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Podékovani
Svoji praci bych chtél vénovat pamatce prof. RNDr. Jiftho Gaislera DrSc., ktery mé

pfivedl k vyzkumu netopyri a byl skvélym ucitelem i kolegou.

Ekologicky vyzkum je naro¢ny casové a casto i fyzicky, a proto by vétSina praci
nemohla vzniknout bez vydatné pomoci mnoha prétel, kolegli a studentt.
Vyzvednout bych viak cht&l zejména pi#inos kolegy a piitele doc. Zdetika Rehaka, se
kterym jsem zacinal svoji védeckou kariéru a stravil dlouhé noci pfi terénnich
vyzkumech. Z dalsich spoluautortt jsem vdécny za stimulujici spolupraci svym
byvalym studentim H. Berkové, K. Petrzelkové a M. Pokornému, a v poslednich
nékolika letech také kolegim z Veterindrni a farmaceutické univerzity prof. J.
Pikulovi a MVDr. H. Band'ouchové.

Vyzkum v jeskynich Moravského krasu by nebyl moZny bez spoluprace
s organizacemi, které se o ochranu tohoto vyznamného tizemi staraji a zodpovédné
jej spravuji. Dik tedy patii i pracovnikiim Spravy CHKO Moravsky a Spravy jeskyni
Moravské krasu, pfic¢emz neocenitelnym pomocnikem byl vzdy RNDr. M. Kovarik,
ktery je nejen dobrym kolegou, ale i kamaradem.

Nakonec bych rad podékoval své manzelce a dceram, bez jejichz podpory by

moje , blazniva” honba za netopyry nebyla moZna a tato prace by nikdy nevznikla.



Abstract

This thesis is presented as a set of selected 28 scientific papers with 20 of them
published in peer reviewed journals indexed by impact factor. All papers concern
various aspects of bat ecology and behavior studied mostly at their roosts located in
the Moravian Karst or its surrounding, as the roosts are one of the most important
limiting resources for bats, influencing many factors of their life and the Moravian
Karst with high number of natural roosts is ideal region for such bat research.

Thesis is divided into five parts (see below) which reflect high variability of
bat life. Nevertheless, in bat roosts or their entrances one may obtain with high
probability sufficient material for both study of specific parameters of bat life (e.g.
hibernation) or testing of general ecological hypothesis such as predator - prey
interaction, respectively. Of course, we tried to minimalize disturbance of bats

during all our studies

Themes of bat research studied at their roosts in the Moravian Karst and its
surrounding:

1. changes of bat abundance and community structure

2. shelter selection and bat movement activity

3. emergence and return flight activity at roost entrance

4. anti-predation behavior during emergence and return flight activity

5. heavy metals and white-nose syndrome - potential threats for bat populations
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1. Struktura a zaméreni habilita¢ni prace

Habilita¢ni prace je predkladéna jako soubor origindlnich védeckych praci, ktery je
doplnén obecnym komentatem k jednotlivym studovanym problematikdm. Celkem
se jednda o 28 publikovanych praci, ztoho je 20 publikaci v ISI ¢asopisech tzn.
indexovanych impakt faktorem vcetné jednoho rukopisu v recenznim fizeni, a jedna
kapitola v knize. Nejedna se pfitom o vSechny védecké publikace autora, ale pouze o
vybér praci, jejichZ jednoticim tématem je vyzkum ekologie netopyrti prevazné
v oblasti Moravského krasu a jeho okoli.

Vysledky téchto studii jsou ve shrnujicim komentafi zasazeny do obecného
kontextu dané problematiky, pfi¢emz vétsina studii vyznamné doplituje aktudlni
znalosti ekologickych aspektli Zivota netopyrti, které je mozné studovat v jejich
prirozenych tukrytech nebo v jejich blizkém okoli. Rozdéleni praci do péti
studovanych problematik (viz nize) zarovenl odrazi obrovskou variabilitu Zivota
netopyrt (hibernace vs. obdobi aktivity, odpocinek v tkrytu vs. energeticky naro¢ny
lov apod.). Dilezitym faktorem pfitom u vSech vyzkumi byla snaha o minimalizaci
ruseni studovanych zvirat, jelikoZ vSechny druhy letounti (Chiroptera) jsou v Evropé

zafazeny mezi chrdnéné druhy zivocichda.

Problematiky studované u netopyra* v jejich akrytech v Moravském krasu a okoli:
1. zmény pocetnosti a struktura spolecenstva netopyrt

2. vybér ukryth a letova aktivita netopyra

3. vyletova a navratova aktivita u vchodu do akrytu

4. antipredac¢ni chovani béhem vyletové a navratové aktivity

5. tézké kovy a syndrom bilého nosu - potencidlni hrozby pro populace netopyri

*Autor v dalsim textu pouZivd pojem ,netopyr” jako ekvivalent pro celou skupinu letounii

zahrnujice jak druhy z podrddu Vespertilioniformes, tak i Pteropodiformes.



2. Uvod

Netopyfi jsou nejen pro laickou vetrejnost, ale i pro védce velice zajimavou a
tajuplnou skupinou zivocichti. Uz pouhé vysloveni slova ,netopyr” vzbuzuje u
mnoha lidi pfedstavu néceho odpudivého, pfitom se s nim pfimo setkal jen malokdo.
Zptisobuje to zejména noc¢ni aktivita netopyra a jejich schopnost aktivniho letu, které
vyznamné omezuji i moznosti jejich studia (Kunz & Parsons 2009). Proto je vazba
terénniho vyzkumu netopyrt na dkryty nebo jejich vchodové ¢asti jednim z jeho
specifickych metodickych rysti. Netopyfi zde mohou byt chytani (a diky tomu
méfeni a zna¢kovani), pozorovani nebo nahravani, a to i opakovanég, jelikoz vykazuiji
velmi vysokou a dlouhodobou vérnost vyuzivanym tkrytdm (Findley 1993). U fady
druhti netopyrtt dokonce pochédzi naSe znalosti o jejich ekologii a chovani témér
vyhradné zvyzkuma jedinct v tkrytech (Kunz 1982). Teprve technicky rozvoj
ultrazvukovych detektorti a telemetrickych souprav v poslednich 10-15 letech
vyznamné rozsifil moznosti vyzkumu i do obdobi lovecké aktivity netopyrt (Kunz
& Parsons 2009).

Dostupnost ukrytt je pfitom spolu s dostatkem potravy také jednim z
vyznamnych limitujicich zdroji pro netopyry, zejména v oblastech mirného pasma.
Ovliviiuje nejen jejich rozsifeni, ale i lovecké, socidlni a rozmnoZzovaci chovani,
velikost populaci, diverzitu spolec¢enstev a dokonce také morfologii nebo fyziologii
netopyrit (Altringham 1996). Netopyfi stravi v akrytech velkou ¢ast svého zivota a
v rtznych ¢astech roku, ale i v raznych ¢astech dne, jsou jejich naroky kladené na
ukryty zcela rozdilné. Proto je diverzita tkrytl vyuzivanych netopyry obrovska.
Priblizné polovina z vice nez 1200 druhti netopyrti vyuZziva tzv. stabilni typy tkryta,
jako jsou lidské stavby, jeskyné, Stoly, dutiny strom@ nebo Stérbiny ve skalach,
pficemz takovéto typy ukrytd jsou typické také pro vsechny evropské druhy
netopyrti (Wilson & Reeder 1993). Ukryty ptitom poskytuji netopyram fadu vyhod,
napf. ochranu prfed Spatnym pocasim, ochranu pred predatory, efektivnéjsi
termoregulaci, vyssi pravdépodobnost pafeni, mensi ndklady na lov, vySsi
pravdépodobnost odchovu mladat nebo transfer informaci, a proto je vybér
spravného tukrytu zasadnim selekénim tlakem, ktery rozhoduje o preziti a

reprodukénim tspéchu kazdého jedince.



Uzemi Moravského krasu je nejrozsdhlejsim zkrasovélym tzemim Ceské
republiky. Zdejsi krajina je zna¢né diverzifikovana a poskytuje tak netopyrim velké
mnozstvi tkrytovych moznosti. Nejednd se pfitom pouze o cca 1200 jeskyni, ale i o
rozsahlé porosty listnatych lesti nebo o lidské stavby ve vesnicich a méstech. Proto
patfi Moravsky kras a jeho okoli k chiropterologicky nejlépe prozkoumanym
oblastem (Gaisler, Rehék & Zukal 2006). Pogatky vyzkumu netopyra v Moravském
krasu jsou pochopitelné tzce svdzané se speleologickymi prizkumy podzemi,
pficemz prvni zpravy o netopyrech se objevuji jiz ve 2. poloviné 19. stoleti. V té dobé
zde ptisobili tfi vyznamni védci, a to prof. Dr. Friedrich Anton Kolenati, Dr. Jindfich
Wankel a o néco pozdéji i jeho vnuk prof. Dr. Karel Absolon. Zejména prichod
prvniho z nich do Brna je vyznamnym c¢asovym meznikem pro vyvoj ceské, ale i
evropské chiropterologie. Kolenati i diky vyzkumu netopyrtt v Moravském krasu
publikoval prvni monografii o evropskych netopyrech, v niz se mu podafilo shrnout
dostupné poznatky o netopyrech vcetné rozsifeni jednotlivych druha (Kolenati
1860).

Moderni ekologicky vyzkum netopyrit v Moravském krasu je spojen
s pfichodem dalstho c¢eského rodéka, a to prof. RNDr. Jifiho Gaislera, DrSc., v roce
1957. Ke svému vyzkumu ekologie, rozmnoZzovani a postnatalniho vyvoje vrapence
malého (Rhinolophus hipposideros), narastani srsti netopyrd nebo poméru pohlavi u
fetd a mlad’at ziskaval material opét v tkrytech netopyrd, a to jak v zimnich (jeskyné,
Stoly, kasematy, sklepy) tak i letnich (ptdy, sklepy apod.). V roce 1969 se podilel na
zahdjeni soustavného monitoringu hibernujicich netopyr, do néhoz bylo zafazeno i
nékolik jeskyni z Moravského krasu (Erichova jeskyné, Katefinska jeskyné a sedm
jeskyni v udoli Ri¢ky u Ochozu) (Barta et al. 1981). Na tyto ekologické vyzkumy
navazuje i prace autora, kterd je rozsifuje o fadu dal$ich aspekti Zivota netopyri

studovanych v jejich tkrytech a blizkém okoli.



3. Shrnujici komentar

3.1.Zmény pocetnosti a struktura spolecenstva netopyru

Dlouhodobé jsme svédky vyznamnych negativnich zmén pocetnosti u fady druhti
zivoc¢icht (Primack 2010). Proto se nejprve v Evropé (Battersby 2010) a pozdéji i
v Severni Americe (O’'Shea & Bogan 2003) rozjely rozsdhlé monitorovaci projekty,
které hodnoti zmény pocetnosti netopyra v jejich tkrytech zejména na zimovistich.
Vysledky téchto vyzkuma pfitom potvrdily vyznamné zmény v pocetnosti raznych
druhti evropskych netopyra. Rychly pokles pocetnosti byl pozorovan béhem 60. a 70.
let zejména u Rhinolophus ferrumequinum, R. hipposideros, Plecotus austriacus a Myotis
myotis (Rehék 1997). Béhem poslednich ti1 desetileti viak byl zejména u termofilnich
druhii netopyrd zaznamendan vyrazny nartst pocetnosti a stabilizace jejich populaci
(napf. Horacek, Handk & Gaisler 2005, Uhrin et al. 2010; Piksa & Nowak 2013;
Presetnik, Podgorelec & Salamun 2013).

Vysledky z nami sledovanych lokalit v Moravském krasu, jez patfi mezi

celoevropsky vyznamnd zimovisté netopyrti, potvrzuji tento obecny trend u obou
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Obr. 1 Dlouhodoby vyvoj pocetnosti netopyrd zimujicich na lokalité

Sloupsko-3osavské jeskyné. Zkratky: Rhip — R. hipposideros, Mmyo — M. teplomilny druh, kter}’;
myotis a ostatni — vSechny zbyvajici zastizené druhy netopyra. U dvou

nejpocetnéjsich druh je zfetelny narist pocetnosti od pocatku 90. let, dosahuje na tzemi
ktery je v obou pfipadech statisticky vyznamny (Pearsontyv korelacni M

koeficient, p < 0,001). Pfevzato z publikace Zukal, Rehak & Kovarik 2003. Ceské republiky severni

hranice svého rozsifeni. Tento druh byl vjesté 90. letech dvacatého stoleti
zaznamenavan Vv jeskynich Moravského krasu zcela vyjimecné, ale v poslednich

letech je zde pravidelnym hibernantem (Zukal et al. 2001). U dalSich druht



zimujicich netopyrt jako jsou Barbastella barbastellus, druhy rodu Plecotus nebo malé
druhy rodu Myotis (zejména Myotis daubentonii, Myotis nattereri a Myotis bechsteinii)
jiz trendy ve zméndch pocetnosti nejsou jednoznacné (Zima et al. 1994). Ackoliv je
slozité urcit konkrétni faktory, které zptisobuji takovy narast pocetnosti zimujicich
netopyrd, jevi se omezeni ruSeni netopyrti na zimovistich, globalni oteplovani a
zmény ve zpusobu managementu krajiny po roce 1989 (vcetné omezeni pouZzivani

pesticidil) jako jedny z hlavnich (Horacek, Handk & Gaisler 2005).

Typickymi druhy spolec¢enstva netopyrt hibernujicich v jeskynich Moravského krasu
jsou M. myotis a R. hipposideros (Rehak, Zukal & Kovaiik 1994; Zima et al. 1994; Zukal
et al. 2001). Oba druhy tvoii vice nezZ 80 % vSech zimnich nalezi ve vétsiné
kontrolovanych jeskyni. Celkové vsak zde bylo béhem |
zimovani nalezeno 17 druh®i netopyri vcetné vzacnych
hibernant jako Rhinolophus ferrumequinum, Eptesicus
nilssonii, Myotis dasycneme nebo Pipistrellus pipistrellus.
Uzemi Moravského krasu se tim fadi v celoevropském
méfitku mezi oblasti velmi vyznamné pro zimovani
netopyrt. Fylogeografické studie ukazuji, ze se zde mohli
stfetnout dvé mozné trasy postglacialni kolonizace stfedni

Evropy netopyry z jiznich refugii (Bogdanowicz et al. 2009;

Bryja et al. 2010). Druhové stejné bohaté spolecenstvo ma

Obr. 2 Zimujici vapenec maly
jen chiropterofauna zimujici v jeskynich Slovenského (Rhinolophus hipposideros).

krasu a Muranské Planiny (Uhrin et al. 2010), které podobné jako Moravsky kras lezi
na severni hranici rozsifeni nékterych druhti netopyrt.

Odchyty netopyrtt ve vchodech jeskyni béhem jarnich a podzimnich prelet
ovSem potvrzuji mnohem vyssi diverzitu spolecenstva zimujicich netopyra a vyssi
relativni zastoupeni dalsich druhd netopyrt nez vysledky sc¢itani. Jedné se zejména o
jedince malych druhd rodu Myotis, jejichz pocty jsou pifi zimnich kontrolach
rozsdhlych podzemnich prostor pravdépodobné podhodnoceny. Casto totiz
vyuzivaji nepfistupné typy tkrytt (hluboké stérbiny a pukliny apod.) (Bauerova &

Zima 1988; Rehak, Zukal & Kovatik 1994), a to v zavislosti na teploté a intenzité
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proudéni vzduchu na dané lokalité, na konkrétnim druhu netopyra, roénim obdobi a
pocasi. Nase vysledky sledovani kratkodobych zmén pocetnosti netopyra
v jeskynich Moravského krasu ovSem potvrdily, Zze podil ,viditelnych” jedinci je
ovlivnén i u dobte sledovatelnych druhti a nelze jej povazovat za konstantni (Rehak,
Zukal & Kovaiik 1994; Zukal, Rehak & Kovatik 2003). Celkovy pocet zimujicich
netopyru roste kontinudlné od fijna a nejvyssich hodnot dosahuje béhem tinora nebo
bfezna v zavislosti na struktufe spolecenstva zimujicich netopyrt. Nicméné tento
rist pocetnosti je ovlivnén pfiletem novych jedinc z dkrytd mimo sledovanou
lokalitu pouze v tzv. pre-hibernacnim obdobi. V obdobi hluboké hibernace jiz na
zimovisté novi jedinci nepfilétaji a dochazi pouze k pfesuntm netopyra v rdmci
lokality, to znamena k pfesuntim z mist nedostupnych pro ¢lovéka do mist, kde je
jejich sledovani mozné (Berkova & Zukal 2006). V dubnu dochazi k postupnému, ale
relativné rychlému opousténi jeskyni a pocetnost netopyrii klesa k minimu. Vyzkum

v jeskynich Moravského krasu
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zmény pocetnosti jsou u
60-
jednotlivych druhti rozdilné
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tydnti) zvysSuje do poloviny

month

R.hip. Il M.myo. [ | Myotis sp. & Total

Obr. 3 Kratkodoby vyvoj pocetnosti netopyrd na lokalité

prosince a stejné pozvolna

klesdi od poloviny bfezna.

Katefinska jeskyné béhem zimy 1992/93. Zkratky: R.hip. — R. Maximalni pocetnost se vsak
hipposideros, M.myo. — M. myotis, Myotis sp. — druhy rodu Myotis
mimo M. myotis a Total — véechny druhy zimujicich netopyra. b&hem hluboké hibernace méni

Pfevzato z publikace Rehak, Zukal & Kovatik 1994. ) o ) )
jen minimalné, v zavislosti na

zménéch pocasi (viz kap. 3.3). U M. myotis je nartist pocetnosti béhem celé zimy
plynuly a na konci zimovani tento druh jiz ve spolecenstvu dominuje. Nésledné
dochazi k velmi rychlému opousténi zimovisté, kdy béhem cca 2 tydna vétsina

jedincti odleti (Nagel & Nagel 1989; Zukal, Rehak & Kovaiik 2003).
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3.2.Vybér ukrytii a letova aktivita netopyru

Jiz v tvodni kapitole bylo konstatovédno, Ze diverzita ukrytt vyuZivanych netopyry
mirného pasma je vysoka. Jejich potieby se totiz vyznamné meéni dle specifickych
narokd v jednotlivych fazich ro¢niho cyklu Zivota netopyra: 1. hibernace, 2. jarni
prelety ze zimovist na letni akryty, 3. porody a vychova mldd’at na letnich koloniich
(samci vytvareji bakalafské kolonie nebo Ziji soliterné) a 4. podzimni migrace na
mista rozmnozovani (nékdy oznacovana jako ,swarming sites”) a na zimovisté
(Kovaiik, Zukal & Rehédk 2000; Berkova & Zukal 2006). V nagem vyzkumu jsme se
zaméfili na vybér tkryta, resp. jejich specifickych ¢asti béhem hibernace netopyrii a
vybér tkryth letnimi koloniemi samic, véetné hodnoceni letové aktivity netopyra
v okolnich biotopech. JelikoZ vybér spravného typu tkrytu se spravnymi parametry
je zasadni, jak pro usporné vyuziti energetickych zasob a uspésné preziti
nepiiznivého obdobi, tak i pro sprdvné nacasovani a efektivitu lovecké aktivity

netopyra.

Pro netopyry mirného pasma je charakteristickou soucasti ro¢niho cyklu aktivity
hibernace, jako optimalni adaptace na obdobi s extrémnim nedostatkem potravy a
nepfiznivymi klimatickymi podminkami (Ransome 1990). Podzemni prostory jako
jsou jeskyné v Moravském krasu, opusténa dilni dila, pevnosti a tunely jsou
vyznamnymi zimovisti netopyri a nejvyznamnéjsi lokality mohou byt vyuzivany
tisicovkami netopyrti. Nicméné i lokality vyuZzivané jen malym pocétem netopyrd,
mohou byt regiondlné vyznamné. Vybér tkrytu se v pribéhu hiberna¢niho obdobi
méni se zménami mikroklimatickych podminek na téchto zimovistich a rtizné druhy
pfitom maji rizné pozadavky (Altringham 1996).

Nas vyzkum ukazal, Ze teplomilny R. hipposideros byl béhem zimovéani
zaznamenan prakticky ve vSech definovanych c¢astech sledovanych jeskyni
Moravského krasu (Katefinskd jeskyné a Sloupsko-Sostivské jeskyné) sjedinou
vyjimkou, kterou jsou vchodové &asti s dynamickym mikroklimatem (Zukal, Rehak
& Kovaiik 2003; Zukal, Berkova & Rehak 2005). Tento druh pfitom zimuje témér
vyhradné volné visici na exponovanych mistech, a to bez ohledu na ¢ast sezény nebo

¢ast zimovisté. Preletova aktivita R. hipposideros je v pribéhu hluboké hibernace
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minimélni a toto obdobi je jasné oddéleno od pre- resp. post-hiberna¢niho obdobi
s vysokou trovni aktivity (Obr. 4). Da se tedy predpokladat, Ze na zmény tkrytt v
prabéhu zimy ma u vrapenct vliv spiSe faze ro¢niho cyklu (pre-, hluboka a post-
hibernace), jejich fyziologicky stav nebo chovéani (Saint Girons, Brosset & Saint
Girons 1969; Brosset & Poillet 1985; Ransome 1990).

Také euryvalentni M. myotis byl nalézan béhem hibernace prakticky v celém
jeskynnim systému, pficemz vyuziva ndhodné vsechny typy tkryta (exponované vs.
chrdnéné, umisténé na stropé vs. na sténé). Nicméné, na rozdil od R. hipposideros,

oo byla potvrzena vyrazna

Fi Rhinolophus hipposideros B Myotis myofis

sezénni dynamika ve

/
é

7
7
?
7

vyuzivani jednotlivych casti

Y

jeskyni Moravského krasu

(cf. Hanzal & Priicha 1988). V

I
/
f’é
/
g
Z
g
7
/
i

191192 031292 17.12.9

30%

obdobi od poloviny prosince

-

do zac¢atku dubna opousti M.
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I
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-
@
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15.01.93

Obr. 4 Pfeletova aktivita netopyr(i na lokalité Katefinska jeskyné stabilni casti jeskyni a jeho
béhem zimy 1992/93. Vysvétlivky: svislé teckované ¢ary — oddéleni tfi
Casti hibernacniho obdobi tj. pre-, hluboké a post-hibernace. Prevzato
z publikace Zukal, Berkova & Rehdk 2005.

w
o

.01.93  11.02.9:

pocetnost se naopak zvysuje
ve  vchodovych  ¢astech.
Napftiklad ve Sloupsko-$ostivské jeskyni je nalezeno v jarnich mésicich pres 80 %
vSech jedinc M. myotis v oblasti tzv. Elis¢iny jeskyné a jejitho blizkého okoli (Zukal,
Rehak & Kovaiik 2003). Preletova aktivita M. myotis uvnitf zimovisté je pritom
relativné vysoka béhem celého obdobi hibernace. Vybér ¢asti zimovisté s konstantni
teplotou uprostfed hiberna¢niho obdobi pravdépodobné zajistuje nejvétsi tsporu
energie v obdobi, kdy je nejvétsi nedostatek potravy. Naopak obsazeni dynamickych
¢asti jeskyné, jejichz teplota odrazi teplotni zmeény wvné zimovisté, pomaha
netopyram na konci zimniho obdobi synchronizovat probouzeni z hibernace
s aktualnim stavem pocasi a zahgjit loveckou aktivitu za pi¥iznivych klimatickych
podminek (Ransome 1990; Zukal, Berkova & Rehédk 2005). Srovnani hiberna¢niho
chovéani M. myotis ve dvou piirozenych jeskynich Moravského krasu navic ukézalo,

Ze netopyfti vyuzivaji rozdilné strategie na lokalitdch s rozdilnym mikroklimatickym
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profilem (dynamicky vs. stabilni). Sledované parametry téchto strategii (Groven
aktivity, preference rtiznych typt tkrytd, shlukovaci chovani) jsou specifické pro
danou lokalitu, aby zajistily zimujicim netopyrm optimalni spotfebu energetickych

z&sob béhem hibernace a tispésné prezimovani (Zukal et al. 2010).

Rada druhti netopyr@i se adaptovala a v letnim obdobi vyuziva jako ukryty réizné
lidmi vybudované stavby (ptidy, sklepy, doly, tunely, mosty, budky), které jsou
preferovany pred jinymi typy ukrytd zejména pfi tvorbé matefskych kolonii.
Poskytuji vétsinou teplejsi prostfedi nez prirozené tkryty a diky tomu mohou samice
v téchto ukrytech vytvaret vétsi seskupeni, vice Setii energii a mlad’ata rychleji rostou
(Rodriguez et al. 2003; Lausen & Barclay 2006).

V Moravském krasu a blizkém okoli (oblasti o celkové rozloze 2826 km?) jsme
zjistili, ze lidské stavby vyuzivd devét druhd netopyrt, pficemz nejcastéji byly
nalézany druhy, které vykazujici silnou vazbu na lidské stavby v celé stfedni Evropé,
tzn. M. myotis, R. hipposideros, Eptesicus serotinus a P. austriacus. U nejpocetnéjsiho
druhu (M. myotis) bylo pfi kontrolach 187 rtznych objektd nalezeno celkem 17
matefskych kolonii. Celkova pocetnost byla odhadnuta na 3700 dospélych samic
(kvéten 2002), coz je vice nez tfikrat tolik jedincti, kolik bylo v daném roce
napocitdno na zimovistich celého Moravského krasu (Pokorny et al. 2003). Podobna
struktura spolecenstva je spole¢na pro vSechna stejné intenzivné zkoumana tzemi
Ceské (podhtii Sumavy, Podyji) i Slovenské republiky (Zapadni a Vychodni
Slovensko) a piredstavuje tak vSeobecny stav (Kratka & Kratky 1985; Lehotska &
Lehotsky 1998; Danko et al. 2000; Reiter et al. 2003).

Vyse zminéné vysledky se staly zakladem pro analyzu vybranych
charakteristickych parametri ukrytti matetskych kolonii M. myotis, které mohou byt
urcujici pro jejich vybér. Srovnanim vyuzivanych udkryth matefskych kolonii a
nadhodné vybranych, potencidlné vhodnych lokalit neosidlenych netopyry jsme
potvrdili, Ze samicky jsou vybiravé prfi obsazovani ukrytti (Berkova, Pokorny &
Zukal 2014). Tato selekce se vSak projevuje spiSe na vybéru celkového charakteru
lokality véetn& okolni krajiny nez na drovni jednotlivych parametrd. Zadny ze

strukturalnich parametrt akryta totiZ neni vyznamné odlisny od kontrolnich lokalit,
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pfevdzna vétSina ukrytll se nachédzela v neobydlenych budovach (napf. kostely,
zamky) pravdépodobné diky absenci ruSeni g
(Rudolph & Liegl 1990) a budovy obyvané |
koloniemi netopyra byly spiSe samostatné
stojici a vyvysené nad okolni domy. Ukryty se
vsak liSily od kontrolnich lokalit spiSe ve

struktufe a propojenosti okolnich biotopt.

Vétsi plocha urbannich biotopt a listnatych

Obr. 5 Kostel JIména Panny Marie ve Kftinach —
resp. smiéen}’lch lestl v blizkosti ﬁkrytﬁ a jejich ukryt letni kolonie M. myotis Zdroj: Wikipedie

propojeni liniovymi elementy, ovliviiuji vyznamné loveckou aktivitu netopyrt

Letova aktivita netopyr@t v biotopech Moravského krasu je, i pfi srovnani
s jejich aktivitou v urbannim prostiedi mésta Brna, velmi vysoka. Napiiklad aktivita
typicky synantropniho druhu jako je E. serotinus, ktery je témét vyhradné vazan na
ukryty v lidskych stavbach (Pokorny et al. 2003) a svou loveckou strategii se
vyznamné lisi od ostatnich druhti netopyrt (Catto et al. 1996), je aZ trojnasobné vyssi
v Moravském krasu nez v Brné (Gaisler et al. 1998; Zukal & Rehak 2006). Podobné
pfi srovnani aktivity na nejvyuzivanéjsim typu biotopu, tj. nad vodnimi plochami, je
letova aktivita netopyrtt v Moravském krasu asi ¢tytikrat vyssi. Je tedy ziejmé, ze
kombinace dostupnosti vhodnych tkrytd a dostate¢né potravni nabidky zvysSuje

vyznamné loveckou aktivitu netopyrt v dané oblasti (Walsh & Harris 1996).

3.3.Vyletova a navratova aktivita u vchodu do ukrytu

Aktivita a lovecké chovani netopyrt jsou v oblastech mirného pasma vyznamné
ovlivnény sezénnimi zménami v délce nocni ¢asti dne a také klimatickymi faktory
(Erkert 1982). Jejich denni i ro¢ni zmény proto vyzaduji Gpravu casovani letové
aktivity netopyrt tak, aby byla sprdvné synchronizovana s ¢asovaci téchto rytma a
zistala téméf vyhradné noc¢ni (nokturnalni). Dlouhodobé jsme proto studovali
pomoci infracervené priletové brany vyletovou a ndvratovou aktivitu netopyr u
vchodu do Katefinské jeskyné, kterd patfi mezi dlouhodobé monitorovana

vyznamnd zimovisté (Rehék, Zukal & Kovarik 1994; Zima et al. 1994).
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Urove letové aktivity netopyrii se méni v zavislosti na obdobi roku a na jejim
zékladé jsme definovali pét obdobi ro¢niho cyklu aktivity. VSechna tato obdobi
vykazuji nendhodné rozlozeni letové aktivity netopyrii a jeji koncentraci v urcitém
specifickém case (Berkovad & Zukal 2006). Navic jeji troven je také vyznamné
ovlivitiovana klimatickymi faktory, a to jak v pribéhu sezoény, tak i v pribéhu dne.
Nicméné, efekt jednotlivych faktord (ro¢ni cyklus Zivota netopyrti vs. klimatické
faktory) a droven jejich vlivu na variabilitu letové aktivity se béhem roku meéni

(Berkova & Zukal 2010).

Prvnim obdobim je hibernace (listopad - zacatek bfezna) s velmi nizkou aZ nulovou
aktivitou. Jen zfidka dochazi k vyletim z jeskyné, pfi¢emz se jedna o netopyry, u
nichz doslo k preruseni letargie nejcastéji diky zméné podminek vnéjsiho prostieds,
tyziologickym stavem hibernujiciho netopyra (napf. dehydratace), ptipadné pfimym
vyrusenim (Speakman & Racey 1989, Thomas 1995). Béhem hibernace jsou klicovymi
exogennimi faktory primeérna teplota a rozpéti dennich teplot (rozdil mezi denni
maximalni a minimdlni teplotou), které nejlépe predikuji celkovou troven letové
aktivity netopyr@t (Ransome 1990, Park et al. 1999). Procento noci, ve kterych jsme
zaznamenali aktivitu, se zvySuje s rostouci teplotou a zaroven vétsi kolisani teploty
béhem dne vyvolava probouzeni netopyrt a jejich zvySenou letovou aktivitu.
Nicméné, aktivita netopyrit u vchodu Katefinské jeskyné byla vyjimecné
zaznamenana i pfi teplotach niz$ich nez 0°C (Tmin = -13,2°C) (cf. Boyles, Dunbar &
Whitaker 2006). VSechny zaznamy byly pozitivni pfi maximélni denni teploté nad
6.2°C, kdy mohou jedinci nékterych druhti jiz i aktivné lovit (Ransome 1990).
Rozporuplné jsou nazory na troveit desynchronizace aktivity se zapadem Slunce a
tedy =ztrdta nokturnality béhem hibernace. Vysledky vyzkumt jsou totiz
nekonzistentni, nékteré podporuji desynchronizaci, jiné ji naopak popiraji (napft.
Thomas 1993, 1995; Nagel & Nagel 1997; Park et al. 1999). Nase vysledky vsak
ukazuji, Ze vylety z jeskyné jsou i v zimnim obdobi synchronizované se Zapadem
Slunce a aktivita byla soustfedéna do doby asi 3 az 3,5 hod po Zapadu Slunce.
Aktivita netopyrii se také nezménila ani po objeveni WNS v Evropé, coZz naznacuje,

ze popsany model hiberna¢niho chovani netopyra véetné zmén jejich aktivity, mize
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Obr. 6 Rozdil mezi priletovou a vyletovou
aktivitou ve Ctyrech ¢astech noci a
definovanych obdobich. Vysvétlivky: pozitivni
hodnoty — prevaha prilet(l, negativni hodnoty
— prevaha vylet(, A — hibernace, B1 — pozdni
hibernace, B2 — jarni prelety, C—létoa D —
podzimni swarming. Pfevzato z publikace
Berkova & Zukal 2006.

predstavovat behaviordlni adaptaci, kterd
zabrafiuje fatdlnim dopadiim onemocnéni,
jak je miZeme pozorovat v Severni Americe

(Zukal, Berkova & Madaraszovéa submitted).

Od zacatku biezna do poloviny dubna
trva druhé obdobi tzv. pozdni hibernace s
intenzivni vyletovou aktivitou na zacatku
noci. Zaroven je vtomto obdobi pomérné
vysoka preletova aktivita i uvnitf tkrytu a
netopyti se pravdépodobné jiz pfipravuji na
opusténi zimovisté (Zukal, Berkova & Rehak
2005). Celkové byla letova aktivita netopyrt
opét silné pozitivné zavislda na prameérné
denni teploté. Netopyfi velmi rychle
reagovali na zmény teploty ze dne na den
snizenim aktivity pfi poklesu teploty o vice
nez 2°C nebo zvySenim letové aktivity s
teplotou rostouci o vice nez 2°C. Tyto rychlé
zmény v arovni aktivity jsou mozné diky
pfesunu netopyra do vchodovych ¢&asti
velmi dobre

zimovisté, kde mohou

registrovat  kolisani  venkovni  teploty
(Ransome 1990; Zukal, Berkova & Rehak
2005) a tim i potencidlni zmény v abundanci
hmyzu. Netopyii jsou ovéem schopni lovit i
pfi velmi nizkych teplotach napriklad Myotis
daubentonii  pii  teplotach az  -3,3°C
(Ciechanowski et al. 2007), pti¢emz v obdobi
pozdni hibernace byla zjisténa vyssi aktivita
obdobi

pfi stejnych teplotich nez v
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hibernace. D4 se tedy predpoklddat, Ze v pozdni hibernaci je jiz dostupné vétsi
mnozstvi potravy, jejiz lov dostatecné kompenzuje ztratu energie (Andreas 2002), a

proto mohou byt netopyti nebo alespon nékteré druhy netopyrt aktivni.

Relativné vysoka je letova aktivita jesté i v obdobi od poloviny dubna aZ do
zacatku cervna, které je mozno oznacit za jarni prelety. Jeskyné je v tomto obdobi
vyuzivana jako pfechodny tkryt pfi jarnich preletech a od kvétna pravdépodobné
zejména samci, jelikoz samice jsou jiz na letnich koloniich. Vysoka vyletova aktivita
probiha v 1. ¢tvrtiné noci, ale v posledni ¢asti noci se netopyti vraci do jeskyné. 1
v obdobi jarnich prelett byl zjistén vyznamny pozitivni vliv primérné denni teploty
a také primérného denniho barometrického tlaku na celkovou letovou aktivitu.
Nicméné, mnozstvi variability v aktivité, kterd mtize byt vysvétlena pomoci
klimatickych faktorti, je v tomto obdobi nejnizs$i. To naznacuje, Zze teplota je jiz v
tomto obdobi dostatecné vysokd a neni tedy limitujicim faktorem, nebo Ze na odlet ze
zimovisté maji silny vliv endogenni rytmy (Degn, Andersen & Baagoe 1995; Berkovéa
& Zukal 2010). Vyuziti podzemnich prostor v jarnim obdobi je ovSem odlisné
druhové, regiondlné, a pravdépodobné zavisi i na struktufe tkrytu (Skiba 1987; Park,

Jones & Ransome 1999; Perry 2013).

Béhem letniho obdobi (polovina cervna - konec cervence) je jeskyné
vyuzivana velmi malo, pfi¢emZz netopyti tkryt navstévuji v prabéhu celé noci, tj.
pred ptlnoci vletuji do jeskyné a po pulnoci ji zase opousti. Tento typ aktivity
nasvédcuje tomu, Ze maly pocet jedinct vyuziva pravdépodobné jeskyni jako tkryt
mezi vrcholy lovecké aktivity nebo jako pfechodny denni tkryt (Degn, Andersen &
Baagoe 1995; Park, Jones & Ransome 1999). Pro vchody jeskyni je pfitom v letnim
obdobi charakteristické témét vyhradni zastoupeni samcti (Bauerova & Zima 1988;
Whitaker & Rissler 1992), jelikoz dospélé samice se v prabéhu laktace vraceji mezi
vrcholy lovecké aktivity do matefské kolonie, kde koji mladata a no¢ni ukryty
vyuzivaji jen sporadicky a kréatce (napf. Anthony, Stack & Kunz 1981; Lucan &
Handk 2011). Na jejich letovou aktivitu ve vchodu do noé¢niho dkrytu neméla vliv

absolutni droven okolni teploty, ale jeji kolisani. Cim vétsi je rozdil mezi maximalni a
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minimalni denni teplotou, tim vyssi je aktivita. To odpovida celkovému modelu

zmén aktivity insektivornich netopyrt v mirném pasmu, ktery mé odrazet aktivitu

70 A hmyzu (Erkert 1982). Pokud je abundance
——<10°C Dry c

o %gg Egn / \\ denniho hmyzu vyssi diky teplej$im nocim,
L 500 b/
z 0 / \ muiize lovecka aktivita netopyri probihat
g /8 . \
% 30 . b e\ celou noc a u vchodu do tkrytu se neobjevi
= 20 ‘./ ab A (nizkd aktivita), ale béhem chladnéjsich noci

1 gm\::b (kdy se zvySuje rozpéti dennich teplot)

0 a

; T

Part of the night netopyfi travi vice ¢asu v no¢nim ukrytu.

Obr. 7 Kombinovany vliv rozpéti teplot a
pFitomnosti destovych srazek na prabéh aktivity
béhem noci v letnim obdobi. Vyznamné rozdily na zacatku noci, resp. pf‘ed V}’fchodem
mezi ¢astmi noci jsou oznaceny hvézdi¢kami a

pismena (a, b, ) indikuji vyznamné rozdily mezi Slunce s naslednym navratem do denniho
skupinami. Vysvétlivky: Cislovky oznacuji ctvrtiny

noci. Pfevzato z publikace Berkova & Zukal 2010. flkrytu (Anthony, Stack & Kunz 1981)- Tento

Lovecka aktivita mimo tkryt je tedy nejvyssi

model je jesté navic podporen v kombinaci s destovymi srazkami, pri kterych je

letova aktivita vyssi, a to jak pfi teplych, tak i chladnych nocich (Obr. 7).

Posledni obdobi (konec ¢ervence - konec fijna) je charakterizované velmi
vysokou letovou aktivitou a typicky se oznacuje jako podzimni migrace piipadné
»swarming”. Aktivita netopyrtt u vchoda jeskyni se za¢ina postupné zvysovat v
souvislosti s rozpadem letnich kolonii, a proto se zde také zacinaji objevovat i adultni
samice a juvenilni jedinci (napt. Horadek & Zima 1978; Rehak, Zukal & Kovaiik
1994). Vrchol letové aktivity je posunut az do doby kolem ptlnoci, kdy netopyfti
vlétavaji do jeskyné ¢asto v malych skupinkach (2 az 12 jedincti). Podzimni aktivita u
vchodt jeskyni pravdépodobné umoziniuje seznameni juvenilnich jedinch s
potencialnimi zimovisti a setkani jedinc(i opacného pohlavi, ktefi v letnim obdobi Ziji
oddélené (napt. Rivers, Butlin & Altringham 2006). Uroven aktivity je pfitom
pozitivné ovlivnéna maximalni teplotou, atmosférickym tlakem i srdZkami. To
znamena, pokud jsou noci teplé s velkou aktivitou hmyzu (vysoky atmosféricky tlak)
a netopyfi ulovi dostatek kofisti, vyhledavaji vchody do jeskyni (tzv. swarming site)
pro pafeni s potencialnimi partnery a v piipadé, Ze zacne prset, netopyti vyuZzivaji

potencidlni zimovisté k ukryti pred nepfiznivym pocasim (Parsons, Jones &
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Greenaway 2003; Berkova & Zukal 2010).

3.4. Antipredacni chovani béhem vyletové a navratové aktivity

V letnim obdobi vytvéfi samicky vSech druhti netopyra zijicich v mirném pasmu tzv.
letni kolonie, ve kterych rodi a vychovavaji svd mladata. Velikost kolonii dosahuje
od neékolika jedinct aZ po nékolik tisic podle druhu netopyrd, a kolonie vyuZivaji
jako ukryty rtzné tmavé prostory jako jsou jeskyné, ptidy budov, hluboké Stérbiny
ve skalach i na budovach, dutiny stromt apod. (Kunz 1982). Zivot v kolonii ma fadu
vyhod (napf. G¢innéjsi termoregulaci, transfer informaci), ale i nevyhod, z nichz tou
nejdalezitéjsi je zvyseni rizika predace. Vétsi seskupeni netopyri jsou , viditelnéjsi”
pro predatory (Speakman 1991; Fenton et al. 1994), a proto je predace netopyri
dravci povazovdna za vyznamny evolu¢né selektivni faktor. Ovlivnila
pravdépodobné vznik nokturnality u netopyrt a ovliviiuje také ¢asovani a model
vyletové aktivity netopyri (Speakman, Stone & Kerslake 1995; Speakman 2001).
Spravné nacasovani vecerniho vyletu totiz mize vyznamné ovlivnit fitness netopyrt.
Pokud vyleti pfili§ pozdé, mohou netopyfi minout vrchol aktivity a abundance
létajictho hmyzu, ale pfili§ brzky vylet zvySuje vyznamné riziko predace (Rydell,

Entwistle & Racey 1996).

N&as vyzkum se zaméfil pravé na toto kritické obdobi, tedy na opousténi tkrytu
(vylet) resp. na navrat do tkrytu (pfilet), kdy jsou netopyti ohrozeni zejména dravci
a castecné i sovami. K vyletu netopyrt z dkrytu kolonie dochazi po relativné
dlouhém obdobi takzvané piedletové aktivity (az 3 hodiny), kterd je spojena
s vyraznymi hlasovymi projevy (McAney & Fairley 1988) a zahrnuje zejména
intenzivni ¢isténi a zvysenou pohybovou aktivitou (Burnett & August 1981, Zukal
1994). Pfed zahdjenim vyletu bylo ¢asto pozorovano takzvané prazkumové chovani
(light sampling), kdy se netopyfi pfesunuji z tmavych mist tkrytu do oblasti
vychodu (u druhti $térbinovych) nebo konaji kratké vylety z tkrytu s okamzitym
navratem (Gaisler 1963). Timto zptsobem zjistuji netopyfi aktudlni intenzitu svétla,
pricemz existuji druhoveé specifické rozdily v mnoZstvi svétla nutného k odstartovani

vyletu. Doposud nebylo potvrzeno, zda piipadné tento typ chovani souvisi i se
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zjistovanim pfitomnosti predatora v okoli dkrytu a tedy s hodnocenim miry rizika
predace (Jones & Rydell 1994).

Zacéatek, medidn i konec vyletu jsou velmi silné korelovany se Zapadem
Slunce a tyto parametry se posunuji paralelné se zménou doby Zapadu Slunce
béhem roku (PetrZelkova & Zukal 2001). Obecné je vsak model vyletové aktivity
v jednotlivych letech velmi stabilni a také je druhové specificky, naptiklad studovany
modelovy druh E. serotinus za¢ind vylétat na lov velmi kratce po Zapadu Slunce (5 az
20 minut po Zapadu Slunce) na rozdil od P. pipistrellus a M. daubentonii, jez opoustéji
ukryty pozdéji (15 az 30 minut po Zapadu Slulnce) (Rydell, Entwistle & Racey 1996).
Vyletovou aktivitu samic netopyra zjejich letnich ukrytd ovSem ovliviiuje
reprodukéni obdobi, béhem néjz
se méni celkova délka vyletu. V
" laktaénim a  postlaktacnim
obdobi, kdy jsou jiz vzletna
tohoro¢ni mladata, je vylet

netopyra z tkrytu kolonie delsi,

Number of observations

4 a to vyhradné posunem konce

vyletu. Vzletnd mladata, kterd

Il control
° 9.8 10.0 10.2 104 106 10.8 11.0 11.2 11.4 11.6 11.8 120 122 124 126 [X]owl pellets jSOll v tétO dObé ]12 téméf Stejné

Obr. 8 Histogram hodnot rozméra IM; u kontrolni skupiny
lebek netopyra velkého M. myotis a u skupiny z vyvrzk(. Sovy
preferovali mensi jedince pravdépodobné vzletnd mladata. preferovéna lovicimi sovami
Vysvétlivky: number of observations — pocet pozorovani,

control — kontrolni soubor, owl pellets — sovi vyvrzky. Pfevzato (Petrielkové, Obuch & Zukal
z publikace Petrzelkovd, Obuch & Zukal 2004.

velka jako dospélci, jsou pfitom

2004), jelikoz nemaji dostatek
zkuSenosti. Jsou méné obratnd v letu, a proto jsou pro predatory snadnéjsi kotisti
zejména béhem vyletu z tkrytu kolonie nebo kratce po ném, kdy se jejich letova
aktivita soustied'uje do blizkosti tkrytu.

Casovani vyletového chovani je ovliviiovdno také takzvanou nérazovou
aktivitou (outbrust activity) (Speakman et al. 1992), kdy netopyti vylétaji z kolonie
rychle za sebou v urcitych skupinidch oddélenych ¢asovou mezerou, béhem které
vyléta pouze maly pocet jedinct. Vysledky vyzkumu kolonie E. serotinus potvrdily,

Ze nérazova aktivita se vyskytuje téméi ve vSech vyletech sledované kolonie.
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Pfitomnost makety dvou predatortt (Tyto alba nebo Falco tinnunculus) spolu
s playbackem jejich hlast ¢i Zivého ptaciho predatora (T. alba) béhem vyletu matetské
kolonie netopyra vyvoldvala zmény ve vztazich mezi jednotlivymi vyletovymi
parametry. V pritomnosti potencidlniho predatora droven narazové aktivity silné
korelovala s vétsinou sledovanych parametrt vyletu (zacatek, konec, median ¢i délka

vyletu, intenzita svétla apod.) na
2000

treatment days, n=12

1500 rozdil od vyleth béhem kontrolnich

10007~ noci bez piitomnosti predatora, kdy

500
zadna korelace zaznamenana nebyla.

500 Zasadnim zjisténim vsak je, Zze

onset of emergence
o

-1000

ve

j51 vylet kolonie zptsobil i

driv
-1500
2000 zvySeni narazové aktivity, ¢imZ se

0 20 40 60 80 100
degree of clustering

snizuje riziko jedince byt napaden
Obr. 9 Korelace mezi za¢atkem vyletu netopyr( z ukrytu (onset of

emergence) a Urovni jejich shlukovani béhem vyletu (degrese of predétorem za relativhé Vysoké
clustering) ve dnech, kdy byla pouZita maketa predatora.

Netopyfi zvySovali Uroven shlukovani v pfipadé, zZe vylétavali intenzity svétla. Néarazova aktivita
drive a tedy za vétsi intenzity svétla, kdy jsou ohrozenéjsi
predatory. Pfevzato z publikace Petrzelkova & Zukal 2001. mize byt tedy povaZovéna 7za

dilezitou anti-predacni strategii béhem vyletu netopyrt z tkrytu (Speakman, Stone
& Kerslake 1995; Petrzelkova & Zukal 2001 a 2003).

Vyuziti narazové aktivity netopyry pfi vyletu také umoznuje vylet z dkrytu za
vyssich svételnych intenzit, nez pii kterych probiha navrat do tkrytu. Casové
parametry vyletu jsou tedy posunuty blize k Zdpadu Slunce neZ parametry névratu
vzhledem k Vychodu Slunce. Névratova aktivita netopyri je totiz mnohem
ztetelnéj$i pro predatory, jelikoz netopyfi se postupné shlukuji pfed vchodem do
tkrytu a opakované se snazi dostat do jeho vchodu (tzv. swarming). Brzky pfilet
netopyra do ukrytu za nizsich svételnych intenzit tedy sniZuje riziko jejich napadeni
ze strany dennich dravcia a predstavuje pravdépodobné dalsi anti-predac¢ni adaptaci

netopyrt béhem jejich letové aktivity (PetrZelkova et al. 2006).
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3.5.Tézké kovy a syndrom bilého nosu - potencialni hrozby pro populace
netopyru
Netopyfi jsou v soucasnosti ohrozeni fadou negativnich vlivli, od téch tradi¢nich
jako je mnifeni pfirozenych biotoptt a ukrytd (zejména diky odlestiovani a
rekonstrukcim budov), az po chemické kontaminanty, svételné znecisténi, syndrom
bilého nosu nebo kolize s vétrnymi elektrarnami. Vétsina téchto hrozeb pro netopyry
je pfimo spojena s celosvétové se zvysujici pocetnosti lidské populace a jejim vlivem
na zivotni prostfedi. Jejich dopady na populace netopyrt ovéem nejsou vzdy zcela
zfejmé (napf. postupné snizeni porodnosti) a okamzité (napi. dlouhodobé ptisobeni
subletalnich davek). Teprve dlouhodoba expozice a ptsobeni urcitého faktoru, nebo
spoluptisobeni rfiznych negativnich vlivi mohou nakonec vést k vyznamnému
ubytku pocetnosti netopyrt, jelikoz dojde k prekroceni kritické hranice daného vlivu.
Podobnymi riziky jsou i ndmi studované tucinky toxickych polutantd (napt. tézké

kovy) a specifickych patogenti (napt. syndrom bilého nosu).

Netopyfi jsou povazovani s ohledem na fadu svych ekologickych charakteristik
(rychly metabolismus, hibernace, synantropizace, dlouhy vék, rozmanitost
vyuzivanych udkryt a potravnich zdrojii atd.) za vhodné bioindikatory zmén
zivotniho prostfedi (Jones et al. 2009), véetné jeho zatizeni emisemi tézkych kovti.
Navic tdkryty letnich kolonii netopyri piedstavuji idedlni mista pro analyzu
pfitomnosti kontaminant@ v potravnim fetézci, jelikoz netopyfti lovi v $irokém okoli
ukrytd, na kterych se nasledné shromazd'uji (Clark 1988). Na druhou stranu je zde
celosvétova pfisna ochrana vSech druht netopyra (Mickleburgh, Hutson & Racey
2002), ktera, sohledem na velikost vzorkd nutnych kchemické analyze,
ekotoxikologicky vyzkum limituje.

V posledni dobé se vsak diky vyuziti piesnych modernich pfistroja a
neletalnich metod odbéru vzorka, véetné analyz gudna nebo nalezenych mrtvych
jedinct, zvysil zajem o vyzkum zatéze netopyiich populaci tézkymi kovy, a to
zejména v Severni Americe a Evropé (Zukal, Bandouchova & Pikula 2015). Pfesto
nase meta-analyza doposud publikovanych dat ukézala, ze vysledky vyzkumi jsou

stile velmi omezené. Tézké kovy sice byly studovany u 65 druhti netopyrt, ale
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pouze ctyfi druhy netopyrt (Eptesicus fuscus, Myotis grisescens, M. myotis a P.
pipistrellus sensu lato) byly analyzovany vice nez pétkrat. Obsah tézkych kovi
pritom je velmi variabilni a li$ se mezi druhy, pohlavimi, vékovymi skupinami, roky
odbéru nebo lokalitami, a to bez zjevného vztahu k jednotlivym faktortim. Obecné
vsak plati, Ze insektivorni druhy maji celkové niZzsi hodnoty zatéZe nez fruktivorni a
nektarivorni druhy netopyry, ale také nez vzorky guana. Podobné velka variabilita
vlivem réiznych faktor(i byla zjisténa i u zatéze organickymi polutanty (Bayat et al.
2013).

V Ceské republice je situace velmi podobna jako v celé Evropé, pFicemz nas
vyzkum potvrdil, Ze jedinci vétSiny z jedendcti druhti netopyrd nalezenych na
lokalitach v Moravském krasu a okoli (tj. M. myotis, M. daubentonii, M. brandtii, M.
nattereri, M. emarginatus, M. mystacinus, P. pipistrellus, Pipistrellus nathusii, Pipistrellus
pygmaeus, N. noctulla a E. serotinus) byli vystaveni expozici tézkymi kovy (Pikula at el.
2010). Analyza obsahu metallothioneinu a tfi tézkych kovl (olovo, kadmium a
zinek), z nichz prvni dva patfi mezi jedenact tézkych kovi s nejvyssim rizikem pro
zivotni prostredi, ukdzala vysokou variabilitu mezi pohlavimi i vékovymi
skupinami. Navic poprvé vyzkum prokazal rozdily také mezi skupinami netopyri
s rozdilnou loveckou strategii. U druhti, které jsou pfi lovu vdzdny na vodni biotopy
napi. P. pipistrellus (Zukal & Rehak 2006), byly zjistény nejvyssi hodnoty
metallothioneinu a zaroven prakticky nulové hodnoty kadmia na rozdil od druht
lovicich pouze v terestrickych biotopech nebo druht, které lovi v obou typech
biotopti. Zatéz tézkymi kovy tedy predstavuje pro nékteré skupiny netopyrii vysoké
riziko, jehoZ negativni disledky se mohou objevit teprve v okamziku, kdy se u dané

skupiny stfetne nékolik stresovych faktord, které zptisobi jejich thyn.

