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PALEOZAZNAM MAKKYSOV AKO PRAMEN PRE POZNANIE
VYVOJA ALUVIALNEJ KRAJINY DUNAJA v DEVINSKEJ] BRANE

EVOLUTION OF FLUVIAL LANDSCAPE BASED ON FOSSIL
MOLLUSCAN ASSEMBLAGES (THE DEVIN GATE,
SW SLOVAKIA)

Peter PISUT" - Tomds CEJKA? - Mdrio MIKLOVIC® — Romana KOHILOVA*
— Eva UHERCIKOVA®

ABSTRACT

In this paper we present the results of an interdisciplinary study focused on mineral alluvial soil which
has developed from calcareous fluvial silty loams in former Danube River side channel (location: Devin
Gate, Bratislava, former Pectia Island, SW Slovakia). Paleoenvironmental reconstruction is based on
fossil molluscan assemblages and spans more than + 250 years of local site development and hydroseral
succession. Recognised changes of both water regime and floodplain habitats are based on 4 local
malacozones that correspond well with the evidence of island development and land use in the past (17
- 19" century historical maps, written accounts, floristic data, respectively). In total 416 subfossil shells of
Mollusca belonging to 33 taxa provide us with a picture of how the early side channel of parapotamal type
gradually changed into the isolated waterbody (plesiopotamal type) and eventually transformed itself
into a narrow field depression covered by forest. They also characterise a different sedimentary settings
(recent vertical accretion of overbank silty loams vs. earlier subaquaceous deposition in abandoned
channel). Fossil molluscan assemblages also illustrate a change in local habitat from 1. shallow marsh
with reed bed, through 2. an initial hygrophilous Salici-Populetum woodland and eventually into the
3. current mesophilous type of bottomland woodland (Fraxino pannonicae - Ulmetum type). Over
a study period, due to the Danube channel modifications and regulation the overbank sediment delivery
decreased and became only episodic. Drop in mean groundwater levels coupled with channelization and
elimination of floods by protective levees also explains a soil successional pathway from initial gleysol,
intermediate gleyic fluvisol until the current fluvisol. Although fossil molluscan assemblages may also
contain a significant proportion of allochthonous shells, in our case they mainly reflect local habitats and
even the presence of an agrarian enclave which existed on the island in the past.

KeEYwoRDS
paleolimnology, Mollusca, historical maps, succession, land use, floodplain soils and woodlands.
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Uvob

Vyskum a rekonstrukcia vyvoja rie¢nych krajin mézu vyznamne profitovat aj
z fosilnych zaznamov miékkySov (Mollusca). St vybornou modelovou skupinou
s izkou védzbou na vegetaciu, pddu a vlhkost. Schranky mékkysov sa bezne vyskytuju
aj v prostrediach, kde iné fosilie absentuji. Vyplavenim niektorych fosilifernych
vrstiev sa da pomerne lahko ziskat bohaty material ré6znych malakocenéz. Vyskyt
makky$ov je vSak limitovany na vapnité pody a sedimenty, hoci Ziju aj na opadanke
viacerych listnatych drevin napr. i na sutindch kremencov, zul a pod. (LoZEK, 2011).
V urcitych prostrediach - sprase, travertin, vapnité slatiny, karbonatové naplavy
- sa schranky mikkysov ¢asto nachadzaju vo velkych mnozstvach (LoZek, 2010).
Fosilne spoloc¢enstva makkysov (dalej FSM) indikuja pestrost biotopov v celej skale
vegetaénych stupniov: pritomnost lesa alebo bezlesie, raz porastov drevin (zapojeny
tienny vs. svetly les), ale aj mezo-, resp. mikroklimu stanovita — vlhkost a teplotu
(LoZexk, 2011). FSM preto dnes pri paleoekologickych rekonstrukciach predstavuju
dolezité biologické proxy data (cf. JAMRICHOVA et al., 2014; HOSEK et al., 2017). Aj
spolo¢enstva vodnych miakkysov indikuju rézne prostredia od prudiacich vod, cez
zarastajuce stojaté vody, mokrade az po periodické mlaky. Preto si mékkyse v ramci
bezstavovcov dolezitou skupinou, ktord vyznamne prispela k poznaniu vyvoja krajiny
v kvartéri, aj pod vplyvom ¢loveka.

Vysu$ovanie niv dnes na mnohych miestach limituje ¢i znemoziuje vyuzitie
niektorych typov prirodnych archivov. Na rozdiel od palynomorf, resp. aj rastlinnych
makrozvyskov (cf. JACOMET, 2007) sa schranky mikkysov v aluvidlnych sedimentoch
zachovavaju aj po odvodneni krajiny; podmienkou je len pritomnost zrnitostne
jemnejsich vapnitych usadenin. FSM st preto potencidlne vyhodné aj pri vyskume
rie¢nych krajin. Plati to nielen pre paleolimnologické analyzy (= zaniknuté ramend,
mokrade, rybniky; cf. LOZEK, 1955; P1SUT et al., 2010), ale napr. aj studiu pochovanych
pod (MoravcovaA et al., 2018). Zdrojom FSM byvaju aj archeologické lokality, ¢i uz ide
o prirodzené malakocendzy, nalezy vo vyplniach réznych objektov (HAJNALOVA et al.,
2018), pripadne aj vysledok zamerného zberu mékkysov ¢lovekom (cf. JELINEK, 2017).
Cielom tohto prispevku je vyuzitie paleozaznamu FSM vyplne zaniknutého ramena
Dunaja pri historicko-geografickej rekonstrukcii vyvoja modelového segmentu
rie¢nej krajiny. Skiimana lokalita sa nachadza pri vytoku Dunaja z Devinskej brany
v pririe¢nej zéne bratislavskych luznych lesov. Predmetom vyskumu boli FSM zo
sedimentarnej sekvencie, resp. aluvidlnej pddy o mocnosti 1,2m, reprezentujice
¢asovy usek vyse 250 rokov. Paleozdznam mikky$ov sme nasledne konfrontovali
nielen s pisomnymi a grafickymi pramenmi, ale v ramci terénneho vyskumu aj so
stavom stcéasnej vegeticie a malakocendz. Stidia vychadza zo zdverenej prace
MIKLOVICA (2019), ktort dopliiame o nové poznatky a syntézu.

POLOHA A FYZICKOGEOGRAFICKE POMERY PECNIANSKEHO LESA

Pe¢niansky les (dalej PL) na mieste niekdajsieho ostrova Pe¢na (nem. Pétschen,
Pitschenau, mad. Besenydsziget) sa nachddza na pravom brehu Dunaja na useku
rie¢nych kilometrov 1872,6 — 1869,5 prevazne v bratislavskej mestskej casti Petrzalka
(okres BA V.), mald Cast aj v k. izemi Karlovej Vsi (BA IV.). Rozprestiera sa medzi
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Dunajom, Viedenskou cestou az po §tatnu hranicu s Rakdskom. Okraj tzemia dnes
pretina trasa rychlostnej cesty E58, ktora sa napaja na cestu E65, vedicu naprie¢
uzemim na most Lanfranconi. Nadmorska vyska povrchu nivy kolise od 137,6 -
star$ia jadrova ¢ast po 135,8 — 136,2m n. m. (pri byvalom Pe¢enskom ramene).
Uzemie klimaticky patri do teplého, mierne vlhkého okrsku s miernou zimou.
Priemerna ro¢na teplota vzduchu je 9 - 10 °C, v juli 20,1 - 21 °C a v januari -2 °C.
Priemerny ro¢ny thrn zrazok je 600 — 700mm (jil < 60 mm, januar 20 - 30 mm.
Hydrologicky je celé tzemie ovplyvnené Dunajom (priemerny prietok 2 044 m’.s™;
MikLovic, 2019).

Geologicky tvoria byvaly ostrov tretohorné sedimenty, prekryté kvartérnymi
fluvidlnymi ndnosmi Dunaja, tvoriacimi nizku rie¢nu terasu. Na Zulovom podklade
st ulozené sedimenty sarmatu (ily, flovité piesky) v hibke okolo 11 - 12m, vo
vychodnej ¢asti PL sa pod kvartérom nachddzaju aj sedimenty panénu (PORUBSKY,
1973). Naprie¢ uzemim prebieha aj jedna z linearnych depresii v povrchu neogénneho
podlozia, pravdepodobne paleokoryto Dunaja. Povrch sedimentov neogénu je
vad¢Sinou na drovni 125m n. m., vo vychodnej ¢asti aj 120m n. m. Kvartérne
sedimenty na Gzemi PL dosahuju pod vplyvom tektoniky, neogénnej sedimentacie
a geomorfologickych procesov mocnost od (5) 10 — 15m (Sujan, 2011). Uzemie
je cenné z hladiska zdrojov pitnej vody pre Bratislavu. Strkopiesky su totiZ najmai
smerom k Dunaju velmi dobre priepustné a akumuluji velké zasoby podzemnych
vod (PORUBSKY, 1. ¢.). V lokalite je momentélne v prevadzke mnozstvo odbernych
studni.

Uzemie z valiej Casti pokryvaju luzné lesy, ktoré administrativne spadajiu do LHC
Rusovce (lesny celok Lesy SR Bratislava). V roku 2012 tu bol vyhlaseny chraneny areal
s celkovou rozlohou 295,35 ha, ktory sa ¢leni na tri zény s 2 — 4 stupniom ochrany.
Lokalita je tiez sucastou Uzemia eurépskeho vyznamu SKUEVE0064 Bratislavské
luhy (KREMPASKY, 2009).

REKONSTRUKCIA VYVOJA A VYUZIVANIA UZEMIA PODLA HISTORICKYCH MAP
A PISOMNYCH PRAMENOV

V hospodareni slobodného kralovského mesta Presporka hrali v minulosti dunajské
ostrovy vyznamnu ulohu. Boli nielen biotopom lovnej zveri a zdrojom dreva, ale
aj sucastou polnohospodarskej ekumény, najmé ich geneticky starSie Casti dalej
od brehov. Vzhladom na pravidelné povodne sa v$ak vyuzivali najmé extenzivne.
Na mieste vykl¢ovanych lesov vznikali sekundarne liky na seno, ovocné sady aj
zeleninové zahrady.

Pe¢niansky ostrov (Pe¢na) je jednou z najstarsich dolozenych dunajskych niv vobec
— ako Beseneusciget (Ostrov Pec¢enehov) sa spomina uz v listine z r. 1225. Neskor
sa dostal do majetku mesta (Fogarassy, 1970), lebo v 15. storoéi uz figuruje
v mestskych uctoch i testamentoch. Spominaji sa na nom zéhrady (od r. 1463),
ovocné sady (1573), bol tu aj ,,Pansky rybnik® (Hern Laken), doloZeny od r. 1594
(HoRVATH, 1990).
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Obrazok 1. Ostrovny komplex Pe¢ne na mape z r. 1699 (¢. 1 v zozname, inv. ¢. 1246).
Zakres zretelne zobrazuje aj postupné prirastanie naplavov vychodnym smerom
od jadra ostrova (Neu angesetzte Aw). Sipkou oznacené koryto ,,Meister Hacken*
zrejme predstavuje najstarsi zakres skimaného ramena.

Figure 1. Island complex of Pe¢nia on the 1699 map (n. 1 in reference list, archival
n. 1246). Progressively accreting bars eastwards of the island core are also clearly
seen (Neu angesetzte Aw). Channel marked by arrow ,Meister Hacken“ probably
represents earliest depiction of the studied palaeochannel.

V 17. a 18. storo¢i sa hlavny tok Dunaja nachddzal na juznej strane ostrova, ¢o
ulah¢ovalo pristup na ostrov zo strany mesta. Podla historickych mép v prvej tretine
18. storocia pozostaval ostrov zo starej a novej Casti (Alte Potschen, Neue Potschen).
Geneticky najstarSou bola teda SZ ¢ast uzemia, pri¢om na vychod od ,,Novej Pe¢ne®
sa nachadzali prirastajice naplavy, kolonizované luznym lesom (Obrazok 1). Podla
M. BeraA (1732) boli na oboch vysadené ovocné sady ,,s najvyberanejsimi stromami,
ale nadmieru vystavené ndstrahdm Dunadja... Seno, ktoré sa tu rodi, je dobré a vydatné,
ak ho neposkodi bahno rozvodnenej rieky v Case, ked je este na koreni“ (BEL, 1732 in
TIBENSKY et al., 1984). Tieto informacie o vyuzivani izemia potvrdzuju aj vertikalnu
akréciu nivy za pravidelnych povodni (,,bahno®). Progredujica translacia hlavného
toku smerom po prade v suvislosti s postupnym vyvojom jeho zakruty okolo Pe¢ne
napokon v polovici 18. storoc¢ia ohrozila dedinu Engerau (start Petrzalku; cf. PI1SUT,
1993).

Zvyskovou formou tohto lateralneho presunu hlavného koryta je aj priehlben
byvalého ramena, skiimana v tomto prispevku. Mozno ju rozpoznat uz na mapach zr.
1699 — 1702 (¢. 1 v zozname) a stotoznit s ramenom ,,Maister Hacken (Obréazok 1).
Od r. 1753 uzZ jej polohu presne znazornuju viaceré mapy. Slepé rameno typu
parapotamdl (cf. Krno, 2009), spojené s Dunajom uz iba dolnym koncom néazorne

7
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zachytava aj plan z r. 1767 (¢. 3 v zozname; Obrazok 2). Prave v tomto case sa
hlavny tok Dunaja zacal pri Pe¢ni prirodzene prelievat do tuzkej severnej vetvy. Jej
roz$irovanie trvalo niekolko rokov. Vysledkom bol presun hlavného toku povyse
predmestia Zuckermandel do dne$nej polohy, pricom z pévodného koryta vzniklo

boc¢né Pecenské rameno (P18UT, 2005).

PLAN
vondn \
Ay MBS

basindl drohun

* e vortheifladbese gn dingiren

Obrazok 2. Plan Dunaja pri ostrove Pe¢tia z jina 1767 od inZziniera S. von Huberta
(¢. 3 v zozname) s vyznacenim vyskumného bodu (bodka). Historickd mapa
bola georeferencovana do S-JTSK pomocou 8 licovacich bodov polynomickou
tranformaciou 1. radu (s chybou RMSE = 23,52601m)

Figure 2. The Danube river at Pe¢na Island on the plan by engineer von Hubert
from June 1767 (plan n. 3 in reference list) with location of study site (black dot).
Historical map was rectified into the national coordinate system S-JTSK by 1* Order
Polynomial transformation (8 points, RMSE = 23,52601 m)

Tieto radikalne zmeny pocas Malej doby ladovej vyznamne okliestili plochu starého,
polnohospodarsky vyuzivaného jadra ostrova, naréstla v§ak rozloha jeho lesov. Kvoli
nim mesto neskdr na Pe¢ni zriadilo aj hordren (Jager Haus; Obrazok 3). Firma A.
Ehrnhoffera tu v r. 1855 zalozila aj vi$nové sady na vyrobu vychadzkovych pali¢iek
a fajok (PorTIscH, 1933). Ostrov sa postupne stal aj cielom vychadzok (k hostincu
U Kristofka).

Vzhladom na svoju geograficku polohu bol ostrov vidy strategicky vyznamny. Uz
v r. 1809 na nnom vybudovali zemné reduty (KovAc, 2019), v r. 1937 ¢s. beténové

8
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bunkre (VONDROVSKY, 1993). Naposledy vznik strdzeného hrani¢ného pasma po r.
1950 v rdmci tzv. Zeleznej opony uzavretim ostrova pre beznych obéanov a zbtranim
solitérnych domov znamenal zastavenie pripadnej urbanizacie ostrova. Od r. 1972 tu
ale postupne budovali studne na odber pitnej vody. Uzemie poznatila tiez vystavba
mosta Lanfranconi (1985 - 1991) a k nemu veducich komunikdcii. Tieto zasahy
mali napokon za nasledok aj degradaciu pévodného okrsku kulturnej stepi v centre
ostrova. Va¢sinu ovocnych stromov vyrubali a cely priestor rozorali. Po r. 1989 potom
postupne zarastol sekundarnymi drevinami.

oAb €K END O

Obrazok 3. Cast ostrova Peciia na mape z 1. 1828. Svetlohnedou farbou st vyznacené
ovocné sady (Obst Gdrten) v centralnej Casti ostrova, svetloruzovou lesy, sytomodrou
mocdaristé depresie.

Figure 3. Part of the Pe¢na Island on the 1828 map. Orchards (Obst Gdrten) in the
genetically oldest central part = light brown (khaki) colour; woodlands = faded pink
colour; swampy depressions = blue colour.

Historické mapy i cenné udaje o vegetacii (LUMNITZER, 1791), ale aj hladinich
podzemnej vody (dalej HPV) dokumentuju postupné vysusovanie tejto dunajskej
nivy uz v 19. storo¢i. Zatial ¢o na mape dunajského mapovania (¢. 4 v zozname)
bol este ostrov popretkdvany mocaristymi depresiami a luzné lesy s poznamkou
»iberschwemmet®, t. j. (pravidelne) ,zaplavované* (Obrazok 3), v dalsich
dekadach sa situacia meni. Po regula¢nych tupravach hlavného toku postupne
poklesavala aj priemernd HPV v prilahlej nive. Pred r. 1973 sa pri priemernych
stavoch vody v Dunaji HPV pod terénom pohybovala na Pe¢ni v hibke 2 — 3m. Pri
maximalnych prietokoch sice stipala az na 0,25 pod povrch pody, naproti tomu
v obdobi minimalnych prietokov klesala az na 4 - 6,5 pod terén (PORUBSKY, 1973).
V nasledujucich desatrociach potom HPV este dalej zaklesla, takze v r. 1992 sa uz
nachédzala priemerne v hibke 4,5 - 5m pod povrchom (HLAVATY & BANSKY, 2006).

9
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Kvoli ochrane vodnych zdrojov po r. 1973 zasypali aj Pecenské rameno a postavili
ochrannt protipovodniova hradzu, ¢im sa vychodna ¢ast PL ocitla celkom mimo
zaplav Dunaja.

7 =~}
oo wEm s ae
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Obrazok 4. Centralna Cast ostrova Pec¢nia so zdhradami (Poccsenkertek), horartiou
(Vaddszlak) a lesnou $kolkou (Faiskola) v roku 1900. Svetlohnedd farba = lesné
porasty, svetlozelena = sady a zédhrady, svetld = orac¢iny. Niekdaj$ie rameno priamo
hrani¢i s otvorenymi plochami. Mapa J. Mazu, kompilacia 4 listov (¢. 5 v zozname).
Figure 4. Central part of the Pe¢na Island with gardens (Poccsenkertek), gamekeeper s
lodge (Vaddszlak) and forest tree nursery (Faiskola) in 1900. Light brown colour =
woods, light green = orchards and garden, light colour = ploughland. Former channel
is directly in contact with open country. Map of J. Maza, 4 sheets combined (n. 5 in
reference list).

Skiimana terénna depresia, predstavujica zvyskova formu pri niekdajsom Iavom
brehu hlavného toku Dunaja spred 18. storocia sa nachadza v centrélnej casti
na hranici starého jadra ostrova (nadmorskd vyska terénu asi 136,8 — 137,9m
n. m.) a naplavov, usadenych od druhej polovice 17. storo¢ia (135,8 — 136,2m n.
m.). Oddeluje tak oba segmenty, prebiehajuc smerom JZ - SV. Priehlben je dobre
sledovatelna v dlzke 270 m. Najhlbsia - dno 2,5 - 3m pod susednym terénom - je
v JZ polovici, kde ma e$te pomerne dobre zachovany aj SZ breh. Smerom k Dunaju
sa mierne roz$iruje a vychodny breh je zotrety. Este v r. 1767 bol zavodneny tsek
priehlbne dlhy najmenej 1 360 m a $iroky od 38 do 67m (Obrazok 2). Na SV konci
je vSak kolmo utata dal$ou vyraznou depresiou. Ide o niekdaj$i ndrazovy breh
bo¢ného ramena okolo ostrova Leopoldova niva, ktory sa po r. 1809 rychlo zarezaval
do star$ieho terénu ostrova a skracoval tak aj skimanu depresiu (Obrazok 5, C).
Tento vyvoj ukon¢ilo az odstavenie ramena kamennym vyhonom po r. 1823 (P1SUT,
2016-2017).
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Obrazok 5. Digitalny model reliéfu na zaklade dat LIDARu. A - zretelné paralelné
linie — brazdy - po rozorani odlesnenej enklavy; B — byvala lesnd $kolka; C - breh
ostrova Leopoldova niva; D - hradza. Sipka = skiiman4 priehlben. Zdroj produktov
LSS: UGKK SR.

Figure 5. Digital elevation model based on LIDAR data. A - distinct parallel lines
(ridges) after the deforested enclave had been tilled; B - past forest tree nursery;
C - former outer bank of the Leopold Island; D - protective embankment. arrow =
examined depression. Source of LIDAR data: Geodesy, Cartography and Cadastre
Authority of the Slovak Republic.

METODIKA

Pedologicky vyskum.

Podny profil v kopanej sonde sme opisali diia 5.9.2014 v zmysle CurLikA & SURINU
(1998), resp. SKALSKEHO (2010). Farbu pédnych horizontov a domén sme urcovali
podla tabuliek MUNSELLA (2000). Z jednotlivych horizontov sme odobrali 5 vzoriek
na analyzu fyzikalnych a chemickych vlastnosti (v Oddeleni laboratérnych ¢innosti
VUPOP, Bratislava). Zrnitost jemnozeme bola uréend pipetovacou metédou, pricom
frakcie FAO (CEN ISO/TS 17892-4) boli prepoc¢itané aj na frakcie podla USDA. P6dna
reakcia (pH v H,O aj KCI) boli stanovené potenciometricky (STN ISO 10390), obsah
oxidovatelného uhlika C_ oxidimetricky, C  a N suchou cestou analyzatorom (ISO
10694). Obsah karbondatov sme odhadli uz v teréne pomocou zriedenej HCI 10 %,
nasledne bol upresneny aj laboratérnym stanovenim (titraciou). Obsah spalitelnych
latok (LOI) sa urcil gravimetricky Zihanim, elektrickd konduktivita pddnej pasty
v zmysle STN EN 27888.
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Makrofosilie.

Zo skumaného profilu sme odobrali vzorky sedimentu s hmotnostou 1 - 1,5kg
zeminy v pravidelnom intervale po 10 cm. Po ich vysuseni na vzduchu sme odmerali
priblizne 1 liter zeminy, predstavujuci hmotnost okolo 600g (od 523 do 683g
materialu). Kazdd vzorku sme zaliali destilovanou vodou s pridanim 3% H,O,
(kvoli dizagregécii $truktirnych agregatov bez poskodenia makrofosilif) a nechali
zakrytu cca 24 hodin. Nasledne sme ich postupne preplavovali sitom s priemerom
oka 0,25mm. Vyseparované ulity makky$ov a ich fragmenty, semienka a iné
makrozvysky sme potom vyberali pomocou entomologickej pinzety, po vytriedeni
ususili a determinovali pomocou binokularnej lupy (zvicsenie 2 — 45 x). Ulomky
schranok sa zapo¢itali len v pripade vrcholového tlomku. Determinované schranky
makky$ov boli nasledne vyhodnotené a klasifikované podla poctu ulit, jednotlivych
druhov i v ramci ekologickych tried, véetko vo vztahu k hibke prislusnej vzorky.
Vyskum vegetacie.

Fytocenologické snimky sme robili §tandardnou metddou, kde je zastupenie druhov
vyjadrené semikvantitativnou kombinovanou stupnicou abundancie a dominancie
(BRAUN-BLANQUET, 1964). Plocha zapisov bola 400 m? resp. ind podla mozZnosti
a konfiguracie terénu. Lokality sme zamerali (GPS) naviga¢nym pristrojom Garmin
Colorado 300. Néazvoslovie cievnatych rastlin uvadzame podla MARHOLDA et al.
(1998). Nomenklattra rastlinnych spolocenstiev je v sulade s prehladom vegetaénych
jednotiek Slovenska (JAROLIMEK et al., 2008), pricom sme zohladnili aktudlnu
syntaxonomickd reviziu tvrdych luznych lesov Slovenska (PETRASOVA & JAROLIMEK,
2012). Udaje o vekovej a druhovej skladbe jednotiek priestorového rozdelenia lesa
(JPRL) sme ziskali z lesnickeho informaé¢ného systému L-GIS.

