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THE ESSENTIAL OILS OF THE GENUS SALVIA

1%

Agdta CERNAKOVA" - Daniela GRULOVA' - Janka PORACOVA®

ABSTRACT

This concise review paper aims to briefly state the current state of analysis of secondary metabolites
of the genus Salvia. The research focused on the essential oils of the seventeen species published in the
last two decades. The review shows that Salvia officinalis L., Salvia sclarea L., and Salvia pratensis L.
accumulate the highest volatile compounds. We outline the major identified volatile constituents for all
the analyzed Salvia species and chemical classes of the genus Salvia, with percentage composition >1%
and reported by at least two independent authors. The primary types are monoterpene hydrocarbons,
sesquiterpene hydrocarbons, oxygenated monoterpenes, oxygenated sesquiterpenes, and aliphatic
components. The review shows that caryophyllene oxide, 1,8-cineole, germacrene D, f3-caryophyllene,
spathulenol, and a-humulene are characteristic for genus Salvia. These major compounds extracted
from the air-dried or fresh plants were obtained from different soils, altitudes, and countries.

KEYWORDS
Secondary metabolites, essential oils, genus Salvia

INTRODUCTION

The phenomenon of secondary metabolites was recognized in the early days of
modern experimental botany (SAcHs, 1873). Secondary metabolites are chemicals
produced by plants and other organisms that are not essential for their life (growth
and development). In plants, they occur in small amounts in specific tissues. They
are formed by the transformation of intermediates of primary metabolism. Their
chemical variability depends mainly on genetic factors, but the influence of climatic
conditions has also been proven. They are assumed to be protective against the
adverse effects of external biotic and abiotic factors. Many secondary metabolites are
biologically active substances and are used in the food, pharmaceutical, and cosmetic
industries. Other secondary metabolites with a biocidal effect against phytopathogens
can be used instead of classical agrochemicals (GUERRIERO et al., 2018).

The genus Salvia (sage) is the richest in the number of species of the family Lamiaceae.
More than 900 species of sage represent aromatic plants, perennials blooming in
various colors. Other species are woody shrubs, shrubs, semi-shrubs, rarely trees. The
genus Salvia is widely distributed in its species diversity in Latin (Mexico) and South
America, in Central and East Asia, in the Mediterranean region, which is considered
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to be its development center, from where it has spread further across Europe. It
occurs in all climatic zones. There are hundreds of natural and bred hybrids in the
genus Salvia (WHITTLESEY, 2014). DEL CARRATORE et al. (1998) scientifically discuss
the historical formation of sage nomenclature, citing works from the 16% century.

This concise review article outlines major essential oils found in 17 species of
the genus Salvia. The article describes those compounds found with percentage
composition >1% and reported by at least two independent authors.

CHEMICAL COMPOUNDS IN PLANT METABOLISM

Plants synthesize many different secondary metabolites (estimated at 200,000),
with complex chemical compositions produced in response to various forms of
environmental change to perform basic physiological tasks such as attracting
pollinators, creating symbiosis, and providing structural components to woody cell
walls of vascular tissues (NCUBE & VAN STADEN, 2015). Other roles of secondary
metabolites include plant protection (for example, against viruses and bacteria)
and protection against external influences such as UV radiation or cold, where
secondary metabolites and their composition represent a specific response to stimuli
and environmental changes. Many secondary metabolites produced by plants have
bioactive components which are medicinal or toxic. They are traditionally used
in medicines, fragrances, flavors, or dietary supplements. They can be essential in
cosmetics. Therefore, the scientific and industrial interest in secondary metabolites is
enormous (GUERRIERO et al., 2018).

Biochemical variability

The content of chemical components in plants is not identical but is precisely
organized and controlled by biogenetic metabolic processes and metabolic
pathways. Most of the secondary components are produced by basic biogenetic
processes leading to one or more secondary metabolites, from which numerous
derivatives are usually formed by simple enzymatic transformations (HARTMANN,
1996). The predisposition to chemical diversification thus forms the essence of the
basic secondary metabolites. GUERRIERO et al. (2018) classify the secondary plant
metabolites into four main classes:

1. Terpenoids

2. Flavonoids and phenolic compounds
3. Alkaloids
4. Nitrogen and sulfur compounds

Typical characteristics of secondary metabolites are biochemical variability and the
“high degree of freedom” of their components and derivatives. Certain products
of metabolic chains may differ qualitatively (structurally) and quantitatively (in
concentration), or they may disappear without more serious consequences for
plant growth and development. Thus, they differ significantly from the primary
metabolites, which are essential for plants and must be strictly stable to guarantee
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the structural and functional integrity of the cells or organism, the synthesis
of building blocks, enzymes, or hormones (BERENBAUM & ZANGERL, 1992;
HARBORNE, 1993). In essence, secondary metabolites’ degree of freedom (in the
chemical sense) is the mechanical basis of chemical variability. Consequently, it
is necessary for diversification that occurs under the specific influence of ever-
changing environmental conditions (HARTMANN, 1996).

The chemical variability of secondary metabolites depends not only on genetic
factors but also on climatic conditions. Recent studies have confirmed that the
two most important factors of global warming - increased concentrations of CO,
in the atmosphere and heat - have a significant adverse effect on the production
of secondary metabolites in tree leaves (HOLOPAINEN et al., 2018). CO, increases
the proportion of phenolic components in the leaves and, conversely, reduces the
formation of terpenoids. The effect of warming has the opposite impact, reducing
the production of phenolic compounds in the leaves and, conversely, increasing the
output of terpenoids. Other non-biotic products show even more variability. Plants
can cope with the stress caused by changes in the environment through changes in
the formation of secondary metabolites (JARDINE et al., 2017).

ESSENTIAL OILS OF THE GENUS SALVIA

Several species of the genus Salvia, the most representative genus of the Lamiaceae
family with about 900 species, are grown worldwide for their essential oils. The
essential oils have various biological properties such as antimicrobial, viricidal,
cytotoxic, antimutagenic, and antifungal (Russo et al., 2013). Table 1 describes
major compounds of the genus Salvia of seventeen Salvia species: Salvia aethiopis
L., Salvia amplexicaulis L., Salvia austriaca L., Salvia chloroleuca L., Salvia divaricata
L., Salvia dumetorum L., Salvia eriophora L., Salvia forsskaolei L., Salvia glutinosa
L., Salvia longipedicellata L., Salvia nemorosa L., Salvia officinalis L., Salvia pilifera
L., Salvia pratensis L., Salvia sclarea L., Salvia verbenaca L. and Salvia verticillata L.
Subsequently, Table 2 introduces their major identified volatile constituents.

The essential oils are usually extracted from the air-dried samples and then are
subjected to hydrodistillation for 2-3 hours. Some authors also analyzed the fresh
plants (SENATORE & DE FEO, 1998; THEN et al., 2003; BEN FARHAT et al., 2019).
SULNIUTE et al. (2017) isolated the volatile compounds from just 10g of dried herbs.
Other authors usually used larger samples. SULNIOTE et al. (2017) also explored
supercritical fluid extraction with carbon dioxide (SFE-CO2), but the amount
of volatiles isolated was 1.4-5.9 times lower compared to hydrodistillation. Gas
Chromatography (GC) and Gas Chromatography-Mass Spectrometry (GC-MS)
evaluated the essential oil components.
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Table 1. Major compounds of the genus Salvia with percentage composition >1%
and reported by at least two independent authors (SENATORE & DE FEo, 1998;
VELICKOVIC et al., 2002; ANACKOV et al., 2009; THEN et al.,, 2003; SULNIOTE et al.,
2017; BEN FARHAT et al.,, 2019; KURKCUOGLU, 2019; TALEBI et al., 2019).

Chemical classes Compound

a-Pinene, 3-Pinene, Camphene, Limonene, a-Thujene, f-Thujene,

M h
onoterpene hydrocarbons y-Terpinene, Myrcene, p-Cymene, Sabinene

p-Cubebene, E-Caryophyllene, a-Humulene, §-Cadinene,

Sesquiterpene hydrocarbons . .
quiterp Y y-Cadinene, Z-B-Farnesene, Bicyclogermacrene, y-muurolene

1,8-Cineole, Linalool, Borneol, Thymol, Camphor, 1-a-Terpineol,

Oxygenated Monoterpenes Linalyl acetate

Oxygenated Sesquiterpenes | Caryophyllene-oxide, Viridiflorol, Spathulenol

Aliphatic Components Nonanal, Hexadecanoic acid, 1-methyl ethyl ester

(Z)-B-Ocimene, a-Copaene, -Caryophyllene, Germacrene-D,

Others epi-13-Manool, Phytol, Pentacosane

Salvia officinalis L. is the most studied species due to the antibacterial effects of
secondary metabolites. It contains monoterpenes with a wide range of carbon
structures, including acyclic, monocyclic, and bicyclic compounds. Three different
monoterpene synthases cause the formation of the most characteristic monoterpenes
of sage essential oil - according to research from Jordan:
1. Sabinene synthase catalyzes the production of sabinene, which undergoes
further rearrangements leading to two major monoterpenes, a- and -thujone.

1,8-Cineole synthase produces 1,8-cineole in one step.

Finally, bornyl diphosphate synthase produces bornyl diphosphate, which
is subsequently hydrolyzed to borneol and then oxidized to camphor (ABU-
DARWISH et al., 2013).

For Salvia officinalis L. it was also confirmed that the extract of essential oils from
mountain plants had a significantly higher content of a-pinene, limonene, 3-thujone,
borneol, and manool, and a lower content of a-thujone, camphor, and viridiflorol
compared to plants grown in flat areas. According to BEDINI et al. (2020), a-thujone
was the main compound of sage, while they also found significant amounts of
camphor and 1,8-cineole. CVETKOVIK] et al. (2015) also studied several populations
of Salvia officinalis L. from the Balkans and identified four different chemotypes that
differ in cis-thujone, trans-thujone, and camphor content. A significant correlation
of the essential oil composition with geographical variables was observed. Finally,
TunbIs et al. (2020) found that camphor (16.16-18.92%), 1,8-cineole (8.80-9.86%),
B-pinene (3.08-9.14%), camphene (6.27-8.08%), and a-thujone (1.17-9.26%) were
identified as the most abundant constituents in Salvia officinalis L. collected in three
areas of Southern Italy. The main components of Salvia officinalis L. essential oils are
liquid, volatile, form emulsions in water. They are soluble in organic solvents: a- and
B-thujone, 1,8-cineole, camphor, and borneol (SULNIUTE et al., 2017).
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Table 2. Major identified volatile constituents of Salvia species.

Salvia species

Major compounds and % range

References

Salvia aethiopis L.
(flowers)

a-Thujone (21.8%), 1,8-Cineole
(17.0%), Camphor (5%)

VELICKOVIC et al. (2002)

Salvia amplexicaulis L.

Germacrene D (14.8-15.6%),
caryophyllene oxide (14.7-10.5%), B-
Bourbonene (3.9-4.4%)

PETROVIC et al. (2009)
SULNTOTE et al. (2017)

Salvia austriaca L.

Thymol (12.4%), neoiso-3-Thujyl
acetate (3.4%), phytol (3.3%)

SULNIOTE et al. (2017)

Salvia chloroleuca L.
(Polor population)

B-pinene (22.7%), a-pinene: (18.3%),
germacrene D (7.7%), sabinene (6.6%)

TALEBI et al. (2019)

Salvia chloroleuca L.
(Neyshabur population)

Spathulenol (19.8%), bicyclogermacrene
(11.4%), p-cymene (10.8%), -pinene (10.4%)

TaLEBI et al. (2019)

Salvia divaricata L.

1,8-cineole (34.4%), linalyl acetate
(10.3%), linalool (7.8%), a-pinene
(6.1%), camphor (3.8%)

KurkcuoGLU et al. (2019)

Salvia dumetorum L.

Caryophyllene oxide (11.9%), Manool
(9.5%), Spathulenol (2.8%)

SULNIOTE et al. (2017)

Salvia eriophora L.

Caryophyllene oxide (13.7%), heptacosane
(8.9%), chavicyl angelate (8.2%)

KurkcuoGLU et al. (2019)

Salvia forsskaolei L.

Spathulenol (10%), (E)-Caryophyllene
(5.1%), a-Humulene (2.3%)

SULNIOTE et al. (2017)

Salvia glutinosa L.

Caryophyllene oxide (0.5-5.6%), a-
Humulene (0.6-3%)

SULNIOTE et al. (2017);
VELICKOVIC et al. (2002)

Salvia longipedicellata L.

B-caryophyllene (47.9%), a-humulene:
(11.5%)

KurkcuoGLu et al. (2019)

Salvia nemorosa L.