Syndrom bilého nosu (white-nose syndrome) je plisiiové onemocnéni, které jiz 8 let
decimuje populace nékterych druhti netopyrti na vychodé USA a Kanady (Cryan et
al. 2013). V anoru 2006 vyfotografoval americky speleolog ve vefejné ptistupné
jeskyni (Howe Caverns) asi 50 km od mésta Albany ve staté New York prezimujici
jedince Myotis lucifugus s ndpadné bilymi povlaky na usich, kfidlech a zadnich

koncetinach (Blehert et al. 2009). Mnozi z nich jevili atypické chovéani, zmatené
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poletovali i mimo ukryt a nékteii leZeli mrtv{
na zemi, hlavné pobliz jeskynnich vchodd.
Onemocnéni se ndsledné zacalo rychle
epizooticky $ifit po hlavnich zimovistich na
severovychodé USA a v Kanadé (Turner,
Reeder &  Coleman  2011), pricemz

matematické =~ modely  predikovaly, Ze '

k vyhynuti nékterych lokdlnich populaci oy 10 jedinec M;,;,tis Jucifugus napadeny plisni
Myotis lucifugus, jednoho z nejpocetnéjsich fi,eu“j,"kiyc’:';‘l’;’,f;“f :te:f ’;32‘;75' Previato

druhii netopyra severni Ameriky, mtzZe dojit za méné nez 20 let (Frick et al. 2010).
Jiz v roce 2009 byl popsan a potvrzen jediny patogen, ktery onemocnéni zptusobuje,
novy druh plisné Geomyces destructans (Gargas et al. 2009), ktera byla pozdéji
preklasifikovdna na Pseudogymnoascus destructans (Minnis & Lindner 2013).
Predpoklada se, Ze tato plisert byla introdukovana do severni Ameriky z Evropy
(Turner et al. 2011). Plisent poskozuje severoamerickym netopyriim zejména létaci
blanu, coZ vede k dehydrataci netopyrt a také ke ztraté elektrolytl nutnych pro
funkéni fyziologické pochody béhem hibernace. Ztrata homeostatické rovnovahy
zpusobuje castéjsi probouzeni netopyrli ze zimniho spanku a pfedcasné
spotfebovani tukovych zdsob nutnych k tspésnému preziti celého obdobi hibernace.
Netopyti umiraji na celkové vycerpani organizmu (Reeder et al. 2012).

V Evropé je situace podobna jako v severni Americe, sjedinym rozdilem,
nedochazi zde prozatim k masovému thynu (Puechmaille et al. 2011a). Prvni nélez
netopyra s nardstem plisné P. destructans byl zaznamendn 12. biezna 2009 na
zimovisti v jeskyni u mésta Périgueux ve Francii, kde byl nalezen jedinec M. myotis s
plisni na stejnych obli¢ejovych partiich jako u postizenych americkych netopyrt.
Vykultivované pliseti odpovidala morfologicky néleziim z USA (Puechmaille et al.
2010). Nase vyzkumy realizované na zimovistich v Moravském krasu potvrdily v
Evropé jak pfitomnost patogenu tj. plisné Pseudogymnoascus destructans (Martinkova
et al. 2010), kterd onemocnéni zptisobuje, tak histopatologicky i pfitomnost vlastniho

syndromu bilého nosu (Pikula et al. 2012). VyuZiti nové metody UV detekce 1ézi, t;.

poskozenych casti létacich blan (Turner et al. 2014), ndm umoZnilo nalezeni
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pozitivnich jedinct u 11 druht evropskych netopyrd. U fady z nich pfitom léze
proristaly celou tloustkou létaci blany a zpasobovaly tedy stejné zavazné
onemocnéni jako je tomu u netopyrt v severni Americe (Band'ouchova et al 2014).
Jednim zmoZnych vysvétleni pro¢ evropsti netopyfi masové nehynou na
syndrom bilého nosu, je jejich dfivéjsi historicka expozice tomuto onemocnéni, ktera
vedla k vytvofeni ochranné adaptace.
Vyzkum hiberna¢niho chovani netopyrii
z Moravského krasu naznacuje, Zze
evropsti netopyfi vyuZivaji specifické
hiberna¢ni chovani, které predstavuje
vyhodnou evoluéni adaptaci, jez jim

umoznuje piezivat napadeni plisni

Pseudogymnoascus  destructans ~ (Zukal,

- 3 ] L ST

Obr. 11 Léze létaci blany u netopyra druhu Plecotus auritus . . .
s pozitivnim nalezem onemocnéni syndrom bilého nosu. Berkovd & Madaraszova Smeltted)'

Extenzivni plisiova infekce, ktera prorlsta celou tloustkou . .. . L
|étaci blany. Vysvétlivky: ¢ernd hvézdicka — priznaky zanétu, Zaroven vSak nase dosavadni Vkaumy

bild hvézdicka — cupping-like eroze kdze a Sipka — zbytky . . L o
bunék na povrchu kize. Pfevzato z publikace Bandouchova také dokazuji, Ze pliseti miiZe napadnout

et al. 2014.

z

jakykoliv druh netopyra, ktery vyuZziva
pro hibernaci podzemni prostory s mikroklimatickymi podminkami, které jsou
vhodné pro rast plisné (Zukal et al. 2014). Syndrom bilého nosu je proto rozsifen
prakticky po celé Evropé (Puechmaille et al. 2011b), a pfestoZe nebyla doposud v
Evropé zaznamendna masivni mortalita zimujicich netopyrt, potvrzuje se, Ze vétSina

evropskych druhti netopyrt je stile potencidlné v ohrozeni.
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4. Zavér

Ve shrnujicim komentafi pfilozenych publikaci jsem se snazil ukazat, Ze i pres
intenzivni rozvoj modernich technologii a metod vyzkumu, zGstdvaji tkryty
netopyrt stale prostorem, kde je mozné studovat tak pohybliva zvifata jako jsou
pravé netopyfi. Pfimo v jejich tkrytech nebo ve vchodech do téchto udkrytd
ziskdvame s vysokou pravdépodobnosti dostate¢ny material pro testovani obecnych
hypotéz jako je napiiklad vztah predator - kotist nebo specifickych parametrii Zivota
netopyrt, naptiklad hibernace, ale daji se zde fesit i problémy, které odrazeji zivotni
strategie jednotlivych druh@i. Oblast Moravského krasu je pfitom idedlnim
prosttedim pro netopyry s dostatkem prirozenych udkrytd a tedy i s velkym

potencidlem pro vyzkum jejich ekologie a chovani.
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Abstract

In 1992-1993, the bat community of a natural karst cave (Katefinskd cave, Moravian Karst) was
investigated by means of a regular winter census of hibernating bats and of nettings in the cave
entrance. In total, 14 species were ascertained. The maximum abundance of the bat community in
the cave during hibernation was in late February (25. 2. 93 — 136 ind.). The number of bats was
lowest in late June and July. The highest intensity of cave visitation occurred in late August and
the first half of Segtember, with a minor peak recorded in April. The species composition changed
markedly during the whole year. The hibernating bat community was characterised by significant
dominance of Myotis myotis whereas small Myotis species (especially Myotis daubentoni, M.
nattereri, M. emarginatus and M. bechsteini) dominated the spring and autumn catching samples.
The Katefinskd cave has also been included in long-term monitoring of bat communities in Mora-
vian Karst caves. The changes in numbers of hibernating bats has shown a similar trend to that
found in other caves, viz. a strong increase of M. myotis and a weak increase of Rhinolophus
hipposideros.

Introduction

Underground sites (caves, mines, tunnels etc.) are the most important roost sites
for most species of bats. They present a significant factor influencing the abun-
dance and structure of bat communities in a region. Many authors have been
interested in the study of long-term and short-term changes in bat communities
(Daan et al. 1980; Nagel & Nagel 1987, 1989; Gaisler 1991;
Andéra etal 1992; Hanzal & Pricha 1992; Urbanczyk 1992
and others), especially in winter. The long-term monitoring of hibernating bats
has' been carried out in different caves of the Moravian Karst since 1973
(Bdrta et al. 1981; Bauerovd et al. 1989; Zima et al. 1994). The
results of these studies have revealed a general increase in the numbers of
Myotis myotis. A stabilisation or slight upward trend, was also recorded in
Rhinolophus hipposideros. However, little attention has been given to the study
of short-term changes in bat communities within the framework of a particular
locality. The only exception is the research of Gaisler (1973 and 1975), who
studied population changes throughout the year by the regural netting of bats on
the southern edge of the Moravian Karst, an area rich in caves. Work has also
been produced by Bauerovd & Zima (1988ab), who netted bats at the
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entrances of the Hladomorna and By¢i skdla caves in the northern and central
part of the Moravian Karst. However, their results represent a summary of
studies from several growing seasons.

The aim of the present paper is to evaluate the fundamental synecological
data obtained both by the twenty five year winter census of bats in the Kate-
finskd cave and also by the monitoring of bat community in underground spaces
and the netting of bats at cave entrances during the season of 1992-1993. The
results of the long-term monitoring studies obtained throughout 1973-1979 and
1983-1987, have already been reported by Barta et al. (1981) and Baue-
rova etal. (1989).

Study Area

The Katefinskd cave is situated in the northern part of the ,Moravian Karst*
Protected Landscape Area (Czech Republic) (49°21' N, 16°48' E). The cave
represents an abandoned effluence of the underground Punkva River, which
flowed from the Macocha Abyss via an unknown routs southwards and through
the Katefinskd cave, appearing at the surface in the Suchy Zleb valley. The main
part of the cave consists of three large domes, one of which, the ,,Hlavni dome*,
is the biggest underground space in the Moravian Karst (length 96 m, width 44
m and height 20 m). The total length of the cave is about 500 m and is modera-
tely dynamic with regard to climate.

The only entrance to the cave is oriented to the south-west and lies at an
elevation of 345 m a.s.l.,, formed by a high ,.gothic* portal with a rock wall
above it. The entrance corridor is closed by an iron gate and there is a hole
(30 x 15 cm) in its upper part. Throughout the whole year the cave is visited by
tourists and the sightseeing route is about 300 m long.

Material and Methods

The long-term changes in numbers of hibernating bats have been evaluated on
the basis of one control shelter per year (in the second half of January or
February, Barta et al. 1981). During 1970-1979 the bats under study were
taken down and banded. Since 1983 the bats have been checked by a simple
visual census without any disturbing influence (Bauerova et al. 1989). The
bats were only exceptionally taken down for the purpose of species identifica-
tion, even so very few of the individuals remained unidentified.

From 24th September 1992 to 7th October 1993, both the dynamic of the bat
community inside the cave and the activity of bats flying at the cave entrance
were studied. The census of bats visible on the walls and in fissures in the
accessible spaces of the caves (cca 400 m of route) was undertaken in the same
manner as that for long-term monitoring (see above). The activity of bats at the
cave entrance was assessed by means of netting and trapping (Gaisler 1973;
Hordc¢ek & Zima 1978). A mist-net 2.2 x 3 m, fastened directly across
the gates to the cave was used, cca 50 cm near by the wall. The bats leaving the
cave were captured in special harp-trap, placed in front of the exit hole from the
cave (cf. Cerveny & Biirger 1989). Catching was usually started 3045
minutes prior to civil twilight and ended about midnight. The trapping period
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progressed over midnight on exceptions (spring, autumn) and in this case, indi-
viduals caught up to midnight only (Central European Time) are included in the
results. On occasion (winter, summer) catching was finished earlier if nothing
was caught during the last three hours or if activity at the entrance was minimal.
The bats were sexed, weighed, measured, banded, and then immediatelly relea-
sed. Both the controls and trappings were carried out approximately once every
two weeks over one or two days (first day netting and second day census). In
three winter terms (3. 12. 1992, 4. 1. 1993 and 28. 1. 1993) bats were only
evaluated in the cave. In total, 14 species of bats were ascertained (Rhinolophus
hipposideros, Myotis myotis, M. blythi, M. dasycneme, M. mystacinus, M.
brandti, M. emarginatus, M. nattereri, M. bechsteini, M. daubentoni, Eptesicus
serotinus, Plecotus auritus, P. austriacus, Barbastella barbastellus); recaptured
bats were also included in the results (Table 1).

Statistical analyses were performed using the SYSTAT program
(Wilkinson 1990). Third order regression analysis (y = a + bx + cx* + dx’)
was used to describe the effects of year on the abundance, both of the whole bat
populations and of two dominant species (Rhinolophus hipposideros and Myotis
myotis), this giving the best expression of long-term changes and their possible
development. Relationships between the years and the abundance were tested by
both Pearson's and Spearman's correlation coefficient. The critical values of
Spearman's rank coefficient for n = 20 are r,”"' = 0.534 and r,”” = 0.377. Pear-
son's chi-square test was used to test for differences, both between the numbers
of bats leaving the cave and flying in the cave entrance during a season, and
between flying activity of each species. Significance in the differences between
the dominance of bat species in netting and census samples was evaluated by
means of contingency tables, again using Pearson's chi-square statistics. Cluster
analysis was used to assess differences in samples with n > 15. Complete linka-
ge clustering was applied to the matrix of Renkonen's index of dominance simi-
larity (L o s o s et al. 1984). Undetermined bats were excluded from the statisti-
cal analysis.

Results
Long-term Changes

The hibernating bat community was characterised by a significant dominance of
Myotis myotis (Fig. 1). This species formed almost three quarters (71.2 %) of all
1,125 individuals checked. The abundance of Myotis myotis had a statistically
significant upward trend (r=0.75, p<0.001; r,=0.77, p<0.01) even after
considerable decrease during 1970-1977 (Fig. 1). Another situation was found
with Rhinolophus hipposideros. Since 1984 R. hipposideros exhibited a stabili-
zed or slightly upward trend, nevertheless, up until 1994, this species has not
matched the values of 1970 (30 ind.). The changes in numbers of this species
are significantly correlated by Spearman's rank coefficient (r = 0.25, p =0.29;
r,=0.46, p<0.05). The total abundance of bats has increased significantly
(r=0.68, p=0.001; r,=0.72, p < 0.01), in line with the increasing trend of both
dominant species (Fig. 1). The correlation between the total number of hiberna-
ting bats and the abundance of R. hipposideros and M. myotis is highly signifi-
cant (Table 2).
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Fig. 1. Trends in numbers of bats hibernating in the Katefinskd cave from 1970 to 1994. Explana-
tions: M. myo. — Myotis myotis, R. hip. — Rhinolophus hipposideros, solid line — cubic regression.

Table 2. Results of cubic regression and correlation analysis, see Fig. 1. Explanations: a, b, ¢, d —
regression coefficients, r, — Pearson's correlation coefficient, r, — Spearman's correlation coeffi-
cient, p — probability

a b c d T, p r, p
Myotis myotis 4140.7 | -139.2| 1.5 -0.01 | 0.75 |<0.001 | 0.77 | <0.01
R. hipposideros 6089.7 [ -211.5| 2.4 -0.01 0.25 | 0.290 0.46 | <0.05
Total 7166.9 | -236.8| 2.6 -0.01 | 0.68 | 0.001 0.72 | <0.01

Short-term Changes

The dominance of Myotis myotis in the winter community of bats in the Kate-
finskd cave has also been confirmed by numerous censuses undertaken in
1992/93. The number of all bats hibernating in the cave increased gradually
from October, the peak was recorded at the end of February and March. From
the middle of April to the end of May the abundance dropped and, during the
early summer (June, July), bats did not occur in the cave (Fig. 2). Analysis by
means of contingency tables showed significant differences between samples
(> = 128.65, p = 0.002, D.F. = 85).

Flying activity at the cave portal and the species structure of the netting
samples also show significant differences (x> =374.92, p <0.001, D.F. =99)
(Fig. 3). Bat visitations to the entrance of the cave were highest (59.6 % of total
netted bats) during autumn movements (from August to the first half of Octo-
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Fig. 2. Changes in numbers of hibernating bats throughout the season of 1992/1993 (results of
visual census). Explanations: Myotis sp. — individuals of small Myotis species. For other see
Fig. 1.

ber). In the winter season (from November to the first half of March) the activi-
ty of bats was minimal. Activity increased again in spring (from April to May)
but its values were lower than those of autumn.

Cluster analysis was used to classify differences amongst netting and census
samples (n > 15) according to dominance of bat species. Four distinct clusters
were formed: 1. the winter censuses, characterized by a remarkable predomi-
nance of M. myotis, 2. the winter censuses with equal dominance of R. hipposi-
deros and M. myotis, 3. netting samples with a high dominance (more than 25 %
of all) of Myotis nattereri from the first half of April, September, October and
November, and 4. netting samples, dominated by Myotis bechsteini and Myotis
daubentoni, from the second half of April, May and June (possibly July) (Fig.
4). As opposed to the results of visual monitoring, small Myotis species (Myotis
emarginatus, M. bechsteini, M. daubentoni and M. nattereri especially), with
one exception, dominated in the samples of trapped bats (Table 1). This fact
also influenced the values of species diversity for both samples (censuses
H' = 1.45, catches H' = 2.67).

The ratio of the number of bats leaving and entering the cave changed in
connection with the cycle of activity during the whole year. The number of indi-
viduals flying out of the cave was lowest (up to 50 %) during the autumn migra-
tions (Table 3, Fig. 3) but very high in spring (nearly 100 %) and summer. The
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Fig. 3. Changes in numbers of bats visiting (in) or leaving (out) the cave throughout the season of
1992/1993 (results of trapping and netting).

difference was significantly higher for bats entering the cave in three autumn
samples (22. 10. 92, 6. 9. 93 and 24. 9. 93). However, for the total sample, no
significant differences were found ()’ = 0.015, p = 0.903, D.F. = 1). Differences
were observed in the flying activity of particular bat species, however, only
three species (R. hipposideros, M. myotis and M. emarginatus) proved signifi-
cant (Table 3). M. myotis and M. emarginatus were the dominant species ente-
ring the cave except for two samples from September (24. 9. 92 and 24. 9. 93).

Discussion
Long-term Changes

Census data of hibernating bats from various sites around Europe has demonst-
rated considerable changes in numbers of various bat species during the last
three decades. A rapid decline was observed particularly of Rhinolophus ferru-
mequinum, R. hipposideros and Myotis myotis, during the 1960's and 70's
(Gaisler & Bauerovad 1977, Roer 1981; Kokurewicz 1990;
Rudolph 1990). However a conspicuous increase in the abundance of some
bat species has been recorded during the last decade (Nagel & Nagel
1989; Bauerovd etal 1989; Cerveny & Biirger 1990; Gaisler
1991; Hanzal & Pricha1992; Urbanczyk 1992). Our results, from
the Katefinskd cave, support the observed trends for two dominant species i.e.
R. hipposideros and M. myotis. The hibernating population of M. myotis has
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Fig. 4. Phenogram based on complete linkage cluster analysis of Renkonen's similarity index esti-
mated among samples with n> 15. Explanations: C — winter cenus, N — netting, 1, 2, 3, 4 —
number of particular clusters, see ,,Results®.

demonstrated an upward trend in abundance and similar trends have recently
been recorded from the surrounding regions — the Bohemian Karst (Hanzal
& Pricha 1992) and Northern Moravia (Gaisler etal. 1993). R. hipposi-
deros is a relatively common species in Southern Moravia and especially in the
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Moravian Karst (Gaisler 1991). The population of this species in the Kate-
finskd cave has stabilized and is even showing a slight upward trend. A similar
trend generally holds for populations of R. hipposideros over the whole Mora-
vian Karst (Zim a et al. 1994). Although it is difficult to explain the influences
causing the increase in the numbers of bats hibernating in the Katefinska cave,
we presume that the changes have been caused mainly by minimal disturbance.
This possibility was also discussed by Nagel & Nagel (1989) for the
caves in south Germany. They found an increase in numbers of bats hibernating
in newly closed caves, even if they excluded the increasing general trend in
numbers of hibernating bats.

Table 3. Pearson's chi-square statistics examininf the changes in numbers of bats visiting (in) or
leaving (out) the cave throughout the season of 1992-93. Explanations: * p < 0.05, ** p <0.01,
*** p <0.001, N. S. not signiﬁcant

Date out in x p
24. 09. 1992 43 48 0.14 N.S.
22.10. 1992 3 23 9.03 e
05. 11. 1992 11 10 0.02 N.S.
19. 11. 1992 0 1 - -
17.12. 1992 1 0 - -
15.01. 1993 0 0 - -
11.02. 1993 0 1 - -
25.02. 1993 0 0 - -
10. 03. 1993 1 2 0.14 N.S.
24. 03. 1993 12 0 8.00 e
07. 04. 1993 32 2 16.43 N
22.04. 1993 19 6 3.56 N.S
05. 05. 1993 10 1 4.30 *
21. 05. 1993 46 6 18.06 b
03. 06. 1993 16 1 8.09 R
16. 06. 1993 7 0 4.55 *
30. 06. 1993 0 0 - -
15. 07. 1993 0 0 - -
29. 07. 1993 0 7 4.55 *
12. 08. 1993 19 17 0.06 N.S.
06. 09. 1993 5 50 |21.99 picge
24.09. 1993 37 65 3.92 %
07. 10. 1993 11 27 3,52 N.S.
Species out in , p
R. hipposideros 20 3 7.17 2
M. myotis 31 66 6.50 pg
M. bechsteini 46 32 1.27 N.S.
M. nattereri 94 63 3.08 N.S.
M. daubentoni 44 41 0.05 N.S.
M. emarginatus 12 40 8.13 i
M. mystacinus 5 4 0.05 N.S.
M. brandti 0 2 1.33 N.S.
M. dasycneme 0 1 - -
E. serotinus 0 1 - -
P. auritus 4 14 3.01 N.S
Total 273 267 0.02 N.S

Short-term Changes

The majority of studies about short-term changes in communities of bats are
confined to the period of hibernation (Bag rowska—-Urbanczyk &
Urbanczyk 1983; Pricha & Hanzal 1989; and others). Where
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authors have concerned themselves with seasonal changes, their results were a
summary of a number of seasons (Cerveny 1982; Bauerovd & Zima
1988 a,b; Andéra etal. 1992).

Our study, in the Katefinskd cave, gave regular cover to the whole season,
from October 1992 to October 1993. There were considerable differences
between the results obtained by means of netting and trapping and the results of
the visual controls (Table 1). A similar result was noted by Gaisler (1973)
and Bauerovd & Zima (1988a), when they used the same methods of
research. The small Myotis species (M. emarginatus, M. daubentoni, M. nattere-
ri and M. bechsteini) dominate in the trapping samples. It is also possible that
they belonged to the hibernating community but their numbers were underesti-
mated during the visual census. This underestimating could presumably be
brought about by the choice of shelter type by various bat species in natural
underground spaces. M. daubentoni and M. nattereri are species, which use
highly protected shelters in hibernaculum (Bogdanowicz & Urban-
czyk1983; Lesinski1986; Hanzal & Pricha 1988), M. bechsteini

robably employ similar spaces because individuals of this species caught
eaving the cave (May and June) were muddy on the forearms and wings.

Cluster and chi-square analysis verify the differences in the motivation of
cave visitation by bats of particular species. The predominance of M. nattereri
in late autumn (from late September to early November) and early spring
(March and early April) netted samples may be connected with both searching
for suitable hibernation shelters and departure from hibernaculum. These
periods correspond to the third phase of the “autumn roaming movements” and
early “spring roaming movements” described by Hord¢ek & Zima
(1978) for bats of the Northern Temperate Zone.

The summer samples were poor from the point of view of species diversity
and abundance and they could not be included in statistic analysis (Fig. 4), with
the exception of some samples from ,border” months (late April, May and
August). The relatively rare M. bechsteini dominated in samples from late April
to May, as this species' departure from the hibernaculum is retarded in compari-
son with the more numerous M. nattereri (Table 1). On the other hand, the high
dominance of both M. bechsteini and M. emarginatus in samples from Septem-
ber is presumably influenced by mating activity and the seeking of inter-
individual contacts within a given population.

R. hipposideros and M. myotis are typical of the community of bats hiberna-
ting in the Katefinskd cave system. Both species dominate in the majority of
Moravian Karst caves during the winter season (Bauerovad et al. 1989;
Gaisler etal 1990; Zima et al. 1994). The changes in the ratio of these
two species in community were found to affect the differences between census
samples (Fig. 4). The ratios changed partly due to differences in the time of arri-
val in, and departure from, the hibernaculum and partly due to the dynamics of
flying activity inside the cave. M. myotis was one of the dominant species in
nettings from September (24. 9. 92 — 23.1 % and 24. 9. 93 — 43.6 %) (cf.
Bauerovd & Zima 1988b), and it had equal dominance in the census with
R. hipposideros in the first half of winter (from mid-November to mid-January)
(Table 1). From mid-January, the abundance of M. myotis increase considerably
until early April (cf. Hanzal & Pricha 1988). However, the increase was
not influenced by immigration of bats from neighbouring shelters as the nettings
were practically zero during the winter (Fig. 3). This is more likely to be due to
movements within the cave, on more exposed sites, where we are more able to
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control the bats exactly. This conclusion was also reached by Nagel &
Nagel (1987), who found a maximum abundance of M. myotis at the begin-
ning of March, but only secondary abundance during the first half of April.
Similar results to ours have been reported by é erveny (1982) and
Valenciuc (1989). Nagel & Nagel (1993) showed that, from the
middle of February, flight activity of Myotis myotis inside of a cave at Swabian
Alb (Germany) increased till the end of April.

R. hipposideros exhibited a stable hibernating community (cca 20 ind.) from
the beginning of December to mid-March (cf. Gaisler 1963), whereupon a
rapid disintegration took place. The main departure from the hibernaculum was
ascertained as the period from late April to early May, however, the sample
caught of R. hipposideros was, as a whole, very low. There was also a signifi-
cant difference between the entering and leaving of the cave by this species,
believed to be influenced by the method of catching. R. hipposideros is a
species with high manoeuvrability Norberg & Rayner 1987), therefore
it is difficult to catch it by mist net, though it has difficulty escaping from trap.
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Abstract

Visual censuses of hibernating bats were organised annually in 37 underground spaces, largely
natural caves, in the Moravian karst between 1983 to 1992. The total number of hibernating bats
increased significantly during the 10 — year period. The most striking increase in numbers was
observed in the greater mouse-eared bat, Myortis myotis, with a less pronounced increase recorded
in the lesser horseshoe bat, Rhinolophus hipposideros. In other bat species (Barbastella barbastel-
lus, Plecotus spp., small Myotis spp.) no apparent trends were observed. Possible explanations for
the observed changes in the abundance of wintering bats are discussed.

Introduction

The bats of the temperate zone present an animal group very appropriate for
monitoring the long-term changes in population densities. Such long-term moni-
toring can be performed easily during hibernation, which provides relatively
standard conditions at a low financial cost. Censuses of wintering bats in
various European regions have already demonstrated considerable changes in
numbers of the various bat species (Bezem et al. 1960, Dorgelo &
Punt 1969, Gaisler et al. 1980/1981, Haensel 1980/1981, Preiss
1982, Baar etal. 1986,Urbanczyk 1989, Kowalski & Lesinski
1991, Weinrich & Oude Voshaar 1992). A rapid decline in numbers
and even local extinctions have been observed particularly in Rhinolophus
ferrumequinum, Rh. hipposideros as well as° Myotis myotis (Kraus &
Gauckler1979,Schober & Wilheim 1983/1984, Helversen et
al. 1987, Kokurewicz 1990, Rudolph 1990), and various approaches to
protect and manage bat hibernacula were proposed (Voute & Lina 1986).
The opposite upward trend in numbers observed at hibernation sites was repor-
ted in certain other bat species during recent decades (Daan et al. 1980,
Gaisler et al. 1983/1984, Tress et al. 1989, Kowalski &
Lesinski 1991, Urbanczyk 1992, Weinrich & Oude Vos-
haar 1992). The long-term dynamics in the abundance of European bats
evokes a number of interpretations and questions (H o rd ¢ e k 1983/1984).

In the Czech Republic, an extensive winter census of bats in selected
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important hibernacula was undertaken between 1969 and 1979 (Bdrta et al.
1981, Gaisler et al. 1983/1984). All the bats observed were individually
banded for subsequent identification. The 1969-1979 census revealed conside-
rable decreases in the abundance of species evaluated as mesophilous seasonal
cave-dwellers of South-European origin, i.e. Rhinolophus hipposideros, Myotis
myotis and Plecotus austriacus. A stabilised or upward trend was observed in
the species of supposed Central-European origin (Myotis mystacinus, M.
daubentoni, Plecotus auritus). These general results have been supplemented by
evaluations of the bat number dynamics in individual wintering sites in Bohe-
mia and Moravia (Gaisler & Bauerova 1977, Sklenaf 1981,
Cerveny 1982, Rumler 1985, J67za & Kare$§ 1986, Eleder &
HeleSic 1987, Nevrly 1987, Hanzal & Pricha 1988, 1992,
Bauerovd & Zima 1989, Cerveny & Biirger 1990, Andéra et
al. 1992, Gaisler etal. in press).

The aim of the present article is to report on results obtained during winter
census of bats in the Moravian karst between 1983 to 1992. The first 5 years of
this census have already been reported by Bauerova et al. (1989), and
report limited to one species was published by Gaisler (1991).

Study Site, Material and Methods

A total of 37 underground spaces were selected (for a detail site description see
Bauerovd et al. 1989). Although 40 sites were originally selected
(Bauerovad et al. 1989), some sites have been combined for the present
study (Table 1). Only site 32 was an artificial gallery, all the others were natural
karstic limestone caves. The sites are situated within a protected landscape area
of Moravian karst. This region is in central Moravia, the Czech Republic, appro-
ximately 16° 40’ E; 49° 20’ N (quadrate No. 6665, 6666, 6667 after mapping
grid used by the Czech Zoological Society). Northern (sites No. 1-25), central
(sites No. 26-33) and southern (sites No. 34-37) part of the Moravian karst may
be recognised, differing in their drainage basin systems.

Census method

The annual census took place regularly in January and February, and each study
site was examined using a standardised route. The census was performed visual-
ly, and wintering bats were disturbed only quite exceptionally for the purpose of
species identification or recording the band number. However, no new banding
efforts were applied.

Results
Five groups of bats were distinguished in the visual census:

a) Lesser horseshoe bat, Rhinolophus hipposideros.

b) Large Myotis species. This group includes Myotis myotis and M. blythi, but
the former species is considered largely prevailing according to previous studies
(Gaisler 1977, Bauerova1984).
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Table 1. List of the wintering roosts examined by their local names with the mean number of bats
found per one check (mean), the standard deviation of the mean number (SD), and the coefficient
of variation (SD/mean)

mean SD  SD/mean

1. Sloupsko-Sosiivské jeskyné (cave) 218.5 68.8 0.315
2. jeskyné PustoZlebskd 17 (cave) 60.5 16.3 0.269
3 jeskyné Remé (cave) 53 4.0 0.755
4. jeskyné Certova kazatelna (cave) 0.7 1.2 1.700

5 oudelkova propast I. (chasm) 46.8 14.7 0.313
esk{Iné Bertaldnka (cave) 6.3 1.9 0.302
richova jeskyné (cave) 36.2 21.6 0.597

8 Passovského jeskyné (cave) 10.0 10.2 1.017
9. Cervikovy jeskyné (cave) 0.7 0.7 1.000
10. Punkevni jeskyné (cave) 2.6 1.4 0.523
11. Vétrna jeskyné (cave) 19.0 10.0 0.526
12. jeskyné V Buci (cave) 49 23 0.478
13. jeskyné Novd Rasovna (cave) 39.1 16.5 0.422
14, jeskyné Pikova dima (cave) 27.7 7.6 0.276
I5. jeskyné Dagmar (cave) 18.0 5.1 0.281
16. Cisafskd jeskyné (cave) 7.5 2.3 0.305
17. jeskyné lgalcarka (cave) 12.5 Tod, 0.614
18. LiS¢i jeskyné (cave) 2.9 2.0 0.679
19. jeskyné Maly pes (cave) 219 6.6 0.303
20. jeskyné Suchozlebskd zazdénd (cave) 0.0 0.0 0.000
21. Kominovd jeskyné (cave) 0.6 0.6 1.100
22. Kridlova jeskyné (cave) 70.8 14.9 0.210
23. jeskyné Koriskd jama (cave) 16.7 9.5 0.568
24. Katefinskd jeskyné (cave) 63.0 20.5 0.326
25. jeskyné Horni v Chobotu (cave) 6.0 1.0 0.167
26. Rudické propadini (cave) 55.6 13.9 0.251
27. jeskyné Nova Dritenickd (cave) 27.0 54 0.199
28. jeskyné Stard Dritenicka (cave) 17.4 745, 0.410
29. Maridnskd jeskyné (cave) 12.2 4.5 0.372
30. jeskyné Jestidbka (cave) 16.7 5.2 0.310
31. jeskyné Byci skdla (cave) 156.3 59.2 0.379
32. jeskyné Jaichymka (cave) 3.6 2.5 0.694
33. 3tola nad Svycarnou (gallery) 7.4 2.9 0.397
34. Mdlcina jeskyné (cave) 10.7 34 0.316
35. jeskyné Netopyrka (cave) 1.6 1.3 0.800
36. Ochozskd jeskyné (cave) 29.6 12:7 0.428
37. jeskyné Pekdrna (cave) 0.8 0.8 0.938

¢) Barbastelle, Barbastella barbastellus.

d) Long-eared bats of the genus Plecotus. The representation of both species,
Plecotus auritus and P. austriacus, may be supposed approximately equal.

e) Small Myotis species, inclunding Myotis mystacinus, M. brandti, M. bechs-
teini, M. nattereri, M. emarginatus, M. dasycneme and M. daubentoni. The
actual representation of individual species is not exactly known, but M. emargi-
natus and M. daubentoni may be considered more common than the other
species.

The abundance of wintering bats varied considerably between the hibernation
sites examined (Table 1). The average number of hibernating bats per one
annual check exceeded 150 individuals in only two caves (sites No. 1 and 31), it
was 50 to 149 individuals in four caves (sites No. 2, 22, 24, 26), and 10 to 49
individuals in 16 caves. The average number in the other sites was lower than
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10 individuals, and in one locality (site No. 19) no bats were found during the
whole census period. The variation coefficient of numbers found in the sites
populated by more than 150 individuals on the average was 0.347, in the sites
with 50-149 individuals 0.264, in the sites with 10—49 individuals 0.435, and in
the sites with less than 10 individuals 0.703.

The large Myotis species represented the most frequently occurring group in
the assemblages of wintering bats in Moravian karst. We assume that this group
consisted mainly of Myotis myotis, which could thus be considered the most
abundant bat species in this region. The highest constancy was also revealed in
this group, represented in most of the wintering sites studied. Large Myotis
species were found at 25 (67.6 %) to 31 (97.3 %) of the wintering sites in indi-
vidual years of the census. In the whole census period, large Myotis individuals
were found at 36 sites (97.3 %). The mean variation coefficient of M. myotis
number the 10-year period was 0.423 for the sites populated by more than
10 individuals on the average. Rhinolophus hipposideros was the second species
in term of abundance, being found at 16 to 22 sites (43.2-59.5 %) in individual
years, and at 28 sites (75,7 %) during the whole census period. The mean varia-
tion coefficient of Rh. hipposideros numbers during the 10 years period was
0.340 for sites populated by more than 10 individuals on the average. Barbastel-
la barbastellus was found at 9 to 12 sites (24.3-32.4 %) in individual years, and
at 23 sites (62.2 %) during the whole census period. The mean variation coeffi-
cient of B. barbastellus numbers was 0.704 during the 10 years period for sites
populated by more than 10 individuals on the average. The number of wintering
M. myotis and Rh. hipposideros was thus generally more stable than that of B.
barbastellus. Plecotus species were observed at 6 to 12 sites (16.2-32.4 %) in
individual years, and at 28 sites (75.7 %) in total. Small Myotis species were
recorded at 10 to 24 sites (27.0 —64.9 %) in individual years, and at 33 sites
(89.2 %) in total.

Table 2. Numbers of bats found in individual regions of the Moravian Karst between 1983 and
1992

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Total numbers 703 757 857. 956 874 1082 1121 1415 1399 1262
Northern part 466 511 612 594 574 750 753 931 979 871
Central part 202 199 206 296 249 304 349 449 378 345
Southern part 35 47 57 66 51 28 19 35 42 46
Myotis myotis 323 408 493 540 481 636 715 918 879 764
R. hipposideros 278 ...233 .. 233 . 269,..242 295, 2974,.299 . 355 373
B. barbastellus 4] 42 62 70 76 62 17 64 74 42
Plecotus spp. 7 16 6 16 10 13 18 11 12 10
Myotis spp. 30 53 79 58 60 71 72 116 77 70

In all sites coupled, 703 to 1415 wintering bats were found in individual
years, and a significant upward trend in numbers was observed during the whole
census (Tables 2 and 3; Figs. 1 and 2). This upward trend was apparent namely
in the sites situated in northern and central part of the Moravian karst, whereas
the numbers of bats were rather decreasing in the southern part. The number of
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sites studied and the number of bats found in the southern part of the Moravian
karst was, however, rather low so that the results from this area had little
influence on the overall trend.

Tab. 3. Results of linear regression and correlation analysis , see Figs. 2 and 3 (X — independent
variable, Y — dependent variable, a, b — regression coefficients, r — correlation coefficient, * —
statistically significant)

X Y a b r P
Years Total numbers -5860.88 78.90 0.93 0.00008 *
Years Northern part —4158.25 55.47 0.94 0.00007 *
Central part -1807.07 24.05 0.86 0.001 *
Southern part 153.96 -1.27 -0.28 0.44
Years Myotis myotis -4724.98 61.04 0.92 0.0001 *
R. hipposideros -769.08 12.10 0.77 0.01 ¥
B. barbastellus 17.88 0.42 0.07 0.85
Plecotus spp. -5.60 0.20 0.15 0.67
Myotis spp. -284.01 4.04 0.61 0.06
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Fig. 1. Variations in the number of wintering bats in the Moravian Karst in 1983 to 1992. Changes
are demonstrated by the cubic regression (solid line).

The changes in numbers of the large Myotis species were quite similar to
those observed in the whole wintering bat assemblage. Therefore, we can conc-
lude that the dynamics of this particular group (M. myotis largely prevailing)
influenced substantially the overall trend. The abundance of Rhinolophus hippo-
sideros was rather stable in the first half of the census period but it begun to
increase afterwards, so that an upward trend in numbers of this species can be
demonstrated for the whole study period. No trends in numbers were apparent in
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(dashed lines). A. all localities pooled, B. northern part, C. central part, D. southern part.

Barbastella barbastellus and Plecotus species because of substantial variation
in their abundance. A moderate upward trend was apparent in numbers of winte-
ring individuals of small Myotis species (Tables 2 and 3; Figs. 3 and 4).

Discussion

The population decline observed in European bats during the last decades has
been usually interpreted as a general trend, which has been strikingly expressed
namely in rhinolophids and Myotis myotis (Roer 1980/1981, 1983/1984,
Hordcek 1983/1984). Surprisingly, an upward trend was demonstrated either
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Fig. 4. Variations in the number of Myotis myotis and Rhinolophus hipposideros. Linear regres-
sion — dashed line, cubic regression — solid line.

in hibernation roosts or in summer colonies in some other species, e.g. Myotis
daubentoni (Daan etal. 1980, Gaisler etal. 1980/1981,Helversen et
al. 1987), Eptesicus nilssoni (Cerveny & Biirger1990,Gaisler etal.
in press), or in wintering bat assemblages as a whole (Kowalski &
Lesinski 1991, Weinrich & Oude Voshaar 1992). It is remar-
kable that the results indicating the upward trend in the abundance of bats have
concerned mainly the period of the last 10 or 15 years.

We found a very conspicuous increase in the abundance of M. myotis and a
slight trend in R. hipposideros. Similar trends and even a constant increase in
the numbers of M. myotis have recently been reported in the Nietoperek reserve,
Poland (Urbanczyk 1992) and in the Bohemian karst (Hanzal &
Pricha 1992). These findings evoke a number of questions. Firstly, we
should consider if the observed upward trend corresponds to an actual increase
in the density of bat populations, and/or if it results only from changes in disper-
sal preferences of particular roosting sites used for hibernation. The latter expla-
nation seems to be less likely, especially with respect to reports of the same
phenomenon in different regions, as well as to the high number of wintering
sites examined in this study, which included a substantial part of potential hiber-
nacula in a broader region. The caves of the Moravian karst obviously present
important wintering shelters for bats inhabiting this area in summer, and also for
other populations from neighbouring regions. The premise that the increase in
the numbers of hibernating bats indicates the growing population density is furt-
her supported by observations made in some nursery colonies of M. myotis loca-
ted in the Moravian karst and adjacent regions (unpublished data).

Secondly, direct human disturbance and pursuit, damage of suitable roosting
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sites, and environmental pollution affecting the food base are usually considered
the common causes for a decline in European bat populations. Which of these
factors could change substantially their impact in the region under study to
evoke an increase in the abundance of bats? Although the area and the caves
themselves have been under protection for many decades, the improvement in
conservation measures could be considered a positive influence. Note that a
change to the visual census method avoided any disturbance of the hibernating
bats, another favourable factor. Nevertheless, it is hardly realistic to explain the
increase in numbers of hibernating bat populations in the Moravian karst only
by protection of the landscape and the caves and the change in census method.

It is difficult to find any other potential human factor or impact that has been
essentially changed or limited in the region during the last decades. The most
plausible interpretation of the reported change in numbers seems to be the natu-
ral process of the population dynamics that may be influenced by various natu-
ral factors as noticed previously by Hor a ¢ e k (1983/1984).
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Numbers of bats hibernating in two caves in the northern part of Moravian Karst and their
long-term changes. The bat assemblages of two natural karstic caves (Sloupsko-$ostvské cave
and Katefinska cave) were investigated by means of a regular winter census of hibernating bats. In
total, 14 species were recorded. The hibernating bat assemblages were characterized by a significant
dominance of Myotis myotis and Rhinolophus hipposideros. The changes in numbers of hibernating
bats have shown a similar trend to that found in other caves or regions, viz. a strong increase of M.
myotis and a stabilization of R. hipposideros population with subsequent increase (at the end of the
nineties).

Uvod

Pritomnost podzemnich prostor (jeskyng, stoly, tunely apod.) patii k nejvyznamngjsim faktoram ovliviuji-
cim pocetnost netopyri v urcité oblasti. Proto se sledovanim sezénnich zmén pocetnosti v podobnych tkry-
tech béhem hibernagniho obdobi zabyvalo mnoho autori. Predevsim starsi vyzkumy vsak zahrnovaly roz-
sahlé krouzkovani a ruseni hibernujicich netopyri (Hanak et a. 1962, Gaiser & Hanak 1972, Barta et al.
1981). Casté probouzeni netopyri v obdobi zimniho spanku oviem negativné ovliviuje délku hibernace a
muze vést k opusténi zimovisté (Pricha& Hanzal 1989). Pocet probuzeni je pritom nejdil ezitgjsim faktorem
uréujicim mnozstvi vydané energie pri zimovani, ovliviiuje mortalitu netopyri béhem zimy azptisobuje tak
poklesy v pocetnosti populaci (Bartaet al. 1981, Thomas 1995, Rehak 1997). Z téchto daivodi mohou byt
vysledky vyzkumi, pti nichz jsou netopyti ruseni, zkreslené.

Moravsky kras je vyznamnym a tradi¢né sledovanym zimovistém netopyri. Systematicky vyzkum
nejdéle sledovanym zimovistim v Ceské republice. Pozornost bylavénovanajak diouhodobému vyvoji po-
cetnosti netopytich spolecenstev (Hanak et al. 1962, Gaider & Hanak 1972, Bartaet al. 1981, Bauerova et al.
1989, Zimaet al. 1994, Kovaiik 1997), tak i sezénni dynamice aekologii netopyrt béhem hibernace (Gaisler
1970, Bauerova & Zima1988a, Rehak et al. 1994, Kovatik 1997).

Charakteristika Moravského krasu

Moravsky kras je krasové uzemi nachazejici se na stiedni Moravé severné od Brna, které tvori cca 3-6 km
siroky a 25 km dlouhy pruh silné zkrasovélych devonskych a spodnokarbonskych vapenci. Zabira plochu
cca85 kn az orografického hlediskatvori jihozapadni ¢ast Drahanské vrchoviny s primérnou nadmorskou
vyskou 448 m. Plochy povrch vapenci je rozélenén hlubokymi adolimi — Zleby — natti zakladni ¢asti: severni
(Suchdolska plosina), sttedni (Rudicka plosina) ajizni (Ochozska plosina) (Demek 1993).
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Moravsky kras predstavuje izemi s nejlépe vyvinutymi krasovymi jevy v Ceské republice. Jsou zde
zastoupeny vsechny povrchové apodzemni krasové utvary. Pro izemi je charakteristicky vyskyt hiubokych
a uzkych krasovych kaont a bezvodych Zlebt. Specifikem Moravského krasu je existence okrajovych
krasovych polji ovlivivjicich podzemni a povrchovy hydrograficky rezim. Vyznacnym prvkem reliéfu
krasové krajiny jsou rozsahla skrapova pole na plose nékolika knv o vysce skrapt az nékolik metri (Ptibyl
1983). Také podzemni krasové formy jsou velmi rozmanité a vytvaieji ¢lenity vertikalni a horizontalni
systém. Nejrozsahlejsim podzemnim systémem je Amatérska jeskyné v severni ¢asti Moravského krasu,
patiici k nejvétsim jeskynnim systémam v Evropé. V Moravském krasu je evidovano asi 1200 podzemnich
prostorti (Demek 1993).

Moravsky kraslezi v mirng teplé klimatické oblasti. Klimavykazuje vyrazny gradient z okoli Brna, které
jeteplé apomerné suché, do severngjsich oblasti, které jsou chladnéjsi avlhei. V zastinénych Zlebech dochazi
ke vzniku teplotnich inverzi, pozorovatel nych zeiménaza slunného pocasi v teplé ¢asti roku. Mikroklimatic-
ké poméry jeskyni jsou charakterizovany v porovnani svolnym terénem nizsi denni i ro¢ni amplitudou
teploty a vlihkosti vzduchu, vyssi relativni a absolutni vihkosti vzduchu, nizkym vyparem a vyraznym
ro¢nim, pripadné i dennim chodem rychlosti asméru vétrného proudéni (Quitt 1984).

CHKO Moravsky kras byla ztizena v roce 1956 a v souc¢asnosti se na jejim uzemi nachazeji 4 narodni
ptirodni rezervace, 3 narodni prirodni pamatky, 7 ptirodnich rezervaci a1 ptirodni pamatka.

Popis jednotlivych lokalit

Sloupsko-§osivské jeskyné

Sloupsko-sostvské jeskyné se nachazeji na severni hranici Moravského krasu (49°25° s. §. a 16°45’ v. d.,
&tverec zoologického mapovani CR 6566). Byly vytvoreny ve vapencich svrchniho devonu v ponorové
oblasti Sloupského potoka. Podzemni prostory jsou rozlozeny ve dvou trovnich, spojenych 60 — 80 m
hlubokymi propastmi acelkova délkadosahujecca7 km. Jedna sevelice slozity jeskynni |abyrint tvoreny jak
pomerng tizkymi chodbami, tak i velkymi domy (Hlavni dom ma rozméry 70x40x10 m). Proto se zde také
stiidaji mikroklimaticky statické ¢asti s tiseky, které se spise projevuji jako dynamické.

Jeskyné maji 6 rizné upravenych vchodi (od 460 do 471,8 m n. m.), pii¢emz jsou vsechny vazany na
udolni nivu Sloupského potoka. Nejmohutnéjsim vchodem je portal, ktery usti dvéma chodbami do Nicové
jeskyné (23x9 m), aje upraven jako vstup pro verginost. V levé chodbé jsou vrata s miizi, prava chodbaje
zazdénaajsou zde 2 vletové otvory pro netopyry o rozmerech 35 x 20 cm. Ctyii vehody do Starych skal tvori
napojeni na oblasti ponort a od vlastni jeskyné (Casti pristupné pro verejnost) jsou oddéleny zdi uvniti
jeskyng. Dvavchody jsou neupraveny, jeden je osazen mirizi apos edni je zazdn bez vletového otvoru. Sesty
vchod (Sosivska ¢ast jeskyné) slouzil do posledni rekonstrukce (1999) jako vychod pro vereinost, nyni je
vyuzivan pouze jako nouzovy vychod. Je zabezpecen miizemi a pevnou uzavérou s vyletovym otvorem.
Zcelanoveé bylajeskyné napojena 15 mdlouhou stolou najeskyni Kulnu, kde kongi kratka prohlidkova trasa.
Tento vchod je zabezpeten 2 plnymi uzavérami (nerezova vrata) bez vletovych otvort.

Sloupsko-sostivské jeskyné byly v minulosti zna¢né ¢lovékem devastovany adochazelo zdek rozsahlym
zménam. Jeskyné ptivodng tvorily 3 samostatné celky, které byly od roku 1879 postupné spojovany av roce
1923 byly jeskyné zpiistupnény veigjnosti jako jeden celek, elektrické osvétleni bylo v jeskynich zavedeno
a po roce 1923. Dalsi upravy jeskyni byly provadény v roce 1978. Byl zazdén vchod do Starych skal jako
opatieni nezbytné pro zahajeni speleoterapeutické |écby v prostorach jeskyni. Nejrozsahlgjsi upravy jesky-
né viak byly provadény v ramci rekonstrukce turistické trasy v letech 1997-1999 (oprava mastk, betono-
vych chodniki ad ektroinstalace, zménatrasy, vystrileni stoly do jeskyné Kulna). V této dobé bylaprostiilena
i nov4 stolav délce 110 m spojuijici oblast u Cerné propasti (¢ast Sostivské jeskyng) se Stibrnou chodbou.

Veteginosti piistupna je pouze ¢ast jeskyni vazana nahorni patro (cca 3,5 km). V souc¢asné dobé je mozno
absolvovat dlouhou nebo kratkou prohlidkovou trasu, pricemz roéné si jeskyné prohlédne cca 70.000 na-
vitévnika. Od zagatku listopadu do konce ledna byvaji jeskyné pro verejnost uzavieny, celorocné jsou viak
vyuzivany pro speleoterapeutickou 1é¢bu astmatickych déti.
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Katefinska jeskyné

Katefinska jeskyné senachazi v severni ¢asti Moravského krasu pii usti Suchého Zlebu do tdoli Punkvy. Jeji
zemgpisné souradnice jsou 49°21° s. §. a 16°48’ v. d., étverec zoologického mapovani CR 6666. Systém je
tvoren ve vapencich svrchniho devonu, v hiebenu zvaném Chobot, za jehoz ukonéenim se spojuje Suchy a
Pusty Zleb. Prostory byly vytvoieny podzemnim tokem, ktery tudy ptivadél vodu od severovychodu do
Suchého zlebu. Na rozsifovani dutin se dale vyznamng podilelo ficeni. Podzemni tok v pozdgjsim vyvoji
poklesl azmenil svaj smér k Punkve.

Jediny vchod do jeskyné je orientovan najihozapad alezi v nadmorské vysce 345 m. Je tvoren vysokym
“gotickym” portalem, nad nimz je skalni sténa. Vstupni ¢ast jeskyné, tzv. Predsin, je uzaviena zeleznou
branou, v jgiz horni ¢agti jevletovy otvor 25x15 cm. Nasleduje asi 55 m dlouha chodba, hakterou navazuji tii
velké domy, z nichz Hlavni dom je nejvétsi podzemni prostorou Moravského krasu (97 m dlouhy, 44 m
siroky a 22 mvysoky). Na hlavni ¢ast jeskyné navazuji tzv. Horni a Dolni patra, ktera z diivodu problema-
tického pristupu a malé plochy, nebyla zahrnuta do s¢itani. Cela jeskyné je dlouha cca 500 m, z toho je
turisticky zptistupnéno 300 m. Katerinska jeskyné je podobné jako Sloupsko — sostvské jeskyné v obdobi
listopad — leden pro vefgjnost uzaviena.

Z hlediskamikroklimatu |ze jeskyni rozdélit na¢ast dynamickou a statickou. Chodba je mikroklimaticky
dynamicka ateplotaje zde zna¢né ovlivnénateplotnimi zménami v okoli jeskyné. Amplituda chodu tepl oty
klesd se vzdalenosti od vchodu. Naopak domy patii k mikroklimaticky statickym ¢astem jeskyné. Jsou
charakterizovany pomérné stalou teplotou, ktera se pohybuje v rozmezi 6,3 az 8,8 °C (vlastni méient).

