes of
prokaryotic and eukaryotic organisms. Within the
genome, they are in regions encoding proteins but
also in non-coding regions (T6th et al 2000). The
most common are repeats of 1 - 6 base pairs with a
length of 5 - 40 repeats (Selkoe and Toonen 2006).
Both ends of microsatellites are bounded by adja-
cent regions of DNA called flanking regions. The
sequences of these regions are generally identical
between individuals of the same species (some-
times within related species) and based on them
we can characterize specific microsatellite locus.
Therefore, locus-specific primers are proposed that
allow us to amplify microsatellites in a PCR process
(Selkoe and Toonen 2006).

In population genetics studies, microsatellites
have the potential to provide up-to-date informa-
tion and estimates of migratory routes, to distin-
guish between migration and panmixia and can
also reliably determine the relationship of individu-
als (Selkoe and Toonen 2006). Due to its high muta-
tion rate, it is one of the most informative molecular
markers (Hoshino et al 2012). Research on micro-
satellites in the genus Bombina focuses mainly on
the study of population structure, gene flow be-
tween populations, migration, and hybrid zones.

Material and Methods
Sampling

Research took place in mountainous areas of north-
ern Slovakia in 2013, 2018, 2020, and 2021. Sample
collection was conducted in Bukovské vrchy moun-
tain (Poloniny NP; N 49.035527°% E 22.327672°) in
2013, within pools on or near forest roads in the
shade of a beech forest. The second locality was the
cadastre of the village Rosina in 2018; a marginal part
of the forest with a temporal pond (N 49.179959°
E 18.75314°). In 2020, two sites in SpiSska Magu-
ra - Lendak southwest (N 49.25590°, E 20.35353°),
and Prislop northwest (N 49.2815° E 20.226°) were
chosen, with pools on forest roads. Lastly, in 2021,
temporary pools in the Duben forest park (Zilina, N
49.234274°, E 18.753079°) were used as a locality.

The animals were caught using hand nets
or directly by hands. They were measured (head
width, body length, length of leg, thigh length) and
weighed immediately in the field (Fig. 1). Gender
was determined based on external morphological
features, like horny mating calluses (nuptial) on the
forearm and fingers of the forelegs and sometimes
on the hind limb in males (Mikulicek and Vongrej
2005). Females were identified at the time of mating
by a wider abdomen, indicating egg maturation. In-
dividuals who did not show these signs of sexual
activity were marked as subadults.

Photographs of the ventral side of each individu-
al (Fig. 2) were taken for ventral spot analysis, with
an emphasis on fixation, so that it was possible to
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Fig. 1. Measurement lines. BL - body length; HW - head
width; LL - leg length (Photo: V. Rucek, 2020).

scan the largest possible area without deformations
caused by gripping the frog. A tissue sample was
taken from the captured individuals (by cutting a
piece from the hind limb finger) for DNA extraction
and subsequent analysis of microsatellites. Imme-
diately after handling, the animals were released at
the capture site.

Spot analysis

The method of quantitative pattern analysis (ap-
plied to B. variegata and B. bombina) is described
by Voros et al (2007). Abdominal spot analysis was
performed using the highly specific Image-Pro Plus
6.0 program (2D Image Analysis Software by Me-
dia cybernetics Inc.; IPro). The preparation of the
photos went through several stages of editing to
achieve acceptable results. In the first step, the im-
age was corrected using Microsoft Paint (Microsoft
Windows). In this step, the alignment and cropping
of the image to the format required for our pur-
poses was achieved, followed by colour adjustment
for simplified manipulation in IPro, so that different
shades did not interfere with the subsequent im-
mediate analysis of the finished image. The most
extensive work in Paint was hand-drawing areas
(black spots) with their tannic unification for fur-
ther manipulation. After this stage, the image could
continue to be edited in IPro: adjusting the colour
spectrum of the examined sample as well as pig-
ment designation (designation of the specific colour
of pixels - in fact it is black but passing through the
adjustment filters it is white, which is referred to as
a preoccupation of interest; Fig. 3). Thus, all pixels
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Fig. 3. Spot analysis. Preview from IPro (Photo: A.
Zakharova, 2021).

Fig. 2. Taking a picture of the ventral side of B. variegata
in the field (Photo: A. Zakharova, 2020).

of the same colour were marked and combined into
the examined spots exactly according to the manu-
al plot of the flood spot. The program automatically
extracts the necessary data from which a matrix is
created for further evaluation and analysis.

Basic data were selected in IPro, including object
area (total area of black spots; does not include holes),
perimeter (per sum — perimeter of all black spots; per
mean — average perimeter of black spots), number of
black spots, and mean roundness (circularity).

From these values, other variables characterizing
the abdominal pattern were calculated: per cent of
black colour (ratio of total black spot area to total
calculated abdominal area), per cent of yellow co-
lour (expressed as the difference between total ab-
dominal area and per cent of black colour), B/Y (ra-
tio colour to yellow), RMPA (ratio of average black
spot content to average black spot circumference).

DNA isolation and PCR

DNA was isolated from tissue samples using the
commercially available DNeasy Blood and Tissue
Kit (QIAGEN, USA). Isolation was performed using
a standard protocol (Purification of Total DNA from
Animal Tissues).