Vysledky pedologickej i malakologickej analyzy sme napokon vizualizovali v podobe
stlpcovych i vyse¢ovych diagramov (MS Excel), najmi v$ak v programe Strater
(Obrazky 7,9 - 10).

VYSLEDKY

I. Ped6n skumanej pody

Pddny profil kopanej sondy na dne skiimanej terénnej depresie sme popisali dna 5.
9.2014 Stradnice bodu su 48° 08’ 6,7" N, 17 © 04’ 46,6" E, presnost £ 5m (miesto
je totozné s fytocenologickym zapisom ¢. 1; Obrazok 6). Morfologické vlastnosti
jednotlivych horizontov st v Tabulka 2. Po6dnym typom je hlboka fluvizem modalna,
karbonatova varieta (signatdra: FMm<"™ - js-ssh - nf3 - h; SocieTas PEpOLOGICA
SLovaca, 2014). Aj v klasifikacii WRB (IUSS WorkiNG Grour WRB, 2015) ide
o intrazondlnu aluvidlnu podu endogleyicky, kalkaricky Fluvisol (silticky).
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: 0

Obrazok 6. Skiimany podny profil. V hibke 110cm §trkopieskova vrstva korytovej
facie alebo korytovej lavice. Zretelne vidno kumulativny charakter vrstvenia hlinitych
nanosov, zretelnych je najmenej 11 povodnovych udalosti. Foto P. Pisut, 5. 9. 2014.

Figure 6. The soil profile under study. Lowermost sandy-gravel layer represents
bedload facies or channel gravel bar (in 110 cm). Cumulative nature of layered loamy
deposits is clearly visible corresponding to > 11 high waters. Photo P. Pistt, 5. 9. 2014.

Tabulka 1. Morfologicky popis skimaného podneho profilu.
Table 1. Morphological properties of the profile under study.

Horizont | Hibka (cm) Morfologické vlastnosti

Oon +0az+0,5 |nekroticky subhorizont opadu listov orecha vlasského, nestuvisly

Aoc 0-23 ochricky povrchovy minerdlny humusovy horizont, tmavohnedy, farby
(Munsell za vlhka) 10 YR 4/1. Navlhnuta, kypra prachovito - hlinitd zemina
s dobre vyvinutou, stredne (80%) az hrubo (20 %) hrudovitou $trukturou,
silne $umi pri reakcii s HCL. Zretelny (2 — 5cm) prechod do

A/C(Go) |23 - 66 hnedy prechodny horizont s priznakmi glejovatenia, obsahuje ulity Viviparus
c acerosus. Nepatrné hrdzavé, stredne kontrastné skvrny s difdznym prechodom
v rozsahu do 15 %. Prachovito - hlinitd zemina, karbonatova. Dobre vyvinuta,
velmi drobne (50%) az drobne (50 %) polyedricka zaoblena $truktira, ulity
Mollusca. Silne $umi s HCI. Primes humusovych agregatov v rozsahu 2 - 10 %.
Znamky pritomnosti mezoedafénu do 10 %. Ostry (do 2cm) prechod do

Gorc 66 - 110 glejovy oxidaéno-redukény karbonédtovy horizont; pozostiva z vrstiev
naplavov - prachovitych hlin, zodpovedajiucim jednotlivym povodiiovym
udalostiam. Farebnd zmena p6dnej matrice v rozsahu 100 %: 70 % nevyrazne
siva vzorka farby 2,5 Y 5/1,5, 30% stredne velké (5 - 15 mm), stredne
kontrastné hrdzavé Skvrny so zretelnym prechodom. Slabo vyvinutd, drobne
lameldrna $truktira, silno $umi s HCL. Bez skeletu, ostry prechod do

Cc 110 - 120 $trkopiesok, ojedinele jemné korienky. Strk hruby (2 - 5cm) - 50 %, $trk
stredny (0,5 - 2cm) 50 %. Pravdepodobne korytova facia dna ramena. Valiny
ovalne, nizko aZ vysoko sférické.
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Obrazok 7. Zakladné fyzikélne a chemické parametre skimaného pddneho profilu
- vizualizdcia udajov.
Figure 7. Basic physical and chemical parameters of the studied soil - visualised data.

Pdda je vyvinuta z nespevnenych karbonatovych prachovitych hlin. V pédnom profile
sa od 110cm vysSie nenachadzal Ziadny skelet (faza: hlboka poda, 60 - 120 cm).
Zrnitostne je pomerne homogénna. Vo vsetkych vzorkach prevladala frakcia prachu
(obsah 55,7 - 58,8 %), presnejsie jemného prachu (= mineralne castice o velkosti 0,02 -
0,002 mm). Obsah ilu bol do 26,5 %. Z hladiska textury teda patri poda do jemnozrnnej
triedy (j), skupiny strednych pod - ssh (SOCIETAS PEDOLOGICA SLOVACA, 2014).

Z hladiska obsahu karbondtov (5 — 29%) je pdda vapenatd az silno vapenatd s ich
najvy$sim obsahom vo vzorke 80 — 90cm. S tym stvisia nielen vyborné podmienky
pre zachovanie schranok mikky3ov, ale aj stredne alkalickd podna reakcia (cf. CURLIK
& SuRINA, 1998). Nivné pody Podunajskej niziny majt vo viobecnosti vysoky obsah
CaCO,, najcastejsie medzi 20 - 28% (JurRko, 1958; FULAJTAR et al,, 1998). Pody
pravidelne zaplavované maja pritom zvycajne vyssi obsah uhlic¢itanu vapenatého vo
vyssich vrstvach pody. Humusovy horizont ma pomerne tmavu farbu (10 YR 4/1
za vlhka), je kypry, $truktarny, biologicky dobre oZiveny a velmi silne humoézny - obsah
humusu po prepoéte 7,12%. Poédnu organickit hmotu charakterizuji okrem obsahu
oxidovatelného uhlika C_ aj spalitelny podiel (LOI) a pomer C: N. Smerom k povrchu
pody sa zlepsujuci pomer C : N je najniz$i prave v humusovom horizonte, stale v§ak
> 12 (hodnota < 12 je jednym z kritérii pre Am-molicky horizont). Na povrchu tejto
pody je pritomna len nesuvisld tenka vrstva opadanky (nekroticky subhorizont Oon),
humusovou formou je typicky mull (hmt).
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II. Analyza fosilnych spolocenstiev mikkysSov (Mollusca)

Preplavenim 11 litrov sedimentu (zeminy) o sumadrnej hmotnosti 6,57kg sa
celkove ziskalo 416 ks ulit a determinovatelnych tlomkov (vratane vie¢ok), pricom
identifikovanych bolo dovedna 33 druhov ulitnikov.

140

WTerestricke

100%
120 |

0%

0%

100 0%

Najvyznamnejsie druhy

Valvata piscinalis
30%
80

317ks

60

20% Bithynia

tentaculata Gyraulus albus

& 18%

Pisidium spp.

15%

Obrazok 8. Pocet ulit jednotlivych druhov mékkys$ov, percentudlne zastipenie
vodnych vs. terestrickych druhov celkove (vlavo), percentudlne zastipenie
najvyznamnejsich druhov, resp. ¢eladi (Pisidium spp.) — vyse¢ovy diagram a ukazky
ulit charakteristickych druhov mékkysov (pramen: Malacologica Bohemoslovaca,
foto M. Horsdk). A - Valvata piscinalis, B— Gyraulus albus, C — Pisidium subtruncatum,
D - Carychium minimum.

Figure 8. Number of shells and percentual proportion of aquatic vs. terrestrial species
in total (left), proportion of the most abundant species / families (Pisidium spp.) -
pie diagram and showcases of typical shells (source: Malacologica Bohemoslovaca,
photo by M. Horsak): A — Valvata piscinalis, B — Gyraulus albus, C - Pisidium
subtruncatum, D - Carychium minimum.

Pocet druhov vo vzorkach sa pohyboval od 4 (vzorka z thky 40 - 50cm) do 13 (10 -
20 cm), priemerne 8. Celkove v profile prevazovali ulity vodnych ulitnikov - 317 ks,
¢o predstavuje 76 % spolocenstva mikkysov. Vodné druhy takmer Gplne dominovali
v spodnej &asti profilu (od hibky 40 do 110 cm). Suchozemské (terestrické) druhy
tvorili 24 % (spolu 99 ulit; Obrazky 9 a 10) a prevladali v hornej ¢asti profilu.

Celkove najpocetnej$imi druhmi boli Valvata piscinalis (121ks ulit - 29%)
a Gyraulus albus (75ks - 18 %), ktoré spolu reprezentovali takmer polovicu (47 %)
vietkych zistenych subfosilnych makrozvyskov. Dalsich 5 druhov mozno oznacit ako
subdominantné: okrem vodnych druhov Bithynia tentaculata - 34ks (8 %), Pisidium
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subtruncatum (30ks; 7%) a P casertanum (21ks - 5%) tu uz boli zastipené aj
terestrické ulitniky Carychium minimum (34 ks - 8 %) a Aegopinella nitens — 26 (6 %).
Uvedenych 7 taxénov predstavovalo 4/5 vietkych zistenych ulit. Kazdy zo zvy$nych
26 druhov bol doloZeny len niekolkymi kusmi ulit, boli teda percentudlne zastiipené
len < 2% (0d 0,24 - 1,86 %).

Na zaklade dékladného poznania sti¢asnej fauny mikkysov na izemi velkej Bratislavy
(CEyxa et al., 2020) sme jednotlivé druhy podla ich nérokov na prostredie, v ktorom
sa vyskytujd, zadelili do ekologickych skupin. Pomerne podrobné roz¢lenenie pre
ucely tejto $tudie ich zahfna celkove 16 (Tabulka 2).

NajpocetnejSou skupinou ulitnikov boli vodné eurytopné druhy (Et), Zijuce
v stojatych aj te¢acich vodach. Typickym predstavitelom je valvata rybia (Valvata
piscinalis). Ekologicka skupina s najvy$sim po¢tom druhov ulitnikov (7) reprezentuje
druhy Zijice v stojatych a pomaly te¢tcich vodach, brehoch jazier a inych plytkych
usekoch s vyskytom vodnych makrofytov (St). Druhy maji $irokd ekologicku
valenciu. Patri do nej aj na$ druhy najpocetnejsi druh Gyraulus albus. Skimany profil
je zaujimavy aj bohatstvom hrachoviek (Pisidium spp.) — az 5 druhov (¢o predstavuje
15 % vsetkych ulit).

Tabulka 2. Ekologické skupiny druhov ulitnikov.
Table 2. Ecological groupes of molluscs.

Skratka | Ekologicka charakteristika Charakteristicky zastupca
Et vodné eurytopné druhy (stojaté aj te¢tice vody) Valvata piscinalis
FrGn lesné eurytopné druhy Monachoides incarnatus
FrHg lesné vlhkomilné druhy Vitrea crystallina
FrSp typické lesné druhy (druhy tiennych zapojenych lesov) Aegopinella nitens
FrSt lesostepné druhy; tiez druhy kultrnej lesostepi (napr. parky, | Euomphalia strigella
sady) a suchych polootvorenych lesnych biotopov
Gn vodné euryekné druhy (sensu lato) Bithynia tentaculata,
Pisidium casertanum
Hg suchozemské hygrofilné druhy Trochulus hispidus
Oh druhy otvorenych stanovist Vallonia pulchella
Ph suchozemské polyhygrofilné druhy Carychium minimum
Rh reofilné druhy te¢ucich vod Pisidium henslowanum
Sh rozvolnené lesy, preferuju kroviny; tiez na antropicky Helix pomatia
narusenych stanovistiach
SiOp druhy rozvolnenych, presvetlenych lesov Vallonia costata
Smt semiterestrické druhy vlhkych luznych lesov aj vihkych lik; Galba truncatula
tieZ na rastlinach a kamenoch v malych vodnych telesach
St stojaté a pomaly te¢tice vody, brehy jazier, plytké useky Gyraulus albus
s vodnymi makrofytmi; Siroka ekologicka amplitida
SFI zvyéajne v pomaly te¢ucich vodach ubovolnej velkosti Pisidium subtruncatum
s bahnitym dnom
TmPI periodické mléky Anisus spirorbis
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II1. Miestne analytické zony Mollusca:

Na zaklade po¢tu druhov v jednotlivych vrstvach, sic¢tu zachovanych schranok, ako aj
zastipenia ekologickych skupin makky$ov bolo mozné studovany profil rozdelit na 4
miestne malakozény (MZ 1 - 4), a v rdmci nich e$te na dve podzény. Odzrkadluju
urdité vyvojové fazy stanovista, resp. zmeny v podmienkach pedo-sedimentarneho
vyvoja Studovanej lokality.

Spodna malakozéna MZ-1 sa vyznacuje takmer absolutnou dominanciou
akvatickych druhov ulitnikov, poukazujicich na vodné prostredie poloprieto¢ného
alebo periodicky poloprieto¢ného ramena.

Zénu MZ-1a v hibke 60 az 110 cm reprezentovali hlavne Valvata piscinalis a druhy
hrachoviek, najma Pisidium subtruncatum a P. casertanum. Priemerny pocet ulit
vo vzorke predstavoval 25 kusov a priemerny pocet druhov bol 6. V tejto zone boli
zastipené este aj niektoré reofilné druhy, napr. Pisidium henslowanum.
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vzorky Poéet Potet
I:' Vodné (9) schranok  druhov
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Obrazok 9. Diagram makrofosilii ulitnikov (Mollusca) zo skimaného profilu:
zakladné udaje o zastupeni ekologickych skupin, pocte druhov, ulit a parametroch
analyzovanych vzoriek.

Figure 9. Diagram of Mollusca showing 1. a number of shells, 2. number of species,
3. sample weight and 4. proportion of ecological groups, respectively, as related to
the layer depth.
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sNYT

druhov v rdmci celého profilu (4 - 5), avak zdroven tu bol zaznamenany najvacsi
pocet ulit. V druhovo chudobnej zéne prevladali vodny eurytopny druh Valvata
piscinalis a kotulka ryhovana (Gyraulus albus), prevazne stagnikolny druh, na tzemi
Bratislavy dnes pomerne vzicny (CEJkaA et al., 2020).

Zéna MZ-2 v hibke 30 az 40 cm charakterizuje prechod z prevladajiceho vodného
prostredia do suchozemskych podmienok. Pocet ulit vodnych mikkysov v nej
klesol, celkovy pocet druhov sa vSak zdvojndsobil. Objavuju sa zastupcovia
semiterestrickych a terestrickych hygrofilnych aj polyhygrofilnych druhov (Galba
truncatula, Carychium minimum), indikujuce napr. z hladiska mokradnych rastlin
tzv. liméznu a terestricktl ekofdzu. Zaroven je v tejto zéne dolezita ale aj pritomnost
druhov otvorenych stanovi$t (napr. Vallonia pulchella) a preferujicich rozvolnené
presvetlené lesy (Vallonia costata).

V z6éne MZ-3 v hibke 10 - 30 cm dosiahol pocet druhov vo vzorke maximum v ramci
profilu. Prevazuju v nej polyhygrofilné (Carychium minimum), ale uz aj hygrofilné (Hg
— Trochulus hispidus) druhy, pristupuju zastupcovia lesnych silvikolov (FrHg). Zéna
zrejme reprezentuje vihky makky luzny les asociacie Salici-Populetum (JURKO, 1958).
Poslednou jasne vyhranenou zénou je MZ-4 v hibke 0 - 10cm s dplnou prevahou
typickych druhov zatienenych lesov (napr. Aegopinella nitens). Je to zéna sicasného
prechodného az tvrdého luzného lesa, ktory sa na Pe¢ni vytvoril po regulacii Dunaja,
ustéleni zmien hladinového rezimu, vystavbe protipovodnovej hradze, ale aj pod
vplyvom lesohospodarskych zasahov. V tejto zéne takmer tplne dominuju terestrické
druhy makkysov, z vodnych sa tu naslo len niekolko ulit Bithynia tentaculata.
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Obrazok 10. Ostrov Pecna, diagram zastGpenia vacsiny vodnych (hore)
a suchozemskych (dole) makkysov.

Figure 10. Pe¢na Island, diagrammatic representation of most of the aquatic (upper)
and terrestrial molluscs (lower).

IV. Rastlinné a ZivociSne makrozvysky

Napriek tomu, Ze v skiimanom profile dnes prevladaju podmienky s rychlym rozkladom
pddneho biologického materialu (cf. JACOMET, 2007) sa vyplavom podarilo zachytit aj
ojedinelé semena rastlin, ktoré su stcastou pédnej semennej banky lesnej vegetacie.
V hibke 0 az 10 cm sme napr. identifikovali semena agatu (Robinia pseudoacacia), bazy
¢iernej (Sambucus nigra), cesnaku medvedieho (Allium ursinum), invaznej netykavky
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malokvetej (Impatiens parviflora), ale aj niektorych druhov fialiek (Viola spp.). V hibke
20 az 30 cm sme okrem bazy nasli aj 1 oospdru rias (Charales).

Subfosilne makrofosilie sme dokumentovali az vo vzorkach z najnizdej Casti profilu.
Niekdajsie vodné prostredie dokladaju opit oospéry rias (Charales; 20ks) v hibke 70
- 80cm. Vo vzorke zo 100 az 110 cm sme dolozili nielen vyskyt zabnika (Alisma sp.),
ale aj 26 tzv. statoblastov machoviek (Bryozoa), a tiez 1 uhlik. Sladkovodné machovky
mierneho pasma st drobné vodné Zivocichy, hermafrodity, ktoré na jesen hynu a zimu
preckavaji vo forme hibernaénych pucikov - statoblastov. Ziju prevazne v litorali
stojatych vod (rybniky, vodné nadrze), kde pokryvaji kamene, schranky makkysov
a pod. (FRANC, 2005).

V. Sucasna vegetacia

Stcasnu lesnt vegetdciu na dne skumanej priehlbne a v jej bezprostrednom okoli
charakterizuje 5 fytocenologickych zépisov. Snimkovanie zachytava jarny aspekt
vegetacie dna 7. maja 2019. Pokryvnosti jednotlivych vrstiev a poéty druhov v nich
st graficky znazornené na Obrazok 13 (a, b).

Obrazok 11. Lokalizacia fytocenologickych zapisov v stcasnych lesoch
(ortofotomapa) a ich priemet do situdcie v r. 1828.

Figure 11. Location of phytosociological relevées in current woods (orthophotomap)
and their overlay into the situation in 1828.

Terénna depresia: jej plocha figuruje ako samostatna JPRL 344 b s vymerou 1,38 ha.
Vek porastu je 35 rokov (v r. 2021), planovany rubny vek 120 rokov. Dnes su stromy
v rastovej faze tenkej kmenoviny, hrubky 20 — 27 cm. V ramci celého porastu prevladaju
vysadeny jasen uzkolisty (zasttipenie 80 %), javor horsky (15%) a agat (5 %). Dreviny
mali v r. 2016 vysku 17 - 19m. Sticasnu vegetaciu reprezentuju zapisy ¢. 1 a 2:

Zapis &. 1: priamo v mieste pedologickej sondy na dne depresie, ktoré je zahlbend asi 2,5 - 3m, o §irke asi
13 m. Plocha zépisu je 13 x 30m. Ide o zmieSany viacturoviiovy porast jasena, orecha vlasského (Juglans
regia) a brestu (Ulmus laevis). Orech pochédza z prirodzeného zmladenia (semena, ¢iasto¢ne vymladky).
V stromovej vrstve je primie$any aj invazny agat (Robinia pseudoacacia). Bylinnt vrstvu tvori 26 taxénov
s pocetnym zastiipenim semendacikov drevin (Tabulka 1), hlavne domaceho brestu, ale i nepévodného
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invédzneho javorovca jasefolistého (Acer negundo). Z bylin v E, dominoval medvedi cesnak (Allium
ursinum). Pritomnost subdominantnej netykavky (Impatiens parviflora) indikuje, Ze po odumreti cesnaku
tento invazny terofyt naplno obsadi uvolnenu niku a v lete bude zrejme dominovat.

Zapis ¢. 2: vysadeny hospodarsky les pri dolnom usti byvalého ramena tvori porast javora horského
(Acer pseudoplatanus) s jasetiom (Fraxinus angustifolia), v pravidelnom spone. Plocha zapisu 20 x 30m,
pokryvnosti pozri Obrazok 13; suradnice 48° 08’ 9,6” N, 17 © 04’ 52,6” E, presnost £ 7m. Vo vrstve
E, dominuje Acer negundo. Bylinnt vrstvu tvori az 33 taxénov. Prevlada v nej Impatiens parviflora,
subdominantou je opit medvedi cesnak. Vyznamnejsie je eSte zastGpena Stellaria media, povodny
nitrofilny terofyt.

oy

Obrazok 12. Na SZ brehu skimaného ramena na mieste byvalych sadov a zahrad
na geneticky starSom teréne sa dnes nachadza sekundarny prechodny luzny les asoc.
Fraxino - Populetum. Zapis ¢. 3. Foto P. Pisut, 7. 5. 2019.

Figure 12. The NW bank of examined depression which had been deforested in
the past is presently overgrown by secondary transitional floodplain forest of the
association Fraxino — Populetum. Relevée n. 3. Photo P. Pisut, 7. 5. 2019.

Okolie ramena reprezentuj zapisy ¢. 3 - 5:

Zapis &. 3: na SZ brehu byvalého ramena sa v si¢asnosti nachddza vzrastly porast topola sivého s jaseriom. Ide
o plochu byvalych sadov / zdhrad (eSte v r. 1955 - 1961), ktord nefiguruje ako lesny podny fond. Sekundérny
prechodny luzny les (Obrazok 12) rastie na okraji geneticky starsieho, mierne vyvyseného terénu byvalého
jadra ostrova Pecna a vznikol prirodzenym zmladenim po roku 1970. Plocha zapisu 20 x 20m, stiradnice:
48°08'8,3" N, 17°04'47,1" E, + 8m.

Topole sivé (Populus x canescens) dosahuju priemerna hribku ca 60 cm. V podurovni, ale i hlavnej
stromovej urovni porastu je primieSany agat. Vo vrstve krov prevlada svib (Cornus sanguinea).
V bylinnej vrstve dominuju Allium ursinum a Impatiens parviflora (Tabulka 3). Aj tu st bohato
zastipené semendciky a odrastajice jedince drevin a krov, najviac domadci jasent Fraxinus angustifolia.
Zapis ¢. 4: reprezentuje skupina starych mohutnych topolov ¢iernych (Populus nigra) s brestami a jasefiom
v hlavnej urovni z prirodzeného zmladenia na dne byvalého ramena, ktoré obtekalo ostrov Leopoldova
niva. Terén je relativne mlady - vznikol az v tridsiatych rokoch 19. storocia (pred r. 1835). Plocha zdpisu:
15 x 30 m, stradnice: 48° 08’ 11,3” N, 17 © 04’ 55,1" E (+ 8 m).
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V stromovej podtirovni sa presadzuja brest a javor horsky (Tabulka 3). Strukttra bylinného podrastu je
mozaikovitd. V jarnom aspekte prevazovali jarné geofyty Allium ursinum, Galanthus nivalis a Anemone
ranunculoides. Fyziognomicky sa tu vyznamne uplatnili aj semenaciky javora horského a netykavky
(Impatiens parviflora).

Zapis ¢. 5: je v JPRL 351 a, ktory lemuje priehlben z vychodnej strany (suradnice: 48° 08’ 7,4" N, 17
° 04' 52,9" E, presnost + 9 m). Reprezentuje geneticky o nie¢o mladsi terén, ako zépis ¢. 3. Ide o les
osobitného urcenia vo veku 75 rokov v rastovom stupni strednej kmenoviny. Rubna doba porastu je 130
rokov. V poraste ako celku prevladaju jasen tzkolisty (80 %), agat (10 %), javor horsky (5%) a mlie¢ny
(5 %). Tomu priblizne zodpoveda aj skladba druhov v mieste zapisu (Tabulka 3). Krovinna vrstvu tvorili
3 taxony; bylinnu vrstvu, takmer suvislo zapojend, 19 druhov. Dominovali Allium ursinum a Impatiens
parviflora. Vys$iu pokryvnost mala sneZienka (Galanthus nivalis).

