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PRISPEVOK K VYSKYTU DENNYCH MOTYLOV (LEPIDOPTERA:
PAPILIONOIDEA) OKOLIA OBCI VYCHODNEHO SLOVENSKA,
CAST 5 - KOZUCHOVCE (LABORECKA VRCHOVINA)

Alexander Csanady

Department of Biology, Faculty of Humanities and Natural Sciences, University of PreSov,
17.novembra 15, 080 01 PreSov, Slovakia [alexander.canady@gmail.com]
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The author investigated butterflies of superfamily Papilionoidea in the surround-
ings of village KoZuchovce (Laborecka vrchovina Mts, Eastern Slovakia) during
years 2015-2016. This study builds on the results obtained in the study area of
north-eastern Slovakia and complement faunistic data which may be the basis for
further ecological evaluation. There were 69 butterfly species identified of 1444
individuals belonging to 5 families. Several species with of European and Nation-
al importance status were identified (Iphiclides podalirius, Lycaena dispar, L. al-
ciphron, Phengaris arion, Plebejus idas, Polyommatus daphnis, Brenthis ino, Melitaea
phoebe, M. diamina and M. britomartis). According to the habitat preferences of but-
terflies were recorded: 19 ubiquistic species, 26 mesophilic species, 19 xerother-
mophilic species, 4 hygrophilous and 1 tyrphophilous species. Similarly, studied
site represents a set of several microhabitats, which creates favourable conditions
for the survival of several species.

UvoD jednotlivych faunistickych tidajov nielen pre lepSie
poznanie miestnej fauny, ale najmé pre jej zhodno-
tenie z viacerych ekologickych hl'adisk ako aj pre
lepSiu ochranu samotnych druhov a ich biotopov
(Canady 20164, b). Ciasto¢né vysledky zo siedmych
sledovanych lokalit (Stropkov, Duplin, Potoky, To-
kajik, Mirola, KoZuchovce a JakuSovce) a potvrde-

0 poznani fauny dennych motylov severovychod-
ného Slovenska na uzemiach patriacich do orogra-
fickych celkov Ondavskej a Laboreckej vrchoviny
bolo podrobne uvedené v pracach Canady (2011,
2012, 2014, 2015, 2016a, b). Na uzemi Laborec-
kej vrchoviny, kam svojou polohou patri aj uze-

mie okolia obce KoZuchovce boli uskuto¢nené via-
ceré faunistické vyskumy (BartuSova & Panigaj
2004; Canady 2016a, b; Caputa 1985, 1987; Hruby
1964; Jaszay & Panigaj 1987; Kuruc 2003; Macko-
va 2014; Panigaj 1994, 1999a, b, 2000; Panigaj &
Reiprich 1998; Panigaj & Richter 2003; Smajdova
2003). Potvrdenie vyskytu viacerych pozoruhod-
nych druhov so slovenskym ¢i eurépskym vyzna-
mom poukdazali na potrebu intenzivneho zbierania

nie vyskytu 81 druhov dennych motylov s r6znou
biotopovou preferenciou na Gzemi severovychod-
ného Slovenska uvadza (Canady 2016b). Viaceré
druhy su pre svoju zranitelnost chranené a zarade-
né do viacerych kategoérii podla Cerveného zozna-
mu Slovenskej republiky (Kulfan & Kulfan 2001)
ako aj do Cerveného zoznamu eurépskych motylov
(van Swaay et al. 2010). Na zaklade vlastnych ako
aj vyssie publikovanych prac je moZné konStatovat,
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ze celkovy pocet druhov na sledovanom uzemi je
ovela vyssi.

Preto aj hlavnym cielom predkladaného prispevku
je nadviazat na vysledky ziskané na sledovanom
uzemi a doplnit faunistické udaje, ktoré v buduc-
nosti mézu byt podkladom pre podrobnejsie vy-
hodnotenie lepidopterocendz.

MATERIAL A METODY

Vrokoch 2015 - 2016 bol uskuto¢neny vyskum den-
nych motyl'ov v okoli obce KoZuchovce (DFS 6696,
49°19’ s. z. 8., 21°42" v. z. d., 360 - 460 m n. m.) si-
tuovanej na severovychodnom Slovensku (subpro-
vincia Vychodné Karpaty, orograficky celok Labo-
recka vrchovina).

Vyskum bol realizovany entomologickou sietkou
alebo priamym pozorovanim v priebehu mesiacov
april az september na troch vybranych Studijnych
plochach (B, C a D). Podrobny opis pouzitej tran-
sektovej metody podla prace (Pollard 1977) je uve-
dena v predoslych pracach (cf. Canady 2011, 2012,
2014, 2015, 20164, b). Rovnako boli jedince odchy-
tavané a zaznamendavané aj pri prechode obcou ale-
bo tzemim katastra obce (A, obr. 1). Pocas tohto
prechodu boli vyhladdavané okrem li¢nych poras-
tov aj iné rozmanité typy krovin, zarastov na okraji
lesa resp. priamo v lesnom poraste, okraje vodnych
¢i podmacanych biotopov a vegetacie za ucelom

zaznamenania vzacnejSich druhov, alebo druhov
viazanych na SpecifickejSie habitaty. Vsetky za-
znamenané letiace resp. sediace jedince boli deter-
minované priamo v teréne, zaroven boli jedincom
zotrené kridelné Supiny tak aby nedoslo k posko-
deniu kridel a aby sa predislo ich opatovnému spo-
¢itaniu. Udaje o vyskyte druhov boli zaznamenané
do terénneho protokolu alen v nevyhnutnom pripa-
de boli tazko urcitelné druhy odoberané k d’alsie-
mu laboratérnemu spracovaniu a determinované
pomocou urcovacich kl'iov a atlasov (Jaksi¢ 1998;
Bélin 1999; Slamka 2004).

Odchytené druhy motyl'ov boli zaradené do prislus-
nych celadi podla najnovsej systematickej klasifi-
kacie (Pastoralis et al. 2013).

Na zaklade biotopovej viazby (Benes et al. 2002),
boli motyle rozdelené do piatich skupin: (U): ubik-
vista: druh, schopny Zit na vsSetkych biotopoch,
vratane agroceno6z a ruderalov; (M1): mozofil-1:
druhy zijuce na otvorenych biotopoch predovset-
kym na mezofilnych likach; (M2): mezofil-2: druhy
preferujiice rozhranie lesnych a ld¢nych bioto-
pov, lesné luky a svetliny a pod.; (M3): mezofil-3:
druhy zijuce v lesnych biotopoch; (X1): xeroter-
mofil-1: druhy Zijliice na otvorenych xerotermnych
biotopoch, prevazne na nizko stebelnych stepnych
travnikoch a skalnych stepiach; (X2): xerotermo-
fil-2: lesostepné a krovinové druhy; (H): hygrofil:
druhy Zijice na podmacanych likach a slatinach

Google earth

Obrazok 1. Studijné plochy v okoli obce KoZuchovce (Zdroj: ©2016 Google, Image©2016 CNES/Astrium).
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(eutrofnych mokradiach); (T): tyrfofil: druhy oli-
gotrofnych mokradi, bud’ tyrfobiontné (Zijuce len
na raseliniskach) alebo tyrfofilné druhy (preferu-
juce raseliniska).

Podl'a mobility boli motyle rozdelené do deviatich
kategorii: (1): extrémne sedentarne; (2): vel'mi se-
dentarne; (3): sedentarne (4): skor sedentarne; (5):
menej sedentarne; (6): ochotné rozptylenia; (7):
mobilné; (8): vel'mi mobilné; (9): extrémne mobilné
(Bartonova et al. 2014).

Druhy boli zaroven podla klasifikacie Tischler
(1949) zaradené do piatich stuptiov dominancie:
eudominantné (Ed) > 10,0 %, dominantné (Do) 5 aZ
9,9 %, subdominantné (Su) 2 az 4,9 %, recedentné
(Re) 1 az 1,9 % a druhy subrecedentné (Sr) < 0,9 %.