Metodika

Dlouhodobé zmény pocetnosti zimujicich netopyri byly hodnoceny na zakladé jedné kontroly béhem daného
zimniho obdobi. Tato kontrola byla provadéna pievazné v druhé poloving ledna (Sloupsko-sosuvské jeskyng) nebo
v unoru (Katefinska jeskyng). V letech 1970-1979 bylo s¢itani provadéno pouze v Katefinské jeskyni. V tomto
obdobi byli netopyti odchytavani a krouzkovani (Barta et al. 1981). Od roku 1983 vsak bylo s¢itani provadéno
vyhradné vizualné bez ruseni zimujicich jedincta (Bauerova et a. 1989), pouze vyjimecné byli netopyii brani do rukou
ve snaze o presné uréeni druhu (zefména u vzacnych hibernantti napt. Myotis dasycneme). Speakman et a. (1991)
uvadgji, ze citlivost hibernujicich netopyri k nedotykovym podnétim, jako jsou zvuk, svétlo a mensi kolisani teploty
spojené s piitomnosti lidi na zimovisti, je minimalni. Metodou vizualniho s¢itani oviem nelze vzdy provést jedno-
zna¢nou druhovou identifikaci, proto byly v nékterych piipadech rozlisovany pouze tyto skupiny:

(a) Myotis mystacinug/brandtii — neuréeni jedinci dvou druhu tzv. “sibling species”

(b) M.sp. — sedm mensich druht rodu Myotis (M. mystacinus, M. brandtii, M. bechsteinii, M. emarginatus, M.
nattereri, M. daubentonii, M. dasycneme),

(c) P.sp. — netopyii rodu Plecotus (P. auritus a P. austriacus).

V piipadé druhu Myotis myotis nemazeme vylowit, ze mezi zimujicimi jedinci byl zapogitan také pribuzny netopyr
vychodni, M. blythii, jehoz odliseni na zakladé pouhého pozorovani je velmi obtizné az nemozné.

Hodnoceni zmén pocetnosti bylo provedeno pomoci statistického programu SY STAT (Wilkinson 1990). Pro
testovani vztahu mezi jednotlivymi roky sledovani a pocetnosti netopyris byl pouzit zakladni Pearsoniv korelacni
koeficient. Jelikoz starsi informace z obou jeskyni nejsou ucelené byla pro Sloupsko-sostvské jeskyné pouzita data
z let 1982-2001 a pro Katefinskou jeskyni z let 1970-2001.

Vysledky

Spole¢enstvo zimujicich netopyri je charakterizovano naobou dedovanych lokalitach vyznamnou dominan-
ci netopyravelkého Myotismyotis (Tab. 1 a2). Tento druh tvoii kolem dvou tretin vsech nalezi (58,2 %, resp.
69,0 %). Dlouhodob& ma piitom pocetnost M. myotis rostouci tendenci jak ve Sloupsko — $osavskych
jeskynich (r = 0,95; p < 0,001) (obr. 1), tak i v jeskyni Katetinské (r = 0,85; p < 0,001). Tento rist je
v Katefinské jeskyni statisticky vyznamny i pres pokles pocetnosti M. myotisv letech 1970-1979 (obr. 2).
Trochu jina je situace u vrapence malého Rhinol ophus hipposider os, druhého nejpocetnéjsiho druhu. Od
zacatku osmdesatych let je pocetnost tohoto druhu v obou jeskynich béhem zimovani stabilni (obr. 1 a 2).
V prvni poloviné devadesatych let viak dochazi k relativné rychlému nariastu pocetnosti az k rekordnim poctam
Zjisténym behem zimni sezony 2000/2001 (Sloupsko-sosivské jeskyné 318 ks, Katerinska jeskyné 62 ks).
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Tab. 1. Vysledky s¢itani netopyrd zimujicich ve Sloupsko-§oSavskych jeskynich. Ze zimni sezény 1981-1982
neni k disposici pfesné datum scitaci akce (v této sezoné provadéla sc¢itani pouze Dr. Z. Bauerova)

Datum/druh Rhip Mbly Mnat Mbra Mema M.sp. Eser Paus S
Mmyo Mdas Mmys Mm/b Mdau Bbar Paur P.sp.
17.2.1958 59 29 - - - - - - 9 - - - - - - - 97
1.22199 79 8% 3 - - - - - 1 - - - - - - -170
18.1.1960 40 43 1 - - - - - 1 - - - - - - - 85
25,2195 - 16 - - - - - - - - - - - - - - 16
18.1.1966 4 58 - - - - - - 1 - - - - - - - 63
9.1.1968 7 61 - - - - - - 2 - - - - - 1 - 7N
21.2.1970 - 17 - - - - - - - - - 2 1 - 3 - 23
1981/1982 78 52 - - - - - - - - 9 - - - - -139
19.2.1983 110 54 - - - - - - - 1 3 - - - - - 168
6.2.1984 84 67 - 1 - - - - 1 i - - - - - 158
25.1.1985 83 67 - - - - - - - 2 3 - - 1 - - 156
22.1.1986 81 7% - - 1 - - - - 1 - - 1 - 1 - 161
28.1.1987 79 61 - - - - - - - - 1 1 - - - - 142
13.1.1988 105 143 - - - - - - 6 1 2 - - - - 1 258
25.1.1989 104 115 - 1 1 1 - - 1 - 6 1 - 1 - - 231
24.1.1990 81 1717 - 3 - - - - 3 2 1 - - - 1 =272
11.2.1991 79 182 - - 1 - - - 1 1 11 2 - 2 - 1 280
31.1.1992 119 213 - - 1 - - - 4 4 15 1 - - 1 2 360
22.1.1993 146 180 - - - - - - - - 16 - - - - - 342
17.1.1994 140 212 - 1 i1 - - 3 3 21 2 - - - 239
1.2.1995 177 347 - - - - - - - - 32 - - - - — 556
16.2.1996 215 464 - 4 - - - - 11 14 3 2 - - 1 - 714
6.2.1997 198 483 - - 1 - - 1 - 7 24 4 - - - 1 719
4.2.1998 262 454 - - 3 - - 1 2 6 16 3 - - - - 747
16.2.1999 312 492 - - - - - - - - 31 2 - - - 2 839
17.2.2000 227 479 - 2 3 7 3 - 19 11 4 2 1 - - - 758
8.2.2001 318 508 - 1 2 - 2 3 21 12 28 1 - - 1 - 897
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Tab. 2. Vysledky s¢&itani netopyrd zimujicich v Katefinské jeskyni

Datum/druh Rhip Mbly Mnat Mbra Mema Mbec Bbar Paus S
Mmyo Mdas Mmys Mm/b Mdau M.sp. Paur P.sp.
10221929 - 26 - - 1 - - - - - - - - - - - 27
12.2.1970 30 21 - - - - - - 1 - - - - - - - 52
13.2.1973 15 4 2 2 - 1 - - 2 - - - - - - - 66
4.2.1974 8 25 - - - - - - 1 - - - - - 1 - 35
12,2197 6 10 2 - - 1 - - 1 - - - - 1 - - 21
11.2.1976 5 6 - - 1 - - - 3 1 - - - - - - 16
821977 2 15 - - - - - - 1 2 - - 1 - - - 21
6.2.1978 - 28 - - 2 1 1 - 1 1 1 - - 2 - - 37
15.221979 4 19 - - 4 1 - - 1 1 - - - - - - 30
5221983 - 5 - - - - - - - - - 2 - - -1 8
9.2.1984 6 34 - - 1 - - - 1 2 - - - - 1 - 45
16.221985 7 589 - - 1 - - - - 1 - 2 - 1 - -7
15.2.1986 12 40 - - 1 - - - - - - - - - 1 - 54
6.2.1987 10 28 - - - - - - - 1 - - - - - - 39
20.1.1988 9 46 - 1 - - - - - 3 - 2 - 1 - - 62
27.2.1989 9 74 1 3 - - - - - - - 2 - - - - 89
7.2.1990 18 70 - 3 - - - -1 - 1 - 1 - - 9%
29.1.1991 17 62 - - - - - - - - - 1 - - - - 80
27.2.1992 18 46 - - - - - - - - - 2 1 - - 1 68
25.2.1993 19 97 - 3 2 - - - 5 1 - 5 1 3 - - 136
17.2.1994 21 72 - 1 21 - - 1 3 - - - - - -101
1.2.1995 17 65 -— 1 1 - - - - 1 - - - 1 - - 86
15.2.1996 16 78 - 2 i1 - - -1 3 - - 1 - - =102
6.2.1997 30 120 - - - 1 - - 1 3 - - - - - - 155
3.2.1998 35 93 - 1 2 - - - 1 4 - - - 1 - =137
17.2.1999 53 137 - 1 4 1 1 - 5 8 - 6 - 1 1 - 218
10.2.2000 56 91 - - 1 - - - 4 1 - 7 - - - - 160
20.2.2001 62 106 - 1 2 - - 1 4 6 - 6 - 1 - - 189
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Obr. 2. Vyvoj pocetnosti netopyra na lokalité Katefinska jeskyng.
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Také rast pocetnosti R. hipposideros dosahuje statisticky vyznamnych hodnot (r = 0,88; p < 0,001 resp. r =
0,66; p < 0,001).

Zmény celkové pocetnosti netopyri jsou silné korelovany se zménami pocetnosti dvou dominantnich
druhii av zasadé je kopiruji. Ostatni druhy netopyra totiz tvoii méné jak 10 % z celkového poétu nalezenych
netopyri. Zastoupeni zbyvajicich druht je ptitom v obou jeskynich témeét shodné — jedna se o 13 druhi
vétsinou malych netopyra (tab. 1 a 2). Jedinym rozdilnym druhem je netopyr vederni Eptesicus serotinus,
ktery vyjimecné zimuje ve vchodovych ¢astech Sloupsko — $osavské jeskyng. Mimo pravidelna scitani byl
viak v Katefinské jeskyni nalezen i zimujici jedinec netopyrahvizdavého Pipistrellus pipistrellus(6. 1. 1999).

Diskuse

V jeskynich Moravského krasu bylo dosud zjisténo v zimnim obdobi 16 druhi netopyri (Vasatko et al. 1983,
Rehak 1995). Nalezy dalsich dvou druhi (Pipistrellus pipistrellus a Vespertilio murinus) pochézeji z predmi-
nulého stoleti (Vasatko et a. 1983). V Katefinské jeskyni vsak byl po dlouhé dob¢ zaznamenan zimujici
jedinec P. pipistrellus, ¢imz byl potvrzen sedmnacty druh zimujici v jeskynich Moravského krasu. Nicméng,
druhy Rhinolophus ferrumequinum a Eptesicus nilssonii nelze povazovat za stalé hibernanty (Bauerova &
Zima 1988b, Zukal & Gaisler 1989).

Typickymi druhy pro spole¢enstva netopyru hibernujicich ve Sloupsko-sosavskych jeskynich av Kate-
Finské jeskyni jsou Myotis myotis a Rhinolophus hipposider os, podobng jako ve vétsing jeskyni Moravského
krasu (Bauerova et al. 1989, Zimaet al. 1994, Kovarik 1997). Obadruhy tvori vice nez 90 % vsech zimnich
nalezi. Odchyty netopyra ve vchodech jeskyni béhem jarnich a podzimnich pieleti (Bauerova & Zima
1988a, Rehak et al. 1994, Rehak 1995) ovsem potvrzuji pritomnost a relativné vyssi zastoupeni i dalsich
druht netopyri. Jedna se zefména o jedince malych druhii rodu Myotis. Tyto druhy jsou pravdépodobné pri
zimnich kontrolach rozsahlych podzemnich prostor podhodnoceny, jelikoz vyuzivaji nepiistupné typy
ukryta (hluboké stérbiny apod.).

Vysledky monitoringu zimujicich netopyra v riznych ¢astech Evropy potvrdily vyznamné zmény v po-
¢etnosti raznych druhi netopyrt béhem poslednich ¢tyt desetileti. Rychly pokles pocetnosti byl pozorovan
béhem 60. a 70. let zejména u Rhinolophus ferrumeguinum, R. hipposideros a Myotis myotis (Kokurewicz
1990, Rudolph 1990, Rehak 1997). B&hem posledniho desetileti byl vsak u nékterych druht netopyri
zaznamenan vyrazny narast pocetnosti (Nagel & Nagel 1989, Hanzal & Pricha 1992, Urbanczyk 1992,
Rehak 1997). Vysledky z nami sledovanych lokalit i z dalsich lokalit Moravského krasu (Zima et al. 1994)
potvrzuji tento obecny trend u obou dominantnich druhi R hipposiderosaM.myotis. Podobny stav je u téchto
dvou druhit i v sousednich regionech — Cesky kras (Hanzal & Pricha 1992) a severni Morava (Rehik &
Gaisler 1999). Ackoaliv je dozité vysvétlit davody, které zpasobuji takovy narast pocetnosti zimujicich
netopyra (Zimaet a. 1994, Ransome 1997), jevi se minimalizace ruseni netopyra na zimovistich jako jeden
z hlavnich (Nagel & Nagel 1989).
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Abstract. The bat community of the Sloupsko-$ostvské jeskyné cave (a natural karstic cave, Moravian
Karst) was studied using two methods, a regular winter census of hibernating bats and netting at the cave
entrance. In total, 15 bat species have been recorded. The bat community is characterised by a significant
dominance of Myotis myotis in both seasons (58.5 % and 53.8 %, respectively). The changes in numbers of
hibernating bats have shown a similar trend to that found in other caves or regions, viz., a strong increase
of M. myotis and a stabilization of Rhinolophus hipposideros population with subsequent increase (late
1990s). The maximum abundance of bats in the cave during hibernation was recorded in early March
(3 March 1993 — 482 ind.). The highest intensity of cave visitation occurred in the C period (from 15 July
to 14 September). M. myotis individuals occupied only one specific part of the cave system during
hibernation (80% of findings), while all parts of the cave were used by R. hipposideros.

UVOD

Netopyii se vyznacuji unikatni kombinaci ekologickych adaptaci, které ve svém komplexu nema-
ji ve srovnani s jinymi skupinami savcd obdobu. Jsou jedinymi savei schopnymi aktivniho letu
a jejich letova aktivita spojena se ziskavanim potravy je posunuta do no¢nich hodin. Ve tmé
registruji pfekazky a detekuji kofist prostfednictvim echolokace. Morfologické a fyziologické
adaptace jim pfitom umoznuji vyuzivat rozmanité ekologické niky a zajist'uji také jejich ekologic-
kou rozmanitost.

Netopyii jsou vyznamnymi slozkami ekosystému, maji nezastupitelnou roli v potravnich fetéz-
cich. Jsou schopni kompenzovat vysoky energeticky vydej, ktery aktivni let vyzaduje, obdobimi
s minimalnimi energetickymi ztratami. Pro denni odpocinek vyhledavaji nejcastéji rizné pro-
storné dutiny. Klimaticky nepiizniva obdobi roku pteckavaji v hlubokém letargickém stavu.
V podminkach mirného pasma se jednd o zimovani — hibernaci, obvykle v rozsahlych podzem-
nich prostorech.

K zemim s dostatkem podzemnich prostort patii zejména krasové oblasti. K nejvétsim z nich
na izemi CR nalezi Moravsky kras a Cesky kras (cf. KoLEkTIV 2001). Obé oblasti patii k chiropte-
rologicky nejlépe prozkoumanym oblastem Ceské republiky. Prvni zpravy o netopyrech Morav-
ského krasu se objevuji v souvislosti s prizkumem krasového podzemi jiz ve 2. poloving 19. sto-
leti. Patii k nim zejména studie KoLenaTIHO (1851) o netopyrech Sloupskych jeskyni. Souborné
informace o jeskynni netopyii fauné uvadi prace WaNkELA (1860), kterd se vedle faunistickych
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udaju také dotyka podminek hibernace netopyrii v jeskynich. Na pfelomu stoleti publikuje dalsi
faunisticka data WANKELUV vinuk ABSOLON, ktery se vSak z vétsi Casti opira prave o dila KoLENa-
TIHO @ WANKELA. V té dob¢ je jiz v Moravském krasu evidovano 12 druhd netopyrti (ABSOLON
1899).

Souhrn vSech faunistickych udaji od pocatku sledovani az do 50. let 20. stoleti véetné kom-
pletni bibliografie publikoval GAISLER (1956), ktery také o rok pozdéji zah4jil systematicky vy-
zkum netopyri Moravského krasu. Jiz od pocatku mél tento vyzkum faunisticko-ekologicky
charakter (GAISLER 1962). Sloupsko-$ostvské jeskyné byly do néj jako vyznamna lokalita po-
chopitelné zahrnuty a vysledky zde ziskané byly publikovany v pracich o krouzkovani netopyra
na tizemi Ceskoslovenska (GaisLer & HANAK 1969) nebo o zimnim sledovéni netopyri v pod-
zemnich ukrytech (GAISLER & HANAK 1972).

Bohuzel, Sloupsko-sostivské jeskyné nebyly, pravdépodobné pro svou rozlehlost, zahrnuty
do celostatniho zimniho sé¢itani netopyrt organizovaného v letech 1969-1979 (BArta et al. 1981).
Teprve v roce 1981 byly jeskyné zatazeny do navazujiciho 10letého projektu, ktery byl provadén
jinou metodikou sledovani, umoznujici zapojeni také amatérskych chiropterologti (Zmva et al.
1994). V soucasnosti probih4 zimni s¢itani netopyrt, fizené a podporované Ceskou spole¢nosti
pro ochranu netopyri (CESON), na cca 18 lokalitach Moravského krasu véetng Sloupsko-go-
stvskych jeskyni (Kovarik 1997).

Podstatné kratsi historii ma vyzkum netopyrtt v mimohiberna¢nim obdobi, a to jak v celém
Moravském krasu, tak i v oblasti Sloupsko-$ostvskych jeskyni. Prvni prace se zabyvaji téméft
vyhradné letnimi koloniemi netopyrii z izemi Moravského krasu (GaisLEr 1962), pfipadné piele-
ty krouzkovanych netopyri (GAISLER & HANAK 1969). Zajem o vyzkum netopyri v letnim obdobi
ovsem vyrazné vzrostl diky rozvoji metod umoziujicich odchyt netopyrt v letové fazi. V roce
1971 byly poprvé v Ceskoslovensku pouZity k odchytu japonské narazové sité (mist nets) pravé
v Moravském krasu. Byly exponovany pted vchody jeskyni a pres potok v jizni ¢asti krasu,
v udoli Ri¢ky (GaisLEr 1973). V dalsich letech byli netopyii chytani také pied vehodem do jesky-
né Byc¢i skala (BAuEROVA & Ziva 1988a) a Hladomorna u HolStejna (BAUEROVA & Zima 1988D).
U Sloupsko-$ostvskych jeskyni byly, i ptes jejich velky vyznam pro spolecenstvo netopyrd,
prvni vyzkumy v mimohibernacnim obdobi provadény az v letech 1991-1994 (REHAK etal. 1994,
REHAK 1995). Jejich vysledky jsou prezentovany také v této praci.

Cilem nasi prace je shrnout dosavadni poznatky o netopyrech vyuzivajicich Sloupsko-$osav-
ské jeskyné, a to jak z hlediska faunistického, tak z hlediska zmén pocetnosti, resp. Girovné
aktivity vybranych druht.

POPIS LOKALITY

Sloupsko-Sostvské jeskyné se nachazeji na severni hranici Moravského krasu (49° 25’ s. §., 16°45’ v. d.,
&tverec zoologického mapovéani CR 6566). Byly vytvofeny ve vapencich svrchniho devonu v ponorové
oblasti Sloupského potoka. Podzemni prostory jsou rozlozeny ve dvou trovnich, spojenych 60-80 m
hlubokymi propastmi a celkova zaméfena délka systému dosahuje cca 7 km. Jedna se o velice slozity
jeskynni labyrint tvofeny jak pomérné uzkymi chodbami, tak i velkymi domy (Hlavni dom ma rozméry
70x40x10 m). Stfidaji se zde mikroklimaticky statické casti s Gseky, které se spiSe projevuji jako dyna-
mické. Jeskyné maji 6 rizné upravenych vchodu (460,0-471,8 m n. m.), které jsou vazany na udolni nivu
Sloupského potoka. Nejmohutnéj§im vchodem je portal, ktery tsti dvéma chodbami do Nicové jeskyné
(23%9 m) a je upraven jako vstup pro vetejnost.

Sloupsko-sostivské jeskyné byly v minulosti ¢lovékem zna¢né devastovany a Casto zde dochazelo
k rozsahlym zménam. Jeskynni systém ptvodné tvorily 3 samostatné celky, které byly od roku 1879
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postupné spojovany. V roce 1923 byly jeskyné zpfistupnény vetejnosti jako jeden celek. Dalsi upravy
jeskyni byly provadény v roce 1978 a nové také v letech 1997-1999, kdy byla rekonstruovana turisticka
trasa v jeskynich. Vefejnosti ptistupna je pouze ¢ast jeskyni v oblasti hornich pater (cca 3,5 km), pficemz
rocné si jeskyné prohlédne kolem 70.000 navstévnikd. Od zacatku listopadu do konce ledna byvaji
jeskyné pro vetejnost uzavieny, celorocné jsou vSak vyuzivany pro speleoterapeutickou 1écbu astmatic-
kych déti.

MATERIAL A METODIKA
Monitoring zimujicich netopyrt

K analyze dlouhodobych zmén pocetnosti zimujicich netopyrt byly pouzity vzdy jen vysledky jedné
zimni kontroly v roce, provadéné nejéastéji v druhé poloviné ledna. Béhem sporadickych kontrol v obdobi
pred rokem 1981 byli netopyfi odchytavani a krouzkovani (BArta et al. 1981). Od roku 1981 vsak bylo
s¢itani provadéno vyhradné vizualné bez ruseni zimujicich jedinci (BAUEROVA et al. 1989); pouze vyjimec-
né byli netopyfi brani do rukou ve snaze o pfesné ureni druhu (zejména u vzacnych hibernantl, napf.
Mpyotis dasycneme). Pro posouzeni kratkodobych zmén pocetnosti a vyznamnosti riznych ¢asti jeskyni
pro zimujici spolecenstvo netopyri byly jeskyné v zimni sezén€ 1992/1993 (od 9. 10. do 12. 5.) pravidel-
né sledovany v intervalu 3—4 tydny. Pii tomto vyzkumu byly jeskyné rozdéleny na 17 mensich ¢asti, které
se vice ¢i méné lisi svoji morfologii. S¢itani jinak probihalo stejnym zptisobem jako pfi dlouhodobém
monitoringu, tj. bez ruseni zimujicich netopyri.

Protoze metodou vizualniho s¢itani nelze vzdy provést piesnou druhovou identifikaci, byly v nekte-
rych piipadech, vedle jednozna¢né urcenych druht, pouze rozliSovany tyto skupiny druht:

(a) Myotis mystacinus/brandtii — neurceni jedinci druhG Myotis mystacinus a M. brandltii, tzv. “sibling
species”;

(b) Mspp. — sedm mensich druhi rodu Myotis (M. mystacinus, M. brandtii, M. bechsteinii, M. emargina-
tus, M. nattereri, M. daubentonii, M. dasycneme);

(c) Pspp. — netopyii rodu Plecotus (P. auritus a P. austriacus).

V piipadé uvadénch poéti druhu M. myotis nemiizeme vyloucit, Ze se mezi zimujicimi jedinci nevyskytl
také velmi podobny a blizce ptibuzny M. blythii, jehoz odliSeni na zakladé pouhého pozorovani je velmi
obtizné az nemozné.

V letech 1958 az 2002 bylo provedeno celkem 28 zimnich kontrol, pfi nichz bylo nalezeno 9689
netopyru (tab. 1 a 2). Behem 11 kontrol v zimni sezén¢ 1992/1993 pak bylo zaznamenano celkem 2676
nalezi zimujicich netopyrt (tab. 3).

Sledovani aktivity v mimohiberna¢nim obdobi

Sledovani letové aktivity netopyra probihalo v obdobi od srpna 1991 do fijna 1994 v prostoru hlavniho
vchodu Sloupsko-$ostvskych jeskyni. K vyzkumu byl pouzit odchyt do zdvojenych japonskych néarazo-
vych siti, které byly umistény rovnobézné do prostoru predsiné nad schodistém. Zatimco vnitini sit’
uzavirala ob& paralelni vstupni chodby, vnéjsi sit’ vedla podél zébradli nad schoditém (Renik 1995).
V obou piipadech byly pouzity sit¢ o délce 9 m. Byly pouzivany sité se 4 horizontalnimi zachytnymi
poli o celkové vysce 1,6 m; délka a umisténi siti se v prubéhu vyzkumu neménily.

Vlastni odchyt za¢inal pied zapadem Slunce a kon&il nejéastji ve 24 hod. SEC. Na po&atku podzimu
pokracoval odchyt v nékterych ptipadech az do rannich hodin. Netopyii byli zpracovavani bezprostfedné
po odchytu, a po vySetieni a oznaceni hlinikovym krouzkem byli vypousténi na misté odchytu. Vedle
druhového urceni bylo zjistovano pohlavi, vék a pohlavni aktivita. Dale byla posuvnym méfitkem zme-
fena délka predlokti a pesolou stanovena hmotnost. Z dalSich tdaji byly zaznamenany ¢as odchytu a smér
letu. Celkem bylo béhem 11 akei (20. 8. 1991, 12.5.1992,26.8. 1992, 1. 10. 1992, 14.4. 1993, 9. 6. 1993,
14.9. 1993, 24.9. 1993, 25. 9. 1993, 20. 4. 1994 a 12. 10. 1994), coz ptedstavovalo celkem 68 odchyto-
vych hodin, odchyceno 437 netopyrti 14 druhti (tab. 4). Za miru aktivity byl zvolen relativni pocet jedinci
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vzhledem k trvani odchytu — N/t (ks/hod). Relativizace hodnot umoziuje srovnani vzorkt s rozdilnou
frekvenci, ptip. i rozdilnou délkou trvani jednotlivych odchytl. Pro posouzeni sezonnich zmén v aktivite
byly vymezeny v souvislosti s ro¢nim cyklem netopyru ¢tyii dvoumésicéni periody, tj. obdobi A —
opousteéni zimovist a jarni pielety (od 15. 3. do 14. 5.), obdobi B — letni kolonie (od 15. 5. do 14. 7.), obdobi
C — rozpad letnich kolonii a podzimni pielety (od 15. 7. do 14. 9.) a obdobi D — podzimni prelety
a zahajeni zimovani (od 15. 9. do 14. 11.).

Hodnoceni zmén pocetnosti bylo provedeno pomoci statistického programu SYSTAT (WiLkiNsoN 1990).
Pro testovani vztahu mezi jednotlivymi roky zimniho monitoringu a pocetnosti netopyrtt byl pouzit
zakladni Pearsontiv korelacni koeficient. Pro hodnoceni aktivity spolecenstva netopyrt v jednotlivych
¢astech mimohiberna¢niho obdobi byl pouzit median ze vSech hodnot relativni aktivity vypoctenych pro
jednotlivé noci. Rozdily v aktivité byly nasledné testovany Kruskal-Wallisovym testem.

V praci jsou pouzity jen védecké nazvy jednotlivych druhti netopyra. V tabulkach a grafech jsou casto
z technickych divodt uvedeny zkratky téchto ndzvt. Prvni velké pismeno je pocate¢nim pismenem
rodového nazvu, nasledujici tii mala pismena jsou pocate¢nimi pismeny nazvu druhového (napi. Myotis
myotis — Mmyo, vSechny zkratky viz tab. 1)

VYSLEDKY
Struktura spolecenstva

Béhem vyzkumu bylo zaznamendno celkem 15 druhti netopyra (tab. 1 a 4), z toho 12 béhem
celého roku. Druhy Myotis bechsteinii a Nyctalus noctula byly zjistény pouze v mimohibernac-
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Obr. 1. Dlouhodoby vyvoj pocetnosti netopyri zimujicich na lokalit¢ Sloupsko-sSostvské jeskyné.
Fig. 1. Long-term changes in numbers of bats hibernating at the Sloupsko-sostivské cave.
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Tab. 1. Celkové vysledky séitani netopyri zimujicich ve Sloupsko-Sosuvskych jeskynich (27 kontrol
v letech 1958-2001). Zkratky skupin druh viz kapitola Material a Metodika

Tab. 1. Summary results of censuses of bats hibernating in the Sloupsko-sostivské jeskyné caves (27 checks
in 1958-2001). See chapter of Material and Methods for abbreviations of species groups

druh / species zkratka / abbrev. pocet / no.
vrapenec maly Rhinolophus hipposideros Rhip 3494
netopyr vousaty Myotis mystacinus Mmys 9
netopyr Brandtiv Myotis brandltii Mbra 5
Myotis mystacinus / brandtii 8
netopyr brvity Myotis emarginatus Mema 94
netopyr fasnaty Mpyotis nattereri Mnat 14
netopyr velky Myotis myotis Mmyo 5667
netopyr vychodni Mpyotis blythii Mbly 4
netopyr vodni Myotis daubentonii Mdau 68
netopyr pobiezni Myotis dasycneme Mdas 35
mensi netopyii rodu Myotis M.spp. 243
netopyr vecerni Eptesicus serotinus Eser 3
netopyr cerny Barbastella barbastellus Bbar 23
netopyr uSaty Plecotus auritus Paur 4
netopyr dlouhouchy Plecotus austriacus Paus 9
usati netopyfi rodu Plecotus P.spp. 9
celkem 9689

nim obdobi, naopak béhem odchytovych akei nebyl zaregistrovan Myotis brandtii. Spolecen-
stvo netopyru je charakterizovano v obou sledovanych obdobich vyznamnou dominanci Myo-
tis myotis. Tento druh tvoti pies polovinu vSech nalezl (58,5 %, resp. 53,8 %). V zimnim obdobi
je druhym nejpocetnéjsim druhem Rhinolophus hipposideros (36,1 %) a zastoupeni dalSich
druhti neptesahuje 1 %. V mimohibernacnim obdobi je druhym nejpocetnéjsim druhem Myotis
daubentonii (15,3 %). VSechny ostatni druhy s vyjimkou Myotis dasycneme a Myotis mystaci-
nus dosahuji dominance mezi 1 az 5 %.

Dlouhodobé zmény pocetnosti

Dlouhodobé zmény pocetnosti jsou hodnoceny pouze z vysledki zimniho s¢itani, ze kterého
jsou k dispozici kontinudlni data z poslednich dvaceti let (1982—2002) (tab. 2). Pfedchozi zazna-
my z let 1958 az 1970 nebyly s ohledem na velky ¢asovy odstup zahrnuty do statistické analyzy.
Rostouci trend byl zaznamenan u obou nejpocetnéjsich druhti, M. myotis (r=0,95; p <0,001) a
R. hipposideros (r =0,90; p <0,001). Relativn¢ stabilni pocet netopyrii v 80. letech se zdsadné
meéni pocatkem let devadesatych, kdy dochazi k jeho relativné rychlému nartstu (obr. 1 a tab. 2).
Tento rUst je vyraznéjsi u M. myotis, jehoz pocty od té doby postupné stale zietelnéji prevysuji
hodnoty zaznamenané u R. hipposideros. Nicméné u obou druhii vedl nartst az k rekordnim
poctlim zjisténym béhem zimni sezony 2000/2001 resp. 2001/2002 (M. myotis — 536 ks aR. hippo-
sideros — 318 ks). Ostatni druhy netopyri tvoii méné jak 10 % z celkového poctu nalezenych
zimujicich netopyrt. Pfesto, Ze jsou jejich celkové pocty béhem zimy siln€ podhodnoceny (vy-
uzivaji pfevazné nedostupné typy ukrytl), vykazuje také jejich pocetnost statisticky vyznamny
rostouci trend (r=0,87; p<0,001).
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Kratkodobé zmény pocetnosti, resp. aktivity

Hibernacni obdobi

Celkovy pocet zimujicich netopyrl roste kontinualné od fijna a nejvyssich hodnot dosahuje
koncem bfezna, netopyii pritom vyuzivaji k zimovani témét vSechny casti jeskyni (obr. 2 a tab.
3a, b). V dubnu dochazi k postupnému, ale relativné rychlému opousténi jeskyné a pocetnost
netopyrt klesd k minimu. Nicméné¢, presnéji lze priibéh ¢asovych zmén i presunti uvnitf jeskyn-
niho systému hodnotit pouze u obou nejpocetnéjsich druht tj. u R. hipposideros a M. myotis.

V prvni poloviné zimniho obdobi (fijen — polovina ledna) je dominantnim druhem R. hipposi-
deros. Narust i pokles pocetnosti tohoto druhu je v pribéhu zimy pozvolny; maxima pfitom
dosahuje v polovin€ unora (12. 2. 1993 — 161 ks). Behem zimovani byl objeven prakticky ve
vsech definovanych ¢astech jeskyni s jedinou vyjimkou, kterou je kratkd vchodova ¢ast s dy-
namickym mikroklimatem (Za mfizi). Na zac¢atku zimovani vyuziva hlavné vstupni ¢asti jeskyni
(U vchodu, Nicova, Vychod v Sostivské jeskyni), ale postupné se v priib&hu zimy piesunuje do
vétsiny jejich vnitinich usekd. 80 % nalezt pritom uskuteénéno dohromady v 8 ¢astech jeskyn-
niho systému (tab. 3a).

U M. myotis je narist pocetnosti béhem zimy plynuly a od poloviny ledna tento druh jiz ve
spolecenstvu dominuje. Nartst pocetnosti pritom pokracuje az do konce biezna (26. 3. 1993 —
341 ks). Nasledn€ dochazi k velmi rychlému opousténi zimovisteé, jehoz prubéh vyrazné ovliviiu-
je zmény celkového poctu netopyri. Na rozdil od R. hipposideros je M. myotis vazan témet
vyhradné na oblast tzv. Elis¢iny jeskyné pfipadné jejiho blizkého okoli (pfes 80 % vsech nalezit).
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Obr. 2. Zmény pocetnosti zimujicich netopyrid béhem sezony 1992/1993.
Fig. 2. Changes in the numbers of hibernating bats during the winter 1992/1993.
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Tab. 2. Dlouhodobé zmény pocetnosti dvou dominantnich druhi netopyrti — Myotis myotis a Rhinolophus
hipposideros
Tab. 2. Long-term changes in numbers of two dominant bat species — Myotis myotis and Rhinolophus
hipposideros

rok / year R. hipposideros M. myotis ostatni / others
1958 59 29 9
1959 79 87 4
1960 40 43 2
1965 0 16 0
1966 4 58 1
1968 7 61 3
1970 0 17 6
1982 78 52 9
1983 110 54 4
1984 84 67 7
1985 83 67 6
1986 81 76 4
1987 79 61 2
1988 105 143 10
1989 104 115 12
1990 81 171 20
1991 79 182 19
1992 119 213 28
1993 146 180 16
1994 140 212 40
1995 177 347 32
1996 215 464 35
1997 198 483 38
1998 262 454 31
1999 312 492 35
2000 227 479 52
2001 318 508 71
2002 307 536 32
dominance (%) 36,1 58,5 5.4

Zimujici jedinci M. myotis v této ¢asti jeskyni tvoii velmi pocetna seskupeni (tzv. clustery).
Zmény poctu v téchto shlucich potom vyrazné ovliviiuji i celkové zmény pocetnosti M. myotis
v Sloupsko-Sostvskych jeskynich. V dalSich ¢astech netopyfi tohoto druhu prakticky chybi
(Zamiizi, Goticka chodba, Vychod v Sostivské jeskyni), nebo jsou zde nalézany pouze jednotli-
vé kusy (tab. 3b).

Mimohibernacni obdobi

Celkova intenzita letové aktivity netopyrt hodnocena ze vSech odchytll v obdobi od 15. 3. do
14. 11. dosahla hodnoty 4,66 ks/hod. Aktivita spole¢enstva netopyrt u vchodu Sloupsko-
Sostvskych jeskyni ovSem kolisa v zavislosti na obdobi roku (obr. 3). Lisi se zejména obdobi
v prvni poloviné mimohiberna¢niho obdobi (A, B) ve srovnani s obdobimi nasledujicimi (C, D);
tyto rozdily vsak nebyly statisticky vyznamné (Kruskal-Wallistv test). Nejvyssi aktivita byla
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Tab. 4. Vysledky odchytl netopyrt v jednotlivych ¢astech mimohibernac¢niho obdobi. Vysvétlivky: ob-
dobi A—od 15.3.do 14. 5., obdobi B—o0d 15. 5. do 14. 7., obdobi C —od 15. 7. do 14. 9. a obdobi D — od
15.9.do 14. 11.

Tab. 4. Results of bat nettings in the particular parts of a non-hibernating period. Explanations: part A —
15.3.-14. 5, part B—15.5. - 14. 7., part C— 15. 7. — 14. 9., and part D — 15. 9. — 14. 11.

obdobi / season A B C D z dominance (%)
Rhinolophus hipposideros 5 1 0 3 9 2,0
Myotis mystacinus 0 0 0 2 2 0,5
Myotis emarginatus 0 0 9 3 12 2,7
Myotis nattereri 0 0 7 11 18 4,1
Mpyotis bechsteinii 5 2 5 3 15 3.4
Myotis myotis 27 8 100 100 235 53,8
Mpyotis blythii 1 0 1 0 2 0,5
Mpyotis daubentonii 21 1 33 12 67 15,3
Myotis dasycneme 0 0 7 4 11 2,5
Eptesicus serotinus 1 1 4 0 6 1,4
Nyctalus noctula 0 1 2 3 6 1,4
Barbastellus barbastellus 0 1 9 6 16 3,7
Plecotus auritus 6 0 6 9 21 4.8
Plecotus austriacus 0 7 9 1 17 3,9
celkem 66 22 192 157 437 100,0
pocet odchytl / no. of nettings 3 1 3 4 11

zjisténa v obdobi C. Na pocatku obdobi D je aktivita stale vysoka, postupné vSak klesa (tab. 4).
V obdobi A a B je letova aktivita nizs$i nez na podzim.

DISKUSE
Struktura spolefenstva

Na tizemi Moravského krasu bylo dosud zjisténo vSech 21 z celkem 23 druht netopyrt evidova-
nych na tzemi CR. Nebyl nalezen Nyctalus lasiopterus, u néhoz existuje jen jediny doklad
ulozeny ve sbirkach Jiho¢eského muzea v Ceskych Budéjovicich, a je navic sporné, zda viibec
pochézi z uzemi Ceské republiky (BUrGER & CERVENY 1979). V poslednich letech byl opakovang
pozorovan na jizni Moravé, ale doklad dosud chybi (GaisLer et al. 2002). V Moravském krasu
nebyl nalezen ani Hypsugo savii, nedavno zjistény na dvou lokalitach na jizni Moraveé (GAISLER
& VLASiN 2003). V jeskynich Moravského krasubylo dosud v zimnim obdobi zjisténo 18 druht
netopyrti (REnAK 1995). Nalezy Vespertilio murinus a Pipistrellus pipistrellus s. 1. viak pocha-
zeji z minulého stoleti (WANKEL 1860, GAISLER 1956). Druhy z nich byl po velmi dlouhé dobé
zaznamenan pii zimovani v Katetinské jeskyni (ZukaL et al. 2001). Dalsi dva druhy (Rhinolo-
phus ferrumequinum a Eptesicus nilssonii) také nelze vzhledem k ojedinélym naleztim v tomto
stoleti povazovat za stalé hibernanty (BAUEROVA & Ziva 1988b, ZukaL & GAISLER 1989). Sloup-
sko-sosivske jeskyné patii poétem dosud zjisténych hibernujicich druhi (15) k velmi bohatym
lokalitam. Zimni s&itani v podzemnich prostorech Ceského krasu napiiklad prokézala pritomnost
14 druht netopyrti (HORACEK et al. 2001), v nejvétsim zimovisti netopyrii na izemi CR —v Javo-
fi¢skych jeskynich jen 11 druhd (KoupeLka & Reiter 2001) a v pseudokrasovych jeskynich
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Svitavska 12 druht (WEDEINGER 2001). Druhové bohatsi (21 druht) je ve srovnani s jeskynémi
Moravského krasu jen chiropterofauna zimujici v jeskynich Slovenského krasu (KoLexTv 2002).

Také v mimohiberna¢nim obdobi je pocet druhli odchycenych pied vehodem do jeskyni rela-
tivné vysoky. Podobné vysledky byly zjistény také u dalSich jeskyni Moravského krasu (Hlado-
morna 14 druhti, By¢i skala 13 druhtl) (BAUEROVA & Zima 1988a, b, ZUKAL & GaISLER 1989, REHAK
1995). Uzemi Moravského krasu se tim fadi mezi oblasti vyznamné pro netopyry v celoevrop-
ském méfitku. Pro srovnani, AELLEN (1962) zaznamenal u vchodu jeskyné ve Valisu (Svycarsko)
12 druhti v¢etné migrujicich jedinct, STRELKOV (1971) u vehodu do Staroladozské jeskyné v Le-
ningradské oblasti (severozapadni Rusko) dokonce jen 4 druhy. Také podobné vzorky z USA se
vyznacuji men$imi pocty druhtl, napi. HALL & BRENNER (1968) uvadeji 5 druhti, WHITAKER &
Muwmrorp (1971) 6 druhii. Podobny pocet druhti jako u jeskyni Moravského krasu (16 druhti) byl
zjistén také u Ledovych sluji v Podyji (REITER et al. 1997). V ostatnich oblastech Ceské republiky
je pocet druhti nizsi, napt. HoRACEK (1985) a HanzaL & PrucHA (1996) uvadéji z Ceského krasu
9 druhti netopyri. RenAk (1998) a Lucan (2000) uvadéji z pseudokrasovych jeskyni na severni
Morav¢ obdobny pocet druhii (Beskydy — 8 az 9 druhti, Javorniky — 10 druhd, Vizovicka vrcho-
vina — 9 druhti, Hostynské vrchy — 8 az 10 druht).

Dominantnimi druhy ve spolecenstvu netopyrii hibernujicich ve Sloupsko-Sostvskych jes-
kynich jsou M. myotis a R. hipposideros, oba druhy tvoii témét 95 % vSech zimnich néleza.
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Obr. 3. Median aktivity spolecenstva netopyrt v jednotlivych ¢astech mimohiberna¢niho obdobi u vcho-
du Sloupsko-sostuvskych jeskyni.

Fig. 3. Median of activity of bat assemblages in particular parts of a non-hibernating period at the entrance
of the Sloupsko-Sostuvské jeskyné caves.
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Podobné je tomu i ve vét§in€ jeskyni Moravského krasu (Bauerova et al. 1989, Zima et al. 1994,
Kovarik 1997, REHAK et al. 1994). Pomérné zastoupeni druhti netopyrii zjiiténé zimnim s&itdnim
v téchto jeskynich a letnim odchytem u jejich vchodu se v8ak vyrazng 1isi (BAUEROVA & ZiMA
1988a,b, RenAk et al. 1994, Renik 1995). Odchyty netopyrti ve vehodech jeskyni béhem mimohi-
berna¢niho obdobi potvrzuji pfitomnost a relativné vyssi zastoupeni i dalSich druhti netopyr,
zejména se jedna o jedince malych druht rodu Myotis (REHAK et al. 1994). Na rozdil od téchto
vysledkt, ve vzorku ziskaném odchytem u Sloupsko-Sosivskych jeskyni dominuje M. myotis
(53,8 %) i béhem mimohibernaéniho obdobi. Podobna situace byla zjisténa i v Ceském krasu, kde
v zimé tvoti M. myotis 61 % hibernujiciho spoleenstva (HANzAL & PrucHA 1988) a tento druh
zde ma vysoké zastoupeni i v letnich odchytech — 41 % (HorACEK 1985), resp. 63 % (HanzaL &
PrUCHA 1996).

Rozdilné slozeni zimniho a letniho vzorku je zptisobeno jednak rozdilnou efektivitou monitoro-
vacich metod (malé druhy netopyrt vyuzivajici stérbinové typy tkrytd unikaji pozornosti pii
s¢itani versus nizka “ulovitelnost” nékterych druhti pomoci siti), jednak skute¢nosti, ze ve
vzorku ziskaném v obdobi pieletii jsou navic zastoupeny druhy netopyri, které na danych
lokalitach nemusi hibernovat (HORACEK & Zima 1978, REHAK et al. 1994, WEIDEINGER 1994).

Zmény pocetnosti

Vysledky monitoringu zimujicich netopyrt v riznych ¢astech Evropy potvrdily vyznamné zmé-
ny v pocetnosti riznych druhti netopyrti béhem poslednich ¢tyt desetileti. Rychly pokles po-
cetnosti byl pozorovan béhem 60. a 70. let u R. hipposideros a M. myotis a fady dalSich druht
(RuporLpH 1990, REHAK 1997). B&hem poslednich dvou desetileti byl viak u nékterych druhi
netopyrd zaznamenan vyrazny narust pocetnosti (HanzaL & PrucHA 1992, UrBaNCZYK 1992,
RenAK 1997). Vysledky ze Sloupsko-$ostivskych jeskyni i z dalsich lokalit Moravského krasu
(REHAK et al. 1994, Ziva et al. 1994) potvrzuji tento obecny trend u obou nejpodetngjsich druhii
— R. hipposideros a M. myotis. Podobny stav je u téchto dvou druhti i v jinych regionech —
Cesky kras (HANzAL & PrucHA 1992) a Jeseniky (REHAK & GAISLER 1999).

Zmény v dominanci dvou nejpocetnéjSich druhl (M. myotis a R. hipposideros) v prubéhu
sezony jsou zpusobeny jednak rozdilnou dobou piiletu na zimovisté a odletu na konci hibernac-
niho obdobi, jednak pteletovou aktivitou netopyrt uvnitf jeskyné. Pii odchytech do siti u veho-
du do Katefinské jeskyné byl M. myotis jednim z dominantnich druhl v zafi a zacatkem fijna
(REHAK et al. 1994). Také BAuEROVA & Zima (1988b) zachytili vrchol letové aktivity M. myotis
u vchodu do jeskyné Hladomorna v Moravském krasu koncem zaii az za¢atkem fijna. Podobn¢
jako ve Sloupsko-sosuvskych jeskynich, byla i uvniti Katefinské jeskyné dominance tohoto
druhu v prvni poloving zimy (od poloviny listopadu do poloviny ledna) srovnatelna s dominan-
ci R. hipposideros. Narist poéetnosti M.myotis od poloviny ledna do zacatku dubna byl na
obou lokalitach vazan témér vyhradné na jedinou cast jeskyné (Elis¢ina jeskyné resp. Chodba)
(cf. HanzaL & PruUcHA 1988, Fuszara et al. 1996). Letova aktivita pfed vehodem do jeskyni vSak
je v tomto obdobi prakticky nulova (REHAK et al. 1994). Zvy$ovani pocetnosti M. myotis je tedy
spise vysledkem ptelett uvnitf jeskyné na mista blize ke vehodu, nezli imigraci z okolnich zimo-
vist'. K podobnym zavéram dospéli NAGEL & NAGEL (1987), ktefi zaznamenali nejvétsi pocetnost
M. myotis zaCatkem biezna, zatimco u ostatnich druht pocetnost poklesla. Toto pozdni maximum
u M. myotis vysvétluji tim, Ze netopyfi sice piilétaji na zimovisteé podstatné diive, ale zprvu se
zaveésuji na mista v hlubokych $térbinach, kde jsou pii scitani piehlédnuti. NAGEL & NAGEL
(1993) také zjistili, ze se od poloviny tinora az do konce dubna zvySovala preletova aktivita
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M.myotis uvnitt zimovi§té. Podobné vysledky podavaji DorGELO & PUNT (1969), CERVENY (1982),
SkiBA (1987) aVALENCIUC (1989).

Zmény poetnosti R. hipposideros jsou b&hem zimniho obdobi pozvolngj§i (REHAK et al.
1994). Preletova aktivita uvniti Katefinské jeskyné byla v obdobi od zacatku prosince do polo-
viny biezna nizka (BErkovA 2001). Nicméné, BArox & RenAk (1999) sledovali letovou aktivitu
R. hipposideros u vchodu do jeskyné Dablova dira (Slimrovka) na vrchu Kopce u Lidecka
(Vsetinsko) a zjistili, ze do poloviny prosince byla letova aktivita zvySena a pozdé&ji prudce
poklesla. I uprostied zimy vyletovali néktefi probuzeni vrapenci ven a po kratké dob¢ se vraceli
do jeskyné. NAGEL & NAGEL (1997) uvadéji postupny pokles pocetnosti R. hipposideros na
zimovisti u Freyburgu (SRN) od konce biezna. K vyraznéjsimu ubytku zimujicich jedincti vSak
dochazelo az béhem kvétna. Tomu odpovida i nizka aktivita v obdobi listopad az duben, studo-
vand pomoci automatického zaznamniku echolokacénich signalti uvnitt zimoviste.

Sezonni dynamika ve vyuzivani jednotlivych ¢asti jeskyni byla u dvou sledovanych druht
rozdilna. Zatimco R. hipposideros vyuziva vétSinu Casti jeskynniho systému, M. myotis je po
celou dobu hibernace vazan pouze na malou ¢ast jeskyni (Elis¢ina jeskyné a jeji okoli). V Kate-
finské jeskyni se M. myotis v obdobi od poloviny prosince do zacatku dubna presunuje ze
zadnich klimaticky stabilnich ¢asti jeskyné do ¢asti vehodové (BErkovA 2001). Podobny trend
zaznamenali u M. myotis také DaaN & WICHERS (1968), DorGELO & PuUNT (1969), HaNzAL &
PrucHA (1988) a VaLenciuc (1989). Naopak u R.hipposideros byla na fadé lokalit zjisténa prefe-
rence ¢asti zimoviste se stalym mikroklimatem (GATSLER 1963, BEzeM et al. 1964, DaaN & WICHERS
1968). Slozity podzemni systém Sloupsko-Sostivskych jeskyni poskytuje klimaticky stabilni pro-
stfedi a pravdépodobné z tohoto divodu jsou také jedinci R. hipposideros schopni vyuzivat
vétsinu jeho ¢asti. BarRoN & RenAK (1997) zjistili, ze jedinci R. hipposideros se zejména na podzim
ana jafe zdrzuji v dynamickych ¢astech jeskyné, jejichz teplota je v té€chto obdobich srovnatel-
na s teplotou ve statickych ¢astech jeskyné (11-12 °C). V zimé obsazuji ¢asti jeskyné se stabil-
nim mikroklimatem.

Hodnota celkové intenzity letové aktivity zjisténa ve vchodu Sloupsko-sostivskych jeskyni
v mimohiberna¢nim obdobi je pomérné vysoka (4,66 ks/hod.). Ze souhrnnych vysledkti odchy-
ttiu vehodi jeskyni Ceskoslovenska a Bulharska (HORACEK & Zima 1978) Ize totiz dojit k daleko
nizsi hodnoté (1,30). Podobné nizké hodnoty uvadi také WEIDEINGER (1994) z odchytli u pseudo-
krasovych jeskyni ve vychodnich Cechach (1,87) a GaisLer (1973) u 3 jeskyni v udoli Ricky
(1,18) v jizni ¢asti Moravského krasu. Na druhé strané u vchodu jeskyné Great Scott Cave
(Missouri, USA) dosahovala aktivita hodnot az 490 ks/hod. (LAVAL & LAVAL 1980). Rozdilna
aktivita netopyri u vchodi jednotlivych jeskyni je pravdépodobné zapficinéna specifickymi
podminkami lokalit, jako jsou velikost jeskyné, charakter portalu, velikost a tvar samotného
vchodu do jeskyné, modulace okolniho terénu, zvlasté jeho vegetacni pokryv, které spolu s od-
lisnymi klimatickymi podminkami ovliviiuji i odliSnou strukturu jednotlivych spolecenstev neto-
pyra.