The isolated DNA samples were subsequently
analysed in 1 % agarose gels in 1 x TBE buffer. For
DNA visualization, ethidium bromide was added to
the gels at a final concentration of 0.5 yg.ml*. Elec-
trophoresis was performed for approximately 1 hour
at a potential gradient of 8 - 10 V.cm™. We observed
DNA fragments under UV light. The size of the frag-
ments was determined based on their mobility in
agarose gels by comparison with a 1 kb ladder.

For testing microsatellites, we used loci am-
plified in B. variegata by Stuckas and Tiedemann
(2006), and Hauswaldt et al (2007). The individual
loci that were amplified using the polymerase chain
reaction (PCR) are listed in Table 1.

The reaction mixture contained the follow-
ing reagents: ultrapure water, 1 x GoTag Flexi Buf-
fer, 1.5 mM MgCl, 0.2 mM dNTPs, 0.2 mM forward
primer, 0.2 mM reverse primer, FirePol polymerase,
DNA sample. In the case of locus bF, we increased
the concentration of MgCl, from 1.5 to 2.0 mM. The
samples were then placed in a thermal cycler with a
pre-set program designed according by Stuckas and
Tiedemann (2006). As the reaction produced non-spe-
cific products, it was necessary to optimize the condi-
tions of the PCR reaction - they increased annealing
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Lokus Forward and reverse primer T, References

Bobom For: 5" -Cyb-ATATTTCTTGCTATGTTGATG-3" 46 °C  Stuckas and Tiedemann (2006)
B13 Rev: 5" -AATTGTTTAACTTATTTTATA-3

Bobom For: 5" -Cyb-AGGCAAAGGATTCTGAGAATG-3 56 °C  Stuckas and Tiedemann (2006)
F22 Rev: 5" -CCTTCAAAGTCGAAAAATATT-3’

Bobom For: 5 -Cyb-AGCAGAGATGAGAGGACAGTG-3 60 °C  Stuckas and Tiedemann (2006)
F2 Rev: 5" -TCAGGGGTAGCAGATTTTCA-3

Bobom For: 5" -Cyb-ATGAATTGGAAGGTAAGAACTTACACC-3 63 °C  Hauswaldt et al (2007)

Fb Rev: 5" -CAAATGATACAAATCAAGTGGAATGG-3’

Bobom For: 5" -Cyb-ATGTGGCTTCCATTGACCTTTGC-3 65 °C  Hauswaldt et al (2007)

1A Rev: 5" -CATGCCAAGAAGGATTGAGTCTGT-3

Table 1. List of primers used (forward primers fluorescently labelled with Cy-5, T, = annealing temperature).

Initial denaturation 95 °C 2 min

Denaturation 95 °C 1 min.

Annealing Primers F2, F22: (T, +3) °C 1 min. 3 cycles
Primers B13, 1A, 5F: (T, +5) °C 1 min.

Extension 72 °C 1 min.

Denaturation 95 °C 1 min.

Annealing Primers F2, F22: (T, +3) °C 1 min. 38 cycles
Primers B13, 1A, 5F: (T, +5) °C 1 min.

Extension 72 °C 1 min

Final extension 72 °C 40 min.

Table 2. Temperature and time profile.

temperature. The resulting temperature and time pro-
file is shown in Table 2. After PCR, the products were
visualized using electrophoresis on a 1 % agarose gel
using a 50 bp DNA Step Ladder as a weight standard.

Analysis of microsatellites

Analysis of PCR products was conducted using frag-
ment analysis performed in the GenomeLab GEXP
sequencer (Beckman Coulter), which is based on the
principle of capillary electrophoresis and detection of
fluorescently labelled fragments by laser. One sample
contained 0.16 pl of PCR product, 29.5 ul of Sample
Loading Solution (SLS) and 0.16 pl of DNA Size Stan-
dard-400. Primary data obtained by fragment analy-
sis were evaluated using the GenomelLab-Fragment
Analysis software program (Beckman Coulter), which
is part of the sequencer. The output data from this pro-
gram were graphs showing individual alleles. For each
individual, we subtracted the size of the amplified al-
leles from the graph, and used it in statistical analysis
in Cervus 3.0.6 (Kalinowski et al 2007) and in the con-
struction of a phylogenetic tree. The phylogenetic tree
was constructed using the distance matrix by the UPG-
MA method (unweighted pair group method analysis).
Jaccard's distance was used for the distance matrix
The following characteristics of genetic diversity and
population differentiation were also calculated in Cer-
vus: expected (HEXP) and observed (HOBS) heterozy-
gosity, polymorphic information content (PIC), Hardy-
Weinberg equilibrium test, allele frequency, zero allele
frequency, number of alleles per locus, and number of
alleles. Using Genepop 4.2.2 (Rousset 2008), we calcu-
lated the FIS inbreeding coefficient.

Statistical analysis

Statistical evaluation of ventral spotting was per-
formed in Statistica Ver. 8 (StatSoft, USA). To deter-
mine the main component weights and percentage
of variation among abdominal spot patterns, we
used Principal component analysis (PCA). We used
One-way ANOVA and Tukey's test HSD (honestly
significant difference) at a 95 % confidence level
(p < 0.05) to evaluate the impact of variables (in-
dividual predispositions, locality) and main factors.