Na porovnanie druhovej zhody (podobnosti) po-
rovnavanych studijnych plochach boli pouzité in-
dexy identity: Jaccardov index (Ja) a Soérensenov
index (S6). Na vyjadrenie druhovej rozmanitosti
bol vypocitany Shannon-Weaverov index diverzity
avyrovnanosti (H a ]J) Na vypocitanie prislusnych
indexov bol pouzity Statisticky program PAST ver-
zia 3.11 (Hammer et al. 2001). Rovnako na porov-
nanie pocetnosti spolo¢nych druhov v oboch Stu-
dijnych plochach bol pouzity chi-kvadrat test (x?)
za pouzitia Statistického programu GraphPad Pri-
sm version 5.01 (GraphPad Software, Inc., San Die-
go, California, USA).

Biotopy a datumy odchytov

Motyle boli zaznamenané pocas 11 odchytovych
terminov na vybranych studijnych plochach s cie-
l'om pokryt ¢o najvacsie spektrum biotopov: 16. 4.
2015 - (A, B, C,D); 18.5.2015 - (A, B, D); 5. 6. 2015
-(A,B,C,D); 1.7.2015 - (A, B, C, D); 6. 8. 2015 - (A,
B, C,D); 1.9. 2015 - (A, B, C, D); 6. 5. 2016 - (A); 12.
6.2016 - (A, B, C,D); 10.7.2016 - (A, B, D); 7.8. 2016
- (A, B,C,D); 19.9.2016 - (A).

(A) - intravilan a extravilan obce: odchyty a po-
zorovania jedincov priamo v obci, alebo pocas pre-
chodu katastrom obce. Biotopy odchytov predsta-
vovali zmes biotopov: zna¢ne pozmenené l'udskou
¢innostou ako su zahrady, ruderalne a krovinné
spolo¢enstva okrajov ciest, vegetacia pozdiz Kozu-
chovského potoka, mokriny, mezofilné luky, okra-
je lesnych porastov, agrocenézy s réznou intenzi-
tou vyuZzivania a podobne. Na izemi sa nachadza
aj slatinné spoloCenstvo s dominanciou ostrice
(Carex spp.) a papernik Sirokolistého (Eriophorum
latifolium).

(B) - mezofilna lika: linia odchytu stredom me-
zofilnej luky (severozdpadne od obce), uskutocne-
ny transektovou metédou na ploche 0,12 ha (dizka
x §irka linie: 230 x 5 m) okrajom mezofilnej luky a
dubovo-hrabového lesa (obr. 1).

(C) - lesna cesta: liniu odchytu tvoril lesny chod-
nik cez dubovo-hrabovy les (severovychodne od

obce). Odchyt uskutoéneny na ploche 0,12 ha (diz-
ka x $irka linie: 230 x 5 m, obr. 1).

(D) - oKkraj lesa a liky: linia na rozhrani lesného
a lu¢neho biotopu severovychodne od obce. Odchyt
bol uskutoéneny liniovou metédou na ploche 0,12
ha (dizka x 3irka linie: 230 x 5 metrov, obr. 1).

VYSLEDKY A DISKUSIA

Pocas prieskumu lepidopterofauny v rokoch 2015-
2016 bolo celkovo zaznamenanych 1444 jedincov
69 druhov motyl'ov s dennou aktivitou (Papilionoi-
dea) patriacich do 5 celadi.

Z celkového poctu pripadalo na studijnt plochu (B)
389 jedincov patriacich k 41 druhom, na plochu (C)
7 jedincov 3 druhov a na plochu (D) 424 jedincov 45
druhov motylov. Zaroven bolo odchytenych v ka-
tastri obce (Studijna plocha A) este 624 jedincov
patriacich 62 druhom (tab. 1).
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Obrazok 2. Percentudlne zastipenie dennych motylov
okolia obce Kozuchovce (Laborecka vrchovina) podla
ich biotopovej vazby (Benes et al. 2002): (U): ubikvista;
(M1): mozofil-1; (M2): mezofil-2; (M3): mezofil-3; (X1):
xerotermofil-1; (X2): xerotermofil-2; (H): hygrofil; (T):
tyrfofil.
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Obrazok 3. Eudominantné, dominantné a subdomi-
nantné druhy dennych motylov okolia obce Kozuchovce
(Laborecka vrchovina).
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Podla biotopovej vazby motylov bolo zazname-
nanych 19 ubikvistickych druhov, 26 mezofilnych
druhov (6 druhov: mezofil-1, 15 druhov: mezofil-2
a 5 druhov: mezofil-3), 19 xerotermofilnych dru-
hov (12 druhov: xerotermofil-1 a 7 druhov: xeroter-
mofil-2), 4 hygrofilné druhy a 1 tyrfofilny az hyg-
rofilny druh (tab. 1, obr. 2). Okrem ubikvistickych
druhov (27,5 %) dominovali na lokalite mezofilné
druhy (37,6 %) a vyznamne zastuipené boli aj druhy
xerotermofilné (27,5%). Uvedeny prehlad zazna-
menanych druhov (tab. 1) spolu s ich biotopovou
vazbou (obr. 2) potvrdili, Ze na skimanej lokalite
sa nachadza viacero mikrohabitatov vhodnych pre
prezivanie viacerych druhov. Uzemie okolia obce
Kozuchovce rovnako ako aj d’alsie sledované uze-
mia (Canédy 2011, 2012, 2014, 2015, 20164, b) po-
ukazali na doéleZzitost a ich vyznam z hladiska za-
chovania biodiverzity. Podla Cerveného zoznamu
Slovenskej republiky (Kulfan & Kulfan 2001) a Cer-
veného zoznamu eurépskych motylov (van Swaay
etal.2010) boli potvrdené viaceré druhy (tab. 1) za-
radené medzi druhy zranitelné alebo medzi druhy
takmer ohrozené az ohrozené. Su to predovset-
kym perlovec krvavcovy (Brentis ino), hnedacik ne-
vadzovy (Melitaea phoebe), hnedacik podunajsky
(M. britomartis), hnedacik cermelovy (M. diamina),
modracik Ciernoskvrny (Phengaris arion), ohniva-
Cik vel'ky (Lycaena dispar), ohnivacik modroleskly
(L. alciphron), modracik hnedoskvrny (Polymmatus
daphnis) ako aj iné. Menované druhy su preto pris-
ne chranené v zmysle vyhlasky Ministerstva Zivot-
ného prostredia Slovenskej republiky ¢. 24/2003
Z. z., ktorou sa vykonava zakon ¢.543/2002 Z. z.
oochrane prirody a krajiny v zneni neskorsich
predpisov (Pastoralis et al. 2013).

Zaznamenané motyle a ich pocetnosti zo Studij-
nych ploch (B a D) boli porovnavané za ticelom po-
rovnania ,mikro“ habitatov. Celkovo bolo zazna-
menanych 35 spolo¢nych druhov, z ktorych viaceré
druhy mali zaroven eudominantné, dominantné
alebo subdominantné zastuipenie v spolocenstve
dennych motylov na oboch S$tudijnych plochach
(tab. 1, obr. 3). Druhy patrili podla stupnice mobi-
lity (cf. Bartonova et al. 2014) skor k sedentarnym
t.j. vegetaCne viazanym na habitaty urcitej kvality,
z ktorych sa velmi nevzdaluju. BartuSova & Panigaj
(2004), Bartonova et al. (2014) uvadzaju, Ze takéto
druhy su doéleZitejSim ukazovatelom kvality spolo-
Censtva a ich ohrozenost je zvyraznena tym, Ze pri
akejkol'vek zmene kvality prostredia reaguju na nu
vel'mi citlivo svojou pocetnostou. Odchyty nazna-
¢ili vyraznejsie rozdiely v pocetnosti i druhovom
zloZeni. Sest’ druhov (O sylvanus,. C. argiades, C. ar-
giolus, A. aglaja, A. niobe a P. aegeria) boli zazname-
nané len na ploche B. Rovnako aj pre plochu D bol
zaznamenany Specificky vyskyt deviatich druhov
(P. machaon, C. croceus, L. phleas, C. rubi, A. agestis,
P. semiargus, A. paphia, A. iris a E aethiops). Podla
stupnice mobility (cf. Bartonova et al. 2014) patrili

vSetky druhy s vynimkou P. machaon a C. croceus
medzi sedentarne, alebo skor sedentarne. Aj ked’
boli zistené isté rozdiely v druhovom zloZeni, vy-
soka druhova podobnost oboch porovnavanych li-
nii bola potvrdend pomerne vysokymi hodnotami
Jaccardovho (Ja=68,6%) a Sorensenovho inde-
xu (S6 =81,4 %). Rovnako bol potvrdeny aj vyso-
ky stupen druhovej diverzity a vyrovnanosti (tab.
2). Porovnanim spolo¢nych druhov medzi oboma
porovnavanymi plochami boli potvrdené Statis-
ticky vysoko vyznamné rozdiely v ich pocetnosti
(x*=58,38; df =34; p=0,0058, p < 0,01).