Intenzita letové aktivity podléha sezonnim zménam v souvislosti s roénim cyklem netopyra.
Jeskynni vchody jsou vyuzivany v obdobi jarnich a zejména podzimnich pieletll (swarming).
Vysoka aktivita netopyrt je v tomto obdobi zplisobena zvysenou preletovou aktivitou po roz-
padu letnich kolonii. Zaznamenané sezonni zmény v aktivité netopyrt u jeskynnich vchodt jsou
v plné shodé se zavéry HorACkA & Zimy (1978) aBAUEROVE & Zimy (1988b). ANDERA et al. (1992)
zaznamenali v ¢ervenci u vehodu Chynovské jeskyné (jizni Cechy) minimalni aktivitu (0,23), ale

s postupujicim podzimem ziejmeé souvisi s pocatkem hibernace (HORACEK & Zima 1978). Méné

217



vyrazny jarni vrchol aktivity je ve spojitosti s opousténim zimovist’ a jarni pieletovou aktivitou.
v tomto obdobi jeskyné navstévuje minimalné (HorACEK & Zima 1978). Adultni samice ziji v této
dobé¢ mimo jeskyné v letnich koloniich. Analogické zmény v sezénni aktivité byly zaznamenany
i na jednotlivych lokalitach. I div&jsi odchyty u vchodi jeskyni v udoli Ri¢ky (GaIsLER 1973)
mély stejny ro¢ni prubeh, byt’ s prepoctenymi hodnotami letové aktivity témet 2—3 krat niz§imi
(obdobi A:2,5-1,28,B: 1,2-0,65, C: 5,0-3,10, D: 3,0-0,75).
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Recent data shows that range expansion of the greater mouse-eared bat Myotis myotis (Borkhausen, 1797) to Central Europe
occurred mainly from the Iberian glacial refugium and in a lesser extent from South-eastern Europe. Here we present sequences of
the mitochondrial control region obtained from 16 localities in the Czech Republic, Slovakia, and NW Romania. From the 97
sequences, 87 were identical with the haplotype H1, the most frequent one of haplogroup A occurring throughout Western Europe,
and nine sequences (eight haplotypes) differed from H1 only by one substitution. This confirms decrease of genetic variability from
south to north and colonisation of Central Europe from the Iberian Peninsula. However, we found a new haplotype, which is closely
related to sequences from haplogroup D so far described in the nominative form of this species only from Greece and Bulgaria,
which suggests two possible scenarios. First, colonization route from the Balkan refugium existed in this species as well, which is
supported also by recently published analyses of historical DNA. Second, the Balkan haplotype entered Central Europe via
interspecific hybridisation with M. blythii, a species, in which the haplogroup D is the most frequent in Europe and which is known

to have colonised Europe from south-east.

Key words: genetic structure, mtDNA, control region, phylogeography, Myotis myotis

INTRODUCTION

Molecular data are widely used to assess recent
and historical processes that formed genetic struc-
ture of contemporary species. Factors that have been
shown to affect genetic architecture of populations
include social systems or expansions and fragmenta-
tion of habitats (Avise, 2000; Beebee and Rowe,
2004). There is much interest in determining
whether these factors are historical either caused by
natural changes in the environment (glaciations —
Taberlet et al., 1998) or by activity of ancient people
(deforestation, urbanisation — Horacek, 1984). The
main difference is the age of the population process,
such as population differentiation or expansion.
Where older events are attributable to climatic
and associated vegetation changes in Pleistocene
glacial cycles, more recent events might be influ-
enced by increasing human impact on environment

in historical times. Genetic structure of populations
that colonise new areas after range expansion is in-
fluenced either by genetic drift due to a founder
effect that usually causes the decrease of genetic
polymorphism (Ibrahim et al., 1996) and/or by ge-
netic variation of original populations from which
the expansion started (Avise, 2000).

In the last two decades, bats became one of the
model groups for analysis of historical and contem-
porary factors affecting genetic structure of popula-
tions. Genetic studies of bat populations indicated
that patterns of geographic genetic differentiation
can be affected by a variety of factors — seasonal
migration, geographical barriers, and past demo-
graphic processes (Burland and Wortington-Wilmer,
2001). Migratory species exhibited little genetic
structure across the study range (McCracken et al.,
1994; Petit and Mayer, 1999, 2000), while the gene
flow in sedentary species was more restricted and
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populations more genetically structured (Burland et
al., 1999; Kerth et al., 2000, 2002; Rivers et al.,
2005). Species with female philopatry (the tendency
to remain in or consistently return to the natal terri-
tory) might show strong substructure when exam-
ined with maternally inherited mitochondrial DNA,
but this substructure generally disappears when
biparentally inherited markers are used, owing to
male-mediated gene flow (Petit and Mayer, 1999;
Castella et al., 2001; Kerth et al., 2002). Phylo-
geographic studies in European bats usually confirm
the most frequent scenario for colonization of Cen-
tral Europe from southern refugia after the last gla-
ciation and genetic variation of these bats decreases
with northward range expansion (Ruedi and Castella,
2003; Hulva et al., 2004; but see Petit et al., 1999).
The greater mouse-eared bat Myotis myotis
(Borkhausen, 1797) is one of the most common and
largest European bats. It is a non- or regionally mi-
gratory species endemic to Europe and the Levant
(Mitchell-Jones et al., 1999; Castella et al., 2000;
Hutterer et al., 2005). The current distribution of this
species on its northern border is probably very re-
cent. Southern populations (forming nursery colo-
nies usually in warm caves) are considered to be old;
e.g., in Spain, the species occurs in the fossil record
since the Pleistocene. On the contrary, in Central
Europe the species was absent in fossil records until
late Holocene (Horacek, 1984; Postawa, 2004).
Until very recently (Bogdanowicz et al., 2009),
genetic studies of M. myotis populations focussed
mainly on individuals from the Alps and from the
Mediterranean area. In the first study, Castella et al.
(2001) showed unexpectedly high mitochondrial
haplotype diversity in Alpine maternity colonies and
a contrasting pattern of mitochondrial and nuclear
population structure suggesting male-mediated gene
flow and female philopatry. In the following phy-
logeographic study, Ruedi and Castella (2003) en-
larged their sampling mainly into the western Med-
iterranean region, where they identified six haplo-
groups. All of them occur in the Mediterranean, sug-
gesting the occurrence of glacial refugia in that area,
with extraordinary high genetic diversity especially
in Italy (Ruedi et al., 2008) and the Balkans (Ruedi
and Castella, 2003). Nucleotide diversity of the
mtDNA marker in particular colonies decreased sig-
nificantly northwards, suggesting relatively recent
colonization of more northern areas from southern
refugia. However, sampling of populations in Cen-
tral Europe (outside the Alps) was fragmentary.
Ruedi and Castella (2003) included 20 individuals
from a single nursing colony in Poland, where they

found three different but very similar haplotypes
from the most widespread haplogroup A. Finally,
Bogdanowicz et al. (2009) recently analyzed greater
mouse-eared bats from several localities in Central
Europe and found again predominantly haplotypes
from the clade A in M. myotis myotis.

In this study, we increased sampling in Central
Europe and tried to answer two questions: (1) Is the
mitochondrial diversity of Central European popula-
tions farther south as low as in Poland? (2) Are
Central European M. myotis descendants of mothers
originating only from the Iberian refugium as sug-
gested by Ruedi and Castella (2003, but see Bogda-
nowicz et al., 2009)?

MATERIAL AND METHODS

Tissue Sampling and Amplification of the Mito-
chondrial Control Region

Altogether 15 nursery colonies of morphologically identi-
fied M. myotis and one swarming site (Fig. 1 and Table 1) were
sampled within the area of Central Europe: Czech Republic
(Moravian Karst and its surroundings, northern Bohemia),
Slovakia (Borska nizina Lowland, Revucka vrchovina High-
lands, Slovak Karst), and NW Romania. The nurseries found in
attics or towers of buildings provided 66 individuals. Addition-
ally, we gathered 29 and two individuals in two cave nursery
colonies and at one swarming site, respectively (Table 2). Tiss-
ues were taken from adult females collected directly from their
roosting site using the non-destructive technique of sterile
biopsy punch from the wing membrane (Worthington-Wilmer
and Barratt, 1996; Weaver et al., 2009). The punches were
stored in 96% ethanol at -20°C).

DNA was extracted using DNeasy Tissue Kit (Qiagen, Hal-
den, Germany) and phenol-chloroform extraction. The second
hypervariable segment of the mitochondrial control region
(HVII) of approximate length 1,000 base pairs (bp) was ampli-
fied with specific primers L16517 (Fumagalli et al., 1996) and
sH651 (Castella et al., 2001) using the PCR protocol described
in Castella et al. (2001). Successful PCR products were purified
(PCR Purification Kit, Qiagen) and sequenced by BigDye
Terminators ver. 1.1 sequencing chemistry (Applied Biosys-
tems, Foster City, CA, USA) with the forward primer L16517.
Sequencing reactions were analysed on ABI Prism 310 or 3130
Genetic Analyser (Applied Biosystems).

Sequence Analysis

Sequences were edited and aligned with published se-
quences in SeqScape v. 2.5 (Applied Biosystems). HVII se-
quences of M. myotis (haplotypes H1-H56 from Ruedi and
Castella, 2003 and Ruedi er al., 2008, and new sequences
H76-H81 reported herein) formed a 307 bp long alignment
for phylogenetic tree reconstruction. Additional sequences of
M. myotis found introgressed in European M. blythii (HS8-H69
— Berthier et al., 2006) were added for network analysis.
Haplotype frequencies were calculated from all available se-
quences (this study; Ruedi and Castella, 2003; Berthier et al.,
2006; Ruedi et al., 2008). New haplotypes were numbered
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Czech Republic
Romania
FiG. 1. Sampling sites in the Czech Republic, Slovakia, and NW Romania. @ — nursing colonies in house attics, @ — nursing

colonies in caves, O — swarming site

consecutively with respect to previously published sequences
(up to H75 in Berthier et al., 2006).

Optimal substitution model was estimated in Modeltest 3.7
(Posada and Crandall, 1998). The selected models differed
between algorithms. We used the model indicated by Ba-
yesian Information Criterion (BIC; Schwartz, 1978) because
of its reliability (Posada and Buckley, 2004), and the select-
ed model was the simplest thus minimising the risk of over-
parametrisation. The selected substitution model was Kimura-2-
parameter model (K2P) with transition/transversion ratio equal

to 25.206, rate heterogeneity (a0 = 0.6974) and proportion of in-
variable sites (I = 0.6462). We eliminated proportion of invari-
able sites as this parameter cannot be estimated independently
from rate heterogenetity, and the latter affects phylogenetic tree
reconstruction more profoundly (Sullivan et al., 1999; Mayrose
et al., 2005). Additionally, ML bootstrap was performed using
the GTR + I' model, and performance of both models was test-
ed in BA. The differences were small, and we present node
support from NJ (K2P + I'), ML (GTR + I') and BA (K2P +I')
analyses (Fig. 2).

TaBLE 1. Distribution of haplotypes at sampled sites. All haplotypes except H1 (87 individuals) and H78 (two individuals) were

found only in single individuals

Number of
individuals with H1

Number of
microsatellite variants

Other haplotypes
present at the site

. Number of
Locality sequenced bats
Katefinska cave (CZ)! 2
Doubravnik (CZ)? 5
Lysice (CZ)? 3
Boskovice (CZ)? 7
Bfeclav (CZ)? 4
Bucovice (CZ)? 3
Bohdalice (CZ)? 6
Racice (CZ)? 3
Blansko (CZ)? 4
Borotin (CZ)? 2
Reckovice (CZ)? 1
Cesky Dub (CZ)? 11
Rochovce (SK)? 14
Drienovska cave (SK)? 7
Borsky Mikulas (SK)? 3
Betfia cave (RO)? 22
Total 97

—_— == N RN OYW W W KN

—_—
w

17
87

- 2

- 4

- 3

- 6

H32 4

- 3

- 4

HS81 2

- 3

- 1

- 1

- 4

H76, H79, H80 7
- 6

- 3

H10, H27, H77, H78 9
12

Type of sampling locality: ! — swarming site, > — nursing colony in a house attic, > — nursing colony in a cave
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Distance (neighbour-joining, NJ) analysis was performed in
HyPhy 2.0 (Kosakovsky Pond et al., 2005) and Mega 4.1 (Ta-
mura et al., 2007) to maximise our ability to directly compare
our results with previously published trees (Ruedi and Castella,
2003; Berthier et al., 2006; Ruedi et al., 2008). Maximum like-
lihood bootstrap analysis was calculated in RAXxML 7.1.0
(Stamatakis, 2006) and Bayesian analysis (BA) in MrBayes
3.1.2 (Ronquist and Huelsenbeck, 2003). We used 10 initial re-
arrangement settings in the ML analysis. Bootstrap support was
estimated from 10,000 replicates in the NJ and ML analyses.
Two separate runs of ten Metropolis coupling Markov Chain
Monte Carlo with one cold and nine heated chains were run for
five million generations each sampled every 1,000th for the BA
analysis. The Metropolis coupling parameters included chain
temperature at 0.07 and two chain swaps were attempted every
generation. The first 2,000 sampled trees were discarded as
burn-in, and subsequent tree likelihoods were checked for con-
vergence in Tracer 1.4 (Rambaut and Drummond, 2007). Gaps
were treated as missing data in NJ, ML and BA analyses.
Furthermore, median-joining (MJ) networks were constructed
in Network 4.2 (Bandelt et al., 1999) using equal transition/
transversion ratio. Haplotype frequencies were estimated from
our data coupled with previously published information (Ruedi
and Castella, 2003; Berthier et al., 2006; Ruedi et al., 2008).
The sequences of Myotis blythii (Tomes, 1857) from Kirghiz-
stan (haplotypes Kirgl, Kirg2, Kirg3; Ruedi ef al., 2008) were
used as outgroups to estimate the root of the M. myotis phyloge-
netic trees. The analyses were conducted on a computation clus-
ter at the IVB AS CR, Brno.

RESULTS

Distribution of Sequence Variability

We identified 10 different haplotypes among
307 bp long sequences of HVII in 97 M. myotis

J. Bryja, M. Uhrin, P. Kaniuch, P. Bémova, N. Martinkova, et al.

individuals (Tables 1 and 2). The most common hap-
lotype corresponded to sequence H1 and occurred in
87 individuals (89.7%). Different haplotypes were
mostly found only in single individuals from four lo-
calities (Table 1) and all but one of them differed by
a single substitution from H1 (Table 2). New haplo-
type H81 differs by two transitions in positions 145
and 278 from the published H34 sequence from the
haplogroup D (Table 2).

Phylogenetic Analysis

The alignment for phylogenetic tree reconstruc-
tion was 312 bp long, including gaps, and consisted
of 62 M. myotis unique haplotypes and one (BA) to
three (NJ, ML) M. blythii haplotypes as outgroups.
Our comprehensive analysis showed similar topolo-
gy to previous ones. However, not all haplogroups
were supported (groups with bootstrap support > 70
and/or Bayesian posterior probability > 0.95 were
considered). Haplogroups well supported in all anal-
yses were E, F and G. Haplogroup B was only iden-
tified in 79% bootstrap replicates of the ML analy-
sis, and groups A, C and D were never monophylet-
ic in more than half of bootstrapped or posterior
trees (Fig. 2).

Network analysis of a 307 bp long alignment
including all M. myotis haplotypes with their
respective frequency of occurrence also showed
general concordance with previously recognised
haplogroups (Fig. 3). Sequences found in Central

TABLE 2. Variable positions of the HVII haplotypes identified by sequencing 307 bp of the control region from individuals from
Central Europe. The data from one Polish nursing colony by Ruedi and Castella (2003) are also included. Designation of
haplotypes is according to Ruedi et al. (2008), newly described haplotypes are H76-H81 (GenBank Accession
Nos. HM117842— HM117847). New haplotype H81 is the most similar to haplotype H34 that was described from Greece (Ruedi and
Castella, 2003), shown here for comparison. Haplogroups were identified by Ruedi and Castella (2003)

Nucleotide position

1 111 1 1112 2 2 2 22 "
Haplotype | 99 2 3 4561899013678 Haplogroup Occurrence
o515 1058 038 0799 3 0 8 7
H1 GATGAGAAAGGTAGAGAT A CZ,F, PL, 1, RO, SK, SP, SW
H10 . A A RO, SP, SW
H27 G . A RO, SP
H31 . G A PL
H32 G . A CZ,PL
H76 . A A SK
H77 . C A RO
H78 G . A RO
H79 . A A SK
HS80 . oL A L . . . A SK
HS81 A C A G G G G A G G G D Ccz
H34 A C A G G G A G G D GR

* — This study: CZ = Czech Republic, SK = Slovakia, RO = NW Romania; Ruedi and Castella (2003): F = France, GR = Greece, PL = Poland,

SP = Spain, SW = Switzerland; Ruedi et al. (2008): I = N Italy (Bolzano)



Europe in this study appear to belong to two dif-
ferent haplogroups A and D. All new sequences but
one belong to the group A: five are new (H76—
H80; GenBank Accession numbers HM117842—
HM117846), and three (H10, H27, and H32) were
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logroup D (Fig. 3).
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previously found. The sequence H81 (GenBank
Accession number HM117847) is a newly described
haplotype found only in the Racice colony (Czech
Republic) that belongs to previously identified hap-

FIG. 2. Neighbor-joining phylogenetic tree using K2P + I" substitution model of hypervariable segment II of mitochondrial control
region haplotypes. Numbers above branches of previously recognised groups represent bootstrap support from 10,000 neighbour-
joining and maximum likelihood bootstrap replicates and Bayesian posterior probability after chain convergence. Haplotypes found
in Central Europe are highlighted in shaded boxes
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FiG. 3. Median-joining network of hypervariable segment Il of mitochondrial control region haplotypes. Length of branches is

proportional to number of substitutions along given branch, and circle size is proportional to haplotype frequency according to

information in Ruedi and Castella (2003), Berthier et al. (2006), Ruedi ef al. (2008) and this study. Haplotypes found in M. blythii
are indicated in black, haplotype H81 in dark grey

DiscussioN

Variability in the Control Region Sequences and
Phylogeographic Implications

Sequences found in the Czech Republic, Slova-
kia, and NW Romania belong to two previously
identified European haplogroups (Ruedi et al.,
2008). Except haplotype H81, all individuals carried
haplotypes from group A, and 89.7% of individuals
had haplotype H1, which is the most common one in
Europe (Ruedi and Castella, 2003). The greatest di-
versity of group A has been previously observed in
western Mediterranean, suggesting the area of origin
of this group in Iberian Peninsula (Castella et al.,
2001; Ruedi and Castella, 2003). Our data are con-
sistent with this scenario. First, overall genetic
mtDNA diversity in the studied region is low with
predominance of sequences from group A similarly

as in Poland (Ruedi and Castella, 2003; Bogdano-
wicz et al., 2009). Second, two haplotypes found in
this study in NW Romania were found in Spain
(H27) or in Spain and Switzerland (H10) to date.
These facts strongly support Ruedi and Castella’s
(2003) notion that Central Europe was colonised
relatively rapidly via western colonisation route (cf.
Hewitt 2004).

However, identification of the new haplotype
H81, which is most closely related to haplotypes
from SE Balkan (group D), indicates an occurrence
of further colonisation from another direction. West-
ern and eastern colonisation routes into central
Europe (the so-called ‘Hedgehog paradigm’ —
Hewitt, 2000) are well described in other animal
species (Taberlet et al., 1998), including bats (Hulva
et al., 2004; Juste et al., 2004). However as we
found a sequence from haplogroup D only in one in-
dividual, alternative explanations are more viable.
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Instead of an indigenous colonization front of Bal-
kan greater mouse-eared bats to Central Europe, it
is theoretically possible that the female with H81
haplotype represents an occasional long-distance
movement; i.e., reached the Czech Republic from
the Balkans within its life-span. Greater mouse-
eared bats are known to move the most frequently
up to 50 km as evidenced by mark-recapture studies
(Gaisler et al., 2003; Hutterer et al., 2005), but the
longest distance recorded is 436 km (Hutterer et al.,
2005). Based on the current data, it is impossible to
distinguish whether presence of an individual of
Balkan origin in Central Europe is evidence of col-
onization from southeast, in which case a genetic
signature along the route should be traceable, or
whether it is a record of occasional movement. Such
differentiation requires additional sampling and
analysis of bats along the possible colonization route
between eastern Greece and the Czech Republic.
Recent analyses of ancient DNA from Nietoperzowa
Cave in southern Poland (Bogdanowicz et al., 2009)
support the former hypothesis, because the authors
provide evidence that another Balkan clade (hap-
logroup F) was present in Central Europe already
820 + 25 years BP.

Alternative theoretical explanation could involve
interspecific hybridisation with M. blythii, a species
known to have colonised Europe from south-east
(Benda and Horacek, 1995). Myotis blythii can hy-
bridize with M. myotis (Bogdanowicz et al., 2009),
and in continental Europe mtDNA of M. blythii is
completely replaced by that of M. myotis (Berth-
ier et al., 2006; but see different opinion in Bog-
danowicz et al., 2009). Haplotype H81 belongs
to haplogroup D, the same haplogroup, where mul-
tiple ‘M. blythii’ sequences were found (Berthier et
al., 2006; Bogdanowicz et al., 2009; Fig. 3 in this
study). It is therefore possible to imagine that H81
was introgressed into M. blythii somewhere in the
south-east part of M. myotis distribution and sub-
sequently introduced to central European popula-
tion of M. myotis through repeated hybridization
with M. blythii. Mating of female M. blythii with
male M. myotis would have led to the observed
occurrence of this haplotype in central European
M. myotis.

One of the conspicuous features of geographical
distribution of haplotypes (see figure 1 in Ruedi and
Castella, 2003) is its rough concordance between the
distribution of some haplogroups and types of nurs-
eries. In southern Europe, especially in the Balkans
(with ‘endemic’ haplogroups), the nurseries are lo-
cated in warm natural caves, while further north

summer maternity colonies are usually located
in buildings. The behavioural and physiological
changes necessary for this shift in reproduction
habits (Rodriguez et al., 2003) are usually attributed
to rapid expansion of one successful haplogroup
from south-western Europe (Ruedi and Castella,
2003). However, even though most nurseries in
Central Europe inhabit buildings, there are nurseries
of the greater mouse-eared bats established in caves
as well, e.g. the Hranicka propast cave in the Czech
Republic (Rehak and Baron, 2006), and the Drie-
novska jaskyna cave and the Plavecka jaskyna cave
in Slovakia (Uhrin et al., In press). In this study, we
investigated mtDNA haplotypes from two nursery
colonies found in caves. All 22 sequenced individu-
als from the Betfia cave in NW Romania as well as
seven individuals from Drienovecka jaskyia cave in
Slovakia exhib-ited only haplotypes from group A.
Pending necessity of more detailed research, it seems
probable that this important variation in forming
nurseries is not genetically based and is a result of
phenotypic plasticity. At the same time it suggests
that the populations of M. myotis had changed their
roosting habits at least twice (‘caves-attics-caves’)
during colonization of Central Europe from Iberian
refugium.

CONCLUSION

We confirmed that M. myotis bats colonised Cen-
tral Europe through the western colonisation route
conforming to the previously suggested ‘Bear Para-
digm’ of post-glacial colonisation. Already as far
north as the Czech Republic and Slovakia, genetic
variability of M. myotis is very low compared
to the Alpine region. We found that individuals of
Balkan origin played a minor role in populating
the area.
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Abstract

Pipistrellus pipistrellus, Eptesicus serotinus, Nyctalus noctula, N. leisleri, Myotis daubentonii, M. myotis,
unidentified small Myotis spp. and Plecotus spp. were recorded during bat detector transects within a
central European city of 350,000 inhabitants. Bats were recorded in all seven habitat types under study, the
levels of activity for each species and habitat type were significantly different. The relative activity of the
whole bat community was highest in old outskirts (low density housing) and at the river, and lowest in the
city centre and new housing estates (high density housing). Significant differences were found in the timing
of bat activity during the night and the season. Within the first two hours after sunset, relative activity of
P. pipistrellus and E. serotinus was highest in the first 0.5 h and decreased thereafter. In N. noctula, it was
highest during the second and third 0.5 h and in Myotis spp. it was low in the first 0.5 h and increased till
the end of monitoring. Flying bats were recorded from March till October; the lunar cycle had no
significant effect on the amount of flight activity. The relative activity of E. serotinus was positively
correlated with temperature. No significant correlation was found between the activity of bats and the
number of trees and streetlamps per transect. Comparison with the results of an earlier visual census
showed that more bats were recorded acoustically than visually except in the city centre. This is attributed
to the effect of white streetlamps during the visual census. During the acoustic census, most white lamps
were replaced by yellow lamps which biased the impact of lamps on bat traffic. Nevertheless, bat species

known to benefit from white streetlamps remained the most common foragers within the city.

Key words: bat habitats, flight activity, city

INTRODUCTION

From 1965 to 1980, J. Hooper, a pioneer of field work
with ultrasound receivers, monitored the echolocation
calls of bats in the London area (Hooper, 1981). These
and subsequent London bat detector records were later
summarized by Mickleburgh (1987). Occasionally, this
technique has been used in other European cities and
towns but, in general, there are few bat detector records
from urban habitats. Much more information, resulting
from detector studies, has been obtained in woodland,
farmland or riverine habitats (Baagoe, 1986; Furlonger
et al., 1987; Judes, 1989; Ahlén & Gerell, 1989; Limpens
et al., 1989; Negraeff & Brigham, 1995; Rydell & Racey,
1995; de Jong, 1995; Walsh & Harris, 1996a). In
contrast, most records of bats in towns have come from
captures and observations inside the buildings, from

*All correspondence to: Dr J. Gaisler, Department of Zoology and
Ecology, Masaryk University, Kotlarska 2, 611 37 Brno, Czech
Republic

incidental records of dead or moribund bats, or from
opportunistic nettings at potentially favourable sites
(Gaisler & Bauerova, 1985-86; Klawitter, 1986;
Sanchez, 1989; Spitzenberger, 1990; Haensel, 1992;
Schober & Meyer, 1995).

In 1977, initial flying activity of bats was recorded
visually on the territory of the city of Brno, with the co-
operation of 28 previously trained observers (Gaisler,
1979). The observers walked along transects selected by
themselves. For further analysis, the localities were
grouped according to the prevailing environmental type,
which was based on the classification published by an
ornithologist (Hudec, 1976), who studied birds of the
same town. The primary aim of the present study was to
repeat the census, this time acoustically. We presumed
that more bats, in terms of both species and individuals,
would be recorded acoustically than visually and that
detecting their echolocation calls would provide better
insight into the knowledge of bat traffic in different
urban habitats with respect to various environmental
cues.
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From 1990 to 1992, a nationwide survey of bats and
their habitats was carried out in Britain, using bat
detectors whilst walking preselected transects (Walsh,
Harris & Hutson, 1995; Walsh & Harris, 1996a, b).
Urban areas were included in the survey but they were
most often residential areas of villages and small towns.
Species identification was limited and 71% of the bat
passes were unidentified. Results of this and other
surveys and case studies were summarized by Racey (In
press) in order to highlight the need of ecological data
for the conservation of European bats. Thus the sec-
ondary goal of our paper was to complete the surveys
made in Britain and elsewhere by supplying data on the
activity of bats in urban habitats of a city while identi-
fying the species as far as possible. The data are
intended for better knowledge of bat biology in relation
to their conservation in a particular habitat set (Racey,
In press).

MATERIAL AND METHODS

Four bat detectors were used, D-980 Pettersson, SKYE,
and 2 QMC Mini. We made acoustic recordings of bats
within the town of Brno, Czech Republic (230 km?,
350,000 inhabitants), from March till October 1993. The
same habitat types were sampled under the same condi-
tions as in 1977 (Gaisler, 1979). Habitat types included:
A, the citycentre — historical centre of the town; B, old
residential quarters — streets with blocks of buildings,
mostly four—five-storeyed; C, old suburbs — streets of
family houses with small gardens; D, villa quarters —
scattered villas with large gardens; E, old outskirts — old
warehouses, factory premises, open areas, trees; F, new
housing estates — blocks of high rise (typically 8-stor-
eyed) flats, lawns and newly planted trees; G — the river
and its immediate surroundings.

Most observations started 10 min after sunset, on the
nights of new and full moon (£ 1 night), and lasted 30
min. In total, we covered 55 such transects labelled
‘standard’ which encompassed 1650 min of monitoring.
Standard transects were used for all comparisons. In
addition, 41 transects, 1230 min, were either performed
at standard dates and localities but earlier (from sunset)
or later at night, or they represented different dates and/
or different localities. The data from all transects were
pooled for the analysis of habitat preference and timing
of bat activity during the night, except for 8 additional
transects which were disregarded when analysing the
habitat preference, since it was impossible to allocate
the respective localities into any of the habitat types A
to G.

In order to take into account different sensitivity and
filtering capacity of our bat detectors (Forbes &
Newhook, 1990; Walsh er al., 1995), the observers
changed places and detectors haphazardly and only the
heterodyne mode was used. When possible, acoustic
detections were coupled with visual observations, in
order to improve the estimation of the number of flying
bats. At the beginning of each transect, the detector was
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tuned at 40 kHz. Having heard a signal, the observer
halted, tuned to the optimum frequency, recorded the
duration of the time interval during which he heard the
signals, rounded up to 1 sec, and estimated the number
of flying bats. When bats were no longer heard, the
observer continued walking until another registration or
till the end of the 30-min period. Thus the length of
individual transects differed (850-2490 m, average
1455.7 m); in total we walked c. 128 km. For each
locality, the number of trees and streetlamps was
recorded. The values of air temperature, relative hu-
midity and air pressure were extracted from the data of
the nearest meteorological station (Brno-Kroftova). Ne-
gative influence of climatic conditions, however, was «
priori limited since we did not monitor bat activity
under extreme situations such as very cold (temperature
<10°C), rainy or windy nights.

The level of bat activity was assessed primarily as in
the paper by McAney & Fairley (1988), as the number
of individual minutes in which bat ultrasound signals
were detected. This number was converted into percen-
tage of total number of monitoring minutes (per
transect type, habitat, time interval, etc.). Secondarily,
the number of flying bats was estimated, in order to
obtain data comparable to those of the earlier visual
census. The differences in bat activity were tested by
contingency tables (> test) based on numbers of posi-
tive and negative minutes. To compare with the results
of earlier visual census, a Mann—Whitney test was used.
Possible correlation of bat activity, as revealed by
different methods and with various environmental
factors, was tested by a non-parametric Spearman cor-
relation. Statistical analyses were performed according
to Sokal & Rohlf (1981) and Wilkinson (1990).

RESULTS
General assessment of the level of bat activity

Six species and two species groups were recognized
(Table 1). Based on both number of minutes and
number of individuals observed, Pipistrellus pipistrellus,
Eptesicus serotinus and Nyctalus noctula were most
common. In all of them, distinct feeding buzzes gave
evidence of their foraging activity. The ranks of re-
maining species and species groups were the same by
both methods, except for Myotis daubentonii which was
more common according to the number observed at
additional transects. High numbers of recorded M.
daubentonii resulted from visual observations of bats
hunting close to the water level.

Habitat preference by bats flying in the city

Only the three most common species were recorded in
all habitat types (Table 2). The levels of their activity in
each habitat differed. In P. pipistrellus, this difference is
relatively small though significant (x> =12.61, P =0.05),
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Table 1. Comparison of bat call minutes recorded (min), bat
call minutes in percentage of minutes of monitoring (%) and
bat numbers estimated (7). Spearman one-tailed test shows
significant correlation between the rank of species and species
groups by bat call minutes and bat numbers (r,=0.976, n=38
observations, P<0.01)

Species Standard Additional All transects
min % n min % n min  n
P. pipistrellus 83 5.0 117 47 29 62 130 179
E. serotinus 84 5.1 136 18 1.1 19 102 155
N. noctula 45 27 52 28 1.7 32 73 84
Mpyotis spp. 13 08 15 21 13 22 34 37
M. daubentonii 8 05 10 8 05 65 16 75
N. leisleri 11 07 11 2 0.1 2 13 13
M. myotis 2 0.1 2 0 00 O 2 2
Plecotus spp. 0 00 0 2 0.1 2 2 2
Total 246 149 343 126 7.7 204 372 547

Table 2. Bat call minutes recorded in percentage of minutes of
monitoring per habitat type: A, historical citycentre; B, old
residential quarters; C, old suburbs; D, villa quarters; E, old
outskirts; F, new housing estates; G, riverine habitats. For
details see ‘Material and methods’

Habitat A B C D E F G

Monitoring min 150 450 540 630 300 330 240
P. pipistrellus 33 44 54 52 47 1.5 2.1
E. serotinus 33 29 41 30 9.0 42 0.8
N. noctula 0.7 29 26 1.1 27 3.0 7.1
Mpyotis spp. 0.0 09 09 19 1.0 0.0 33
M. daubentonii 0.0 02 02 00 0.7 0.0 5.0
N. leisleri 0.0 29 00 00 0.0 0.0 0.0
M. myotis 0.0 00 02 00 00 03 0.0
Plecotus spp. 0.0 0.0 00 03 00 0.0 0.0
Total 73 142 134 11.5 18.1 9.0 183

Number of species 3 6 6 5 5 4 3

which can be interpreted as a manifestation of a broad
ecological niche with respect to urban habitats. A more
detailed analysis shows that the citycentre (A), new
housing estates (F) and riverine habitats (G), when
coupled, are significantly less frequented than the re-
maining habitats (P<0.001).

In E. serotinus, the activity recorded per habitat type
was significantly different (x*>=29.92, P<0.001). Pre-
ferred are the old outskirts (E), while riverine habitats
(G) are significantly less frequented (P<0.001). Differ-
ences in activity at other habitats are insignificant. N.
noctula also showed great differences of activity per
habitat type (x>=26.63, P<0.001). Riverine habitat is
markedly preferred, and the citycentre (A) and villa
quarters (D) are less frequented than the remaining
habitats (P =0.006). As expected, M. daubentonii was
most often recorded at the river as well. Unidentified
small Myotis species (most probably M. emarginatus,
M. mystacinus, M. brandtii or M. bechsteinii, Gaisler &
Bauerova 1985-86) were also frequently recorded close
to the river, relatively often in villa quarters (D) and
infrequently in four additional habitats. Both Myotis
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spp. and M. daubentonii were missing from the city-
centre (A) and new housing estates (F). The sample of
Nyctalus leisleri, M. myotis and Plecotus spp. (P. aus-
triacus or P. auritus) is too small to draw any
conclusions about their habitat preference.

Concerning all species lumped together, relative
activity per habitat type was significantly different
(x*=22.80, P=0.001). It was largest at old outskirts
(E) and the river (G) and smallest in the citycentre
(A) and new housing estates (F) (Table 2). Medium
activity was recorded in the remaining habitats,
namely, old residential quarters (B), old suburbs (C)
and villa quarters (D). The differences within the
habitats of high, low and medium activity, respec-
tively, are insignificant. However, activity as recorded
at medium frequented habitats differs significantly
from that recorded at both preferred (P=0.003) and
not preferred habitats (P=0.01). These data are not
correlated with the number of species with the excep-
tion of the citycentre where the least number of
species, as well as the least number of bat positive
minutes, were recorded.

Comparison with the results of the earlier visual census

Three species were identified during the 1977 census but
in only one of them, E. serotinus, can the identification
be considered reliable (see Discussion). In the earlier
paper, population density data were published (Gaisler,
1979), but original numbers of bats observed have been
kept in the database. Bat numbers estimated at the
standard transects were compared to these data. As
expected, significantly more bats were recorded during
the 1993 census (Table 3). Considering the numbers of
bats per habitat type, in E. serotinus only the transects
performed at old outskirts (E) revealed significantly
more individuals recorded acoustically. In other species,
significantly more bats were recorded acoustically than
visually in all habitat types under study, except the
citycentre (A). There the average number of bats esti-
mated during the 1977 visual census was four times
higher than that estimated during the 1993 acoustic
census (Table 4).

Timing of bat activity during the first two hours after
sunset

Three species and one species group were recorded
during all four 0.5 h time intervals after sunset (Fig. 1).
Levels of their flight activity were significantly different.
In P. pipistrellus (x*=9.75, P=0.021) and E. serotinus
(x*=17.30, P=0.001), the relative number of minutes
recorded was highest during the first 0.5 h after sunset
and decreased thereafter. In N. noctula (y*=12.18,
P=0.007), it was highest during the second and third
0.5 h and in Myotis spp. (x>*=11.41, P=0.01) it was
low at the beginning and increased till the end of
monitoring.
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Table 3. Comparison of the average number of bats estimated
per one transect during the 1977 visual and 1993 acoustic
censuses, Mann—Whitney U-test

Transects visual (n=318) acoustic(n=55) P

E. serotinus 1.0 2.5 0.002
Other species 1.1 3.8 <0.001
All bats 2.1 6.3 <0.001

Table 4. Difference between average numbers of bats estimated
per habitat types during the visual and acoustic censuses,
Mann-Whitney U-test. See Table 2 for identification of
habitat types A to G

Habitat A B C D E F G

E. serotinus

visual 2.67 186 0.67 1.28 1.25 0.62 045
acoustic 225 190 2.00 1.88 9.50 0.88 0.50
P n.s. n.s. n.s. n.s. 0.002ns. n.s.
Other species

visual 400 144 0.70 1.72 1.58 0.51 0.86
acoustic 0.75 480 4.54 425 3.17 150 5.33
P n.s. 0.016 <0.001 0.026 0.003 0.037 0.016
All bats

visual 6.67 335 1.38 3.00 2.83 1.13 1.32
acoustic 3.00 670 6.54 6.13 12.67 2.38 5.83
P n.s. n.s. 0.001 0.026 0.003 0.037 0.016

Bat activity with respect to season

During the year, P. pipistrellus and Myotis spp. were
recorded from March to September, E. serotinus from
April to September and N. noctula from March to
October. Throughout the year, significant fluctuations
in the activity of most common species were recorded
(Fig. 2). In P. pipistrellus (x*>=70.88, P<0.001), the peak
of activity in late August and early September may
reflect the emergence of weaned young. In E. serotinus
(x*=114.53, P<0.001) and N. noctula (y°=53.04
P<0.001), the peaks in April and July, respectively,
probably reflect increased activity at places with abun-
dant prey during the nights of observation.

Bat activity with respect to other factors

In the three most common species, the relative number
of minutes recorded during the nights of new, as com-
pared to full, moons does not differ significantly (3>
test). Significant correlation of activity recorded with
selected climatic factors (average values per transect)
was found only in E. serotinus; its activity correlates
positively with temperature and negatively with hu-
midity (r;=0.453 and —0.473, respectively, P<0.05,
n=27). In all other cases concerning the number of trees
and number of streetlamps, Spearman correlation
analysis gave negative results. No correlation was found
between the level of activity and the number of only
white streetlamps either (see Discussion).
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Fig. 1. Timing of activity in three species and one species
group: bat call minutes recorded in percentage of minutes of
monitoring per 0.5 h time intervals after sunset.

DISCUSSION

The composition and relative abundance of species, as
revealed in this paper, are consistent with previous
records of bats in Brno based on other methods. Within
the built-up area nursery colonies of E. serotinus, P.
austriacus and M. myotis were recorded (on the per-
iphery in the last species) and mass hibernation and
summer invasions of P. pipistrellus were observed
(Gaisler & Bauerova, 1985-86). In 1990, a pregnant
female N. leisleri was found and, in 1995, a mass
hibernaculum of N. noctula was discovered (Gaisler,
unpubl.). From among the common species, relative
abundance of Plecotus bats was probably underesti-
mated during the acoustic census due to their very weak
signals (Ahlén, 1990). The three most common species,
P. pipistrellus, E. serotinus and N. noctula, were often
recorded in many other European cities and towns
studied so far with respect to bats (Klawitter, 1986;
Mickleburgh, 1987; Spitzenberger, 1990; Haensel, 1992;
Schober & Meyer, 1995; Vernier, 1995; Walsh & Harris,
1996a) and appear as typical foragers in urban habitats.

E. serotinus is very conspicuous and easily identifiable
visually when hunting (Klawitter & Vierhaus, 1975) and
therefore it was recorded as the most common species
during the earlier visual census (Gaisler, 1979). During
that census, maximum numbers of serotines and of all
bats observed were recorded in the citycentre. Negative
correlation was found between the numbers of bats in
each sampling locality and the distance of localities
from the citycentre. Both regression lines representing
the relationships from centre to 5 and 7 km, respec-
tively, were statistically significant at the 0.01 level
(Gaisler, 1979). No such relation was found in the 1993
bat detector sample and the number of bats recorded in
the city centre was very low.

In 1977, all streetlamps gave a bluish-white light
(mercury vapour lamps). As has been shown by
numerous authors (Geggie & Fenton, 1985; Haffner &
Stutz, 1985-86; Baagoe, 1986; Rydell, 1991, 1992; Blake
et al., 1994; Rydell & Racey, 1995), such lamps are
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Fig. 2. Seasonal changes of activity in the three most common species: bat call minutes recorded in percentage of minutes of
monitoring per night of new and full moon (23 March to 30 October).

attractive for certain bat species because they attract
insects. In 1993 to 1995, low pressure sodium lamps
were installed in the place of mercury lamps in Brno.
Such lamps give yellow to orange light and are not
attractive to insects and bats (Rydell & Racey, 1995).
The first phase of exchanging streetlamps in Brno coin-
cided with our bat detector survey. In October 1993, we
counted 1 to 40 white streetlamps per locality, on
average 14 or about one white to six yellow lamps. The
decreasing number of white and increasing number of
yellow lamps may have biased the impact of lamps on
the bat traffic (Rydell, 1992). The lower number of bats
estimated in the citycentre during the acoustic as com-
pared to the visual census can be explained in this way.
All habitat types under study were frequented by
flying bats which is in accordance with literary data that
bats use a wide range of habitats (Baagoe, 1986; Fur-
longer, Dewar & Fenton, 1987; Rachwald, 1992; Jones
& Rydell, 1994; de Jong, 1995; Walsh & Harris, 19964,
b; Racey, In press). In most studies, habitats associated
with broadleaved woodland, water and vegetation corri-
dors were found to be preferred, while open habitats
were less frequented or avoided. Geggie & Fenton
(1985) found no significant differences in the levels of
activity of foraging Eptesicus fuscus over different urban
habitats in Canada, but Rydell & Racey (1995) reported
on significantly different densities of E. nilssoni and

Vespertilio murinus in four different habitats of a small
town in southern Sweden. These bats were most
common in rural and residential areas away from the
town centre. As a result of the national survey of bats in
Britain, urban areas were found to be positively selected
in three out of seven land class groups (Walsh & Harris,
1996a). The census, however, did not include centres of
large cities. In our study, the citycentre was found to be
avoided by all bats except P. pipistrellus and E. sero-
tinus, with a rare occurrence of commuting N. noctula.
This may be explained by low incidence of trees in the
absence of the positive effect of white streetlamps. In
contrast, riverine habitats with many trees were attrac-
tive for all common species except E. serotinus. The
latter species was most common in old outskirts where
the trees were also numerous. The number of trees per
locality, however, had no positive effect on bat activity
per se. Other factors which are difficult to quantify, such
as the availability of roost sites in houses, may have
influenced habitat use (Blake et al., 1994; Rydell &
Racey, 1995; Walsh & Harris, 19964; Racey, In press).
The observed differences in timing the overnight
activity, namely the early emergence of P. pipistrellus
and E. serotinus and later emergence of Myotis spp.,
correspond to literary data (Schober & Grimmberger,
1989; Jones & Rydell, 1994). N. noctula is another early
emerging species with two peaks in activity, after sunset
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and before sunrise (Rachwald, 1992). Its low abundance
during the first 30 min as recorded in our study may
have been due to the absence of summer shelters in the
city. The noctules possibly came to forage in the town
from their roosts in surrounding woods and were there-
fore delayed with respect to pipistrelles and serotines
which roosted in the town. According to Rydell, En-
twistle & Racey (1996), who studied the flight activity of
P. pipistrellus, M. daubentonii and Plecotus auritus in
north-east Scotland, timing of foraging flights of bats is
related to insect activity and predation risk. They found
that the activity of the first two species started earlier
than in the last one. In our study, M. daubentonii was
recorded as a relatively late emerging bat, the timing of
its activity followed the same trend as in unidentified
small Myotis spp. This implies possible local differences
in timing activity of the same species.

Lunar cycle had no significant effect on the foraging
activity of bats, which is in accordance with the data
concerning American species E. fuscus and Myotis
lucifugus (Geggie & Fenton, 1985; Negraeff & Brigham,
1995). Low temperature, rain and wind were shown to
have negative influence on bat activity under certain
conditions (Rydell, 1991; Blake et al., 1994; Negraeff &
Brigham, 1995). In N. noctula, air temperature was
found to determine the hunting strategy (Rachwald,
1992). In our study, only temperature appeared to have
some effect on bat activity, but we did not work under
rainy and windy weather. Negative correlation between
the activity of E. serotinus and relative humidity merely
resulted from the negative correlation between tempera-
ture and relative humidity (P<0.01) and we consider it a
manifestation of the effect of temperature.

Our results tend to show that a 30 min walking
transect about 1.5 km long is a good method of mon-
itoring bat traffic in urban habitats with the aid of bat
detectors. They also corroborate the findings that
habitat is the primary predictor of bat abundance
(Walsh & Harris, 1996b). Since urban habitats were
shown to be frequented by flying and even foraging bats
in summer, they represent a wide potential for further
monitoring with respect to the conservation of bats.
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B Poskozeni nebo zniceni jeskyné ne-
bo jeji soucasti (pfipominam § 10
zakona o ochrané pfirody a krajiny,
kdy jsou za jeskyni povazovany i za-
vrty ponory, vyvéry a dalsi krasové
jevy)

B pokdaceni dfeviny rostouci mimo les

Pokutu fyzické osobé do 10.000,- K¢
a pravnické osobé do 1.000.000,- K¢
Ize napf. ulozit za :

B zniceni zafizeni urcené k ochrané

(napf. uzavéry jeskyni), oznaceni
a vybaveni chranéného Gzemi (ves-
keré znaceni rezervaci, panely na-
ucnych stezek apod.)

Pokutu fyzické osobé do 50.000,- K¢
a pravnické osobé do 1.000.000,- K¢
Ize napf. ulozit za :

usmrceni zvlasté chranéného Zzivo-
Cicha kategorie kriticky nebo silné
ohrozeného druhu nebo tomu, kdo

zpusobi jeho Ghyn zasahem do je-
ho Zivotniho prostfedi (takto chra-
néno je napf. 8 druhl netopyrd vc.
vrapence malého a netopyra velké-
ho)

vykonavani zakdzané ¢innosti (napf.
vstup bez povoleni do NPR) nebo
¢innosti, ke kterym je vyzadovan
souhlas, bez tohoto souhlasu (napf.
vstupy do jeskyni v PR).

AKTIVITA NETOPYRU V MORAVSKEM KRASU

Miroslav Kovafik, Jan Zukal, Zdenék Rehak, Sprava CHKO Moravsky kras

V predchazejicich dvou ¢lancich jsem se zabyval pfedevsim jeskyné-
mi a netopyry. Ale tito zajimavi Zivo¢ichové na Gzemi Moravského krasu
vyuzivaji jeskyni predevsim k zimnimu spanku. Pokud se poohlédneme po
jejich zpusobu Zivota a zaméfime se na jeho aktivni ¢ast-mimohibernacni
obdobi, zjistime, Ze netopyfi podléhaji dvéma zakladnim cyklim Zivota.
Jedna se o zmény denniho rytmu a dale zmény sezénni. Vyzkum netopy-
rG v mimohiberna¢nim obdobi nema na Gzemi Moravského krasu tak dlou-
holeté tradice jako sledovani netopyrii v zimnim obdobi, tedy pfi zimnim
spanku v jeskynich. Teprve aZ se zavedenim odchyt( létajicich netopyr( do
japonskych ndrazovych siti na zacatku sedmdesa-
tych let nastal obrat. K odchytu netopyrt se vyu-
zivalo nejcastéji lokalit vazanych na jeskynni
vchody, pfedeviim velkych portdld. Od zacatku
let devadesatych se stéle vice vyuziva ke studiu le-
tové aktivity netopyri metody detekce ultrazvuko-
vych signéll pomoci ultrazvukovych detektor(, které
riznym zplsobem pfevadéji ultrazvukové signély do
slysitelné oblasti. Tak ke dvéma nejzdkladnéjsim me-
todam vyzkumu prostého séitani zimujicich jedincti a
krouzkovani spojeného se zjistovanim zakladnich té-
lesnych proporci netopyrt, jejich hmotnosti, stafi a
pohlavi pfibyly dalsi dvé, které umoznily mnohem
podrobnéjsi studie zaméfené na letovou aktivitu
netopyrt. Na zakladé vyzkumi z Moravské-
ho krasu Ize sezénni aktivitu netopyrl roz-
délit do nékolika ro¢nich fazi, které se od
sebe vyznamné lisi.

Zimni obdobi netopyfi travi v riiz-
nych dkrytech a diky zimnimu spanku
(hibernaci) je u nich aktivita minimalni.
Béhem zimniho spdnku se netopyfi mo-
hou probudit nékdy nezavisle na vnéj-
sich podnétech nebo zménou vnéjsich
podminek, pfipadné rusenim. Pfi pferuse-
ni zimniho spanku se netopyfi ¢asto pre-
sunuji na jiné misto. Tyto presuny jsou
ve vétsiné pripadu jsou vazany na
stejnou jeskyni, jen nékdy mohou zmeénit i jeskyni. Kazdé probuzeni neto-
pyré znamena velkou energetickou ztrdtu, proto pokud jsou nékolikrat vy-
rudeni ze zimniho spanku, maze dojit k jejich Ghynu vycerpanim. Podle vy-
sledkil z Katefinské jeskyné patfi k druhGim s nejdelsim obdobim zimniho
spanku netopyr brvity (Myotis emarginatus) - kolem 190 dnd a mezi dru-

hy s kratsim obdobim spanku patfi netopyr usaty (Plecotus auritus) s od-
hadnutou délkou spanku kolem 110 dni.

Jarni obdobi (od konce bfezna do konce kvétna) zacina u netopyr(
prelety ze zimovist do pfechodnych Gkrytl. Pozdéji samice postupné za-
¢inaji vytvaret letni kolonie. Vzdélenost mezi letnimi a zimnimi dkryty se ve-
lice lisi podle jednotlivych druhd. Mezi nejstalejsi druhy mizeme fedit vra-
pence (rod Rhinolophus), netopyra usatého a netopyra dlouhouchého
(rod Plecotus). Dalsi skupinou jsou druhy oznac¢ované jako toulavé. Jedna
se o vétdinu druhd rodu Myotis, a v krasu pomérné hojného netopyra cer-
ného (Barbastella barbastellus). Mezi druhy migrujicimi neni Zadny, ktery
by vytvérel vyrazné pocty zimujicich jedinct v jeskynich Moravského kra-
su. Naopak - jedna se o druhy, které v jeskynich zimuji jen vyjimecné ne-

bo na jeskyné nejsou vazany. Lze uvést netopyra pestrého

(Vespertilio murinus), netopyra hvizdavého (Pipistrellus

pipistrellus) a netopyra parkového (Pipistrellus nathusii).

Pfelety mezi zimnim a letnim Gkrytem tak mohou do-

sahovat vzdalenosti od nékolika desitek metrd po
stovky kilometrd.

Letni obdobi (od zac¢4tku €ervna do konce Eervence) je
charakteristické rozmnozovanim netopyr(. Samice rodi mladata
v letnich koloniich. Mladata rychle rostou a postupné se osamo-
statiuji. Samci kolonie netvofi a jako denni Gkryty vyuZivaji né-
kdy i jeskyné. Mezi nejznaméjsi letni kolonie provéfované v ro-
cich 1992 - 1994 patfi puda kostela ve Kftinach (kolem 200 je-
dinct netopyra velkého (Myotis myotis), nékolik kus az desit-
ky vrapence malého (Rhinolophus hipposideros), pida kostela
v Blansku (100 - 200 netopyrt velkych (Myotis myotis), pida
kostela v Cerné Hofe (300 - 700 jedinct netopyra velkého
(Myotis myotis). Vrapenec maly (Rhinolophus hipposideros)
tvofil jesté kolonie na pidé stodoly a domu v arealu pily u Je-
dovnic (kolem 30 jedinch) a v kapli¢ce v Mokré (vice nez 20
kust). Z ostatnich stoji za zminku kolonie asi 30 jedinc( ne-
topyra hvizdavého (Pipistrellus pipistrellus) pod strechou ro-
dinného domu v Jedovnicich. Na 4 lokalitach byl nalezen ne-
topyr dlouhouchy (Plecotus austriacus), ale pocty nepfesahly
10 jedincd. Pouze na jediné pidé byl objeven netopyr usaty
(Plecotus auritus) v poctu 5 a to na ptidé zamku v Blansku.

Podzimni obdobi (od za¢atku srpna do druhé poloviny listopadu) je
spojeno s rozpadem letnich kolonii samic s mlddaty a nastava doba pod-
zimnich preletd. Jako na jafe dochazi ke stfidani pfechodnych dkrytd.
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V tomto obdobi je intenzita preletd vyraznéjdi nez na jafe a je spojena s vy-
sokou pohlavni aktivitou. Podzimni faze postupné konci pfesunem neto-
pyrt do zimnich Gkrytd. Jednotlivé obdobi nemaji vzdy zcela ostrou hrani-
ci a lii se i u jednotlivych druhd.

DENNf RYTMUS

Netopyfi patfi mezi no&ni zvifata, pfi dennim svétle jsou vidét jen vy-
jime&né. Ukryt opousti vétiina druhl po soumraku a prelétaji do mist, kde
lovi hmyz. Béhem noci mohou prechodné vyuzit no¢ni tkryty a pfed ro-
zednénim se vraceji z lovist zpatky do denniho dkrytu. Nejaktivnéjsi jsou
v prvni poloviné noci. Samice, které koji mladata, se za nimi vraceji do mis-
ta denniho Gkrytu (letni kolonie) i béhem noci. Ve dne netopyfi upadaji do
letargie, kterou ale nelze intenzitou srovnavat se zimnim spankem. Pro ne-
topyry je dllezité stfidani biotop, pestrost krajiny. To jim umoZnuje se za-
méfit pfi lovu na nejsnaze dostupnou potravu, nepatfi tedy mezi potravni
specialisty a sloZeni potravy se méni béhem sezény. Nejcastéji lovi nad sto-
jatymi vodnimi hladinami, u bfehovych porostl, v zemédélské krajiné u
rozptylené zelené, u okraje lesti, na pasekach a podobné. Nevyhovuje jim
jednotvéarna jednoducha krajina.