Results
Principal components method

A total of 196 individuals of B. variegata were cap-
tured and documented (Rosina n = 47, Spisska Ma-
gura n = 29, Duben n = 20, Bukovské vrchy n = 100).

Using PCA, we have identified seven main fac-
tors (F) with the highest variation (Table 3): F1 -
melanism, F2 - image processing errors; F3 - animal
size (head width, body length, weigh), F4 - circular-
ity, F5 - leg length, F6 - number of dark spots, F7
- B/Y ratio. The PCA method shows that morpho-
metric variables, in their variability, behave inde-
pendently of variants that resemble melanism and
spotting. Factor 2 defines irregularities in the pro-
cessing of the photograph, and it is defined mainly
by the total abdominal area. This characterizes the
entire analysed section of the photograph, followed
by the perimeter sum, and the total area of a black
spot. Differences in the quality of photographs are
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Variable Factor1 Factor2 Factor3 Factor4 Factorb5 Factor6 Factor7 Factor8
Body length -0.29 -0,51 0.67 0.18 0.08 -0.06 -0.06 0.04
Head width -0.20 -0,48 0.75 0.06 -0.13 -0.06 0.03 -0.29
Hind limb /femur 0.41 -0.00 0.35 -0.33 -0.69 -0.31 -0.04 0.04
Weight -0.26 -0.45 0.72 0.11 0.14 0.23 0.05 0.25
Total abdominal area -0.49 0.76 0.32 0.01 0.13 -0.05 0.00 -0.13
Total area of black spots -0.76 0.58 0.15 0.13 -0.09 -0.09 -0.01 0.07
Average area of black spot -0.91 0.17 0.03 -0.20 -0.04 -0.08 -0.20 0.15
Black colour % -0.71 -0.37 -0.37 0.29 -0.32 0.00 0.14 0.03
Yellow colour % 0.71 0.38 0.37 -0.29 0.32 0.00 -0.15 -0.03
Ratio B/Y -0.66 -0.50 -0.33 0.16 0.01 0.08 -0.34 -0.18
Number of dark patches 0.67 0.42 0.14 0.26 -0.41 0.41 -0.23 0.06
Mean roundness (circularity) -0.58 -0.36 -0.09 -0.64 -0.11 0.29 0.04 0.00
Perimeter mean -0.89 0.04 0.01 -0.38 0.0 0.08 -0.01 -0.03
Perimeter sum -0.64 0.68 0.22 0.08 -0.17 0.29 0.18 -0.12
RMPA -0.86 0.35 0.05 0.16 0.05 -0.26 -0.07 0.08
Variance % 39.7 20.5 14.9 7.1 6.5 3.9 2 1.7

Table 3. Factor coordinates of variables according to correlation matrix in PCA was used. The highest correlations are in bold.

caused by optical properties of the lens, sensi-
tivity of the sensor in poor lighting conditions,
ambient light conditions, image crop range, or
positioning of the individual sample out of plane
of sharpness. The quality of the image depends
on the camera, the photographer, and both auto-
matic and manual post-processing.

Influence of age and gender on the pattern of ven-
tral spots

Factor 1 presents the degree of dark colouration
of the abdominal side (total abdominal area, total
area of black spots, perimeter sum, RMPA - ratio
of black spot area to spot circumference length),
represents the degree of melanism. The abdomi-
nal spot pattern in subadults is significantly light-
er (fewer dark spots) and with less variable black
spots (F (2,179) = 9.96, p = 0.0008) than in adults
(males, females) (Fig. 4).
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Fig. 4. Factor coordinates of variables at the Factor 1.
Subadults show significantly lighter abdominal discolou-
ration and lower variability of dark spots as males and
females. Data in factor coordinates are given in averages
and SD - standard deviation (+).

Factor 3 represents size variability and clearly
determines the dependence of individual size (body
length, head width, weight) on age status (subadults,
adult males and females) adults are significantly larger
(F (2.179) = 5.69, p = 0.004). Factor 4 is related to the
circularity of the spots but is independent of age and
sex (F (2,179) = 2.33, p = 0.09). Factor 5 takes into
account the length of the hind leg (femur). Subadults
have significantly longer legs than adult males and
females (F (2,179) = 8.90, p = 0.0002). The number of
dark spots (Factor 6) is not significantly determined by
age and sex (F (2,179) = 0.26, p = 0.77). Factor 7 is the
ratio of black to yellow within the spot pattern. This
ratio is also not statistically significantly conditioned
by age and gender (F (2,179) = 0.17, p = 0.85).

Spatial variation in the pattern of ventral spots and
local population characteristics parameters

In the spatial analysis of abdominal spotting, we ex-
cluded a group of subadults, due to significantly differ-
ent types of spots. Thus, when comparing spatial vari-
ability, we focused only on the sexually mature stages.

The darker colouration of the abdominal pat-
terns characterized by Factor 1 significantly differ-
entiates the population of frogs from the Spisska
Magura locality (Fig. b). Individuals of other locali-
ties did not differ from each other (F (3,180) = 14.06,
p = 0.00000). In localities with more melanic co-
louration of frogs (Rosina, Duben, Bukovské vrchy),
they have a larger average area of black spots and
at the same time a larger circumference (total pe-
rimeter) and RMPA, as irregular curvature of spots
also increases their circumference.