Vsetky zapisy zo skimaného tzemia mozno v syntaxonomickom systéme zaradit
do asocidcie Fraxino pannonicae — Ulmetum So6 in Asz6d 1936 corr. So6 1963, triedy
Querco-Fagetea Br.-Bl. et Vlieger in Vlieger 1937, radu Fagetalia Pawlowski et al.
1928, podzvizu Ulmenion Oberd. 1953 (JAROLIMEK et al., 2008). Ide o nizinné luzné
lesy charakteru prechodnych az tvrdych luznych lesov.

Tabulka 3. Fytocenologicka tabulka, zapisy 1 - 5.
Table 3. Phytosociological table, relevées 1 - 5.

Fytocenologicky zapis¢. |1 |2 |3 |4 |5 |Fytocenologicky zipis¢. |1 |2 |3 [4 |5
E3 E1 (pokracovanie):

Fraxinus angustifolia 2 |2 |2 |1 |4 |Fraxinusangustifolia - |- 32 |r |-
Acer pseudoplatanus - |3 |- |- |1 |Cornussanguinea + |- |21 |r |-
Populus x canescens + |- |3 |- |- |Ulmuslaevis 1 |r |r - |+
Populus nigra - |- |- |3 |- |Ligustrum vulgare - |- 11 |- |-
Clematis vitalba + |- |- |- |- |Stellaria media r |32 |- - -
Juglans regia 3 |- |- |- |- |Parietaria officinalis r |12 |- ro|+
Robinia pseudoacacia 1 |- |+ |- |- |Rubuscaesius + [+ |r + |-
Ulmus laevis - |- |- |1 |- |Stachys sylvatica ro|+ |- ro|+
Viscum album r |- |- |- |- |Acercampestre ro|- - r |r
Acer platanoides - |- |- |+ |- |Juglans regia - | |- r
E3-2 Lamium maculatum - r |- r |r
Acer pseudoplatanus - |1 |1 |2 |1 |Sambucus nigra r |- [+ |- |r
Fraxinus angustifolia + |1 |- |1 |1 |Aesculushippocastanum |- |r |- ro|-
Ulmus laevis 2 |- |- |2 |3 |Heracleum sphondylium |- |r |- - r
Juglans regia - |- |+ |+ |+ |Arctiumlappa r |- |r - -
Padus avium 1 |- |- - - | Crataegus monogyna ro|- r - |-
Clematis vitalba - |- |+ |+ |- | Geum urbanum r o[- |r - |-
Robinia pseudoacacia - |- |1 |- |- |Ficaria bulbifera + |r |- - |-
E2 Polygonatum latifolium - |- | |- |+
Acer pseudoplatanus - |r |r |2 |2 |Populusalba r o|r |- - -
Cornus sanguinea + |- |3 |r |- | Violareichenbachiana ro |- - + |-
Acer negundo 2 |3 |- |r |- |Ailanthus altissima - | |- - -
Juglans regia - |r - 1 | Ajuga reptans - - r - |-
Sambucus nigra - |- |+ |+ |- |Euonymuseuropaea ro|- |- - |r
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Ligustrum vulgare - |- |+ |- |- |Alliaria petiolata -

Padus avium 1 |- [- |- |- |[|Chelidonium majus r

Viburnum opulus r |- [- |- |- |Anthriscus sylvestris r

Acer campestre - |- |- |[r |- |Colchicum autumnale ro |- - - -
E1 Hedera helix ro|- - - -
Allium ursinum 5.5 3.3 |44 |3.3 |4.5 | Melica nutans - |- |r - |-
Impatiens parviflora 3.3 (4.3 4.3 |3.3 |4.3 | Padus avium - -+ - -
Galanthus nivalis + |[1.1|- |22 |2.2 | Physalis alkekengi -+ |- - |-
Galium aparine + |Ll|r |r |r |Prunusavium - |r - - |-
Aegopodium podagraria |- [1.2|- |1.1 |- |Glechoma hederacea - |r |- - |-
Anemone ranunculoides |- [r |- 2.2 |- | Stenactis annua - |r - - |-
Acer pseudoplatanus - |r |+ |3.1|1.2 | Urtica dioica -+ |- - -
Viola odorata r |r |+ |+ |21 | Veronica hederifolia - | |- - -
Acer platanoides + |- |r |L1|+ | Viburnum opulus - | |- - -
Brachypodium sylvaticum |r  |r |+ |r |+ |Clematisvitalba - - - + |-
Acer negundo 1 |1.1|r |- |- |Ribessp. - - - - |r

Iy

Obrazok 13. Pokryvnosti (a) jednotlivych etdzi fytocenologickych zdpisov (E, -
vrstva stromov, hlavna trovern; E,, vrstva stromov, poduroven; E, - vrstva krov; E,
- bylinnd vrstva). b) pocty druhov v jednotlivych etazach.

Figure 13. Cover percent of vegetation layers (a - left) and numbers of tree species in
individual layers (b, right). E, | - tree layer, main canopy; E, , tree layer, mid-storey;
E, - shrub layer; E, - herb layer.
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Diskusia

Stiasnd vegetdcia. Po vySe dvesto rokoch sukcesie dnes na dne byvalého ramena
ani v jeho blizkom okoli takmer niet stop po vodnom alebo mociarnom prostredi.
Naopak, nachddzaju sa tu vzrastlé zapojené lesy charakteru prechodnych az tvrdych
luhov podzvazu Ulmenion (Obrazok 12). Napriek pritomnosti invaznych taxénov
(Robinia pseudoacacia, Negundo aceroides, Impatiens parviflora, Parietaria officinalis)
maju prevazne prirodzend druhovi skladbu. Dreviny boli pomerne pocetne
zastipené aj v bylinnej vrstve porastov v pocte od 8 (zépisy ¢. 4 a 5) do 10 druhov
(¢. 1,2, 3), ¢o sved¢i o vybornej prirodzenej obnove.

Medzi jednotlivymi porastami na skiimanej ploche a v jej tesnej blizkosti st len
malé rozdiely. V ramci neddvno revidovanej syntaxondmie nizinnych luznych lesov
a vyliSenych $tyroch hlavnych podtypov asociacie Fraxino pannonicae-Ulmetum, je
mozné nase zapisy detailnejsie roz¢lenit do 1. relativne vlh$ej subasociacie Fraxino
pannonicae-Ulmetum populetosum (Jurko, 1958) Dzatko 1972 a 2. mezofilnejsej
subas. carpinetosum (Simon, 1957) Dzatko 1972. Na zaklade pritomnosti alebo
absencie diferencialnych taxonov sa v$ak vo vSetkych pripadoch uz priklaname skor
k druhému, mezofilnej$iemu typu. Charakteristickou pren je napriklad pritomnost
jarnej dominanty Allium ursinum vo v$etkych zapisoch. Cesnak medvedi je v ramci
asocidcie Fraxino pannonicae-Ulmetum prave diferencidlnym druhom subass.
carpinetosum (PETRASOVA & JAROLIMEK, 2012). Je aj diagnostickym druhom zvizu
Aceri tatarici-Quercion, triedy Querco-Fagetea (cf. JAROLIMEK & S1BiK, 2008).

Toto zaradenie potvrdzuje aj pritomnost subdominantnej Impatiens parviflora, ktora
je tiez vlhkostne tolerantnym, mezofilnej$im druhom. Celkove druhy, naro¢nejsie
na vlhkost st v zapisoch malo pocetné, resp. absentujui. Z drevin su vynimkou len
Populus x canescens (zapis ¢. 3) a P, nigra (zapis ¢. 4).

Oba porasty na dne samotnej terénnej depresie (zapis ¢. 1 a 2) by v starsej klasifikdcii
podla Jurka (1958) patrili k tzv. prechodnému luznému lesu asociacie Fraxino-
Populetum (stojacemu medzi hygrofilnym méikkym a mezofilnym tvrdym luhom).
K druhému typu, ktory by predstavoval syntaxon Ulmeto-Fraxinetum aegopodietosum
JURKO, 1958, patri zapis ¢. 5. Je zaujimavé, Ze k tejto mezofilnejsej jednotke patri podla
skladby vegetacie aj zapis ¢. 4, hoci absolutny vek daného stanovista (= dno byvalého
ramena s koncom aktivity pred r. 1835) je ,len“ 184 rokov. Priam modelovym
porastom asociacie Fraxino-Populetum, prinajmensom z hladiska hlavnych drevin,
by bol v zaradeni JurRka (1958) zéapis ¢. 3.

Vyvoj stanovista a pédy. Historické mapy dokladaju kontinualnu pritomnost vodnej
plochy v odstavenom ramene do prvej tretiny 19. storo¢ia. Vr. 1767, pred zmenou toku
Dunaja, malo slepé rameno este $irku do 67 m, dizku vyse 1 300m a predstavovalo
typ parapotamdl (cf. KrNo, 2009). Zrejme tu rastli aj niektoré z najmenej 21 druhov
vodnych a moéiarnych rastlin, ktoré v osemdesiatych rokoch 18. storo¢ia zo stojatych
vod a mokradi Pe¢ne udéva S. LuMNITZER (1791). Sedimentdcia materidlu na dne
periodicky poloprieto¢ného ramena bola sprvoti e$te pomerne intenzivna. Svedcia
o tom niekolko centimetrov hrubé vrstvy hlin, ukladané na $trkopieskoch korytovej
facie ramena, zodpovedajice jednotlivym vysokym vodiam. Postupne sa vSak
prirastky nanosov spomalovali. V prvych dekadach 19. storodia bolo uz rameno
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neprietocné (typ: plesiopotamdl) s izolovanou vodnou plochou plytkého rie¢neho
jazera so stojatou vodou o rozmeroch 300 x 25m (Obrazok 11). Cast koryta alebo
jeho litoral zrejme pokryvali aj porasty trste (Phragmites australis) — doklada to
nemecky miestny ndzov Rohrgraben (Trstinova priehlben; 1828). Skuto¢nost, Ze $irka
ramena bola zhruba dvojnasobn4, ako dnes, poukazuje aj na antropické modifikacie
reliéfu (prihrnutie zeminy do ramena pri Gpravach terénu, napr. po holorubnej tazbe
dreva).

Po zazemneni vodnej plochy ramena pokryvala dno depresie pravdepodobne
minerdlna pdda typu glej modélny, s priemernou HPV plytko pod povrchom,
kazdopadne uz v hibke do 50 cm. Horizont A/C(Gor)c s priznakmi glejovatenia,
ale aj horizonty Gorc pod nim predstavuju vlastne povodny glejovy redukény Gre-
horizont, ktory sa v minulosti vytvoril vdaka trvalému hydromorfnému ovplyvneniu
pedoénu. Znaky oxidaéno-redukénych procesov st v nich preto hlavne subfosilneho
charakteru a odzrkadluja vlhkostny rezim pody na lokalite v minulosti (cf. Jurko,
1958; UHERCIKOVA & P1SUT, 2013).

Ako sme nacdrtli vyssie, vodny rezim lokality sa v priebehu poslednych 250 rokov
postupne menil, a to etapovite. Prvy, hoci este nie vyrazny pokles priemernej HPV
mozeme predpokladat uz v 70. rokoch 18. storodia po presune Dunaja na severnu
stranu Pecenského ostrova. Nové koryto sa vtedy rozsirovalo nielen bo¢nou, ale
aj dnovou eréziou, ktord postupovala proti pradu rieky (cf. P1$UT, 2016-2017).
Dalsi pokles HPV nastal od r. 1832 v stvislosti s regulaénymi pravami tseku
Devin - Hamuliakovo (P18UT, 2018). Hlavny tok sa vtedy vzdialil od ramena,
takze radovo klesla aj sedimentacia plavenin (mocnost vrstviciek uz iba v mm az
cm). Pri dne depresie sa vtedy voda zrejme este stale nachadzala v hibke do 1 m
(podny typ: fluvizem glejovd). V tomto rezime asi pdda existovala prinajmensom
niekolko desatro¢i. Po definitivnej regulacii Dunaja na strednd vodu (P150T, 2016-
2017), a napokon po r. 1961 ale hladina dalej poklesavala. Tento nepriaznivy trend
pozastavilo az sprevadzkovanie Hrusovskej zdrze VD Gabéikovo. St¢asna hibka
HPV pod terénom determinuje klasifikaciu dnesnej pddy k typu fluvizem modalna
(cf. SOCIETAS PEDOLOGIA SLOVACA, 2014).

Velmi vysoky obsah humusu (7,12 %), vyssi ako u beznych fluvizemi (cf. Jurko,
1958; FuLAJTAR et al., 1998) naznaluje vyvojovu tendenciu resp. postupnu
transformdciu aluvidlnych pdd vychodnej casti PL (za hrddzou) po zmene
vodného rezimu smerom k automorfnym pédam ¢ernozemného typu s molickym
Amc-horizontom. Je to nielen vdaka polohe v klimaticky teplej a suchej oblasti
(no uz bez vyraznejsieho vylep$ovania vlahovej bilancie kapilarnym vzlinanim),
ale i vdaka priaznivému priebehu humifikacie a obsahu karbonatov. Podobny
vyvoj prebieha napr. aj v Jarovskej Bazantnici (UHERCIKOVA a PISUT, 2013),
ale i v Rakdsku na altviu Dunaja pod Viediou (cf. GERZABEK et al., 2010). Uz
v priebehu desiatok az stoviek rokov sa pritom menia nielen podiel Zeleza (Fe /
Fe,, ukazovatel zvetrania) v aluvidlnych podach, ale ¢asom vyznamne rastie aj
obsah organického fosforu, ktory sa postupne vyrovnd obsahu apatitového P,
prevladajiaceho v ¢erstvych povodnovych naplavoch Dunaja (cf. ZEHETNER et al.,
2008).
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Fosilne spolocenstvd mdkkysov. Analyza dunajskych sedimentov potvrdila predpoklad,
ze skumany profil v karbonitovych nédplavoch moéZe obsahovat dostatok ulit
na paleoenvironmentalnu rekonstrukciu. Preplavom vzoriek sa podarilo identifikovat
spolu 33 druhov makkysov. Napriek tomu, Ze ide o spektrum druhov v ramci celého
vyvoja hydrosérie v ¢ase a nie o jednorazovy faunisticky snimok konkrétneho biotopu
v uréitom momente, zisteny pocet druhov ulitnikov je aj v porovnani s ochranarsky
vyznamnymi lokalitami Podunajska vcelku vysoky. Tak napr. v NPR Ci¢ovské rameno
bolo zistenych 36 druhov, v NPR Klatovské rameno 32 druhov a v NPR Parizske
modiare dovedna identifikovali 24 druhov (CEjka et al., 2015).

FSM z rie¢nych alavii moézu okrem schranok tych, ktori Zili priamo in situ, alebo
v blizkom okoli, obsahovat aj alochténne schranky makkysov, naplavené na lokalitu
za povodni aj zo vzdialenejsich vy$sie poloZenych poldh a pritokov povodia,
pripadne splachnutych z okolitych svahov (cf. LoZEK, 2011). Ich interpretacia preto
nemusi byt priamociara a vyZaduje si opatrnost. V naSom pripade v$ak analyzované
malakocendzy pomerne dobre odzrkadluju nielen sukcesiu hydrosérie odstaveného
ramena, ale aj pritomnost vegeta¢nych foriem priamo na dne a vlitorali depresie, ba aj
v jej tesnom susedstve. Okrem toho v skimanom profile umoznili velmi dobre oddelit
subhydricku fazu sedimentacie v zavodnenom ramene od naslednej terestrickej fazy
vyvoja stanovi$ta po jeho vyschnuti (epizodickou akréciou povodnovych hlin).
Mladsi segment aluvia vychodne od skiimanej depresie suvisle porastali v prvych
dekadach 18. storo¢ia luzné lesy, ktoré vznikli ndletom semien na obnaZené,
prirastajice dunajské naplavy. Dokladaju to historické mapy, napr. z r. 1753 (¢. 2
v zozname). Bezpochyby teda iSlo o hygrofilné, pravidelne zaplavované vibovo-
topolové lesy (méakky luzny les, asoc. Salici-Populetum). Po zmendach vodného rezimu
v urditej vyvojovej faze, konkrétne po r. 1832, tento typ lesa kolonizoval aj obnazené
brehy a Casti dna skimanej depresie. S najvac¢$ou pravdepodobnostou je dolozeny
prave malakozénami MZ-2 a najmi MZ-3 v hibke 10 - 30cm. Svedéia o tom
charakteristické polyhygrofilné druhy makkysov (Carychium minimum, Zonitoides
nitidus) ¢i hygrofilné Vitrea crystallina a Trochulus hispidus. Rovnakd prechodnu
fazu vlhkého lesa — mikkého luhu - zachytila aj analyza naplavov vo VIicom Hrdle,
ktoré sa usddzali na holej strkopieskovej lavici od r. 1780 (P13UT & CEjKa, 2002).
CEJKA (2000) pri rozbore schranok mikkysov, naplavenych na brehu ostrova Sihot
pri povodni v r. 1999 zistil, Ze hoci materidl obsahoval az 70 druhov makkysov
(= % vsetkych druhov, znamych z Podunajska k danému roku), druhy viacerych
¢eladi v niom z réznych dovodov chybaji (napr. tie s velkymi a tazkymi schrankami).
Najpocetnej$imi boli terestrické vlhkomilné druhy luznych lesov (Zonitoides
nitidus, Succinea putris, Pseudotrichia rubiginosa). Druhy otvorenych priestranstiev
(najma Vallonia pulchella) tvorili 6,7% a druhy lesostepné len 2% z celkového
poctu suchozemskych druhov v naplavoch. Tieto poznatky maji vyznam aj pre
interpretaciu nasej nalezovej situacie.

V ramci prechodnej zony MZ-3 boli i v naSom profile zachytené niektoré patentikoly,
dnes typické aj pre tzv. kultirnu step. Tieto mozu teoreticky pochadzat aj tsekov
pozdiz rieky vyssie proti pradu Dunaja. Najlogickej$ou sa viak javi préave hypotéza,
ze st z polnohospodarskej enklavy otvorenej krajiny s ovocnymi sadmi, zdhradami
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a lukami (plocha o rozlohe asi 51 ha) za SZ brehom ramena, v tesnom susedstve
priehlbne. Ich potencidlnym zdrojom mohla byt aj lesnd $kolka, neskdr rola
za vychodnym brehom depresie, ktord tu existovala este v r. 1950 (Obrazok 14).
Mozeme teda predpokladat, ze FSM z terénnej depresie obsahuje aj maly pocet
alochténnych redeponovanych ulit z lokalit a porastov, vzdialenych desiatky,
pripadne aj stovky metrov. Toto percento je vSak nevyznamné, kedze spodnd cast
proflu v podstate obsahovala len vodné (autochténne) druhy. Vodnym druhom, kde
zrejme treba tiez uvazovat aj s pritomnostou naplavenych ulit, by mohla byt napr.
bitynia bahenna (Bithynia tentaculata, eurytopny druh nizinnych vod). Jej ulity boli
roztrisene pritomné, hoci len v pocte niekolko kusov vo vzorkach z vicsej Casti
profilu. Kazdopadne aj vzhladom na celkovy zisteny pocet druhov v nasich FSM
zrejme alochténny material mékkysov tvori len malé percento.

GEODIS SLOVAKIA
(<) Topograficky Getav

(¢) TU Zvolen

Obrazok 14. Systém maloblokovych parciel s ovocnymi sadmi, ldkami
s rozptylenymi drevinami a polickami - odlesnena enkldva star$ieho jadra ostrova
Peciia na historickej ortofotomape (1950). Obdiznikové plocha = lesna §kolka.
Figure 14. System of small-scale landholdings with orchards, meadows, scattered
trees and patchy fields - a deforested enclave on the core of Pe¢nia Island captured on
historical orthophotomap (1950). Rectangle area = forest tree nursery.

Niekedy medzirokmi 1950a 1989 vi¢sinu ovocnycha ostatnych drevin polnohospodérskej
enklavy vyrubali a cela plochu rozorali. Stopy brazd, prechadzajucich krizom cez
predchadzajuce maloblokové parcely zretelne ukazuje digitdlny model povrchu terénu,
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odvodeny z tdajov LIDARu (Obrazok 5). Stalo sa tak bud uz v Sestdesiatych rokoch 20.
storocia po zriadeni hrani¢ného pasma, alebo v druhej polovici osemdesiatych rokov
v stvislosti s vystavbou mosta Lanfranconi.

Klimaxovt fazu sukcesie na dne ramena reprezentuje malakozéna MZ-4 (hibka 0
- 10 cm). Prevladaju v nej druhy lesného ilyrskeho regiotypu, typické pre vicsinu
dnesnych bratislavskych luznych lesov (cf. Cejka et al., 2020) — Aegopinella nitens,
Monachoides incarnatus, Petasina unidentata, Euomphalia strigella a Urticicola
umbrosus. Skladba druhov ulitnikov je podobnd tej, ktorti opisuji CEjka et al. (L c.)
v 3 faunistickych snimkoch z ostrova Pe¢ia (zr. 2011 a2 2015). Ako suverénne dominantny
druh sa vSade uplatniuje jagavka leskla (Aegopinella nitens) — typicky lesny druh tiennych
zapojenych lesov, v mensej miere potom aj dals$ie nami zaznamenané druhy. Hygrofilné,
polyhygrofilné a lesné hygrofilné druhy sa dnes v izemi vyskytujt len ojedinele.

ZAVER

V praci prezentujeme vysledky interdisciplindrneho vyskumu, ktory vzajomne prepojil
tak terénny (paleozdznam mékkySov + pdda + vegetdcia), ako aj archivny vyskum.
Predmetom $tudia boli zachované fosilne schranky makkysov, okrajovo aj rastlinné
makrozvysky v 1,2m hlbokom podnom profile, vyvinutom v prachovito — hlinitych
naplavoch byvalého dunajského ramena.

Vdaka vépnitej povahe sedimentov je mozné na zaklade FSM, ktoré sa v nich zachovali,
rekonstruovat 4 odli$né malakozény, resp. fazy v zazemiiovani ramena. Paleolimnologicky
zdznam dobre kore$ponduje aj s informaciami starych map o vyuzivani tohto uzemia
a tdajmi o zmenach vodného rezimu. Vodné mikkyse, dplne prevladajice v spodnej
polovici profilu indikuji najprv prostredie periodicky poloprieto¢ného ramena (MZ-
la) a neskor plytkého jazera az mociara, zarasteného trstou (MZ-1b). Smerom nahor
pristupujui suchozemské ulitniky (MZ-2 a 3), ktoré napokon v najvrchnejsej ¢asti celkom
dominuju (= humusovy horizont sti¢asnej pody; MZ-4).