Pre ¢elad Papilionidae boli potvrdeny zastupcovia
dvoch druhov s nizkou pocetnostou tvorenou len 6
jedincami. Napriek nizkej pocetnosti, ich vyskyt bol
pravidelne zaznamenany na izemi Ondavskej a La-
boreckej vrchoviny (Bartu$ovéa & Panigaj 2004; Ca-
nady 2011, 2012, 2014, 2015, 20164, b; Kuruc 2003;
Mikula 2013; Smajdova 2003), ¢o potvrdzuje, Ze
na sledovanych tizemiach nachadzaji vhodné pod-
mienky na dlhodobé preZivanie.

Sedem druhov bolo zaznamenanych z celade Hes-
periidae s dominantnym zastipenim Thymelicus
sylvestris (tab. 1, obr. 3). Druh patri k najbeZnej-
$im zastupcom celade a je pravidelne vo vysokych
pocetnostiach zaznamenavany na severovychod-
nom Slovensku (Bartu$ova & Panigaj 2004; Cana-
dy 2011, 2012, 2014, 2015, 2016a, b; Mikula 2013;
Smajdova 2003), ktoré mu svojimi ekologickymi
podmienkami vyhovuju (Benes et al. 2002). Os-
tatné druhy mali len recedentné az subrecedentné
zastupenie. VyraznejSie vys$sia pocetnost bola za-
znamenana len pre Erynnis tages a Ochlodes sylva-
nus (tab. 1). Pri porovnani vyskytu na jednotlivych
stanovistiach (B a D) bolo zaznamenanych 5 spo-
lo¢nych druhov (tab. 1), so Statisticky nevyznam-
nym rozdielom v ich pocetnosti (x? = 1,31; df = 4;
p =0,860).

Z celade Pieridae bolo zaznamenanych osem dru-
hov, opat' s dominanciou rodov Leptidea a Pieris (cf.
Canédy 2011, 2012, 2014, 2015, 20164, b). Pre obe
porovnavané plochy bolo zaznamenanych 6 spo-
lo¢nych druhov (tab. 1) bez Statisticky vyznam-
ného rozdielu v ich pocetnosti (x* = 9,95; df = 5;
p=0,077).

Z celade Lycaenidae bolo zaznamenanych 20 dru-
hov, pricom len 7 druhov (tab. 1) bolo spolo¢nych
pre obe plochy (B a D) bez Statisticky vyznam-
ného rozdielu v ich pocetnosti (x? = 10,33; df = 6;
p=0,112). Ohnivaciky rodu Lycaena pocetnostou
netvorili vyraznu zlozku lepidopterocendzy, ale
vyskyt viacerych druhov, najma L. dispar a L. al-
ciphron su délezité z faunistického a ochranar-
skeho hladiska. Medzi dalSie méZeme zaradit aj
vyskyt Phengaris arion a Polyommatus daphnis za-
radené v Cervenom zozname Slovenskej republiky
k zranitelnym druhom. Vyskyt ostatnych druhov
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Tabul'ka 2. Druhova pocetnost, pocetnost jedincov a
hodnoty indexov diverzity a vyrovnanosti spolo¢enstva
motylov na vybranych Studijnych plochach (B, D) okolia
obce Kozuchovce.

Indexy diverzity B D
Shannon-Weaverov index diverzity (H) 3,09 3,13
Shannon-Weaverov index ekvitability (]) 0,83 0,82
Pocet jedincov 389 424
Pocet druhov 41 45

s vynimkou potvrdenia druhov Plebejus idas a P. ar-
gyrognomon na sledovanej lokalite nebol ni¢im pre-
kvapujuci a vyrazne sa nelisil od predoslych ziste-
ni (BartuSova & Panigaj 2004; Canédy 2011, 2012,
2014,2015,20164a, b; Mikula 2013; §majdové 2003).
Vyskyt oboch druhov bol potvrdeny preparaciou
kopulacnych organov a ich vyskyt vo vacsich po-
Cetnostiach sa neda celkom vylucit, pre ich moznua
vzajomnu zamenu, ktora sa na zaklade morfologie
kridel priamo v teréne neda odlisit. Na druhej stra-
ne, nizka pocetnost pripadne aj iplne prehliadnu-
tie oboch uvedenych druhov méze byt sposobené
aj zvysenou pocetnostou druhu P. argus a nemoz-
nostou odchytenia a preverenia vsetkych jedincov.

Druhovo najpocetnejSou skupinou motylov bola
Celad’ Nymphalidae s 32 zaznamenanymi druhmi
patriacich k dvom podceladiam: Satyrinae a Nym-
phalinae. Viaceré druhy mali vyraznejSie zastupe-
nie v spolocenstve (tab. 1, obr. 3). Spolo¢nych pre
obe porovnavané lokality bolo 16 druhov (tab. 1),
s vyznamnym rozdielom v ich pocetnosti pre pod-
Celad Nymphalinae (x? = 17,84; df =8; p = 0,023, p<
0,05) a nevyznamnym rozdielom pre podcelad’ Sa-
tyrinae (x* = 9,24; df = 6; p = 0,161). Vyznamné bo-
li odchyty a potvrdenia vyskytu viacerych druhov
(Argynnis niobe, Brenthis ino, Melitaea phoebe, M.
diamina a M. britomartis), ktoré su uvedené aj v Cer-
venom zozname Slovenskej republiky so sucasnym
statusom zranitel'nosti az ohrozenosti. Z podcela-
de Satyrinae si zvySenu pozornost zasluzi vyskyt
Minois dryas, ktorého pocetnost sa za posledné ro-
ky vyrazne zvysila a ktorého vyskyt a pripadne $i-
renie bude potrebné v buducnosti lepSie sledovat
(Bartu$ova & Panigaj 2004, Canady 2011, 2012,
2014, 2015, 20164a; Jaszay in verb.; Kuruc 2003; Mi-
kula 2013; Panigaj in verb.; Smajdova 2003). Rov-
nako to plati aj pre druh Argynnis laodice, ktorého
vyskyt na sledovanej lokalite okolia obce KoZzZu-
chovce nebol zaznamenany. Vyskyt na severovy-
chode Slovenska podrobne zhrnul a zhodnotil (Pa-
nigaj 1999b) a novsimi tidajmi potvrdili Smajdova
(2003), Bartu$ova & Panigaj (2004), Canady (2014,
2015) a Csanady (nepubl.).

Opis spolocenstva zalozeny len na pocte vysky-
tujdcich sa druhov je velmi dolezity, ale eSte nic

nehovori o jeho diverzite a vyrovnanosti. Diverzi-
ta zahfila okrem druhového bohatstva aj ddlezity
aspekt numerickej Struktary, ktory predstavuje
beZnost a vzacnost samotnych druhov (BartuSo-
va & Panigaj 2004). Spolocenstvo dennych moty-
l'ov je v okoli obce KoZuchovce bohaté a vyskytuja
sa tu viaceré vzacne a ohrozené druhy viazané na
xerotermné a hygrofilné biotopy otvorenej krajiny.
Vzhl'adom na to, Ze izemie je aj vystavené postup-
nej sukcesii, ktora ohrozuje spolocenstva rastlin
avyskyt druhov viazanych na tieto typy habitatov
(cf. Koc¢ikova et al. 2014) a v budicnosti by bolo po-
trebne uskuto¢nit kontrolny monitoring spolocen-
stva na sledovanom tzemi. Vyskyt druhov s celo-
europskym vyznamom (I. podalirius, P. machaon,
L. dispar, L. alciphron, Ph. arion, Brenthis ino, Melita-
ea phoebe, M. diamina a M. britomartis, P. daphnis,
P. idas) len zdoraziuju ochranu daného tizemia spo-
jent s vhodnym manaZmentom obhospodarovania
lacnych a lesnych ekosystémov (Bartusova & Pani-
gaj 2004).