Caryophyllene oxide (22%), p-
Vinylguaiacol (5.3%), 14-Hydroxy-(Z)-
caryophyllene (5.2%)

SULNTOTE et al. (2017); THEN et
al. (2003)

Salvia officinalis L.

(E)-Caryophyllene (58.8%), Humulene
epoxide IT (29%), a-Humulene (20.6%)

SULNTOTE et al. (2017)

Salvia pilifera L.

a-Pinene (9.4%), f-eudesmol (6.1%),
myrcene (5.3%), ar-curcumene (5.1%)

KUrRkcUuoOGLU et al. (2019)

Salvia pratensis L.

Caryophyllene oxide (7.4-20%),
1,8-cineole (3.9-6.2%), -Caryophyllene
(1.6-8.1%)

SENATORE & DE FEO, (1998);
VELICKOVIC et al. (2002);
SULNIUTE et al. (2017)

Salvia sclarea L.

Linalyl acetate (41%), Caryophyllene oxide
(27.2%), (5E,9E)-Farnesyl acetone (23,4%)

SULNIOTE et al. (2017)

Salvia verbenaca L.

Viridiflorol (3.4-17.7%), a-pinene (0.7-
15.9%), B-caryophyllene (1-15.3%),
p-cymene (1.3-14.2%), 1,8-cineole:
(2-12.8%)

BEN FARHAT et al. (2019)

Salvia verticillata L.

Spathulenol (8,9%), Germacrene D
(5,6%), Germacra-4(15),5,10(14)-
trien-1-a-ol (3,7%)

SULNIOTE et al. (2017)
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ANACKOV et al. (2009) describe apparent differences in the main compounds in
the essential oil of Salvia pratensis L., which was E-caryophyllene (26.4%), while in
Salvia bertolonii L. the essential oil was caryophyllene oxide (35.1%). The main class
of substances in the essential oil of Salvia pratensis L. was the group of sesquiterpene
hydrocarbons (53.7%), followed by aliphatic compounds (15.7%).

Interesting results were found in the quality of essential oil in Salvia pratensis L. in
the locality of Ceské Stfedohoti-Radobyl in the Czech Republic, with a very high
content of linalool (43.3%) compared to plants from other Czech localities (DUSEK
et al,, 2010). On the other hand, this sample found a shallow caryophyllene content
compared to samples from other localities where it showed caryophyllene up to 86.4%;
this suggests that the population from this locality is very different from the others.
The composition of the essential oil of Salvia pratensis L. is generally characterized
by a higher proportion of 3-caryophyllene and y-muurolene. Their ratio in the calyx
and the leaf oils is similar, but in the essential oil of the leaves, it is reversed (THEN et
al., 2003). VELICKOVIC (2002) identified caryophyllene as the main compound of the
essential oil of Salvia pratensis L.

Major essential oils compounds of the same species but different populations are
usually the same, but with different percentages. For example, TALEBI et al. (2019)
reported that two populations of Salvia chloroleuca L. harvested from different
altitudes 1700 and 2100m in Iran had the same first and second main groups of
compounds, monoterpene, and sesquiterpene hydrocarbons. However, the studied
Polor and Neyshabur populations had different percentages of monoterpene
hydrocarbons, 62.5%, and 43.9%, respectively, and 16.3% and 24.4% of sesquiterpene
hydrocarbons.

SuLNIOTE etal. (2017) compared the extraction of essential oils using hydrodistillation
and SFE-CO, of ten Salvia species grown in Kaunas Botanical Garden at Vytautas
Magnus University in Lithuania. Hydrodistillation was a considerably more effective
method for the extraction of mono and sesquiterpenes (the total amount extracted
was from 8 — Salvia glutinosa L. — to 195 times - Salvia sclarea L. — higher than
by SFE-CO,), which are typical essential oils constituents, whereas alkanes were
better extracted by the SFE-CO, method (the total amount of extracted alkanes was
from 3.5 - Salvia sclarea L. - to 40.8 times — Salvia officinalis L. - higher than by
hydrodistillation).

The essential oil composition of the fresh and dried plant organs of Salvia nemorosa
L. (native in Hungary) cultivated in the experimental garden of the Ecological and
Botanical Research Institute of the Hungarian Academy of Sciences did not differ
(THEN et al., 2003). The oil composition of each Salvia nemorosa L. organ - leaf,
calyx, and petal — was the same.
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The analysis of Salvia divaricate L., Salvia eriophora L., Salvia longipedicellata L.,
and Salvia pilifera L., the four endemic Salvia species in Turkey, revealed that the
species have monoterpene-rich oil under the a/B-pinene group. The remaining two
oils contained sesquiterpenes as the main constituents (KURKCUOGLU et al., 2019).

Salvia genus contains a diversity of bioactive constituents, showing significant
variations affected by the collection sites and phenophase. BEN FARHAT et al. (2019)
found that Salvia verbenaca L. harvested from 10 regions in Tunisia yielded almost
equal amounts of monoterpene hydrocarbons and oxygenated monoterpenes. In
contrast, the sesquiterpene fraction was influenced by the collection site.

CONCLUSION

This article has provided a concise review of major essential oils found in 17 species
of the genus Salvia. The results indicate that caryophyllene oxide, 1,8-cineole,
germacrene D, -caryophyllene, ppathulenol, and a-humulene are characteristic for
genus Salvia. These major compounds extracted from air-dried or fresh plants were
obtained from different soils and altitudes in different countries.

Plants synthesize a vast number of secondary metabolites with a complex chemical
composition. The tremendous scientific and industrial interest in secondary
metabolites guarantees that knowledge about the essential oils can significantly
impact the pharmaceutical and cosmetic industries, agriculture, and the production
of food supplements.
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SIETOVY ZOOPLANKTON MALYCH VODNYCH OBJEKTOV
V KATASTRI OBCE KOJATICE

NET ZOOPLANKTON OF THE SMALL WATER BODIES IN
THE MUNICIPALITY OF THE VILLAGE KOJATICE

Karina HEKKEL' - Radoslav SMOLAK"

ABSTRACT

The aim of this work was to evaluate the dynamics of zooplankton in temporal water bodies in the
municipality of the village Kojatice, taking into account the influence of ecological temperature factors
and ecologically active surfaces (EAS). The effect of EAS on zooplankton diversity and abundance in
small temporary waters has not been statistically confirmed The research also included a comparison
of the qualitative - quantitative composition of zooplankton between small temporal and permanent
water bodies. In total, we recorded the presence of 15 taxa of the rotifers (Rotifera) with the dominance
of the class Bdelloidea, 14 taxa of Cladocera with the most abundant occurrence of Daphnia obtusa
(Kurz, 1874) and all three main developmental stages of Copepoda. The main idea of the presented
work was also to point out the importance of small water objects, which form a necessary component
in preserving the biodiversity of zooplankton and their spread.

KEYWORDS
zooplankton, temporal water objects, ecological factors, Rotifera, Cladocera, Copepoda

Uvob

Odlestovanie krajiny podporuje vznik periodickych vod v lesostepnych a stepnych
oblastiach, ktoré vytviraji vhodné podmienky pre zivot roznych plankténnych
druhov (BRTEK, 1976). Periodické vody patria medzi lentické vodné objetky.
Charakteristické su tym, Ze obsahuji vodu len obcas, a to len na niekolko mesiacov
¢i tyzdnov. Vznikaju na $pecifickych miestach, bud po topeni snehu na jar,
po dazdoch alebo pri zvysujticej sa hladine podzemnych vod. Castokrat vznikaju
na nepriepustnom podlozi, napr. il, skaly, piesok a pod. (HRBACEK, 1966). Prave
temporalne vodné objekty poskytuju idedlne podmienky pre vyskyt skimanych
planktonickych druhov (ILLyovA, 2010). Hustota populacie zooplankténu je zavisla
aj od velkosti jedincov daného spolocenstva, pretoze ¢im su jedince mensie, tym
je vacsia hustota populacie (KUBfCEK & ZELINKA, 1982). Rozdiely nachadzame, aj
v sfarbeni plankténu, ktory zavisi aj od vztahov k Zivotnému prostrediu, plankténne
druhy, ktoré Ziju v malych vodnych nadrziach, litordlnych ¢i bentickych oblastiach
maju zltavé az nacervenavé sfarbenie. Druhy, ktoré obyvaju pelagidl, si zvycajne
bezfarebné, priesvitné a ¢ire (SCHUBERT, 1973).

1 Katedra ekoldgie, Fakulta humanitnych a prirodnych vied, PreSovskd univerzita v PreSove, 17. novembra 1,

SK-08116 Presov, Slovensko. e-maily: karina.hekkel@gmail.com; radoslavsmolak@gmail.com

korespondencny autor
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Osidlenie temporalnych vodnych objektov zooplankténom a inymi bezstavovcami je
ovplyvniované pritomnostou vody. V uréitych obdobiach mézu byt tplne bez vody.
Zo zooplankténu najlepsie preckavaji obdobie sucha perloo¢ky (DVORAK & IMHOF,
1998). Okrem pritomnosti a mnozstva vody, ovplyviuje zooplanktén v temporalnych
vodnych objektoch aj mnozstvo dal$ich faktorov, ako je napriklad teplota vody,
kyslik a dal$ie anorganické latky ¢i ziviny a mnoho dal$ich premennych. Chemizmus
tempordalnych vodnych objektov je charakteristicky zvycajne dostatkom kyslika,
neskor jeho nizkymi hodnotami v zavislosti od mnozstva a biomasy zooplanktonu.
Postupnym odparovanim vody narasta aj salinita vody (HETESA et al., 2012).

Na zéklade zozbieranych tdajov sme zistovali vplyv teploty a ekologicky aktivnych
povrchov na diverzitu a pocetnost jedincov. Je predpokladom, Ze ¢im je mensi objem
vody, tym by mal byt pomer sty¢nej plochy vody so vzduchom a podou vy$si a tym
padom by mala byt aj vyssia diverzita a pocetnost jedincov.

MATERIAL A METODY

Charakteristika uzemia

Spolu 10 sledovanych vodnych objektov sa nachadza v blizkosti obce Kojatice. Pit
lesnych mlak, rozmerovo podobnych temporalnych vodnych objektov vytvorenych
zaliatim kolaji po kolesach tazkej lesnej techniky, oznacenych ako Temp1-Temp5 malo
priemernt hibku od 8 do 14 cm, a plochu od 1,6 do 4,3 m> Pit trvalo zamokrenych
vodnych objektov stojatej vody napajanych lesnym potokom, oznacenych ako
Perm1-Perm5 malo priemernd hibku od 4 do 20cm, a plochu od 0,7 m* do 16,8
m?’. Sledované obdobie (jun-oktober 2018) bolo relativne bohaté na zrazky co
zabezpecilo kontinualnu pritomnost vody. Na zaklade predoslého sledovania vieme
potvrdit, Ze k vysychaniu dochadza viackrat za rok. Najblizsie vyschnutie vSetkych
sledovanych lesnych mlak po sledovanom obdobi nastalo v marci 2019. Zakladné
udaje o skimanych vodnych objektoch su v tabulke 1.

Tabulka 1. Zakladnd charakteristika skimanych vodnych objektov v blizkosti obce
Kojatice
Table 1. Characteristics of the studied water bodies near by Kojatice village.

GPS koordinat Objem vody v &ase odberu vzorick (1)
lokalita | typ habitatu_|zem. Sirka (N)[zem. dizka (E)| 10.6.2018]23.6.2018]7.7.2018[20.7.2018]4.8.2018 | 18.8.2018]2.9.2018 15.9.2018 [ 1.10.2018] 14.10.2018
Templ [lesnd mldka _ |48.995579  [21.117981  [128 99,2 704 752 104 99,2 1376 [1248  [752 51,2
Temp2 [lesna mlika  [48.996771  [21.116063 __|141,1 1166 89,3 [93,6 1138 1182 1555 [132,5  [87.8 70,6
Temp3 [lesnd mlaka  [48.997144 _ |21.115516 [189,6  [1488 93,6 12,8 [141,6 (1512 [220,8  [168 1008 |72
Temp4 [lesnd mlika  |48.997306  [21.115307  [576 480 393,6  |412,8  [489,6 (4992  [5856 5328  [388,8  [3552
Temp5 |lesnd mlika  |48.997496  [21.115205  |560 484 392 448 492 472 592 524 396 356
Perm1_[rybnik 48.988072  [21.123902 3600 3564 3546|3582 3573 [3576,6  |3567,6 |3394,6  |3546 3537,2
Perm2 [lesnd studnicka[48.985502  [21.129542 |90 88,2 86,4 89,1 873 878 88,1  [89.8 84,6 85,5
Perm3 [lesny potok  |48.983061  [21.128571 448 4458|4469 [4424 4312 (4346 4446 (4458  [4234 4222
Perm4 [lesny potok  [48.979971  |21.130578 45 44,8 447 [449 44 43,9 441 [454 44,7 44,7
Perm3 [lesna studnicka|48.987013 |21.135164 __|150 147 1448 [149,1 147,8 (1498|1494  [1498 149,5 149,4

Metodoldgia zberu a spracovanie vzoriek

Odber vzoriek prebiehal v mesiacoch jun 2018, az oktéber 2018. Spolu bolo
zrealizovanych 10 odberov, v intervale kazdy druhy tyzden. Pri kazdom jednom
odbere sme filtrovali 6 litrov vody cez planktonicku sietku do zbernych flasiek
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o objeme 50ml z 5 periodickych vodnych ploch a 5 permanentnych vodnych
objektov. Vzorky boli na mieste odberu fixované 40% formaldehydom na vyslednt
koncentraciu 4%, ¢o zodpovedd pomeru vzorka: formaldehyd, 10:1.