Skiimana rie¢na forma bola pdévodne v 17. storo¢i sucastou hlavného toku
Dunaja. Postupne sa v$ak transformovala najprv na odstavené bo¢né rameno typu
parapotamdl (pred r. 1753), neskor typu plesiopotamdl. Prisunom povodiiovych hlin
sa staré koryto postupne zanasalo, vyplytcovalo, ale aj zuzovalo. V prvych dekadach
19. storocia sa zaroven dal$imi zmenami koryta Dunaja dlzka priehlbne skratila asi
0 300m. V odozve na regula¢né zasahy na hlavnom toku (po r. 1830) a na zmeny
hladin mocaristd depresia vyschla a vodné prostredie tGplne zaniklo. KedZe breh
Dunaja sa regulédciou posunul dalej od ramena, prisun alochténnych naplavenych ulit
na lokalitu bol stale menej pravdepodobny a zna¢ne sa spomalila aj akrécia plavenin.
Paleozaznam FSM tak poskytuje nielen hmatatelny dokaz, ale aj spolahlivy odhad
biotopov, ktoré existovali tak priamo na dne depresie, ale i v susedstve skimaného
ramena. Zaroven doklada aj priebeh sukcesie luzného lesa v tejto oblasti: stic¢asné
mezohygrofilné lesy sa prinajmensom scasti vyvinuli z inicidlneho miakkého luzného
lesa, ktory vznikol primarnou sukcesiou na holych naplavoch rieky. S tym stvisi
aj vyvojovy rad aluvidlnych pdd na dne depresie - od pody typu glej modalny, cez
fluvizem glejovt az po f. modalnu (karbonatova varieta), ktord je dnes dominantym
podnym typom aj v celom SirSom okoli.
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Po upravach Dunaja na tzv. strednu a mald vodu sa tizemie dalej vysusovalo a uz
ho epizodicky zasahovali len velké povodne, ako napr. v r. 1965 (HAMBEK, 1995).
Radikdlne zmeny krajiny nastali po r. 1950: vznik hrani¢ného pasma, vystavba
odbernych studni, hradze a cestnych telies. Obdobie po r. 1989 napokon odstartovalo
sekundarnu sukcesiu aj na byvalej polnohospodarskej pode. V sti¢asnosti je skimana
terénna depresia zarastend a skrytd v luznom lese, ktory je scasti prirodzeného
povodu, a s¢asti bol umelo vysadeny. Tunajsie lesy uz maja odli$ny charakter ako v 18.
storo¢i — ide o mezofilnejsie typy prechodnych az tvrdych luznych lesov podzvizu
Ulmenion so zastupenim viacerych nepévodnych druhov - agét, topol I-214, pajasen
zliazkaty, borovica a i.

Hlavné prinosy vyuzitia analyzy subfosilnych schranok mékkySov na skumanej
lokalite mozno zhrnit a zovSeobecnit aj pre pripady inych karbonatovych altvii

e

vacsich i mensich riek Slovenska takto:

1. Zakladna informacia o faunistickej pestrosti a diverzite makkySov v danej
lokalite v ¢ase, spresiiujica udaje o sucasnom a historickom vyskyte
jednotlivych druhov mikkysov a ich ekologickych narokoch;

2. Mikkyse rozvddzaju a dopliiaju tdaje o synchrénnom vyskyte vodnych
i terestrickych biotopov v danej lokalite v urcitych konkrétnych historickych
obdobiach a upresiiuji ich charakter;

3. FSM umoziuju stratigraficki korelaciu vrstiev aluvidlnych ndanosov.
V pripade fluvidlnych depresii a zazemnenych rie¢nych jazier umoznuji
rozpoznat a odlisit subhydricku a terestrickd fazu vyvoja sukcesie hydrosérie.

4. FSM dobre koreluju s vyuzivanim krajiny v $tudovanych segmentoch niv,
rekonstruovanych na zéklade historickych map ¢i pramennych adajov.

5. Sukcesia malakozon potvrdila historicku existenciu ,,vlhkej fazy“ v existencii
ostrova Pe¢nia (MZ-3), indikovand starymi mapami aj botanickymi tidajmi
(cf. LUMNITZER, 1791) a to aj s. stricto — existenciu vlhkého luzného lesa
s dominanciou hygrofilnych a polyhygrofilnych druhov aj priamo in situ,
na dne $tudovanej depresie, ktory predchadzal dnesnému typu lesa Fraxino
pannonicae-Ulmetum.

6. Poznatky o genéze biotopov dnesnych chranenych uzemi maju prakticky
vyznam v praxi ochrany prirody z hladiska ich dal$ieho manazmentu.

Vysledky prace ilustruju potencial analyzy Zivo¢isnych a rastlinnych makrozvyskov
pri rekonstrukcii prirodného prostredia a historicko - geografickom vyskume
aluvialnych krajin strednej Eurdpy.
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Z0ZNAM STUDOVANYCH MAP A PLANOV

1.

Mapy bratislavskych niv Dunaja, 1698 — 1702. Georg Rosboitner (Rofiboitner,
Rospeintner, Rospeimdner). Archiv mesta Bratislavy, zbierka mép a planov
(dalej AMB), inventdarne ¢. (staré) 1243, 1246 a 1247.
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Madarsky nérodny archiv, Budapest, zbierka map Uhorskej komory, signatura
S_11_No_484.

A Duna - Mappicié. A Duna folyé magyarorszagi szakaszanak térképei
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MAKROZOOBENTOSU REOKRENNYCH KRASOVYCH
PRAMENOV ZAPADNYCH KARPAT

NON-INSECT BENTHIC COMMUNITIES OF THE
RHEOCRENE KARST SPRINGS IN THE WESTERN
CARPATHIANS

Jakub CiBIk " - Pavel BERACKO' - Alexandra ROGANsKA!

ABSTRACT

In the riverine landscape, karst springs represent the specific aquatic environment. This specificity
is especially given through their high seasonal thermal and chemical stability, which often defines
their insularity in the river continuum. Despite many local studies relating to non-insect spring
invertebrates in the Western Carpathians, global view on the taxonomical composition and diversity
of this group has been absent until now. Thus, our study aimed to bring a complex view on the species
richness and composition of the permanent benthic fauna inhabiting the karst springs in the Western
Carpathians. In total, 106 rheocrene springs were sampled in 11 karst mountains of Slovakia. There
were found 49 species and 9 taxa assigned to a higher taxonomic level. The most diverse taxonomic
group was aquatic Oligochaeta, where 40 taxa were identified. In springs, we found relatively low
within-site species richness, but high between-site diversity and therefore high gamma diversity of the
studied groups of benthic invertebrates. The taxonomical similarity of non-insect benthic assemblages
in karst springs was explained by temperature gradient and belonging to a karst mountain range. The
similarity of the spring community of the mountain ranges reflected their geographical proximity and
connectivity through the river network of the river basin.

KEY WORDS
limestone spring, Slovakia, crenon, permanent fauna, species richness, species composition

Uvob

Akvatické habitaty predstavuju fundamentalnu zlozku prirodného prostredia, ktora
klt¢ovou mierou prispieva k celkovej biodiverzite v krajine. A to jednak preto, ze
poskytuju ekologicky priestor pre rozmanita vodnu faunu a floru, a zaroven preto,
ze vacsina terestrickych taxénov je uzko naviazana na vodu resp. vodné prostredie.
Samotna pritomnost permanentnych kontinentalnych vod v prirodnom prostredi,
tak zasadnym sposobom ovplyviiuje vyskyt a pocetnost taxénov v krajine (DUDGEON
a kol., 2006).

V Zapadnych Karpatoch tvori kras, ako jeden zo $tyroch zakladnych stavebnych
geologickych podlozi Karpat, nesuvisla oblast s rozlohou viac ako 2700 km?
(HavIAROVA, 2007). Krasova rie¢na krajina je charakterizovana predovsetkym
svojim svojraznym hydrogeologickym systémom, vyznacujicim sa vysokou

. Katedra ekolégie, Prirodovedeckd fakulta, Univerzita Komenského v Bratislave, Ilkovicova 6, 842 15,

Bratislava, cibik6@uniba.sk, pavel.beracko@fns.uniba.sk, alexandra.r1988@gmail.com
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mierou priepustnosti podlozia. Tento fakt sa odraza v zna¢ne dynamickom pradeni
vody na povrchu a v podzemi, ¢o v tomto prostredi podmieiiuje bohaty vyskyt
vydatnych i menej vydatnych pramenov, ich termalny rezim a chemizmus. Pramene
a z nich plyntice vodné toky tak vyraznym spdsobom prispievaju aj k vytvaraniu
a modelovaniu charakteristického vzhladu krasovej krajiny.

Z ekologického hladiska pramene vytvaraji heterogénnu mozaiku prostredi
na rozhrani podzemnych a povrchovych vod a terestrického prostredia, vdaka
¢omu tvoria jedno z najvyznamnejsich centier biodiverzity v tecucich vodach
(CaNTONATI a kol., 2006; SCARSBROOK a kol, 2007). Vyznam pramenov pre
zachovanie biologickej diverzity je tak nespochybnitelny a dokumentovany
v mnohych vedeckych s$tadiach (napr. Wirriams a kol., 1990; WILLIAMS a DANKS,
1991; BOTOSANEANU, 1998; BOON a PRINGLE, 2009; CANTONATI a kol., 2012).
V sucasnosti, aj napriek mnohym antropickym tlakom, st pramene mnohokrat
poslednymi nenarusenymi ekosystémami kontinentalnych vod. Aj napriek tomuto
faktu s mnohé pramene ohrozené mnozstvom Iudskych aktivit v krajine, z ktorych
jednozna¢ne najvyznamnejsou je ich zachytavanie ako zdrojov pitnej vody. Pokles
vydatnosti ich povrchového odtoku sa tak ¢astokrat nasledne premieta v redukcii
diverzity pramennych biocenéz (ERMAN a ERMAN, 1995).

Na Slovensku sa vyskumu krenobiocendz venovalo viacero $tudii napr. HRABE (1942),
KRrNO (1982b, 1992), KOSEL (1994), ILLESOVA a HALGOS (1997), CiBIK a kol. (2020a, b,
¢). Mnohé dalsie vyskumy zamerané na biotu pramenisk boli sic¢astou rozsiahlejsich
vyskumov tykajucich sa celych povodi v horskych oblastiach Slovenska napr. Vta¢nik
(KrNoO a kol., 1995), Nizke Tatry (KrNo, 1982a), Mala Fatra (Krno, 2002), Biele
Karpaty (KrNO, 1994), Slovensky kras (KoSEL a kol., 1997). Prihliadnuc na vystupy
predchadzajuicich prac, ktoré poukazali na relativne vysoku bohatost a premenlivost
roznych taxonomickych skupin pramennych bentickych spolocenstiev bolo cielom
predmetnej $tudie charakterizovat druhovu struktiaru a hodnotu diverzity taxocen6z
permanentnej zlozky bentickych bezstavovcov osidlujicich krasové vyvieracky
Zapadnych Karpat.

MATERIAL A METODY

V 106 skimanych krasovych pramenoch, situovanych v 11 vapencovych pohoriach
(Obrazok 1, Tabulka 1) Zapadnych Karpat bolo v rokoch 2015 az 2019 realizované
vzorkovanie bentickej makrofauny. Kvalitativne odbery makrozoobentosu boli
uskutoénené zo vsetkych relevantnych mikrohabitatov (jemny a hruby anorganicky
substrat, fytal, xylal a detrit) prostrednictvom $tandardnej hydrobiologickej sietky
kopacou metddou - ,,kicking sampling®. Odobraté vzorky boli ulozené do plastovych
vzorkovnic a priamo v teréne fixované v 4% roztoku formaldehydu. Vzorkovanie
prebiehalo na kazdej z lokalit v jarnom (marec-m4dj) a neskorom letnom, resp.
Odobraty makrozoobentos bol v hydrobiologickom laboratériu roztriedeny
do vyssich taxonomickych skupin a nésledne fixovany v 70 % roztoku etanolu.
Tax6ny radu Tricladida boli determinované prostrednictvom urcovacich klucov
Ko$EL (2002); tax6ny vodnych mékky$ov pomocou GLOER a MEIER-BROOK (2003),
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HoRsAK (2003), CEJKA (2017), GREGO a GLOER (2019); taxény vodnych opaskovcov
prostrednictvom HRABE (1979), TiMM (2009), NEUBERT a NESEMANN (1999),
ScHMELZ a CoLLADO (2010) a taxény vodnych kdrovcov pomocou FISER a kol.
(2010), CorrLas-Crocianu a kol. (2014), Hubec a Mock (2014), BALAzs a kol.
(2015).
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* lokality

krasove uzemia ZapadnychKarpat

MK - Malé Karpaty SV - Strazovské vrchy MF - Mala Fatra
VFF - Velka Fatra CHV - Chocské vrchy VT - Vysoké Tatry
NT - Nizke Tatry MP - Muranska planina SR - Slovensky raj
SK - Slovensky kras BK - Biele Karpaty

Obrazok 1. Mapa krasovych uzemi Slovenska s vyzna¢enim skiimanych lokalit.
Figure 1. Map of karst areas (blue areas) of the Slovakia with sampling sites (black
points).

Priemerna alfa diverzita a gama diverzita spolocenstiev bola vyjadrena ako poéetnost
taxénov na lokalnej, resp. regionalnej trovni. Beta diverzita bola definovana ako
sklon akumula¢nej krivky druhovej pestrosti, pricom tato hodnota tieZ predstavuje
hodnotu exponenta v Arrheniusovej ,species-area relationships“ funkcie - S =
cA* (ARRHENIUS, 1921). V Arrheniusovom modeli hodnoty z <0,33 naznacuju
vysokd mieru stochasticity pri taxonomickom zostaveni spololenstva, zatial ¢o
vys$$ie hodnoty (z> 0,33) predikuji vysokd mieru determinizmu pri taxonomickej
tvorbe spolocenstva (ROSENZWEIG, 1995). Podobnost spoloc¢enstiev permanentnej
zlozky makrozoobentosu skimanych pramenov bola analyzovana prostrednictvom
analyzy hlavnych koordinat (PCoA) s Bray — Curtis indexom podobnosti. Gradient
prvych dvoch ordina¢nych osi tejto analyzy bol korelovany s faktormi prislusnost
ku geomorfologickému celku a teplota pramena, a testovany prostrednictvom
permutacéného testu (pocet permutacii — 999). Indika¢né taxdény pre jednotlivé
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geomorfologické celky boli determinované v analyze indikatorovych druhov
s korigovanym phi koeficientom (TicHY a CHYTRY, 2006). Vsetky analyzy boli
realizované v prostredi softwaru R 3.6.1 (R Core TeEaM, 2019), s vyuzitim kniznic
Vegan 2.5.-6 (OKSANEN a kol., 2019) a Indicespecies 1.7.8 (DE CACERES a LEGENDRE,
2019).

Tabulka 1. Zoznam skumanych pramenov s ich lokalizaciou a teplotou vody
(vypocitana ako priemer hodndt zaznamenanych pri jarnom a jesennom odbere)
Table 1. List of studied karst springs with their location and water temperature
(calculated as the mean of the values recorded during the spring and autumn
sampling)

nadmorska

nazov vyvieracky geom(:l:l":))llz)gick)" zem. Sirka zem. dlzka vyska pra:lz i;’at?" Q)
ID mnm) (Spring
(Spring name) (Geom(::‘lﬂl:)o logical (Latitude) (Longitude) Alt;t:i‘; (m temperature)

9]
1 Hlavina Malé Karpaty N48°33.538°  E17°21.412° 283 10,75
2 Rajtarka Malé Karpaty N48°28.558°  E17°16.454° 298 8,35
3 Kralovsky potok Malé Karpaty N48°28.713°  E17°16.704’ 365 8,20
4 Marcovy prameil Malé Karpaty N48°29.85  E17°19.567 380 8,00
5 bez ndzvu Malé Karpaty N48°25.838°  E17°21.229° 424 9,97
6 Stuzkova Malé Karpaty N48°35.750°  E17°27.214° 250 10,90
7 Pod Bacharkou (hore) Malé Karpaty N48°37.132”  E17°33.65 245 8,60
8 Pod Bacharkou (dole) Malé Karpaty N48°37.053°  E17°33.742’ 239 9,70
9 Chrenkech jarok Malé Karpaty N48°39.2577  E17°37.179° 328 9,25
10  Limbasska Malé Karpaty N48°17.643 E17°10.422’ 389 8,19
11 Ores$anska Malé Karpaty N48°27.108  E17°20.789’ 324 7,85
12 Husi stok Malé Karpaty N48°27.903°  E17°22.601° 273 8,55
13 Star4 bohata Malé Karpaty N48°27.661  E17°21.384° 284 8,65
14  Vyv. Stupavského potoka Malé Karpaty N48°15.583"  E17°7.093 332 9,70
15 Vytoky Strazovské Vrchy N48°36.093°  E17°56.314° 290 9,40
16  Zliechov (na luke) Strazovské Vrchy N48°57.473°  E18°26.699’ 692 7,30
17 Strazov Strazovské Vrchy N48°57.556  E18°27.101° 753 7,45
18  Stredny Strazovské Vrchy N48°56.905  E18°27.467 799 9,90
19  Malinovy pramen Strazovské Vrchy N48°56.748’  E18°27.18 734 6,20
20  Periska Strazovské Vrchy N48°59.404"  E18°23.659’ 555 8,50
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Vyv. v Maninskej tiesnave Strdzovské Vrchy

Pramen v doline Recica

Vyv. pri Slatinskom

potoku

Pramen pod Vr$atcom

HIboko

Medzibrodie (dolna)

Medzibrodie (hornd)

Nadina studni¢ka

bez nazvu 1
bez nézvu 2
Zadna dolina
Oravecka
Vyvieranie
Vyv. v Mol¢i
Bukovinka 1
Bukovinka 2
Bukovinka 3
Lastovicia (dole)
pod Tafnou
Boboty
Dogerské skaly
Jazierce

Tepld

Rybo

Vyver pod Stefanom
Dolina 7 pramenov
Pr. v Bielovodskej doline

Pramen v Javorovej doline

Pri salasi

Pod Hrubym Gruiiom

Brestovska vyv.
Bobrovecka

Prosiecka 1

Strazovské Vrchy
Strazovské Vrchy
Biele Karpaty
Nizke Tatry
Nizke Tatry

Nizke Tatry
Nizke Tatry

Nizke Tatry
Nizke Tatry
Nizke Tatry
Nizke Tatry
Nizke Tatry
Nizke Tatry
Velka Fatra
Velka Fatra
Velka Fatra
Velka Fatra
Velka Fatra
Velka Fatra
Velka Fatra
Velkd Fatra
Velka Fatra
Velka Fatra
Tatry

Tatry
Belianske Tatry
Belianske Tatry
Tatry

Tatry

Tatry

Tatry

Chocské vrchy

N49°08.635°
N48°59.932’
N48°59.817’
N49°4.69’
N48°59.555’
N48°59.746’

N48°59.729°
N49°00.457’

N48°53.034’
N48°52.754’
N48°53.55
N48°42.040°
N49°0.320°
N48°42.596’
N49°0.201
N49°0.241’
N49°0.198
N48°49.727°
N48°50.48
N48°50.784’
N49°1.64°
N49°1.092
N48°56.753’
N49°52.154
N49°14.535’

N49°13.369’

N49°13.711

N49°13.572’
N49°05.071°
N49°05.180°
N49°15.517’
N49°15.858’

N49°9.724

E18°29.886’
E18°29.76’
E18°23.207
E18°10.268
E19°40.818
E19°40.553’
E19°40.565

E19°40.4°

E20°12.225
E20°13.245
E20°13.303’
E19°16.376
E19°34.983’
E19°13.966’
E19°16.954
E19°17.008
E19°17.105
E19°1.650°
E19°1.827°
E19°3.666
E19°17.363’
E19°16.914
E19°13.628
E19°06.363
E20°9.758
E20°16.654
E20°6.45
E20°09.753’
E19°56.744’
E19°56.643’
E19°39.457
E19°45.536

E19°29.599

343
419

960

548

774

789

789

780

959
953
965
394
812
461
653
649
631
660
940
638
530
589
671
914
1116
1208
1157
1224
840
820
851
961
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Prosiecka 2 Chodské vrchy N49°9.475  E19°29.849’ 642 8,00
Prosiecka 3 Cho¢ské vrchy N49°9.443°  E19°29.881 639 8,92
bez nazvu Cho¢ské vrchy N49°9.587°  E19°27.722 845 6,87
Kvacianska Chodské vrchy N49°10.526"  E19°32.629’ 624 8,10
Belska vyv. 1 Mala Fatra N49°12.443"  E18°57.792° 651 6,85
Belska vyv. 2 Mala Fatra N49°12.675°  E18°57.582 587 6,85
Dolina Sokol Mala Fatra N49°14.143°  E19°10.232’ 691 7,50
Mojzi$ov pramen (vpravo) Mald Fatra N49°11.456°  E19°4.412° 1147 5,40
Mojzi$ov pramer (vlavo) Mald Fatra N49°11.432 E19°4.358 1147 5,50
Dolina Hoskora Mala Fatra N49°10.007  E18°56.323 753 6,40
Vyv. sv. Jana Slovensky kras N48°39.231"  E20°58.480° 264 10,34
Pri Hajskych vodopadoch = Slovensky kras N48°38.855  E20°50.805 417 8,40
Zadielska vyv. Slovensky kras N48°38.8377  E20°48.623 543 8,30
Fej Slovensky kras N48°36.562"  E20°44.941° 222 11,25
Tapolca 1 Slovensky kras N48°35.016°  E20°41.213 198 11,10
Tapolca 2 Slovensky kras N48°35.043°  E20°41.33 204 10,60
Evete§ Slovensky kras N48°35.918  E20°38.606 255 11,28
Cierna Slovensky kras N48°33.761"  E20°27.919° 248 9,70
Biela Slovensky kras N48°34.055°  E20°28.083 237 10,67
Kecovska Slovensky kras N48°30.006°  E20°29.149’ 331 9,10
Krasnohorska Slovensky kras N48°37.056  E20°35.234’ 336 9,55
Brzotinska Slovensky kras N48°36.527  E20°28.256’ 247 9,90
Vidova Slovensky kras N48°33.859°  E20°26.410° 238 10,35
Pod Vapenkou Slovensky kras N48°33.296°  E20°25.150° 212 11,25
Studeny pramen Slovensky kras N48°34.295°  E20°24.051’ 224 10,15
Zavodna Slovensky kras N48°36.44  E20°23.456 248 10,05
Hucdiaca Slovensky kras N48°37.51"  E20°23.394° 269 9,65
Driefovska vyv. Slovensky kras N48°37.468  E20°57.118 257 9,85
Vyv. v Gemerskej Horke  Slovensky kras N48°32.263"  E20°22.722 214 10,10
Skalisty potok Slovensky kras N48°37.359"  E20°53.433’ 195 11,20
Zbojnicka vyvieracka Slovensky kras N48°32.784  E20°34.09° 335 9,35
Bobacka Murénska planina N48°46.883"  E20°06.309° 754 6,90
Penovcova Murénska planina N48°45.945"  E20°04.884° 529 8,95
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Muran Muranska planina N48°45.43’  E20°04.223 418 8,50
Brusik Murénska planina N48°49.886"  E20°0.605 574 7,15
bez nazvu Muranska planina N48°43.443’ E20°0.83 413 8,25
Stratend jaskyna Murénska planina N48°49.472° E20°9.6’ 807 7,25
Havranik (lika) Murénska planina N48°48.806° E20°4.281 768 6,40
Havranik (les) Muranska planina N48°48.799’ E20°4.301" 766 6,25
Jelsavska teplica Murénska planina N48°36.301"  E20°17.705° 255 13,55
Vyv. v Muréni Murénska planina N48°44.486°  E20°2.661° 401 8,40
bez nazvu Muranska planina N48°42.743°  E19°59.480° 527 8,19
Pri Tisovci Murénska planina N48°41.539"  E19°58.045’ 576 9,40
Rejkovsky potok Murénska planina N48°40.0977  E19°55.522 400 9,40
potok Furmanec Muranska planina N48°41.330°  E19°53.929’ 476 8,65
bez ndzvu 1 Slovensky Raj N48°52.173"  E20°15.515° 909 5,50
bez nézvu 2 Slovensky Raj N48°52.193"  E20°15.456’ 897 6,10
Dobsinska ladova jaskyiia Slovensky Raj N48°52.332”  E20°18.207 875 7,95
Biele vody Slovensky Raj N48°52.447  E20°24.247 850 6,40
bez nazvu Slovensky Raj N48°53.872"  E20°15.911’ 883 6,50
Maly Sokol Slovensky Raj N48°54.609°  E20°19.896’ 734 6,60
Geravy Slovensky raj N48°52.951"  E20°23.863 1036 8,60
Zejmarska studna Slovensky raj N48°52.655  E20°23.829’ 1028 6,15

VYSLEDKY A DISKUSIA

V nasledujicom texte uvadzame kompletny zoznam determinovanych taxénov spolu
s ID lokalit, na ktorych boli zaznamenané. Posledné ¢islo v zatvorke za bodkociarkou
znadi frekvenciu vyskytu taxénu. Cislo v zétvorke za ndzvami jednotlivych &eladi
udéva pocet taxoénov zaznamenanych v ramci danej celade

Tricladida (3)

Crenobia alpina (Dana, 1766): 5, 19, 26, 27, 28, 29, 30, 33, 38, 39, 40, 42, 43, 44, 45,
46,47, 48, 52, 53, 54, 55, 56, 57, 58, 60, 61, 62, 63, 85, 86, 87, 88, 90, 91, 92, 96, 98, 99,
100, 101, 102, 103, 106; (44).