Vysledky vyzkum( letové aktivity netopyri v Moravském krasu z ro-
ki 1991 a7 1994 jsou shrnuty v disertacni praci Z. Rehaka (1995). Z téch
nejzajimavéjSich upozornime na nasledujici:

Nové byly na Gzemi Moravského krasu zjistény 2 druhy - netopyr stro-
movy (Nyctalus leisleri) a netopyr parkovy (Pipistrellus nathusii). V Cgské re-
publice zde byl poprvé nalezen v obdobi mimo zimniho spanku netdpyr po-
bfezni (Myotis dasycneme). Netopyr pestry (Vespertilio murinus) a netopyr
vychodni (Myotis blythi) byly do téchto vyzkumi znamy pouze ze zimova-
ni v jeskynich Moravského krasu, jedna se tedy o prvni prokazani vyskytu
téchto druh mimo zimni obdobi. Netopyr pestry byl v Gzemi prokdzan po
vice nez 100 letech. Kromé detektoringu byl tento druh prokazan i odchy-
tem v budovéch. Prvni nalez byl dne 9. 12. 1994 v budové Projektu CKD
Blansko a druhy nalez byl v rodinné vilce v Adamové dne 17.10.1999. Pro
oba pfipady je spolecné, ze netopyfi byli uvnitf kastlovych oken. Dalsi druh
netopyr severni (Eptesicus nilssoni) byl zjistén pouze pomoci detektoru.

ODCHYTY DO sfTi
U JESKYNNICH VCHODU

V severni ¢asti bylo zjisténo 15 druh(, ve stfedni ¢asti 13 druht a v jiz-
ni ¢asti jen 11 druhd.

Sloupsko-$030vské jeskyné

Zjisténo bylo15 druhd, daleko nejhojnéjsi je netopyr velky (Myotis my-
otis), ktery tvofi vice neZ 50 % viech netopyril. Pouze netopyr vodni (My-
otis daubentoni) dosahuje jesté vice nez 10 % spoleCenstva.

Hladomorna
Zjisténo bylo14 druh(, nejhojnéjsi je netopyr velky (Myotis myotis),
ktery zde tvofi vice nez 30 % spolecenstva netopyrt. Vyznamny podil ma
i netopyr cerny (Barbastella barbastellus), ktery tvofi vice nez 20 %. Nad 10
% dosahuji netopyr udaty (Plecotus auritus) a netopyr vodni (Myotis dau-
bentoni).

Katefinskd jeskyné

Zjisténo bylo 13 druh(, nejhojnéjsi jsou 2 druhy - netopyr velky (Myo-
tis myotis) a netopyr fasnaty (Myotis nattereri) - kolem 20 %. O néco men-
Sich pocta dosahovaly druhy netopyr velkouchy (Myotis bechsteini) a neto-
pyr vodni (Myotis daubentoni). Vysoky podil, ktery zaujima ve spolecenstvu
netopyr velkouchy, je unikatni v ramci Moravského krasu. Jedna se o daleko
nejvyssi zjisténé pocty tohoto druhu ze viech sledovanych lokalit (celkem
zde bylo odchyceno 225 jedinc). Nad 10 % dosahoval jesté netopyr brvi-
ty (Myotis emarginatus).

Jeskyné By¢i skala

Zjisténo bylo 13 druh(, daleko nejhojnéjsi je netopyr velky (Myotis
myotis), ktery tvofi témér 40 % spolecenstva. Dal3i 2 vyznamné druhy (ko-

lem 15 %) netopyr vodni (Myotis daubentoni) a netopyr fasnaty (Myotis
nattereri).

Ochozsk4 jeskyné
Zjigténo bylo 9 druhi, daleko nejhojnéjsi je vrapenec maly (Rhinolop-
hus hipposideros), ktery zaujimé téméF 50 % populace. Daldi vyznamné
druhy tvofi kazdy kolem 10 %. Jsou to netopyr fasnaty (Myotis nattereri),
netopyr velky (Myotis myotis) a netopyr vodni (Myotis daubentoni).

Jeskyné Netopyrka

Zjisténo bylo 8 druh(, nejpocetnéijsi je netopyr Cerny (Barbastella bar-
bastellus), ktery se podili na celkovém poctu cca 35 %. Netopyr velky (My-
otis myotis) tvofi 25 % a nad 10 % dosahuje jesté netopyr udaty (Plecotus
auritus).

VYSLEDKY SLEDOVANI
NETOPYRU DETEKTOREM - TRANSEKTY

Pole
Zjistény pouze 3 druhy, nejpocetnéjsi je netopyr rezavy (Nyctalus
noctula).

Louky

Zjisténo nejméné 5 druh. Nejcastéjsi je skupina netopyr velky (Myo-
tis myotis)/ netopyr vychodni (Myotis blythi). Detektorovanim nelze tyto
dva druhy bezpecné rozliit.

Aleje, liniové porosty
v oteviené krajiné
Zjisténo nejméné 9 druh(. Nejcastéjsi je skupina netopyr velky (Myo-
tis myotis)/ netopyr vychodni (Myotis blythi). Viz vyse.

Zastavéna ¢ast obci
s pouli¢nim osvétlenim
Zjisténo nejméné 6 druhd. Nejcastéjsi je netopyr vecerni (Eptesicus
serotinus).

Skalni stény, ostroZny,
skalnaté Zleby
Zjisténo nejméné 13 druhl. Nejhojnéjsi je netopyr hvizdavy (Pipist-
rellus pipistrellus).

Les
Zjisténo nejméné 9 druhl. Nejcastéjsimi je skupina netopyr usaty
(Plecotus auritus)/ netopyr dlouhouchy (Plecotus austriacus). Detektorova-
nim nelze tyto dva druhy bezpecné rozliit.

Okraj lesa - ekoton
Zjisténo nejméné 8 druhl. Nejcastéjsi je skupina netopyr velky (Myo-
tis myotis)/ netopyr vychodni (Myotis blythi) viz vy$e a netopyr vecerni (Ep-
tesicus serotinus).

Bfeh potoka nebo ficky

Zjisténo nejméné 6 druhl. Daleko nejhojnéjsi je netopyr vodni (Myo-
tis daubentoni).

Bfeh rybnika
Zjisténo nejméné 8 druhi. Daleko nejhojnéjsi je netopyr vodni (Myo-
tis daubentoni).

Z vysledkU je patrné, Ze aktivita netopyrl je velika. Tito drobni savci
vyuzivaji schopnosti létat velice dokonale a tato moznost jim napomaha
Uspésnému prezivani. Vysokou energetickou narocnost létani kompenzuiji
tim, ze v klidové fazi upadaji do rGizné hlubokych letargickych stavi a tak
snizuji potrebu mnozZstvi pfijimané potravy.
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Summer occurrence of bats in buildings in the Moravian Karst and its wider surroun-
dings. Bats hibernating in the Moravian Karst and its environs (Czech Republic) have been monitored
for more than 40 years. However, the occurrence of bats in summer shelters of the same region has
not been evaluated in details so far. In this paper, results of checks of potential summer shelters of bats
in buildings, performed in 1992—2001, are presented, together with earlier unpublished data. In 1992—
2001, 161 localities were checked comprising 222 lofts, attics and similar roof spaces of churches
(145), castles (28) and other buildings (49). According to the presence of live bats or their fresh
droppings, 50.5% of checks were positive. In 8.5% of cases bat cadavers or ancient droppings
proved past presence of bats, 126 of checks were negative. In total, 9 bat species have been
recorded in buildings within the non-hibernation period: Rhinolophus hipposideros, Myotis myotis, M.
mystacinus, M. emarginatus, M. daubentonii, Pipistrellus pipistrellus, Eptesicus serotinus, Pleco-
tus auritus and P. austriacus. The results have been compared with earlier data from the same
territory and discussed with published information from other regions.

Bats, summer colonies, distribution, karstic area

Uvod

Moravsky kras jako jedno z nejvyznamnéjsich zimovist netopyri v Ceské republice patii k dlou-
hodobé a intenzivné sledovanym oblastem. Vizualni s¢itani hibernujicich netopyrd se na nékte-
rych lokalitach provadi vice nez 45 let (Gaisler & Hanak 1972, 1973, Gaisler 1975, Barta et al. 1981,
Bauerova 1984, Vasatko et al. 1989, Gaisler & Rehak 2001, Zukal et al. 2001, Zima 2001) ajsou tak
k dispozici data umoziujici hodnotit dlouhodobé zmény pocetnosti jednotlivych druhil (Bauerova
et al. 1989, Zima et al. 1994, Rehak et al. 1994). Mensi pocet praci z této oblasti je zalozen na
vysledcich odchyti netopyri do siti instalovanych pred vchody do jeskyni, a to jak v letnim
obdobi, tak v dobé pre- nebo posthibernaéni (Gaisler 1973, Bauerova & Zima 1988, Rehak 1995).
Prestoze vybrana data o pohybu netopyfich populaci ve vztahu k Moravskému krasu byla publi-
kovana v soubornych ¢lancich o krouzkovani (Hanak et al. 1962, Gaisler & Hanak 1969), ziistava
stale fada otazek nezodpovézenych, zejména do jakych vzdalenosti a smért 1étaji netopyii ze
zimovist’ a kde tvofi letni kolonie.

Systematickym prizkumem letniho vyskytu netopyri Na izemi CHKO Moravsky kras se zaby-
val teprve Rehak (1995). Do té doby byl vyskytu netopyri v budovach na izemi Moravského
krasu vénovan jen jeden popularni ¢lanek (Gaisler 1967), ¢ast izemi Moravského krasu a jeho Sirsi
okoli pak zahrnuji zejména prace Gaislera, Vlasina a jejich spolupracovnikti (Gaisler et al. 1988, 1989,
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1990, Vlasin & Eleder 1991, Vlasin etal. 1993, 1995). Nékolik publikaci je vénovano naleziim netopy-
i na Gzemi mésta Brna, které byly umoznény jednak aplikaci tradi¢nich metod, jednak registraci
echolokacnich signalti netopyiimi detektory (Gaisler 1979, Bauerova & Gaisler 1985, Gaisler &
Bauerova 1986). Z literatury citované vyse vyplyva, ze na uizemi Moravského krasu a v jeho okoli
(oblast je vymezena nize v metodice) byl prokazan letni vyskyt 19 druhti netopyr(, pfi¢emz u 8
z nich (Rhinolophus hipposideros, Myotis myotis, M. emarginatus, M. bechsteinii, Eptesicus
serotinus, E. nilssonii, Nyctalus noctula a Plecotus austriacus) byly nalezeny letni kolonie (kro-
me vySe uvedenych autorti jesté Zukal & Gaisler 1989). Cilem ptedlozeného ptispévku je doplnit
tento material o nova data i starsi, ale dosud nepublikované nalezy

Metodika

Prace shrnuje dosud nepublikovana faunisticka data ziskana autory z uzemi CHKO Moravsky kras a z jeho Sirsiho
okoli, které je vymezeno pfiblizné kruhem o poloméru 30 km od Katetinské jeskyné zvolené za centralni bod
sledované oblasti. Kontrolovana plocha pfedstavuje cca 2800 km?. Pichled je omezen na udaje ziskané systema-
tickym prizkumem pudnich prostor vhodnych budov (zejména kostely a zamky) v obdobi duben az zafi. Inten-
zivni pruzkum probihal na vlastnim tzemi CHKO v letech 1992—-1994, v jeho okoli v roce 2001. Kromé toho
byly vypsany nepublikované udaje z protokoli vSech autort, nejdelsi casovy usek zahrnuji protokoly J. Gaislera
(od 17. 5. 1958, kdy byla kontrolovana pida kostela v Adamové). Jména autord nejsou u jednotlivych nalezu
uvadéna, vyjimkou jsou data z pozustalosti Dr. Zdenky Bauerové, kdy je oznacen jejich puvod. Pokud byla
néktera lokalita kontrolovana vicekrat béhem téze sezony, je publikovan jen udaj z doby tésné pred predpokla-
danym porodem mlad’at. Pouzité zkratky: LK = letni kolonie, tj. reprodukéni skupina samic, sdilejici spolecny
ukryt; ad = dospély; juv = mlade.

Vysledky

V letech 1992 —2001 bylo na 161 lokalitach zkontrolovano 222 podkrovnich prostord budov, z toho
145 kosteld, 28 zamki a 49 ostatnich. Netopyii nebo jejich recentni pfitomnost (Cerstvy trus) byli
zaznamenani v 50,5 % objektl, v dalSich 8,5 % ptipadl byly nalezeny staré zndmky pfitomnosti
netopyru (stary trus, kadaver), 126 kontrol bylo negativnich.

Vrapenec maly (Rhinolophus hipposideros)

6366 Biskupice, puida zamku 1 ks 30. 7. 2001; Jaroméfice, puda kaple 1 ks 31. 7. 2001; Jaroméfice, puda kaplicky
(Kalvarie) 6 ks 31. 7. 2001; 6465 Kladoruby, sklepy hotelu 4 ks 13. 7. 1991; Kfetin, puida zdmku LK 60-80 ks
15. 6. 2001; Kunstat, pida zamku 1 ks 15. 6. 2001; 6467 Konice, puda zamku 1 ks 30. 7. 2001; Pteni, ptida zamku
LK 29 ks (ad+juv) 30.7.2001; 6565 Boskovice, pida Panského dvora 3 ks 25. 5. 2001; Boskovice, pod podlahou
pidy zamku LK asi 50 ks 2. 6. 1961, asi 30 ks 30. 5. 1963, 3 ks 16. 8. 1977; Cerna Hora, sklep zamku 3 ks 7. 5.
1963; 2 ks 24. 6. 1992, 4 ks 24. 5. 2001; Dlouha Lhota, véz kostela LK 40-50 ks 14. 6. 2001; Lysice, puda zamku
1 ks 11. 8. 1976 (leg. Bauerova), LK 11 ks 24. 5. 2001; Rajec-Jestebi, piida zamku LK 30-50 ks 19. 9. 1959, 8 ks
21.5. 1963, 1 ks 21. 7. 1992, 1 ks 12. 6. 1994, 3 ks 27. 6. 2001; 6566 Sloup, véz kostela 2 ks 24. 6. 1992; 6568
Plumlov, puda zamku asi 20 ks 30. 5. 1963; 6664 Predklasteti, puda muzea LK asi 50 ks 27. 5. 1959, 6 ks 7. 6.
1963, 15 ks 9. 7. 1964; 6665 Katefina, puda kostela 1 ks 11. 7. 1993; Ujezd u Cerné Hory, ptda kostela 8 ks 14. 6.
2001; Vranov, puda klastera 1 ks 23. 5. 2001; Vranov, puda kostela 7ks 16. 6. 1958, 1 ks 23. 5. 2001; 6666
Jedovnice, pila u Rudického propadani (pida stodoly) LK 25 ks (ad+juv) 25. 6. 1992, 29 ks (ad+juv) 11. 7. 1993,
8 ks 11. 6. 1994; Josefov, chata Svycarna — piida domu 3ks 17. 5. 1958; 6764 Vevefi, piida hradu LK asi 50 ks
12. 6. 1958; 6766 Adamov, pida kostela 3 ks 17. 5. 1958; Kanice, $kola 1 ks 23. 6. 1992; Kitiny, puda kostela
LK asi 20 ks (z toho 5 samic ad) 22. 5. 1958, asi 40 ks 13. 6. 1959, 14 ks 11. 6. 1983 (leg. Bauerova), 6 ks 27. 8.
1986, 35 ks (ad+juv) 22. 7. 1992, 9 ks 11. 6. 1994, 15 ks 28. 7. 2001, 14 ks 27. 6. 2002; 6767 Racice, puda
budovy pfed zamkem LK asi 80 ks 3. 6. 1964; Racice, pod podlahou pidy zamku, 8 ks 14. 5. 2001; 6867 Slavkov,
puda zamku LK 18 ks 14. 5. 2002.
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Z literatury je znamo 12 letnichkolonii vrapence malého, dvé z nich (St&panov nad Svratkou a Mokra-
Horakov) zanikly v disledku rekonstrukce objektu, na tiech lokalitach (Plumlov, Pustimét a Sokol-
nice-zamek) byly kontroly v roce 2001 negativni, nicméné pritomnost vrapencti na té€chto lokali-
tach v budoucnosti nelze vyloucit, a u zbylych je statut neznamy. Nové bylo objeveno 7 kolonii
o velikosti 10-80 ks, ve Kitinach jsou vrapenci minimalné po dobu 44 let.

Netopyr velky (Myotis myotis)

6364 Bohunov, puda kostela 1 ks 28. 6. 2001; 6466 Borotin, ptida zamku LK asi 500 ks (ad+juv) ks 4. 8. 2001,
443 ks 26. 6. 2002; Horni §tépénov, puda kostela 1 ks 19. 7. 2001; Sebetov, puda zamku 1 ks 19. 7. 2001; 6468
Statechovice, pida kostela 3 ks 28. 6. 2001; 6564 Doubravnik, véz kostela LK asi 400 ks 22. 5. 2001, 425 ks
27. 6. 2002; Lomnice, puda zamku LK 26 ks 7. 6. 1963; 6565 Boskovice, puda zamku LK 64 ks 25. 5. 2001,
84 ks 27. 6. 2002; Cerna Hora, pida kostela LK asi 200 ks 21. 5. 1963, 60 ks (ad+juv) 11. 8. 1976 (leg.
Bauerova), asi 90 ks 21. 7. 1977 (leg. Bauerova), 350 ks 24. 6. 1992, 700 ks (ad+juv) 11. 7. 1993, asi 500 ks
12. 6. 1994, asi 500 ks (ad+juv) 28. 6. 1995, 1 ks 24. 5. 2001; Dlouha Lhota, pida kostela 1 ks 14. 6. 2001;
Doubravice nad Svitavou, ptuda kostela 1 ks 24. 5. 2001; Lysice, pida kostela LK asi 300 ks odchycena 1 samice
14. 6. 2001, 131 ks 27. 6. 2002; Rajec-Jestiebi, pida kostela LK 300-400 ks (ad+juv) 9. 8. 1958, asi 300 ks 19.9.
1959, asi 80 ks 2. 6. 1961, 5 ks 7. 5. 1963, asi 100 ks 2. 7. 1964, 1 ks 21. 7. 1977; Svitavka, puda kostela 3 ks
27. 6. 2001; 6568 Plumlov, strop zamku LK neznamy pocet 29. 6. 2001; 6664 Tisnov, puda a véz kostela LK
100-200 ks 2. 6. 1961; 6665 Blansko, puda kostela LK 300-400 ks 21. 5. 1963, asi 200 ks 16. 6. 1967, asi 80 ks
7.4. 1973, asi 100 ks (ad+juv) 7. 7. 1977, 70 ks (ad+juv) 25. 6. 1983 (leg. Bauerova), 70 ks (ad+juv) 22. 6. 1992,
asi 200 ks (ad+juv) 11. 7. 1993, 120 ks 21. 6. 1994, 160 ks (ad+juv) 28. 6. 1995, 280 ks 20. 7. 2000, asi 176 ks
23.5. 2001, 213 ks 26. 6. 2002; 6666 Olomucany, véz kostela 1 ks 23. 6. 1992; 6668 Otaslavice, puda kostela
LK 213 ks 29. 6. 2001, 267 ks 3. 7. 2002; Pustiméf#, puda kostela 1 ks 25. 6. 2001; 6765 Brno-Komin, véz
kostela LK asi 50 ks 9. 7. 2001; Brno-Reckovice, v&Z kostela LK min. 20 ks 9. 7. 2001, asi 30 ks 27. 6. 2002;
Lelekovice, ptida kostela 1 ks (samec ad) 16. 6. 1958; 6766 Adamov, pida kostela 1 ks 17. 5. 1958; Kitiny, puda
kostela LK min. 30 ks (9 samic ad) 22. 5. 1958, asi 50 ks 13. 6. 1959, asi 50 ks 27. 8. 1986, 180 ks 22. 7. 1992,
100 ks 11. 6. 1994, 550 ks 20. 7. 2000, asi 700 ks (ad+juv) 28. 7. 2001, asi 370 ks 27. 6. 2002; Pozofice, pida
kostela LK asi 400 ks 21. 5. 2001, 590 ks 27. 6. 2002; 6767 Dédice, puda kostela LK asi 1300ks (ad+juv) 26. 7.
2001, 509 ks 27. 6. 2002; Drnovice u Vyskova, puda kostela 1 ks 26. 7. 2001; Komofany, pida kostela 1 ks 25. 6.
2001; Kralovopolské Vazany, puda kostela 1 ks 10. 7. 2001; Lule¢, ptida kostela sv. Martina 1 ks 26. 7. 2001;
Lule¢, ptda kostela ve vesnici 2 ks 26. 7. 2001; Podbfezice, puda kostela 1 ks 12. 7. 2001; Racice, pida zamku LK
asi 150 ks (ad+juv) 26. 7. 2001, 82 ks 26. 6. 2002; 6768 Bohdalice, ptida budovy vedle zamku LK 387ks (ad+juv)
16.7. 2001, 289 ks 25. 6. 2002; 6864 Rosice, puda kostela 1 ks 26. 6. 2001; Rosice, puda zamku LK asi 150 ks
27.5. 1996, asi 300 ks 26. 5. 1997, asi 200 ks 27. 5. 1998, asi 200 ks 27. 5. 1999, asi 150 ks 28. 5. 2001, 164 ks
3. 7. 2002; 6865 Brno — Mendlovo nam., puda kostela 1 ks 21. 5. 1958; 6867 Slavkov, ptida zamku LK 15-20
ks (ad+juv), 27. 7. 1990, 10 ks 10. 7. 2001, 1 ks 25. 6. 2002; 6868 Bucovice, puda zamku LK 20 ks 27. 7. 1990,
6 ks 22. 9. 1999, 237 ks 25. 6. 2002.

Nejcastéji zjistény druh. Ze 14 publikovanych letnich kolonii zanikly 3 diky rekonstrukci objektu
(Brodek, Slavkov-zamek, Slapanice), 3 lokality byly netopyry opustény (Cerna Hora, Lelekovice,
Réjec-Jestiebi), 4 kolonie dosud existuji a stav zbylych 4 se nepodafilo ovéfit. Na dvou nepubliko-
vanych lokalitach ze 60. let minulého stoleti (TiSnov a Lomnice) byly kontroly v roce 2001 negativ-
ni. V soucasné dob¢ je ve zkoumaném izemi ovétren vyskyt 17 kolonii netopyra velkého o pramér-
né velikosti 245 (10-598) ks. V prubéhu kvétna 2002 byla pocetnost odhadnuta na 3700 dospélych
samic, coz je vice nez tfikrat tolik jedinct, kolik bylo v poslednim roce napocitano na zimovistich
celého CHKO Moravsky kras, a to véetné samct (Kovarik, ustni sdélent).

Netopyr vousaty (Myotis mystacinus)

6764 Chudcice, za oblozenim chaty LK 25 ks (1 samice ad) 17. 6. 1989; 6865 Stielice, puida garaze u domu ul.
Pisecna ¢.572 5 ks 10. 5. 1993.

Uvadéné tidaje jsou prvnimi publikovanymi doklady vyskytu letnich kolonii v oblasti, nicméné
tento Stérbinovy druh pravdépodobné unika pozornosti.
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Netopyr brvity (Myotis emarginatus)

6466 Sebetov, ptida zamku LK 13 ks (ad+juv) 19. 7. 2001; 6666 Olomuéany, puda stodoly ve stiedu obce 1 ks
23.6. 1992; 6766 Kitiny, pida kostela 1 samice ad 22. 5. 1958, 2 ks (samice ad) 13. 6. 1959, 1 samec juv 18.9.
2002; 6864 Zastavka u Brna, puda byv. Rosickych uhelnych dolt LK asi 100 ks 26. 6. 1989.

V 60. letech existujici kolonie v Racicich zanikla a byla nahrazena jedinci druhu Myotis myotis, stav
druhé publikované kolonie v Rychtafove neni zndm, stejné jako kolonie v Zastavce u Brna.

Netopyr vodni (Myotis daubentonii)
6765 Ofesin, dim Odlehla ¢. 17 LK 14 ks 30. 5. 1996.

Vzhledem k pouzité metodice nemohl byt vyskyt netopyra vodniho adekvatné zmapovan.

Netopyr hvizdavy (Pipistrellus pipistrellus) s. 1.

6565 Rajec-Jestfebi, §térbina pod stfechou zelezni¢ni stanice LK 20 ks 21. 7. 1977 (leg. Bauerova); 6666
Jedovnice, dam ul. Na kopci 519 LK 25 ks 21. 6. 1994.

Do piehledu nejsou zatfazeny pocetné nalezy z takzvanych “invazi” netopyra hvizdavého do bu-
dov zejména v mésté Brné, protoze nejde o trvalé tkryty. Ukryt letni kolonie v Jedovnici zanikl
ucpanim vletovych otvori.

Netopyr vecerni (Eptesicus serotinus)

6366 Biskupice, puda kostela 1 ks 30. 7. 2001; 6466 Borotin, pida kostela 1 ks 4. 8. 2001; 6564 Dolni Cepi, ptida
kostela 2 ks 23. 5. 2001; 6565 Rajec-Jestiebi, ptida zamku 20 ks 19. 9. 1959; 6568 Krumsin, pida kostela LK min.
18 ks 12. 7. 2001; 6664 Drasov, pida kostela LK min 16 ks 15. 6. 2001; 6665 Blansko, pida gymnazia 1 ks 22. 6.
1992; 6667 Krasensko, ptuda kostela 1 ks 19. 7. 2001; 6668 Zelet, ptda kostela LK min. 12 ks 29. 6. 2001; 6766
Kanice, $kola 1 ks 23. 6. 1992; 6767 Podbtezice, puida kostela 1 ks 12. 7. 2001; 6767 Racice, dim ¢&.p. 253 LK
12 ks 15. 7. 1999; 6865 Stielice, pida domu na ul. Pise¢na ¢.572 LK asi 60 ks 7. 6. 1997, asi 35 ks 13. 6. 1998,
72 ks 15. 6. 2000; 6866 Podoli, piida kostela LK 10 ks z toho 1 samice ad 21. 5. 2001; 6866 Saratice, piida kostela
LK min. 16 ks 11. 7. 2001; 6867 Drazovice, puda kostela LK 20-30 ks 12. 7. 2001; 6867 Hod¢jice, véz kostela
LK 45 ks (ad+juv) 12. 7. 2001; 6867 Slavkov, puda zamku LK 19 ks 25. 6. 2002.

Publikovano bylo 8 lokalit letnich kolonii netopyra vecerniho, dvé z nich zanikly (Kufim a Habro-
vany), dvé dosud existuji (Drazovice a Slavkov-zamek), stav zbylych je neznamy. Nové se nam
podafilo objevit 7 reprodukénich kolonii tvorenych asi 210 samicemi, nicméné skute¢ny pocet
zvitat bude pravdépodobné vyssi.

Netopyr usaty (Plecotus auritus)
6665 Blansko, puda zamku LK min. 4 ad, 1 juv 22. 6. 1992; Lipuvka, puda kostela 1 ks 14. 6. 2001.

Netopyr dlouhouchy (Plecotus austriacus)

6464 Sulikov, puda kostela 4 ks 15. 6. 2001; 6466 Kninice u Boskovic, ptida kostela LK 6 ks (ad+juv) 31. 7. 2001;
6564 Doubravnik, puda kostela LK 25 ks 22. 5. 2001; Lomnice, puda kostela 2 ks 14. 6. 2001; 6565 Boskovice,
puda zamku LK asi 20 ks 30. 5. 1963, 9 ks 16. 8. 1977, 8 ks 24. 5. 2001; Dlouhéa Lhota, puda kostela LK 11 ks
14. 6. 2001; Rajec-Jestiebi, puda kostela 3 ks 9. 8. 1958, 5ks 7. 5. 1963, 6 ks 22. 6. 1992, 1 ks 12. 6. 1994; Rajec-
Jestiebi, pida zamku asi 12 ks 19. 9. 1959; Sebranice, puda kostela 1 ks 15. 6. 2001; 6566 Sloup, pida kostela 6 ks
20. 8. 1983 (leg. Bauerova), 7 ks 24. 6. 1992, 4 ks 12. 6. 1994; Zdéarna, puda kostela 5 ks 9. 5. 1997; 6663
Kutimska Novéa Ves, puda kostela LK 26 ks 21. 5. 2001; 6664 Predklasteti, pida muzea asi 20 ks 27. 5. 1959,
12ks 7. 6. 1963; 6665 Botitov, ptida kostela LK asi 20 ks 14. 5. 1963; Ujezd u Cerné Hory, ptida kostela LK 10 ks
chycena 1 samice 14. 6. 2001; Vranov, puda kostela LK asi 6 ks (samice ad) 16. 6. 1958; 6666 Jedovnice, puda
kostela LK 8 ks (ad+juv) 24. 6. 1992, 5 ks 11. 6. 1994; 6764 Domasov, puda kostela LK 7 ks chycena 1 samice
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21.5. 2001; Ri¢any, pida kostela 3 ks chycena 1 samice 21. 5. 2001; Veverské Kninice, piida kostela LK 28 ks
21. 5. 2001; 6766 Adamov, pida kostela LK 13 ks 17. 5. 1958; Kitiny, klaster u kostela 5 ks 25. 6. 1992; Kitiny,
puda kostela 6ks (4 samice ad) 16. 6. 1958; 6865 Brno — Mendlovo nam., puda kostela 5 ks 21. 5. 1958;
Moravany, pida kostela LK min. 5 ks chycena 1 samice 27. 6. 2001; 6867 Slavkov, ptida zamku 6 ks 22. 9. 1958.

Druh tvofici jen malé letni kolonie, z 10 publikovanych nalezti jsme zkontrolovali ctyfi lokality,
vSechny s negativnim vysledkem. Recentné zndmo 8§ letnich kolonii.

Plecotus sp.

6365 Destna, puda kostela 5 ks 30. 7. 2001; 6464 Olesnice, puda kostela na namésti 2 ks 28. 6. 2001; 6466
Vézany u Boskovic, pida kostela 1 ks 30. 7. 2001; 6467 Strazisko, ptida kostela 1 ks 30. 7. 2001; 6468 Cechy pod
Kosifem, ptida kostela 2 ks 28. 6. 2001; 6564 Cernvir, ptida kostela 2 ks 22. 5. 2001; 6567 Stinava, ptida kostela
3 ks 27. 6. 2001; 6568 Ohrozim, véz kostela 9 ks 28. 6. 2001; 6664 Tisnov, pida obecniho tGfadu 1 ks 21. 5. 2001;
6668 Pustimét, puda kostela 3 ks 25. 6. 2001; 6765 Brno-Kralovo Pole, puda kostela na Bozetéchové ul. 1 ks
8. 6. 1977; 6866 Blazovice, véZ kostela 6 ks 17. 7. 2001; 6866 Ujezd u Brna, pida kostela 1 ks 11. 7. 2001; 6966
Ménin, puda kostela 1 ks 11. 7. 2001.

Protoze se vzdy nepodafilo netopyry odchytit, nebylo mozné ve vyse uvedenych ptipadech urcit
druh — pravdépodobné se vSak jedna pievazné o jedince druhu Plecotus austriacus.

Diskuse

Prazkumem ptid vhodnych budov se ve zkoumaném uzemi podafilo prokazat pfitomnost deviti
druhti netopyri, coz &ini 47 % druhti zndmych z letniho obdobi (Rehak 1995). Nejéast&ji byly
nalézany druhy vykazujici silnou vazbu na lidské stavby tzn. Myotis myotis, Rhinolophus hippo-
sideros, Eptesicus serotinus a Plecotus austriacus. Vzhledem k tomu, ze nebyly kontrolovany
ostatni mozné Ukryty (stromové dutiny, mensi lesni stavby, $térbiny na domech), nemohly byt
pravdépodobné zaznamenany typicky sylvikolni druhy Nyctalus noctula, N. leisleri, Myotis bech-
steinii nebo Barbastella barbastellus. Tyto druhy se nicméné v oblasti vyskytuji a pravdépodob-
n¢ i rozmnozuji. Stejné tak bylo pouzitou metodikou nesnadné zachytit druhy méné bézné jako
Mpyotis brandtii, M. nattereri, Pipistrellus nathusii nebo Vespertilio murinus, ¢i vyslovené vzac-
né (Myotis dasycneme). U vSech nami zjisténych druhd byly nalezeny také jejich letni kolonie,
u Myotis mystacinus, M. daubentonii a Pipistrellus pipistrellus jde o prvni publikované udaje
z oblasti Moravského krasu a jeho okoli. Dfive zndama letni kolonie Eptesicus nilssonii ve Zdarné
(Zukal & Gaisler 1989) vykazovala znac¢né kolisani pocetnosti a jeji kontrola v roce 1991 byla
negativni.

Popisované poméry jsou velmi podobné vysledkiim ziskanym z podhtiti Sumavy, kde Kratka &
Kratky (1973, 1976, 1985) béhem osmi let zkontrolovali 280 budov a na 33 % z nich nalezli netopyry.
Pocet druhii (9) je stejny a i druhova struktura v jejich vzorku velmi podobna, data se vsak lisi ve
struktufe dominance jednotlivych druhti. Zatimco Myotis myotis je dominantnim nalézanym dru-
hem v lidskych stavbach v obou oblastech, byl v datech ze Sumavy druhym nejpocetnéjsim dru-
hem Plecotus austriacus a rovnéz vysoké bylo zastoupeni Myotis nattereri (chybi v nasich da-
tech). Naopak zde byla zaznamenana nizka dominance Epftesicus serotinus. Je otazkou, jestli je
popsany stav odrazem odli§ného charakteru staveb (na Sumavé ¢asté kostely s dfevénym obloze-
nim) nebo relativné vyssi nadmotskou vyskou Sumavskych lokalit oproti Moravskému krasu.

Na tizemi zapadniho Slovenska nasli Lehotska & Lehotsky (1998) pii srovnatelném poétu zkon-
trolovanych budov (202) netopyry na 47 % lokalit (tento vyzkum 43 %). Druhové slozeni je prak-
ticky totozné, s vyjimkou ptitomnosti Rhinolophus ferrumequinum, ktery byl v oblasti Moravské-
ho krasu nalezen vyjimecné a pouze v zimnim obdobi (Gaisler & Hanak 1972, Bauerova & Zima
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1998). Dalsim rozdilem je nepfitomnost druhtt Myotis mystacinus a M. daubentonii, unichz se nam
v okoli Moravského krasu podafilo dolozit i letni kolonie. Tento rozdil mize byt zptisoben pouhym
vétsim ¢asovym rozpétim nasich dat, protoze nalezy obou zminénych druhl jsou nepocetné,
pochazeji z rodinnych domt a maji tak spiSe nahodny charakter.

Dalsi zajimavou moznost srovnani poskytuji data z vychodni ¢asti Slovenska (Danko et al.
2000). I pres vyssi pocet zkontrolovanych objekti (315) a frekvenci vyskytu netopyra v nich (51 %
pozitivnich nalezil), je pocet druhti nalezenych na ptidach budov (10) srovnatelny s poméry na
Morave. Podobné je i zastoupeni nejpocetnéjsich druhit (Myotis myotis, Eptesicus serotinus a Ple-
cotus austriacus). Vyznamny rozdil spociva predevsim v nizkém zastoupeni nalezt Rhinolophus
hipposideros ve vzorku z Vychodoslovenské niziny, coz je ziejmé dano jeho celkovou absenci
v regionu spiSe nez odlisnou tkrytovou preferenci. V ramci slovenského monitoringu je naopak
Castéjsi zastoupeni druhtt Myotis blythii a Myotis dasycneme, jelikoz jejich severni hranice vysky-
tu zasahuje pouze okrajové na uzemi CR.

Dalsi srovnatelné vyzkumy byly provadény na stfedozapadnim (Obuch & Kadlec¢ik 1997) a se-
verovychodnim Slovensku (Hromada 1997). I pfes jen priblizné tfetinovy pocet zkontrolovanych
objektt se relativni pocet pozitivnich kontrol pohybuje okolo 50% a velmi podobné jako v nasem
vyzkumu je i zastoupeni eudominantnich (Myotis myotis, Rhinolophus hipposideros) a dominant-
nich (Plecotus austriacus, resp. Eptesicus serotinus) druhti. Celkovy pocet zjisténych druht je
ovsem adekvatné nizsi. Je mozno konstatovat, ze dominance vyse zminénych druhti je spolecna
vSem diskutovanym vzorkdm a predstavuje tak v§eobecny stav. Urcitou vyjimku pfedstavuji jen
data z vychodnich Karpat (Matis et al. 2000), kde bylo i pfi malém poctu zkontrolovanych objektt
nalezeno 10 druht, pfi¢emz nejcastéjsi byly druhy Plecotus auritus a Rhinolophus hipposideros.
Tento stav je ziejmé zpisoben celkoveé vyssi riznorodosti prostfedi v kombinaci s vys$si nadmot-
skou vyskou a malym zastoupenim lidskych staveb (nizky vyskyt Plecotus austriacus, resp.
piitomnost Eptesicus nilssonii).
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Abstract

In 1992-1993, the bat species Myotis myotis and Rhinolophus hipposideros hibernating in the
Katefinska cave were investigated by means of regular censuses without any handling and marking
of the animals. Three basic parameters of their shelters were recorded (position in cave, type and
relative height). In total, during 26 checks we registered 1141 findings of nine bat species.
Movement activity, expressed as percentage of new findings during a particular visit, was registered
during the whole winter season. Its level fluctuated in different ways and the hibernation period of
R. hipposideros could be divided into three different parts, while the level of M. myotis movement
activity was relatively high during all season. The shelter selection of R. hipposideros was not
dependent on the part of cave where the bats were hibernating, and it did not change during the
season. Hibernating specimens of R. hipposideros most frequently used exposed places, in which
they were always hanging free. Myotis myotis was registered in all types of shelter with one
exception. Rhinolophus hipposideros used mainly the middle part of the cave at a distance between
121 and 180 m from the entrance. The most preferred part of the cave by M. myotis was a small
segment of Corridor (between 21 and 30m), i.e., the entrance part of the cave. Rhinolophus
hipposideros is a highly specialized species which prefers parts of the cave with very stable
microclimatic conditions and, on the contrary, M. myotis appears to be indifferent to all parameters
studied, and it uses the shelters indiscriminately.

© 2005 Deutsche Gesellschaft fiir Sdugetierkunde. Published by Elsevier GmbH. All rights reserved.
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Introduction

With its more than 1100 caves, the Moravian
Karst is among the most important regions
for the hibernation of bats in Europe. Even
when the first data on bats originate from the
half of the 19th century, systematic research
was initiated there by Gaisler as late as 1957.

Some caves in the southern part of the
Moravian Karst are hibernaculas which have
been monitored for the longest time in central
Europe (Rehak 1997). Attention has mainly
been given to the monitoring of long-term
changes in bat communities (Zima et al.
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1994). Studies of bat ecology during hiberna-
tion are very rare and are mostly concerned
with the thermopreferendum of bats (Gaisler
1970; Bauerova and Zima 1988).

The aim of the present study is to evaluate
the selection of different places with specific
parameters by two most abundant bat species
in a natural cave and the level of their
movement activity. We tested the hypothesis
that shelter selection by bats depends on the
internal characteristics of cave and, therefore,
it differs in the particular parts of the cave
and changes in the course of a year.

Material and methods

Research was carried out in a natural limestone
cave (Katefinska Cave) situated in the eastern part
of the Czech Republic. The total length of the cave
is about 300 m and it has only one entrance which
is closed by an iron gate with a vertical hole in its
upper part (Rehak et al. 1994). The cave can be
divided into a dynamic and a static part by the
differences in temperature and airflow. The ap-
proximately 50m long outer part (Corridor) is
dynamic from the microclimatic point of view, as
the air temperature in this part of the cave is
influenced by the changes in ambient temperature
(Figs. 1 and 2). The main inner part of the cave
consists of three large domes (Main dome, Dome
of the Witch and Dome of Chaos) which are
considered as microclimatically stable parts. They
are characterized by relatively stable temperatures,
ranging between 6.3 and 8.8 °C in the course of the
year (Fig. 2). Two small and inaccessible parts were
not checked regularly as there were no hibernating
bats, and thus these parts were excluded from the
monitoring (Fig. 1). Except for 2 months (Decem-
ber and January) when only the employees of the
Agency for Nature Conservation and Landscape
Protection of the Czech Republic were permitted to
enter the cave, tourists visited the cave.

We used the visual census method without any
handling and marking of animals (Zima et al.
1994), as one of the main requirements of our
research was to avoid any disturbance of the
hibernating bats. Air temperature was measured
by the digital thermometer DT-20 during the
census of hibernating bats and it was left at least
Smin at each point. We registered the following
characters for each bat or their cluster (i.e., group
of two or more specimens in close contact): (1)
Species, number of specimens and their clusters.
Small species of Myotis spp. were recorded as M.
sp. if we were not able to determine them exactly.

Not checked spaces

Dome of Chaos

Main Dome

Corridor

Entrance

Fig. 1. Division of the Katerinska Cave into four basic
parts. Explanations: t; g—points of air temperature
measurement.

(2) Position of a shelter in the cave, with accurately
plotting it in a map. The exact position of a
hibernating bat with information whether it was a
new finding or the same specimen and/or cluster
was registered again during the subsequent visit.
The relative distance of the bat shelter from the
cave entrance (the iron gate with an exit hole) was
subsequently ascertained from the cave map. For
this purpose, the position of the iron gate was
considered to be the center point from which
concentric circles were drawn at distances of 10 m.
(3) Type of shelter. Eight types of shelters were
distinguished, viz., the bat hanging free on the
ceiling (i.e., a slope <45°) (FC); on the wall (i.e., a
slope >45°) (FW); in the chimney (FCh); the bat
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Fig. 2. Course of air temperature changes during the season. Explanations: dashed lines - outer parts of cave
(t1-t3), solid lines - inner parts of cave (t;-tg), t1. g — points of air temperature measurement (see Fig. 1).

hanging in contact with the ceiling (CC); the wall
(CW); or the chimney (CCh); and the bat
hibernating in a horizontal (HC); or a vertical
crevice (VC) (one of the dimensions of a shelter was
7cm at least). These selected types of shelter were
pooled by the degree of exposition reflecting the
variability of microclimatic parameters to exposed
(FC, FW, CC, CW), semi-exposed (FCh and CCh),
and hidden (HC and VC). (4) Relative height above
the floor. Four categories of relative height were
established, based on the morphological diversity
of the Katefinska Cave, viz., <1, 1-3, 3-5 and
>5m.

From October 10, 1992 to October 8, 1993, we
carried out 26 checks approximately once every 2
weeks. In total, we registered 1141 findings of nine
bat species with the high predominance of M.
myotis and Rhinolophus hipposideros and therefore
we analyzed only the activity and shelter selection
of these two bat species. The sibling species M.
blythii was never found in the cave during the
hibernation. The results of visits between Novem-
ber 19, 1992 and April 22, 1993, when at least five
specimens of the species under study were regis-
tered, i.e., 903 findings during 12 checks, were used
for statistical analysis. Myotis myotis found in
front of the iron gate (3.1% of all findings) and the
only finding of R. hipposideros in the Corridor were
excluded from the analysis, except for the data on
the position and the type of their shelter.
Movement activity is expressed as a percentage of
new findings during particular visit, i.e., a percen-
tage of bats which were not registered at the same
place during the previous visit, Based on its

analysis, the whole study period was divided into
three different parts: (1) Early hibernation (from
November 19 to December 16) (2) Hibernation
(from December 17 to March 11) and (3) Late
hibernation (from March 12 to April 22). Only the
first new findings of bats in particular parts of the
cave were calculated for the assessment of differ-
ences in shelter selection. On the contrary, all
findings registered during any particular visit were
used in the analysis of temporal changes of bat
shelter selection.

All statistical analyses were performed with Statis-
tica for Windows 6.0, according to Sokal and Rohlf
(1981). Contingency tables were used to assess the
differences in the selection of various shelter
characteristics. The correlation between movement
activities of the two bat species under study was
tested by Spearman’s correlation coefficient.

Results

Abundance and movement activity of bats in
hibernaculum

In total, we registered 1141 findings of nine
bat species, viz., R. hipposideros, M. myotis,
M. nattereri, M. emarginatus, M. mystacinus,
M. daubentonii, M. dasycneme, Plecotus
auritus and Barbastella barbastellus. Never-
theless, the findings of M. myotis and R
hipposideros accounted for a major part of
the data obtained (81.9%).
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Fig. 3. Changes in the level of movement activity. Explanations: dotted line - the dividing of separate parts of

season.

On the basis of the activity level the hiberna-
tion period of R. hipposideros can be divided
into three different parts (Fig. 3). During the
first one (“‘early hibernation”) the number of
bats considerably increased and this increase
was correlated with the high level of move-
ment activity. The number of hibernating R.
hipposideros was subsequently stabilized (ca.
20 specimens) and only occasional move-
ments were registered (“hibernation’). Since
the middle of March the abundance has
dropped and the bats continuously left the
hibernaculum (“late hibernation’). This de-
crease in the abundance of bats correlated
again with the increase in their movement
activity. There was a significant difference in
the level of movement activity in the succes-
sive periods (%, DF =2, P<0.001).

The level of M. myotis movement activity was
relatively high during all season and the
“deep hibernation” period with decreased
activity could not be clearly separated. In
contrast to R. hipposideros, the total number
of bats of this species was increasing gradu-
ally since October. The peak was recorded at
the beginning of April (112 individuals). The
highest increase in abundance was registered
in the clusters formed in Corridor. Unfortu-

nately, we could not assess the exact
number of new bats in clusters by the
visual method of census without disturbing
the bats but only the change in the total
number of hibernating bats, i.e., the differ-
ence between the previous and present
numbers. Nevertheless, the movement activ-
ity of M. myotis and R. hipposideros was
significantly correlated (rs = 0.60, P = 0.040,
N = 12), therefore the hibernation period
was divided in the same way for both species
(Fig. 3).

Shelter selection and its changes during the
season

The shelter selection of R. hipposideros was
not dependent on the part of the cave where
the bats were hibernating (y>, DF=4,
P =0.609) and it did not change during the
season (y%, DF =22, P = 0.642). Hibernating
R. hipposideros most frequently used ex-
posed places (FC, FW), where they were
always hanging free (Fig. 4). The only
individual R. hipposideros found in the
Corridor (22.4.1993) was also hanging free
on the wall of the cave at the height of 3-5m
above the floor.
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Fig. 4. Shelter-type selection by bat species under study. Abbreviations: the bat hanging free on the ceiling
(FC); on the wall (FW); in the chimney (FCh); the bat hanging in contact with the ceiling (CC); the wall (CW); or
the chimney (CCh); and the bat hibernating in a horizontal (HC); or a vertical crevice (VC).

Myotis myotis was registered in all types of
shelters except for CC (Fig. 4). In general, the
types where the bats hibernated without
contact with the rock wall predominated.
No significant differences were found in the
use of the three types of shelter exposition
during successive hibernation periods ()2,
DF=2, P=0.299 for early hibernation;
DF=12, P=0.901 for deep hibernation
and DF=4, P = 0.090 for late hibernation).
However, a difference was observed between
Corridor and Domes in the selection of these
three shelter types (x>, DF=2, P<0.001).
Most of the bats hibernating in the Corridor
were hanging free on the ceiling and walls but
the ratio of exposed vs. semi-exposed shelters
used was equal in the Domes (Table 1). The
differences in the selection of shelter types in
the three Domes were not statistically sig-
nificant (32, DF=4, P =0.102) but more
detailed analysis found differences only in the
position of exposed shelter types (3>, DF =2,
P<0.001). In the larger spaces (Main dome
and Dome of Chaos) the bats were more
frequently hanging on the ceiling (approx.
35% of findings) than on the wall (approx.
10% of findings). This ratio was contrary
in the Dome of the Witch, which corres-
ponds with the high diversity of this

dome and thereby larger total area of cave
walls.

Changes in the selection of shelter height
above the floor

The distribution of shelter heights used by M.
myotis was different in the Corridor and in
the inner parts of the cave (32, DF=2,
P<0.001). The positions >5m above the
floor predominated in the Domes, which
corresponds with the generally higher offer
of this height category in the largest spaces of
the cave (Table 1). On the contrary, R.
hipposideros more often used lower positions
of shelters both in the Domes and in the
Corridor (2, DF=6, P =0.008), and it is
hibernating even at the height <1m above
the floor.

Seasonal variability (Fig. 5) in the preferred
height of shelter was minimal for R. hippo-
sideros and the predominance of particular
height categories did not reach more than
50% (2, DF=33, P =0.999). In relation to
the increasing number of M. myotis in the
Corridor (the lowest part of the cave), the
percentage of bats using the height >5m has
decreased from the middle of February and
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Table 1. Type and height of shelter used by Rhinolophus hipposideros and Myotis myotis in the different parts of

the cave
Part of the cave Type of shelter Height above the floor Number of
individuals
Exposed  Semi- Hidden <1 (%) 1-3(%) 3-5(%) >5 (%)
(%) exposed (%)
(%)
R. hipposideros
Corridor 100.0 0.0 0.0 0.0 0.0 100.0 0.0 1
Main dome 89.5 10.5 0.0 15.8 21.1 5.2 57.9 19
Dome of the 92.5 7.5 0.0 2.5 40.0 25.0 32.5 40
Witch
Dome of Chaos 88.9 11.1 0.0 11.1 77.8 11.1 0.0 9
M. myotis
Corridor 60.7 24.3 15.0 0.0 35.0 59.3 5.7 140
Main dome 48.1 49.4 2.6 0.0 5.2 15.6 79.2 77
Dome of the 46.5 43.4 10.1 0.0 6.2 17.8 76.0 129
Witch
Dome of Chaos  45.0 30.0 25.0 0.0 0.0 5.0 95.0 20

their percentage in height categories 3—5m
and 1-3m increased (y2, DF =22, P<0.001).
These differences were mainly caused by the
changes in preferred shelter height during the
late  hibernation period (y?, DF=4,
P =0.001), which are also linked with the
high movement activity of M. myotis.

Relative distance of shelter from the cave
entrance

The distribution of relative distances of all
new bat findings (a cluster was counted only
as one selected place) was different in both
species under study (y2, DF =24, P<0.001).
Rhinolophus hipposideros used mainly the
middle part of the cave with the distance
between 121 and 180m from the entrance
(Dome of the Witch) where 59.4% of its
findings were registered. In other parts of the
cave, this species was found only occasionally
(Fig. 6). The most preferred part of the cave
by M. myotis was a small segment of
Corridor (between 21 and 30m), where a
fourth part of all new findings of this species
was registered. Similarly, to R. hipposideros,
the area of the “Dome of the Witch” was also
important for the hibernation of M. myotis
(36.5% of findings). Nevertheless, M. myotis

were recorded practically in all spaces of the
cave.

Discussion

Abundance and movement activity of bats in
hibernaculum

Rhinolophus  hipposideros and M. myotis
predominate in the majority of the Moravian
Karst caves during the winter season (Bauer-
ovéa and Zima 1988; Zima et al. 1994; Rehak
et al. 1994; Kovariik 1997). Rhinolophus
hipposideros exhibited a stable abundance of
hibernating community from the beginning
of December to mid-March (cf. Daan and
Wichers 1968) when the level of its movement
activity was the lowest. On the contrary, the
previous and successive periods are charac-
terized by high movement activity in the cave
that was influenced by the continuous arrival
and/or departure of bats in the hibernacu-
lum. The same model of movement activity
with its low level during “deep hibernation”
was also confirmed by the detection of
ultrasound signals (Nagel and Nagel 1997,
Rehak and Baron 2001) and Harmata
(2000) noted that ““deep hibernation™ of this
bat species began in the period between



Activity and shelter selection by Myotis myotis and Rhinolophus hipposideros

70%

277

Rhinolophus hipposideros
60%

o<1 813 ®@B35 m>5

50%

40%

30% A

20% +

10%

0%

70%

19.11.92 03.12.92 17.12.92 04.01.93 15.01.93 28.01.93 11.02.93 25.02.93 11.03.93 24.03.93 08.04.93 22.04.93

Myotis myotis
60%

50%

40% A

30%

20%

10% +

0% -

19.11.92 03.12.92 17.12.92 04.01.93 15.01.93 28.01.93 11.02.93 25.02.93 11.03.93 24.03.93 08.04.93 22.04.93

Fig. 5. Seasonal changes in used height of shelter.

November 15 and 20 and lasted until
February of the next year. During climati-
cally suitable days, even in the middle of
winter, some awakened horseshoe bats left
the cave and returned to it after a short time
(Harmata 2000; Rehak and Baroni 2001).