Vzorky sme sledovali pod mikroskopom v laboratériu katedry ekolégie FHPV
moznu taxonomicka droven podla uréovacich kluc¢ov zooplankténu od autorov
ILLYOVA & BALAZI (2004) a KosTE (1978). Zastupcov podtriedy Copepoda sme
z dovodu naro¢nosti determinacie ur¢ovali len do troch vyvinovych $tadii (nauplius,
kopepodit, dospelec).

Meranie teploty prebiehalo v rovnakom ¢ase ako odber zooplankténu. Merali sme
digitdlnym teplomerom na desatinné hodnoty v stupnioch Celzia. Vo vsetkych
vodnych objektoch sme teplotu vody merali priblizne uprostred vodnej hladiny
v hibke 5cm.

Vypocet ekologicky aktivnych povrchov (EAS) je vysledkom prepoctu velkosti obsahu
sty¢nych ploch s podou a so vzduchom jednotlivych vodnych ploch k objemu vody
v konkrétnych vodnych objektoch. Nésledne sme ziskali hodnotu pomeru styénych
ploch k objemu vody, oznac¢ovanu ako ,K“ Vzorec pre vypocet pomeru sty¢nych
ploch s podou a so vzduchom k objemu vody:

_Sa+ Sb
v

Sa - plocha povrchu vodného telesa; Sb - plocha dna vodného telesa; V — objem vody
vodného telesa.

Plochu povrchu vodného telesa sme vypocitali z nameranych rozmerov vodnej
plochy a plochu dna vodného telesa z nameranych hibok v roznych &astiach vodného
objektu pomocou laserového meraca vzdialenosti. Objem vody bol vypoéitany
z nameranych dizkovych a hibkovych udajov.
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a diverzity zooplankténu v ¢ase odberov zooplankténu v sledovanych temporalnych
vodnych objektoch.

Figure 1. Changes in temperature ° C (T), ratio of contact area to water volume
(K), abundance and diversity of zooplankton at the time of zooplankton sampling in
monitored temporal water bodies.

30 - 20
- 18
= - 16
14
20 -
= F12 2
x T -
© 515 - 10 8
-2 s
a L8 g
10
-6
-4
5
-2
o S TSR TSRS TSI TSI IS I T T |
10.6. 23.6. 7.7. 20.7. 4.8. 18.8. 2.9. 15.9. 1.10. 14.10.
EEDT-Perml  EEEOT-Perm2  EZ0T-Perm3  EEEBT-Perm4 EET-Perm5  =—T-Perml
= T-Perm2  ===T-Perm3  ===T-Perm4 =——=T-Perm5 =—f=diverzita =@=pocletnost

Obrazok 2. Zmeny teploty °C (T), pomeru sty¢nej plochy k objemu vody
(K), pocetnosti a diverzity zooplanktéonu v case odberov zooplanktonu
v sledovanych permanentnych vodnych objektoch.

Figure 2. Changes in temperature ° C (T), ratio of contact area to water volume
(K), abundance and diversity of zooplankton at the time of zooplankton sampling in
monitored permanent water bodies.
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Najvacsia pocetnost zooplanktonu bola zaznamenana 23.6.2018, kedy bola
zaroven aj jeho najvyssia diverzita. Pozitivny ndrast pocetnosti zooplankténu sme
zaznamenali aj 4.8.2018, pri ktorom jeho diverzita dosahovala hodnotu 14, ¢o je
v temporalnych vodach bola 14.10.2018. Na Obrazku 1 vidime ako sa menil pomer
sty¢nych ploch vody k objemu, ndrast jeho hodndt sme zaznamenali 7.7.2018
vo vSetkych temporalnych vodach, ¢o moze stvisiet s vy$sou teplotou vody. Najvyssie
hodnoty vo vsetkych temporalnych vodnych objektoch boli 14.10.2018, kedy bola
V pripade permanentnych vodnych objektov bola teplota vody stalejsia ako
v pripade temporalnych vodnych objektov a rovnako vyrazne poklesla v oktdbri
(najmé 14.10.2018) a to u vsetkych sledovanych vodnych objektoch rovnako.
V permanentnych vodnych objektoch bola diverzita a pocetnost zooplankténu
vyrazne niz$ia ako v temporalnych vodach. Na zaciatku sledovaného obdobia,
konkrétne 10.6. 2018 bolo zaznamenanych najviac taxénov zaroven s najvys$sou
pocetnostou zooplankténu. Dna 20.7.2018 je na Obrazku 2 vidiet vyrazny pokles
pocetnosti zooplankténu, ktory bol zaznamenavany aj pri dalSich odberoch
zooplankténu. EAS sa v permanentnych vodnych objektoch nijako vyrazne nemenil,
v mensich odchylkach bol takmer konstantny. Potvrdili sme koreldciu medzi teplotou
a diverzitou.

y = 1/(-0,061045x+2,331)

3.0

254

2.0

Obrazok 3. Korelacia (Spearman, p < 0.001, rs = 0.49) medzi teplotou (T) a diverzitou
(H) v sledovanych temporalnych vodnych objektoch.

Figure 3. Correlation (Spearman, p <0.001, rs = 0.49) between temperature (T) and
diversity (H) in monitored temporal water bodies.

Z Obrazku 3 je zrejme, Ze teplota ovplyviiuje rozmanitost zooplanktonu, to znamend,
ze ¢im bola vyssia teplota, tym viac taxénov plankténu sme zaznamenali, ale zaroven
pocas sledovaného obdobia vplyval na diverzitu e$te aj iny nesledovany sezénny
faktor, ¢o vysvetluji prazdne krazky, ktoré symbolizuju nizku diverzitu plankténu
najma v oktobri, kedy aj teplota bola nizsia.
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Obrazok 4. Koreldcia (Spearman, p < 0.001, rs = 0.49) medzi teplotou (T) a diverzitou
(H) v sledovanych permanentnych vodnych objektoch.

Figure 4. Correlation (Spearman, p <0.001, rs = 0.49) between temperature (T) and
diversity (H) in monitored permanent water bodies.

Z Obrazku 4 prezentujuceho koreldcie medzi teplotou a diverzitou v permanentnych
voddch nam vyplyvaji podobné vysledky ako v predchadzajicom grafe
u temporalnych vodnych ploch.
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Obrazok 5. Koreldcia (Spearman, p < 0.001, rs = 0,49) medzi teplotou (T) a diverzitou
(H) v sledovanych temporalnych a permanentnych vodnych objektoch.

Figure 5. Correlation (Spearman, p <0.001, rs = 0.49) between temperature (T) and
diversity (H) in monitored temporal and permanent water bodies.

Na Obrazku 5 su znazornené udaje diverzity spolu z temporalnych aj permanentnych
vod a ich koreldcia s teplotou. Vyplyva z neho, ze ¢im bola teplota vyssia, tym bola aj
vacsia diverzita planktonu celkovo, ale neplati to tplne, kedZe nam tam zohraval rolu
aj iny sezénny faktor, ktory sme nesledovali.
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Celkovo sme v temporalnych a permanentnych vodnych objektoch zistili 27 taxénov
zooplanktéonu (Rotifera 15, Cladocera 11 a bliz$§ie nespecifikovani zastupcovia
podtriedy Copepoda) (Tabulka 2). Pocas sledovaného obdobia 5 mesiacov jun az
maj 2018, dominoval zooplankton diverzitou a pocetnostou najma v temporalnych
vodnych objektoch, v permanentnych sa vyskytoval v ovela mensom zastGpeni.
Pocas skimaného obdobia sme zistili celkovy pocet taxénov virnikov (Rotatoria)
v pocte 15. ISlo o najcastejSie sa vyskytujicu skupinu. Najvyssiu frekvenciu vyskytu
mali: Bdelloidea, Filinia terminalis (Plate, 1886) a Brachionu rubens Ehrenberg, 1838.
V mensich po¢toch sme zaznamenali aj B. angularis Gosse, 1851, B. calyciflorus Pallas,
1766, B. leydigii Cohn, 1862, B. quadridentatus Hermann, 1783, Keratella cochlearis
Gosse, 1851, Lecane sp. a Notholca sp. Nagli sme aj druhy, ako su Euchlanis deflexa
(Gosse, 1851) a Kellicottia longispina (Kellicott 1879), ale len v permanentnych
vodnych objektoch.

Tabulka 2. Zoznam identifikovanych taxénov v skimanych vodnych objektov
v blizkosti obce Kojatice
Table 2. The list taxa identified in the studied water bodies near by Kojatice village.

Rotifera Cladocera

Bdelloidea (bliZ$ie neurcené) Alona rectangula (G.O. Sars, 1862)
Brachionus angularis (Gosse, 1851) Bosmina coregoni (Baird, 1857)
Brachionus calyciflorus (Pallas, 1766) Bosmina longirostris (O.F. Miiller, 1785)
Brachionus leydigii (Rousselet, 1907) Daphnia longispina (O.F. Miiller, 1785)
Brachionus quadridentatus (Hermann, 1783) Daphnia obtusa (Kurz, 1874)
Brachionus rubens (Ehrenberg, 1832) Daphnia pulex (Leydig, 1860)
Brachionus sp. Daphnia sp.

Euchlanis deflexa (Gosse, 1851) Diaphanosoma brachyurum (Liévin, 1848)
Filinia terminalis (Plate, 1886) Moina brachiata (Jurine, 1820)

Filinia sp. Moina micrura (Kurz, 1875)

Kellicottia longispina (Kellicott, 1879) Moina sp.

Keratella cochlearis (Gosse, 1851)

Keratella sp.

Lecane sp.

Notholca sp.