PredovSetkym v obdobi kosby kvetnatych ik sa
treba vyhnut celoploSnému koseniu v kratkom ca-
sovom intervale, ale postupovat v mozaikach, pru-
hoch, ponechavat nekosené okraje, ktoré mozu byt
nasledne skosené pri dalSej kosbe o niekol’ko dni
neskor, alebo az v nasledujucom roku. Vel'koplos-
né kosenie spojené priamo s mul¢ovanim v obdobi
plného letu sposobuje, Ze dospelé i vyvojové Stadia
jedincov prichadzaju nielen o zdroj potravy, ale aj
k priamemu znicenie vajicok a dalSich vyvojovych
stadii. Luky by sa tiez nemali hnojit, odvodnovat
ale naopak snazit' sa o obnovu druhovo bohatych
stanovist. MenSie mechanické narusenia vegetac-
ného krytu (prejazdom vozidlom, pastvou a podob-
ne) moézu obohatit podmienky stanovist, ¢im sa
podpori vyskyt vzacnejsich pastvinovych druhov.
Doélezité je aj zamedzenie sukcesie mezofilnych ru-
deralov postupnym vyrezavanim krovin, spasanim
a dokonca aj riadenym vypalovanim.

PREHLAD MOTYLOV PODLA TERMINOV
ODCHYTU A LOKALIT

Cel'ad vidlochvostovité (Papilionidae) - 2 spp. (6
ex.):

Iphiclides podalirius - 5 ex.: 18.5.2015 - 1 ex. (B);
6.8.2015 - 1 ex. (B); 6.5.2016 - 1 ex. (A); 7.8. 2016
- 1lex.(A), 1ex. (D).

Papilio machaon - 1 ex.: 18.5. 2015 - 1 ex. (D).
Celad’ sumraénikovité (Hesperidae) - 7 spp.
(148 ex.):

Erynnis tages - 28 ex.: 18.5. 2015 - 1 ex. (B), 2 ex.
(D); 5.6.2015 - 3 ex. (B), 1 ex. (D); 6.8.2015 - 4 ex.
(A), 2 ex. (B), 3 ex. (D); 1.9. 2015 - 1 ex. (B); 6.5.
2016 - 2 ex. (A); 7.8.2016 - 7 ex. (A), 2 ex. (D).
Pyrgus malvae - 3 ex.: 18.5. 2015 - 2 ex. (B), 1 ex.
(D).

Pyrgus alveus - 2 ex.: 7.8. 2016 - 2 ex. (A),
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Thymelicus lineola - 9 ex.: 1.7. 2015 - 1 ex. (A);
6.8.2015 -4 ex. (A), 1 ex. (B); 10.7.2016 - 2 ex. (B),
7.8.2016 - 1 ex. (D).

Thymelicus sylvestris - 81 ex.: 1.7. 2015 - 15 ex.
(A), 15 ex. (B), 16 ex. (D); 6.8.2015 - 1 ex. (A4), 1 ex.
(B); 12.6.2016 - 4 ex. (A), 8 ex. (B); 10.7. 2016 - 10
ex. (B), 10 ex. (D); 7.8. 2016 - 1 ex. (D).

Hesperia comma - 7 ex.: 6. 8. 2015 - 1 ex. (A), 2 ex.
(B), 3 ex. (D); 7.8.2016 - 1 ex. (B).

Ochlodes sylvanus - 18 ex.: 1.7. 2015 - 1 ex. (B);
1.9. 2015 - 1 ex. (A); 12.6.2016 - 11 ex. (A); 7.8.
2016 - 5 ex. (A)

Celad mlynarikovité (Pieridae) - 8 spp. (163 ex.):
Leptidea sinapis - 55 ex.: 16.4. 2015 - 3 ex. (A);
18.5.2015 -1 ex. (B), 3 ex. (D); 5. 6.2015 - 2 ex. (D);
1.7.2015 - 3 ex. (A), 10 ex. (D); 6. 8. 2015 - 6 ex. (A),
2 ex.(D); 1.9.2015 - 4 ex. (A); 6.5. 2016 - 8 ex. (A);
12.6.2016 - 4 ex. (B), 1 ex. (D); 10.7. 2016 - 1 ex.
(A), 3 ex.(B),2ex.(D); 7.8.2016 - 2 ex. (A).
Leptidea juvernica - 16 ex.: 16. 4. 2015 - 1 ex. (A);
18.5. 2015 - 1 ex. (B), 2 ex. (D); 5.6.2015 - 3 ex.
(A); 1.7.2015 - 2 ex. (B); 1.9. 2015 - 1 ex. (A); 6. 5.
2016 - 4 ex. (A); 10.7. 2016 - 1 ex. (A); 7.8. 2016 -
1 ex. (A).

Pieris brassicae - 3 ex.: 1.7. 2015 - 1 ex. (A); 7. 8.
2016 - 2 ex. (A).

Pieris rapae - 38 ex.: 1.7. 2015 - 3 ex. (A); 6.8.
2015 -3 ex.(A), 3 ex.(B); 1.9.2015 - 1 ex. (A); 7. 10.
2015 - 3 ex. (A); 6.5. 2016 - 1 ex. (A); 12.6.2016 -
2ex. (A), 5 ex. (D); 7.8. 2016 - 5 ex. (A), 1 ex. (D);
19.9.2019 - 11 ex. (A).

Pieris napi - 16 ex.: 16.4. 2015 - 1 ex. (A); 18.5.
2015 - 2 ex. (B), 2 ex. (D); 5.6.2015 - 1 ex. (A); 1. 7.
2015 - 2 ex. (A), 1 ex. (D); 6.5. 2016 - 5 ex. (A);
12.6.2016 - 1 ex. (A); 7.8.2016 - 1 ex. (A).

Colias croceus - 3 ex.: 7.8. 2016 - 1 ex. (A), 2 ex.
(D).

Colias hyale - 4 ex.:.18. 5. 2015 - 1 ex. (B), 2 ex. (D);
7.8.2016 - 1 ex. (A).

Gonepteryx rhamni - 28 ex.: 16. 4. 2015 - 6 ex. (A),
1ex.(B); 18.5.2015 -1 ex. (B); 5.6.2015 - 3 ex. (A);
6.8.2015 -2 ex. (B); 7.10.2015 - 3 ex. (A); 6. 5. 2016
-7ex.(A); 10.7.2016 - 1 ex. (A), 3 ex. (B); 7.8. 2016
-1ex. (D).

Celad’ ohnivaéikovité (Lycaenidae) - 20 spp.
(379 ex.):

Lycaena phleas - 2 ex.: 18.5. 2015 - 1 ex. (D); 19.9.
2016 - 1 ex. (A).

Lycaena dispar - 5 ex.: 5.6.2015 - 1 ex. (B), 2 ex.
(D); 6.8.2015 - 1 ex. (A); 19.9.2016 - 1 ex. (A).
Lycaena virgaureae - 28 ex.: 1.7. 2015 - 1 ex. (A),
5ex. (B), 12 ex. (D); 6.8.2015 - 2 ex. (A); 1.9. 2015
-1lex.(A); 12.6.2016 - 1 ex. (B); 10.7. 2016 - 1 ex.
(A), 2 ex. (B), 2 ex. (D); 7.8. 2016 - 1 ex. (D).
Lycaena tityrus - 25 ex.: 18.5. 2015 - 1 ex. (B),
7 ex. (D); 5.6.2015 - 1 ex. (A), 1 ex. (D); 6.8. 2015
-5ex.(A), 2 ex. (B), 4 ex. (D); 7.8.2016 - 4 ex. (A).
Lycaena alciphron - 10 ex.: 1.7. 2015 - 6 ex. (B),
4 ex. (D).