General trend in M. myotis abundance
changes (continual growth with rapid emer-
gence) was mainly influenced by the changes
in the outer part of the cave (Corridor). The
flight activity of bats in the entrance hole of
the cave is almost nil during the winter period
(Rehak et al. 1994). Therefore, the consider-
able increase in M. myotis abundance is more
likely due to movements within the cave from
the inaccessible parts towards the entrance
than to the immigration from neighboring

shelters. Maximum abundance of this species
at the end of the hibernation period and its
shift towards the entrance part of the caves
was also reported for other European hibar-
nacula (Nagel and Nagel 1987; Hanzal and
Pricha 1988, 1996; Fuszara et al. 1996).

The movement activity of M. myotis could
not be clearly divided into the successive
periods based on its level, as done for R.
hipposideros. High activity was also con-
firmed by Prucha and Hanzal (1989), who
registered very short mean duration of the
hibernation period when newly found bats
were included in the analysis (7.1 and 9.1
days for M. mpyotis in different years).
Nagel and Nagel (1994) reported the move-
ment activity of M. myotis within the
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hibernaculum as increasing from mid-Febru-
ary till the end of April. This relatively high
activity is associated with the use of shelters
with varying microclimate during the winter
period, similarly as in other MYyotis species
(Daan 1973; Hanzal and Pricha 1988). In
case of M. myotis the cave air tempe-
rature does not influence winter flight activ-
ity, but the activity increases with a decrease
in barometric pressure (Nagel and Nagel
1994).

Shelter preference

Shelter selection differs in various parts of
the hibernation period, depending on the
changes of microclimatic conditions in the
hibernaculum, and it is also species specific
(Daan 1973; Altringham 1996). Saint Girons
et al. (1969) and Brosset and Poillet (1985)
suggest that the changes in R. ferrumequinum
shelters during winter do not correspond to
the changes in environment, as the tempera-
ture does not fluctuate in deep parts of caves
used by horseshoe bats, but it corresponds
only to the phases of annual cycle, physiolo-
gical status and behavior of studied bats.

In general, bats use their hibernation sites
with constant air temperatures during the
middle of the hibernation period. They can

probably reduce their energy consumption by
the selection of these parts during the period
of absolute lack of food. The dynamic parts
of the hibernacula are occupied by hibernat-
ing bats during the beginning and the end of
the hibernation period (Baagee et al., 1988;
Barofi and Rehak 1997). This behavior can
be related to foraging activity. As the air
temperature in outer dynamic parts reflects
ambient temperature changes outside the
cave, the bats can awake from lethargy when
the conditions are suitable for foraging
(Whitaker and Rissler 1993). However, the
moving of the bats into the dynamic cave
parts can also be associated with the tendency
to avoid dry circumstances, i.e., with water
loss compensation (Daan and Wichers 1968;
Dorgelo and Punt 1969). Nevertheless, it
should be noted that mainly the temporal
changes in cave use could be biased because
only a limited part of the hibernating
population can be found in any particular
period (Rehak 1997; Rehak and Gaisler
1999).

Rhinolophus hipposideros hibernated in the
Katetinska Cave at unprotected places, al-
ways hanging free, and a similar observation
was published by Dorgelo and Punt (1969).
Daan and Wichers (1968) registered the
presence of this species in exposed and less
frequently in semi-exposed places, almost
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always in the rear of an artificial limestone
cave system. Moreover, R. hipposideros was
using almost absolutely the inner parts of the
Katefinska Cave (Domes) (with exception of
one individual found in the Corridor),
similarly as in the limestone cavern in Poland
where 68.6% of the hibernating bats were
found in its deepest part (Harmata 2000) and
in the pseudokarstic sandstone crevice-type
caves in Northern Moravia (Baron and
Rehak 1997).

The seasonal dynamic in the use of particular
parts of the cave was characterized for M.
myotis by declining percentages of this
species in the Domes (inner parts) and
increasing abundance of bats in the Corridor
from mid-November to the beginning of
April. A similar tendency was also registered
for M. myotis by Dorgelo and Punt (1969)
and Hanzal and Prucha (1988). The increas-
ing number of bats during winter period was
most probably caused by the movements of
hibernating bats from highly protected shel-
ters and/or places which are not accessible for
people (high chimneys, etc.) to more exposed
places. The increase could not be influenced
by immigration of bats from neighboring
shelters, as the flight activity at the entrance
of the Katefinska Cave (netting) was practi-
cally nil during winter months (Rehak et al.
1994). The mentioned type of movement
behavior was also reported in some other
species of Myotis (Daan and Wichers 1968;
Daan 1973; Degn 1987; Baagee et al., 1988).
Mpyotis myotis hibernated mostly exposed,
hanging free on the ceiling, free on the wall or
free in the chimney. Nevertheless, they were
sometimes found in crevices too (Bezem et al.
1964; Hanzal and Pricha 1988). Lesinski
(1986) recorded this bat species hibernating
in forts near Warszawa, mainly in ventilation
shafts, i.e., in protected type of shelter, and
less frequently in crevices and exposed places.
Daan and Wichers (1968) observed that M.
myotis were using highly protected places in
the entrance section of a limestone cave,
similarly as did Hanzal and Pricha (1988)
who noted that M. myotis selected rather
protected (in crevices deeper than 10cm) or
semi-protected (in crevices up to 10cm)
places after having moved into the colder
parts of hibernacula. On the other hand, in
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the Katetfinska Cave the preference of ex-
posed places (ceiling, wall) was higher in the
Corridor (60%) than in the Domes (45%).
Bezem et al. (1964) also registered the height
where the hibernating bats were hanging, the
relation between shelter type and height
above the floor, and the relative height of
site (height of hibernating bat divided by
corresponding height of corridor). They did
not find any statistically significant correla-
tion of these parameters and consequently
they classified M. myotis as a species using
the highest located shelters and, on the
contrary, R. hipposideros using the lowest
location of shelters. There was no significant
correlation between the type of shelter and its
height in both M. myotis and R. hipposideros
hibernating in Katefinska Cave. Harmata
(2000) noted that the height of hanging R.
hipposideros did not change during hiberna-
tion. The horseshoe bats were hibernating
mostly at height between 1 and 3 m but often
they used very low lying shelters (20-30cm
above the floor).

Generally, the range of temperatures detected
during hibernation of both species under
study overlaps in wide extent (R. hipposideros
2.0-13.0°C and M. myotis —4.0 to 12.0°C,
Webb et al. 1996) but both species differ in
the time of arrival in the hibernaculum,
development of abundance changes, level of
internal migration and shelter preference in
the caves. These differences should reflect the
life history and body size of bat species under
study. The cave temperatures selected by bats
in a cold climate are negatively correlated
with their body weight (McNab 1974) and
the clusters of bats select even colder
temperatures. Small non-clustering R. hippo-
sideros (5-9g) developed specific style of
hibernation, i.e., hanging free with wing
membrane covering all the body. It is capable
of hibernating at higher air temperature but it
needs the stability of microclimate that is
ensured by use of inner parts of caves. Myotis
myotis, a large species (20-35g), is able to
hibernate in clusters within colder parts of
cave close to the entrance. The clustering
behavior and large weight determinate
also its ability to have a high movement
activity during the hibernation period
(McNab 1974).
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Zusammenfassung

Aktivitait und Ruheplatzwahl von winterschlafenden Myotis myotis und Rhinolophus
hipposideros in der Katerinska Hohle (Tschechien)

In 1992-1993 wurden die in der Katefinska Hohle {iberwinternden Individuen von Myotis myotis und
Rhinolophus hipposideros untersucht. Die Untersuchung bestand aus einer regelmafliigen Zdhlung,
bei der die Tiere nicht beriihrt bzw. markiert wurden. Es wurden drei grundlegende Parameter ihrer
Hangplédtze aufgenommen (Lage innerhalb der Hohle, Typ und relative Hohe). Insgesamt wurden im
Laufe von 26 Kontrollgdngen 1141 Einzelbeobachtungen von neun Fledermausarten erfaft.
Bewegungstdtigkeit, ausgedriickt als prozentueller Anteil der Neufunde wahrend eines bestimmten
Kontrollgangs, wurde wadhrend der gesamten Wintersaison registriert. Ihr Niveau schwankte
unterschiedlich, wobei die Uberwinterungsperiode von R. hipposideros in drei unterschiedliche
Abschnitte aufgeteilt werden konnte, wahrend das Niveau der Bewegungsaktivitdt von M. myotis im
Verlauf der Saison stdndig relativ hoch blieb. Die Ruheplatzwahl von R. hipposideros war unabhangig
von dem Hohlenteil in dem die Fledermause iiberwinterten und unterlag im Saisonverlauf keinen
Anderungen. Uberwinternde Exemplare von R. hipposideros nutzten vor allem exponierte Plitze an
denen sie immer frei hingen. Myotis myotis wurde an allen Hangplatztypen bis auf einen festgestellt.
Rhinolophus hipposideros nutzte vor allem den mittleren Hohlenteil in einer Entfernung von 121 bis
180 m vom Hdohleneingang. Von M. myotis wurde ein kurzer Abschnitt des Hohlenganges (zwischen
21 und 30m), d.h. nahe dem Eingang, am meisten bevorzugt. Rhinolophus hipposideros ist eine
hochspezialisierte Art, welche Hohlenteile mit sehr stabilen mikroklimatischen Bedingungen
bevorzugt, wahrend M. myotis den erfaliten Parametern gegeniiber als v6llig indifferent erscheint.
© 2005 Deutsche Gesellschaft fiir Sdugetierkunde. Published by Elsevier GmbH. All rights reserved.
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Abstract. The flight activity of bats was studied at 21 localities in the Moravian Karst
(Czech Republic). From April to October, bat detectors were used to record echolocation calls of
bats on line transects during the first half of the night. Nine habitats were distinguished. In total,
666 minutes of the presence of flying bats and at least 16 bat species were registered during 3387
transect minutes. Myotis daubentonii was the most numerous species (46.2%) The number of bat
species was the highest in rocky habitats (13 species), and the lowest in agrocoenoses (3 species).
The greatest intensity of flight activity of the bat community was observed over ponds (35.0
min+/h) and streams (26.6 min+/h). With respect to habitat preference, M. mystacinus/brandtii,
M. myotis/blythii, Eptesicus serotinus, Nyctalus noctula, Pipistrellus pipistrellus, and Plecotus
auritus/austriacus appear to be eurytopic and M. daubentonii, M. nattereri and M. emarginatus
to be stenotopic species.

Key words: Moravian Karst, echolocation calls, bat community, detectoring, line transect

Introduction

During the past decade, an increased number of articles was published on the habitat
preference and activity of bat communities (Walsh & Harris 1996, von Zahn &
Mayer 1997, Gaisler etal. 1998). This is due to the expansion of ultrasound detector
use in field research, including studies in such highly diversified landscapes as karstic
regions. While the use of bat detectors has become established the standard methods of
carrying out research in bat activity (Ah1én & B aagoe 1999) it has its intrinsic technical
(different types of signal transformation) and ecological (whispering bat species, direction
of signals etc.) constraints which could more or less influence the study results (Hayes
2000, Gannon etal 2003). The most frequently designs used in field research include the
transect method (Gaisler &Kolibac¢ 1992, Walsh &Harris 1996,Verboom
1998), which was adopted from ornithology, and/or the point method (Walsh & Mayle
1991, Rachwald 1992, Rydell etal 1994).

Bats forage in various types of habitats, from forest habitats up to villages, and the
spatial distribution of bat activity is mainly determined by the distribution of their prey
(Rydell 1992). Habitat selection is also influenced by the ability of various bat species
to exploit these habitats, depending on their structure or their accessibility (de Jong
1995, Verboom 1998, Kusch et al. 2004). Among insectivorous bats, the following
five foraging strategies based on wing morphology and structure of echolocation calls
(Norberg & Rayner 1987, Fenton 1990) can be identified: fast and slow aerial
hawking, flycatching, trawling, and gleaning. Many bat species can use more than one
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foraging technique. Most central European bat species forage by aerial hawking, often with
the addition of one or more other techniques Norberg &Rayner 1987).

The bat fauna of the Moravian Karst is characterized by high density and diversity. So
far, this phenomenon has only been explained by the large number of caves in this area (ca.
1200), but they are used by bats mainly as hibernacula (Zima et al. 1994). Nevertheless,
there is a mosaic of various habitats under different anthropogenic impact and this fact
permits the presence of a rich bat community even during the non-hibernating period.

The purpose of this study was to obtain data on the flight activity of bats during the
non-hibernating period in various habitats of the karstic area under study. The landscape
of the Moravian Karst is subject to management as part of the agricultural, hydrological
and recreational demands of tourism. By assessing the relative importance of the particular
habitats for bat distribution, it should be possible to improve the landscape management
system in favour of the bats.

Material and Methods

The flight activity of bats was studied in 21 localities in all parts of the Moravian Karst area
(Central Moravia, Czech Republic) (Table 1). The size of this karstic area is 85 km?. Nine
habitat types were distinguished for the comparison of bat activity: fields (fi), meadows (m),
linear landscape elements (1), villages (v), rocks (1), forests (fo), edges of forest (e), streams
(s), and ponds (p).

Bat detectors (Pettersson Elektronik, D100 and D980) were used to record echolocation
calls of bats on the line transects. The transects were mostly carried out during the first half
of the night from April to October of 1992-1994. The number of minutes during which
a particular species or two sibling species was registered, related to 1 hour of transect (min+/h),
was used as the measure of bat activity M cAney &Fairley 1988).

Table 1. Summary of monitoring activity in particular habitats.

Habitats Numbfsr of mon.itoring Number of pqsitive Domine.mce of positive
minutes (min) minutes (min+) minutes (%)
rocks 615 79 11,9
forests 515 52 7.8
linear landscape elements 484 38 5,7
streams 470 206 30,9
edges of forest 382 39 59
villages 359 67 10,1
ponds 238 163 24,5
fields 176 8 1,2
meadows 148 14 2,1
Sum 3387 666 100,0

With regard to the difficult determination of some of the bat species in the field, the
transects were conducted simultaneously by two researchers using two detectors. Where
appropriate, we made records for comparison with reference records (Ahl1én 1987).
Foraging behaviour was also included in the process of species identification when we tried
to catch flying bats in the beam of a halogen lamp.
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In order to group bat species that use similar foraging habitats, we performed a cluster
analysis using the complete linkage method (Euclidean distance) (Zar 1984). The same
type of clustering (complete linkage) was also applied to the matrix of Renkonen’s index
of dominance similarity (dominance of particular bat species) to compare the habitat types
under study. In order to provide a comprehensive account of bat species-habitat association
(bat species recorded for over 10 min+ in the total sample of 11 hours), the data on total bat
activity in various habitats were subjected to canonical correspondence analysis.

Results

In total, 666 minutes of bat activity were registered by bat detectors during 3387 transect
minutes (68 monitoring nights). At least 16 bat species were recorded, viz., Rhinolophus
hipposideros (Rh), Myotis mystacinus/brandtii (Ms), M. emarginatus (Me), M. nattereri
(Mn), M. bechsteinii (Mb), M. myotis/blythii (Mm), M. daubentonii (Md), Vespertilio
murinus (Vm), Eptesicus nilssonii (En), E. serotinus (Es), Nyctalus leisleri (NI), N. noctula
(Nn), Pipistrellus pipistrellus (Pp), P. nathusii (Pn), Barbastella barbastellus (Bb), Plecotus
auritus/austriacus (Pa). In field work, the two species of Pipistrellus i.e. P. pipistrellus and P.
pygmaeus were not distinguished but later analyses revealed the presence of both species in
the area under study, with the absolute predominance of P. pipistrellus.

The greatest intensity of flight activity of bats was observed over ponds (41.1 min+/h)
and streams (26.3 min+/h) (Fig. 1). The interior of villages was another important habitat
showing high flight activity of flying bats, above all, near streetlamps (11.2 min+/h). However,
agrocoenoses lacking patches of trees or shrubs were poorly used by bats (2.7 min+/h).

The greatest intensity of flight activity was recorded in M. daubentonii (52.1 min+/h),
especially at watersides (Fig. 2). Further species with relatively high activity included
Pipistrellus pipistrellus (13.3 min+/h) and Eptesicus serotinus (11.6 min+/h), which are able
to exploit a wider variety of habitats as foraging sites. On the other hand, E. nilssonii and
Vespertilio murinus represent very rare faunistic records of these bat species in the area.

Cluster analysis divided habitat types into four groups (Fig. 3). The first group consists of
water habitats, showing the specific structure of the bat community which was dominated by M.
daubentonii. Fields, being highly influenced anthropogenic habitat types, are used by bats only
for sporadic passes. Like the villages, this habitat is specific and separated. However the villages
are providing roosts and foraging sites for synanthropic bat species. Cluttered and semi-cluttered
habitats with similar bat communities (mainly forest-dwelling species) formed the last group.

Comparisons of the flight activity of nine common bat species or species pairs (over
1% of total sample) in particular habitats separated into three clusters (Fig. 4). E. serotinus
differs from other bat species in its greatest ability to exploit man-made environments
(e.g. villages). Further two clusters comprise groups of bat species. M. emarginatus,
M. mystacinus/brandtii, M. myotis/blythii and Plecotus auritus/austriacus forage in cluttered
and semi-cluttered habitats. Finally, M. daubentonii, M. nattereri, Nyctalus noctula and
P. pipistrellus show high levels of flight activity at watersides.

The habitat preference of nine common species or species pairs (over 10 min+ in the
total sample) was assessed by canonical analysis (Fig. 5). The total level of flight activity in
particular habitats was used for this analysis. The highest preference of a single habitat type
is apparent for the following species: M. daubentonii (watersides, i.e. streams and ponds),
M. mystacinus/brandtii (forest), E. serotinus (villages) and N. noctula (open habitats, i.e.
fields). M. myotis/blythii shows relatively close affinity to narrow meadow belts and linear
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Fig. 1. Total intensity of bat flight activity (all species) in particular habitat types.
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Fig. 2. Total intensity of the flight activity of particular bat species in the area under study. For abbreviation of bat
species see chapter Results.

landscape elements. These two habitats may be considered semi-cluttered spaces for flying
bats. Four species (M. emarginatus, P. auritus/austriacus, M. nattereri, and P. pipistrellus)
show no strong habitat preference. Nevertheless, each of these bat species shows somewhat
different requirements for foraging habitat.
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total flight activity in the particular habitats (cluster analysis — complete linkage). For abbreviation of bat species
see chapter Results.

Discussion

The use of bat detectors, like any other research method, has its internal constraints. A major
problem in bat community research is posed by correct species determination of echolocating
bats(Walsh &Harris 1996, Gannon etal 2003). It is influenced by many different

277



3,5 ;
3,0
25 ;
2,0 1,5
1,5
1,0
0,5
0,0

£9d

, , ,

0 »0
1,5

0,8 20

=12
~7
Pc 7 »6

Fig. 5. Habitat preference of nine common species or couple of species according to the total flight activity (results
of canonical analysis). For abbreviation of bat species see chapter Results.

factors, such as the duration of bat calls, presence of “whispering bat species”, and experience
of the researcher. Nevertheless, bat-detectors, mist nets and harp traps are the only useful
research methods for study of the activity of whole bat communities, and detectors are the
most widespread method used at present. The authors tried to minimize the impact of technical
and ecological constraints on the results of study in various ways, e.g. by using the same types
of bat detectors, grouping species with similar echolocation calls, using reference records, as
well as long-term experience in using bat-detectors in the field. A less complicated situation
is found in investigating the flight activity of only one bat species (Rachwald 1992,
Catto etal. 1996,Robinson & Stebbings 1997) and/or the activity of a group of
selected and readily distinguishable species (von Zahn & Maier 1997, Gaisler et
al. 1998, Bartonicka &Zukal 2003, Kusch etal. 2004).

Bats forage in various habitat types. Nevertheless, their preference for particular
habitats depends on the presence of suitable food resources. The foraging activity of bats is
affected by the distribution of prey not by the type of the habitat used (Brigham et al.
1992, Racey & Swift 1985 Warren et al. 2000, Kusch et al. 2004). Roosting
requirements (number and distance of potential shelters) may also influence habitat
utilization (Geggie & Fenton 1985). Many bat species forage only in the surroundings
of their shelters. However, a habitat offering abundant food has no useful roosts in its vicinity
the bats will seldom utilize it. On the contrary, if bats have the possibility of selecting from
a large number of roosts they will choose those the closest to the food resources (Ry dell
1989, Kusch et al. 2004). Bats prefer mainly diversified habitats and, on the contrary,
their density is significantly lower in open landscape and/or inside dense forests M c Aney
&Fairley 1988, Kusch etal. 2004).

A preference for foraging in a single habitat type is very rare in insectivorous bats, as in
general they use more habitat types, depending on actual food supply (Brigham et al.
1992), and they move between them during the night (Verboom & Spoelstra 1999).

278



The most important foraging areas include all types of water bodies, from small streams and
ponds to larger rivers, canals and lakes, as confirmed by our results. Their attractiveness
is due to the great biomass of insects swarming over the water surface. From this point of
view, stagnant water bodies are preferred to running ones (Frenckell & Barclay
1987,Mackey &Barclay 1989). Riparian vegetation is also important, mainly where
watercourses run through open landscape (Ry dell etal. 1994,Zahn & Maier 1997).
In open agricultural landscape, patches of woods and linear elements (e.g. windbreaks) are
also highly important as reservoirs of insects. Similar habitat types are only suitable where
the bats can obtain enough food in agrocoenoses (Gaisler & Kolibac¢ 1992). In the
opposite, this type of habitats was utilised by bats minimally in variable area of the Moravian
Karst. Lowland deciduous and mixed forests are preferred among forest habitats. In such
forests, open forest edges and clearings are favourite foraging areas of bats M ayle 1990,
Limpens &Bongers 1991, Walsh & Mayle 1991, Rachwald 1992). The
extent to which bats make use of man-made structures is expressed in their habitat preference.
A number of bat species forage in villages mainly in the vicinity of streetlamps where a high
density of insects was registered (cf. Furlonger etal. 1987, Rydell 1992).

Different bat species can utilize different foraging strategies, which also indirectly
influences the selection of foraging habitats. There is a clear relationship between
a bat functional design, i.e. flight morphology and structure of echolocation calls, and its
commuting and foraging behaviour including the structure of used habitats (Fenton 1990,
Verboom 1998). Wing morphology confers mechanical and energetical constraints on
flight speed and manoeuvrability (Norberg & Rayner 1987). Echolocation signals
have evolved to optimize foraging efficiency of various bat species in particular habitats.

M. daubentonii shows a strong association with watersides and its activity is extremely
high there. It is a typical trawler, gaffing prey from the water surface or aerially hawking
insects over the smooth water surface (Warren et al. 2000). Turbulent rapid streams are
used rather more for commuting flights than for foraging, as this species often forages in
groups and creates group foraging territories. M. daubentonii has a considerable overlap
in the structure of calls with M. nattereri and there might be some misidentifications.
Nevertheless, M. nattereri was detected mainly foraging higher over the water surface in the
vicinity of the riparian vegetation (deJong 1995). Its activity would also be underestimated
due to silent calls and/or if the calls had a poor signal to noise ratio when the calls of
M. nattereri are masked by the loud signals of M. daubentonii foraging groups.

M. mystacinus/brandtii were the species most frequent recorded in forests, as in
Sweden where M. brandtii used the coniferous forest more than expected and the deciduous
woodland in proportion to its area (deJon g 1995). Generally, flight activity in forests is
very low. M. mystacinus/brandtii also forage in the vicinity of water courses (von Zahn
& Maier 1997) and they may be underestimated here, as with M. nattereri. The presence
of both species i.e. M. mystacinus and M. brandtii in the region under study was documented
by netting (Rehak etal 1994). Together with M. mystacinus/brandtii, individuals of the
genus Plecotus were often recorded in the forests. Most probably, these were to P. auritus,
which prefers forest habitats (d e J on g 1995) whereas records from gardens within villages
probably pertain to the sibling species P. austriacus (Bauerova 1982). Similarly as in
other pairs of sibling species, their echolocation calls cannot be differentiated in the field.

A relatively low activity was registered for M. emarginatus, a species foraging in
cluttered and semi-cluttered habitats. This species behaved as a typical gleaner using edges
of forests with a well-developed shrub layer adjacent to vertical rock walls surrounded by
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shrubs. In these habitats, M. emarginatus will probably glean small arthropods, especially
spiders (Bauerova 1986).

The species included in the M. myotis/blythii pair differ significantly in habitat preference
and thus also in different prey selection — terrestrial (e.g. carabid beetles) vs. grass-dwelling
(mostly bush crickets) (Arlettaz et al. 1997). Higher activity registered over the
meadows should indicate the presence of M. blythii in the Moravian Karst. However, in the
present study such sites were mostly narrow meadow belts surrounded by woods. In addition,
only search calls were recorded there, and thus these bats may have been commuting
specimens of M. myotis. During the past three years, telemetry has revealed that even
M. myotis will forage in the open habitats of the Moravian Karst, including fields
(Pokorny,Berkova & Zukal, unpublished data). In addition, M. blythii is a very
rare species in the area under study, recorded sporadically in the caves during hibernation
and/or at cave entrances during autumn migrations (Rehak etal 1994).

E. serotinus is able to exploit a wide range of habitats foraging mainly over streetlamps,
in gardens as well as over ponds (Catto etal. 1996). As a typical semisynantropic species,
E. serotinus differs from other bat species recorded in the Moravian Karst by the highest
ability to exploit man-made environment (Verboom 1998). Only N. noctula is able to
forage in similar habitats. Nevertheless, this species regularly used open habitats and was
recorded flying very high over fields. At twilight, N. noctula often preys on swarming insects
over the ponds but, later on, it appears in villages, catching prey in the vicinity of streetlamps
(Rachwald 1992). This movement is influenced by the dwindling abundance of insects
due to the falling ambient temperature in the natural habitats.

P. pipistrellus seems to be highly adaptive in foraging habitat preference in comparison
with other bat species showing similar foraging strategies (Warren et al. 2000).
P. pipistrellus forages both over water bodies and in riparian vegetation and, together with
E. serotinus and N. noctula, use the parts of villages illuminated by streetlamps (Rydell
1992). Nevertheless, their activity is very low in very dense as well as in entirely open
habitats (von Zahn &Maier 1997, Verboom & Spoelstra 1999).
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Activity and ecological parameters of bat hibernation in caves

of the Moravian karst

Jan Zukal, Hana Berkovd, Zdenék Rehak and Miroslav Kovarik

The ecology and behaviour of temperate zone microchiropteran
bats are fundamentally affected by seasonal changes in day
length and associated climatic variables, which become more
pronounced at increasing latitudes. These changes require
flexible behavioural adjustments of their circadian as well as
circannual activity patterns.

A characteristic feature of the annual cycle of insectivorous
temperate zone bats is hibernation, as an optimal adaptation to
a prolonged fall in temperature and reduction in prey availability.
Selection of suitable hibernation site is crucial for overwinter
survival and caves and mines are the most common type of
hibernacula.

Our research conducted during last 15 years in several model
caves in the central part of Moravian karst was aimed to various
aspects of bat hibernation including the variation of flight activity
of bats at the entrance of cave (seasonal and overnight) and
different factors which influence it, the selection of places with
specific parameters within a hibernaculum and the level of bat
movement activity during hibernation period, the thermo-
preferendum of various bat species etc.

Two major model species are studied i.e. mouse-eared bat Myotis
myotis and lesser horseshoe bat Rhinolophus hipposideros by
means of various research methods including visual census
without any handling and marking of animals, as one of the main
requirements of our research is to avoid any disturbance of the
hibernating bats, automatic recording of activity with a double
infrared-light logging system, census by night-vision scope,
measurement of thermal parameters with non-contact thermometer.

The results published in a series of separate papers (see below)
can be summarized as follows:

Based on the major pattern of the bat flight activity, five distinct
periods can be distinguishes. All the periods showed a non-
random temporal distribution and a concentration of flight
activity around specific time and its level was influenced by
climatic factors. However, the effect of individual variables and

CAS Institute of Vertebrate Zoology Brno,
Czech Republic

their contribution to variability in activity levels changed during
the year.

(1) Hibernation period (half November — beginning of March),
with very low activity. During hibernation, average temperature
(ng) and the range of daily temperature (T, . were the best
predictors of the general level of activity. The percentage of
nights on which activity occurred increased with increasing
temperature. Activity occurred even at temperatures <0°C
(T, = -13.2°C). The recordings were all positive at T _>6.2°C.
The activity within corresponding temperature groups was
significantly lower during hibernation than during late
hibernation. (2) Late hibernation (March — mid April), with
intensive departure during the first quarter of the night. Flight
activity was positively affected by T, and negatively by minimal
temperature of the preceding day. (3) Departure period (mid
April — beginning of June), with emergence activity in the first
quarter, and a small number of bats entering the cave in the
fourth part of the night. The peak of activity was in the second
part of the night. A significant positive relationship was found
between total daily activity and T, and P (mean barometric
pressure). Rainfall in the preceding day caused drop in activity
levels. (4) Summer period (beginning of June — mid/ end July),
with low activity. Activity increased as T, . increased and
was suppressed by rainfall in the preceding day. In contrast,
rainfall in the study day caused increase in activity. Differences
were also apparent in the course of the night. (5) Autumn period
(late July —half November), with very high activity and increasing
number of bats entering the cave. The peak of activity was around
midnight. The activity was positively related to Tavg, P and
amount of rainfall in the study day.

Hibernation is usually interrupted by periodical arousals. Such
arousals may concern drinking, feeding (in mild periods), or
even mating but switching hibernation site (i.e. leaving of used
site) was not registered. Movement activity of bats inside of
hibernaculum, expressed as percentage of new findings during
a particular visit, was registered during the whole winter season.
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Its level fluctuated in different ways and the hibernation period of
R. hipposideros could be divided into three different parts (early,
deep and late hibernation), while the level of M. myotis movement
activity was relatively high during all season.

The shelter selection of R. hipposideros did not change during the
season and it was not dependent on the part of cave where the bats
were hibernating. Hibernating specimens of R. hipposideros
most frequently used exposed places, in which they were always
hanging free. M. myotis was registered in all types of shelter.
High vulnerability of R. hipposideros to human activities was not
registered as the specimens (continuously increasing number
during the last 8 years) were able to hibernate next to frequently
used footpath in the cave visited by speleotherapy patients.
However, R. hipposideros is a highly specialized species which
prefers parts of the cave with very stable microclimate conditions
(stable temperature and humidity with minimal air flow) and, on
the contrary, M. myotis appears to be indifferent to all parameters
studied, and it uses the shelters indiscriminately.

The results of comparison of Myotis myotis hibernation in two
natural caves indicate that the bats are using various strategies of
hibernation (level of movement activity, preference of different
types of shelters) in caves with different microclimatic profile
(dynamic vs. stable). Additionally, the level of clustering
behaviour is different (number, stability and size of clusters of
hibernating bats). Used strategies are always tend to the same
target i.e. use of roost place with maximum stable microclimate

during the late part of hibernation period. High fidelity of bats to the
particular underground shelter also suggests that accepted strategy
of hibernation limits the bats in consecutive use of hibernacula.
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Loss of roost sites in buildings represents the major threat to Myotis myotis populations in the Czech Republic.
To identify features that may determine roost selection by M. myotis, we compared a range of structural and
habitat variables for 17 maternity roosts and 17 unoccupied, but potentially suitable, buildings in the Moravian
Karst (Czech Republic). Roosts and control sites were mainly in churches and chateaus and all were detached
from the surrounding buildings and uninsulated. The only difference between habitat surrounding roost and
control buildings was that roost buildings had relatively lower amounts of hedges as linear connective features.
Our results suggest that bats do not select building features from among suitable detached and uninsulated
churches and chateaus and that bats tend to select building roosts that are not connected to woodland by hedges.
Protection of roosts is an important conservation issue for female M. myotis and suitable roost sites such as
detached and uninsulated buildings that are not connected to woodland by hedges are important maternity
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During the summer, female greater mouse-eared bats
(Myotis myotis) form nursery colonies, where they give birth
and nurse their offspring. In the southern part of their European
range, nurseries are found in underground cave roosts
(Pandurska 1998; Benda et al. 2003; Rodrigues et al. 2003).
In Central Europe, however, nursery colonies are typically
found in buildings, especially those with large roof spaces such
as church attics and castles (Horacek 1981; Gebhard and Ott
1985; Gaisler et al. 1988, 1990; Bilo 1990; Rudolph and Liegl
1990; Zahn 1999; Pokorny et al. 2003; Handk and Andéra
2006).

Alterations to roost sites in buildings (mainly due to
reconstruction of roof and attic spaces) can affect the survival
of local bat populations (Hutson et al. 2001) and has been
recognized as one of the major threats to M. myotis populations
in the Czech Republic (Hora¢ek and Uhrin 2010). The
widespread use of buildings by bats in Central Europe and
the increasing number of human—bat interactions suggest that
an improved understanding of roost characteristics required by
female M. myotis during the reproductive period is necessary
for their conservation. Moreover, M. myotis is the European bat
species with the highest white nose syndrome (WNS)
prevalence (Pikula et al. 2012; Wibbelt et al. 2013) and
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maternity roosts should play an important role in WNS
transmission (Puechmaille et al. 2011).

The availability of suitable roosting sites is a key factor in
determining the distribution and limiting population size of bat
species (Humphrey and Cope 1976). Various features may
have an important role in the selection and use of a building
roost site by bats. This may include specific structural attributes
of buildings, such as number of exit points (Williams and
Brittingham 1997), exit point size and height from the ground
(Neubaum et al. 2007), the microclimate within the roost (Zahn
1999), an absence of insulation (Moussy 2011), as well as
surrounding habitat characteristics and proximity of suitable
foraging areas (Tuttle 1976), distance to similar roosts
(Neubaum et al. 2007), level of disturbance (Rudolph and
Liegl 1990), and/or risk of predation (Jenkins et al. 1998;
Petrzelkova and Zukal 2003). As such factors have a key role
in understanding the biology of M. myotis, it is important to
assess the extent to which selection of roost sites depends upon
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Fi16. 1.—Study area and location of Myotis myotis maternity roosts and control buildings in the Moravian Karst Protected Landscape Area
(PLA) and its surroundings, Czech Republic in 2001 and 2002. The right map shows the location of the study area in the context of Central
Europe and the Czech Republic. The left map shows the distribution of M. myotis maternity roosts (Ill) and control buildings (o) within the study

area.

characteristics of the buildings themselves or those of the
adjacent landscape.

Several previous studies have investigated features of roosts
occupied by female M. myotis (Stutz and Haffner 1983—1984;
Rudolph and Liegl 1990; Zahn et al. 2006), but none has
compared occupied and unoccupied buildings. The goal of this
study was to investigate roosting preferences of female M.
myotis by comparing construction features and local habitat
characteristics at occupied and unoccupied buildings. We
hypothesized that female M. myotis are selective in their choice
of roost site. Although M. myotis have been widely reported as
using spacious church attics and castles, we predicted that it is
not just the type of building that is important but also its
construction and location (a combination of the habitat features
around the building). Specifically, we investigated which
variables distinguish between occupied and unoccupied
buildings.

MATERIALS AND METHODS

Study area.—This study was undertaken in the Moravian
Karst Protected Landscape Area and its surroundings, the
largest karst region of the Czech Republic, which contains
more than 1,000 natural limestone caves, many including
hibernacula. We surveyed an area of 2,826 km? within a radius
of 30 km around the Katefinska Cave (49°21'N, 16°42'E), one
of the most important bat hibernacula in the region (Zima et al.
1994). The study area was comprised mainly of arable land
42.5%; other cultivation patterns, pastures, and shrubs 10.1%;
coniferous woodland 18.5%; mixed woodland 13.3%; broad-
leaved woodland 6.6%, and artificial (urbanized) areas 8.6%

(Fig. 1).

Methods.—Between May and August 2001, we checked 187
buildings of various types within a radius of 30 km around the
Katefinskd Cave for occurrence of bat colonies. The 187
buildings were selected because they appeared suitable for M.
myotis maternity colonies, and were comprised of 143
churches, 23 chateaus, and 21 other building types. We
identified 17 maternity roosts of M. myotis (Fig. 1). Ten of
these were found during our survey and 7 were known before
2001 (Pokorny et al. 2003). During the maternity season
(between 14 May and 12 June) in 2002, we visited the roosts
and control buildings again to confirm continued presence/
absence of the bats and to assess approximate colony size.

We then randomly selected 17 buildings from the 170 that
we surveyed but in which we found no bats. We measured a
suite of structural attributes and surrounding habitat of the
buildings. All variables we measured are listed in Table 1.
Building characteristics were measured on site during the
checks in 2002. Habitat characteristics were measured using a
combination of CORINE land cover (c.f. Bossard et al. 2000)
and aerial photographs and geographic information system
(GIS) software ArcGIS (ESRI 2010).

Statistical analysis—We examined differences in the
frequency of structural variables between roost and control
buildings using contingency tables. We used Spearman’s
correlation coefficient to assess the relationship between
colony size and habitat variables for the 17 roost sites. To
obtain a better understanding of multidimensionality in the
adjacent habitat data, we carried out principal components
analysis on the standardized habitat characteristics. To avoid
pseudoreplication, 2 of the control buildings were eliminated
from the habitat analysis as they were close to known roosts.
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TasLE 1.—Building and habitat variables of Myotis myotis maternity roosts and control buildings in the Moravian Karst Protected Landscape
Area and its surroundings, Czech Republic. Building characteristics were measured on site in 2002. Habitat characteristics were measured using a
combination of CORINE land cover and aerial photographs and ArcGIS software.

Variables

Description

Building
Type of building
Reconstruction during last 10 years
Relative height of building®
Isolation of building
Exact location of the colony
Orientation of broad sides of roof
Construction material used for roof
Insulation
Height of the loft
Habitation by humans

Yes or no

Yes or no

Surrounding habitat

Meters
Meters

Distance to nearest open water

Distance to nearest block of woodland

Tree lines to woodland

Hedge lines to woodland

Artificial areas including impervious surfaces of urban fabric
Arable land

Pastures, vineyards, orchards, meadows, and shrubs
Coniferous woodland

Broad-leaved and mixed woodland

Church, chateau, other

Dwarfing surrounding houses or not

Detached or nondetached

Loft, church tower, or other

N-S, W-E, NE-SW, NW-SE, or no orientation®
Tile, shingle, or metal

<5mor>5m
Inhabited® or uninhabited

Percentage of trees in the linear element connecting the building to the nearest woodland
Percentage of hedges in the linear element connecting the building to the nearest woodland
Percent cover within 3.5 km of the building

Percent cover within 3.5 km of the building

Percent cover within 3.5 km of the building

Percent cover within 3.5 km of the building

Percent cover within 3.5 km of the building

# Compared with surrounding houses.
® Towers or dome-shaped roofs.
¢ Inhabited = buildings in continual use during the day.

Statistical differences between the roosts and control sites were
assessed by comparing the values of the principal components
(PC1-PC4) using the Mann—Whitney U-test and the F-test (to
compare standard deviations of roost and control buildings—
Manly 1994; Di Ciaccio 2012). We performed post hoc
comparisons on any variables that had high weights (> 0.4) on
significantly different PC axes using a Mann—Whitney U-test
with Bonferroni adjustment (P < 0.01). All statistical analyses
were undertaken using STATISTICA 12 (StatSoft, Inc. 2013).

RESuULTS

We recorded 3,962 M. myotis individuals at 15 localities
between 14 May and 12 June 2002. At 2 roosts, bats could not
be counted accurately as they were inaccessible (Reckovice—
estimated at 20 individuals; Plumlov—estimation impossible
due to presence of fissures in which bats were hidden). Of the
17 sites included in the survey, 5 colonies (including Plumlov)
were classified as small (n < 100 adults), 6 as medium (n =
101-300 adults), and 6 as large (n > 300 adults).

Nine of the roosts were in churches, 7 in chateaus, and 1 in
an old parish house. Roosting sites were usually located in lofts
(76.5%). Three sites were in church towers, and in 1 roost bats
were found hidden in fissures in the wall inside the building.
Thirteen of the control buildings were churches, 3 chateaus,
and 1 school. All buildings were detached, with most of them
(roosts 88.2%, controls 64.7%) being higher than the
surrounding houses and uninhabited (both roosts and controls
88.2%). During the last 10 years, 64.7% of roost buildings and

41.2% of control buildings were reconstructed. The roofs of
50.0% of the 14 occupied buildings (3 church towers not
included) had their broad sides oriented east—west, 28.6%
north—south, and 7.1% northwest—southeast. The roofs of
70.6% of controls were oriented east—west and 17.6%
northeast—southwest. The roofs of 14.3% of the roost buildings
and 11.8% of controls were dome shaped with no orientation.
The most common roof construction materials were ceramic
tiles (roosts 64.7%, controls 82.4%) and metal (roosts 29.4%).
Roof spaces of all buildings were uninsulated. The space
available under the roof was higher than 5 m in 64.3% of roosts
and 64.7% of controls. There were no significant differences in
structural features between roosts and control buildings (Table
2).

TABLE 2.—Comparison of structural variables at 17 Myotis myotis
maternity roosts and 17 control buildings in the Moravian Karst
Protected Landscape Area and its surroundings, Czech Republic.

Variable xv P df.
Type of building 2.327 0.312 2
Reconstruction during last 10 years 1.888 0.169 1
Relative height of building 2.615 0.106 1
Isolation of building”
Orientation of broad sides of roof 9.111 0.058 4
Construction material used for roof 3.360 0.186 2
Insulation®
Height of the loft 0.001 0.981 1
Habitation by humans 0 1 1

# Not tested (all maternity roosts and control buildings were detached and not insulated).
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TasLE 3.—Eigenvalues of the first 4 principal components (PC1-
PC4), percentage of explained variance, factor loadings, results of the
Mann-Whitney U-test (comparing Myotis myotis maternity roosts and
control buildings in the Moravian Karst Protected Landscape Area and
its surroundings, Czech Republic), and F-test results (comparing
standard deviations of roosts and controls).

PC1 PC2 PC3 PC4

Eigenvalue 2.59 1.65 1.56 1.03
% Total variance 28.82 18.28 17.32 1141

Factor loadings—variable:

0.409 —0.261 —0.542 0.242
% Attificial areas 0.246 0.660 —0.609 —0.134
% Arable land 0.698 —0.480 0.458 —0.115
% Other cultivation, pastures and shrubs —0.624 —0.251 —0.577 —0.195
% Coniferous woodland —0.725 —0.440 —0.232 —0.025

Distance to open water

% Broad-leaved and mixed woodland —0.505 0.420 0.392 0420
Distance to woodland 0.833  0.071 —0.299 —0.020
Linear features: tree lines —0.118 0.108 0.212 —0.846
Linear features: hedges 0.044 —0.679 —0.099  0.069

PC scores median: roosts —0.441 0.533 0.241 0.071
PC scores median: control buildings 0.890 —0.475 —0.901  0.208
Mann—Whitney U-test
z 1.284 —2.039 —1.662 0.906
P 0.199 0.041 0.097 0.365
F-test
Fi6.14 1.696 3.235 2.040 3.694
P 0.310 0.027 0.173 0.018

The first 4 PCs accounted for 75.84% of total variance in the
habitat data set (Table 3). PC1 was positively associated with
percent cover of arable land and distance to woodland, and was
negatively associated with percent cover of coniferous
woodland, other cultivation, pastures and shrubs, and broad-
leaved and mixed woodland. PC2 was positively associated
with the percent cover of artificial areas and the percent cover
of broad-leaved and mixed woodland, and was negatively
associated with percent cover of coniferous woodland, percent
cover of arable land, and the percentage of hedges in the linear
landscape features. PC3 was positively associated with percent
cover of arable land, and was negatively associated with
percent cover of artificial areas and percent cover of other
cultivation, pastures, and shrubs within a 3.5-km radius, and
distance to open water. PC4 was positively associated with
percent cover of broad-leaved and mixed woodland and was
negatively associated with percentage of trees in the linear
landscape features.

The only PC axis that differed between roost and control
buildings was PC2 (Table 3). When comparing roost and
control buildings for variables that had high PC loadings, we
found no difference for the percent cover of artificial areas (z =
—0.680, P = 0.497), percent cover of broad-leaved and mixed
woodland (z =—0.944, P = 0.345), percent cover of coniferous
woodland (z = 1.038, P = 0.299), or percent cover of arable
land (z = —0.566, P = 0.571). The only difference we found
was that percentage of hedges in the linear landscape elements
connecting the building to the nearest woodland was lower for
roost buildings than for control buildings (z = —2.720, P =
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0.007; roosts: median = 0%, range 0—16.4%, controls: median
= 10.2%, range 0-37.8%). In addition, the standard deviation
differed between roosts and control buildings for PC2 and PC4.
Control buildings were more variable than roost buildings on
PC2, whereas the opposite was true for PC4 (Table 3). Post hoc
F-tests on variables that had high PC2 loadings showed that
controls were more variable in the percent cover of artificial
areas (F14,16 = 4.843, P =0.004) and the percentage of hedges
as linear landscape features (Fy416 = 6.533, P = 0.001). We
found no difference between roosts and controls when
comparing individual variables that had high PC4 loadings
with F-tests: percent cover of broad-leaved and mixed
woodland (Fy614 = 2.050, P = 0.184) and percentage of trees
as linear landscape features (Fy614 = 1.430, P = 0.507).

We found no significant relationship between colony size
and habitat variables at any of the 17 roosts (Spearman’s rank
correlation; Table 4).

DiscussioN

In general, the features of buildings containing M. myotis
maternity colonies in our study were consistent with the results
of previous studies (Stutz and Haffner 1983-1984; Rudolph
and Liegl 1990; Rodrigues et al. 2003; Zahn et al. 2006). It is
likely that the preference shown for spacious attics in
uninhabited buildings (e.g., castles and churches) and church
towers is connected with an absence of human disturbance
(Rudolph and Liegl 1990). However, it may also be that
inhabited buildings are usually kept in a better state of repair
and lack suitable access points (Schofield 1996). Further, the
larger space and height of attics probably offer wider
temperature gradients and bats may take advantage of a variety
of temperatures by moving within the attic (Humphrey and
Cope 1976; Zahn and Henatsch 1998; Zahn 1999; Rodrigues et
al. 2003). Although prevailing southerly roof exposures may be
an artifact of the typical construction method of churches (i.e.,
east—west alignment), they may also influence temperatures in
the roof space during the day, and help to retain heat, which
benefits bats during the reproduction period. Indeed, high
average roost temperatures are known to favor juvenile
development (Zahn 1999) and survival (Audet 1990), with

TABLE 4.—Spearman rank order correlation between Myotis myotis
colony size and habitat variables at the 17 occupied roosts in the
Moravian Karst Protected Landscape Area and its surroundings,
Czech Republic, during the maternity season, 14 May—12 June 2002.

Variable T P
Distance to woodland —0.098 0.727
Linear features: tree lines 0.264 0.342
Linear features: hedges —-0.270 0.331
Distance to open water 0.050 0.859
% Artificial areas —0.252 0.365
% Arable land 0.088 0.756
% Other cultivation, pastures, and shrubs —0.148 0.598
% Coniferous woodland 0.136 0.628
% Broad-leaved and mixed woodland —0.084 0.766
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larger juvenile M. myotis at the end of summer having a higher
survival rate over the winter.

Analyses of building variables provided no support for our
hypothesis on the role of building structure in the selection of
roost site. However, the absence of any difference between
buildings containing maternity colonies and those unoccupied
does not necessarily mean that M. myotis were not selective in
their choice of roost site with respect to the structural attributes
of the building. As we focused on M. myotis maternity roosts,
our study was biased toward looking for certain types of
buildings that were potentially suitable for nursery colonies.
Consequently, the control sample probably also contains
buildings that are available to bats as potential roosts in terms
of the construction features monitored. This preselection makes
statistical differences between roosts and controls difficult to
detect.

However, not all potential roost sites may be suitable for
long-term use by bats. Rates of survival and fecundity of bats
using unsuitable sites may be inadequate to sustain a viable
population (Brigham and Fenton 1986). Intensive roost
investigation in the area under study revealed that 50.5% of
222 building roof spaces contained live bats (individuals or
colonies) or fresh bat droppings (indicating that the building is
accessible to bats and sometimes used by them) of 9 bat
species, though only 7.7% of buildings were occupied by M.
myotis nursery colonies (Pokorny et al. 2003). The rest were
solitary males, individuals, or colonies of other species, or
fresh droppings. In Germany, M. myotis roosts were found in
83% of 360 buildings investigated (churches and castles) in an
area of 4,000 km?; however, nursery colonies were only found
at 22 locations (6.1%), the rest being roosts of solitary males
(Zahn et al. 2006). In addition to male roosts, the other
buildings might also represent alternative roosts, or suboptimal
roosts inaccessible as M. myotis nursery colonies. A limiting
factor for nursery colonies could potentially be the number or
size of exit points (Neubaum et al. 2007; Williams and
Brittingham 1997), which is difficult to assess in an
unoccupied building, as we cannot observe bats using them.

Analyses of habitat variables provided limited support for
our hypothesis on the role of surrounding habitat in the
selection of roost site, suggesting that building occupation is
unlikely to be random. Relative to controls, roost sites were
only associated with a lower percentage of hedges as linear
landscape features. In addition, this result is limited because
PC2 explains only 18% of the variation in the multidimen-
sional data set. Several studies have shown an importance of
linear vegetation features and habitat continuity to bats
(Limpens and Kapteyn 1991; Walsh and Harris 1996; Jenkins
et al. 1998; Downs and Racey 2006; Moussy 2011). Studies
that make a distinction between hedgerows and tree lines find
positive associations with tree lines more often than with
hedgerows, and suggest that landscape context may influence
the use of hedgerows (Walsh and Harris 1996; Downs and
Racey 2006). The strength of association between bats and
linear features varies among species (Boughey et al. 2011).
Tree lines probably provide more benefits to the bats than other
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linear elements. Apart from facilitating the orientation of bats,
they are associated with high insect densities and appear to
have a role in feeding in some species (Limpens and Kapteyn
1991; Downs and Racey 2006). Trees provide protection
against wind and may provide cover from predators and allow
bats to emerge earlier, thus prolonging evening foraging time
and efficiency (Entwistle et al. 1996; Jenkins et al. 1998). The
linear elements with relatively higher percentage of shrubs
connecting unoccupied control buildings to the nearest
woodland could probably not provide sufficient cover from
aerial predators and/or wind during commuting to foraging
areas. Controls were also more variable in the percentage of
hedges as linear landscape features. However, when interpret-
ing the biological importance of this variable for M. myotis we
should take into account that the variable is interconnected with
the percentage of trees in the linear element connecting the
building to the nearest woodland, although the higher
percentage of trees connecting roosts was not statistically
significant, and the median values of the percentage of hedges
for both roosts and controls were very low (representing 0.0%
and 10.2%, respectively, of the length of the linear element
connecting the building to the nearest woodland).

Despite differences in foraging strategies, woodland habitat
is an important factor influencing roost selection and
population density in many bat species (Walsh and Harris
1996; Entwistle et al. 1997; Moussy 2011), including M.
myotis (Zahn et al. 2006). Zahn et al. (2006) found a
correlation between M. myotis population density in southeast-
ern Bavaria, Germany, and percent area of mixed forest within
a 10-km radius of the roosts. Interestingly, we did not find any
relationship between colony size and the percent cover of
broad-leaved and mixed woodland, nor a selection of buildings
with higher percent cover of broad-leaved and mixed woodland
within a 3.5-km radius. Arlettaz (1996), however, characterized
M. myotis as an opportunistic predator that maximizes its
average rate of food intake by switching to habitats offering
more abundant or profitable prey. The overall character of the
surrounding landscape, as well as the way the land is managed
(especially arable land), can have a strong influence on the
distribution and abundance of preferred prey up to 3.2-8.7 km
from the roost (average distance to foraging sites according to
Drescher [2004] and Arlettaz [1995]) and, therefore, may play
a significant role in the selection of roost sites. The landscape
surrounding maternity roosts in the study area is probably
diversified to such an extent that it does not have a significant
effect on the choice of roost sites. Furthermore, maternity
roosts of M. myotis are generally interconnected and members
of a given colony may for a short time use other roosts in the
vicinity of their own roost (Horacek 1981; Zahn 1998). What is
more, they are capable of moving long distances (up to 25 km)
from the nursery roost over a short period of time.