Pocas sledovaného obdobia sme zaznamenali 14 taxénov z radu perloociek (Cladocera).
Medzi najcastejsie vyskytujtice patrili Daphnia obtusa Kurz, 1874, D. longispina (O.E
Miiller, 1776), Moina micrura Kurz, 1875, ktora je velmi ¢asta v nasich podmienkach
a povazovana za kozmopolitny druh (SRAMEK - HuSEK et al, 1962), a D. pulex
Leydig, 1860. Mnoho druhov tychto perloociek preferuje nezarastené biotopy, ¢asto
aj periodicky vysychavé. Dobre znasaju prehrievanie vody a pokles hladiny kyslika,
vadsinou sa vyskytuju vo velkych spolocenstvach (HupEec 2010). V men$om mnozstve
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sa vyskytovali druhy Diaphanosoma brachyurum (Liévin, 1848), M. brachiata (Jurine,
1820), Bosmina coregoni (Baird, 1857), B. longirostris (O.F. Miiller, 1785) a Alona
rectangula (G.O. Sars, 1862). Za spomenutie stoji fakt, Ze pocas nasho vyskumu sme
vobec nespozorovali druh Moina rectirostris (Leydig, 1860), ktory patri medzi nase
najbeznejsie perloocky a vyskytuje sa vo velkych mnozstvach v réznych stojatych
vodach, prevazne v lete, pretoZe je to teplomilny druh (SRAMEK — HUSEK et al., 1962).
Zaujimavym zistenim je tiez to, Ze zastupcov z rodu Moina sme vObec nezaznamenali
v permanentnych vodéch, zato v temporalnych sa vyskytovali v hojnejsom pocte, av§ak
len od juna do zaciatku septembra, v neskorsich odberoch sme ich uz nezaznamenali.
V najhojnejsom pocte boli zastupcovia tohto radu v datumoch 18.8.a2.9.2018. Celkovo
sa zastupcovia radu Cladocera vyskytovali v permanentnych vodach v minimalnych
mnozstvach, pripadne absentovali, je velmi pravdepodobné, Ze je to ddsledkom
urcitych ekologickych faktorov, ktoré sme pocas nasho vyskumu nesledovali. Zastupcov
podtriedy veslon6zky (Copepoda) sme blizsie neurcovali, zaznamenavali sme v iba ich
vyvinové §tadium. Pocas nasich odberov sa cely ¢as vyskytovali len v permanentnych
vodnych objektoch a aj to len v §tadiu copepodit a nauplius. V temporalnych vodnych
objektoch sme ich od zaciatku oktébra uz nezaznamenali vobec, ale dovtedy sa
vyskytovali v hojnych poctoch. V temporalnych vodach sme ich najviac pozorovali
na zaciatku sledovaného obdobia, a to konkrétne 10.6.2018, v permanentnych
vodach sme zaznamenali ich maximum 7. 7. 2018, a to dominovalo hlavne naupliové
$tadium. Podobnému vyskumu sa venoval SmorAx (2013), ktory skimal kvalitativne
a kvantitativne zastupenie zooplankténu v 3 lesnych studniach a v 3 temporalnych
vodnych objektoch na juhozdpadnom upiti pohoria Vihorlat. Jeho vyskum prebiehal
od marca do juna 2012. Zaznamenal spolu 32 taxonov zooplanktonu, s celkovym
vadsim zastipenim v temporalnych vodach, podobne ako v naSich vysledkoch.
Frekvencia vyskytu taxénov skupiny Cladocera dominovala v temporalnych vodach,
skupiny Rotatoria bola vyraznejsia v studniach a taxény zo skupiny Copepoda boli
zaznamenané rovnomerne medzi studiami a temporalnymi vodami. S tymito dvomi
skupinami zooplankténu nase vysledky nekore$ponduju, kedze v nasom vyskume
dominoval zooplanktén vo vSetkych skupinach v temporalnych vodach.

V permanentnych malych vodnych objektoch, po¢as 12 mesiacov pravidelného odberu
zooplankténu, zaznamenal SEMINARI et al. (2008) v Taliansku 32 taxénov zooplankténu
a to konkrétne 17 zastupcov skupiny Rotatoria, 9 zastupcov radu Cladocera a 6 taxénov
skupiny Copepoda. V nasom vyskume v permanentnych vodnych objektoch sme zo
skupiny Rotatoria zaznamenali 6 taxénov a z radu Cladocera 4 taxdny, ¢o je vyrazne
menej oproti vyskumu, ktory realizoval SEMINARTI et al. (2008). Autori sa tiez zaoberali
kvalitativnym zlozenim temporalnych vod, v ktorych spozorovali celkovo 28 taxénov
zooplankténu, z ktorych bolo 14 zastupcov skupiny Rotatoria, 9 z radu Cladocera
a 5 zastupcov podtriedy Copepoda. V nasich vysledkoch v temporalnych vodnych
objektoch sme zaznamenali 11 taxonov triedy Rotatoria, 14 taxénov radu Cladocera
a podtriedu Copepoda opit nemodzeme kvalitativne porovnavat. V temporalnych
vodnych objektoch sme mali ovela bohat$ie zastipenie taxénov ako SEMINARA
et al. (2008). Takéto rozdiely st ovplyvnené pravdepodobne roznymi fyzikalno-
chemickymi faktormi a rozdielnou hydroperiédou. Taktiez je potrebné zddraznit
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rozdiel v dizke trvania vyskumu, kedZe nie vietky druhy zooplankténu sa vyskytuj
celoro¢ne. Kvalitativne zastupenie korovcov skiimali MURA & BREccIAROLI (2003)
v temporalnych vodnych objektoch severne od Rima v Taliansku. Spolu zaznamenali
25 taxdénov patriacich do skupin Anostraca, Cladocera, Copepoda a Ostracoda.
Najdominantnej$ou skupinou boli prave Cladocera so zastupenim v rozmedzi
od 37,5% do 46,2% z celkového poctu druhov. Copepoda tvorili od 30,8% do 36,4 %.
Skupina Ostracoda bola v zastupeni od 12,5% do 23% a z radu Anostraca spozorovali
iba jediného zastupcu Chirocephalus diaphanus Prévost, 1803. V nasom vyskume
temporalnych vodnych objektov bolo zastiipenie skupin nasledovné: v najhojnejsom
pocte sa vyskytovali zastupcovia radu Cladocera s podielom 40%, skupina Copepoda
mala podielové zastipenie 31% a Rotatoria tvorili 29% z celkového mnozstva
spozorovanych zastupcov zooplankténu. Zmeny kvalitativno- kvantitativneho
zastipenia zooplankténu v temporalnych vodach skimali vedci aj v Indii. Konkrétne
KARUTHAPANDI et al. (2012). Ich vyskum prebiehal od augusta do septembra v roku
2010, zamerali sa v iom na rozne ekologické faktory, ktoré mézu vplyvat na pocetnost
a diverzitu zooplankténu v temporalnych vodnych objektoch. Pocas sledovaného
obdobia zaznamenali spolu 48 taxénov. Z toho zo skupiny Rotifera bolo 27 taxénov,
zo skupiny Cladocera zaznamenali 13 taxénov, zo skupiny Copepoda 5 taxénov a 3
taxdény zo skupiny Ostracoda. V porovnani s nasimi vysledkami mozeme zhodnotit,
ze v Indii v temporalnych vodach pocas 5 mesa¢ného vyskumu zaznamenali raz tolko
taxdénov, ako sa podarilo zaznamenat nam pocas nasho 5 mesa¢ného vyskumu. Takéto
diametralne rozdiely st ovplyvnené nielen fyzikalno-chemickymi vlastnostami vod, ale
tiez rozdielnymi klimaticko-trofickymi podmienkami, ktoré st podstatne priaznivejsie
v Indii.

Zooplankténom temporalnych véd v tropickych oblastiach sa zaoberali PAINA &
MELAO (2019), ktori skamali 8 temporalnych vodnych objektov v Brazilii pocas
zaplavenia. Z vysledkov vieme, Ze celkovy pocet taxonov, ktory zaznamenali, bol 26.
Z toho Rotatoria v pocte 11 taxoénov, zastupcovia radu Cladocera 7, Copepoda 3,
Anostraca 2 a pocet taxdnov skupiny Protozoa bol 3. Tieto vysledky sa priblizuji k nasim
zisteniam, kedZe my sme v temporéalnych vodnych objektoch zaznamenali spolu tiez
26 taxénov. Vysledky sa liSia v rozmanitosti konkrétnych taxénov, kedze zooplanktén
v tropickych oblastiach sa moze lisit od kontinentalneho eurdpskeho zooplankténu.
Po porovnani nasich vysledkov s vysledkami z vyskumu z Brazilie, sme zistili zhodnost
v tychto taxdnoch zooplanktonu: B. angularis (Gosse, 1851) a B. calyciflorus (Pallas,
1766), vo vyskume st uvedené aj konkrétne druhy rodu Lecane., Tychto zastupcov ale
nemozeme porovnavat, kedze v nasom vyskume sa ndm nepodarilo zastupcov rodu
Lecane urcit na uroven druhu.

V mnohych stadidch sa autori zameriavaju najma na $trukturalne a organiza¢né
urovne organizmov. Celkovo sa venuje mald pozornost miestu, kde sa vyskytuje
funkena aktivita. Uz v minulosti mnoho autorov skimalo vztah medzi produktivitou
a velkostou vodnej nadrze. Napriklad KuajLov (1982) sa zaoberal vyskumom
vysvetlujicim vztahy medzi morfometrickymi znakmi rybnikov a ulovkami ryb.
RyYDER et al. (1973) sa zaoberali morfoedafickym indexom, ktory vysvetluje vztah medzi
mnoZstvom rozpustenych latok vo vode a hibkou vody. TEREK & DoBROVIE (2015) vo
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svojom vyskume dospeli k vysledku, ze EAS k objemu st sthrnnymi ukazovatelmi
a predstavuju jeden z metodologickych problémov nielen pri hodnoteni kapacity
vybranych krajinnych prvkov a ich zloziek, ale aj pri $tidiu produkcie, stabilizacie
¢i samocistiacej funkcie skamanych objektov. Morfologické a hydrologické vplyvy
na eutrofizdciu vod skimali autori HUANG et al. (2014) vo vychodnej Cine, zamerali
sa na mnozstvo a rast chlorofylu-a v 90 plytkych prirodnych vodnych nadrziach. Pocas
tohto vyskumu, ktory trval od roku 2008 do roku 2011, zistili, ze hibka vody a velkost
plochy povrchu vodnych nadrzi ovplyviiovala koncentracie chlorofylu-a v objemovo
mensich vodnych nadrziach. Cim dokazali pritomnost a vplyv ekologicky aktivnych
povrchov. My sme sa zamerali na vplyv ekologicky aktivnych povrchov na diverzitu
a pocetnost zooplankténu. Predpokladali sme vztah kedy ¢im vy$si bude pomer
ekologicky aktivnych povrchov k objemu, tym bude vyssia diverzita a pocetnost
jedincov. Avsak v nasich vysledkoch sa nepotvrdilo, zeby vys$$i pomer ekologicky
aktivnych povrchov mal vplyv na kvantitativne ¢i kvalitativne zastipenie zooplanktonu
v nami sledovanych lokalitich. Dévodom by mohol byt nepresny vypocet spodnej
aktivnej plochy, zaroven objemu, kvoli vyssej ¢lenitosti dna vodnych telies, ktoré sa
nedali jednoznaéne urcit. Daliim dévodom je fakt, ze v sledovanych vodnych objektoch
vyrazne vplyval na diverzitu a pocetnost ekologicky faktor, ktory sme pocas vyskumu
nesledovali. Kedze mnoho autorov priamo, ¢i nepriamo dokazuje vplyv ekologicky
aktivnych povrchov na mnozstvo a diverzitu zooplankténu, fytoplankténu ¢i ryb vo
vodnych nadrziach, preto pri dalsom vyskume by bolo vhodné hlbsie sa zaoberat aj
touto témou a skimat ju podrobnejsie za ic¢elom ziskania presnejsich informacii, ktoré
by sme aplikovali vo vyskume.

Zistili sme v$ak, Ze na diverzitu plankténu nam vplyvala teplota. V nasich podmienkach
je dlhodoby ro¢ny priemer teploty vody zvycajne okolo 9 °C. V malych vodnych
nadrziach teplota mdze kolisataz 0 20 °C (LELLAK & KUBICEK, 1991). KedZe nas vyskum
prebiehal len 5 mesiacov, nevieme urcit ro¢ny priemer teploty vody. Ale z vysledkov
je zrejmé, Ze teplota nebola jedinym ekologickym faktorom, ktory vplyval vyrazne
na diverzitu zooplankténu. Vplyvom teploty na diverzitu zooplankténu sa zaoberali aj
TEREK & KUBICEK (2013) na zépadnom pobrezi Spicbergskych ostrovov, ktori okrem
teploty skumali vplyv aj inych fyzikalnych vlastnosti vody, a to obsah kyslika, pH,
konduktivity a turbidity. Nezistili ziaden priamy vztah medzi teplotou a diverzitou
planktonu, ¢ize nase vysledky vplyvu teploty na diverzitu plankténu s tymito zisteniami
nesthlasia. Moze to byt zapri¢inené stabilnejSou teplotou vody pocas roka a rdznou
dizkou trvania vyskumov, kedze my sme odoberali planktén pocas 5 mesiacovy jednom
kalendarnom roku a TEREK s KuBickoMm sledovali vplyv teploty na diverzitu od roku
1983, az do roku 2011. V takomto dlhom ¢asovom rozmedzi teplota nemusela mat
vyrazny vplyv na diverzitu zooplankténu. Vysledky vplyvu teploty na diverzitu zavisia
od dlzky zavodnenia sledovanych lokalit. Plati, Ze vysi potencial vyvinu zooplankténu
maju najdlhsie zavodnené vodné objekty a s dlzkou zavodnenia stipa druhové aj
taxonomickeé zastupenie zooplanktonu (WiLLiams 2006). Vo svojom vyskume BAUDER
(2005) dospel k zaveru, ze zmena hydroperiédy malych vodnych objektov ma vacési
vplyv na vlastnosti tychto habitov ako zmena teploty. Na rozdiel od tychto vyskumov,
v Indii, KARUTHAPANDI et al. (2012) skamali vplyv viacerych ekologickych faktorov
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na zooplanktdn, napr. pH, teplotu, svetlo, konduktivitu, nasytenost kyslika a iné. Ich
zistenia, ohladom vplyvu teploty na diverzitu zooplankténu v temporalnych vodnych
objektoch, koresponduju s nasimi vysledkami, pretoze nasli korelaciu medzi teplotou
a diverzitou skupin Rotatoria a Copepoda. U skupiny Cladocera nenasli korelaciu
diverzity s teplotou, a teda nezistili vplyv teploty na ich vyskyt v temporalnych vodach.
Tento postup, zistovanie korelacie medzi diverzitou zooplankténu a fyzikalno-
chemickymi parametrami samostatne, podla taxonomickych skupin, by sme mohli
v buducnosti aplikovat aj my, pri dalsom vyskume.