Polycelis felina (Dalyell, 1814): 6,9, 11, 12, 13, 15, 16, 17, 18, 19, 20, 22, 23, 24, 31, 32,
34,41, 63,67, 68,70,71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 87, 89, 93, 94,
100, 102; (42).

Dugesia gonocephala (Duges, 1830): 2, 3, 5, 11, 12, 14, 16, 20, 21, 22, 23, 24, 32, 35,
36, 37,41, 42, 53, 54, 55, 56, 64, 67, 68,70, 71,72,75,77,78,79, 81, 82, 83, 84, 86, 91,
93,97, 98, 100; (42).
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Gastropoda (7)

Bythinella austriaca sensu lato (von Frauenfeld, 1857): 1, 2, 3,4, 5, 6, 9, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 71, 74, 75,
77,78, 79, 80, 82, 83, 84, 85, 86, 87, 88, 89, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101,
102, 105, 106; (85).

Bythinella pannonica (Frauenfeld, 1865): 23, 64, 67, 68, 69, 70, 71, 72, 73, 74, 76, 77, 81,
82, 83, 84, 93; (17).

Haffenia sp.: 73, 76, 82; (3).

Galba truncatula (O. E Muller, 1774): 20, 53, 67, 68, 69, 72, 89; (7).
Radix labiata (Rossmassler, 1835): 21, 23; (2).

Radix balthica (Linnaeus, 1758): 9, 35, 36, 41, 42, 43, 64, 79, 97; (9).
Ancylus fluviatilis O. F. Miiller, 1774: 14, 53, 71, 94, 97, 101; (6).

Bivalvia (2)
Pisidium casertanum (Poli, 1791): 9, 12, 14, 15, 20, 25, 31, 32, 49, 64, 70, 72, 73, 76, 83,
92,94, 95, 97, 105; (20).

Pisidium personatum Malm, 1855: 6, 9, 11, 12, 14, 20, 28, 30, 32, 34, 49, 55, 64, 70, 72,
73,78, 81, 82, 83,92, 97, 99, 100; (24).

Oligochaeta (40)
Nais alpina Sperber, 1948: 11, 25, 29, 30, 33, 49, 52, 75, 99, 100; (10).

Nais communis Piguet, 1906: 2, 14, 20, 22, 24, 28, 30, 31, 33, 34, 40, 44, 45, 47, 48, 56,
59, 81, 83; (19).

Nais elinguis O. F. Miiller, 1773 1, 9, 20, 49, 55, 79; (6).

Nais communis Piguet, 1906: 40, 52, 55, 57, 59; (5).

Nais stolci Hrabé, 1981: 20; (1).

Pristina jenkinae (Stephenson, 1931): 2, 3, 10; (3).

Rhyacodrilus carsticus KoSel, 1980: 71; (1).

Rhyacodrilus coccineus (Vejdovsky, 1875): 64; (1).

Rhyacodrilus falciformis Bretscher, 1901: 9, 10, 24, 56, 59, 77, 83; (7).
Embolocephalus velutinus (Grube,1879): 68, 72, 76, 78, 92; (5).

Tubificinae spp. juv. (with hair chaetae): 1, 12, 14, 17, 22, 31, 34, 40, 45, 49, 64, 68, 70,
72,92, 97,100, 106; (18).

Tubificinae spp. juv. (without hair chaetae): 25, 64, 78, 83; (4).
Limnodrilus claparedeanus Ratzel, 1868: 64, 70; (2).

Limnodrilus hoffmeisteri Claparede, 1862: 34, 64, 67, 70, 72, 76; (6).
Limnodrilus profundicola (Verrill, 1871): 34; (1).
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Spirosperma ferox (Eisen, 1879): 14; (1).

Tubifex tubifex (O. E. Miiller, 1774): 1, 6, 8, 20, 31, 32, 34, 64, 68, 70, 72, 73, 76, 80, 87,
92,93, 97, 100, 101; (20).

Propappus volki Michaelsen, 1916: 25, 26, 29, 30, 33, 38, 45, 49, 51, 52, 90, 97, 100, 102;
(14).

Achaeta sp. : 38,47, 66, 106; (4).

Fridericia sp. : 4, 10, 22, 30, 31, 33, 47, 49, 52, 56, 58, 59, 60, 62, 63, 65, 66, 67, 77, 88, 89,
90, 93, 95, 102, 104, 105, 106; (28).

Fridericia perrieri (Vejdovsky, 1878): 33; (1).
Fridericia striata (Levinsen, 1884): 26, 52, 60; (3).
Cognettia glandulosa (Michaelsen, 1888): 65, 71, 88, 89; (4).

Cognettia sphagnetorum (Vejdovsky, 1878): 1, 10, 25, 26, 28, 29, 32, 33, 36, 39, 42, 47,
48, 49, 50, 51, 55, 57, 60, 62, 63, 67, 69, 73, 87, 90, 92, 96, 99, 100, 103, 106; (32).

Henlea sp.: 12, 25, 65, 69, 80, 86, 103; (7).

Henlea nasuta (Eisen, 1878): 70, 102,106; (3).

Henlea perpusilla Friend, 1911 : 2, 3, 10, 33, 35, 47, 56, 57, 58, 66, 90, 93, 102, 106; (14).
Henlea ventriculosa (d Udekem, 1854): 20, 102; (2).

Marionina sp.: 10, 25, 47, 66, 90, 99, 100, 104; (8).

Mesenchytraeus armatus (Levinsen, 1884): 25, 27, 30, 56, 58, 66, 102, 104, 105, 106; (10).

Haplotaxis gordioides (Hartmann, 1821): 8, 23, 25, 29, 30, 31, 33, 38, 39, 40, 44, 49, 50,
52,57, 60, 61, 64, 67, 68, 70, 71, 72, 74, 75, 79, 82, 83, 85, 90, 96, 97, 99, 101, 102, 103,
106; (37).

Lumbriculidae spp. juv. (with bifid chaetae): 2, 3, 5,12, 13, 14, 17, 20, 22, 24, 29, 31, 32,
35, 36, 37, 38, 39, 40, 41, 42, 44, 45, 49, 51, 52, 55, 56, 57, 58, 59, 60, 64, 67, 68, 69, 70,
71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 85, 87, 88, 90, 92, 93, 96, 98, 99, 100, 102,
105, 106; (63).

Lumbriculidae spp. juv. (with simple-pointed chaetae): 10, 31, 40, 71, 86, 89, 96, 98; (8).
Rhynchelmis granuensis Hrabé, 1961: 89; (1).
Stylodrilus brachystylus Hrabé, 1929: 67, 71,75, 77, 78, 83, 93; (7).

Stylodrilus heringianus Claparéde, 1862: 1, 2,3, 6,9, 11, 12, 13, 14, 17, 22, 30, 31, 33, 45,
46,51, 86, 98, 99, 100; (21).

Stylodrilus parvus (Hrabé & Cernosvitov, 1927): 31, 33, 34, 37, 45, 54, 60, 64, 67, 68, 70,
71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 87, 92, 93, 96, 100, 102, 105, 106; (33).

Trichodrilus strandi Hrabé, 1936: 12, 17, 20, 22, 23, 24, 28, 32, 33, 35, 36, 37, 38, 40, 41,
42,44, 56, 57, 58, 59, 60; (22).

Trichodrilus tatrensis Hrabé, 1938: 10, 14, 28, 31, 33, 44, 52, 56, 86, 96, 97; (11).

Eiseniella tetraedra (Savigny, 1826): 2, 3, 8, 11, 14, 20, 21, 27, 32, 33, 40, 44, 52, 57, 58,
66, 68, 73,77, 79, 80, 83, 84, 86, 90, 91, 95, 96, 97, 102, 104, 106; (32).
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Hirudinea (2)
Erpobdella vilnensis Liskiewicz, 1927: 21, 76, 82; (3).
Trocheta cylindrica Orley, 1886: 21, 83; (2).

Crustacea (4)
Asellus aquaticus (Linnaeus, 1758): 9, 80; (2)

Niphargus tatrensis Wrze$niowski, 1888: 14, 17, 23, 24, 25, 29, 30, 33, 44, 51, 52, 56,
58, 65, 66, 69, 72, 73, 75, 76, 80, 86, 87, 88, 90, 98, 100, 101, 102, 104; (30).

Gammarus fossarum Koch in Panzer, 1835: 1,2, 3,5, 6,9, 10, 11, 12, 13, 14, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 46, 49, 50, 51, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 67, 68,70, 71, 72,73, 74,
75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 106; (93).

Gammarus roeseli Gervais, 1835: 76; (1) .

V 106 preskimanych krasovych pramenov Zapadnych Karpat, z ktorych az v 105 sa
vyskytovali zdstupcovia permanentnej fauny makrozoobentosu, sme zaznamenali
49 druhov predmetnej fauny a 9 druhovo ne$pecifikovanych zastupcov vyssich
taxonomicky jednotiek. Najvyssia taxonomicka diverzita bola zistena u akvatickych
Oligochaeta, kde bolo identifikovanych 32 druhov, ¢o predstavuje priblizne 27%
z fauny akvatickych, resp. semiakvatickych mélostetinavcov Slovenska (SPorka,
2003). Najvyssia druhovd pestrost u tejto skupiny bola zaznamena u celade
Naididae, kde bolo identifikovanych az 15 druhov. Va¢sina z nich je povazovana
za euryekné druhy vyskytujtce sa vo viacerych typoch vodnych habitatov t.j. bez
vyhranenej preferencie k pramennym biotopom (SPORKA, 2003; TIMM, 2009; VAN
HAAREN a SOORS, 2013). Vynimku v tomto smere tvoria len dva druhy R. carsticus
a R. falciformis, ktorych vyskyt je dominantne viazany na pramenné useky tokov,
resp. v druhom pripade aj na ¢isté horské a vysokohorské jazera (Timm, 2009).
V niektorych $tudiach (napr. DuMNIcKA, 2000; KASPRZAK a SZCZESNY, 1976)
je za krenofilny taxén z tejto ¢elade povazovany aj druh N. communis, pricom
mnohé dal$ie publikdcie udavaju tento taxén ako kozmopolitne rozsireny,
tolerujuci $iroké rozpitie environmentalnych podmienok (HRABE, 1979; Davis,
1982; VERDONSCHOT, 2001). V nami vzorkovanych krasovych vyvierackiach bol
druh N. communis jeden z najfrekventovanej$ich taxdénov z celade Naididae,
a zdroven najcastejSie sa vyskytujuci taxén rodu Nais. Druhou taxonomicky
najpestrejSou ¢eladou vodnych malostetinavcov bola v skimanom type habitatu
¢elad Enchytraeidae. Predmetna celad zastre$uje dominantne terestrické
a semiakvatické taxony (VAN HAAREN a SOORS, 2013). V nasom pripade medzi
najfrekventovanej$ie druhy v rdmci tejto ¢elade patrili C. sphagnetorum komplex,
H. perpusilla a Mesenchytraeus armatus. Vsetky tri taxény st vSeobecne
povazované za semiakvatické, preferujuce predovetkym zavlhéeny substrat
v ripalnej zéne tokov (KASPRZAK, 1989; TIMM, 2009; VAN HAAREN a SOORS, 2013).
Ziaden z identifikovanych druhov celade Enchytraeidae nemozno povaZzovat
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za pramenného Specialistu, naopak vacsinu identifikovanych druhov mozno
povazovat za eurytopné (KasprzAk, 1989; Timm, 2009). Celad Lumbriculidae
bola v nami skiimanych pramenoch zastupena 6 druhmi. Vo v$etkych pripadoch
ide o oligostenotermné taxony vyskytujuce sa predovSetkym v jemnejSom
substrate &istych potokov, pripadne v horskych jazerach (HRABE, 1979, SPORKA
2003, HAAREN a SoORS, 2013). Druh T. strandi mozno ako jediného z tejto
¢elade definovat ako krenofilny taxon, ktorého tazisko vyskytu predstavuja silne
mineralizované horské prameniska, v ktorych dochadza k vyzrazavaniu penovca
(BiLkovA a ScHENKOVA 2015). Nami zaznamenané taxony, ktoré obyvaju
dominantne hyporeal horkych potokov, podzemné vody a litoralnu zénu horskych
jazier, boli druh P. volki (¢elad Propappidae) a H. gordioides (¢elad Haplotaxidae)
(T1MM, 2009; VAN HAAREN a SOORS, 2013). Jedinym zastupcom ¢elade Lumbricidae
bol v skimanych vyviera¢tkach druh E. tetraedra, ktory obyva ripalnu zénu toku
resp. zavlhéené brehy pozdiz celého longitudindlneho profilu tokov, vodnych
nadrzi, jazier a mokradi (CsuzpI a Z1cs1, 2003).

Druht taxonomicky najpestrejsiu skupinu permanetnej fauny makrozoobentosu
v krasovych reokrénnych pramenoch predstavovali vodné makkyse (Gastropoda
a Bivalvia), kde bolo identifikovanych 8 druhov a 1 rod. Za typickych obyvatelov
pramennych habitatov a podzemnych vod zistenych v nasom vyskume mozno
povazovat druhy B. austriaca, B. pannonica, P. personatum a zastupcov rodu
Hauffenia (LOZEK, 1956; STEFEK a GREGO, 2008; HORsAk a kol, 2013).
Z krasovych vyverov predovsetkym Slovenského Krasu je udavany vyskyt dalsich
troch krenobiontych druhov B. metarubra, B. hungarica a B. steffeki (CEjka a kol.,
2007, GREGO a GLOER, 2019), ktorych determinacia na zédklade morfoldgie ulity
je znacne diskutabilna (HorsAKk a kol, 2013). Viaceré nami zaznamenané jedince
vykazovali podobnost v tvare ulity k predmetnym taxénom, ale v dosledku ich
aktudlne nie Uplne jasného taxonomického postavenia su v tejto $tudii zahrnuté
v ramci druhu B. austriaca sensu lato. Ostatné zistené druhy vodnych makkysov st
povazované za typickych obyvatelov horskych a podhorskych potokov resp. riek,
pri¢om prilezitostne sa mozu objavovat aj v pramenoch (HorsAk a kol., 2013;
CEjKA, 2017).

Vo faune vodnych korovcov krasovych vyvieraciek sme identifikovali $tyri druhy,
pricom len druh N. tatrensis je definovany ako stygobiontny taxén osidlujuci
podzemné vody, jaskynné toky a pramene (HUDEC a Mock, 2014; STLOUKAL
a Kuzi, 2015; BaLAzs a kol., 2015). Ostatné nami zaznamenané druhy kdrovcov
obyvaju véetky typy lotickych habitatov hér a podhoria (G. fossarum) resp. tectice
a stojaté vody nizin a podhoria (G. roeselii, A. aquaticus), pricom predov$etkym
posledné dva spomenuté druhy prenikaji do reokrénnych pramenov len
prilezitostne (BRTEK, 2001; NECPALOVA a STLOUKAL, 2011; DumNICKA a kol. 2013;
Cor1LAS-CI0CIANU a kol., 2014).

Vsetky tri identifikované druhy ploskdl v krasovych vyveroch patria medzi
oligostenotermné (REYNOLDSON, 1953). Druh C. alpina sa beine vyskytuje
v chladnych pramennych a podpramennych tsekov tokov, vysokohorskych
jazerach, kde maximalna teplota vody nepresahuje 8°C (KoS$EL, 2002). Podobné
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habitaty s mierne vy$$ou teplotou (max. 8-12°C) preferuje druh P. felina, pricom
v pramennych tokoch juznejsie polozenych pohoriach Slovenska ¢asto koexistuje
prave s druhom C. alpina (KoSEL, 2002). Za najviac teplotne tolerantny taxén zo
zaznamenanych ploskdl, osidlujuci predovsetkym bystriny a potoky podhoria,
mozno povazovat druh D. gonocephala (RESLOVA a SIMON, 2015). Prilezitostne
sa vSak tento taxon vyskytuje aj v teplej$ich pramenoch resp. ¢istych nizinnych
riekach a potokoch (Ko$kL, 2002).

Dva zaznamenané druhy pijavic nemoZno povazovat za beznych obyvatelov
pramennych habitatov. Druh E. vilnensis sa vyskytuje dominantne v organicky
mierne zatazenych podhorskych tokoch (KrRUSINSKA a BERACKO, 2014), pricom
prilezitostne osidluje horské plytké prehrievané lenitické biotopy (KoS$gL, 2001).
Druh T. cylindrica sa bezne obyva supraripalnu zénu horskych az nizinnych tokov,
zatial ¢o prilezitostne sa mdze vyskytnut aj v pramenoch a jaskynnych vodach
(NESEMANN, 1993; KOSEL, 2004).
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Najvys$ia druhovd diverzita permanentnej fauny makrozoobentosu spomedzi
skimanych krasovych pohori bola zaznamenana v Slovenskom krase, kde bolo
identifikovanych celkovo az 38 taxénov (Obrazok 1c). Na druhej strane najnizsia
pestrost skimaného spolocenstva (17 druhov celkovo) bola identifikovana pre
pohorie Mald Fatra (nepocitajuc Biele Karpaty, kde bol vzorkovany len jeden
pramen). Priemerny pocet taxénov pripadajuci na jeden pramen bol najvyssi
v pohori Nizke Tatry, zatial ¢o najnizsi u krasovych tzemi Tatier. Obdobné zistenia
tykajice sa hodnot lokalnej a regionalnej diverzity krasovych uzemi Zapadnych
Karpét boli zaznamenané aj u troch skupin vodného hmyzu (EPT) (CiBik a kol.,
2020a,b,c). GLAZIER (1991) definoval, Ze druhova pestrost permanentnej zlozky
vodnych bezstavovcov v pramenioch je podmienena predovsetkym permanentnostou
a sezénnou vyrovnanostou prietokov. Jej diverzita klesa so zvySujicou sa sezénnou
stabilitou prietokov, s ktorou sa ziroven zvySuje podiel temporalnej fauny
v krenobiocen6ze (GLAZIER, 1991). Rovnaké tvrdenie by mohlo byt aplikovatelné
aj pre taxonomickd diverzitu permanentnej fauny makrozoobentosu krasovych
pramenov Zapadnych Karpat, kde u vyvieraciek juznejsie polozenych vapencovych
pohori, na zéklade nasho terénneho vyskumu, boli zaznamenavané vyraznejsie
sezénne rozdiely vo vydatnosti prameriov.
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Obrazok 2. Taxonomicka diverzita a podobnost permanentnej zlozky
makrozoobentosu v krasovych pramenoch Zapadnych Karpat. a — krivka druhovej
pestrosti (priemer a 95% interval spolahlivosti) v zavislosti od poctu ovzorkovanych
pramenov, b — krabicové grafy hodnét z indexu v pre skimané krasové pohoria, ¢
- diagram analyzy hlavnych koordinat charakterizujici taxonomickd podobnost
skumanych spolocenstiev v koincidencii prislu$nosti pramena ku krasovému pohoriu
a teplotnému gradientu. Skratky: pozri Tabulku 2.
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Figure 2. Taxonomical diversity and similarity of the non-insect benthic invertebrates
in the karst springs of Western Carpathians. a - species accumulation curves
(mean and 95% confidence interval) showing the observed species richness for the
increasing number of sampled springs, b — boxplots showing the variability of the
z index of spring communities for each of the studied karst mountain, ¢ - diagram
of the Principal coordinate analysis showing taxonomical similarity of non-insect
benthic communities in the coincidence with belonging of spring to karst mountain
and water temperature gradient. Abbreviations: see Table 2.

Hodnota z indexu charakterizujiica medzihabitatovt diverzitu spolo¢enstva bola
celkovo na urovni 0,41, ¢o naznacuje predikovatelnost zmien taxonomického
zlozenia skumanej krenobiocendzy krasovych uzemi Zdipadnych Karpat
(ROSENZWEIG, 1995). Najvy$sie hodnoty z indexu boli determinované pre
pramene vapencovych casti Tatier, zatial ¢o najniz§ie pre pramene dvoch
susediacich severozapadnych pohori Slovenska, t.j. Mald Fatra a Cho¢ské vrchy
(Obrazok 2b). V analyze indikatorovych druhov bolo pre pramene jednotlivych
geomorfologickych celkov identifikovanych 8 indikatorovych druhov patriacich
do troch vyssich taxonomickych skupin t.j. Tricladida, Gastropoda a Oligochaeta
(Tabulka 2). Podobnost spolocenstiev permanentnej fauny pramenov vyjadrend
v gradientoch prvych dvoch ordina¢nych osi do znacnej miery reflektuje
geografickil blizkost a prepojenost jednotlivych pohori (Obrazok 2c). Obidva
testované faktory prostredia, t.j. teplota vody pramena a prislusnost pramena ku
geomorfologickému celku, boli preukazne korelované s teoretickym gradientom
prostredia zachytenom v prvych dvoch ordina¢nych osiach gradientovej analyzy.
Gradient teploty pramenov a geografickd blizkost a ich prepojenost v ramci
povodi sa ukazali vo viacerych $tadidch tykajucich sa krasovych pramenov (napr.
BARQUIN a DEATH, 2009; WIGGER a kol., 2015; von FUMETTI A BLATTNER, 2016)
ako vyznamny prediktor podobnosti taxonomického zlozenia predmetnych skupin
bentickych spolocenstiev.

ZAVER

Vyskum taxonomickej diverzity a zloZenia spolocenstiev permanentnej zlozky
bentickych bezstavovcov krasovych pramenov Zapadnych Karpat ukazal,
ze druhova pestrost na drovni jednotlivych pramenov je pomerne nizka.
Na regionalnej $kale sa vSak spolocenstvd jednotlivych pramenov vyznacuju
zna¢nou taxonomickou osobitostou, ¢o sa odraza vo vysokej hodnote gama diverzity
v porovnani ostatnymi biotopmi te¢tcich vod prihliadnuc aj na plochu, ktort
pramene v rie¢nej krajine zaberaji. Krasové pramene z tohto hladiska predstavuju
dolezité centra biodiverzity a akési ,vodné ostrovy“ v rie¢nom kontinuu. Jednotlivé
krasové pramene je preto potrebné chranit pred takym vyuzivanim, ktoré by
viedlo k zmendm ich hydrolégie, hydromorfolégie a chemizmu, ¢o by sa nasledne
mohlo odrazit v nenavratnej destrukcii pripadne az zaniku ¢astokrat unikatnych
pramennych biocendz.
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REDISCOVERY OF ARTHROPLEA CONGENER BENGTSSON,
1909 (EPHEMEROPTERA, ARTHROPLEIDAE) IN THE
PANNONIAN LOWLAND IN SW SLOVAKIA AND THE FIRST
RECORD OF AMETROPUS FRAGILIS ALBARDA, 1878
(EPHEMEROPTERA, AMETROPODIDAE) FROM THE IPEL
(IPOLY) RIVER

Patrik MACkO' - Tomds DERKA"

ABSTRACT

Although the mayfly fauna of Slovakia is relatively well-researched, there are still many endangered
species which occurrence and distribution are relatively poorly known, and their latest records are
more than three decades old. Therefore, in this study, we present the rediscovery of such mayfly species
Arthroplea congener in the National Nature Reserve Jursky Sur in SW Slovakia and bring the first
record of Ametropus fragilis from the Ipel (Ipoly) river, representing the only third known locality in
Slovakia.

Keyworps
Ephemeroptera, endangered species, Arthropleidae, Ametropodidae, Central Europe

INTRODUCTION

Mayflies (Ephemeroptera) currently consist of more than 3700 species in approximately
450 genera and 42 families (JacoBus et al., 2021). They represent what is left of
primitive ancestors (Ephemerida), dating back to the Carboniferous (SARTORI &
BRITTAIN, 2015). The life cycle of all current representatives consists of aquatic eggs
and larvae and terrestrial subadults and adults, with most of the life cycle taking place
in an aquatic environment (BAUERNFEIND & SOLDAN, 2012).