Lycaena hippothoe - 10 ex.: 12. 6.2016 - 10 ex. (A).
Thecla betulae - 1 ex.: 6. 8. 2015 -1 ex. (A).
Callophrys rubi - 1 ex.: 5.6.2015 -1 ex. (D).
Cupido minimus - 1 ex.: 7.8. 2016 - 1 ex. (A).
Cupido argiades - 19 ex.: 18.5. 2015 - 1 ex. (A),
1.7.2015 - 2 ex. (A), 2 ex. (B); 1.9. 2015 - 7 ex. (A),
2 ex. (B); 7.8.2016 - 4 ex. (A), 1 ex. (B).

Cupido decolorata - 1 ex.: 6.8. 2015 - 1 ex. (A).
Celastrina argiolus - 1 ex.: 6. 8. 2015 - 1 ex. (B).
Phengaris arion - 15 ex.: 1.7.2015 - 1 ex. (B), 1 ex.
(D); 6.8.2015 - 6 ex. (A), 1 ex. (B), 1 ex. (D); 10.7.
2016 - 2 ex. (B), 2 ex. (D); 7.8. 2016 - 1 ex. (D).
Plebejus argus - 174 ex.: 5.6.2015 - 5 ex. (4), 20
ex.(B),5ex.(D); 1.7.2015 - 1 ex. (A), 4 ex. (B), 1 ex.
(D); 6.8.2015 - 40 ex. (A), 6 ex. (B), 17 ex. (D); 1. 9.
2015 - 1 ex. (A), 8 ex. (B), 1 ex. (D); 12.6.2016 - 10
ex. (A), 9 ex. (B), 3 ex. (D); 7.8. 2016 - 30 ex. (A),
3 ex.(B), 10 ex. (D).

Plebejus idas - 1 ex.: 1.9. 2015 - 1 ex. (A).
Plebejus argyrognomon - 1 ex.: 12.6.2016 - 1 ex.
(A).

Aricia agestis - 5 ex.: 6.8. 2015 - 1 ex. (D); 7.8.
2016 - 2 ex. (A), 1 ex. (D); 19.9. 2016 - 1 ex. (A).
Polyommatus semiargus - 6 ex.: 5.6.2015 - 1 ex.
(A); 12.6.2016 - 3 ex. (A); 10.7. 2016 - 1 ex. (A),
1 ex. (D).

Polyommatus daphnis -1 ex.: 1.7. 2015 - 1 ex. (A).
Polyommatus icarus - 72 ex.: 5. 6.2015 - 3 ex. (4),
2 ex.(B); 1.7.2015 - 1 ex. (B); 6.8. 2015 - 2 ex. (A),
2 ex. (B), 4 ex. (D); 1.9. 2015 - 8 ex. (A), 8 ex. (B);
12.6.2016 - 8 ex. (A), 1 ex. (B), 1 ex. (D); 7.8. 2016 -
20 ex. (A), 2 ex. (B), 10 ex. (D).

Cel'ad babockovité (Nymphalidae) - 32 spp. (748
ex.):

Argynnis paphia - 9 ex.: 1.7. 2015 - 2 ex. (D); 6. 8.
2015 -6 ex. (A), 1 ex. (D);

Argynnis aglaja - 4 ex.: 1.7. 2015 - 2 ex. (B), 6. 8.
2015 -1 ex. (A), 10.7.2016 - 1 ex. (A).

Argynnis adippe - 46 ex.: 1.7. 2015 - 10 ex. (A), 8
ex. (B), 3 ex. (D); 6.8. 2015 - 9 ex. (A), 2 ex. (B), 5
ex. (D); 12.6.2016 - 2 ex. (A), 2 ex. (D); 10.7. 2016 -
2 ex.(A), 1ex.(B); 7.8.2016 - 2 ex. (A).

Argynnis niobe - 4 ex.: 1. 7. 2015 - 4 ex. (B).
Issoria lathonia - 1 ex.: 6. 8. 2015 - 1 ex. (A).
Brenthis ino - 9 ex.: 1.7. 2015 - 1 ex. (A); 12.6.
2016 - 8 ex. (A).

Brenthis daphne - 9 ex.: 1.7. 2015 - 1 ex. (A);
12.6.2016 - 6 ex. (A); 10.7.2016 - 2 ex. (A).
Boloria euphrosyne - 2 ex.: 18.5. 2015 - 1 ex. (A);
6.5.2016 - 1 ex. (A).

Boloria selene - 115 ex.: 18.5. 2015 - 5 ex. (B),
3 ex. (D); 5.6.2015 - 6 ex. (A), 31 ex. (B), 21 ex. (D);
6.8.2015 - 10 ex. (A), 12 ex. (B), 16 ex. (D); 12.6.
2016 - 10 ex. (A); 7.8. 2016 - 1 ex. (A).

Boloria dia - 28 ex.: 18.5. 2015 - 8 ex. (B), 4 ex.
(D); 1.7.2015 - 1 ex. (B); 6.8. 2015 - 1 ex. (D); 1.9.
2015-2ex.(A), 3 ex.(B); 10.7.2016 - 1 ex. (A), 3 ex.
(B), 1 ex. (D); 7.8.2016 - 1 ex. (A), 3 ex. (B).
Vanessa atalanta - 1 ex.: 7.8. 2016 - 1 ex. (A).
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Vanessa cardui - 7 ex.: 18.5. 2015 - 3 ex. (B), 1 ex.
(D); 10.7.2016 - 1 ex. (A), 1 ex. (B); 7.8.2016 - 1 ex.
(A).

Araschnia levana - 10 ex.: 16. 4. 2015 - 3 ex (A),
lex.(C);18.5.2015-1ex.(D); 1.9.2015 - 1 ex. (A);
6.5.2016 - 4 ex. (A).

Aglais io - 6 ex.: 16.4. 2015 - 2 ex (A), 1 ex. (B),
1 ex.(D); 10.7.2016 - 1 ex. (A), 1 ex. (D).

Aglais urticae - 11 ex.: 16. 4. 2015 - 2 ex (A), 1 ex.
(D); 5.6.2015 - 1 ex. (A), 2 ex. (B); 1.7. 2015 - 1 ex.
(A); 6.8.2015 -1 ex. (A); 12.6.2016 - 3 ex. (A).
Nymphalis antiopa - 1 ex.: 6. 5. 2016 - 1 ex. (A).
Nymphalis c-album - 2 ex.: 12.6. 2016 - 1 ex. (A);
7.8.2016 - 1 ex. (A).

Apaturairis-2ex.:1.7.2015 -1 ex. (A); 6.8.2015
-1ex. (D).

Melitaea phoebe - 2 ex.: 5.6. 2015 - 1 ex. (A); 7. 8.
2016 - 1 ex. (A).

Melitaea didyma - 3 ex.: 6.8.2015 - 1 ex. (B), 1 ex.
(D); 10.7.2016 - 1 ex. (B).

Melitaea diamina - 2 ex.: 12.6. 2016 - 2 ex. (A).
Melitaea britomartis - 11 ex.: 1. 7. 2015 - 2 ex. (A),
4 ex.(B), 4 ex. (D); 12.6.2016 - 1 ex. (A).

Melitaea athalia - 24 ex.: 5.6. 2015 - 2 ex. (A), 5 ex.
(D);1.7.2015 -1 ex. (A), L ex. (B), 4 ex. (D); 12. 6. 2016
-6ex.(A), 2 ex. (D); 7.8.2016 - 2 ex. (A), 1 ex. (D).
Pararge aegeria -9 ex.: 18.5. 2015 - 2 ex. (A), 2 ex.
(B); 5.6.2015 -1 ex. (C); 1.7.2015 - 1 ex. (C); 6. 8.
2015-2ex.(C), 7.8.2016 - 1 ex. (A).
Coenonympha glycerion - 31 ex.: 5. 6. 2015 - 1 ex.
(D); 1.7.2015 - 1 ex. (A), 11 ex. (B), 11 ex. (D); 12. 6.
2016 - 1 ex. (A), 4 ex. (B), 1 ex. (D); 10.7. 2016 -
1 ex. (A).