We also evaluated the differences between lo-
calities on the basis of Factor 3, which is directly
related to the morphometry of individuals (Fig. 6).
It was found that in the locality Bukovske vrchy
individuals were significantly smaller than in other
localities (F (3.180) = 12.479, p = 0.00000).
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Fig. 5. The population from Spisska Magura differed sig-
nificantly between the populations of individual locali-
ties (index b). Negative values indicate individuals with
greater variability and areas of black spots, positive values
indicate individuals with a lighter (more yellow) abdomen
and less variability of black spots.

Also, the shape of the spots defined by Factor 4
(roundness) varies between sites (Fig. 7). Individuals
from the SpiSska Magura and Duben localities had
more rounded spots, (i.e., they showed less variability
of spot curvature (F = (3,200) = 9.6300, p = 0.0001)).

The number of dark spots (Factor 6) was sig-
nificantly lower in individuals from the Duben lo-
cality (F (3,200) = 7.42, p = 0.0001). The number of
dark spots was higher in Rosina, Spisska Magura
and Bukovské vrchy (Fig. 8).

The ratio of black and yellow (individual pattern)
on the abdomen of B. variegata (Factor 7) also exem-
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Fig. 7. Rounding of spots in individual localities. While in
Rosina and Bukovksé vrchy individuals have more vari-
able curvature of spots (index a), in Spisska Magura and
Dubna the spots showed higher circularity (index b).
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Fig. 8. Duben (index b) manifests as a locality with in-
dividuals, who have a smaller number of dark spots than
other localities (index a).

Fig. 6. Differences in the size of individuals in locali-
ties. Individuals in the population of frogs from Bu-
kovské vrchy is significantly different (index b) from
other localities. A higher numerical value presents
larger individuals.

plifies significant differences between localities (F
(3,200) = 56.36, p = 0.001). The most similar patterns
occurred in Bukovské vrchy and Spisskda Magura;
these individuals have a larger area of dark spots and
a higher number of dark spots. Populations from Ros-
ina and Duben show lighter colouration (more yellow)
and fewer black spots (Fig. 9).
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Fig. 9. Abdominal spot pattern conditioned by B/Y ratio
and a number of dark spots in localities. Negative values
describe individuals with a larger area and a higher num-
ber of dark spots), positive values represent individuals
with a lighter colour (more yellow) and a smaller number
of black spots. Between the localities of Bukovské vichy
and Spisskd Magura (index b), frogs did not differ. Indi-
viduals from the locality of Duben (index a,b) do not differ
from any compared group.

Genetic analysis

DNA was isolated from the samples taken in the
field and this was subsequently used in analysis of
microsatellites. After optimization of the PCR con-
ditions, the individual loci were amplified.

The resulting PCR products (except for the Bob F2
locus, for which the standard was not large enough)
were analysed in the sequencer by fragment analysis.
From the output graphs, we read the sizes of the am-
plified alleles for each individual, and in the CERVUS
3.0.6 program, we calculated indicators of genetic
diversity. In addition to the monomorphic locus Bob
F22, the remaining analysed loci were polymorphic.
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The number of alleles per locus ranged from 1 to 9.
The lowest number of alleles per locus was recorded
at the locus by Bob B13, and the highest at Bob by
5F. No significant deviation from the Hardy-Weinberg
equilibrium was found for the Bob B13 and Bob 1A
loci. However, for the Bob F22 and Bob 5F loci, this
test was not performed due to the low amount of
data. The observed heterozygosity ranged from 0 to
0.92 and expected heterozygosity in the range of 0
to 0.846 (Table 4). A comparison of the observed and
expected heterozygosity confirmed the trend toward
lower observed heterozygosity at the Bob B13 locus,
which also had a higher value of the FIS inbreeding
coefficient. The values of the frequency of zero alleles
for individual loci are close to zero, and thus indicate
the absence of zero alleles in the population. Detailed
values of the basic characteristics of genetic diversity
for individual alleles are shown in Table 5.

The phylogenetic tree constructed using the dis-
tance matrix by the UPGMA (unweighted pair group
method) is shown in Fig. 10. It can be seen from the
figure that samples 54 and 62, and samples 47 and 61
show identical individuals. This phenomenon is due to
the small number of loci on which individuals have the
same allele sizes. Therefore it was not possible to dis-
tinguish them from each other. In addition, the mono-
morphic locus Bob F22 does not give any information
for comparison, as it does not change. It appears to be
a locus that does not undergo mutations over time. We
can also see from the tree that the group of individuals
19, 34, 37, 42, 46, 74, 98, 102 is separated from the oth-
ers. This is not due to geographical separation of these
individuals from others (for example, by the influence
of geographical barrier), as these are individuals from
different habitats. It is most likely that this discrepancy
is due to the low number of loci used for analysis.

Locus H H P

HW F (Null) N F

0BS EXP 1c A 1s
Bobom B13 0.450 0.604 0.621 NS 0.1267 3 0.2571
Bobom F22 0.000 0,000 0.000 ND ND 1 -
Bobom 5F 0.925 0.846 0.816 ND -0.0621 9 -0.0882
Bobom 1A 0.675 0.648 0.586 NS -0.0295 7 -0.033b
Primer 0.561226 0.5245 0.4806 - 0.0150 5 0.0313

Table 4. Overview of genetic diversity characteristics for specific loci. HOBS = observed heterozygosity, HEXP = expected
heterozygosity, PIC = polymorphic information content, HW = deviation from Hardy-Weinberg equilibrium (NS = not sig-
nificant, ND = not done), F (Null) = frequency of zero alleles, NA = number of alleles per locus, FIS = inbreeding coefficient.