Maternity roost sites are critical to species persistence as
they contain most of the adult females in a population and,
presumably, all the young of the year (Threlfall et al. 2013).
The majority of buildings suitable for M. myotis nursery
colonies in the study area are in need of structural repair and
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we are concerned that these roosts may soon disappear.
Brigham and Fenton (1986) observed that, after eviction of
Eptesicus fuscus from their maternity roosts, the bats were able
to move short distances to new roosts but they then tended to
produce fewer offspring. From the perspective of M. myotis
conservation, therefore, significant changes to roost sites or
exclusion of the colony from well-established roosts should be
avoided.
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Seasonal changes in flight activity of bats at the entrance of the Katefinska cave revealed by
an automatic monitoring system. Double infrared light barrier was used to monitor flight activity of
bats at the entrance of a natural karstic cave (Katefinska cave, Czech Republic). The system allowed
discrimination between the bats leaving and entering the cave. Individual species could not be
distinguished. How-ever, it is known from a previous study (Rehak et al. 1994) that Myotis myotis,
M. emarginatus, M. daubentonii, M. nattereri and M. bechsteinii are the five most abundant bat species.
Five periods were defined on the basis of the amount of bat flight activity: (A) Hibernation period (Novem-
ber — late March), with very low activity. (B1) Departure period 1 (late March — mid April), with intensive
departures during the first quarter of the night. (B2) Departure period 2 (mid April — beginning of June),
with departure activity in the first quarter, and a small number of bats entering the cave in the fourth
quarter of the night. The peak of activity was in the second quarter of the night. (C) Summer period (mid
June — mid July), with low activity. (D) Autumn period (late July — late October), with very high activity
and increasing number of bats entering the cave. The peak of activity was around midnight. There was
a positive correlation between the number of bat passes through the entrance and the outside ambient
temperature, and a negative correlation between the number of passes and air pressure. Rain had no
significant effect on the level of bat activity.

Bat flight activity, cave, IR light barrier, Moravian Karst

Uvod

Jeskyné Moravského krasu jsou vyznamnym a tradiéné sledovanym zimovistém netopyri. Pozor-
nost byla vénovana predevsim vyzkumu uvnitf jeskyni (sledovani dlouhodobého vyvoje pocetnos-
ti netopyru, ale i sezonni dynamice a ekologii netopyrit béhem hibernace) (napt. Gaisler 1975,
Bauerova & Zima 1988b, Bauerova et al. 1989, Rehak et al. 1994, Zima et al. 1994). Vyzkum
letové aktivity netopyrd zahajil teprve v roce 1971 Gaisler (1973, 1975), ktery poprvé pouzil
k odchytu narazové sité. Sité byly exponovany pted vchody jeskyni a nad fickou v jizni ¢asti
Moravského krasu. V 80. letech sledovali aktivitu netopyrt u vehodi jeskyni Hladomorna a Byc¢i
skala Bauerova & Zima (1988a, b). Jejich publikované vysledky jsou souhrnem tdajii z n€kolika
sez6n. V 90. letech navézali na piedchozi vyzkumy Rehak a Zukal, kteii sledovali letovou aktivitu
nejen u jeskynnich vchoda, ale i na jinych biotopech (Rehdk et al. 1994, Rehak 1995).

Pouziti siti nebo odchytovych kleci v§ak miZe mit rusivy vliv na odchycené netopyry. Jednou
odchyceni netopyfi se po vypusténi sitim vyhybaji (LaVal & LaVal 1980). Stres vyvolany odchy-
tem a manipulaci s netopyry nékdy mutize vést k opusténi lokality. Dochazi tak k podhodnoceni
intenzity letové aktivity ve srovnani s pfirozenym stavem (Kunz 1973). Odchytové metody jsou
také druhové selektivni. Snaze ulovitelné jsou druhy s mensi manévrovaci schopnosti (Rehak
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1995). Efektivita odchytu se také snizuje s rostouci dobou expozice siti. Intenzita letové aktivity

v pozd¢jsich noénich hodinach proto mize byt podhodnocena.

Cilem prace bylo sledovat letovou aktivitu ve vchodu do jeskyné a jeji zmény béhem noci
a roku bez ruseni netopyrti a posoudit vliv klimatickych faktorti na pfirozenou letovou aktivitu
netopyra.

Popis lokality, material a metodika

Katetinska jeskyné se nacha21 v severni ¢asti Moravského krasu pfi Gsti Suchého zlebu do tdoli Punkvy. Jeji zemépisné
soufadnice jsou 49° 217 s. §. a 16° 48’ v. d., &tverec zoologického mapovani CR 6666.

Jediny vchod do ]eskyne je orientovan na jihozapad a lezi v nadmoiské vysce 345 m. Je tvofen vysokym ,,gotickym*
portalem, nad nimz je skalni sténa. Vstupni ¢ast jeskyné, tzv. Pfedsin, je uzaviena Zeleznou branou, v jejiz horni &asti je
vletovy otvor 2518 cm. Nasleduje asi 55 m dlouha Chodba, na kterou navazuji tii velké Domy. Cela jeskyné je dlouha
cca 500 m.

Na zaklad¢€ odchytii do narazovych siti bylo zjisténo, ze Myotis myotis, M. nattereri, M. bechsteinii, M. daubentonii
a M. emarginatus jsou eudominantnimi druhy spole&enstva netopyrii vyuZivajiciho vchod Katefinské jeskyné (Rehak et
al. 1994). Letova aktivita netopyrt u vchodu do jeskyné byla sledovana v obdobich od 1. 10. 1997 do 6. 10. 1998 a od
31. 3. 1999 do 26. 10. 1999 v piiblizné¢ 14 dennich intervalech. Z celkového poctu 45 noci byla spolehliva data ziskana
pro 40 noci. Kvili technickym zavadam monitorovaciho zafizeni, které byly zpisobeny hlavné vysokou vlhkosti vzduchu
v jeskyni, bylo vyfazeno 5 pozorovani.

Na vyletovy otvor byla instalovana infracervena priletova brana s datovym zaznamnikem. Zatizeni se sklada ze
2 emitort infraderveného svétla (IC LED diod) a 2 fototranzistort umisténych naproti sob&. Proletujici netopyr prerusuje
paprsky IC svétla. Podle pofadi preruseni paprskil Ize rozlisit smér letu netopyra. Podty vleti a vyletd byly ukladany do
paméti pocitadla a kazdou celou hodinu odecitany. Sledovani byla zahdjena vzdy pied zdpadem Slunce a ukoncena po
vychodu Slunce.

Za miru letové aktivity je povazovan poéet zéznamu na poéitadle (tj. pocet vlet a vylet, piipadné jejich soucet).
Pro hodnoceni letové aktivity v priib&hu noci byla perioda mezi zapadem a vychodem Slunce rozdé€lena do Ctyft stejné
dlouhych useki. Casové idaje jsou uvadény ve stfedoevropském Gase (SEC).

Byl testovan vliv nasledujicich klimatickych faktort na letovou aktivitu: T — primérna teplota dne sledovani, TLAK
— prumérny atmosféricky tlak dne sledovani a stav srazek ve 2 stupnich (0 — bez srazek, 1 — dést’). Pouzity byly udaje
z meteorologické stanice v Botitové (11 km severozapadné od Katefinské jeskyng).

Jednotlivé noci byly na zaklad¢ hodnot letové aktivity (soucet vletii a vyletli za noc) rozdéleny pomoci shlukové
analyzy (UPGMA, euklidovské vzdalenosti). Pomoci k-means shlukové analyzy bylo dale rozdéleno jarni obdobi (B)
na dvé ¢asti na zakladé rozlozeni aktivity v pribéhu noci (Berkova & Zukal, in prep.). Protoze hodnoty letové aktivity
mély nenormalni rozloZeni, byly pfi statistickém hodnoceni pouZity neparametrické alternativy testti (Mann-Whitneyav
test, Kruskal-Wallistv test). Korela¢ni vztahy byly popsany pomoci Spearmanova koeficientu pofadové korelace. Jako
kriticka hranice zamitnuti hypotézy byla povazovana hodnota p<0,05. Vypoéty byly provadény s pouzitim programu
Statistica for Windows 6.0.

Vysledky

Sezonni zmény letové aktivity

Letova aktivita netopyrti u vechodu do jeskyné podléha sezonnim zménam (obr. 1). Podle vysled-
ki shlukové analyzy (Berkova & Zukal in prep.) a s ohledem na ro¢ni cyklus aktivity netopyrt
byla vy¢lenéna 4 obdobi: A: 5. 11. —25. 3. s velmi nizkou az nulovou aktivitou béhem hibernace;
B: 31.3.-9. 6. s vyssi aktivitou béhem jarnich pieletd; C: 17. 6. — 15. 7. s nizkou aktivitou; D:
29.7.—26. 10. charakterizované vysokou letovou aktivitou. Rozdily v letové aktivité v jednotli-
vych obdobich jsou statisticky vyznamné (Kruskal-Wallistv test: H;=31,052, p<0,0001, n=40)
(obr. 2).
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Obr. 1. Sezonni zmény letové aktivity netopyri v obdobi fijen 1997 — fijen 1999
Fig. 1. Seasonal variation in bat flight activity in the period October 1997 — October 1999.
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Tab. 1. Zmény letové aktivity v pribéhu noci. Vysledky Kruskal-Wallisova testu (H), v zavorce je uveden pocet
stupnid volnosti; p = pravdépodobnost; n = velikost vzorku

Tab. 1. Night variation in flight activity. Results of Kruskal-Wallis test (H), degrees of freedom are given in
brackets; p = probability; n = sample size

obdobi / period H (d.f.=3) p n
A 6,287 0,099 44
B1 13,384 0,004 20
B2 15,588 0,001 28
C 5,891 0,117 16
D 18,978 <0,001 52

Letova aktivita v priibéhu noci

Priibéh nocni letové aktivity netopyri se béhem sezény méni. V zimé (obdobi A) a v 1ét€ (obdobi
C) nenfi statisticky vyznamny rozdil v rozloZeni aktivity ve 4 ¢astech noci. V jarnich obdobich
(B1 aB2) ana podzim (D) je tento rozdil vyznamny (Kruskal-Wallistv test, tab. 1). V obdobi B1
(31. 3. - 15. 4.) je nejvyssi aktivita v prvni ctvrtin€ noci a pak klesa. Pficemz se hodnoty letové
aktivity v 1. ¢tvrtin€ noci se vyznamné 1isi od vSech ostatnich ¢asti noci (Mann-Whitneytiv test:
1 & 2: z=-2,611, p=0,009; 1 & 3: z=-2,611, p=0,009; 1 & 4: z=-2,611, p=0,009). Daéle se od
sebe lisi Casti 2 a 4 (z=-2,193, p=0,028). V obdobi B2 (22. 4. — 3. 6.) je aktivita rozloZena vice
rovnomé&mé s maximem ve 2. &tvrting. Ctvrta perioda se lisi od viech predchozich &asti noci

600

pod&et zdznaml za noc / number of records per night

obdobi roku / season part

Obr. 2. Mediany letové aktivity netopyrt ve ¢tyfech obdobich roku (A az D).
Fig. 2. Medians of flight activity in four season parts (A to D).
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a prvni Ctvrtina se 1i8f od druhé (4 & 1: z= 2,811, p=0,005; 4 & 2: z=-3,131, p=0,002; 4 & 3:
z=-2,428,p=0,015; 1 & 2: z=-2,108, p=0,035). V obdobi D je nejvyssi aktivita uprostied noci.
Casti 2 a 3 se statisticky vyznamné lisi od ¢asti 1 a4 (2 & 1: z=-3,282,p=0,001; 3 & 1: z=-2,949,
p=0,003; 2 & 4: z=-0,103, p=0,002; 3 & 4: z=-2,743, p=0,0006) (obr. 3).

Vletova a vyletova aktivita

Smér letové aktivity se méni v pribéhu roku v navaznosti na zivotni cyklus netopyrti. Na jafe
(obdobi B) prevazuji vylety z jeskyné, na podzim (D) naopak vlety do jeskyné. V zimé a v 1été
(obdobi A a C) je aktivita celkové velmi nizk4, pii kontrolach prevazovaly vylety (obr. 4).

V obdobi B1 dochazi v 1. ¢asti noci k intenzivnim vyletim. Ve zbyvajicich ¢astech je aktivita
velmi nizka a prevazuji vlety. V obdobi B2 je v 1. ¢asti noci pomérné vysoka vyletova aktivita
a v posledni periodé se ¢ast netopyrii vraci do jeskyné. V prvni ¢asti noci obdobi C vylétava jen
velmi maly pocet netopyru. V 2. ¢asti netopyfii vlétavaji do jeskyné a vylétavaji ve 3. ¢asti. Na pod-
zim (obdobi D) netopyfi prilétaji v 2. ctvrtin€ noci a ¢ast z nich jeskyni ve 3. a 4. ¢asti opousti.

Vliv klimatickych faktori na letovou aktivitu

Pro testovani vlivu klimatickych faktord jsou pouzity pouze hodnoty celkové aktivity (soucet
vletl a vylet) v jednotlivych nocich v obdobi od 1. 10. 1997 do 26. 10. 1999. Aktivita netopyrt
koreluje s primérnou teplotou dne sledovani (r=0,674, p<0,001, n=40). Déle byl zji§tén vyznam-
ny negativni vztah mezi aktivitou netopyrd a primérnou hodnotou atmosférického tlaku v den
pozorovani (r=-0,359, p=0,023, n=40).
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Obr. 4. Mediany vletové a vyletové aktivity ve ¢tyfech obdobich roku (A az D).
Fig. 4. Medians of inflights and outflights in four season parts (A to D).
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Po rozdéleni dat do jednotlivych obdobi (A az D) v§ak nebyl zjistén statisticky vyznamny vztah
mezi klimatickymi faktory a letovou aktivitou.

Vliv srazek na letovou aktivitu byl testovan pouze v obdobi B (B1 a B2 dohromady) a D (veli-
kost vzorku z obdobi A a C byla nedostate¢nd). Bylo zjisténo, ze dést’ nema na aktivitu netopyrt
ve vchodu do jeskyné vliv (Mann-Whitneyiv test: obdobi B: z= —0,568, p=0,570; obdobi D:
z=-0,439, p=0,661).

Diskuse

Letova aktivita netopyri u vchodu do Katetinské jeskyné byla sledovana pomoci infracervené
priletové brany. Podobné pfistroje byly pouzity ke sledovani aktivity netopyrti na zimovistich
napt. v Nizozemi a Dansku (Daan 1970, 1973, Degn et al. 1995). Jejich vyhodou je, Ze neovliviiu-
ji pfirozenou aktivitu netopyrd. Pouzitd metoda vSak neumoziiuje rozlisit, které druhy netopyra
jsou aktivni, a proto lze infracervenou priiletovou branu kombinovat s detektorem ultrazvuku,
fotoaparatem nebo videorekorderem. Pouziti blesku vSak ovliviiuje ptirozené chovani netopyra
(Daan 1970, Ransome 1990). Daan (1970) navic ptipousti, ze identifikace druhti na fotografiich
neni piili§ spolehliva. Pocet zaznamt na pocitadle priletové brany miiZeme povazovat za miru
letové aktivity, ktera vSak nemusi odpovidat poc¢tu aktivnich netopyrd. Nékteti jedinci totiz mohou
proletét vyletovym otvorem nékolikrat tam a zpét.

Intenzita letové aktivity netopyrii u vchodu do Katefinské jeskyné se méni v zavislosti na
obdobi roku. Tyto zmény souvisi s roénim cyklem netopyri a jejich ekologickymi naroky. Vzhle-
dem k celkovym klimatickym pomériim oblasti nejsou jeskyné Moravského krasu vhodné pro
letni kolonie samic a mlad’at netopyrt a zddna takova kolonie také neni z jeskyni Moravského
krasu znama. Pro mnoho druhl netopyrt jsou vSak vyznamnymi zimovisti (Zima et al. 1994).
Proto je maximum letové aktivity zaznamendno v obdobi jarnich a zejména podzimnich pieletd.
Podobné sezénni zmény v aktivité netopyrti u vehodt do jeskyni a $tol v CR byly zaznamenany
i pii odchytech do siti (Horadek & Zima 1978, Bauerova & Zima 1988a, Andéra et al. 1992, Rehak
et al. 1994, Rehak 1995, Hanzal & Priicha 1996).

Na jate (obdobi B) dochazi k intenzivnim vyletim ze zimovisté. V obdobi B1 (brzké jaro)
je nejvyssi aktivita v 1. ¢tvrtin€ noci, kdy z jeskyné vylétava velky pocet netopyri, pak troven
aktivity klesa. Podobny priibéh aktivity pozorovali napi. Degn et al. (1995) a Rehak (1995).
Aktivita je relativné vysoka az do poloviny ¢ervna (obdobi B2). Nejintenzivngjsi vylety pro-
bihaji opét v 1. ¢tvrtin€ noci, maximalni aktivita je ale az ve 2. ¢tvrtin€. V posledni ¢asti noci
pievazuji vlety do jeskyné&. Toto chovani naznacuje, ze jeskyné je vyuzivana i jako prechodny
ukryt pii jarnich migracich a pravdépodobné také samci v dobé&, kdy samice jiz vytvareji letni
kolonie. Na zimovisti v Dansku Degn et al. (1995) zaznamenali aktivitu také jest¢ v obdobi od
poloviny kvétna do poloviny Cervna. Na stejné lokalité Degn (1989) zjistil, Ze tito netopyfi byli
samci Myotis daubentonii. VE&t§ina z nich navstivila dil pouze jedenkrat v daném obdobi, takze
se ziejme jednalo o jakysi druh pfechodného ukrytu. Skiba (1987) pozoroval masovy vylet
Mpyotis daubentonii ze zimovisté ve §tolach v zapadnim Harcu v bieznu a v dubnu. V této dobé,
vyuzivany jako ptechodny ukryt.

Od poloviny ¢ervna do konce ¢ervence (obdobi C) byla aktivita u vchodu Katetinské jeskyné
velmi nizka. V 2. ¢asti noci nékolik netopyra vletuje do jeskyné a ve 3. ¢asti ji zase opousti. Tento
typ aktivity nasvéd¢uje tomu, ze maly pocet jedinci pravdépodobné vyuziva jeskyni jako prechod-
ny noc¢ni ukryt mezi vrcholy lovecké aktivity (Schofield 1996). Pro vchody jeskyni je v letnim
obdobi charakteristické téméi vyhradni zastoupeni samci (Bauerova & Zima 1988a, Whitaker
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& Rissler 1992a, Degn 1989, Rehdk 1995). Dospélé samice Ziji v této dobé v letnich koloniich,
kde se rodi a jsou odchovavana mlad’ata. Béhem obdobi laktace se samice mezi vrcholy lovecké
aktivity vraceji do matefské kolonie a no¢ni ukryty vyuzivaji jen sporadicky a kratce (Anthony
etal. 1981).

Na konci Cervence se aktivita za¢ind zvySovat v souvislosti s rozpadem letnich kolonii. U vcho-
di jeskyni se zacinaji objevovat adultni samice a juvenilni jedinci (Horaé¢ek & Zima 1978, Rehak
1995). Koncem léta a za¢atkem podzimu (obdobi D) dosahuje aktivita maximalnich hodnot.
Vrchol letové aktivity je posunut az do doby kolem ptilnoci a v druhé ¢asti noci netopyfi vlétavaji
do jeskyné. Ve tieti a ve srovnani s ostatnimi obdobimi i ve ¢tvrté ¢asti je aktivita jeSté znacné
vysoka, nevyrazné prevazuji vylety. Hall & Brenner (1965, 1968) také zaznamenali béhem
srpna nejvyssi aktivitu u jeskyné uprostred noci (mezi 22:00 a 24:00 hodinou). Netopyfi Casto
prilétavali v malych skupinkach (2 az 12 jedincit). Kazdou noc vlétavala do jeskyné jina skupina
netopyru a vylétavala pted rozednénim, takze pfes den se v jeskyni netopyii vétSinou nevysky-
tovali. Podobné chovani netopyrii jsme zjistili v Katefinské jeskyni (nepubl. udaje). Podzimni
aktivitau vchodi jeskyni pravdépodobné umoziiuje sezndmeni juvenilnich jedinct s potencialnimi
zimovisti a setkani jedinct opacného pohlavi, ktefi v letnim obdobi Ziji oddélené (Fenton 1969,
Cope & Humphrey 1977). Davis & Hitchcock (1965) vidi jeho vyznam v kone¢ném vybéru
Zimoviste.

Béhem listopadu aktivita klesa a do zacatku unora je téméf nulova. Velmi nizka zlstava az do
konce biezna, jen ziidka dochazi k vyletim z jeskyné (obdobi A). PreruSeni letargie mtize byt
vyvolano zménou podminek vnéjsiho prostiedi, fyziologickym stavem hibernujiciho netopyra,
ptipadné pfimym vyruSenim (Speakman & Racey 1989, Thomas 1995). Aktivita netopyri mimo
ukryt béhem hibernacniho obdobi je ¢astecné uréend druhem netopyra a zejména klimatickymi
podminkami, kterym jsou jedinci vystaveni (Daan 1973, Park et al. 1999). Netopyfi mohou
v prubéhu zimy i pfelétavat na jina zimovisté (Ransome 1968, Bogdanowicz & Urbanczyk 1983,
Masing 1987). V oblastech s mirngjsi zimou, kde se obcas vyskytuji periody s maximalni denni
teplotou piesahujici 6 °C, mohou alespori nékteti jedinci n€kterych druhti lovit (Ransome 1990).
Speakman & Racey (1989) povazuji za primarni funkci vylet z tikrytu doplnéni vody.

Byla prokéazana pozitivni korelace mezi letovou aktivitou netopyrti u vchodu do Katefinské
jeskyné a primérnou teplotou dne sledovani. Nizké primérné denni teploty vysvétluji zatazeni
dvou podzimnich pozorovani (6. 10. 1998 a 22. 10. 1997) pti shlukové analyze mezi zimni
a jarni kontroly, kdy je aktivita nizka (Berkova & Zukal in prep.). Dale byl zjistén statisticky
vyznamny negativni vztah mezi aktivitou netopyrti a primérnou hodnotou atmosférického tlaku
v den pozorovani (cf. Nagel & Nagel 1993). Rehak (1995) zjistil pfi odchytech do siti pred
vchody jeskyni pozitivni korelaci mezi teplotou a poctem aktivnich netopyrt jen u nékterych
druht (M. myotis, M. emarginatus, M. bechsteinii a Barbastella barbastellus). Druhy M. nat-
tereri a R. hipposideros se b&ézné vyskytovali i pii relativné nizkych teplotach. Prokazal také
negativni vztah mezi aktivitou M. myotis a atmosférickym tlakem a pozitivni mezi aktivitou
R. hipposideros a atmosférickym tlakem. Aktivita netopyrd u vchodu Katefinské jeskyné byla
zaznamenana i pii teplotach nizsich nez 0 °C (cf. Ransome 1968, Skiba 1987, Whitaker &
Rissler 1992b, Baron 2000).

Vliv srazek na letovou aktivitu nebyl potvrzen. Fenton (1969) naopak zjistil znatelny vliv
srazek na podzimni aktivitu netopyrti u jeskyné. V piipadé Katetinské jeskyné ma nepochybné
vliv umisténi vletového otvoru az za prostornou Predsini, kde jsou netopyfi pred destém chra-
néni. Ani pti odchytech do siti (Rehak 1995) se totiz vliv srazek na aktivité netopyri v portalu
neprojevil.
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Flight activity of bats at the entrance of a natural cave
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Activity patterns of bats were investigated at the entrance of a natural karstic cave (Katefinska cave, Czech
Republic). The activity was recorded automatically with a double infrared light barrier allowing discrimination
between those bats leaving and those entering the cave. Five periods were defined on the basis of bat flight
activity: A) Hibernation period (November—late March), with very low activity; B1) Departure period 1 (late
March-mid April), with intensive departure during the first quarter of the night; B2) Departure period 2 (mid
April-beginning of June), with emergence activity in the first quarter, and a small number of bats entering the
cave in the fourth part of the night. The peak of activity was in the second part of the night. C) Summer period
(mid June-mid July), with low activity. D) Autumn period (late July—late October), with very high activity and
increasing number of bats entering the cave. The peak of activity was around midnight. All periods showed
a non-random temporal distribution and a concentration of flight activity around specific time. There was
a positive correlation between the number of bat passes through the entrance and outside ambient temperature
and a negative correlation between the number of passes and barometric pressure. Rain had no significant effect

on the level of bat activity.

Key words: flight activity, caves, seasonal changes, IR light barrier

INTRODUCTION

The caves in the area of Moravian Karst
belong to the most important hibernacula of
bats in Europe. Although some of them
have been studied for the longest time in
the Czech Republic, the research has main-
ly been focused on the long-term monitor-
ing of the numbers of bats (Zima et al,
1994). A few studies on the seasonal dy-
namics and ecology of bats during the hi-
bernation period have also been produced
(Gaisler, 1970, Bauerova and Zima, 19885,
Rehék ef al., 1994). In 1971, J. Gaisler ini-
tiated the research of flight activity in the

non-hibernation period, using mist nets to
capture bats (Gaisler, 1973, 1975). In the
1980s, Bauerova and Zima (1988a, 1988b)
carried out a mist netting study of bats at
two cave entrances. However, their publish-
ed results are a summary of data from sev-
eral seasons. In the 1990s, Z. Rehak and
J. Zukal continued the research of flight
activity in different habitats, using mist
nets and ultrasound detectors (Rehak et al.,
1994; Rehak, 1995).

However, using mist nets or harp-traps
involves disturbance of bats. Stress caused
by capturing the bats and manipulating with
them may result in leaving the locality and
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thus underestimation of the intensity of
flight activity in comparison with the natu-
ral state (Kunz, 1973). Once trapped, the
bats try to avoid the nets (LaVal and LaVal,
1980) and effectivity of netting decreases
with increasing time of nets exposition (Re-
hak, 1995). The trapping methods are also
species selective, as the species with less
flight manoeuvrability are easier to catch
(Francis, 1989; see also Berry et al., 2004).
The use of automatic recording devices can
remove these problems. The main drawback
is their inability to distinguish individual
bats, or even species (Ransome, 1990).
However, this is a minor problem if we fo-
cus on the activity of the bat community as
a whole.

The aim of this study was to monitor the
natural pattern of flight activity of bats at
a cave entrance without any disturbance and
to evaluate its changes in the course of
a year. We predicted that the overnight dis-
tribution of activity depends on the time of
a year and tested the hypothesis that the ac-
tivity is concentrated around specific time
(i.e., is non-random) during the whole year.
The influence of climatic factors on the lev-
el of bat flight activity was also tested.

MATERIALS AND METHODS

Activity of bats was investigated at the entrance
to Katetinska cave, which is a natural limestone cave
situated in the northern part of the Moravian Karst
Protected Landscape Area, Czech Republic (49°21°N,
16°48’E). It is an important hibernaculum in the area.
The overall length of the cave is about 500 m and it
consists of 55 m long corridor and three large domes.
An iron gate with a hole (25 x 20 cm) in its upper part
closes the only entrance to the cave. Typical species
of the community of bats hibernating in the Katefin-
ska cave are Myotis myotis and Rhinolophus hippo-
sideros (over 80%). Although Myotis emarginatus,
M. daubentonii, M. nattereri and M. bechsteinii are
rarely found hibernating inside the cave, they are eu-
dominant in both autumn and spring netting samples
from the cave entrance (f{ehék et al., 1994).

The study was carried out between 1 October
1997 and 26 October 1999. Bat movements through

the hole in the iron gate were monitored automatical-
ly with a double infrared light barrier and datalogger,
once every fortnight. Each recording started before
sunset and ended after sunrise. Reliable data were col-
lected for 40 nights. The recording system consisted
of two infrared light emitters (diodes) and two re-
ceivers (phototransistors). This technique allows dis-
crimination between those bats leaving and those en-
tering the cave. However, it does not allow species
identification of active bats. The numbers of in-flights
and out-flights were stored in the datalogger and read
at hourly intervals. As the bats can fly in and out
through the entrance hole several times, the number
of bat passes does not need to be equal to the number
of active bats. However, it was used as a measure of
activity. The main problem was high cave air humid-
ity that was causing repeated equipment failures due
to corrosion of connectors and other metal compo-
nents of the datalogger or water condensation on the
infrared light emitters. Because of these technical
problems five nights out of 45 had to be omitted from
activity analyses.

The individual nights were grouped by using the
cluster analysis (UPGMA, Euclidean distances), ac-
cording to the level of flight activity (sum of inflights
and outflights per night — Fig. 1). Three nights of
sampling were included in different periods than
expected. For the subsequent analyses we put
29.07.1998 into the period C, and 06.10.1998 and
22.10.1997 into the period D (see also Discussion).
As the overnight activity pattern changes during the
period B, although the amount of activity remains the
same, K-means clustering was used to minimise the
variability and two clusters (B1 and B2) of greatest
possible distinction were produced, on the basis of ac-
tivity distribution during the night. To assess the tem-
poral distribution of activity during the night, nights
(i.e., the time between sunset and sunrise) were di-
vided into four periods of equal length. Nonpara-
metric tests (Mann-Whitney U-test, Kruskal-Wallis
ANOVA, Wilcoxon matched pairs test) were used, as
data could not be normalised.

Nonparametric Rayleigh’s test and Moore’s R’
test for randomness of the distribution around a circle
were used to test whether there was a bias in the tem-
poral distribution of activity (Zar, 1984). The time
of each reading (absolute time was used) was con-
verted to degrees. Since the sunset times within the
period D varied considerably (up to 175 min), for this
analysis it was divided in two subperiods, so as the
variance in sunset times was minimal (D1: 29 July—04
September, and D2: 29 September—26 October). For
each period (A-D2), the direction (2) and length (r) of
the mean vector were calculated. The mean time of
activity corresponding to the mean (a) angle was then
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FI1G. 1. Results of cluster analysis (UPGMA, Euclidean distances). The nights marked with an asterisk were
shifted to different periods for the analyses

recalculated. The value of r is a measure of concen-
tration and varies from 0 (dispersion) to 1 (all the data
are concentrated at the same direction).

The influence of mean daily ambient tempera-
ture, mean barometric pressure (Spearman’s rank cor-
relation coefficient) and rain (Mann-Whitney U-test;
0 =no rain, 1 = rain) on bat activity levels was tested.
The measurements were obtained from The Meteoro-
logical Office in Bofitov (ca. 11 km north-west of the
Katetinska cave). Statistical analyses were performed
by using Statistica 6.0 (StatSoft, Inc. 1984-2001).

RESULTS

Seasonal Changes in Flight Activity

The amount of flight activity at the
entrance to the cave changes seasonally.
However, bats use the cave year round.

With respect to annual cycle of bat activity,
four periods were defined according to the
results of cluster analysis (Fig. 1): A) Hiber-
nation period (November—late March), with
very low activity; B) Departure period (late
March-beginning of June), with higher ac-
tivity during spring migrations; C) Summer
period (mid June-mid July), with low activ-
ity; D) Autumn period (late July—late Octo-
ber), with very high flight activity. The dif-
ferences in flight activity in individual peri-
ods are statistically significant (Kruskal-
Wallis test: H;=31.05, P<0.001,n=40 —
see Fig. 2).

Furthermore, the departure period ‘B’
was split into two parts (K-means cluster-
ing), on the basis of the distribution of bat
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activity during individual nights. They dif-
fered significantly (ANOVA, P < 0.05) in
the number of inflights in the 1st, 2nd and
4th part of the night and the number of out-
flights in the 1st and 2nd part. The 1st sub-
group (B1) (late March-mid April) is char-
acterised by intensive departure activity
during the first part of the night. For the 2nd
subgroup (B2) (mid April-beginning of
June), departure activity in the first quarter,
and a small number of bats entering the
cave in the fourth part of the night is typi-
cal.

Temporal Distribution of Flight Activity

The distribution of the flight activity in
the particular quarters of the night of the
total sample is not uniform (Kruskal-Wallis
test: A, = 8.454, P <0.05, n = 160). Never-
theless, during the winter (period A) and
summer (period C), the difference in the
distribution of activity in the four parts of
the night was not significant. In periods B1,
B2 and D, the levels of activity in these
parts of the night differed significant-
ly (Kruskal-Wallis test: Bl: H; = 13.38,
P<0.01,n=20;B2: H;=15.59, P<0.001,
n=28;,D: H;=1898, P<0.001, n = 52).
Most of activity in the period B1 occurs
in the 1st part of the night and then the

activity of bats decreases. The level of
flight activity in the Ist part of the night
is significantly different from the other
parts of the night (Mann-Whitney U-test:
Istand 2nd: z=-2.61, P <0.01; 1stand 3rd:
z=-2.61, P < 0.01; 1st and 4th: z = -2.61,
P <0.01). The 2nd part is different from the
4th part (z = -2.19, P < 0.05).

The activity in period B2 is distributed
more evenly, with the peak in the 2nd part.
The 4th night period is significantly dif-
ferent from the previous night periods
(U-test: 4th and 1st: z=-2.81, P <0.01; 4th
and 2nd: z = -3.13, P < 0.01; 4th and 3rd:
z = -2.43, P < 0.05). Furthermore, the Ist
part differs from the 2nd part (z = -2.11,
P <0.05).

The peak of activity in period D (au-
tumn) is around midnight. Parts 2 and 3 are
significantly different from parts 1 and 4
(U-test: 2nd and 1st: z = -3.28, P < 0.001;
3rd and 1st: z = -2.95, P < 0.01; 2nd
and 4th: z = -0.10, P < 0.01; 3rd and 4th:
z=-2.74, P<0.01).

Further, the data from hourly readings
were tested for randomness of the time dis-
tribution of activity. All periods (A-D2)
showed a non-random temporal distribu-
tion, which means that the flight activ-
ity was concentrated around specific time
(Rayleigh’s test and Moore’s R’ test —
Table 1). Detailed analysis of individual
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TaBLE. 1. Results of Rayleigh’s and Moore’s tests for randomness on flight activity times for each period.
Abbreviations: 8 — mean vector direction converted to hours, » — mean vector length, z — Rayleigh’s test
statistic, P — probability, n — number of intervals, R’ — Moore’s test statistic

Period a (hrs) Mean sunset time r P n R P df.
A 20:06 16:36 0.642 6.183 <0.01 15 2.192 <0.01 8
B1 21:07 18:36 0.723 6.801 <0.01 13 2.226 <0.01 5
B2 23:13 19:30 0.820 8.737 <0.001 13 3.939 <0.01 7
C 23:54 20:00 0.907 6.585 <0.001 8 2474 <0.01 4
D1 23:54 19:02 0.852 8.704 <0.001 12 3.475 <0.01 6
D2 23:57 17:15 0.729 7.963 <0.001 15 3.333 <0.01 7

nights revealed that only on the 7th January
1998, the activity was randomly distributed
around the night (Rayleigh’s test: z = 0.68,
P >>0.05, n = 15). The difference between
the mean time of activity and mean sunset
time varied during the season. It was lowest
in period B1 (151 min) and highest in D2
(402 min).

In-flights and Out-flights

The ratio of emergencies and arrivals
varies during the season (Fig. 3). Out-flights
significantly dominated during period B
(Wilcoxon matched pairs test: z = 3.06,
P <0.01, n = 12), whereas a reverse trend
was apparent during period D (z = 3.18,
P < 0.001, n = 13). Significant difference

was found also for period A (z =
P<0.05,n=11).

The activity is generally very low during
the winter (period A). However, a signifi-
cant difference was found between the num-
ber of in-flights and out-flights in the 1st
part of the night (Wilcoxon matched pairs
test: z=2.37, P<0.05, n=11).

Intensive departures occur during the
1st part of the night in period B1 (z = 2.02,
P < 0.05, n =5). Then the activity is very
low and the number of arrivals slightly (but
not significantly) exceeds the number of
departures. During the 1st part of the night
in period B2, the departure is quite intensive
(z=2.37, P<0.05, n=17), and significant
prevalence of returning bats is apparent in
the last part of the night (z =2.20, P < 0.05,
n = 7). In period C, only small number of
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bats leaves the cave in the st part of the
night. In the 2nd part bats fly to the cave and
leave it again in the 3rd part. However,
these differences are not statistically signif-
icant. The period D is typical of increas-
ing number of bats entering the cave. Bats
arrive during the 2nd part of the night
(z = 3.18, P < 0.001, n = 13) and some
of them leave the cave again during the
3rd (z =2.00, P <0.05, n = 13) and 4th part
(z=2.93, P<0.01, n =13 — see Fig. 4).

Effect of Climatic Factors

To assess the influence of climatic fac-
tors on bat activity, the sum of in-flights and
out-flights for individual nights was used.
There was a significant positive relationship
between the number of bat passes through
the entrance and the mean outside ambient
temperature (Spearman’s rank correlation:
ry=0.67, P <0.001, n = 40) and a nega-
tive correlation between the number of
passes and the mean barometric pressure
(ry =-0.36, P < 0.05, n = 40). No relation-
ship was found between the activity in the
separate periods and climatic factors.

Rain had no significant effect on the
level of bat activity (U-test: period B:
z =-0.57, P >> 0.05; period D: z = -0.44,
P >>0.05). Test was performed for periods
B (data from B1 and B2 pooled) and D only,
because the sample size from two other
periods was insufficient.

DIscuUSsSION

Seasonal Changes in Flight Activity

The amount of bat activity at the en-
trance to Katetinska cave varies seasonally.

These changes are related to the annual cy-
cle of bat activity and their ecological de-
mands. The Moravian Karst’s caves are not
suitable for summer breeding colonies.
Nevertheless, the caves are important hiber-
nacula for many bat species (Zima et al.,
1994). Therefore the peaks of activity occur
during the spring and mainly autumn move-
ments.

In the spring (period B), the activity lev-
el was relatively high over a period of more
than two months (from the end of March
until half of June). However, the activity
distribution over the night was changing.
This implies that the cave may serve as
a transitional roost during spring migrations
and probably as a temporary roost by males
when females already form summer col-
onies (Skiba, 1987). The activity pattern
during mid June—mid July period suggests
that the cave may be used as a night roost
between the peaks of foraging activity
(Schofield, 1996; Szkudlarek and Paszkie-
wicz, 1997) or a transitional day roost
(Degn, 1989; Degn et al., 1995) mainly by
males (Gaisler, 1975; Hora¢ek and Zima,
1978; Bauerova and Zima, 1988a; Degn,
1989). Adult females occupy maternity
roosts during lactation and return to them
between foraging bouts, and night roosts
use only briefly and sporadically (Anthony
et al., 1981). The increase in activity in the
end of July corresponds with the break-up
of summer breeding colonies and adult
females and juveniles arrive into caves (Ho-
racek and Zima, 1978). During November,
the level of activity decreases and until the
beginning of February is almost zero. It re-
mains very low until the end of March and
departures from the cave are still rare during
this month. This was in accordance with

>

FiG. 4. In-flight and out-flight activity in each of the four parts of the night for periods A-D. Box and whisker

plots showing in-flights and out-flights. Box 25-75%, whisker — non-outlier minimum and maximum, middle

point — median, O — outliers, * — extremes. Bar charts showing medians of the difference between in-flights
and out-flights (positive values — prevalence of arrivals, negative values — prevalence of departures)
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the results of netting at the same locality
(Rehék et al., 1994).

Temporal Distribution of Activity

Our data clearly indicated that in all pe-
riods the flight activity showed a non-ran-
dom temporal distribution, i.e., it was con-
centrated around specific time. Important
finding is that even in winter (period A),
a concentration of activity (3—3.5 hours af-
ter sunset) was apparent, if some activity
occurred of course. The only exception
when the activity was randomly distributed
around the night was one winter night (7th
January 1998). Nevertheless, the activity
started after the sunset and ended before the
sunrise, i.e., remained nocturnal. This find-
ing was in accordance with Park et al
(1999) who proved that in Rhinolophus fer-
rumequinum the activity remains nocturnal
throughout winter. Similarly, Nagel and Na-
gel (1993) recorded most of activity be-
tween sunset and sunrise. On the contrary
Thomas (1993) suggested that arousal times
of Myotis lucifugus and M. septentrionalis
become random in winter. However, since
these authors monitored activity inside the
hibernacula, our data cannot be directly
compared with their results.

The variation in the difference between
the mean time of activity and mean sun-
set time during the season probably does
not reflect any changes in the timing of
emergence activity. The difference was low-
est in period B1 (151 min) as bats emerged
from the hibernaculum soon after the sunset
and highest in autumn (period D2 — 402
min) because the majority of bats was roost-
ing elsewhere and came probably after the
foraging bout.

Effect of Climatic Factors

In general, there was a positive correla-
tion between daily activity level and the
mean ambient temperature and an increase

in activity with a reduction in barometric
pressure. However, some of the highest
temperatures were recorded during the sum-
mer period (C), when the flight activity is
quite low. Our failure to detect relationship
between the activity in the separate periods
(A-D) and climatic factors may have been
a consequence of the small number of
nights of observations.

It is obvious, that the activity level con-
siderably decreases if the temperature is be-
low 10°C. This compares with the tempera-
ture-related feeding activity found by Ry-
dell (1989a, 1989b): in 6-10°C interval,
feeding activity of bats was reduced and at
very low air temperatures (< 6°C) the bats
did not forage at all. The low temperatures
are the reason why the two autumn controls
(6 October 1998 and 22 October 1997 with
maximum daily temperatures 6.8°C and
5.1°C, respectively) were grouped with the
low activity periods in the cluster analysis.
Nevertheless, even below 0°C activity at the
entrance to the cave still occurred, although
it was minimal.

Rainfall was not found to be important
factor influencing bat activity at the cave
entrance. In contrast, Fenton (1969) found
a noticeable effect of rain on the numbers of
bats that visited a mine during the autumn
swarming. However, bats are protected
from rain at the entrance part of Katetinska
cave, which is formed by a large portal.
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Introduction

Abstract

We investigated the effects of climatic variables on the flight activity of bats at the
entrance of a hibernaculum (Katetinska cave, Moravian Karst, CZ). Activity was
recorded automatically using a double infrared-light logging system. Climatic
factors influenced not only seasonal but also night-to-night and overnight patterns
in cave visitation. The effect of individual variables and their contribution to
variability in activity levels changed during the year. (1) Flight activity during late
hibernation (5 March—14 April) was positively affected by the mean ambient
temperature (7,.,) and negatively affected by previous day minimal temperature.
(2) During the departure period (15 April—4 June), nightly activity correlated with
Tayvg and P,y (mean barometric pressure). Previous day rainfall caused a decline in
the activity levels. (3) Summer activity (5June-26July) increased as the range of
daily temperature (7Tgir max—min) INcreased and was suppressed by previous day
rainfall. In contrast, a higher amount of rainfall (> 10 mm) in the study day caused
an increase in activity, likely due to bats sheltering. (4) During swarming
(5 September—14 November), activity was positively related to T,ye, Pavg and the
amount of rainfall. (5) During hibernation (15 November—4 March), temperature
(Tave and Tyif max—min) Was the best predictor of the activity level. The percentage
of nights on which activity occurred increased with increasing temperature during
hibernation and late hibernation. Activity occurred even at temperatures <0 °C
(Tmin =—13.2°C). The recordings were all positive at Ty, >6.2 °C. The activity
within corresponding temperature groups was significantly lower during hiberna-
tion than during late hibernation. We review possible explanations for the patterns
observed.

roosts (Skiba, 1987). Females then usually move to mater-
nity colonies to give birth. All known maternity roosts in the

The ecology and behaviour of temperate zone microchir-
opteran bats are fundamentally affected by seasonal
changes in day length and associated climatic variables
(Erkert, 1982). These changes require flexible behavioural
adjustments of their circadian as well as circannual activity
patterns.

A characteristic feature of the annual cycle of insectivor-
ous temperate zone bats is hibernation. Selection of a
suitable hibernation site is crucial for overwinter survival,
and caves and mines are the most common type of hiberna-
cula. Hibernation is usually interrupted by periodical arou-
sals. Such arousals may concern switching hibernation site,
drinking, feeding or even mating (e.g. Ransome, 1971;
Daan, 1973; Speakman & Racey, 1989; Schofield, 1996;
Zukal, Berkova & Rehak, 2005). In Central Europe, depar-
tures from hibernacula occur between March and May
(Skiba, 1987; Degn, Andersen & Baagoe, 1995; Berkova &
Zukal, 2006). During this time, caves may serve as transi-
tional roosts during spring migrations or as temporary

study area (Moravian Karst, CZ) and its environs are in
buildings or tree hollows, as caves are not suitable for
nurseries (Pokorny ef al., 2003). Males tend to roost solita-
rily or in small groups but the location of their roosting sites
remains largely unknown. Bat activity at cave entrances is
generally low during summer. However, some bats, almost
exclusively males, often use underground sites as resting
places between the peaks of foraging activity (Schofield,
1996) or as day roosts (Gaisler, 1963b; Degn et al., 1995),
while adult females return to maternity roosts between
foraging bouts, using only sporadically particular night
roosts during lactation (Anthony, Stack & Kunz, 1981).
Breeding colonies disperse in late summer (end of July
onwards) and adults and juveniles of both sexes move to
‘swarming’ sites (often caves and mines), where many
eventually hibernate (Horacek & Zima, 1978; Rehak, Zukal
& Kovarik, 1994).

Caves may thus serve a plurality of needs and many of
them are probably used the year round. Recently, automatic
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loggers allow the collection of a large quantity of data over a
long period and are frequently used to monitor activity. In
monitoring cave entrances, this method was verified to
provide a reliable index of activity levels (Parsons, Jones &
Greenaway, 2003; Rivers, Butlin & Altringham, 2006).
Their main advantage is the lack of disturbance to bats
compared with netting. The drawback is their inability to
distinguish individual bats or even species (Ransome, 1990;
Parsons et al., 2003). However, this is a minor problem if we
focus on the activity of the bat assemblage as a whole.

So far, most studies have been focused on activity during
hibernation or, because the peak of activity occurs during
the autumn, on the phenomenon called ‘swarming’. Activity
patterns at hibernation sites have only rarely been docu-
mented over an entire annual cycle. The exceptions are
studies by Harrje (1994), Degn et al. (1995), Sendor, Ku-
gelschafter & Simon (2000) and Berkova & Zukal (2006). In
this paper, we present the first comprehensive data on
flexibility of the activity patterns under variable weather
conditions for bat assemblage of a natural karstic cave.

When trying to identify environmental factors that may
affect bat activity, one should take into account that we are
dealing with a combination of seasonally varying environ-
mental cues, such as light, temperature, air humidity, atmo-
spheric pressure, lunar cycle, rainfall and wind, as well as
insect density.

The aims of this study were (1) to identify those climatic
variables that best account for variation in activity levels in
the different parts of the annual cycle; (2) to describe their
influence on seasonal and nightly activity patterns.

Materials and methods

Study site

The Katerinska cave is a natural limestone cave situated in
the northern part of the Moravian Karst Protected Land-
scape Area, Czech Republic (49°2'N, 16°48'E). It is an
important hibernaculum in the area, monitored for hiber-
nating bats since 1970. Typical bat species hibernating in the
Katetinska cave are Myotis myotis and Rhinolophus hipposi-
deros (over 80%). Myotis emarginatus, Myotis daubentonii,
Myotis nattereri and Myotis bechsteinii are endominant in
both autumn and spring netting samples from the cave
entrance, but rarely found hibernating inside the cave
(probably due to their use of crevices). During visual counts,
160-218 bats were seen in winter (years 1999-2001). Bats
were rarely found roosting within the cave from late May
until late October (Rehék et al., 1994; Zukal et al., 2001).
The only entrance to the cave is formed by a large portal,
which is, after ¢. 15m, closed by an iron gate with a hole
(25 x 20 cm) in its upper part, followed by 55-m-long corri-
dor and three large domes. The overall length of the cave is
about 500 m. Microclimatic conditions are dynamic in the
corridor (influenced by the outside ambient temperature)
and relatively stable in domes (temperature ranging between
6.3 and 8.8 °C during the course of the year) (Zukal et al.,
2005).

H. Berkova and J. Zukal

Data collection

We monitored bat movements through the hole in the iron
gate using an automatic custom-made double-infrared light
barrier connected to a data logger. The recording system
consisted of two infrared light emitters (diodes) and two
receivers (phototransistors), allowing discrimination be-
tween those bats leaving and those entering the cave.
However, it did not allow species identification of active
bats. After each bat passes the gate, time (hour and minute)
and direction (in or out) were stored in the data logger.
Reliable data were collected for 469 days between 21 March
2000 and 28 November 2002. Some data were lost owing to
equipment malfunction (e.g. corrosion or water condensa-
tion).

Climatic variables

Climatic variables are listed in Table 1 together with
abbreviations used in the text. Data were obtained from
weather stations in Protivanov (15.8km from the
Katefinska cave): Tave, Tmax, Tmin; Brno (23.5km): Py}
and Blansko (5.7 km): R (Fig. 1). All data were provided by
the Czech Hydrometeorological Institute Brno.

Statistical analysis

Data from all years were pooled and individual days ar-
ranged into 10-day periods. Each night (i.e. the time between
sunset and sunrise) was divided into four periods of equal
length, and medians of in-flights and out-flights in the four
night periods were calculated for each 10-day period. The
10-day periods were grouped by using the cluster analysis
(complete linkage, Euclidean distances), according to the
activity in the four night periods. With respect to the annual
cycle of bat activity, five periods were defined according to
the results of cluster analysis: (1) hibernation (15 Novem-
ber—4 March); (2) late hibernation (5March—-14 April); (3)
departure (and transition) (15 April4June); (4) summer
(5 June-26 July); (5) swarming (5 September—14 November).
As we did not obtain any data for the period between
6 August and 4 September, we omitted from analyses also
the decade 27 July—5 August (data for 5days), which was
actually the beginning of the swarming period (H. Berkova
& J. Zukal, unpubl. data). We used 464days for the
subsequent analyses.

Table 1 Abbreviations of climatic variables used in the text

Variable Description

Tavg Mean daily ambient temperature

Trnax Maximum daily ambient temperature

Train Minimum daily ambient temperature

Tmin—1d Minimal temperature of the day preceding the study day
Taif max—min Range of daily temperature (Tmax— Tmin)

Pavg Mean barometric pressure

R Rainfall on the study day (mm24h~")

R 14 Rainfall on the day preceding the study day
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We define nightly activity as the number of bat passes per
night. Total activity = number of bat passes and net depar-
tures = difference between in-flights and out-flights in the
four night periods. We used the Mann—Whitney (MW)
U-test and Kruskal-Wallis (KW) ANOVA with multiple
comparisons for the univariate comparisons, as the data
were not normally distributed. We used stepwise multiple
regression, using forward selection (F to enter 0.99, F to
remove 0.98), to determine the environmental factors that
best accounted for variation in activity levels. The square
roots of nightly activity and Ty max—min Were used to
achieve normality. Data on rainfall (R and R_4) were log
transformed. Two cases (7 and 8 April 2001) were excluded
because of extreme values (24 mm) of R and R_ 4, respec-
tively. All equations were assessed to ensure that the
variables incorporated were both statistically and computa-
tionally independent. We computed Pearson’s correlation
coefficients for all pairs of climatic variables and removed all
but one variable from each highly correlated set (r > 0.6). We
then used Ty, previous day Tinin, Tdir max—min» Paves R and
R_ 4 for the analysis. A significance criterion of P<0.05 was

35 7
|:| Mean R =
30 —& - Mean Tavg 6 lC
25 —o= Min Tmin 5 <
== Max T max V]
8 20 o 4 IS
< 15 - \ 3 E
o e 7 =
> 10 ’ g L 2 ©
& 0 . =
5 5t-B -4 T i 13
3 AT e 00, ¢
E 0 / . RN \ pd 0
& / \ - —w
-5 o~y % »
-10 N\ =
-15 o S
Late activity N
l Hib. l Depan.l Summerl data l Swarming l °~ "Hibermation

3 4 5 6 7 8 9
Month

10 11 12 1 2 3

Figure1 Mean amount of rainfall (mm 24h~"; weather station in
Blansko) and mean, maximum and minimum monthly ambient tem-
peratures (°C; weather station in Protivanov) during the study period
(21 March 2000-28 November 2002).
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used in all tests. Statistical analyses were performed using
sTATISTICA 8.0 (StatSoft Inc. 1984-2007, Tulsa, OK, USA).

Results

Late hibernation

Flight activity was positively correlated with T,,, and
negatively with Tpin_14. The amount of variability (adjusted
R?) explained by the climatic variables was 53.2% (Table 2).

In 7T,,,<0°C ([1]), the activity was very low (median 9.5
bat passes), although it occurred even at —6.7°C. In
T,vg>0°C, the nightly activity was higher after a cool day
(Timin—1a<0°C; [2]) than after a day with Tp,;,>0°C ([3])
(median 127.5 and 107, respectively), although the differ-
ence was not statistically significant (KW test: H, = 32.232,
P<0.001, n = 81; multiple comparisons following the KW
test: [1] and [2] P<0.001, [1] and [3] P<0.001, [2] and [3]
NS). The increase in activity in 7T,,>0°C and
Tinin—14<0°C compared with T,;,_14=>0°C was obvious
when the between-nights difference in activity was assessed
(MW test: z=3.688, P<0.001, n; =18, ny =46; median
+64.5 and —4.5 bat passes, respectively; Fig. 2).

The range of temperature (7gir max—min) Was not the main
factor influencing activity; however, a significant increase in
activity was found with increasing Tgir max—min (KW test:
H;=12.031, P=0.007, n=383; multiple comparisons:
[<7.0°C]land [>10.5°C] P =0.019; Fig. 3).

Between-nights differences in activity were also influ-
enced by day-to-day changes in Ty, and T;,. A decline in
Tinax OF Tiin by 2—6 °C reduced activity levels and activity
significantly increased with an increase in Tyax Or Ty DY
2-6 °C (Table 3; Fig. 4).