Coenonympha pamphilus - 133 ex.: 18.5. 2015 -
15 ex. (B), 15 ex. (D); 5. 6. 2015 - 8 ex. (B), 8 ex. (D);
6.8.2015 - 3 ex. (A), 5 ex. (B), 5 ex. (D); 1.9. 2015 -
4 ex. (A), 5 ex. (B), 4 ex. (D); 12.6. 2016 - 5 ex. (A),
4 ex. (D); 7.8.2016 - 30 ex. (A), 7 ex. (B),15 ex. (D).
Aphantopus hyperanthus - 14 ex.: 1.7. 2015 - 1
ex.(A),5ex.(B),5ex.(D); 6.8.2015 - 1 ex. (D); 10. 7.
2016 - 2 ex. (B).

Maniola jurtina - 136 ex.: 1.7. 2015 - 20 ex. (A),
15 ex. (B), 17 ex. (D); 6.8. 2015 - 10 ex. (4), 5 ex.
(B), 2 ex. (C), 15 ex. (D); 1.9. 2015 - 9 ex. (A), 2 ex.
(D); 12.6.2016 - 3 ex. (A), 1 ex. (D); 10.7. 2016 - 5
ex. (B), 3 ex. (D); 7.8.2016 - 15 ex. (A), 4 ex. (B), 10
ex. (D).

Erebia aethiops - 3 ex.: 6.8. 2015 - 2 ex. (D); 7.8.
2016 - 1 ex. (A).

Erebia medusa - 31 ex.: 18.5. 2015 - 1 ex. (4),
4 ex. (D); 5.6. 2015 - 3 ex. (A), 9 ex. (B), 10 ex. (D);
12.6.2016 - 2 ex. (A), 2 ex. (D).

Melanargia galathea - 33 ex.: 1.7.2015 - 10 ex. (B),
9 ex. (D); 6.8. 2015 - 3 ex. (A), 1 ex. (B), 2 ex. (D);
10.7.2016 - 3 ex. (B), 1 ex. (D); 7.8.2016 - 4 ex. (A).
Minois dryas - 49 ex.: 6. 8. 2015 - 6 ex. (A), 4 ex. (B),
20 ex. (D); 7.8.2016 - 16 ex. (A), 2 ex. (B), 1 ex. (D).
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ABSTRACT

The following light microscopy study is dedicated to the structural description of
resting cysts from two limnic heterotrichous species of ciliates, Blepharisma lat-
eritium (Ehrenberg, 1831) Stein, 1859 and Stentor roeselii Ehrenberg, 1835. Both
limnic samples were taken from the same location in Slovakia. In addition to stand-
ard observations during the encystation process of B. lateritium (changes in shape,
volume, size; resorption of ciliature and others), we identified a specific structure
around the encysting cells known as the ,paper layer”. The most significant feature
is the morphology of ectocyst and the presence of specific conical-shaped plug (es-
cape apparatus). In addition to B. lateritium resting cysts, we described the resting
cysts structure of S. roeselii for the first time. We recorded the unusual number of
pillars visible in the form of thin hem just below the cyst surface. The outer layer
(most likely ectocyst) appeared very striated, distally marked by a mucous layer.
Unambiguously, this is the most conspicious feature of the cystic wall. The literary
data suggest that there is still little information about these two species, as well as
about cyst morphology in ciliates in general. This work can provide the basis for
further research.

INTRODUCTION

of predators in the environment, massive over-
growth, temperature, salinity and pH, stimulate

The important part of the life cycle of the most cili-
ates is the formation of the resting cysts - encys-
tation. The antagonistic process of encystation is
excystation (Verni & Rosati 2011). These process-
es represent a strategy against unfavourable envi-
romental factors. The factors that control the en-
cystation-excystation cycle (further than E-E cycle)
in ciliates are very diverse (Gutiérrez et al. 2001;
Verni & Rosati 2011). Many authors consider dessi-
cation and lack of a food source as the most uni-
versal exogenous inducers of the encystation pro-
cess. Other factors such as day length, the presence

both processes, especially in limnic species (Mulish
& Hausmann 1989; Calvo et al. 2003; Verni & Rosa-
ti 2011). A number of current studies with descrip-
tions of resting cysts and E-E cycles in ciliates are
available in the literature.

According to Foissner et al. (2007) and Verni & Ro-
sati (2011), the detailed morphological and physio-
logical information on resting cysts were available
until 2007 for less than 40 species of ciliates. De-
spite the growing interest from this period, the is-
sue of resting cysts still offers many opportunities
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for interesting exploration (Foissner et al. 2007;
Foissner 2009; Verni & Rosati 2011).

The resting cysts morphology of two limnic spe-
cies Blepharisma lateritium and Stentor roeselii was
basically described in this study. We studied only
live observations of resting cysts structure of both
species.

Several authors have been devoted to the resting
cysts morphology of the genus Blepharisma. The
resting cysts of species B. lateritium, B. stoltei and
B. undulans had already been basically described
by Repak (1968), Walsh & Isquith (1979), Mulisch &
Hausmann (1989) and Foissner et al. (1992). For ex-
ample, the progress of the encystation process and
resting cysts were described in Repak (1968) for B.
stoltei and in Cavaleiro et al. (2017) for B. sinuosum.

The resting cysts of the species S. roeselii had not
been previously described in any work. The resting
cysts of the genus Stentor have been examined very
poorly. This information is summarized in Tartar
(1961) and Foissner et al. (1992). The information
is only for the species S. coeruleus, S. niger and S.
polymorphus. Even Foissner questioned the correct
identification of the resting cysts of the species S.
polymorphus, since the data are from the works of
Stein (1867) and have not yet been verified by oth-
er current research. Data on the S. roeselii are still
lacking. We have described the basic structure of
resting cysts in light microscopy for the first time.

MATERIAL AND METHODS

Blepharisma lateritium and Stentor roeselii were iso-
lated from the same limnic sample taken from Vah
River in the locality of Liskova (near Ruzomberok),
Northern Slovakia (N 49°5’ 3”, E 19°21° 9”) on 8. 4.
2016. The samples were collected from a littoral
zone and transported in glass bowls (bottles) with
a volume of 250 - 300 ml to laboratory conditions.
Subsequently, these original samples were used
for identification and to obtain a raw culture of the
studied ciliates. The samples were investigated in
alaboratory on the second and third day after field
collecting. During this time, the highest abundance
of specimens of both species was also recorded.

Later, a part of the original culture and tap water
(in a ratio of 1 : 1) was transferred to Erlenmeyer
flasks with a volume of 250 ml with the aim of in-
ducing encystation.

The main factor that induced encystation was the
loss of natural conditions associated with a gradual
depletion of a food source in the culture dishes. In
about 2 - 3 days (in the case of a species B. lateriti-
um) and about 6 - 7 days (in the case of a species S.
roeselii), the cells began to encyst.

Trophic cells, the encystation process and the rest-
ing cysts structure were observed using only the

optical microscope Leica DM 1000 at low (100 -
400 x) and high (1000 x; with immersion) magnifi-
cations. In vivo measurements of cystic cells were
conducted at magnifications of 100 - 1000 x. All
images were captured using a Leica EC3 camera.
Schemes were graphically processed in the Corel-
Draw X6 and X7 program.

Identifications of the species of B. lateritium and
S. roeselii are based on the work of Foissner et al.
(1992). Resting cyst morphology is based on Berger
(1999) and Foissner et al. (2007).

RESULTS AND DISCUSSION

In 2016, we selected two species of limnic ciliates,
Blepharisma lateritium and Stentor roeselii under
laboratory conditions. We tried to follow and de-
scribe the structure of resting cysts of both spe-
cies. Moreover, we succeeded to capture the pro-
cess of the encystation, precystic stages and young
cysts of B. lateritium in the samples. Our results are
discussed with available data.