Locus Allela Frequency Homs. Hets. Frequency Frek NULL
Bobom B13 113 42 18 12 0.5250 0.4881
119 26 10 8 0.3250 0.2536
121 12 8 2 0.1500 0.1317
Bobom F22 135 80 0 40 1 ND
Bobom 5F 115 6 6 0 0.0750 0.0778
119 17 17 0 0.2125 0.2410
123 20 16 2 0.2500 0.2576
127 6 6 0 0.0750 0.0778
131 10 10 0 0.1250 0.1336
135 3 3 0 0.0375 0.0381
139 2 2 0 0.0250 0.0253
143 11 11 1 0.16256 0.1629
147 3 3 0 0.0375 0.0381
Bobom 1A 322 4 21 10 0.56125 0.5249
326 23 19 2 0.2875 0.3106
330 1 1 0 0.0125 0.0126
341 2 2 0 0.0250 0.0253
345 1 1 0 0.01256 0.0126
349 9 7 1 0.1125 0.1055
353 3 3 0 0.03756 0.0382

Table 5. Overview of genetic diversity characteristics for individual alleles: Frequency = number of allele occurrences in
the genotype set, Hets = number of heterozygotes for a given allele in the genotype, Homs = number of homozygotes for
a given allele in the genotype, Frequency = number of allele occurrences divided by the total number of alleles, FrekNULL
= allele frequency taking into account the possible presence of null alleles.
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Fig. 10. Phylogenetic tree compiled by the UPGMA method.

Discussion

The study of the belly colour pattern of Bombina
species and the identification of interspecific hybrids
has been of interest for more than a century. Several
useful methods have been developed to analyse the
abdominal patterns of two species based on simi-
lar symbols: distribution, position, size, and colour
of light spots. However, without precise quantifica-
tion, these features appear subjective. An example
of a practical application is the results of Buda-
pest scientists, Voros et al (2007), who showed
that B. variegata has a smaller quantity of larger,
and more regular spots and that the colour (RGB)
composition of this species consists of higher red
and green components, indicating a bright yellow
colour. Conversely, B. bombina has darker, orange
spots, with lower values for the red and green colour
components. The results also showed that using
their computer method combined with multivariate
statistical analysis, it was possible to distinguish
“pure” populations of B. bombina and B. variegata
based on a ventral colour pattern. Features derived
from the ventral colour pattern were useful for sep-
aration, except for the least variable blue compo-
nent of the colour characteristics.

Analysis of individual spot patterns in B. variegata
is a tool to better understand the degree of variation
between individuals of a particular population. Indi-
vidual identification is vital to revealing demographic
patterns to understand population dynamics (Patel
and Das 2020), and to improve species protection.
Photo identification is a non-invasive technique,
which is a clear advantage (Renet et al 2019). Digital
evaluation of spot patterns thus becomes an inex-
pensive and particularly non-invasive technique that
can be used in studies of amphibian populations that
do not undergo significant changes in spot patterns
in adulthood. Yellow-bellied toads are a suitable
model for studying environmental influences, due
to their common availability in the territory. Their
colouration and spot pattern stabilize following their
first year (Novitsky et al 2001), and they tolerate
short-term manipulation very well Barandun and
Reyer (1997) report that mating was observed in indi-
viduals within one hour after handling.

Quantitative characteristics associated with
the pattern on the ventral side of the body, such as
the ratio of black to light areas, number, shape and
relative position of spots, are considered by many
authors to be the main diagnostic features distin-
guishing B. bombina, B. variegata and their hybrids
(Lac 1961; Gollmann 1984; Plaiasu et al 2005; Sas
et al 2005; Voros et al 2007; Covaciu-Marcov et
al 2009). The advantage of the abdominal spots of