Mayfly larvae - naiads inhabit almost all freshwater ecosystems except groundwater
and heavily polluted water (BAUERNFEIND & SOLDAN, 2012). Most species prefer
lotic habitats, where their naiads form an essential part of macrozoobenthos biomass
(BAPTISTA et al., 2006; SARTORI & BRITTAIN, 2015). Their naiads contribute to several
processes, such as bioturbation and bioirrigation, decomposition, nutrient cycling,
and simultaneously serve as a primary source of nutrients for numerous organisms
(WALLACE & WEBSTER, 1996; BAPTISTA et al., 2006; JACOBUS et al., 2019). However,
many of their ecosystem services are currently threatened by degradation and loss of
natural habitats caused by hydromelioration, chemical pollution and the spread of
invasive species (CARPENTER et al., 2011). Due to their cosmopolitan distribution and
high-quality water requirements, they also serve as important indicators of ecosystem
health (MEDINA & VALLANIA, 2001; NELSON & ROLINE, 2003; ARIMORO & MULLER,
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2010; SNYDER et al., 2014) and an integral part of biomonitoring protocols (Moog et al.,
1997; BUFFANGI, 1997; DERKA, 2003a; MENETREY et al., 2007; MI1SfkovA ELEXOVA et
al., 2010, 2015).

The level of knowledge of mayfly diversity varies within different geographical regions.
While North America and Europe are considered relatively well-known, there are still
many undescribed species in other regions (SARTORI & BRITTAIN, 2015). The fauna of
European mayflies, covering most of the Western Palaearctic, includes 369 species in 48
genera and 19 families (BAUERNFEIND & SOLDAN, 2012). The occurrence of 123 species
in 33 genera and 16 families is currently reported in Slovakia. More than 60% belong
to Baetidae and Heptagenidae, but up to 6 families are represented by only one species
(DERKA, 2003b; KRNO & DERKA, 2011). After reassessment of older records, eliminating
dubious findings, and incorporating current knowledge of the mayflies taxonomy, we
estimate that the number of valid species should be reduced to approximately 105.
Concurrently, it is necessary to verify the occurrence of another species that has not
been recorded in Slovakia for more than three decades, e.g. Oligoneuriella polonica Mol,
1984, Cercobrachys minutus (Tshernova, 1952) (SoLDAN, 1978), Oligoneurisca
borysthenica (Tshernova, 1937) and Behningia ulmeri Lestage, 1929 (SOLDAN, 1981).
The Red List of Slovakian mayflies includes 41 species (DEVAN, 2001), most of which
live in lowland streams (DERKA, 2005). Simultaneously, recent findings from Ukraine
confirmed the importance of these habitats for rare species of mayflies (MARTYNOV,
2018, 2020). Although the mayfly fauna of Slovakia is relatively well-researched, the
actual distribution and population sizes of endangered species are poorly known.

This study, therefore, presents the rediscovery of endangered mayfly Arthroplea
congener Bengtsson, 1909 in the two localities of Nature National Reserve Jursky
Str in SW Slovakia after more than three decades (KrRNO, 1993) and the first record
of critically endangered mayfly Ametropus fragilis Albarda, 1878 from the Ipel (Ipoly in
Hungarian) river forming the border between Slovakia and Hungary, which represents
the first record from the Ipel (Ipoly) river and only third known locality in Slovakia.

MATERIAL AND METHODS

Qualitative samplings of mayflies in the Jursky Str wetland was performed on 18. April
and 29. May 2020, and 5. May 2021, and in the Ipel river on 15. May 2021. Sampling
from the lotic habitats was performed by standard kicking technique according to
Frosr et al. (1971) with the hydrobiological net with a mesh size of 0.5 mm. Sampling
from the Jursky Sar lentic habitats was also performed by careful inspection of
submerged debris. All specimens were selected on the site and preserved in 96% pure
ethanol. Subsequently, all specimens were determined using a stereomicroscope and
determination keys BAUERNFEIND & HUMPESCH (2001), KRNO & DERKA (2011).
Sampling area Jursky Sur wetland is located in the NW part of Panonian lowland in
close contact with the SW part of Carpathian Mts. It spreads on the area of 665 ha in
altitude about 130m a. s. 1. Freshwater habitats are represented by peat bogs, swamps in
alder forests, gravel pits, artificial channels, streams, ponds and several periodic water
bodies of various types (JANSKY & DAVID, 2010; MAJZLAN & VIDLICKA, 2010). In this
study, we investigated three gravel pits (Strkovisko 1 - S1, 48°13°38.2”N, 17°12°06.89”E;
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Strkovisko 2 - $2, 48°13°38.78”N, 17°12’17.57”E; Strkovisko 3 - $3, 48°13'37.89N,
17°12’18.96”E), fish pond Strsky rybnik — SR (48°13’50.05”N, 17°12’20.09”E) stream
Radi potok — RP (48°13’41.62”N, 17°11°50.58”E), channel Blatina — BL (48°13°58.64"N,
17°12’11.27”E), and outflow channel Blahutov kanidl - BK (48°14°07.84”N,
17°12’28.89”E), situated in the alder forest (Figures 1A, B).

The Ipel river is a left side Danube tributary situated in the southern part of central
Slovakia. The essential part of the middle and lower reaches forms a natural border
between Slovakia and Hungary (Figures 1A, C). The rivers catchment area is 5151
km?, with its dominant part (3648 km?) in the territory of Slovakia (FEKETE, 1972).
In this study, we investigated three localities in the lowland reaches Ipel — Lela (IL;
47°51’52.71"N, 18°47°32.03”E), Ipel - Kubénovo (IK; 48°03°26.39”N, 18°48’45.83"E)
and Ipel - Tesmak (IT; 48°03°19.57”N, 18°59’10.93”E).

‘Kemence

Figure 1. A. Map of Slovakia highlighting the study sites by squares (JS - Jursky
Str, IR - Ipel river), B. Detail map of Jursky Str with exact sampled sites (RP - Raci
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potok, S1 - Strkovisko 1, $2 - Strkovisko 2, $3 — Strkovisko 3, SR - Sursky rybnik,
BK - Blahutov kanal), C. Detail map of exact sampled sites in Ipel river (IL - Ipel
Lela, IK - Ipel Kubatiovo, IT - Ipel Tesmak). Legend: localitis with €3 absent and €@
present individuals of studied species.

RESULTS AND DISCUSSION

Rediscovery of Arthroplea congener Bengtsson, 1909 in Jursky Str

The occurrence of Arthroplea congener was confirmed in two out of seven investigated
localities in Jursky Str wetland, which represents the only verified locality of this
mayfly in Slovakia. The last findings date back to 1988 when six larvae from the
Strsky rybnik (fish pond) were recorded (Krno, 1993). One adult was allegedly
recorded in the Eastern Slovakia on the lake Izra in the Slanské vrchy Mts. (KrNO
in verb), but our recent investigation did not confirm this finding. Naiads sampling
is quite complicated because individuals often remain motionless and easily
escape attention (LANDA, 1969). It was confirmed during sampling in sampled site
(Strkovisko 1, Figures 1B, 2A), where, despite our great effort, we recorded only five
naiads. However, we found an abundant population in shallow wetlands in the alder
forest irrigated by the Blahutov channel (Figures 1B, 2B). This site represents a new
locality of occurrence of A. congener in the area of Jursky Sur. Here, the outflow
channel from the neighbouring Strsky rybnik spill between the roots of alder and
cattail (Typha sp.) and creates a wetland with shallow, almost stagnant water (Figure
2B). The tiny brown-black naiads of A. congener were attached to the submerged twigs
and leaves, where they became almost invisible. On the contrary, the fish-shaped
niads of the other mayfly Siphlonurus aestivalis Eaton, 1903 were quite conspicuous
and presented in relatively high abundance. Our subsequent investigations also
confirmed the occurrence of the mayfly Paraleptophlebia werneri Ulmer, 1920.

L - v

Figure 2. A. Gravel pit (Strkovisko 1) with the occurrence of A. congener. B.
Alder swamp (Blahutov kandl) with the occurrence of the abundant population of
A. congener.

The morphology of A. congener larvae is unique and cannot be misinterpreted
(Figures 3A, B). The highly specialized mouthparts form a filtering basket with long
two-segmented maxillary palps, clearly visible in the dorsal view (BAUERNFEIND
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& SOLDAN, 2012). The first segment extends behind the head and reaches the
mesonotum. The second segment is exceptionally long, thin and sickle-shaped with
numerous setae. Naiads move them intensively with a frequency of 50 up to 250
movements per minute, depending on the age. This way, A. congener actively filters
food from the water column, including small crustaceans and rotifers. Concurrently,
the enormous power of the maxillary palps is used to swim in defence, as if they were
jumping and escaping predators (SOLDAN, 1979).

The development of A. congener is fast and short, lasting approximately two months.
In the Jursky Sur, the first naiads hatch in April and disappear at the beginning of
June. The rest of the year they spend in the egg diapause. Their development in
northern Europe is shifted, and it takes time from the beginning of May to July or
August (BAUERNFEIND & SOLDAN, 2012).

The family Arthropleidae is defined as monophyletic, with A. congener and A.
bipunctata (McDunnough, 1924) in Europe and North America, respectively
(BAUERNEEIND & SOLDAN, 2012). The distribution of A. congener is Palearctic with
a continuous area ranging from Scandinavia through Northern Russia to Western
Siberia. In this area, A. congener represents a typical lowland species but exceptionally
occurs outside the lowlands. Simultaneously, it occurs in the United Kingdom and
Central Europe, including Germany, Austria, Czech Republic, and Slovakia. Here,
it inhabits localities from the lowlands to approximately 800m a.s.l. Generally,
the distribution of A. congener roughly follows the last glaciation’s southern limits
(BAUERNFEIND & SOLDAN, 2012).

Figure 3. A. The original larvae illustration of A. frankenbergeri (synonym of
A. congener) from the Jursky Sar by BartHAsAR (1937), B. Larvae of A. congener
recently sampled in the Jursky Sur.

The population of A. congener in Jursky Sur was first discovered by BALTHASAR (1937),
who originally described it as a new species A. frankenbergeri (Figure 3A). However,
LaNDA (1954) compared material from Central Europe with the description of A.
frankenbergeri and the original description of A. congener and concluded that the
A. frankenbergeri probably represent a junior synonym of A. congener. Currently,
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A. frankenbergeri is considered a junior subjective synonym of A. congener (LANDA,
1969; BAUERNFEIND & SOLDAN, 2012). Therefore, the Central European populations
probably represent glacial relicts, not endemic species.

Finally, our newly discovered locality in the alder forest probably represents the site
where most of the population of A. congener survives. Previously published rare
findings from the other sites in the Jursky Sur (BALTHASAR, 1937; LANDA, 1960;
KRNO, 1993) probably represented the peripheral areas of the A. congener population
or an accidental occurrence.

The first record of Ametropus fragilis Albarda, 1878 from the Ipel river

Four fully developed larvae of A. fragilis were found in the Ipel river near the TeSméak
(Figures 1C, 4). The occurrence of this species was not confirmed in the two other
sampled localities near the Lela and Kubanovo (Figure 1C). Although the Ipel river
has been subjected to relatively intensive hydrobiological research (LANDA, 1969;
LANDA & SOLDAN, 1989; KovAcs et al., 2002; KovAcs & KovAcs, 2006; KovAcs,
2011; M1§fkova ELEXOVA et al., 2010, 2015), this species was not recorded. The first
record of A. fragilis from Slovakia was published by SoLDAN (1978), who recorded
one male adult and one female subadult at the Latorica river near the Leles, South-
East Slovakia. Recent data confirm its occurrence from the Tisa river near the
Malé Trakany (Mi$ikovA ELEXOVA et al.,, 2010, 2015), which represents the border
river between Hungary and Slovakia. Therefore, our findings represent the third
known locality of A. fragilis in Slovakia. We can speculate whether the population
represents a relict of a former larger population decimated by river regulations and
contamination or a current dispersion from the Danube river. The first option seems
more likely because the species is considered extinct in the Danube (KovAcs, 2011).

Figure 4. Ipel river near the Te$mak with the occurrence of A. fragilis.

The morphology of A. fragilis larvae, as the only known European representative
of the family Ametropodidae, is unique thanks to the relatively short forelegs with
curved claws and characteristic ventral process on coxa (coxal pad, Figures 5A, B).
Fish-shaped larvae reach a body length of 13 to 16 mm. Body colouration is light
brownish with a reddish-brown triangular spot or mediolongitudinal line, more
detailed description in BAUERNFEIND & SOLDAN (2012).
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Figure 5. A. The illustration of A. fragilis larvae by WANG et al. (2013). Legend: 1.
habitus (dorsal view), 2. foreleg, 3. midleg, 4. hindleg, B. Larvae of A. fragilis from
the Ipel river.

The growth of the larvae takes place from August to May, and adults occur
in late April and May. The larvae are psamophilous and sand-dwelling and
usually occur near the river banks with the preferred microhabitats such as
sand with an admixture of detritus, clay, gravel, submerged logs, alder twigs,
cones or accumulations of leaves. Larvae swim exceptionally quickly but usually
remain hidden in the substratum (semi-burrowers), only antennae and eyes
extruding from the bottom (JADZEWSKA, 1973; BAUERNFEIND & SOLDAN, 2012).
JaDZEWSKA (1973) also reported that the most accompanying species are larvae
of mayfly Ephemera lineata Eaton, 1870, dragonfly of Gomphus Leach, 1815 and
the waterbug Aphelocheirus aestivalis (Fabricius, 1794), and we confirmed her
observations. Simultaneously at the sampling site, we recorded other ten mayfly
species: Baetis buceratus Eaton, 1870, B. fuscatus (Linnaeus, 1761), Procloeon
bifidum (Bengtsson, 1912), Potamanthus luteus (Linnaeus, 1767), Heptagenia
sulphurea (Miller, 1776), H. longicauda (Stephens, 1836), Ephemerella
ignita (Poda, 1761), Paraleptophlebia submarginata (Stephens, 1835), Caenis
luctuosa (Burmeister, 1839) and Brachycercus harrisellus Curtis, 1835.

The worldwide monophyletic family Ametropodidae includes only one genus
with five nominal species, and A. fragilis represents the only known Holarctic
species (BAUERNFEIND & SOLDAN, 2012). The distribution of A. fragilis includes
North-Western Canada and the USA, Central and Eastern Europe, Ural Mts. and
Siberia (subspecies A. eatoni). The distribution in Europe covers Estonia, Latvia,
Lithuania, Poland, Germany, Austria, Slovakia, Hungary, Italy, Bulgaria and
Romania (THOMAS & BELFIORE, 2013) and Croatia (Cux et al., 2015).
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CADDISFLIES OF REGULATED AND UNREGULATED
STRETCHES OF THE LOWER HRON RIVER
(THE DANUBE BASIN, SLOVAKIA)

Tomds NAVARA™ - Pavel CHVOJKA?® - Stanislava PEKAROVA® - Igor KOKAVEC'

ABSTRACT

This study presents initial results of the research focusing on the assessment of changes in
a macroinvertebrate assemblage after 20 years of operation of a small hydropower plant situated in
the lower Hron River. Its aim was to provide faunistic data on Trichoptera obtained between the
spring of 2019 and the summer of 2020 in the river stretches between the villages of Psiare and Jur
nad Hronom. This part of the river includes seminatural stretches that alternate with those modified
by the embankment, weirs, and dams; the main part of the investigated area is affected by the small
hydropower plant in the village of Turd. Altogether, 46 caddisfly species were collected by different
sampling methods and identified during the present study, including several rare species, such as
Ceraclea riparia (Albarda, 1874), Leptocerus interruptus (Fabricius, 1775), Oecetis tripunctata
(Fabricius, 1793), and Orthotrichia angustella (McLachlan, 1865). Further spreading of Adicella
syriaca (Ulmer, 1907) in Slovakia was documented as well. The caddisfly fauna of the lower Hron
River has been subjected to several studies in the past and all available data are compared and briefly
discussed.

KEYWORDS
Trichoptera, faunistics, Pannonian ecoregion, epipotamal, small hydropower plant

INTRODUCTION

Aquatic insects of the Hron River have been the subject of several studies in recent
decades. Krno (2007) examined the longitudinal zonation and anthropogenic
impact on ecological metrics of stonefly assemblages. The longitudinal zonation of
chironomids was studied by BrTusixk et al. (2006), and that of blackflies by ILLESOVA
et al. (2008). Similarly, CiL1AK et al. (2014) analysed the environmental factors that
affect the distribution of caddisfly assemblages in the longitudinal profile of the river.
Tributaries of the upper Hron River were also studied, and data on the structure
of the caddisfly and mayfly community were provided by NovikmEc (2005) and
SviTOK (2006).

In the past, the river had been severely impacted by urban sewage and industrial
wastewaters (KrNo 2007). Due to the improvement in water quality in the 90s, as
well as the absence of large damming constructions (BrTusik et al., 2006), the river
became a reference model for zonation of unbound Carpathian rivers in the study
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by CiL1AK et al. (2014). Since that period, construction of hydropower plants along
the entire river course became common.

It has been well-documented that the presence of dams and weirs causes a decrease
in the biodiversity of macroinvertebrates, as well as changes in species composition
(SpENCE & HyNES, 1971; MUNN & BRUSVEN, 1991). These invoked changes may
be more significant than those caused by climate change (GRAF, 1999). The main
processes caused by dams can be categorised as biogeochemical changes via disruption
of water and sediment transport, water temperature alteration, as well as disruption in
transport of organisms and nutrients (POFr & HART, 2002). Along with the influence
of industrial areas and land use, it can be concluded that the river is affected by the so-
called "urban stream syndrome” (MEYER et al., 2005; WALsH et al., 2005).

The most intensively investigated part of the river is probably its lower stretch in the
vicinity of the village of Turd due to the damming by the small hydropower plant
(SHP), Tura, in 2000. To assess the impact of the construction and operation of the
SHP, an extensive study was done (L1sICKY, 2003). The detailed results of the study on
mayflies and stoneflies were presented by Krno (2005). KrNo (2006) subsequently
published data on caddisflies and alderflies which included a review of all previous
caddisfly records from that river stretch (cf. DupicH, 1958; NovAk & OBR, 1966;
ELEXOVA, 1998). The aim of this paper is to present new data as well as contribute to
the current knowledge of the caddisfly fauna of the Hron River.

MATERIAL AND METHODS

The Hron River, with its length of 279.5km, is the second longest river in Slovakia and
a left tributary of the Danube River. The river’s catchment is 5,465 km? (Skopa et al.,
2005).

Caddisfly adults were swept from the riparian vegetation at several sites alongside the
stretch of the lower Hron River between the villages of Psiare and Jur nad Hronom
(Figure 1). This part of the river was chosen for investigation of the effect of the SHP,
Turd, since several previous studies had been conducted there. On one occasion, an
LED UV light was used to attract caddisflies at the riverbank in the village of Kalnd
nad Hronom. Collected caddisfly adults were preserved in 75 % ethanol and identified
according to MALICKY (2004). Although this study was primarily focused on caddisfly
adults, we also used larval material to extend the species spectrum and distributional
data. Benthic samples were collected by the kicking method (Frosrt et al., 1971),
preserved in 4 % solution of formaldehyde, and sorted in the laboratory. Caddis larvae
were identified according to WARINGER & GRAF (2011) and WARINGER et al. (2017).

Site description

S1 - Village of Psiare (cadastral part of the Hronsky Benadik village) (177 m a.s.l.),
48°19°32”N 18°33’01”E, (DFS 7677c), visited on 2.vii.2019, 14.v.2020, 25.viii.2020.
The site could be characterised as unregulated, wadable stretch with rapid current.
The river bottom consisted mainly of macrolithal, supplemented with large boulders
(megalithal). Psammal and gravel were also present. The riparian vegetation was
well-preserved (also at all study sites).
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S2 - Village of Kalna nad Hronom (157m a.s.l.), 48°12’00”N 18°31'23”E, (DFS
7777¢), visited on 24.viii.2020. All material captured by UV-light attracting. The site
was situated in an urbanised area below the reservoir of a small hydropower plant in
the original river channel.

N

4

100 Kilometers

Figure 1. Map of investigated sites at the Hron River

S$3 - Meander at the village of Tura, visited on 6.vi.2019, 2.vii.2019, 14.v.2020,
24.viii.2020. In this case, four sites were merged because of their relative vicinity;
thus, the distances were negligible for winged adults. All four sites (within an altitude
range of 154 — 145m a.s.l., DFS 7877b) belonged to the meander at the village of
Turd and were affected by a small hydropower plant, as well as further regulation
(fragmentation by weirs). The first collecting site S3a, 48°09°32”N 18°35°03”E, was
situated in the beginning of the meander below the main dam that created the
reservoir upstream. The second collecting site S3b, 48°09°32”N 18°35’35”E, and the
third collecting site S3c, 48°09’08”N 18°35°29”E, lied upstream of the second weir
with slow water current. The fourth collecting site S3d, 48°09’13”N 18°35°07”E, was
situated below the confluence of the main channel and the derivation channel and
below the third weir. By merging the four sites into S3, the results became more
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coherent; however, it also means that the sampling effort at S3 was more extensive
than at S1, S2, and S4. The stretch within the meander was the richest in macrophytes
when compared to all other sites and contained diverse habitats with different flow
conditions and substrate structure.

$4 - Village of Jur nad Hronom (140 m a.s.1.), 48°07°44”N 18°36’50”E, (DFS 7877d),
visited on 6.vi.2019, 2.vii.2019, 14.v.2020, 24.viii.2020. This was the lowermost
site, unregulated, with relatively good natural conditions. The site was typical of
the presence of riftles, more rapid current, and gravel was the dominant substrate;
macrolithal and psammal were present as well.

RESULTS AND DISCUSSION

Altogether, 46 species of Trichoptera were identified from all samples containing over
3,000 adults and larvae (Table 1). Most species were found as adults; however, several
species (Rhyacophila nubila, Polycentropus flavomaculatus, Hydropsyche bulbifera,
Brachycentrus subnubilus, Anabolia furcata, Allogamus auricollis, Lepidostoma hirtum,
Athripsodes albifrons, and Oecetis ochracea) were recorded exclusively in the larval stage.
If the relative abundance of adults is compared, the most abundant species was
Psychomyia pusilla with 539 individuals, which represented 25 % of all individuals.
The second was Agapetus laniger with 186 individuals (8.6 %). In addition, females
of the Hydroptila sparsa Species Group, which represents several species, were quite
numerous (32.85 %) in the sample from the light trap. All other species were less than
70 specimens; the most abundant of them were Leptoceridae, such as Athripsodes
cinereus (3.1 %), Adicella syriaca (3 %), and Setodes punctatus (2.32 %). From the
Hydropsychidae family, the most abundant were Hydropsyche angustipennis (2.46 %)
and Cheumatopsyche lepida (2.18 %).

The faunistic data are summarised in Table 1 and consequently compared to the
previous studies that focused on caddisflies from the Hron River in Table 2.

From the faunistic point of view, several rare species of Slovak Trichoptera fauna
were recorded:

Ceraclea riparia has so far only been known from the Vah river basin in Slovakia
according to two historical records: Pazsiczky (1914) reported the species from
Tren¢in (Trencsén) (middle stretch of the Vah River) and MAYER (1937) found
it in the Rajé¢anka River above Rajec (left tributary of Vah in NW Slovakia). In
Hungary, the species is sparsely distributed in the Danube River and its tributaries;
however, it is still quite rare (NOGRADI & UHERKOVICH, 2002). It is also considered
to be extinct in the Czech Republic (CHVOjkA & KOMZAK, 2017). In many Western
European countries, it is denoted as endangered or even likely to be extinct,
possibly because of anthropogenic impacts (pollution, regulation) in lowland
rivers or specific habitat preferences (macrolithal) (URBANIC et al., 2003).
Leptocerus interruptus was collected on the Slovak side of the Danube River by
MAYER (1935) and KrNo et al. (2018). It is quite rare in neighbouring countries as
well, and was completely absent in the Czech Republic, Austria, and Hungary for
decades until its recent rediscovery (CHVOJKA et al., 2016; GRAF et al., 2017; Kiss,
2012; NOGRADI & UHERKOVICH, 2002). This species may have a high indicatory
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value, even as an umbrella species in lowland rivers because of its ecological
requirements (Buczyxska et al., 2016).