ZAVER

Na ziskanych vzorkdch zbieranych v rozpiti piatich mesiacoch, sme skumali
a porovnavali tak kvalitativne ako aj kvantitativne parametre tychto vodnych objektov
a vplyv ekologicky aktivnych povrchov na diverzitu a pocetnost zooplankténu. Zistili
sme, Ze teplota podlieha vacsej oscilacii v temporalnych vodnych objektoch ako
v tych permanentnych, ale vyrazny pokles sme zaznamenali az v mesiaci oktdber
v obidvoch typoch vodnych objektoch. Taktiez sme zistili, Ze pocas celého sledovaného
obdobia 5 mesiacov jun az maj 2018, dominoval zooplanktén v diverzite a pocetnosti
v temporalnych vodnych objektoch, zatial ¢o v permanentnych sa vyskytoval v ovela
mensom zastupeni.

Co sa tyka zastipenia zooplankténu zistili sme pritomnost 15 taxénov triedy virniky
(Rotatoria), 14 taxénov radu perloociek (Cladocera) a bliz§ie neSpecifikovanych
zastupcov podtriedy veslondzok (Copepoda). Najvacsie zastupenie mali Bdelloidea,
E terminalis, B. rubens, D. obtusa, D. longispina, M. micrura, D. pulex a zo skupiny
Copepoda sme zaznamenali najviac zastupcov naupliového vyvinového $tadia.

Nas$ predpoklad zavislosti medzi pomerom sty¢nej plochy k objemu a diverzitou
a pocetnostou jedincov sa nepotvrdil. Pravdepodobne kvoli nepresnému vypoctu
sty¢nej plochy s podou a dnom vodnych telies ale najmi kvoli malym rozmerom
vodnych objektov a minimalnym rozdielom v podmienkach a morfologickom
charaktere dna jednotlivych vodnych objektov. Zato sme zistili korelaciu medzi teplotou
a diverzitou zooplankténu. Cim bola teplota sledovanych lokalit vyssia, tym vyssia
diverzita zooplankténu sa v danych vodnych objektoch vyskytovala, pricom diverzitu
zooplankténu museli ovplyviiovat aj iné sezonne faktory, ktoré sme my nesledovali.
Nasou pracou sme chceli upriamit pozornost na délezitost malych vodnych ploch,
ktoré su taktiez bohaté na pritomnost zooplankténu a tvoria nevyhnutna zlozku pri
zachovani biodiverzity prostredia. Kedze malé vodné objekty viac podliehaju vplyvu
vonkaj$ich ekologickych faktorov, mdzeme v nich najst druhy zooplankténu, ktoré st
prisposobené na prezivanie dlhych obdobi bez pritomnosti vody.
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HMYZOZRAVCE A HLODAVCE
(EULIPOTYPHLA, RODENTIA)
OKOLIA OBCE DUPLIN
(ONDAVSKA VRCHOVINA, SLOVENSKO)

INSECTIVORES AND RODENTS
(EULIPOTYPHLA, RODENTIA)
ON THE VICINITY OF DUPLIN VILLAGE
(ONDAVSKA VRCHOVINA HIGHLANDS, SLOVAKIA)

Alexander CSANADY

ABSTRACT

This study summarizes the results of the one-year theriological research of small mammals’ fauna
in the northeastern part of Ondavskd vrchovina highlands (Duplin village, DFS 6795, 49°1406“N,
21°37°37°E, 196-260m a.s.l.). In the years 2020, a total of 202 small mammals belonging to 9 species
were caught by using wooden “Chmela” type live traps. Three species were dominated by the total
material: Apodemus agrarius Pall. (155 ind., 76.7%), A. flavicollis Melch. (18 ind., 9.4%) and Myodes
glareolus Schr. (15 ind., 7.4%). Group dominance for three families was as follows, Soricidae (3.0%),
Muridae (87.6%) and Cricetidae (9.4%). In the study was analyzed the fauna of small mammals
with a brief comparison of communities by age, sex categories. The study also included data obtained
by observation of living and dead individuals in the years 2004-2020, as well as data from research
on the house mouse (Mus musculus L.) and summer nests of the hazel dormouse (Muscardinus
avellanarius L.) and the harvest mouse (Micromys minutus Pall.) in the monitored area. The overall
analysis of observation data and captures confirmed 19 species of insectivores and rodents in the
vicinity of the village Duplin.

KEYWORDS
Small mammals, north-eastern Slovakia, western Carpathians, checklist

Uvob

Poznatky o faune drobnych cicavcov (hmyzozravcov a hlodavcov) z tizemia Ondavskej
vrchoviny su doposial velmi nedostato¢né a nachadzame ich len v niekolkych starsich
pracach (MOSANSKY, 1953, 1957, 1981, 1992, 1993, 1995; MRCIAK, 1963; WEISzZ, 1967;
Hobkova, 1979; OLEJAR, 1995). Medzi vyznamny zdroj poznatkov o vyskyte cicavcov
z viacerych lokalit tzemia Ondavskej vrchoviny patri zbierka cicavcov Sarigského
muzea v Bardejove, ktora svojou dlhoro¢nou zberatelskou ¢innostou nazbieral vtedajsi
kustéd PhDr. Tibor Weisz (HRoMADA a kol.,, 2015). Tieto tidaje boli sumarizované
viacerymi autormi a v pracach st uvadzané formou nepublikovanych tdajov, napr.

Presovskd Univerzita v PreSove, Fakulta humanitnych a prirodnych vied, Katedra bioldgie, 17. novembra 1, 080
01 Presov. e-mail: alexander.canady@gmail.com
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coll. SM Bardejov, coll. Sarisské mizeum Bardejov, leg. T. Weisz (napr. MOSANSKY,
1981, 1992, 1993, 1995; KRISTOFIK a DANKO, 2012; SVECOVA, 2020; HoMZzoVA, 2020).
V pracach o teriofaune vychodného Slovenska a katalégu mammaliologickych zbierok
Vychodoslovenského muzea v Kosiciach autor prac uvadza aj niektoré svoje vlastné
odchytya pozorovania (MOSANSKY, 1981, 1992, 1993, 1995). Niekolko nepublikovanych
udajov viacerych autorov sa nachddza aj v sumarizujiicej praci Cicavce Slovenska
(KRISTOFIK, 2012a-1; KRISTOFfK a DANKO, 20124, b; KocIAN a kol., 2012; MOSANSKY,
2012; STANKO, 2012; STANKO a MOSANSKY, 2012; VALACHOVIC, 2012). Spolo¢nym
znakom vsetkych uvedenych tidajov bol len ich faunisticky charakter, tzn. jednalo sa
len o jednotlivé nalezy alebo pozorovania, bez blizsieho teriologicko-parazitologického
vyskumu. Stvorroénym vyskumom drobnych cicavcov (hmyzoZzravce, hlodavce)
okolia vodnej nadrze Domasa sa venoval az OLEJAR (1995). Autor potvrdil vyskyt
19-tich druhov. Novsie, udaje tykajiuce sa drobnych cicavcov sledovaného tizemia,
nachadzame v niektorych publikovanych préacach (CANADY, 2010a, b, 2011a, b, 2012a,
b, 2013a, 2015a; CANADY a JAszAy, 2016; CSANADY, 2018a; CsANADY a kol., 2019,
2020). Zdrojom udajov st aj nepublikované prace autora s nazvom ,, Teriofaunistické
pozorovania z vychodného Slovenska, cast IV. - XIL.“ a ,,Pozorovanie uhynutych cicavcov
dosledkom automobilovej dopravy na Slovensku“ (CANADY, 2012¢, 2013b, 2014, 2015b,
¢, 2016; CsaNADY, 2017a, b, 2018b, 2019, 2020a, b).

Vzhladom na prevahu ndhodnych pozorovani a nalezov drobnych az stredne velkych
cicavcov v okoli obce Duplin bol uskuto¢neny jednoroény teriologicky prieskum
drobnych cicavcov. Prehlad cicavcov je doplneny 17-roénymi pozorovaniami (2004-
2020) z okolia obce. Cielom prace bolo sumarizovat a vyhodnotit kvalitativno-
kvantitativnu skladbu fauny hmyzozravcov a hlodavcov sledovaného tizemia.

MATERIAL A METODIKA

Skiimané tizemie okolia obce Duplin (DFS 6795, 49°14°06“N, 21°37°37“E, 196-260m
n. m.), ma charakter polnohospodarskej krajiny. Drobné cicavce (hmyzozravce
a hlodavce) vyhodnotené v tejto praci boli ziskané troma sposobmi.

Najskor bola uskuto¢nena analyza faunistickych udajov ziskana pocas 17-tich rokov
(2004-2020) na zaklade pozorovania zZivych jedincov, resp. nalezov uhynutych jedincov
(Tabulka 1).

Zoznam druhov bol zaroven doplneny aj idajmi ziskanymi pocas dvojro¢ného vyskumu
(2015-2017) mysi domovej (Mus musculus L.) z dvoch sukromnych hospodarskych
usadlosti s chovom hydiny, o$ipanych a koz. Celkovo bolo odchytenych v tomto obdobi
179 jedincov mysi domovej, ktorej pohlavnu a vekova struktiru populacie podrobne
uvadzam v praci (CsANADY a kol., 2020).

Pocas jedenastro¢ného vyskumu (2010-2020) letnych hniezd plcha lieskového
(Muscardinus avellanarius L.) a mySky drobnej (Micromys minutus, Pallas, 1771) boli
tiez zaznamenané viaceré jedince uvedenych druhov (Tabulka 1). Letné hniezda boli
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systematicky vyhladavané kontrolou bylinnych a krovinnych porastov polnych alesnych
ekoténov severovychodne a severozapadne od obce. Okraje boli tvorené vegetaciou
viacerych druhov trav a bylin (napr. Urtica dioica L., Solidago gigantea Ait., Phalaris
arundinacea L., Tanacetum vulgare L. a viaceré druhy z ¢eladi Poaceae, Brassicaceae
a Asteraceae a pod.) a krovinnu zlozku tvorili predovsetkym druhy Prunus spinosa
L., Rubus fruticosus L., Sambucus nigra L., Cornus sanguinea L., Crataegus monogyna
Jacq. a Rosa canina L. Podrobnejsie informacie o samotnych hniezdach, ich $trukture
a rozmeroch boli uvedené v pracach (CANADY, 20124, 2013a, 2015a; CSANADY, 2018a).

Google Earth A
N 1}
KIT1

Obrazok 1. Studijnd plocha odchytu drobnych cicavcov v okoli obce Duplin (Zdroj:
© 2020 Google, Image © 2021 CNES / Astrium).

Figure 1. Study area of small mammals capture around Duplin village (Source: ©
2020 Google, Image © 2021 CNES / Astrium).

Nakoniec, boli idaje doplnené aj jednoroénym odchytom drobnych cicavcov v obdobi
(april az oktdber) roku 2020 (Tabulky 2 a 3) pouzitim drevenych Zivolovnych pasci
typu Chmela. Odchyt bol ststredeny v agrocendzach vo vychodnej ¢asti obce (L4)
a v juhozapadnej Casti obce (L1-L3) v aluviu rieky Ondava (Obrazok 1). Biotopy
predstavovali polnohospodarsky intenzivne obhospodarovand podu. V ¢asti biotopov
boliaj celoro¢ne pritomné ruderalne plochy so spoloc¢enstvami trava burin (tvorenymi
prevazne Artemisia sp. L., Solidago gigantea Ait., Setaria sp. P. Beauv., Chenopodium sp. L.).
Za sledované obdobie bolo pocas 6 odchytovych terminov spolu exponovanych
2 400 pasci/noci a ziskanych 202 jedincov drobnych cicavcov patriacich k 9 druhom
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(Tabulky 2 a 3). Odchyt bol uskuto¢neny $tatistickou metddou, tzn. pasce boli kladené
v §tyroch linidch (L1-L4) po 50 kusov s 5-metrovymi odstupmi a exponované pocas
dvoch noci (TURCEK, 1957).