Bombina individuals is that the pattern is permanent
after metamorphosis (Streich et al 1997; Gollmann
and Gollmann 2012). Most changes in the pattern
occur a few weeks after metamorphosis, and there-
fore it is not recommended to use photographs of
the abdominal part taken during the period when
the complete pattern has not yet been created
(Gollmann and Gollmann 2011). The development
of black spots, which are a characteristic individual
feature of B. variegata, is also related to the onto-
genetic development of colouration. Factor 1 rep-
resents variations in colour and spotting. In corre-
lation with age, it consistently evaluates subadult
individuals as lighter with less variability of black
spots. However, the circularity of spots (F 4), the
number of dark spots (F 6) and the ratio of B/Y co-
lour (F 7) is not significantly conditioned by age.
Thus, we can say that despite significant differ-
ences in colouration, individual differences in basic
abdominal spot patterns are subject to ontogenetic
development to a limited extent. This phenomenon
is partly confirmed by previous studies, where in-
dividual patterns of spotting and discolouration
stabilize only after the first wintering (Novitsky et
al 2001). Older animals are more characteristic of
darker colours in the process of ontogenesis (Kraus
and Allison 2009). It is also thought that changes
in variations in colouration are hormonally condi-
tioned during ontogenesis (Richards 1982; Hayes
and Menendez 1999; Hoffman and Blouin 2000).
Juveniles commonly use cryptic dyes and ma-
ture into a striking colouration in adulthood (Bulbert
et al 2018). Thus, the cryptic colouration (camou-
flage) changes with age. This defence mechanism is
used by organisms to mask their appearance, usu-
ally to blend in with their surroundings. Temporary
pools, especially on forest or field paths, often have
a cloudy sandy appearance. The light colour of sub-
adult forms could be camouflage in this case. Young-
er individuals are also exposed to more frequent
predator attacks due to their insufficient experience
and lower mobility. Predators can be detrimental to
B. variegata, and Barandun and Reyer (1997) men-
tion that this predation is extremely dangerous in the
early stages of life. The opposite defensive strategy
is an aposematism, which is a striking warning co-
louration by which the animal warns predators that
it is poisonous. The yellow colour generally discour-
ages animals and sends a warning signal against the
attack and possible poisoning. The yellow-bellied
toad displays a cryptic dorsal colouration in differ-
ent shades of grey and brown and it's aposematic
colouring is a conspicuous ventral yellow with con-
trasting black spots (Kwet 2015). Bright colours can
warn predators that potential prey is toxic, thus,
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we can infer that predators are the most significant
contributing factor to the development of aposema-
tism (Rojas et al 2020). However, the study of colour
polymorphism in frog venom suggests instead this is
the result of parental repression and sexual selection
(Deegan and Engel 2019), as evidenced by a study by
Jeckel et al (2019) which found that Adelphobates ga-
lactonotus (Dendrobatidae) from two sites with differ-
ent colour morphs did not differ in their toxin profile.

Amphibians often change colour during develop-
ment, responding to various environmental factors.
This colour variability and different melanin content
have been shown to play an important role in ther-
moregulation (Tattersall et al 2006), reproduction,
protection against UV radiation (Garcia et al 2004)
and predation (Rudh and Qvarnstrom 2013). Licht
and Grant (1997) hypothesized that the depleting
ozone layer and increasing amount of UV-B radiation
may cause increased amphibian mortality. Effective
barriers to the propagation of UV-B radiation are the
depth of water and its colouration (Smith and Baker
1979; Scully and Lean 1994). This is consistent with
our observations that individuals have a higher black
pigment content in cleaner, non-turbid water, which
should transmit UV-B radiation better.

However, this hypothesis required additional
research as conflicting results have characterised
this area of study to-date. In some species, high-
er mortality was observed after exposure to UV-B
radiation, but in others there was no effect (Licht
and Grant 1997, Rudh and Qvarnstrom 2013). The
advantage of darker pigmented individuals is their
ability to reach a higher body temperature faster
than ambient temperature (Brattstrom 1963; Du-
ellmann and Trueb 1994; Vences et al 2002), which
in turn allows them to exhibit higher activity and
more rapid growth (Lillywhite et al 1973). Lighter
colouring, on the other hand, prevents the body from
overheating, but may increase the risk of being de-
tected by predators (Tattersall et al 2006). Our re-
sults showed that frogs found in muddy water were
lighter, which may indicate that they do not need
significant protection against UV-B radiation in the
form of a higher melanin content, and that the pre-
dominance of a strong yellow colour may not be a
disadvantage for them in avoiding predation. Thus,
the observed difference in the level of pigmentation
may be due to several factors. According to Stugren
and Vancea (1968), the ratios between yellow and
black, in B. variegata should not be considered as
the result of metabolic changes influenced by the
origin of the environment alone. While these dif-
ferent forms can also be caused by more random
mutations, their frequency and distribution indicate
that they are below environmental control. At pres-
ent, many causes of these colour adaptations re-
main undetected and unexplored, while few genes
have been discovered that affect the pigmentation
of individuals (Rudh and Qvarnstrom 2013).

Variation in the pattern of ventral spots according to
spatial distribution

The yellow-bellied toad belongs to a species that
engages in daily activity, is less bound to water, and
possesses migratory ability. It reproduces in smaller
stagnant waters and periodic pools on mountain

pastures, forest road tracks, flooded pits, etc. Some
studies suggest that B. variegata prefers free waste-
water. According to the research of Csanady et al
(2020), one of the most important factors positively
influencing the fauna of B. variegata in temporary
rainwater pools, is the volume and area of the rain
pools, while the presence of shadows has a nega-
tive effect. The influence of other parameters (e.g.,
water temperature, biotope structure, the presence
of chemical compounds or chemical properties, pH)
was also significant (Csanady et al 2020). Tempo-
rary lakes or pools on field roads are characterized
by low or zero vegetation cover and high solar ra-
diation. Research by Warren and Buttner (2008) also
confirms that the probability of occurrence of the
B. variegata increased in water reservoirs on bare
land (rare vegetation), as a result of human activity.