Blepharisma lateritium (Ehrenberg, 1831)
Stein, 1859

The first morphological changes occurred 2 - 3
days after the beginning of cultivation. During this
initial stage, we recognised a significant decrease
in movement activity and a change in the shape of
the encysting cell. The typical tear drop to lancet
shape (markedly elongated in the direction of the
longitudinal axis) of the trophic specimen (Fig. 1a)
changed into an irregular oval shape of a precys-
tic cell (Fig. 1b). The posterior and anterior parts
of the cell were still recognisable. The body length
shortened, compared with the size of the trophic
cell (90 x 60 - 80 um vs. 110 - 170 x 70 - 100 pum).
Somatic ciliary rows, buccal apparatus and single
contractile vacuole on the side of the cell were still
recognisable (about 1 - 3 hours after onset of en-
cystation). The contractile vacuole was visible in all
precystic cells. The basic description of the precys-
tic stage is in accordance with the work of Repak
(1968). However, besides the fundamental chang-
es in the shape and size of the precystic cells, we
also observed a relatively atypical phenomenon. A
special ,paper layer” (Fig. 1b) was created around
these encysting cells during the encystation The
paper layer was irregular in shape in this stage. Its
thickness was about 10 - 20 pum.

The young cysts (about 3 - 4 hours after onset of en-
cystation) (Fig. 1c) were globular, averaging about
60 - 70 um in diameter in vivo. The majority of the
precystic cells and resting cysts of B. lateritium oc-
cured individually. The ,paper layer” was present
around each young cyst. Unlike the precystic stage,
itis evenly dispersed around the entire cell.
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The young cysts still had typical structures of
trophic cells (as in the previous case of precystic
cells), e. g. contractile vacuole. The contractile vac-
uole was not visible in all cystic cells. These struc-
tures disappeared after a complete encystation
(about 12 - 24 hours after onset of encystation). Af-
ter that time, we distinguished the mature resting
cysts in all culture dishes.

The resting cysts, averaging about 50 - 70 pm in di-
ameter in vivo, retained a spherical shape of young
cysts. The mature resting cysts (Fig. 1d) of B. lat-
eritium had been previously described briefly in
the works of, e. g, Foissner et al. (1992). We did not
notice any significant differences in size (50 - 70
pm vs. 60 - 80 pm). Mulish & Hausmann (1989) de-
scribed somewhat larger cysts of B. undulans, aver-
aging about 100 - 150 pm.

Repak (1968) distinguished on the basis of size two
types of Blepharisma stoltei resting cysts — smaller
cysts (60 - 75 um) generally lacking coloration and
larger cysts (110 - 140 um) with a dark brown cyst-
ic wall. In our research of B. lateritium, we recorded
only one type of cyst.

In mature resting cysts, a cystic wall was created.
First, we recorded the presence of a semi-transpar-
ent layer. It formed a contiguous layer around each
resting cyst and likely represented the outer layer -
ectocyst. This statement agrees with the definition
of ectocyst of species Blepharisma stoltei (Repak
1968) and Cavaleiro et al. (2017). Except for the ex-
ternal ectocyst, we recognised endocyst and meso-
cystic space within the cystic wall. The mesocystic
space was present between the ectocyst and endo-
cyst. Its thickness was about 5 - 7.5 pm. The endo-
cyst was very thin, about 1 pum. In some cells the
wall of the encysted cell was visible. All layers of
the cystic wall were smooth. There was no specific
ornamentation on the surface. In some cases, only
bacteria occurred along the ectocyst.

The most significant feature of the resting cysts
was the escape apparatus known as the plug (Fig.
1d). According to Repak (1968), Foissner (1993),
Calvo et al. (2003), Bourland et al. (2017) and oth-
ers, some species of ciliates break through the plug
apparatus of the cystic wall. The specimens become
thin in the middle of the cell and eventually squeeze
through the plug. The specific conical-shaped plug
of B. lateritium is located above the cytoplasm of
the encysted cell and separated from it by a thin
line. It extends beneath the endocyst. The presence
of this structure was confirmed by Repak (1968)
and Foissner et al. (1992), as well. Besides the es-
cape device, this plug plays another important role
as well during the excystation process. The study
by Repak (1968) claims that the substances (most
likely polysacharids) collected in the plug do not
have only a protective function in the resting cysts,

but they also serve as the first source of energy
during excystation.

Morphologically similar resting cysts with an es-
cape apparatus in the form of a plug are typical, e. g.
peritrich ciliate Opisthonecta henneguyi (Calvo et al.
2003), oligotrich ciliates Pelagostrombidium fallax
(Miiller 1996; Miiller & Wiinsch 1999), Limnostrom-
bidium viride (Miiller & Wiinsch 1999) and some
representatives of the genus Strombidium (Kim
et al. 2008). According to Bourland et al. (2017),
unique, smooth, flask-shaped resting cysts with a
distinct neck-like escape apparatus are character-
istic for the ciliate Urostomides denarius (Armopho-
rea). Moreover, the resting cysts of Heterometo-
pus palaeformis also had a similar escape aperture,
however, the resting cysts are ovoidal in shape (Es-
teban et al. 1995; Bourland et al. 2017).

On the basis of these data, we can assume that the
presence of the plug is not only related to a certain
group of ciliates, but occurs within taxonomically
different groups.

The cytoplasm of trophic specimens is deeply pink-
pigmented (Repak 1968; Giese 1973). This pigment
calls blepharismin. In contrast, the resting cysts
partially or completely lost their coloration during
the encystation process. The partial absence of pig-
ment in resting cysts (as opposed to the presence
in the trophic cells) was also observed in other spe-
cies as well. Repak (1968) confirmed the changes
of cytoplasm colour during the encystation pro-
cess of the species Blepharisma stoltei. The pigment
was present only in the periphery of the cells cy-
toplasm. The changes in cytoplasmic staining dur-
ing the encystation process of Blepharisma sinuo-
sum have been described in Cavaleiro et al. (2017).
According to this study, the pink coloration was
present in all cytoplasmic content in the precystic
stages and in young cysts. But, the pigmentation
of the cytoplasm of mature cysts was brown. They
observed pigment accumulation only toward the
plug. Nevertheless, Cavaleiro et al. (2017) assume
that blepharismin possibly plays a important role
in cyst biology.

The mechanism of pigment extrusion of genus
Blepharisma is still unknown. However, based on
the results of Repak (1968), this pigment extrusion
may be the result of ionic changes at the level of the
pellicle and cell membrane associated with cyto-
plasm coagulation during the late stage of the en-
cystation process. Basic cytochemical analyses of
Blepharisma resting cysts are summarized by Re-
pak (1968) and Mulish & Hausmann (1989). In this
case, further cytochemical research is necessary.

Stentor roeselii Ehrenberg, 1835

We recorded the first resting cysts in cultures
approximately 6 - 7 days after the beginning of
cultivation.
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Figure 1. Blepharisma lateritium (Ehrenberg, 1831) Stein, 1859.

a - representative trophic specimens in vivo, b - precystic stage with specific ,paper layer” around the encysting cell (arrowhead
marks the anterior part of cell), ¢ - young cyst with the emerging cystic wall, d - mature resting cyst with plug. CV - contractile
vacuole, EC - ectocyst, EN - endocyst, PL - plug. Scale 100 pm (orig.).
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Figure 2. Stentor roeselii Ehrenberg, 1835.

a - representative trophic specimen in vivo (arrowheads mark the elongated macronucleus), b - resting cyst with unusual pillars
(columnar layer) in the form of hem below the cyst surface. MA - macronucleus, MCL - mucous layer. Scales (a) 300 pm, (b) 100 um

(orig.).
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Allresting cysts were globular (versus horn-shaped
trophic specimen), averaging about 120 - 140 pm
in diameter in vivo. This represented a significant
size decrease from the active specimen dimensions
of 500 - 1000 um (Fig. 2a). In contrast, according
to Stein (1867) and Tartar (1961), a bottled shape
for the resting cysts of S. coeruleus and S. polymor-
phus is characteristic. In contrast, the resting cysts
of S. niger were described as small, brownish and
spherical. Even on the basis of these results, we can
assume morphological variability of resting cysts
structure within the genus Stentor, however, future
investigation is still required.

The cytoplasm of S. roeselii cysts was much more
denser than the cytoplasm of trophic specimens.
We identified regularly hooked dark macronuclear
mass (Fig. 2b) on the side of the cell (compared to
the elongated shape of the macronucleus of the ac-
tive specimen, it is even rougher but shortened).