Linia 1: predstavovala husty porast bylin a krovin dizky 250 m v ekoténe ,,lesného
porastu® altvia rieky Ondava a agrocenéz. Pasce boli navnadené v linii juznym
smerom. Na prilahlom poli bola v ¢ase trvania prieskumu zasiata kukurica siata (Zea
mays L.).

Linia 2: predstavovala husty porast bylin a krovin dlzky 250 m v ekoténe ,,lesného
porastu® aluvia rieky Ondava a zahumienkov. Pasce boli navnadené v linii severnym
smerom.

Linia 3: predstavovala riedky porast bylin a krovin okrajom , lesnej cesticky“ dlzky
250 m juhozéapadne od obce lemujuicej rieku Ondava. Pasce boli navnadené v linii
severnym smerom.

Linia 4: predstavovala husty porast bylin a krovin okraja odvodnovacieho kanala
dizky 250m vychodne od obce s prevahou trdvnatého spolocenstva a mensim
podielom Typha latifolia L., Prunus spinosa L. a Rosa canina L. Pasce boli navnadené
v linii severovychodnym smerom. Na prilahlom poli bola v ¢ase trvania prieskumu
zasadena kukurica siata (Zea mays).

Pohlavna a vekova Struktura odchytenych cicavcov bola uskuto¢nena analyzou
stavu reprodukénych organov (ANDERA a HORACEK, 2005). Druhy boli zdroven
podla klasifikicie TrscHLER (1949) zaradené do piatich stupnov dominancie:
eudominantné (Ed) > 10,0 %, dominantné (Do) 5 az 9,9 %, subdominantné (Su) 2 az
4,9 %, recedentné (Re) 1 az 1,9 % a druhy subrecedentné (Sr) < 0,9 %. Zaroven boli
testované rozdiely medzi zistenymi pomermi pohlavi a teoretickym pomerom 1 : 1
pomocou chi-kvadrit testu (c?) (PELIKAN, 1984).

VYSLEDKY A DISKUSIA

Celkovou analyzou udajov a odchytov bolo potvrdenych v okoli obce Duplin 19
druhov hmyzozravcov a hlodavcov (Tabulky 1, 2). Hmyzozravce (Eulipotyphla)
boli zastupené 6 druhmi: Erinaceus roumanicus Barrett-Hamilton, 1900, Crocidura
suaveolens (Pallas, 1811), Neomys anomalus Cabrera, 1907, Sorex araneus (Linnaeus,
1758), S. minutus Linnaeus, 1766 a Talpa europaea Linnaeus, 1758. Hlodavce
(Rodentia) boli prezentované 13 druhmi: Sciurus vulgaris Linnaeus, 1758,
Muscardinus avellanarius (Linnaeus, 1758), Castor fiber Linnaeus, 1758, Arvicola
amphibius (Linnaeus, 1758), Microtus arvalis (Pallas, 1778), M. subteraneus (de Sélys
Longchamps, 1836), Myodes glareolus (Schreber, 1780), Apodemus agrarius (Pallas,
1771), A. flavicollis (Melchior, 1834), A. uralensis (Pallas, 1811), Micromys minutus
(Pallas, 1771), Mus musculus Linnaeus, 1758 a Rattus norvegicus (Berkenhout, 1769).
Zaznamenané druhové spektrum bolo v zhode aj s idajmi, ktoré pre okolie vodnej
nadrze Domasa (cca 20km vzdialenej od obce Duplin) zistil OLEJAR (1995).
Porovnanim bol zisteny rozdiel v (ne)pritomnosti niektorych druhov, ¢o sa tyka
pocetnosti, ale aj druhového zlozenia. Rozdiel mohol byt spdsobeny selektivnostou
odchytov s va¢sim zameranim na drobné hlodavce v mojom vyskume. Na druhej
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strane, nalezy uhynutych jedincov a druhov, ktoré doplnajt tdaje ziskané odchytom,
boli skor len ndhodné. Napriek tomu, ze z hmyzoZravcov neboli zaznamenané
dva druhy, ako st bielozubka bielobruchd, Crocidura leucodon (Hermann, 1780)
a dulovnica vicsia, Neomys fodiens (Pennant, 1771), ich vyskyt v okoli obce Duplin
je tiez viac nez pravdepodobny aj vzhladom na ich pomerne bezny vyskyt na uzemi
zépadnych Karpat (OLEJAR, 1995; KRISTOFiK a DANko, 2012; SvEcov4, 2020). Co
sa tyka vyskytu krta podzemného, Talpa europaea L. nalez troch uhynutych jedincov
samozrejme nezodpovedd jeho beznému rozsireniu, ktoré je na celom uzemi obce
dokazatelné pritomnostou svojich pobytovych znakov - krtincov. Z hlodavcov som
na rozdiel od OLEJARA (1995) nepotvrdil vyskyt ondatry pizmovej, Ondatra zibethicus
(Linnaeus, 1766) a plcha sivého, Glis glis (Linnaeus, 1766). Naopak, bol potvrdeny
vyskyt bobra euroazijského, Castor fiber Linnaeus, 1758 na zaklade nalezu spodnej
¢eluste nedospelého jedinca a ohryzenych stromov pozdlz povodia rieky Ondava
na viacerych miestach. Casové rozpitie ¢erstvych ohryzkov (cca 5 rokov) poukazuje
na jeho dlhodobé zdrziavanie sa na izemi. NajbliZsie najdena lokalita trvalého vyskytu,
tzn. s priehradou a systémom podzemnych nor bola potvrdend asi 2 km severovychodne
od obce Duplin pred obcou Potoky. Zaroven, je v sucasnosti tento druh rozsireny
v celom povodi rieky Ondava ako aj na celom tizemi vychodného Slovenska (CsANADY,
nepubl.). Vyskyt ondatry pizmovej, O. zibethicus je vysoko pravdepodobny aj v blizkom
okoli obce Duplin, pretoze jej ¢astym biotopom st aj brehy okolia vodnej nadrze
Domasa (OLEJAR, 1995) ako aj stojaté a pomaly tectice vody, napr. slepé ramend tokov,
kandle, a rozne toky s meandrami so stabilnou hladinou vodného stlpca a bohatou
pobreznou vegetaciou (KRISTOFIK a DANKO, 2012).

Pre potvrdenie vyskytu plcha sivého, G. glis by bolo potrebné uskuto¢nit kontrolu
lesnych posedov resp. sennikov. Vhodnou metédou na potvrdenie druhu by
bolo aj intalovanie vta¢ich budok (MoSANSKY a kol., 2017). Dalsim velmi casto
prehliadanym druhom bol jeden z najbeznejsich a najznamejsich hlodavcov, veverica
obyc¢ajna, Sciurus vulgaris Linnaeus, 1758. Velkym prekvapenim bolo zistenie, ze pri
analyzovani vlastnych pozorovanych udajov pocas sedemnastich rokov som nasiel
len jeden zdznam tohto pomerne bezného druhu (Tabulka 1). Je preto velmi dolezité
si v§imat a evidovat aj pobytové znaky (pozerky, stopy v snehu, hniezda, trus a pod.).

Vsetky uvedené druhy hlodavcov st zéroven pritomné na tizemi zdpadnych Karpat
(vratane lokalit z tizemia Ondavskej vrchoviny), ¢o potvrdili aj zbierky hlodavcov
vSarigskom muzeuv Bardejove (WE1sz, 1967; HrRomaDpA akol.,2015; HomzovA, 2020).
Zaroven treba podotknut, Ze jediny dermoplasticky preparat bobra eurazijského, C.
fiber v zbierkach Sarisského muzea v Bardejove pochadzajuci z 80. rokov 20. storocia
(jedinec zrazeny dna 31.05.1981 pri cintorine) pochadza prave z obce Duplin
(CANADY a JAszay, 2016), aj ked v tom case to bola z najvic¢sou pravdepodobnostou
len ojedineld imigracia polského jedinca. Zaujimavd je nepritomnost druhu
Apodemus uralensis v zbierkach muzea, ale pri analyze somatometrickych znakov
(HomzovaA, 2020) sa pod druhom A. flavicollis nachddzaji viaceré jedince, ktorych
dizka zadného chodidla naznacuje, ze by to mohli byt zle determinované jedince
druhu A. uralensis preto bude potrebnd v budiicnosti revizia zbierok.
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Tabulka 1. Prehlad drobnych hmyzozravcov a hlodavcov okolia obce Duplin
(Ondavska vrchovina) v rokov2004-2020 na zaklade pozorovani.
Table 1. List of insectivores and rodents from the vicinity Duplin village (Ondavska
vrchovina highlands) during years 2004-2020 based on observations.

Linnaeus, 1758

17.06.2020

Druh / Species N Détum / Date Zdroj / Source
Rodentia
Sciurus vulgaris )
Linnaeus, 1758 1 11.10.2020 CsANADY, 2020a, nepubl.
21.07.2011, 17.09.2011, ., ,
Muscardinus avellanarius 0 09.20 CANADY, 2012a, b, ¢, 2015a; CSANADY,
(Li 1758) 14 07.06.2012, 04.07.2012, 2018
Hnacus, 07.08.2012, 05.09.2012 d
Castor fiber 08.05.2016, 15.04.2018, .
?
Linnaeus, 1758 | 18042020 CsanApy, 20185, 20208
21.08.2004, 06.06.2012, .
Arvicola amphibius 6 04.07.2012. 21.07.2013 CANADY, 2010b, 2012¢, 2015¢;
(Linnaeus, 1758) 17.05.2020. 17.06.2020 CSANADY, 2020a
) X 09.08.2008, 23.05.2009, -,
é\g;clzl‘zzui;;;;zlzs 7 27.08.2011. 17.09.2011. CANADY, 2011a, 2012b, ¢
’ 08.08.2012
Myodes glareolus .
1 17.05.202 , 202
(Schreber, 1780) 7.05.2020 CsANADY, 2020a
09.08.2008, 23.07.2009,
Apodemus agrarius 7 17.07.2010, 23.10.2013, CANADY, 2011a, 2013b; CSANADY,
(Pallas, 1771) 28.10.2013,02.04.2017, 2017a, 2019
22.11.2019
Apodemus flavicollis 23.05.2009, 23.07.2009,
(I\Ijlelchior 1834) 5 23.06.2011, 25.08.2011, CANADY, 2011a, 2012b, 2013b
’ 24.08.2013
Micromys minutus =
3 24.08.2011 CANADY, 2012a, b, 2013
(Pallas, 1771) ANADY, 20128 2
Mus musculus 181 05.05.2012, 09.08.2014, CANADY, 2012¢, 2014; CSANADY
(Linnaeus, 1758) r. 2015-2017 a kol., 2019, 2020
18.07.2015, 14.07.2016, -, ,
Rattus norvegicus 5 10.08.2016. 23.11.2019 CANADY, 2015b, 2016; CSANADY,
(Berkenhout, 1796) 17.05.2020 2019, 2020A
Eulipotyphla
Erinaceus roumanicus 21.08.2004,13.09.2012, CANADY, 2010a, 2015¢; CSANADY,
Barret-Hamilton, 1900 > 24.07.2019,13.08.2019, 2019, 2020B
i 17.04.2020 i
Crocidura suaveolens 21.05.2015, 02.07.2015,
(Pallas, 1811) 9 11.10.2015, 02.04.2017, CANADY, 2015b; CSANADY, 2017a,
anas, 14.03.2019, 22.06.2011, | 2019
11.10.2019
Neomys anomalus .
Cabrera, 1907 1 01.07.2018 CSANADY, 2018b
08.10.2010, 09.08.2012,
Sorex araneus 7 12.09.2012, 08.08.2014, CANADY, 2011b, 2012¢, 2014, 2015b;
Linnaeus, 1758 20.05.2015, 30.07.2015, CSANADY, 2017a
06.04.2017
Sorex minutus 2 |17.09.2011,18.04.2020 | CANADY, 2012b; CSANADY, 2020a
Linnaeus, 1766
Talpa europaea 3 21.07.2009, 22.08.2009, CANADY, 20114, b; CSANADY, 20203
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Tabulka 2. Prehlad drobnych hmyzozravcov a hlodavcov okolia obce Duplin
(Ondavska vrchovina) podla terminov odchytu v roku 2020.

Table 2. List of insectivores and rodents from the vicinity Duplin village (Ondavska
vrchovina highlands) by trapping days in 2020.