Additionally, Oecetis tripunctata is found among significant records as well, since
its distribution in Slovakia is still insufficiently known. Records exist from the
lower stretch of the Vah River (PAazsiczky, 1914; NAVARA et al., 2020a) and an
unverified finding of larva from foothills of the Malé Karpaty Mts. (POMICHAL,
1979). At present, the species occurs locally in the lower Morava River basin (left
tributary of the Danube River) in the Czech Republic (KomzAk & CHVOJKA, 2018).
It is quite rare in the western part of Hungary, while more findings are known from
the Tisa River basin (NOGRADI & UHERKOVICH, 2002).

Another rare record is that of Orthotrichia angustella. This species is known from
SW Slovakia on the basis of a single record (PomicHAL, 1979). In Hungary, the
species became known in 1986 (NOGRADI 1986) and proved to be frequent in
artificial water courses of Central Transdanubia; however, it may probably prefer
unpolluted, highly-oxygenated waters (NOGRADI, 2001). In the Czech Republic, the
species is considered absent in Bohemia (CHvOjka & KoMmzAK, 2017), though it
was recorded for the first time quite recently in the Dyje River in Morava (KomMzAK
& Kroca, 2018). Recently, it was also found in Austria for the first time (GRAF et
al., 2017).

We also documented further spreading of Adicella syriaca in Slovakia. This species
is currently known from the Danube, Vah and Hron rivers (NAVARA et al., 2020b).
In the Hron River, a new record of the species was made at the village of Psiare (S1)
in 2020, approximately 25km upstream from the only recorded site at the village
of Turd (S3) in 2019. Therefore, it is quite possible that the species has expanded
its distribution area.

Although the caddisfly fauna of the lower Hron River was the subject of several
studies in the past (e.g., DupicH, 1958; ELEXOVA, 1998; KrNO, 2006; CILIAK et
al., 2014), we have increased the knowledge of Trichoptera species distribution
considerably. Krno (2006) found 23 species during his study and summarised
previously published data, listing 32 species altogether (Table 2). In his study,
records of Limnephilus binotatus and Leptocerus tineiformis, which are not
recorded in the current research, originated from the side arms of the lower Hron.
These habitats were not investigated in our work. Nevertheless, additional 22
species were identified during recent research and altogether, 55 taxa are presently
known from the lower Hron River. A higher number of species compared to the
previous studies (Table 2) was recorded due to the diverse sampling methods,
which focused primarily on caddisfly adults. The importance of adult collections in
obtaining relevant faunistic information is generally known (e.g., MALICKY, 2014).
These methods enabled us to acquire comprehensive information on the caddisfly
fauna of the lower Hron River. The limnological studies (ELExOVA, 1998; CILIAK
et al., 2014) that had been carried out there dealt with benthic samples exclusively,
and thus the presence of larvae of micro-caddisflies (Hydroptilidae) and several
Leptoceridae appeared to be underestimated. Regarding the larval records, larvae
of Agapetus laniger were not found during previous limnological investigations,
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although this species was numerous in our samples and recently proved to be rather
abundant in the Vah and Hron rivers (NAVARA et al., 2019; NAVARA et al., 2020a).
In comparison to the Vah River’s lower stretch (NAvVARA et al., 2020a), the
caddisfly fauna of the Hron River’s lower stretch was notably richer with 46
species as compared to 27 species from the corresponding stretch of the lower Vah
(the town of Piestany and downstream sites). The higher species diversity of the
Hron could be explained by more favourable hydromorphological conditions of
the stream channel and a lack of large impoundments, derivation channels, and
large urban areas. More stable flow conditions could be an important factor as well,
when compared to the Vah River where the fluctuations in discharge were notable.
The fluctuations can negatively impact the macroinvertebrate fauna (ALVAREZ-
TrONCOSO et al., 2015). Likewise, riparian vegetation and macrophytes richness
appeared to be more preserved in the investigated stretch of the Hron River than
in the Vah River. These may also be factors that positively affect the biodiversity
of aquatic macroinvertebrates (TOKESHI & PINDER, 1985; CARPENTER & LODGE,
1986; R10s & BAILEY, 2006).

We can assume that this river stretch may serve as a refugium of rare species that
are sensitive to anthropogenically induced changes. In any case, the high diversity
and presence of rare and possible umbrella species in the lower Hron signifies the
need of protection and preservation of natural conditions as much as possible,
and this corresponds highly to the recommendations by Lisick¥ (2003) upon his
revitalisation survey. The importance of the river habitat and its preservation was
further confirmed by the occurrence of a population of the Common kingfisher
(Alcedo atthis) (AMBRUS & BULANKOVA, 2005).

Further detailed research focusing on the fauna and environmental conditions
of the main Danube tributaries in the Danube Lowland is still necessary for
assessment of overall biodiversity.

Table 1. Species list of the examined sites of the Hron River

Species/site S1 S2 S3 S4

Rhyacophila cf. nubila (Zetterstedt, 1840) 3L

Agapetus laniger (Pictet, 1834) 37L 4f 4L, 2m 23L, 7m, 4f
126m, 42f

Hydroptila angulata Mosely, 1922 3m

Hydroptila forcipata (Eaton, 1873) 31m, 9f 2f 1m, 2f 1m

Hydroptila lotensis Mosely, 1930 14m 2m 18m 8m

Hydroptila sparsa Curtis, 1834 1m 1m 18m 1m

Hydroptila sparsa gr. females 4f 667f 33f 4f

Hydroptila vectis Curtis, 1834 3m

Ithytrichia lamellaris Eaton, 1873 2m, 2f 2f

Orthotrichia angustella (McLachlan, 1865) 1f 5m, 2f 1m
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Orthotrichia costalis (Curtis, 1834)

Cheumatopsyche lepida (Pictet, 1834)

Hydropsyche angustipennis (Curtis, 1834)
Hydropsyche bulbifera McLachlan, 1878
Hydropsyche contubernalis McLachlan, 1865
Hydropsyche exocellata Dufour, 1841
Hydropsyche incognita Pitsch, 1993
Hydropsyche modesta Navis, 1925
Hydropsyche spp.

Cyrnus trimaculatus (Curtis, 1834)
Neureclipsis bimaculata (Linnaeus, 1758)
Polycentropus flavomaculatus (Pictet, 1834)
Lype phaeopa (Stephens, 1836)

Psychomyia pusilla (Fabricius, 1781)

Ecnomus tenellus (Rambur, 1842)
Brachycentrus subnubilus Curtis, 1834
Anabolia furcata Brauer, 1857
Limnephilus flavicornis (Fabricius, 1787)
Limnephilus lunatus Curtis, 1834
Allogamus auricollis (Pictet, 1834)
Stenophylax permistus McLachlan, 1895
Goera pillosa (Fabricius, 1775)
Lepidostoma hirtum (Fabricius, 1775)
Adicella syriaca Ulmer, 1907
Athripsodes albifrons (Linnaeus, 1758)
Athripsodes cinereus (Curtis, 1834)
Ceraclea annulicornis (Stephens, 1836)
Ceraclea dissimilis (Stephens, 1836)
Ceraclea riparia (Albarda, 1874)
Leptocerus interruptus (Fabricius, 1775)
Mystacides azurea (Linnaeus, 1761)
Mystacides longicornis (Linnaeus, 1758)

Mpystacides nigra (Linnaeus, 1758)

1f
14L, 5m, 2f
8m, 1f
2m
1L
4L
1L 12m
1m
1m

13f 11f

18L 13m, 148f
84m, 32f

7m, 12f
425L

11m, 1f
1L
8m, 3f

4m, 5f

2m, 2f

3m, 2f
47L,8m, 3f  212L,

13m, 2f
49m, 2f
2L
7L, Im 2m

4L, 19m 2L, 3m
1L

13L, 11f 15f
2m, 1f

1L, 7m, 5f

1L

12m, 1f

7L, 75L,
142m, 56f 36m, 26f
1L, 3m, 1f

9L 52L
2L

1Im

1f 1m

1m

1L, 36m, 19f
2L
3L, 34m, 21f
1f 1Im
1Im
1L, 1m, 1f
1f
13m, 3f 1m
Im 1f

34m, 5f
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Oecetis lacustris (Pictet, 1834) 1f

Oecetis notata (Rambur, 1842) 1m, 3f 3L, Im, 1f
Oecetis ochracea (Curtis, 1825) 2L 2L

Oecetis tripunctata (Fabricius, 1793) 3m, If 1m

Setodes punctatus (Fabricius, 1793) 15m, 12f 5m, 5f 5L, 11m, 2f

Explanations: m - male, f - female, L - larva
Site: S1 - Psiare (177 m), S2 - Kalnd and Hronom (157 m), S3 - Turé (145 - 154 m), $4 - Jur and Hronom (140m)

Table 2. Comparison of recorded species from the current study to previous studies

Species presence/study KrNo (2006 )* CrLiak et al. Current study
(2014) 2019-2020
Rhyacophila cf. nubila (Zetterstedt, 1840) + +
Rhyacophila s. str. +
Agapetus laniger (Pictet, 1834) +
Hydroptila angulata Mosely, 1922 +
Hydroptila forcipata (Eaton, 1873) +
Hydroptila lotensis Mosely, 1930 +
Hydroptila sparsa Curtis, 1834 + +
Hydroptila vectis Curtis, 1834 +
Hydroptila sp. +
Ithytrichia lamellaris Eaton, 1873 + +
Orthotrichia angustella (McLachlan, 1865) +
Orthotrichia costalis (Curtis, 1834) +
Cheumatopsyche lepida (Pictet, 1834) +
Hydropsyche angustipennis (Curtis, 1834) + +
Hydropsyche bulbifera McLachlan, 1878 + + +

Hydropsyche bulgaromanorum Malicky, 1977  +

Hydropsyche contubernalis McLachlan, 1865  + + +
Hydropsyche exocellata Dufour, 1841 + + +
Hydropsyche incognita Pitsch, 1993 + + +
Hydropsyche modesta Navas, 1925 + + +
Cyrnus trimaculatus (Curtis, 1834) + +
Neureclipsis bimaculata (Linnaeus, 1758) +
Polycentropus flavomaculatus (Pictet, 1834) + + +
Lype phaeopa (Stephens, 1836) +
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Psychomyia pusilla (Fabricius, 1781)
Tinodes sp.

Ecnomus tenellus (Rambur, 1842)
Brachycentrus subnubilus Curtis, 1834
Anabolia furcata Brauer, 1857

Limnephilus binotatus Curtis, 1834
Limnephilus flavicornis (Fabricius, 1787)
Limnephilus lunatus Curtis, 1834
Allogamus auricollis (Pictet, 1834)
Stenophylax permistus McLachlan, 1895
Goera pillosa (Fabricius, 1775)

Silo pallipes (Fabricius, 1781)
Lepidostoma hirtum (Fabricius, 1775)
Adicella syriaca Ulmer, 1907
Athripsodes aterrimus (Stephens, 1836)
Athripsodes albifrons (Linnaeus, 1758)
Athripsodes bilineatus (Linnaeus, 1758)
Athripsodes cinereus (Curtis, 1834)
Ceraclea annulicornis (Stephens, 1836)
Ceraclea dissimilis (Stephens, 1836)
Ceraclea riparia (Albarda, 1874)
Leptocerus interruptus (Fabricius, 1775)
Leptocerus tineiformis Curtis, 1834
Mpystacides azurea (Linnaeus, 1761)
Mystacides longicornis (Linnaeus, 1758)
Mystacides nigra (Linnaeus, 1758)
Oecetis furva (Rambur, 1842)

Oecetis lacustris (Pictet, 1834)

Oecetis notata (Rambur, 1842)

Oecetis ochracea (Curtis, 1825)

Oecetis tripunctata (Fabricius, 1793)
Setodes punctatus (Fabricius, 1793)
Triaenodes bicolor (Curtis, 1834)

Total number of taxa

33 11

46
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* - Including studies reviewed in the paper, i.e., DupicH (1958), NovAk & OBR (1966), ELEXOVA (1998);
studies included adult sampling as well.

*- Only sites from the lower Hron were considered (i.e., Kalna n. Hronom, Jur n. Hronom, Bina, Kamenica
n. Hronom); the study was aimed exclusively at larval sampling.
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FAUNISTIC RECORDS AND NEW PARASITE-HOST
ASSOCIATIONS OF LOUSE FLIES
(DIPTERA: HIPPOBOSCIDAE) FROM SABINOV, SLOVAKIA

Jozef OBONA"" - Stanislav GRES? - Peter KRISOVSKY? - Martin HROMADA™

ABSTRACT

A faunistic overview of louse flies (Diptera: Hippoboscidae) from the Sabinov district, especially the
Sabinov Bird Ringing Station, is presented. Five hippoboscid fly species (15 samples) were captured
on five host bird species. Records of Ornithomya avicularia on Hirundo rustica represent a new host
record for Slovakia. Records of Lipoptena fortisetosa on bird species (namely: Cyanistes caeruleus,
Erithacus rubecula, Hirundo rustica, Delichon urbicum, and Parus major) represent new host
records for Slovakia, and there are probably no other records on this association known in the world.

KEY wORDS
Ectoparasites, hippoboscid, birds, new host-parasite associations

INTRODUCTION

Louse flies of the family Hippoboscidae are obligate ectoparasites of birds and
mammals (e.g. THEODOR & OLDROYD, 1964; MAA, 1969). Searching for and collecting
these parasites from mammals (especially from livestock and humans) is relatively
simple (see KocCiSovA et al., 2007; OBONA et al., 2019b). However, their collection
from bird hosts can be complicated (they are extremely mobile and often escape).
Ideal places for bird ectoparasites research are bird ringing stations or directly in
bird nests (e.g. SyCHRA et al., 2008; OBoNA et al., 2019a; GaPoNoOV et al., 2020).
However, such studies are relatively rare at this time due to the complicated logistics
(e.g. OBONA et al,, 2019a; DavYDOVA et al., 2020; NARTSHUK et al., 2020).

This paper aims to present information on the louse flies collected from birds from
the Sabinov Bird Ringing Station and its surroundings.

MATERIAL AND METHODS

The louse flies were collected at 3 sites in the Sabinov district (see Study sites).
Hippoboscid specimens were collected by hand on birds caught in the nets by SG.
Birds were mist-netted in a standardized way (for more information, see OLEKSAK
et al., 2007).
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The collected hippoboscids were placed in Eppendorf tubes, fixed in ethanol (96%)
and subsequently identified in the laboratory (JO) using the determination key by
PovoLNY & RosickY (1955), THEODOR & OLDROYD (1964) and PETERSEN et al.
(2007). We focused on the local primary hosts (see OBoNaA et al., 2019a,b).

Study sites (see Figure 1)

Area: Slovakia. Sabinov district.

1) 49°06’18.7°N 21°05°49.0”E, garden of the second author’s (S.G.) family house,
331mas.l

2) 49°06°02.7”N 21°04°26.8”E, Sabinov Bird Ringing Station, 370 m a.s.L.

3) 49°05’34.8”N 21°04°00.4”E, Uzovsky Salgov, around a pond, 366 m a.s.1.

3

FIGURE 1. Study sites 1) garden, 2) Sabinov Bird Ringing Station, 3) Uzovsky Salgov.

RESULTS AND DISCUSSION

A total of 5 species (15 specimens) of the family Hippoboscidae were recorded on
5 host species (namely: Cyanistes caeruleus (Linnaeus, 1758), Erithacus rubecula
(Linnaeus, 1758), Hirundo rustica Linnaeus, 1758, Delichon urbicum (Linnaeus,
1758), and Parus major Linnaeus, 1758).

Faunistics
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Lipoptena fortisetosa Maa, 1965

Published records: KocCisovA et al. (2007); OBoNa et al. (2019b).

Material examined: Site 2, 1 ¢, on Cyanistes caeruleus Figure. 2 (bird ring number
- $514355), 17.5.2020; the same, 1 & on Parus major Figure 2 (P126910), 27.6.2020;
the same, 2 @, both on Erithacus rubecula Figure 2 (S546508, S546510), 27.6.2020;
the same, 1 @, on Parus major (P126912), 27.6.2020. Site 3, 1 &, 3 ¢, all on Hirundo
rustica (3-U61109, @ - U51935, U61066, U61102), 27.6.2020.

Comments: A relatively common species in Slovakia, distributed in the eastern
Palaearctic region. It is an ectoparasite of Cervidae, and also attacks humans beings
(OBONA et al., 2019b).

Note: Interestingly, these parasites were found on birds. All captured individuals
were winged. Birds are unlikely to be the primary prey for this ectoparasite, but from
the number of captured individuals, it is clear that they can also attack birds caught
in a net (it is questionable if these birds were parasitized before they were caught in
the net). A total of host 5 species (namely: Cyanistes caeruleus, Erithacus rubecula,
Hirundo rustica, Delichon urbicum, and Parus major) are recorded here as a new host
of Lipoptena fortisetosa. We are not aware of any other records of these host-parasite
associations known in the world.

F1GURE 2. Hosts of Lipoptena fortisetosa: Cyanistes caeruleus, Parus major, and
Erithacus rubecula (documentary photos).

Ornithomya avicularia (Linnaeus, 1758)

Published records: POVOLNY & ROSICKY (1955); CEPELAK (1974, 1982); KRISTORfK
& STEFAN (1980); CHALUPSKY & POVOLNY (1983); CHALUPSKY (1986); CEPELAK &
CEPELAK (1991); ROHACEK (1995); KRISTOFIK (1998); STRAKA & MAJZLAN (2010);
OBONA et al,, (2019a, b).

Material examined: Site 3, 1 @, on Hirundo rustica Figure 3 (no ring), 23.7.2020.
Comments: A common louse fly species in Central Europe, widespread in the
Palaearctic region. A common ectoparasite of birds from the order Passeriformes and
other orders (namely: Accipitriformes, Anseriformes, Falconiformes, Passeriformes,
and Strigiformes) (KRISTOFIK, 1998; OBONA et al., 2019b).

Note: Hirundo rustica is recorded herein as a new host species for O. avicularia in
Slovakia.
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Ornithomya biloba Dufour,
1827

Published records: BRANCSIK
(1910); KRISTOFfK & STEFAN
(1980); CHALUPSKY & POVOLNY
(1983); CHALUPSKY (1986);
KRISTOFIK (1998); OBONA et al.
(2019a, b).

Material examined: Site 3,
1 @, on Hirundo rustica, (no
ring), 23.6.2020, the same, 1 2,
on Hirundo rustica, (no ring),
27.6.2020.

Comments: A  Palaearctic
species, common in Central
Europe. It is an ectoparasite
mainly of Delichon urbicum,

Hirundo rustica,  Riparia
F1GURE 3. Host of Ornithomya avicularia riparia(Linnaeus, 1758), and,
_ Hirundo rustica. less often, other birds of order

Passeriformes (KRISTOFIK, 1998).

Ornithomya fringillina Curtis, 1836

Published records: KRISTOFfK & STEFAN (1980); CHALUPSKY & POVOLNY (1983);
CHALUPSKY (1986); KRISTOFIK (1998); STRAKA (2005); STRAKA & MAJZLAN (2008,
2014); OBONA et al. (2019a).

Material examined: Site 1, 1 @, on Parus major (no ring), 7.11.2019.

Comments: A Palaearctic species distributed in the northern and middle belts of the
region. It is an ectoparasite mainly of Passeriformes but also parasitizes species of
orders Passeriformes and Pelecaniformes (KRISTOF{K, 1998).

Stenepteryx hirundinis (Linnaeus, 1758) (Figure 4)

Published records: THALHAMMER (1899); BRANCSIK (1910); POVOLNY & RosICKY
(1955); CHALUPSKY (1986); KRISTOFIK (1998).

Material examined: Site 1,1 &, 1 @ (Figure 4), both on Delichon urbicum - juveniles
fallen out of the nest (&' - S447902, @ — S447903) Figure 4, 18.6.2020.

Comments: A common Central European species, widespread in the Palaearctic
region. A common ectoparasite of the bird species Delichon urbicum, Hirundo rustica,
Ptyonoprogne rupestris (Scopoli, 1769) and Riparia riparia (KRISTOF{K, 1998).
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FIGURE 4. Stenepteryx hirundinis and host Delichon urbicum.

CONCLUSIONS

In the present study, five Diptera species from family Hippoboscidae collected from
five bird’s host species were studied in detail: Lipoptena fortisetosa (9 individuals),
Ornithomya avicularia (1 ind.), O. biloba (2 ind.), O. fringillina (1 ind.), and
Stenepteryx hirundinis (2 ind.).

Hirundo rustica is here recorded as a new host of O. avicularia in Slovakia. The
following bird species: Cyanistes caeruleus, Erithacus rubecula, Hirundo rustica,
Delichon urbicum, and Parus major are recorded herein as a new hosts of Lipoptena
fortisetosa. There are most likely no other records on this host-parasite association
known in the world.
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INVESTIGATION OF THE DIRECTIONS OF USING A HYBRID

COMPOSITION BIOPRODUCT FOR DETOXIFICATION
OF A SOIL ECOSYSTEM CONTAMINATED WITH HEAVY
METALS AND OIL PRODUCTS

Yelizaveta CHERNYSCH"?" — Irina ABLIEIEVA' - Nataliia MAKAREKNO' - Leonid

PLYATSUK"? - Inna TRUNOVA' - Oksana BURLA'

ABSTRACT

Contamination of soils with heavy metals (HM) and petroleum products is an extremely important
and urgent problem of humankind. Their danger determined by the ability to accumulate in the soil,
to join the trophic chains and transmitted in the system soil - plant - man. The aim of the study was
to investigate the effect of a hybrid biological product for the reclamation of contaminated lands. To
achieve this goal, we conducted a section of the soil profile at the site of soil sampling for analysis of
HM content near the phosphogypsum heap. The study of quantitative and qualitative changes in the
fractional composition of the soil complex of gray forest soil was carried out with the introduction
of increasing doses of organo-mineral complexes. The elemental composition determined by X-ray
Sfluorescence analysis. The optical density of cell suspensions was measured using the method of
photometric absorption of culture on a Multiscan analyzer. The obtained results of the study were
analyzed using the VOSviewer software. The taxonomic classification also carried out using electronic
databases KEGG database, made a comparative characterization of the impact of different organo-
mineral compositions on the degree of reduction of mobile forms of HM in the soil and cluster
visualization of the combined use of bioprocesses for soil detoxification. According to the results of
research for biochemical purification of soils from HM contamination, a biopreparation with an
external coating with a biodegradable polymer film, biomass of microorganisms with a lyophilized
film and a mineral base of phosphogypsum was proposed.

KeEYwORDS
bioremediation, heavy metals, petroleum hydrocarbons, soil, hybrid bioproduct

INTRODUCTION

Petroleum hydrocarbons (PH) and heavy metals (HM) can influence soil ecosystems
sufficiently to result in significant losses in soil quality. ADENIYI & AFOLABI (2002)
studied cadmium, chromium, copper, lead, and nickel as HM associated with soil
pollution by oil products. Biological soil remediation is an environmentally friendly
and safe approach to clean up soils contaminated with trace amounts of heavy metals
such as Cu, Pb and Zn, as well as petroleum hydrocarbons. According to the study,
the content of heavy metals in alfalfa plants was limited and followed the order: Zn>
Cu> Pb. HM were concentrated in the roots of plants (AGNELLO et al., 2016a). For
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bioremediation of soils (ALI et al., 2002), contaminated with hydrocarbons and heavy
metals, it was proposed to use transconjugate bacteria with resistance to As and Cd. It
was proved that transconjugate bacteria are already part of the local soil microflora. The
unicellular bacteria were associated with the following species in decreasing order of
predominance: Bacillus subtilis, Corynebacterium pseudotuberculosis, Brevibacterium
linens, Alcaligenes faecalis, Enterobacter aerogenes, and Chromobacterium orangum.
Filamentous forms have been associated with Nocardia corallina, Streptomyces
flavovirens, Micromonospora chalcea, and Nocardia paraffinea. These isolates can use
hydrocarbons as their sole source of carbon and energy. Low concentrations of As
and, to a lesser extent, Cd increase the potential for consumption of hydrocarbons
by individual isolates.