The cystic wall had a unique structure (Fig. 2b). It
was columnar with many pillars visible in the form
of a thin hem just below the cyst‘s surface(Fig. 2b).
The outer layer (most likely ectocyst) appeared
quite striated, distally marked by a mucous layer
(15 - 20 pm) on the cyst's surface. Similar struc-
ture of the cystic wall is characteristic for the rest-
ing cysts of the hypotrich species Caudiholosticha
stueberi. The cystic wall of this species is distally
slightly widened with many notched pillars (Berg-
er 2006).

The density of resting cysts in culture was not high.
We observed about 1 - 2 cystic cells per 0.5 ml of
culture sample. Based on these results, we can as-
sume that the species S. roeselii reacts much more
slowly than species B. lateritium (from the same
sample), and the encystation process also takes
a longer time. Similarly, the works of Kamiyama
(1996) and Chao et al. (20133, b) confirm the fact
that some limnic species of ciliates have a different
rate of encystation (e. g. in terms of time). Moreover,
it is much harder to induce encystation under labo-
ratory conditions, and the processes of encystation
and excystation in natural conditions are bound to
certain periods of the year. Seasonal variation of
these processes is typical, e. g. for planktonic oli-
gotrich ciliates (Kim & Taniguchi 1995, 1997; Mil-
ler & Wiinsch 1999; Chao et al. 2013a, b and others).
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Walnut husk fly Rhagoletis completa Cresson, 1929 is reported for the first time
from Slovakia. Data on the distribution, morphology and biology of the species are

Walnut husk fly Rhagoletis completa Cresson 1929
originates from North America, it was also consid-
ered as subspecies of Rhagoletis suavis ssp. comple-
ta Cresson. The species is native to southern and
central USA and northernmost part of Mexico. Since
1920 is adventive in western part of USA (White &
Elson-Harris 1992). R. completa was first time re-
ported in Europe from Italy where it was recorded
attacking walnuts in Veneto and Friuli Venezia Gi-
ulia. Later the species was observed damaging wal-
nuts in some areas of Piermont and Lombardi. Soon
the species was regularly observed also in Croatia
(Bjelis 2008) and Bosnia and Herzegovina (Ostojic
et al. 2014). Beside of this, restricted or occasional
occurrence of R. completa is known also from Aus-
tria, France, Germany, Hungary, Netherlands and
Slovenia (CABI/EPPO 2014). So far, four Rhagoletis
species were known from the territory of Slovakia
(Kozanek 1998).

Findings in Slovakia. R. completa was first time re-
corded in Slovakia in the frame of extensive ento-
mological research of insect communities in urban
environment (Bratislava) at collecting sites Bratis-
lava - Raca (N 48° 12" 34.93", E 17° 9" 8.94"), 18. 8.

2017: 33, 39 and 4. 9. 2017 13, 29 and Bratislava
- Petrzalka (N 48° 7" 30.4", E 17° 7" 29.797): 1J. All
specimens were collected by using of Malaise traps.
Additional specimens were obtained in the frame of
the regular monitoring of insect pests provided by
Central Control and Testing Institute in Agriculture
in Bratislava at collecting sites Bratislava - RuZinov
(N 48°9’39.51%, E 17° 10’ 53.17"), 6. 9. 2017 by us-
ing of yellow sticky traps and Hrn¢iarovce nad Par-
nou (N 48° 20’ 37.63", E 17° 33’ 57.097), 11. 9. 2017
(6 living larvae).

Description of adult. Head is semi-globular; frons
in both sexes is yellow, orange-yellow in lower
half. Antennae are entirely yellowish. Mesonotum
is brown, its lateral and hind margin dark brown.
Scutellum is yellowish brown with dark brown
margins. Brown margins of mesonotum and scutel-
lum are darker in male. All femora in male are dark
brown to brownish black. Front and mid femo-
ra in female are brown, hind femora light brown.
Tibiae in both sexes are light brown, hind tibiae
brown. Tarsi are yellowish brown last two tarsal
segments are darkened. The wing pattern of trans-
versal bands is similar to other Rhagoletis species,
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accessorial transversal band is missing. Abdomi-
nal terga in both sexes are brown progressively
darkened posteriorly. It can be easily differentiates
from further economically important Central Eu-
ropean Rhagoletis cerasi by the absence of accesso-
rial band between preapical and discal transversal
band and brown coloration of mesonotum (black in
R. cerasi) (Fig. 1 and 2).

Description of third instar larva. Colour of liv-
ing larvae shiny, whitish, due to fat body, brown-
ish content of the intestine can shine trough. Body
subcylindrical, tapering on both anterior and pos-
terior end, integument smooth, only creeping welt
equipped by transversal rows of small back-curved
spines. Cephalic segment is simple, rounded. Anal
segment truncated, ventrally with bilobed anal
pad. Anterior spiracles with 15 papillae, posterior
spiracles simple (Fig. 3).

Cephaloskeleton of third instar larvae. The mouth
hooks are strongly developed, subparallel, with
bluntapex and strong ventral process. The epistom-
al sclerite delicate, C-shaped in dorsal view. The in-
termediate sclerite H-shaped in ventral view, the
apical parts are strongly sclerotised. The subhy-
postomal sclerites converging, V-shaped in later-
al view. The posterior sclerite: parastomal bars
thin, up-curved distally; vertical plate well devel-
oped, with strongly sclerotised anterior part; dor-
sal bridge with T-shaped sclerotised area; dorsal
and ventral cornua almost equally broad; the ven-
tral cornua in ventral view our-glass shaped. Phar-
ynx with 8 grooves (Fig. 4).

Host plants and impact of larval development. In
North America, walnut husk fly was recorded from
several species of Juglans (. californica, J. hindsii, J.
nigra) but only exceptionally from ] .regia, which is
the main host of this species in Europe. According
to the literature data it can attack also stone fruits
(Prunus persica) (Bush 1966). Hislop et al. (1981)
described two types of walnut fruit damage. Larvae
of early infestation populations impede the kernel

resulting in malformations of nuts or even empty
shell. In normal or late-season infestation larvae
feed on mesocarp causing the whole husk or large
portion of it to turn black but the kernel is undam-
aged. Ciampolini & Trematerra (1992) observed
50 % infestation of harvested walnuts in Italian or-
chards and Kasana & Aliniazee (1996) recorded up
to 95 % infestation on untreated trees in Oregon.

Biology of walnut husk fly. Based on the study of
Kasana & Aliniazee (1996) from Oregon, adult fly
emerge from late June till the mid of August occa-
sionally up to early September. The peak of oviposi-
tion is in August. Females lay eggs bellow the skin
of the walnut fruit, eggs hatch after 3 to 7 days. Lar-
vae usually feed 2 - 5 weeks on the mesocarp. Ma-
ture larvae leave the fruit, pupate in the soil under
the host tree where over winter in the pupal stage.
Adult flies live up to 40 days depending under the
field conditions. Similarly as in other Rhagoletis
species, adult dispersion is reduced to short dis-
tance, long distance distribution is caused mainly
by the transport of infected fruits. Parasitic wasps
Biosteres sublaevis (Braconidae), Coptera occidenta-
lis (Diapriidae) and Trybliographa sp. (Figitidae) are
natural enemies of walnut husk fly.
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Figure 1. Male of walnut husk fly Rhagoletis completa.

Figure 2. Female of walnut husk fly Rhagoletis completa.
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Figure 3. SEM images of third instar larva of Rhagoletis
completa.

A -ventral view; B - lateral view; C - cephalic segment and tho-
rax, lateral view; D - rear end of the larva; AD - anal division;
ap - anal pad; cs - cephalic segment; T1-T3 - 1st to 3rd thoracal
segments; ps - posterior spiracles
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Figure 4. Cephaloskeleton of Rhagoletis completa, third
instar.

From top: dorsal, lateral and ventral view; dc - dorsal cornua;
db - dorsal bridge; es - epistomal sclerite; is - intermediate
sclerite; mh - mouth hooks; pb - parastomal bar; ph - pharynx;
ss - subhypostomal sclerite; vc - ventral cornua; vb - ventral
bridge; vp - vertical plate.
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