Druh / Species
eh
g =
= - . —_ 9 =
< . N =] — o) <
Ay — — <= < L &
SR 1212 12 |5 |3
gl 121812 |2 IR |8 |2
= N s = N N 2 = 3
s S S S |2 S 5 2
S 3 » 5 %; 2 =, i g > Zexp.
Datum / Date 8 g |£ |2 |4 |8 g § 2 p-/n.
S | (82T R |5 |8 |3
S =[5 |8 | |8
° < T
=
17.05.-18.05.2020 - - - - 4 10 2 - - 16 400
17.06.-18.06.2020 - 1 - 1 1 24 6 - - 33 400
09.07.-10.07.2020 - 1 1 - 9 16 4 1 - 32 400
13.08.-14.08.2020 1 2 1 - - 13 3 - - 20 400
08.09.-09.09.2020 - 1 1 - - 34 1 - - 37 400
10.10.-11.10.2020 - - - - 1 58 3 - 2 64 400
2. cicavcov/ mammals | 1 5 3 1 15 | 155 | 19 1 2 202 | 2400
D% 05 [ 25 [N o5 767 [0 0.5 [JON

Poznamky: bold oznacuje druhy nezaznamenané pozorovanim, dominancia:
zIta farba - eudominantny druh, modra farba - dominantny druh, zelena farba -
subdominantny druh, ¢ervena farba - recedentny druh, siva farba — subrecedentny
druh.

Notes: bold indicates species not observed by observations; dominance: yellow color
- eudominant species, blue color - dominant species, green color — subdominant
species, red color — recedent species, grey color — subrecedent species.

Na sledovanom tzemi bolo odchytmi zaznamenanych 202 drobnych cicavcov
patriacich k 9 druhom troch celadi Soricidae, Muridae a Cricetidae (Tabulky 2
a 3). Relativna popula¢nd hustota drobnych cicavcov (podla TURCEKaA, 1957)
predstavovala 8,4 ind./100 pasci noci.
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Skupinova dominancia piskorovitych hmyzozravcov (Soricidae) tvorila v odchytoch
len 3,0 % (6 ex.) s vyskytom dvoch druhov so subdominantnym zastipenim Crocidura
suaveolens (2,5 %, Table 2).

V celkovom odchyte vyrazne dominovali hlodavce so 196 jedincami (97,0 %) a bol
potvrdeny typicky vyskyt druhov viazanych na otvorené az krovinaté typy biotopov.
Tri druhy z ¢elade Cricetidae tvorili skupinovi dominanciu (9,4 %) s dominantnym
zastipenim hrdziaka lesného, Myodes glareolus (7,4 %, 15 ind., Table 2) typického
zastupcu lesnych biotopov, ale aj zarastov aluvii tokov ¢i roznych typov rozptylenej
drevinnej vegetacie (KrISTOFiK a DANKO, 2012). Podobné typy biotopov preferuje aj
hrabosik podzemny, Microtus subterraneus, ktorého vyskyt na tizemi bol potvrdeny
odchytom jedného jedinca.

Tabulka 3. Prehlad drobnych hmyzoZravcov a hlodavcov okolia obce Duplin
(Ondavska vrchovina) podla vekovej a pohlavnej $truktdry v roku 2020.

Table 3. List of insectivores and rodents from the vicinity Duplin village (Ondavska
vrchovina highlands) by according to age and sex categories in 2020.

Druh / Species Vek (sex)

Ad (d/9) Sad (4/9) ? 2
Sorex araneus L. - 0/1 - 1
Crocidura suaveolens Pall. 1/0 1/0 3 5
Microtus arvalis Pall. 1/0 0/1 3
Microtus subterraneus Sel. Long. - 0/1 - 1
Myodes glareolus Schr. 716 0/2 - 15
Apodemus agrarius Pall. 52/28 38/31 6 155
Apodemus flavicollis Melch. 12/6 0/1 - 19
Apodemus uralensis Pall. 0/1 - - 1
Mus musculus L. 1/1 - - 2
2. cicavcov / mammals 116 (74/42) 76 (39/37) 10 | 202

Poznamky: bold oznatuje druhy nezaznamenané pozorovanim, Ad - dospely, Sad - nedospely, &' -
samec, ¢ - samica, ? - bez urenia veku a pohlavia.

Notes: bold indicates species not observed by observations, Ad- adult, Sad - subadult, & - male, @ -
female, ? — without determining age and sex.

Celad Muridae bola zastipend $tyrmi druhmi so skupinovou dominanciou (SD
= 87,6%, 177 ind.), s eudominantnym vyskytom Apodemus agrarius (76,7 %),
dominantnym zastupenim A. flavicollis (9,4 %). Ostatné dva druhy (Mus musculus
a Apodemus uralensis) mali len recedentné az subrecedentné zastipenie v synuziach
drobnych cicavcov (Tabulka 2). Odchyt M. musculus mimo Iudskych sidel (cf.
CsANADY a kol.,, 2020) dokazuje, Ze druh vyuziva aj prilahlé agrocendzy.

Vekova a pohlavnad $truktdra odchytenych druhov ukédzala prevahu samcov
v odchytoch (¢? = 5,872, p < 0,05, Tabulka 3). Rovnako, testovanie pohlavného
pomeru eudominantného druhu A. agrarius Pall. preukazalo $tatistickil prevahu
samcov (¢ = 5,80, p < 0,05).
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SUHRN

V praci sumarizujem vysledky jednoro¢ného teriologického vyskumu fauny drobnych
zemnych cicavcov severnej ¢asti Ondavskej vrchoviny (katastralne tizemie Duplin).
Odchytmi do zivolovnych pasci bolo v rokoch 2020 odchytenych 202 jedincov
drobnych cicavcov patriacich k 9 druhom. V celkovom materidli dominovali tri
druhy: Apodemus agrarius (155 ind., 76,7 %), A. flavicollis (19 ind., 9,4%) a Myodes
glareolus (15 ind., 7,4%). Skupinovd dominancia ¢elade piskorovitych (Soricidae)
tvorila 3,0 %, u mysovitych (Muridae) 87,6 % a u hrabos$ovitych (Cricetidae) 9,4 %.
V praci bola analyzovana fauna drobnych cicavcov so struénym porovnanim
spolocenstiev podla vekovych a pohlavnych kategorii.

Sttdia zahtna aj tidaje ziskané pozorovanim Zivych a uhynutych jedincov v rokoch
2004-2020, ako aj tdaje z vyskumu mysi domovej (Mus musculus) a letnych hniezd
plcha lieskového (Muscardinus avellanarius) a mysky drobnej (Micromys minutus)
v monitorovanej oblasti.
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ON THE OCCURRENCE OF THE WILD PARSNIP
(PASTINACA SATIVA L.)
WITHIN THE PRESOV CITY URBAN GREENERY

ABSTRACT

Bedta Baranovd

Short communication

Pastinaca sativa L. (Apiales: Apiaceae) is an autochthonous plant species within the area of Slovakia
and its wild form is found to be a natural component of the grassy biotopes. On the other side, species
is found to be invasive within the area of North America, with proven consequences for the human and
animal health. Based on the personal observation during the last 10 years, species was noticed within
the urban greenery of Presov city, Eastern Slovakia, since this plant previously absented there at all. Its
completely new and relatively massive occurrence within the urban ecosystem, i.e. out of its natural range
is interesting and unusual, at least from the botanical point of view, and, in connection to the possible
health threat and because of proximity of the human settlements its undoubtedly worth increased
attention. However, the cause and consequences of its spread for the urban ecosystem are unclear.

KEYWORDS

wild parsnip, Pastinaca sativa, urban greenery

Tafel 28.

Echte Pastinake, Pastinaca sativa.

Cultivated variety of Pastinaca sativa L. (Apiales:
Apiacea, subspecies Pastinaca sativa ssp. sativa)
is a root vegetable, closely related to carrot and
parsley. Its wild form - ie. wild parsnip is and
heliophilous, 1.2 meters tall biennial/perennial
herb (Figure 1) of the sunny habitats without
the shadowing. The species prefers nutrients,
especially nitrogen rich, chalk and limestone soils
and various degrees of soil moisture. Flowering
occurs from July till September. Plant could be
typically found within the meadows, pastures and
fields in the agricultural landscape. Based on the
personal observation during the last 10 years, plant
was atypically noticed in the grassy areas within
the urban greenery of Presov city, Eastern Slovakia,
since it previously absented there at all.

Figure 1. Botanical illustration of the wild parsnip Pastinaca sativa L. (Apiales:
Apiaceae) from Johann Georg Sturm's 1796 Deutschlands Flora in Abbildungen
Botanical illustration (Source: https://commons.wikimedia.org/wiki/File:Pastinaca_

sativa_Sturm28.jpg).

University of Presov, Faculty of Humanities and Natural Sciences, Department of Ecology, 17. novembra 1, SK-

081 16 Presov, Slovakia; e-mail: beata.baranova@unipo.sk

36



ON THE OCCURRENCE OF THE WILD PARSNIP (PASTINACA SATIVA L.)
WITHIN THE PRESOV CITY URBAN GREENERY

Equally, natural range of its occurrence is in the Europe, including Britain, middle
Norway, Sweden, Spain, Caucasus and Altai (AVERILL & D1 ToMMAs0, 2007; GLEASON
& CRONQUIST, 1991; RuBATZKY et al., 1999). But, according to Invasive plant atlas
of the United States, the species is found to be an invasive neophyte, previously
introduced as a facultative biennial plant from Eurasia. Nowadays, the species is
widespread throughout the United States and southern Canada, colonizing old fields,
railroad embankments, roadsides or waste areas and is causing increasing problems as
a weed (USDA NRCS, 2006). What s more, plants produce furanocoumarins, which
can irritate digestive tracts of herbivores and so protect its foliage before being eaten,
and, myristicin compound, which is alleged to be psychotropic if consumed. Equally,
due to furanocoumarins, after the plant sap comes into the contact with skin and
being exposed to sunlight, phyto-photodermatitis can occur in sensitive people and
in livestock too, resulted in patches of redness, severe rashes, blisters or discoloration
of the skin (Figure 2) (BRENNEMAN, 2010). Several medical professionals associate
this plant with the burns it causes, and institutions as f.e. Southeastern Wisconsin
Invasive Species Consortium warns of parsnip ‘s potential threat to human health and
recommend wearing of protective gloves, long sleeves and long pants when handling.
Recently, human and livestock is exposed to more frequent contact with expanding
population of this plant, so the wild parsnip has received increasing attention.

Pastinaca sativa

Figure 2. Examples of the ineligible Pastinaca sativa L. sap impact on the human skin
(Sources: https://www.cfscoop.com/news/company-news/be-aware-of-wild-parsnips
https://www.sleloinvasives.org/invasives/tiered-species-list/wild-parsnip/).

In summary, new and relatively massive occurrence of wild parsnip within the urban
ecosystem, i.e. out of its natural range is interesting and unusual, at least from the
botanical point of view. Simultaneously, in connection with the possible health threat
and because of proximity of the human settlements its undoubtedly worth increased
attention. That is why its previously recorded occurrence within the urban greenery
of Preov town was more closely checked. During the growing seasons 2018 till 2020,
all grassy areas on housing estates number II and III of PreSov city, were regularly
visually observed in July and August to assess presence/absence and extension of
wild parsnip vegetation within the selected part of PreSov city.
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On the basis, the presence of the wild parsnip (Figure 3) was noticed practically
in the all checked grassy areas, however, plant presence ,manifestation, changes
within the blooming period, according to mowing, as the part of the urban greenery
maintenance. Evently, several plots with P. sativa coverage assessed to be > 50%, were
noticed within the open, sunny spaces, omitting shadow places like a park with the
trees (Fig. 4, Table 1). Equally interesting, invasive neophytes Asclepias syriaca L. and
Stenactis annua L. was observed within the urban greenery of Presov city, since their
presence can be, according to actual knowledges, found to be completely new too.

Figure 3. Individual specimens of the wild parsnip at the Torysa river bank.

It seems, that wild parsnip became a common part of the grassy areas within the
urban greenery of Presov city, what is in accordance with RENDEKOVA & MICIETA
(2016), who described the presence of P. sativa in the urban ecosystem of Malacky
city as the fully new, in comparison to phase forty years ago. However, the cause and
consequences of the wild parsnip spread for the urban ecosystem and human health
are unclear.