Simultaneously with an increase in metabolic activity at the community level and
microbial load, a gradual decrease in ecotoxicity was observed (ALisI et al., 2009).
Moreover, some heavy metals have a positive effect on the decontamination of oil
polluted soils in the case of biological treatment. Stimulation of microbial activity is
observed at low concentrations of HM, nevertheless, it was reported an inhibitory
effect of toxic metals, in particular nickel, on the biodegradation and mineralization
of organic contaminants such as petroleum hydrocarbons (AL-SALEH & OBUEKWE,
2009). The lowest biodegradation efficiency of the aliphatic (26%) as well as the
aromatic (32%) fraction was noted for the system, which contained diesel oil and
heavy metals (D + HM). The presence of polycyclic aromatic hydrocarbons (PAHs)
in the D + HM + PAH system increased the removal efficiency of aromatic to a level
similar to the D system (58%), whereas the biodegradation efficiency of the aliphatic
fraction was lower (36%). Comparison of D and D + HM as wellas D + PAH and D +
PAH+HM indicates that the highest residual concentrations of hydrocarbons (which
correspond to the lowest biodegradation efficiencies) were observed in systems which
included heavy metals (CzaRNY et al., 2020). The significant increase of Acinetobacter
abundance in systems, which included heavy metals, was most likely associated
with adaptation mechanisms, which allow this genus to proliferate in the presence
of such contaminants. Several studies confirm the presence of this bacterial class
in environmental niches contaminated with high concentrations of hydrocarbons
and heavy metals (MARKOWICZ et al., 2016). A recent report regarding the natural
attenuation of soils co-contaminated with aged heavy metals and hydrocarbons
indicated that bacteria belonging to the Acinetobacter class were predominant (45%)
in one of the investigated samples (KHUDUR et al., 2018).

AGARRY et al. (2014) proved the effect of nickel metal, poultry dung as biostimulant,
and stubborn grass (Sporobolus pyramidalis) during phytoremediation on gasoline
biodegradation and growth rate of intrinsic soil microbial species. This study showed
reduction of total petroleum hydrocarbon (TPH) concentration at the level 52.7%,
57.6%, 60.5%, and 62.4% for the samples with initial nickel content at 0, 2.5, 7.5, and
12.5 mg/kg, respectively at the end of the remediation time (42 days). Based on this
observation the importance of indigenous microflora in nickel uptake from heavy
metal contaminated soil. Moreover, the best result of TPH degradation at 95.8% was
indicated for combined biostimulation and phytoremediation treatment.
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The highest degree of TPH removal (68%) from co-contaminated soil with HM as
Cu, Pb and Zn was proved for bioaugmentation assisted phytoremediation treatment,
followed by bioaugmentation with Pseudomonas aeruginosa (59%), phytoremediation
with alfalfa (Medicago sativa L.) (47%), and natural attenuation (37%). In this case the
contribution between plant and bacteria seemed to be additive rather than synergistic
(AGNELLO etal., 2016a,b). This effect was additionally enhanced by the joint application
of citric acid and Tween® 80.

ATAGANA (2011) proved the capability of Chromolaena odorata (L) to grow in the
presence of different concentrations (between 100 mg - kg and 2,000 mg - kg ') of heavy
metals (Zn, Cd and Ni) in soil contaminated 50,000 mg - kg oil crude. The growth of
the plant was sustained for 180 days during which period the plant was able to cause the
removal of both the contaminant oil by 82% and the present heavy metals by up to 65%.
Benefits of biological techniques during soil decontamination treatment. There
are naturally in soil indigenous bacteria such as Bacillus subtilis, Corynebacterium
pseudotuberculosis, Enterobacter aerogenes, Nocardia corallina, and Streptomyces
flavovirens with the combined potential for As and Cd resistance and hydrocarbon
utilization (ALI et al., 2012).

Hawmpbi et al. (2007) observed that the bioremediation efficacy was more likely to rely
on the selectivity and specialisation of added microorganisms rather than on nutrient
load. AvList et al. (2009) used ten bacterial strains in the consortium ENEA-LAM
for bioaugmentation as follows Pseudomonas jessenii, Pseudomonas resinovorans,
Arthrobacter sp., Rhodococcus erythropolis, Arthrobacter sp., Arthrobacter sp.,
Exiguobacterium sp., Delftia tsuruhatensis, Bacillus cereus, Pseudomonas fluorescens.
These strains were selected from the native microbial community for their multiple
resistances to heavy metals Diesel oil biodegradation in this case was effective.

Four types of biostimulants such as rice husk (RH), chicken manure (CM), rice
husk and chicken manure in ratio 3:1 (RC_3:1), chicken manure and rice husk in
ratio 3:1 (CR_3:1) showed different potential in heavy metals reduction during soil
decontamination. In particular, high efficiency in Co removing had RC_3:1 (75.8%)
and RH (69%); Zn reduction — CR_3:1 (89.6%) and CM (89%); Cd reduction - CM
(65.5%) and RH (63.6%). Nevertheless, RH and CR_3:1 treatments indicated best
results in petroleum hydrocarbons removal in comparison with other samples (ApAMS
etal, 2017)

The biosorption of heavy metals by biofilms can be optimized using a supporting
medium for microorganisms. A study by SoHAIB et al. (2020) evaluated the
suitability and effectiveness of compost, biogas slurry, corn cob and zeolite as carriers
for maintaining the survival of rhizobacteria and improving the metabolic activity
of multi-strain bacterial consortia. The survival rate of gusA-labeled Pseudomonas
putida, Serratia ficaria and Pseudomonas fluorescens strains was assessed for 90 days.
The results showed that vehicle-based inoculation further enhanced the efficiency of
the multi-strain consortium (SOHAIB et al., 2020).

Immobilization of microorganisms on fixed beds is a common procedure in various
purification systems, often using granular activated carbon as a support matrix for
immobilization (CARPIO et al., 2014).
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The purpose of this study is to estimate the effect of a hybrid biological product for
the reclamation of contaminated land, which relates to the biochemical direction of
stimulating the natural protective properties of the soil complex from the action of
oil and heavy metals.

MATERIALS AND METHODS

Research methods
Conditions for conducting a microfield experiment. The study of quantitative and
qualitative changes in the fractional composition of the soil complex of gray forest soil
was carried out with the introduction of increasing doses of organo-mineral complexes.
This preserves the whole set of natural soil and environmental factors. The experiment
was performed in plexiglass blocks with a perforated bottom with an area of 0.20 m?
(0.4m x 0.5 m). The blocks were filled with gray forest soil from the territory with
a high level of man-caused load, containing lead at the level of 17.6-21.2mg / kg and
cadmium - 0.55-1.00mg / kg (gross form).
Perennial grasses were grown in the blocks, using increasing doses of biocomposite -
a product of anaerobic conversion of sewage sludge (SS) and phosphogypsum. Every
season, the natural vegetation that grew in blocks was mowed and removed from the
soil surface. The soil in the blocks was dug to a depth of 0-20 cm, partially removed from
the blocks, mixed and backfilled into the blocks at random. At the same time, perennial
grasses were used, which are used during crop rotations (clover, a mixture with cereals).
The room temperature was maintained at 295-298 K.
The experiment was carried out according to the scheme of application of a hybrid
biological product at the rate of: 1) 25t / ha; 2) 50t / ha; 3) 75t / ha. It was mixed with
a 0-20cm layer of soil before sowing the crop. The experiment was repeated three times.
Soil samples were taken after harvesting from a layer of 0-20cm. Soil samples from
each replication were mixed and dried in the open air to remove existing plant and
mesofauna residues during sieving through a sieve with a hole diameter of 3 mm. Air-
dry samples were used to determine the HM fractions.
The study of changes in the fractional composition of the soil complex was conducted
to compare the effect of hybrid biological product as a product of anaerobic processing
of sludge and phosphogypsum with the effect of other organo-mineral compositions
on the degree of HM mobility in soil. The following organo-mineral compositions were
used for experimental research:
- organo-mineral compost based on a mixture of phosphogypsum (10 wt.%),
superphosphate (1 wt.%) and cattle humus;
- a combination of a mixture of sodium humate with superphosphate (1: 1).
According to the results of experimental experiments, the percentage of mobile forms
of HM released by the extractant (ammonium acetate buffer solution - AAB) from their
gross content before and after tillage with organo-mineral compositions, the degree of
reduction of HM mobility in the soil with the introduction of various formula:

D, :% -100%

HM
0
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where Dyy is the degree of reduction of mobility of heavy metals in the soil, %; b, is
the initial percentage of mobile forms of HM, %; b, is the percentage of mobile forms
of HM after processing, %.
Microscopic analysis was performed using images of the surface of the object with
high spatial resolution and depth of field in reflected electrons (BSE) using scanning
electron microscopy SEM-EDX (using energy-dispersing analyzer) in combination
with microanalysis to create maps of the mineral composition of soil samples and
biocomposite based on SS and phosphogypsum.
The effect of different doses of biocomposite on soil biome is assessed by changes
in the kinetic parameters of the development of rhizosphere microorganisms, in
particular by the accumulation of microbial biomass.
The method of determining microbial carbon in the soil is based on the respiratory
response of microorganisms in accordance with the method by which microbial
biomass is calculated as follows (KAISER et al., 1992):

Cunicrv=30.0-107 cm*CO,-C/g™"h".
Determination of organic carbon is carried out by the method of Turin, which is
based on the decomposition of organic matter by potassium dichromate in an acidic
environment in accordance with existing methods (DSTU 7855: 2015 Soil quality.
Determination of the group composition of humus by the method of Tyurin in the
modification of Konova and Belchikova. Kyiv, 2016. 13 p.).
The initial incubation period is characterized by increased CO, emissions due to
the redistribution of nutrients in the soil microzones during mixing, separated by
a determination period (up to 5 hours). The average values are calculated over a 25-
hour interval with a relatively constant rate of CO, release.
Measurement of optical density (OD) of cell suspensions was performed by
photometric absorption of culture on a Multiscan analyzer. The optical density,
measured at 600 nm, reflects the concentration of cells in the nutrient medium. In
this case, the bacteria are at the logarithmic stage of growth.
The special software for identification of necessary ecological-trophic groups of
microorganisms and realization of schemes of trophic interactions in associations of
various ecological-trophic groups of microorganisms is used in the work. Taxonomic
classification was performed using electronic databases KEGG database (Kyoto
Encyclopedia of Genes and Genomes), EzBioCloud Database and BacDive (The
Bacterial Diversity Metadatabase).
Statistical processing of the obtained data was performed in the packages of computer
programs MS Office - Microsoft Excel. The difference in averages was considered
significant at a significance level of p <0.05.

RESULTS

Soil profile study

Soils are characterized by an acidic pH value of an average of 5.8 up to 6.5, the absence
or camouflage of transitional horizons along the soil profile, weakly expressed
eluvial and well-defined illuvial horizon of brown-brown color. Behind the sanitary
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protection zone of the dump there are agricultural lands, where the upper horizons
of soils are humus-accumulative and part of the eluvium is plowed. Although gray
forest soils differ from light gray ones in the best agronomic indicators, they are
combined by an acid reaction in the upper horizons, unsaturation of bases, low
nutrient content. This group of soils is believed to have some unfavorable physical
properties due to poor structure.

The figure shows a photograph of a section of the soil profile at the site of soil sampling
for analysis of the content of HM near the phosphogypsum dump. The soil profile
was formed in places with minimal parameters of GTKV-IX = 1.18-1.20, which is
due to climatic and relief factors due to the additional accumulation of moisture in
the wastewater of GTKV-IX decreases to 1.76.

In the profile of gray forest soils near the phosphogypsum heap the following horizons
are distinguished (Figure 1): H - turf of dark brown color (up to 2cm thick); H
- humus-accumulative with dark gray turf with siliceous powder (7-11 cm); E, -
eluvial grayish-whitish color, powdery-lumpy structural composition with carbonate
inclusions, contains many plant roots (18-20 cm); E, - transitional eluvial-illuvial
plate-nut with carbonate inclusions, compacted; gradual transition (6-10 cm); And
- illuvial brown lumpy-prismatic (32-35cm) and P - soil-forming rock from a depth
of 60-80 cm.

An important environmental factor is the presence in the soil of easily soluble in
water, and therefore mobile fulvic acids, which cause the processes of intensive
leaching from the soil profile of many trace elements - Fe, Mn, Zn, Cd, Pb, Sr, V,
including HM. This process is also characteristic of gray forest soils.

: I 2cm Sl

7-11cm H

18-20cm E)

6-10 cm E2

32-35cem |

Figure 1. Profile of gray forest soil near the phosphogypsum dump.
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Soil samples for chemical analysis were dried to an air-dry state according to GOST
5180-84. Air-dry samples were stored in glass containers. Determination of the
elemental composition was carried out using X-ray fluorescence analysis (Figure 2)
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Figure 2. Spectrogram of a mixed soil sample of a plot of agricultural land (private
village - the area closest to the phosphogypsum dump massif).

Substantiation of biochemical transformation of complex hydrocarbon
compounds and heavy metals: experimental modeling

The biological product is offered with an external coating of biodegradable polymer
film, biomass of microorganisms in lyophilized form and a mineral substrate based
on phosphogypsum.

While a nutrient recycling strategy is expected to be a tool for combating particularly
diffuse sources, it is also important to look for opportunities in existing point
sources, and especially where results can be achieved quickly and cost-effectively.
Phosphogypsum contains useful elements (Ca, S, P, Mg, K, Na, microelements),
and the biopolymer film contains organic carbon compounds for the growth of the
necessary ecological and trophic groups of microorganisms-destructors of oil. The
general scheme of the hybrid biological product is presented in Figure 3.
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Figure 3. Scheme of the composition of the hybrid biological product for soil
decontamination.

A method of obtaining a granular hybrid biological product containing immobilized
microorganisms-destroyers of complex petroleum hydrocarbons (genera
Rhodococcus, Acinetobacter, Pseudomonas), which includes immobilization of
microorganisms in the form of a suspension in 6-8% solution of sodium alginate to
which is added by mass fraction 4-7 levels of 10-11 mass fractions and biopolymer
based on plant waste with a mass fraction of 7-10; granulation is carried out in
a rotating plate granulator with mixing of immobilized microorganisms with
a mineral additive of phosphogypsum and biopolymer, at a plate rotation speed
of 75-80 rpm. and granulation times - 15-30 minutes, and get granules, which
are additionally covered with a biopolymer film. The granules are obtained with
a diameter of 5-6.95 mm (Figure 4).

P g 4

Figure 4. General view of the hybrid biological product.

The concentration of the suspension of microorganisms is provided by at least 10*2
CFU / g of granules.
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The structural features of such a hybrid biological product in granular form show
the properties of controlled release of trace elements and reduce the period of
adaptation to the consortium of destructive microorganisms when exposed to an
oil spill combined with heavy metal pollution. In the future, after the disposal of
complex carbon compounds, there is an accumulation of biomass of destructive
microorganisms and sorption of HM with their fixation in insoluble form, which is
confirmed by experimental data (Table 1).

Table 1. Experimental data.

Sampling area The dose of hybrid | The maximum Microbial biomass,
biological product, |specific growth rateof |pgS/g
kg / m? microorganisms pm, h™!
Soil rhizosphere | 2.5 0.254 19213
+0.002 188+5
0.234 183+2
+0.002
0.246
+0.005

Soil rhizosphere | 5.0 0.311 253+3
+0.002 274+2
0.303 269+4
+0.004
0.317
+0.003

Soil rhizosphere | 7.5 0.312 263+5
+0.002 25543
0.310 277+3
+0.004
0.314
+0.002

A comparative characterization of the influence of different organo-mineral
compositions on the degree of reduction of mobile forms of HM in the soil is also
carried out. As can be seen from Figures 5, 6 when making a biogenic composite,
a higher degree of decrease in HM mobility (not less than 70%) was observed in
comparison with other organo-mineral complexes.
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Figure 5. Change in the proportion of mobile forms of heavy metals in the soil
with the introduction of various organo-mineral compositions (BC - biologic
proposed hybrid composition, OMC - organo-mineral compost based on a mixture
of phosphogypsum (10% wt.), Superphosphate (1% wt.) and cattle humus, SHSF -
a combination of a mixture of sodium humate and superphosphate).

DiscussioN
For a more in-depth analysis of the results of the study, a cluster visualization of
innovative technological solutions in the field of combined use of bioprocesses for
detoxification of soils contaminated with heavy metals and petroleum products was
performed.
According to the Scopus database, clusters of innovative research in the field of
bioremediation of soils contaminated with heavy metals and petroleum products
were formed using VOSviewer software. Three clusters were identified (Figure 6):
— red cluster - biotechnological solutions for the binding of complex hydrocarbons
and heavy metals in the matrix structure of various natures with the use of biological
agents;

— blue cluster - processes of biodegradation of pollutants, in particular heavy

metals, in the restoration of soil ecosystems;

— green cluster - technological solutions of phytoremediation using various

combinations of plant species and symbiotic ecological-trophic groups of
microorganisms.
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Figure 6. Visual simulation clusters (all clusters are united by common research
thematically and regionally).

Fast growth and high above ground biomass yield are among the requisites needed
for phytoextraction purposes. In addition, the establishment of a rich root system
could create a favourable niche for rhizosphere microorganisms, which is required
for rhizodegradation. The results of this study seem to be consistent with those
obtained by Kirk et al. (2005), who reported no alfalfa phytotoxicity up to 15.000 mg
kg dry weight (DW) of TPH, while they observed that growth of seedlings was
stressed and stunted at higher TPH levels (31.000 mg kg' DW).

Bioaugmentation with P. aeruginosa had a positive effect on plant biomass production.
There was an initial trend to improve plant biomass, which became statistically
significant for shoots and roots after 90 days. Soil inoculation with P. aeruginosa
enhanced shoot biomass by 15, 33 and 56% at 30, 60 and 90 days, respectively.
Similarly, root biomass was also increased by 13, 19 and 105% at 30, 60 and 90 days,
respectively. These results are in accordance with previous studies, in which plant
growth promoting ability of P. aeruginosa was assessed for other plant species.
Antagonistic effects between metals in multi-metal contaminated soils (FLOGEAC et
al.,2007) in addition to the simultaneous presence of organic pollutants and soil ageing
could have also contributed (LIN et al., 2008). The extent of metal accumulation in
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alfalfa shoots was not influenced by the bioaugmentation treatment. In contrast, soil
bioaugmentation had a statistically significant effect on root metal concentrations:
Zn content was decreased at 90 days, while Cu content was increased at 60 days. The
decrease of metal accumulation when plants were growing in bioaugmented soil could
be the consequence of a dilution effect’ of the increase of plant biomass facilitated
by bacteria. In addition, metal immobilization onto bacteria due to biosorption
processes could have also contributed to reduce metal availability, as P. aeruginosa
has been reported to biosorb metals like Cu, Pb and Zn (GaBR et al., 2008; PEREZ
SiLva et al., 2009). The distinct impact of bioaugmentation on Cu accumulation by
alfalfa may be explained by specific coordination properties (i.e. stability constant of
chelating molecule- metal complex) of siderophores (e.g. pyoverdine) produced by
P, aeruginosa towards particular metals like Cu (Cornu et al., 2014).

Indigenous microorganisms of the present soil appeared to be adapted and functional
for petroleum hydrocarbons degradation, as demonstrated by the 37% TPH removal
in natural attenuation treatment. Although biodegradation is generally considered
as the main pathway for pollutant removal in natural attenuation (DECLERCQ et al.,
2012) other mechanisms (e.g. volatilization) could have also been involved. Moreover,
recent studies support the idea of an active role of alfalfa plants in the rhizospheric
degradation of hydrocarbons as the result of the action of plant enzymes released
in root exudates (MURATOVA et al., 2014). Finally, an abiotic contribution could be
attributed to root exudates, which have been demonstrated to enhance soil desorption
of pollutants, improving bioavailability and subsequent biodegradation potential as
a result (LEFEVRE et al., 2013). Bioaugmentation with P. aeruginosa resulted in even
greater remediation efficiency (59%). The present results seem to be consistent with
a previous comparative study which demonstrated that bioaugmentation was more
effective than natural attenuation on the degradation of light (C12-C23) and heavy
(C23-C40) fractions of TPH in soil samples (Bento et al., 2005). It can be hypothesized
that the observed increase in TPH removal when soil inoculation was performed are
due to P. aeruginosa hydrocarbon-degrading ability (J1 et al., 2013). The association
between alfalfa and P. aeruginosa appeared to be particularly effective in terms of
TPH removal as a result of the processes mediated by both bacteria and plants. As
the bioaugmentation assisted phytoremediation treatment resulted in a 31% increase
of TPH removal, relative to natural attenuation, and a 10% and 22% increase in TPH
removal was obtained for phytoremediation and bioaugmentation, respectively, in
the individual treatments. Although the contribution to TPH removal of bacteria
(bioaugmentation treatment) was greater than that of plants (phytoremediation
treatment), the advantageous effect of plants is not only limited to the enhancement
of pollutant dissipation in the rhizosphere.

Chemically assisted phytoremediation. The higher enzyme activity in the rhizosphere
can be explained by different mechanisms. Firstly, the stimulation of microbial
activity mediated by rhizodeposition of organic carbon by plants, which creates
an environment rich in organic substrates for microorganisms. Secondly, a direct
contribution by plants releasing enzymes by roots or by lysis of root cells (NANNIPIERI
et al. 2012). Regarding the amendments, soil lipase activity constantly increased over
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time in the presence of citric acid alone and in combination with Tween" 80. The
positive effect of citric acid on lipase activity may be explained by the mobilization of
metal ions in the presence of the organic acid. In the review by SHARMA et al. (2001),
the positive effects of metal ions (e.g., Ca, Co, Cu, Fe, Mg) on lipase production by
microorganisms were reported, but also inhibition of lipase activity was described by
metals (e.g., Ag, Fe, Hg, Zn), possibly as a result of enzyme conformation alteration.
Thus, the obtained results of using a hybrid combination biological product are
consistent with the results of previous studies and reveal new prospects for the use of
secondary resources as mineral feed and sorbent material for the necessary ecological
and trophic groups of microorganisms in biodegradation of complex petroleum
hydrocarbons and metabolic fixation of heavy metals.

CONCLUSIONS

Effective ways to restore landscapes degraded was determined in the process of the
inflow of components of drilling waste, primarily crude oil and heavy metals into the
soil. Effective reclamation is possible through the development and implementation of
a method of biological remediation of soils as part of a comprehensive technology for
their purification.

The practical implementation of the developed approaches will ensure the restoration
of impaired functions of natural complexes in oil fields, which are negatively affected at
all stages of the technological process of oil production, from drilling exploratory wells
to decommissioning of existing wells.

Drilling of wells often takes place on the territory of agricultural lands, which are
temporarily withdrawn from their intended use. As a result of oil production, halos
are formed with varying degrees of chemical pollution and degradation, which is
associated with the loss of fertile properties of the soil.

The biological product is offered with an external coating of biodegradable polymer
film, biomass of microorganisms in lyophilized form and a mineral substrate based on
phosphogypsum. A comparative characterization of the influence of different organo-
mineral compositions on the degree of reduction of mobile forms of HM in the soil is
also carried out. The higher degree of decrease in HM mobility (not less than 70%) was
observed under BC used in comparison with other organo-mineral complexes.
Further directions of research can be distinguished as follows: to study the patterns of
oil geofiltration, which determine the specific effect of toxic effects on the local biota;
provide an assessment of the risk of destabilization of ecosystems; to develop and
implement technology of biological purification of soils from oil and heavy metals.
The relevance of the planned research is emphasized by the fact that as a result of
their implementation it will be possible not only to restore the disturbed functions
of natural geosystems, but also to prevent the withdrawal of large areas of land from
agricultural use.
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