In our research, we analysed ventral spotting in
four populations of B. variegata from different areas
of Slovakia. The sites were spatially distant to en-
sure a reduction in the genetic impact in colouration
and spotting. Two localities were from the vicinity of
7ilina (Rosina, Dubeti), one from Spigska Magura and
one from Bukovské vichy. All areas were large, and
sampling (individuals) was not limited to a small area
where all individuals could be assumed to belong
to the same family line. Spatial spot analysis con-
firmed that individual populations of frogs differed
and showed differences in colouration and abdomi-
nal spots in the compared localities. Individuals from
Rosina were darker (F 1), with black spots that were
more variable in shape (F 4), higher in quantity (F 6),
and with a prevalence of yellow in the B/Y (F 7). Indi-
viduals from Duben were darker (F 1), with a strong
circularity (F 4), lower number of black spots (F 6),
and a yellow colour predominance in the B/Y ratio
(F 7). Individuals from Bukovské vichy were darker
(F 1), smaller in body size, with a greater quantity
and greater variation of black spots (F 4, F 6), and a
predominance of black colouration in the B/Y ratio.
Individuals from Spisska Magura were brighter (F 1),
with a more pronounced circularity and higher num-
ber of black spots (F 4, F 6) and a predominance of
black colouration in the B/Y ratio.

Environmental conditions such as brightness,
structuring of habitats, and presence or absence
of vegetation have a strong impact on the con-
spicuousness, and thus on the transmission and
detectability of, a visual signal (Endler 1992; Peters
2008). The locations in our research were diverse.
In the case of Rosina, the habitat was represented
by small temporary tanks, shaded by the forest or
buildings. In both areas, the water was muddy and
exposed to the sun only a limited time period. The
Duben locality is characterized as a forest road suf-
ficiently open to sunlight, but interspersed with
sufficient tree-cover to provide shade; there is an
abundance of grassland, and the water is muddy.
Spisskd Magura is characterized by temporary wa-
ter pools formed on the forest road. All collection
points were in the open out of the shade. In the
locality of Bukovské vrchy, there are natural as well
as artificially created water areas, reservoirs, and
areas exposed to sunlight (Karas¢akova 2014). Due
to the characteristics of these sampling sites, it fol-
lows that the darker coloured individuals exhibited
by Factor 1 occur in localities with lower solar ra-
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diation. On the contrary, in the explicitly sunny site
(Spisska Magura), the individuals were characterized
by lighter colouration. The colour of the water may
have an additional influence on this factor. In Spisska
Magura, the water was quite turbid and muddy with
a light brown to yellow colour, unlike other locations.
We can assume that this represents an adaptation to
the environment in which each frog develops.

For anurans, short-term adaptation to the en-
vironment is common. Short-term adaptation of
B. variegata to environmental conditions was also
confirmed in a study by PreiBler et al. (2021), where-
in frogs transferred to a lighter substrate were ob-
served to lighten in colour in just one day, whereas
frogs transferred to a darker substrate steadily de-
creased in brightness. However, it should be noted
that the above study focussed on dorsal discoloura-
tion, while our study focusses on patterns of ab-
dominal spots. Many amphibians get darker against
a black background, or lighter against a white
background, owing to the dispersal of melanin-con-
taining organelles (melanosomes) or aggregation of
iridophores (cells with platelets involved in struc-
tural colouration) (PreiBler et al 2021). Geographical
variations in aposematism and crypsis (Mappes et
al 2005) are also common. Thus, we can assume
that the amount of sunlight and the surrounding
vegetation plays an important role in the formation
of abdominal spot patterns and the overall coloura-
tion of B. variegata. The colouration of a particular
population group may be the result of the collective
evolution of colouration and toxicity (Summers and
Clough 2001; Summers et al 2003).

In general, it is not possible to determine which
of the environmental factors has the greatest effect
on the spot pattern. Environmental conditions also
include the presence or absence of predators. The
variety of colour patterns seen in animals tends to
reflect different defensive strategies (Ruxton et al
2004). In this respect, the colour and spot patterns
are important. However, it is not only short-term
predisposition to adapt to the environment that
protects animals from negative effects of the envi-
ronment. For example, ontogenetic colour change
and non-reversible change in body colour occur as
individuals transition between different life stag-
es (Booth 1990; Grant 2007; Wilson et al. 2007).
Therefore, unique stain patterns are often subject
to more long-term development.

Environmental factors that affect anuran colour
changes include the intensity of light, background
colour, and temperature (Kang et al 2016). In gen-
eral, frogs are more brightly coloured in stronger
light and higher temperatures (Stegen et al 2004).
The darkening of animals with age or ontogenesis
is largely expressed as a transition between green
and brown colour states (Kraus and Allison 2009).
We can assume that in the long term, lighter in-
dividuals will be more prevalent in sunny habitats
while darker individuals will be more prevalent in
shady habitats. In the population, this leads to a
favour for specific phenotypes that are more reflec-
tive of the environment and more protective from
predators, due to natural selection. Long-term co-
lour adaptation to local environments that evolved
in response to natural selection is reported in lizards
(Phyrnocephalus versicolour) (Tong et al 2019), that

exhibit geographically divergent body colourations
to maximize camouflage against local backgrounds.