38



ON THE OCCURRENCE OF THE WILD PARSNIP (PASTINACA SATIVA L.)
WITHIN THE PRESOV CITY URBAN GREENERY

Figure 4. Selected grassy areas with the occurrence of Pastinaca sativa L. within the
urban greenery of housing estate II and III, Presov city, Eastern Slovakia.
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Table 1. GPS and area of the several plots with the assesed P, sativa coverage > 50%

area GPS
>2 000 m> 49° 0° 40.7025634“ N 21°13°41.4177132“E
>3 000 m? 49°0°4.9784213“N 21°13°35.7400131“E
>3 000 m? 49°0° 11.6677385“ N 21° 13°40.7997322“ E
>3 000 m? 49° 0 26.8698041“ N 21°13°41.5722084“E
>4 000 m? 49° 1°3.3495019 N 21°13°55.5926514“ E
>5 000 m> 49°0°22.9173911“N 21° 13°35.0061607“ E
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ABSTRACT

In June 2021, one specimen of the terrestrial flatworm Obama nungara Carbayo, Alvarez-Presas,
Jones & Riutort, 2016 was found in a horticultural centre in the town of Samorin-Cilistov. In this
paper, we discuss its distribution, and marginally discuss the biology of the species and its impact on
the native soil fauna.

KeYy woRrDS
terrestrial flatworms, land planarians, alien invasive species

INTRODUCTION

Land flatworm Obama nungara Carbayo, Alvarez-Presas, Jones & Riutort, 2016 is
native from South America. Populations in the two southernmost Brazilian states,
Santa Catarina and Rio Grande do Sul are most certainly native. The species is also
found in Argentina, where it may be native or introduced. It is very common in
human-disturbed areas, especially gardens and parks (LAGo-BARcCIA, 2015).

Since 2008, a large land planarian has been found in several localities in Europe,
including Great Britain (including Guernsey), France, Belgium, Spain (including
Canary Islands), Switzerland, Italy and, more recently, Germany (KUTSCHERA
& EHNES, 2021); on iNaturalist.org, a social network for global biota mapping,
the occurrence of Obama nungara is also listed in Portugal, USA and Costa Rica
(INATURALIST, 2021).

Obama nungara has been reported to feed on earthworms and land snails. As a result,
it may pose a threat to native populations of these groups in Europe (CARBAYO et al.,
2016).

MATERIAL EXAMINED

On June 4, 2021, a conspicuous, one individual ca. 40 mm long, brown leaf-like
flatworm was found in horticultural centre Abies in the town of Samorin, municipal
district Cilistov (WGS: 48.0126°N, 17.3063°E; 125m a.s.l.). The individual was found
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on the soil surface under the plastic plant pot coming from Netherlands. A close
inspection of this land planarian revealed that it morphologically resembles Obama
nungara, as described by CARBAYO et al. (2013) and JUSTINE et al. (2020).

The identification was later confirmed by Leigh Winsor (James Cook University,
Townsville, Australia) on the basis of a photo (see Figure 1 below) that was published
by the authors on the iNaturalist server. A molecular determination was not made
because the material was inadvertently degraded prior to preservation. For this
reason, it was not possible to take further measurements of the found individual at
a later date.

RESULTS AND DISCUSSION

Obama nungara was first recorded as an exotic land planarian in Europe in various
localities of France (JUSTINE et al., 2014a), Spain and England (ALVAREZ-PRESAS et
al., 2014) but without a specific identification. Later on, LAGO-BARCIA et al. (2015)
identified Spanish and Argentinean specimens as Obama marmorata (Schultze &
Miiller, 1857). However, CARBAYO et al. (2016) studied specimens from Europe and
Brazil and assigned the species spreading across Europe to the new species: Obama
nungara. The same year, ALDRED (2016) provided a new record of the species in
Oxfordshire, United Kingdom, in a plant pot coming from the Netherlands. Laco-
Barcia et al. (2019) extended the European distribution of O. nungara to Portugal
and other regions of Spain.

Figure 1. An individual of Obama nungara from the horticultural centre in Samorin-
Cilistov, Slovak Republic.

Molecular data (LAGo-BARcIA et al., 2019) showed that this species is formed by three
different clades and while one of these clades is restricted to Brazil, the other ones are
found in Europe. This study also identified Argentina as the country of origin of the
two invasive clades found in Europe. SOORS et al. (2019) identified specimens of O.
nungara in Belgium. Their molecular data showed that the specimens from Belgium
are members of the main clade spreading across Europe. Recently, JUSTINE et al.
(2020) performed a molecular study with a large number of individuals collected
in France, reaching the same conclusions of LAGo-BARcIA et al. (2019) about the
Argentinean origin of the European specimens.

So far, most of the O. nungara records outside its native range are from urban areas,
gardens and greenhouses (e.g. LAGO-BARcIA et al,, 2015, 2019; SOORs et al., 2019;
JUSTINE et al., 2020; NEGRETE et al., 2020). The single exception is the record from
LAlbufera (Spain), where this invasive land flatworm has been recorded in a natural
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ecosystem with high ecological, conservation and social values (THE LocaL, 2019).
It is noteworthy that the most comprehensive study on the distribution of Obama
nungara across mainland Europe showed that the 500 meters of altitude level could
represent an ecological barrier to the dispersal of this species (JUSTINE et al., 2020).
However, the record from Acores is well above this altitude level (Laco-BARrcIaA et
al., 2020).

Although invasive O. nungara populations in Europe seem to be persistent and
capable of surviving different climatic conditions and temperatures (SLuys, 2016;
Soors et al., 2019; JUSTINE et al., 2020; NEGRETE et al., 2020), so far, the presence of
this species in non-disturbed natural environments is still limited (THE Locat, 2019;
LAGO-BARCIA et al., 2020).

Obama nungara represents a new addition of alien flatworm species and a new
concern for conservation in Slovakia. As BOoLL & LEAL-ZANCHET (2016) showed,
this species is a very efficient predator of diverse components of the soil fauna, such
as gastropods, earthworms and other planarians. Soil fauna is a keystone component
to ensuring the well-functioning of organic matter decomposition, nutrient
recirculation and other ecological services provided by this important ecosystem
(COLEMAN & WALL, 2015). It has been shown that other invasive land planarians can
produce huge effects on other soil fauna members, leading to species local extinction
(e.g. JUSTINE et al.,, 2014b) or even wider ecological damages, such as the ability of
the soil to retain water in a particular area (e.g. HARIA et al., 1998). Therefore, the
early detection, monitoring and control of new invasive soil predators is extremely
important to reduce important ecological cascade effects in new areas of occurrence.
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ABSTRACT

The species Chrysopilus laetus Zetterstedt, 1842 (Diptera: Rhagionidae) is recorded for the first time
from the territory of Slovakia. One male was found in the urban area of Presov town. The list of
Rhagionidae recorded from the territory of Slovakia increased to 27 species. However, future thorough
inspection of species Chrysopilus luteolus (Fallén, 1814) and Chrysopilus nubecula (Fallén, 1814)
recorded from the territory of Slovakia is necessary as it is possible that some specimens could also
belong to the species Ch. laetus.

KEYWORDS
snipe flies, faunistic, new record

INTRODUCTION

Chrysopilus laetus Zetterstedt, 1842 resembles much to the species Chrysopilus
luteolus (Fallén, 1814) and Chrysopilus nubecula (Fallén, 1814) (both are already
known from Slovakia; see RozKOSNY (2009b)). The variability of the Chrysopilus
luteolus group led to the description of several new species by KRivosHEINA (2008);
the validity of these new species is unclear due the fact that the variability of external
features within populations is much larger than described by KrivosHeina (Theo
Zeegers, pers. comm.).

According to ZEEGERS et al. (2021) the problem of identification for the members of
the Chrysopilus luteolus group is that the sexual dimorphism is strong in Ch. laetus,
but weak in Ch. nubecula. Characteristics separating all three species in combination
with sexual dimorphism are critically reviewed in the new identification key proposed
by ZEEGERS et al. (2021).

RESULTS AND DISCUSSION

Chrysopilus laetus Zetterstedt, 1842

Material examined: 1 male, Presov town, balcony of flat (Marka Culena 8), second
floor, 48°59°50.4”N 21°13°19.7”E, 12.6.2021, leg. by hand J. Obona, det. et coll. L.
Dvorak. First record for Slovakia.
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Note: This specimen displays the differential diagnostic characters (shape of clypeus,
shape of gonostylus, body and wing colour pattern) typical of Ch. laetus.

Distribution: Verified distribution of Ch. laetus sensu ZEEGERS et al. (2021) include:
Great Britain, Denmark, France, Germany, Hungary, Italy, the Netherlands (STuuBs
& DRAKE, 2001; ZEEGERS et al., 2021), Belgium (GROOTEART et al., 2020), Switzerland
(MAJER & BAcHLI, 1997). The distribution according to MAJER (2013) requires
revision of the material, as misidentifications due to the important variability of this
species are highly probable. This would concern the following countries: Austria,
Croatia, Romania, Sweden, and Russia (Central European, Northwest European and
South European); see also Fig. 1.

~_
( o
o il J

Figure 1. The map of recent distribution of Chrysopilus laetus Zetterstedt, 1842.
Slovakia is coloured by red. Orange colour represents countries where the presence
of Ch. laetus is certain (verified occurrence sensu ZEEGERS et al. (2021)) and green
colour represents countries where a revision is needed (distribution according to
MAJER (2013).

Notes on Chrysopilus luteolus group in Slovakia: Records of Ch. luteolus from
Slovakia are rare (STRAKA, 1984, 2005b,c, 2015; RozkoS$NY, 2009a) while Ch.
nubecula seems to be common here (see STRAKA, 1981, 1982, 1983, 1984, 1995, 2000,
2005a, 2011, 2015; STRAKA & MAJZLAN, 2007, 2009, 2010, 2014, 2016; DVORAK &
OBONA, 2014; STRAKA & OX, 2017). The major part of the material mentioned in the
cited references is unfortunately not accessible for checking the identifications; it is
possible that some specimens could also belong to the species Ch. laetus.
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ABSTRACT
The capture of a unique specimen of Anapausis floricola Chandler, 1999 in Slovakia, representing
a new dipteran species for this country, is reported in this contribution.

KEYWORDS
faunistics, new country record

INTRODUCTION

The Scatopsidae family includes minute (body size 0.5- 4 mm), generally dark-
coloured nematoceran Diptera that occur in diverse open, semi-open or wooded
environments, with wetland favoured by many species. Their larvae are saprophagous,
developing in a wide variety of media (decaying material, both vegetal and animal,
rotten wood, under bark of trees, in soil, leaf-litter, dung, fungi, etc.). Of the more
than 100 scatopsid species described in Europe, 45 species have been so far recorded
in Slovakia (HAENNI, 2009, 2013b; HAENNI & MARTINOVSKY, 2014). A recent finding
of another species, characterized below, increases the total number of scatopsid
species known in Slovakia to 46.

RESULTS AND DISCUSSION
Anapausis floricola Chandler, 1999
Anapausis floricola: CHANDLER 1999, Dipterists Digest 6: 4.

Slovakia: Cerveny Klastor, Trstiny, 49°23’15.304”N, 20°23’49.157”E, 22.VI11.2021, 1
female, M. Fulin (MF) & V. KI¢ (VK) leg. (in alcohol, det. J.-P. Haenni (JPH) 2021, in
coll. Muséum d’histoire naturelle, Neuchatel).

A. floricola was described only recently from Britain and distinguished from the other
species belonging to the soluta group of Anapausis (CHANDLER, 1999). Identification
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of the species belonging to this genus requires examination of genitals for both sexes.
A. floricola female is unique among species of the group by the shape of tergite 9,
twice as wide as long and not encompassed by the reduced lateral lobes of tergite 8
(CHANDLER, 1999: 17, Figure 5).

A single specimen of A. floricola was captured fortuitously in a small patch of marshy
environment (site Trstiny, Figure 1) owergrown with willow shrubs (Salix spp.), reeds
(Phragmites communis) and high sedges (Carex spp.) near the village of Cerveny Kl4stor
(northern Slovakia) along with a sample of louse-flies (Hippoboscidae) collected from
swallows (Hirundo spp.) during the bird-ringing carried out by MF and VK. The
ethanol-preserved specimen was subsequently forwarded to JPH for identification.

A. floricola is currently known only from Great Britain (widespread in England and
Scotland) (CHANDLER, 1999) and from a few localities in Germany, Czech Republic
(Bohemia, Moravia) (HAENNI & BARTAK, 2006; HAENNI, 2013a), Finland (HAARTO,
2014) and Switzerland (BAcHLI et al., 2014).

Figure 1. A view of the site where the specimen of A. floricola was captured, Trstiny
near Cerveny Klastor, Slovakia (Photograph by Vladimir KIi¢).

Our knowledge of the ecology of A. floricola is still poor. As stated by CHANDLER (1999),
in Great Britain the species is found in a variety of environments such as woodland,
marshes and grassland. The author records specimens swarming over dead trees and
telegraph poles and found a couple copulating under loose bark of Clematis alba.
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