B. variegata is a long-lived anuran, and its maxi-
mum lifespan is between 5 and 23 years in the wild
(Plytycz and Bigaj 1993; Hantzschmann et al 2019; Di
Cerbo et al 2011), or 27 - 29 years in captivity, (in the
absence of extrinsic mortality factors) (Mertens 1970;
Abbiihl and Durrer 1998), though there is still variabil-
ity in life expectancy. Gene flow between neighbour-
ing populations appears to be limited to less than b km
(Hantzsmann et al 2019). Hantzsmann et al (2019) also
showed that migration is limited to shorter distances
in short-lived populations than in long-lived popula-
tions. Thus, life expectancy is another factor that can
potentially play a role in the spread of the phenotype
in a given environment, and it likely plays a role in
the spread of favourable ventral spot patterns. Based
on this hypothesis, we can assume that the structure
and characteristics of a particular habitat play a role
in the differences in spotting between populations
that are more spatially separated. The population (i.e.,
the locality) has a significant influence on the distri-
bution of properties of the individuals, indicating the
substantial level of geographical differentiation among
the populations (Radojic¢ic et al 2002).

The availability of food sources is also related to
environmental conditions. Ogilvy et al (2012) found
that in some anurans, a diet fortified with carot-
enoids seems to have a strong impact on develop-
ment and growth, but also on reproductive success
and colouration of adult individuals. For instance,
the colouration of the red ventral patch of Bom-
bina orientalis is dependent on the supply of pig-
ments in food and a lack of these carotenes under
rearing conditions leads to a yellowish colouration
(Steinicke 1976; Frost and Robinson 1984).

These results also suggest that differences such as
food source variability, which vary between habitats,
can lead to colour changes in frogs. Thus, the habitat
may not only play an important role in the presence
of the species in the locality (Csanady et al 2020) but
may also lead to a preference for other spot patterns
that take into account environmental conditions.

Genetic diversity and population analysis

Studies dealing with genetic diversity and differen-
tiation can not only offer basic information on ecol-
ogy and evolution, but also provide background ma-
terial for practical use in gene pool protection. The
analysis of microsatellites and genetic diversity of B.
variegata has not yet been processed. Current re-
search on microsatellites (Stuckas and Tiedemann
2006; Hauswaldt et al 2007) has focused on B.
bombina. In our work we were able to amplify b and
analyse 4 microsatellite loci, previously amplified
in B. bombina, B. variegata and B. orientalis in the
above mentioned studies. Stuckas and Tiedemann
(2006) used samples from Denmark and Germany
as study material and described 8 new microsatel-
lite loci (7 of which were polymorphic) for the criti-
cally endangered B. bombina species. The observed
heterozygosity produced values between 0.27 - 0.7
and did not differ significantly from the expected val-
ues (0.39 to 0.8), with the exception of locus Bob B13,
(which we also used in our work), which yielded the
largest deviation. The values for individual loci in B.
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variegata, recorded by Stuckas and Tiedemann, are:
Bob F22 - size 132 bp (in our results the locus was
homologous with size 135 bp), Bob B13 - size 126 -
134 bp (our results 113 - 121 bp).

Hauswaldt et al (2007), also analysed micro-
satellites. They described 9 new polymorphic mi-
crosatellite loci in B. bombina. Expected heterozy-
gosity ranged from 0.47 to 0.91 and no significant
deviation was reported. The results for locus Bob
1A in B. variegata are similar to ours; b alleles with
a size of 320 - 354 bp were observed, which was
comparative to the results of our study, where 7
alleles were present with a size of 322 - 353 bp.
Finally, for locus Bob bF Hauswaldt found b5 alleles
measuring between 130 - 150 bp, compared to our
observation of 9 alleles with a size of 115 - 147 bp.

The results from the analysis of microsatellites in B.
variegata in Bukovské vrchy (Poloniny NP) are similar
to these previous works. The observed heterozygosity
(except for the Bob B13 locus) was not significantly
different from expected heterozygosity, nor was there
any significant deviation from the Hardy-Weinberg
equilibrium. The trend in the Bob B13 locus towards
lower observed heterozygosity could indicate a lack of
homozygotes due to inbreeding, or selection against
heterozygotes due to subpopulations (Wahlund ef-
fect). According to our averaged values, the observed
heterozygosity of 0.5123 did not differ significantly
from the expected heterozygosity of 0.5245, and thus
the Wahlund effect did not appear to have a signifi-
cant impact, as the HOBS value was not demonstra-
bly lower than the HEXP value. Since the value of
the inbreeding coefficient in the case of the Bob B13
locus was slightly higher than zero than in the case
of other loci, we could therefore consider inbreeding
as the more probable cause of the observed phenom-
enon. As the observed heterozygosity is high, we can
assume that the originally isolated populations were
mixed, which would correspond to the determined
genetic diversity of B. variegata within the monitored
population presented in this study. The allele number
data (Table b) show that for the Bob 5F and 1A loci,
there are one or more particularly widespread alleles,
respectively, and the remaining alleles are less com-
mon. This phenomenon could indicate that the early
founders of the populations had a limited number of
alleles (for example due to the bottleneck effect) and
the newly formed alleles had not yet succeeded or
could not expand sufficiently. Genetic diversity de-
pends not only on the number of alleles, (which was
sufficient based on our observations), but also on
their frequency. Because alleles were not evenly dis-
tributed, we can assume that the genetic diversity of
the population is smaller. As can be seen (Fig. 10), a
phylogenetic tree constructed by the UPGMA meth-
od does not have the best explanatory value, as we
worked with only four loci, of which the Bob F22 locus
is monomorphic.
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