Activity was not different on comparing days with rain-
fall with dry days (MW test: z=—0.763, P = 0.445, n; = 45,
n, = 38). However, precipitations >5mm per 24h nega-
tively affected the proportion of out-flies in the first quarter
of the night (median values: dry = 55.0%, <5mm = 58.3%,
>5mm = 46.7%; KW test: H, =7.318, P=0.026, n = 81;
multiple comparisons: [dry] and [<5mm] NS, [dry] and
[>5mm] NS, [<5mm] and [>5mm] P = 0.022).

Table 2 Influence of climatic factors on seasonal flight activity of bats at the entrance of Katefinska cave

LH (n=83) DE (n=72) SU (n=49) SW (n=93) HI (n=167)

B P B P B P B P B P
Intercept <0.001 0.038 0.646 <0.001 0.001
Tavg 0.835 <0.001 0.319 0.005 —0.045 0.803 0.586 <0.001 0.748 <0.001
Tdif max—min 0.040 0.672 0.009 0.948 0.423 0.002 —0.167 0.106 0.120 0.023
Trin—1d -0.211 0.030 0.075 0.564 -0.213 0.098 —0.078 0.582 0.074 0.384
Pavg —0.068 0.474 0.252 0.024 —0.046 0.734 0.396 <0.001 0.037 0.536
R —0.057 0.484 —0.068 0.548 0.332 0.010 0.185 0.046 —0.011 0.839
R 14 -0.127 0.105 —0.082 0.469 —0.091 0.5637 —0.071 0.474 0.055 0.292
Results of forward stepwise multiple regression analysis. Significant correlates (P<0.05) are set in bold.
LH, late hibernation; HI, hibernation; DE, departure; SU, summer; SW, swarming.
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Figure2 Between-nights difference in nightly activity during late
hibernation (5March-14 April) in T,,4>0°C after a cool night
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Figure 3 Median nightly number + interquartile range of bat passes in
nights with different ranges of daily temperature (T4t max—min) during
late hibernation (5 March-14 April).

Departure period

A significant positive relationship was found between
nightly activity and T, and P,,, (Table 2). However, these
variables explained only 15.3% of the variability.
Between-nights differences in activity were also related to
the day-to-day changes in T},,,. The activity decreased with
a decline in Ty, by 2-6 °C (median =—17) and increased
with an increase in Ty, by 2-6 °C (median = 32.5). The
multiple comparisons following the KW test, however, fell
short of statistical significance (Table 3). Day-to-day
changes in Tp,;, did not have any effect on changes in bat
activity (KW test: H, = 0.020, P = 0.990, n = 67). R did not
have any influence on activity (MW test: z=0.320,
P=0.749, ny =45, n, = 27). R_;4 caused a decline in activ-
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ity levels (z=2.102, P=0.036, n; = 44, n, = 28; median:
dry = 223.5, rain = 158.5).

Summer

Tdif max—min and R were among the most important climatic
factors influencing bat activity during summer (Table 2).
However, the variability explained by the regression equa-
tion was only 28.8%.

Activity increased as the Tgif max—min increased (KW test,
group [<3.5°C] excluded (n=2): H,=7.518, P=10.023,
n=47). Multiple comparisons indicated that only group
[7.0; <10.5°C] was significantly different from group
[>10.5°C] (P =0.035). For further analyses, we divided
the data into two groups: Tgir max—min<<10°C and Ty
max—min=> 10 °C. Both differences in nightly activity (MW
test: z =—3.959, P<0.001, n; = 32, n, = 17; median 41.5 and
105) and total activity and net departures in individual
quarters of the night were statistically significant (Table 4).
ACthlty was lower in Tdif max—min < 10°C. In Tdif
max—min = 10 °C, significantly more bats flew inside the cave
in the second part and outside the cave in the third and
fourth part of the night (Fig. 5).

The increase in nightly activity in days with rainfall
(median = 68) compared with dry days (median = 59) was
not statistically significant (MW test). A higher amount of
rainfall (>10mm) caused a sharp increase in activity, but
the statistical outcomes would be meaningless, given the
small number of observations (# = 2) in group R> 10 mm.

R_14 negatively affected nightly activity (MW test:
z=2.382, P=0.017, ny =27, n,=22; median: dry = 90,
rain = 47). The activity was also significantly lower in
the second and third part of the night if there was rain in
the previous day compared with dry in the previous day
(Table 4).

The differences in activity due to rainfall are more
pronounced if combinations of rain and dry in the study
day and the preceding day are assessed (KW test:
H;=9.994, P=0.019, n = 49; multiple comparisons: [R_4
rain, R dry] and [R_4 dry, R rain] P = 0.012). Activity was
highest when there was rain on the study day but not on the
preceding day, followed by dry on both days. Activity
decreased when there was rain on both days, and the lowest
activity levels were on dry days with preceding day rainfall.
Differences were also apparent in the course of the night
(Fig. 6).

The combined effect of Tgir max—min and R was tested.
Data were divided into four groups with either Ty
max—min<10°C or >10°C and dry or rain. The KW test
indicated  significant  differences  between  groups
(H;=18.654, P<0.001, n=49). Multiple comparisons
showed that activity during nights with Tgif max—min <10 °C
and dry was significantly different from activity during
nights with Tgir max—min=>10 °C and both dry (P = 0.008)
and rain (P =0.001), confirming the major influence of
temperature fluctuation, while the effect of rainfall is just
additive. Differences were also apparent among the four
night parts (Fig. 7).
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Table 3 Influence of day-to-day changes in Tiax and Thin 0N between-nights difference in nightly activity during late hibernation (5 March-14 April)

and the departure period (15 April-4 June)

LH Trhax LH Trin DE Trax
H,=15240, n=74 H,=8322, n=77 H,=6483, n=67
Kruskal-Wallis test P<0.001 P=0.016 P=0.039
Temperature groups Multiple comparisons:
(-=2; —6°C) & (=2;2°C) P=0.821 P=0.741 P=1.000
(-2; —6°C) &(2;6°C) P=0.001 P=0.027 P=0.069
(=2;2°C) & (2;6°C) P=0.006 P=0.056 P=0.089

Significant results (P<0.05) are set in bold. LH, late hibernation; DE, departure.
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Figure 4 Effect of day-to-day changes in Tnhax On between-nights
difference in nightly activity during late hibernation (5 March-14 April).
Middle point, median; box, interquartile range; whisker, non-outlier
range.

Swarming period

A multiple linear regression analysis indicated that Ty,
P,, and R were good climatic predictors of the general
activity level (Table 2). The amount of variability explained
by the climatic variables was 34.2%.

The day-to-day positive changes in T},,x correlated with
day-to-day changes in activity (KW test: H, = 8.270,
P =0.016,n = 77). However, multiple comparisons revealed
that activity significantly increased if Ty, increased by
2-6°C (P =0.014), but a decline by 2-6 °C in T}, did not
have a significant effect on bat activity. Activity was parti-
cularly reduced when T, declined by >6°C, but these
observations were excluded from the analysis (n = 2).

Hibernation

Temperature was the best predictor of the activity level
(Table 2). The relationship between T,,, and activity also
depended on Tir max—min- The predictor variables explained
56.0% of the variation in activity.

Of the 167days monitored, activity occurred on 124
nights, even at temperatures <0°C (T, =—13.2°C). The
percentage of nights on which activity occurred increased

with increasing temperature. The recordings were all posi-
tive at T,.>06.2 °C. The effect of temperature fluctuations
during the day was apparent only at T,,,>0°C. Precipita-
tions did not have any influence on bat activity.

In addition to significant differences in activity levels
between the temperature groups within hibernation and late
hibernation, the activity within corresponding temperature
groups was significantly higher during late hibernation than
during hibernation (Fig. 8, Table 5).

Discussion

Temperature

Apparently, the ambient temperature is a key climatic factor
influencing not only seasonal changes in activity but also
night-to-night flight activity patterns of temperate zone
bats. The strongest correlation between activity and climatic
variables concerned hibernation and late hibernation. The
activity is highly temperature dependent during these cold
periods with food scarcity, when large numbers of bats
occupy the cave. In contrast, during the warm season
periods, low percentage of explained variance suggests a
strong influence of non-meteorological factors on activity
patterns. In addition to reproductive status, sex and age, the
spatiotemporal dynamics of prey availability and abun-
dance, together with diverse foraging strategies of bat
species causing different sensitivity to dynamics of environ-
mental conditions, probably play an important role in flight
and foraging activity patterns and time budgeting (Anthony
et al., 1981; Erkert, 1982; Ciechanowski et al., 2007).
During hibernation, the clearest relationship between
activity and climatic variable was for temperature (7,yg),
which is thought to be a crucial exogenous factor controll-
ing seasonal timing and the course of hibernation
(e.g. torpor bout duration) (Erkert, 1982; Park, Jones
& Ransome, 2000). A positive relationship between
activity and Tgir max—min SUZgests that a higher temperature
fluctuation during the day together with 7}y, >0 °C induce
arousals and more bats become active. This finding
is consistent with Ransome’s (1971) assumption that tem-
perature fluctuation near hibernating bats influences
arousal frequency. The monitoring device we used, however,
registered only those bats that left or entered the cave. Thus,
the activity monitored represents only a fraction of arousals

Journal of Zoology 280 (2010) 387-395 © 2009 The Authors. Journal compilation © 2009 The Zoological Society of London 391



Cave visitation by bats: effects of climatic factors

H. Berkova and J. Zukal

Table 4 Effect of Tgir max_min ON the total amount of activity and net departures, and effect of R_14 on the total activity in individual quarters of the

night during summer (5 June-26 July)

Part 1 Part 2 Part 3 Part 4
P z P z P z P
T4it max—min TA n1=32, np=17 NS —3.487 <0.001 —4.012 <0.001 —2.783 0.005
Taif max—min ND n=32,np=17 NS —4.001 <0.001 2.993 0.003 3.203 0.001
R_14TA n1=27, np,=22 NS 2.251 0.024 2.824 0.005 NS
Results of Mann-Whitney U-tests. Significant results (P <0.05) are set in bold.
TA, total amount of activity; ND, net departures; NS, not significant.
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Figure5 Influence of the range of daily temperature (Tgit max—min) ON
the total activity and net departures (=difference between in-flights
and out-flights) during the course of the night during summer
(5June-26 July).

as bats often do not change their hibernation site or
move only within the hibernaculum after arousal (Daan,
1973; Ransome, 1971; own unpubl. data). The causes of
winter activity outside the roost at low temperatures
still remain unknown. The most favourable explanation
is that bats fly out to replenish water (Speakman &
Racey, 1989). However, water is available to bats in the
Katefinska cave.

During late hibernation, the activity was also highly
temperature dependent. Apparently, bats immediately re-
acted on positive changes in temperature, as there was a
significant increase in activity after a cool night at tempera-
tures >0°C. Analysis of between-nights differences in
activity in relation to Tiax and T, confirmed this. During
hibernation (from December onwards) and late hibernation,
increasing numbers of bats move to the dynamic part of the
Katetinska cave, where the temperature reflects changes in
the outside ambient temperature (Zukal et al., 2005). This
evidence implies that synchronization with the outside
ambient temperature might be important. Ransome (1971)
assumes that the use of dynamic parts of hibernacula
probably enables bats to arouse when insect availability is
high. Such behaviour may be of advantage to bats if
foraging outside is more profitable than remaining inside
the cave. The increase in activity with increasing tempera-

1 2* 3" 4
Part of the night

Figure 6 Combined effect of R and R_14 (dry or rain) on the nightly
pattern of activity during summer (5June-26 July). Significant differ-
ences between groups in individual parts of the night, indicated by the
Kruskal-Wallis  (KW) test, are marked with *(P<0.05) and
**(P<0.01). Letters (a, b, ¢) indicate significant differences between
groups calculated using multiple comparisons following the KW test.

ture fluctuations (7gif max—min) Suggests that higher 7.«
(usually in the afternoon) is more important than the
minimum temperature (usually in the morning) as higher
Tmax might induce insect activity. However, this will prob-
ably not explain why activity occurred at low temperatures,
although Ciechanowski et al. (2007) observed M. daubento-
nii intensively foraging at temperatures as low as —3.3 °C.

In addition to a significant positive correlation between
activity and ambient temperature during hibernation and
late hibernation, we found significant differences in activity
levels between hibernation and late hibernation within
corresponding temperature groups. We may assume that
the documented temperature effects on activity levels within
individual periods largely represent behavioural flexibility in
the patterning of activity to reduce energy expenditure,
whereas the between-periods differences would reflect sea-
sonal behaviour associated with seasonal (e.g. the weakened
state of bats by late hibernation and their need to improve
body condition) and sexual (this could be particularly
pressing for females before late gestation) differences in
energetic demands imposed on the animals, and species
differences.
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Interestingly, variation in activity during the departure
period explained by the climatic variables was the lowest of
all periods, suggesting (1) that temperatures were high
enough not to be a limiting factor; (2) a strong influence of
endogenous rhythms on departure from hibernacula.

It seems that higher temperature fluctuations, that is
high Tpax and low Ty, suggesting a rapid decline in
temperature towards morning, emphasize the bimodality
in bat activity during summer. The activity patterns of
insectivorous species are usually interpreted as a response
to the times of food availability (Erkert, 1982). Activity
can be limited to the beginning of the night, when the
abundance of diurnal prey is higher (Jones & Rydell, 1994),
and night roosts are occupied for relatively longer periods
on cooler nights or when insect density is lower (Anthony
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Figure 7 Combined effect of the range of daily temperature (Tgit max—min:
<10°C or >10°C) and R (dry or rain) on the nightly pattern of activity
during summer (5 June-26 July). Significant differences between groups
in individual parts of the night, indicated by the Kruskal-Wallis (KW) test,
are marked with **(P<0.01) and ***(P<0.001). Letters (a, b, ¢) indicate
significant differences between groups calculated using multiple com-
parisons following the KW test.
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et al., 1981). Thus, maximal foraging activity will probably
occur in the beginning of the night and bats will make a
greater use of the night roost departing during the third or
fourth quarter of the night, which suggests before-dawn
foraging and return to the day roost or just return. However,
as meteorological variables explained only 28.8% of the
variance in flight activity, other factors, such as spatiotem-
poral variability in insect resources, may influence the use of
the cave.

Consistent with the results of Parsons et al. (2003),
swarming activity was positively affected by an increase in
Timax from day to day. This is probably related to higher
insect availability during warmer nights, which enables
rapid satiation before energetically costly flight and activity
at the cave entrance.

0,
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=== LH (% of nights with activity)
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250 | = ou 80%
=
.g 200 S
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© 2
= 150 @
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Figure 8 Activity levels (median values + interquartile range) in indivi-
dual temperature groups during hibernation (15 November—4 March)
and late hibernation (5 March—-14 April). The percentage of nights on
which activity occurred in individual temperature groups is indicated
by the grey area for the hibernation period and the dashed line
denotes late hibernation.

Table 5 Activity levels (median values), number of nights and the percentage of nights on which activity occurred in individual temperature groups
(Tmax °C) during hibernation 15 November—4 March) and late hibernation (5 March—14 April)

Temperature groups <-8 —8to —4 —41t00 0-4 4-8 8-12 12-16 >16
HI

Median activity 0 0 1.5 5.5 16.5 39 86.5 -

Number of nights 1 22 42 48 26 24 4 -

% with activity 0 31.82 59.52 81.25 96.15 100 100 -
LH

Median activity - - 4 12 82 107.5 155.5 245

Number of nights - - 5 11 26 26 14 1

% with activity - - 100 100 100 100 100 100
MW

z - - - 1.674 4.804 5.253 - -

P - - - 0.094 <0.001 <0.001 - -

Results of the Mann-Whitney (MW) U-test are given where appropriate. Significant results (P<0.05) are set in bold.

LH, late hibernation; HI, hibernation.
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Rainfall

The most heterogeneous results were published on the effect
of rainfall. The extent to which rain affects bat activity
probably depends not only on its intensity but also on
species-specific hunting tactics. Drizzle and light rain do
not seem to have a significant effect on flight or foraging
activity (Rydell, 1989; Rehak, 1995). Gaisler (1963a), Erick-
son & West (2002) and Ciechanowski et al. (2007) found a
negative association of flight or foraging activity or time
spent outside the roost with rain. In contrast, Swift (1980)
did not. While Fenton (1969) and Parsons et al. (2003)
found a negative relationship between autumn swarming
activity and rainfall, Navo, Henry & Ingersoll (2002) did
not. In the previous research in the Katefinska cave,
Berkova & Zukal (2006) found no significant effect of rain
on bat activity at the cave entrance during departure and
autumn periods. Similarly, netting captures at the same cave
were not influenced by rain (Rehék, 1995). The current
study confirms these results only partially.

The increase in activity in summer and autumn with
rainfall as well as our failure to detect any effect of rainfall
in other periods could be due to bats sheltering, thus
protected from rain at the entrance part of the Katefinska
cave, and the activity may remain high despite the rain. As
our rainfall data are 24-h readings, it might also well be that
it was raining during the daytime and the rain did not
directly affect bat activity. However, bat activity could be
affected indirectly through insect activity.

In general, previous day rainfall caused a decline in
activity at the cave entrance. During summer, the highest
activity levels were observed in nights with rainfall but
without rainfall on the preceding day, consistent with the
assumption that the cave serves as a shelter and night roost.
In dry days, the cave is probably used as a night roost too.
We assume that in these two cases, the bats successfully
foraged the previous night and may thus afford to fly to the
night roost. Moreover, in dry days, when foraging is more
successful, satiation may motivate return to a night roost
(Anthony et al., 1981). Activity was reduced when there was
rain both on the preceding and on the study day. The bats
probably (1) did not emerge from their day roosts; (2)
emerged but returned to day roosts again or used some
alternative roost closer to their foraging grounds. The low-
est activity levels were observed on dry days with preceding
rainfall. Previous night rainfall might negatively affect the
food intake. Bats probably flew directly to their foraging
ground and spent more time foraging.

During the departure period, the cave probably serves as
a transitional roost as well and fewer bats probably switch
the roost after bad weather.

Atmospheric pressure

Atmospheric pressure is the only environmental cue that
bats roosting deep within caves could use to predict insect
activity and abundance outside the roost (Paige, 1995). In
this study, the activity was positively affected by P,,, during

H. Berkova and J. Zukal

the departure and swarming periods, which contrasts with
the results of other studies. Nagel & Nagel (1993) found a
negative association of bat activity with atmospheric pres-
sure during hibernation and assumed that low P often
means warm weather during winter. Rehak (1995) found a
negative correlation between activity at cave entrances and
P only for M. myotis. Berkova & Zukal (2006) reported a
negative correlation between the number of bat passes
through the entrance of Katefinska cave and P,,. These
results were based on univariate analyses of correlation and
should be interpreted with caution. However, Paige (1995)
showed, using stepwise regression, that P alone explained
87% of the variation in bat activity at a roost during spring,
late summer and early autumn, and was negatively corre-
lated with activity.
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Abstract

White-nose Syndrome (WNS) decimates bat populations in North America but similar impact was not
registered in Europe. WNS-affected bats exhibit abnormal hibernation behavior that prematurely
deplete fat reserves and ultimately causes death by starvation. In the deep hibernation period
(December — March) of 2006/07 (pre-WNS) and 2010/11 (post-WNS), we monitored bat hibernation
behavior and flight activity to test potential impact of WNS on European bats. We registered no
abnormal changes in bat hibernation behavior (movement to visible sites, utilization of dynamic cave
sections), flight activity level, its direction or seasonal pattern remained unchanged following WNS
infection. Flight activity inside the cave and at its entrance was generally low during deep hibernation
period and temperature remained the best predictor of activity level. In general, stable hibernation
behavior and activity patterns suggests that they are apparently optimized for European winter
conditions and support the hypothesis that the fungus has been present in Europe for a long time

and has only recently invaded North America.

Keywords

WNS, bat activity, hibernation behavior, Myotis myotis, hibernacula


mailto:zukal@ivb.cz

Introduction

Hibernation is a characteristic annual feature of the annual cycle of temperate zone bats and
represents is hibernation, as an optimal energetic adaptation to a prolonged decline in ambient
temperature and reduction in prey availability. Overwinter survival is influenced by many critical
factors, including amount of stored energy, level and length of torpor and hibernacula, and
microhabitat selection. While deep hibernation may be is interrupted by periods of arousal, which
requires costly thermogenesis (internal heat production) (Thomas et al. 1990), flight activity of bats is
minimal (Berkova & Zukal 2006). Arousal may occur for a number of behavioral and physiological
reasons, including switching of hibernation site, drinking, feeding (in mild periods or regions),
excretion, or even mating (Zukal et al. 2005, Hope & Jones 2012). Regular arousal may also boost the
immune system as hibernation is known to negatively affect the innate and adaptive immune
systems (Bouma et al. 2010). These factors are not mutually exclusive, and the reason for arousal
may depend largely on the ecology of a given species, its distribution and the local environment
(Hope & Jones 2012).

A previous study on bat flight activity at the cave entrance showed a non-random temporal
distribution of activity shortly after the sunset. In general, flight activity remained nocturnal
(between sunset and sunrise) and was associated with regular periods of arousal (Berkova & Zukal
2006). Temperature appears to be the best exogenous predictor of the activity level and course of
hibernation, the percentage of nights on which activity occurs during hibernation increasing with
increasing temperature (Berkova & Zukal 2010).

Several bat species in North America and Europe are presently threatened by White-nose
Syndrome (WNS). This new infectious disease was discovered in February 2006 in a cave in the north-
east of the USA (Blehert et al. 2009, Puechmaille et al. 2011a) and is associated with a newly
identified psychrophylic fungus Pseudogymnoascus destructans (Gargas et al. 2009, Kubatova et al.
2011). Since 2006 it has spread to caves throughout the eastern part of the USA. Hibernating bat

populations at impacted localities have experienced dramatic population declines ranging from 30-



100% (Blehert et al. 2009, Frick et al. 2010). Presence of WNS was not confirmed in Europe prior to
2008, but has subsequently been identified at many localities from France to Turkey (Puechmaille et
al. 2011b, Pikula et al. 2012). In contrast with sites in North America, P. destructans in Europe does
not appear to be associated with dramatic bat mortalities (Puechmaille et al. 2011a). In the Czech
Republic, only slight population fluctuations have been observed in the most affected species, Myotis
myotis, lying within the population trend predictions (Martinkova et al. 2010).

WNS-affected bats typically have a visible white cover on the muzzles, nose, wings and ears
(Courtin et al. 2010, Wibbelt et al. 2010), and exhibit abnormal hibernation behavior that results in
premature fat reserve depletion (Blehert et al. 2009, Boyles & Willis 2010, Puechmaille et al. 2011a).
Such as more frequent and unusual arousals during hibernation, winter day-flight activity, premature
emergence from hibernacula, and roosting near entrances of hibernacula entrances (Hallam &
Federico 2012, Reeder et al. 2012). The first P. destructans suspected bats are noted in
January/February, but their number is the highest in March (Puechmaille et al. 2011b, Sachanowicz
et al. 2014), when maximum number of hibernating M. myotis is observed.

Our objective was to test the influence of WNS on European bat hibernation behavior and
flight activity under natural conditions by repeating previous research at the same site carried out
prior to WNS detection (Zukal et al. 2005, Berkova & Zukal 2006, 2010), thus allowing a comparison
between “unknown” (or unaffected) and WNS-affected stages of the bat community. We predict that
if behavior is affected by WNS, hibernating bats will exhibit abnormal flight activity (higher level and
sooner onset) both inside the cave and at the cave entrance, respectively, and different hibernation

pattern.

Material and Methods
Hibernation behavior was studied at a regularly monitored natural limestone hibernaculum
(Katefinska cave, Czech Republic). Cave total length is around 500 m with one entrance that is closed

by an iron gate with a vertical hole in its upper part (Berkova & Zukal 2006). The cave consists of two



main habitats, stable temperature sections and an outer (dynamic) section. Two species, M. myotis
and Rhinolophus hipposideros, dominate the hibernating bat community, representing over 80% of
individuals. WNS-affected specimens (M. myotis) were first registered in the winter season 2008/09
even there was realized intensive winter bat research from 1992 (Zukal et al. 2005). WNS prevalence
now approaches 2-3 % of hibernating bats (Horacek et al. 2014 and unpublished data). The presence
of WNS was repeatedly confirmed by UV trans-illumination and histopathology (Turner et al. 2014,
Zukal et al. 2014) in various bat species. Although Myotis emarginatus, M. daubentonii, M. nattereri
and M. bechsteinii are rarely found hibernating inside the cave, they are dominant in netting samples
from the cave entrance (Rehak et al. 1994).

The study was undertaken over two winter seasons before (2006/07) and after (2010/11)
WNS outbreak. Only data from the ,,deep hibernation” period were analyzed, i.e. from mid-
December to mid-March (Zukal et al. 2005). Seven biweekly controls were realized which included
visual monitoring (no handling of hibernating bats minimizing any disturbance (Zukal et al. 2005)) and
observation bat flight activity in the cave. Bat position was registered along with species present and
clustering behavior. Small species of Myotis genus were pooled as Myotis sp. group as we were
unable to determine all of them exactly. At the same days, flight activity inside the cave was
observed using a Pathfinder 2000s night-vision scope one hour before sunset and two hour after
sunset. The observer, sitting at narrow stairs separating the exit corridor from inner cave, recorded
time and direction (IN vs. OUT) of each bat.

Bat movements through the gate hole were monitored continuously by a custom-made
double infrared-light barrier connected to a data-logger. This system allows discrimination between
bats leaving and those entering the cave (Berkova & Zukal 2010), though species identification is not
possible. After each bat passes the gate, time (hour and minute) and direction were stored by data-
logger. As bats can fly in and out through the entrance hole several times, the number of bat passes

will not always equal the number of active bats. However, this was used as a measure of activity



entitled “emergence activity”. Reliable data were collected for 65 days pre-WNS and 79 post-WNS;
these data being pooled into two-week periods for subsequent analyses.

Ambient outside temperature data were obtained from weather station at Macocha abyss,
1,5 km from the study locality. An average of 24 hourly measurements was used for statistical
analysis. The data logger malfunctioned between 21.2.2011 11:00 PM and 23.2.2011 9:00 PM due to
extremely low temperatures.

Daily average temperatures for both sample seasons were compared using the t-test, while
level of bat fluctuation during hibernation was evaluated using the Pearson Chi-square test.
Nonparametric tests (Mann-Whitney U-test, Kruskal-Wallis ANOVA, Spearman correlation
coefficient) were used for all other analyses as data could not be normalized. Two sided binomial test
was calculated to compare the proportion of nights without bat activity. All statistical analyses were

performed by Statistica for Windows 10.0 (Zar 1998).

Results
Highest numbers of hibernating M. myotis were registered near the end of deep hibernation in both
seasons, though there was no statistically significant differences (Pearson Chi-square tests) in the
model of bat number fluctuation (Table 1). M. myotis tended to move to dynamic parts of cave
during winter, with their dominance in the hibernating bat guild increasing to nearly 50%.

Flight activity inside the cave was low and onset was desynchronized i.e. starting before
sunset (Fig. 1). Mean ambient temperature differed between winter seasons, with winter 2006/07
(before WNS) being significantly warmer (t-test, t = 6.95, p < 0.001, d.f. = 179). During winter
2006/07, the activity started earlier and reached higher level; with highest activity noted during the
first hour after sunset (Table 2). However, median flight activity and flight direction (IN vs. OUT) did
not differ significantly between winters (Mann-Whitney test). General activity patterns, therefore,

remained the same after the appearance of WNS.



Overall, there was no significant difference in total level of emergence activity at the cave
entrance (Mann-Whitney test, z = 1.65, p = 0.10, n; = 65, n, = 79) or the ratio of IN vs. OUT flights
(Mann-Whitney test, z=-0.01, p = 0.99, n, = 65, n, = 79) between the two study seasons, i.e. bats did
not leave the hibernaculum more often following outbreak of WNS (Fig. 2). Similarly, there was no
difference in the proportion of nights with no emergence activity (Binomial test, p = 0.43, n; = 65, n,
=79). Total flight activity was correlated with mean ambient temperature (Spearman correlation, rs =
0.43,n =65, p<0.05in 2006 and rs=0.90, n =79, p < 0.05 in 2010), which also influenced the
overall course of emergence activity. Nevertheless, activity fluctuation was higher during 2010/11

(Kruskal-Wallis ANOVA, Table 3), probably due to the colder winter.

Discussion

Since its discovery, WNS has killed millions of bats in northeastern USA and Canada. Such large-scale
mortalities have not been documented in Europe, however, despite P. destructans being presently
widespread (Martinkova et al. 2010, Puechmaille et al. 2011b). This suggests that fungus may have
been introduced to North America and European bats having developed immunity or evolved genetic
or behavioral resistance to pathogen following historical exposure to P. destructans (Martinkova et
al. 2010, Puechmaille et al. 2011a, Leopardi et al. 2015). Moreover, previously published
experimental study demonstrated that isolates of P. destructans from North America and Europe
were both lethal to a North American bat species (Warnecke et al. 2012).

In our study, we registered no abnormal changes in bat hibernation behavior, activity level or
its seasonal pattern after WNS occurrence. Flight activity inside the cave and at its entrance was
generally low during deep hibernation period and temperature remained the best predictor of
activity level (Berkova & Zukal 2006, 2010). Higher ambient temperatures resulted in an increase in
flight activity of bats and increasingly desynchronized activity onset, bats leaving the cave even
during January in some cases. Such activity patterns largely reflected the findings from Rhinolophus

ferrumequinum studied by Park et al. (1999) at caves in south-west England. We believe, however,



that winter cave emergence was caused by foraging activity of bats and not disturbance due to P.
destructans infection, despite laboratory grown P. destructans showing optimal growth at
temperatures typical in hibernacula (i.e. 3-15°C (Gargas et al. 2009, Verant et al. 2012)) and declines
in Myotis lucifugus were higher in hibernacula with higher temperatures (Langwig et al. 2012).
Increased flight activity under such conditions may be protective adaptation as it is always coupled
with grooming behavior that damages the fungus cover. The lack of a continual increase of
prevalence of P. destructans suspected bat in late March was registered in abandoned Polish ore
mine and seems to be related to increasing arousals and activity of bats too (Sachanowicz et al.
2014). Nevertheless, the absence of visible white fungal growth on bats does not mean the lack of P.
destructans infection.

Flight direction, movement to visible sites, utilization of dynamic cave sections, and
emergence activity also remained unchanged following WNS infection, with activity patterns
apparently optimized for European winter conditions (Fuszara et al. 1996, Zukal et al. 2005, Berkova
& Zukal, 2006). Moreover, movement of bats to the colder and drier parts of cave may result in a
decline P. destructans growth and such roosts will provide a refuge from disease (Langwig et al. 2012,
Verant et al. 2012). This will be most important at the end of hibernation when European bats are
maximally immunosuppressed and show high prevalence of infection (Martinkova et al. 2010,
Puechmaille et al. 2011a). Bats hibernating in colder outer spaces will save more fat stores for the
rest of hibernation (Thomas et al. 1990, Boyles and McKechnie, 2010).

Observed behavioral adaptations should help hibernating bats to survive pathogen attacks
and they should be a result of previous evolutionary development when WNS acted as a strong
selection force (Martinkova et al. 2010). Therefore, low prevalence of WNS (2 — 3 % of bats)
registered at locality under study combined with stable hibernation behavior support the hypothesis
that the fungus has been present in Europe for a long time and has only recently invaded North
America. Alternatively, low prevalence should bias our results and the behavioral changes cannot be

detected under such conditions.
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Table 1. Total number of bats, number of hibernating M. myotis registered during deep hibernation
and their dominance in dynamic parts of cave during winter seasons. Significant results (p < 0.05) are

set in bold.

Table 2. Parameters of bat flight activity registered by night vision scope inside the cave.
Explanations: IN-OUT difference — the difference between the numbers of bats flying in deeper parts

of cave and from this part to the Corridor. Significant results (p < 0.05) are set in bold.

Table 3. Results of Kruskal-Wallis ANOVA on the total level of emergence activity at the cave
entrance and the ratio of IN vs. OUT flights during two seasons under study. Significant results (p <

0.05) are set in bold.

Figure 1. The percentage of flight activity inside the cave during ten-minute periods. The periods

before sunset are indicated by the grey area.

Figure 2. Total level of emergence activity of bats at the cave entrance. Bat activity has not been

affected by WNS and the bats did not leave the hibernaculum more often. Data pooled into two-

week periods. Middle point, median; box, interquartile range; whisker, non-outlier range.
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Table 1

No. of bats

No. of Myotis myotis

Myotis myotis
dynamic part

Month Pre-WNS Post-WNS Pre-WNS Post-WNS Pre-WNS Post-WNS
Xl 138 104 31 23 38.7% 47.8%
X1/ 192 137 67 41 61.2% 65.9%
I 227 190 89 62 73.0% 75.8%
I 228 199 93 72 77.4% 79.2%
Il 256 229 114 97 84.2% 82.5%
1l 282 233 125 108 83.2% 85.2%
] 268 251 128 120 85.2% 89.2%
Perason

Chi-square test 5.019 4.724 0.008

p 0.541 0.580 1.000




Table 2

Total level of activity

IN-OUT difference

Onset of activity

after sunset

Median of activity

after sunset

Month Pre-WNS Post-WNS Pre-WNS Post-WNS Pre-WNS Post-WNS Pre-WNS Post-WNS
Xl 19 14 1 0 -39 29 -4 32
X1/l 79 5 -3 -1 -53 -17 24 5
I 59 56 3 -2 -48 -18 36 34
I 63 58 1 0 -57 -29 8 26
Il 99 3 1 -1 -43 26 43 26
Il 157 0 7 0 -58 7

11 196 53 -24 1 -60 -30 57
Mann-Whitney

U test 3.0 15.5 0.0 13.0

p 0.007 0.277 0.003 0.284




Table 3

Month Pre-WNS Post-WNS

n H p n H p

Total level of bat activity 65 29007 0.24 79 23.26 <0.001
IN-OUT difference 65 19419 0.62 79 16.13  0.007
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Antipredacni chovini béhem vyletové a ndvratové aktivity
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ABSTRACT

Emergence activity of a maternity colony of Eptesicus serotinus was monitored from May
to August 1997 and 1998 at Strelice, Czech Republic. We focused mainly on the impact
of predation risk on emergence parameters, but the effects of reproductive and climatic
factors were assessed too. Observations were made with 10-days intervals during two
consecutive nights from which the first was a control and the second a treatment night. On
treatment nights a stuffed specimen of Tyzo alba (in 1997) or Falco tinnunculus (in 1998)
was placed close to the roost exits and recorded calls of the particular species were played
back towards the roost. In 1997 the bats emerged earlier during lactation than during
gravidity, while in 1998 the trend was opposite. This could be explained by a different
course of food availability in each year. During poor weather the number of emerged
bats decreased and bats probably used an alternative roost. The predation risk did not
affect the values of any emergence parameter but induced changes in relationships among
emergence parameters. When bats emerged earlier and thus were exposed to increased
potential predation pressure, they increased their degree of clustering to decrease the
probability of being attacked. The perception of predation risk was not affected by weather
conditions or reproductive period.

KEY WORDS: Eptesicus serotinus, emergence, predation risk, climatic factors, reproduc-
tive period.

INTRODUCTION

During the reproductive period of many bat species, females aggregate
in roosts to form maternity colonies, where the young are born and
raised to independence. These colonies vary in size from less than
ten to several thousand individuals, depending on the species involved
(KunNz, 1982). One potential cost of living in groups is the risk of
predation and the attractiveness of bat colonies to predators is enhanced
by predictable emergences through small openings (ERKERT, 1982).
However, the records of predators such as nocturnal and diurnal raptors,
snakes or other carnivores taking bats emerging from roosts are sporadic
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(e.g., ALLEN, 1939; GILLETTE & KIMBROUGH, 1970; HILL & SMITH,
1984; BARCLAY et al., 1982; FENTON et al., 1994).

Very few predator species make bats a major component of their diet,
except tropical bat hawks Macheiramphus alcinus and Falco rufigularis
(CADE, 1987; BROWN, URBAN & NEWMAN, 1983) and probably Strix
nigrolineata (IBANEZ et al., 1992; GERHARDT, 1994). But individuals
of some predatory bird species, e.g., Tyto alba (BAUER, 1956), Strix
aluco (OBUCH, 1992) or Falco tinnunculus (NEGRO et al., 1992) have
specialized on catching bats. SPEAKMAN (1991) assessed that predation
by avian predators would account for about 11% of the annual mortality
of British bats despite the apparent low representation of bats in the
diets of predatory birds. So the effects of predation on bat behaviour and
population probably cannot be ignored.

Many aspects of bat behaviour, like coloniality and roost selection
(KuNz, 1982; BARCLAY et al., 1982; FENTON et al., 1994; JENKINS
et al., 1998), using linear landscape elements (VERBOOM, 1998), emer-
gence behaviour (FENTON et al., 1994; JONES & RYDELL, 1994; SPEAK-
MAN et al., 1995; DUVERGE et al., 2000) and especially phenomena of
bat nocturnality (RYDELL & SPEAKMAN, 1994; SPEAKMAN, 1995), are
believed to be at least partly affected by predation risk. But there is no
clear evidence for these assumptions.

The evening emergence of bat colonies is one of most frequently
studied aspects of bat behaviour. In addition to predation — environ-
mental, climatic and reproductive factors, social relationships and for-
aging strategy are likely to affect the timing and pattern of emergence
(rewieved by ERKERT, 1982). SPEAKMAN et al. (1992) and KALCOU-
NIS & BRIGHAM (1994) studied the impact of predation risk on emer-
gence behaviour using a predator model. FENTON et al. (1994) quantified
bat responses to a real predator pressure at the colonies in South Africa,
which were attacked by raptors. Some authors who conducted studies at
attacked colonies also mentioned the possibility of antipredator mecha-
nisms (e.g., MCWILLIAM, 1989; RODRIGUEZ-DURAN & LEWIS, 1985;
NEGRO et al., 1992).

The aims of this study were to assess the effects of a predator model
(stuffed specimen of a bird and its recorded voice) on the emergence
activity of a maternity colony of the serotine bat (Eptesicus serotinus),
to test the effects of reproductive and climatic factors and to find out
interactions between these factors and the effects of predation risk. We
expected that the bats would change their emergence behaviour under the
predation risk, i.e. emergence would be faster and delayed with a higher
degree of clustering.



EMERGENCE BEHAVIOUR OF BATS 397
MATERIAL AND METHODS

Study colony

Field work was carried out from the beginning of May to the end of
August in 1997 and 1998 at the maternity colony of serotine bats at
Strelice, a small village near Brno, South Moravia, Czech Republic.
Female bats were moving into the roost in late April or early May and we
started our experiments after the establishment of the colony. Bats roosted
in the attic of a family house at the periphery of a village and emerged
from a few exit holes (crevices between the tiles or between body belt
molding and tiles). One hole was used much more frequently (>80%)
and it is described as the main exit hole. The front part of the house faced
to a street (south-west) and the back part had exit holes to a complex of
gardens (north-east). The garden was covered by branches of walnut tree
(Juglans regia). The village was surrounded mainly by agrocoenoses with
patches of woods.

Data collecting

Emergence activity was monitored with approximately 10-day intervals,
always during two consecutive nights. The first night was a control
and the emergence of bats was recorded without the presence of a
predator model. The second night a treatment mimicking predation risk
was applied. Second by second observations of emergence were made
directly by one observer positioned outside the roost. Each observation
started approximately 15 to 30 minutes before the expected onset of the
emergence period and lasted until no bat had emerged for 15 minutes.
On treatment nights in 1997, a stuffed specimen of the barn owl (Tyto
alba) was placed on the corner of the roof about 5 m from the roost exits.
A stuffed specimen of the common kestrel (Falco tinnunculus) was used
in 1998. In addition to the models, recorded calls of the respective bird
species were played back towards the roost exits using a tape-recorder
fixed beside the predator model. The ‘barn owl’ tape lasted 30 minutes
and consisted of five 2-min sequences of territorial calls with four 5-
min intervals. The ‘common kestrel’ tape also lasted 30 minutes and
consisted of three 5-minute sequences of the most common vocalisations
with two 7.5-min intervals. Playbacks began approximately 15 minutes
before the expected onset of emergence (according to the time of the first
emergence the day before). We chose these predator species because they
were recorded in the area (J. VACKAR, pers. com.) and have been reported
to prey on bats (e.g., SPEAKMAN, 1991). The presence of the observer
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and his voice in both control and treatment night were considered neutral
stimuli.

All data concerning emergence behaviour were continually spoken into
a tape-recorder. The tapes were later transcribed with second accuracy
of emergence times, using a stop watch and/or program TIMER (J.R.
Speakman, Dept. of Zoology, Univ. of Aberdeen, Aberdeen, Scotland).
The emergence model was characterized by eight parameters: 1) onset of
emergence — the time of first emerged bat, 2) median of emergence —
the time of middle emerged bat, 3) end of emergence — the time of last
emerged bat, all time parameters were given with respect to sunset which
was calculated for the studied locality on the basis of the Astronomical
Yearbooks (Prague 1997, 1998), 4) the duration of emergence — period
between the first and the last emerged bat, 5) rate of emergence —
number of bats per minute, 6) exit preference — percent of bats which
used the main exit hole, 7) direction preference — percent of bats which
departed in the direction north, 8) degree of clustering — expressed
as G-value. The level of light intensity was measured at the onset of
emergence using a luxmeter (GOSEN) placed close to the roost of the
colony. Because of inaccessibility of the roost and because we did not
want to disturb the colony, the reproductive stage of the females could
not be evaluated precisely. June 15" was defined as the turning-point
between gravidity and lactation, based on literature data (SCHOBER &
GRIMMBERGER, 1993; CATTO et al., 1995) and according to the results
of research which was carried out simultaneously at another maternity
colony of Eptesicus serotinus nearby (POKORNY, 1998). Lactation and
postlactation periods were lumped into a single class called ‘lactation’
and therefore the breeding season was divided only into two periods —
‘gravidity’ and ‘lactation’. Climatic information was supplied by the
Hydrometeorological Institute in Brno, Czech Republic. Temperature,
wind speed and relative humidity were recorded at Troubsko, a village
nearby (2 km), at 9 p.m. Atmospheric pressure was recorded in Brno-
Turany (cca 15 km) at 9 p.m. Minimal day temperature and mean day
temperature from Troubsko were also used in the analyses.

Statistics

The nonparametric Mann-Whitney U test was used to test the single effect
of year and also the effect of reproductive and climatic factors. Wilcoxon
matched pairs test was used to determine if the predator model affected
the parameters of emergence activity. Each treatment night (with predator
model) was paired with the previous control night to minimalize the
influence of reproductive and climatic factors.
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The analysis of clustering behaviour was performed by the behavioural
temporal clustering analysis program Clustan (J.R. Speakman, Dept.
of Zoology, Univ. of Aberdeen, Aberdeen, Scotland). The emergences,
where the number of bats was lower than 30, had to be excluded from this
analysis. The software calculates an explicit comparison of the observed
distribution of intervals between two consecutive individual emergence
events with the distribution expected for random emergence and tests
the significance of this difference using the x> and G test. The G-value
was chosen to reflect the extent of clustering. In addition, the program
avoids spurious detection of clustering by trimming the tails from the
distributions (SPEAKMAN et al., 1992). The statistical artefact of the size
of emerged bats was removed by the procedures outlined in SPEAKMAN
et al. (1999). We analysed the climatic, reproductive and predation effect
on the corrected estimate of clustering, using one-way and two-way
ANCOVA with the number of emerged bats as a covariate.

To examine the relationship between the emergence activity and cli-
matic factors we performed a principal component analysis of all weather
variables (see above) which had been standardized before the analysis.
To divide all observation days into 2 groups according to climatic condi-
tions, the K-means clustering was run on the factor scores of the first three
principal components. The distances were first sorted and then objects at
constant intervals were chosen as initial cluster centres. We performed
Spearman’s correlation among emergence parameters and between emer-
gence parameters and the factors scores.

Two sets of non-parametric two-way ANOVA (Scheirer-Ray-Hare test,
DYTHAM, 1999) by reproduction and year, and by weather and predation,
were run on parameters of emergence activity.

RESULTS

General description of emergence

Approximately 15 minutes prior to first emergence, bats congregated at
the exit holes and audible vocalisation was heard during this time. Bats
mostly departed from one preferred exit hole, at the height of the hole
or dropped a little before picking up height again to fly away, usually
in a straight northern direction. In each year the data were collected on
14 nights, of which 7 were controls and 7 treatment nights (table 1). The
number of emerged bats was stable after the establishment of the colony
(about 50 bats) and the bats left the roost when the young began to fly. In
August 1997, bats returned to the roost (fig. 1).
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Fig. 1. Number of emerged bats on control (open bars) and treatment (closed bars)
nights.

Reproductive period

Mann-Whitney tests showed no differences between years in any para-
meter of emergence (1997 vs. 1998, N = 28; control 1997 vs. control
1998, N = 14 and treatment 1997 vs. treatment 1998, N = 14). Never-
theless, a check of the graphs for each year (fig. 2) indicated an effect of
year connected with reproductive season. Nonparametric 2-way ANOVA
with year and reproductive period as categorical variables revealed sig-
nificant variation by reproductive period in the number of emerged bats
(Scheirer-Ray-Hare Test, N = 28, p < 0.05) and in the end of emer-
gence (Scheirer-Ray-Hare Test, N = 28, p < 0.05). Year vs. reproduc-
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Fig. 2. Emergence activity of the colony of Eptesicus serotinus in 1997 (top) and 1998
(bottom). Treatment nights are indicated by bold figures.

tive period interactions were significant for the onset (Scheirer-Ray-Hare
Test, N = 28, p < 0.01) and median of emergence (Scheirer-Ray-Hare
Test, N = 28, p < 0.01). Because of these significant interactions we
compared emergence parameters between the two periods of the breed-
ing season for each year separately, by means of a Mann-Whitney test. In
1997, bats emerged later during lactation than during the gravidity period.
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TABLE 2
Results of Mann-Whitney test by reproductive period.

Parameter 1997, N = 14 1998, N = 14

U Z p-level U Z p-level
number of emerged bats 225 —0.194 0.846 6 —2.324 0.020
level of light intensity 10 —1.807 0.071 18 —0.775 0.439
duration of emergence 20 -0.516 0.606 5 —2.453 0.014
rate of emergence 19 —0.645 0.519 22 —0.258 0.796
onset of emergence 3 —-2.711 0.007 6 —2.324 0.020
end of emergence 2 —2.840 0.005 19 —0.645 0.519
median of emergence 1 —2.969 0.003 7 —2.195 0.028
exit preference 12 —1.549 0.121 15 —1.162 0.245

In 1998, bats emerged earlier during lactation, moreover, they emerged
in higher numbers and the emergence period was prolonged (fig. 2, ta-
ble 2). In 1998 the number of emerged bats correlated with the duration
of emergence (N = 14, ry, = 0.603, p < 0.05), but not in 1997 (N = 14,
rs = 0.110, NS). The corrected estimate of clustering did not vary be-
tween years (ANCOVA, Fj 59 = 0.143, NS) or reproductive periods (AN-
COVA, F| 0 = 3.725, NS).

Climatic factors

The number of emerged bats (r;, = 0.670, p < 0.01) and the rate of
emergence (r; = 0.387, p < 0.05) was significantly correlated with the
factor scores of the first principal component of the PC analysis that was
done on all weather variables. The first factor reflected mainly the effect
of temperature parameters on expressed variability (table 3). The rate of
emergence was dependent on the number of emerged bats (r; = 0.526,
p < 0.01). Mann-Whitney tests did not show any differences between
two ‘weather groups’ (table 4) and there was no significant change in
clustering (ANCOVA, F 20 = 2.209, NS).

Predation risk

The presence of the predator model, a stuffed bird (barn owl or common
kestrel) and its calls, did not affect any parameter of emergence (Wilcoxon
matched pairs test, N = 28), nor did each of the models separately
(Wilcoxon matched pairs test, N = 14). Degree of clustering did not
increase due to predation risk (ANCOVA, barn owl: F} 9 = 0.644, NS;
common kestrel: F;3 = 0.328, NS, together: Fj = 0.062, NS).
We found no variation in degree of clustering by predation risk and by
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TABLE 3
Values of factor loadings for the principal components describing the variation in climatic
variables.
PC1 PC2 PC3
To1 0.94 —0.25 —0.05
Tm 0.89 —0.35 —0.17
Tmin 0.72 0.27 —0.52
H —0.23 0.76 —0.51
WS 0.46 0.45 0.64
P —0.56 —0.59 —0.29
% total variance 46.39 23.29 17.61
TABLE 4

Mean values of climatic factors and particular days for separated ‘weather groups’. T —

temperature, H — humidity, WS — wind speed, P — atmospheric pressure (recorded at

9 p.m.), Ty — mean day temperature, Tmin — minimal day temperature, G — gravidity,
L — lactation and postlactation, C — control, P — predator (treatment).

Group 1 (N = 15)

T = 14.86°C, H = 71.2%, WS = 1.53 m.s~!, P = 987.63 hPa, T, = 15.71°C,
Tmin = 8.43°C

25.5.97 (G, C), 26.5.97 (G, P), 7.6.97 (G, C), 27.6.97 (L, C), 8.7.97 (L, C), 7.5.98 (G, C),
8.5.98 (G, P), 18.5.98 (G, C), 19.5.98 (G, P), 1.6.98 (G, C), 2.6.98 (G, P),
12.6.98 (G, C), 14.6.98 (G, P), 3.7.98 (L, C), 15.7.98 (L, P)

Group 2 (N = 13)

T =17.18°C, H = 76.92%, WS = 0.15 m.s~!, P = 988.54 hPa, T, = 18.43°C,
Tmin = 13.31°C

13.5.97 (G, C), 14.5.97 (G, P), 8.6.97 (G, P), 17.6.97 (L, C), 18.6.97 (L, P),
28.6.97 (L, P), 9.7.97 (L, P), 12.8.97 (L, C), 13.8.97 (L, P), 23.6.98 (L, C),
24.6.98 (L, P), 4.7.98 (L, P), 14.7.98 (L, C)

‘weather group’ (2-way ANCOVA, F; 13 = 0.00, NS; Fj 3 = 1.86, NS;
predation x ‘weather group’ interaction F ;3 = 0.31, NS) or by predation
and by reproductive period (2-way ANCOVA, F 3 = 0.14, NS; F} 13 =
3.48, NS; predation x reproductive period interaction F; 13 = 0.31, NS).

The non-parametric 2-way ANOVA, with predation and ‘weather group’
as categorical variables was run on all parameters (except degree of clus-



EMERGENCE BEHAVIOUR OF BATS 405

tering) but we revealed no variation in any parameter and the interactions
of categorical variables were non-significant. Because of the interaction
between the effect of year and reproductive periods (see above), we could
not perform the set of 2-way ANOVAs with reproductive period and pre-
dation as categorical variables and we lacked data for 3-way analysis.
Therefore we used Wilcoxon matched pairs tests for each parameter (ex-
cept degree of clustering) to analyse the effect of predation risk in each
reproductive period separately. There were no differences between con-
trol and treatment nights either during gravidity or during the period of
lactation and postlactation.

On the other hand, we found that predation risk influenced relationships
among emergence parameters (table 5). The most important was the fact
that the degree of clustering correlated with the level of light intensity,
with the onset, median, the duration and rate of emergence on treatment
nights, while there was no correlation between degree of clustering and
any parameter of emergence on control nights (table 5, fig. 3).

DISCUSSION

The pre-emergence behaviour observed in the present study, with bats
vocalizing, crawling down and congregating near the exit holes, is con-
sistent with previous observations on serotine bats (GLAS, 1980-1981;
CATTO et al., 1995; ROBINSON & STEBBINGS, 1997). Bats caught in the
bucket traps during the experiments conducted by FENTON et al. (1994)
and some of the ones taken by raptors uttered shrill screams, vocalisations
audible to a human observer. As a consequence of these experiments, the
number of emerged bats decreased, they emerged later and changed exit
holes. Vocal communication prior to emergence may have an important
function in colonial species and some kinds of distress calls could alert
bats to predators (KUNZ, 1974; FENTON et al., 1994). But screech calls
of Phyllostomus hastatus were not given in appropriate contexts to warn
conspecifics (WILKINSON & BOUGHMAN, 1998). The exact significance
of distress calls is not clear and additional experiments are required.

Many factors influence emergence activity of bats especially from
shelters of maternity colonies and it is difficult to assess the impact of only
predation risk and to eliminate other factors. Therefore we considered also
the effect of year, reproductive period and climatic factors and tried to find
potential relationships among all factors.

We did not find differences in emergence parameters between 1997
and 1998, but the effect of reproductive season was opposite in each
year. Early emergence during lactation, like in 1998 in this study, has
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Fig.3. Scatter plots of onset of emergence against degree of clustering.

been recorded for many bat species, e.g., Antrozous pallidus (O’ SHEA &
VAUGHAN, 1977), Tadarida pumila (MCWILLIAM, 1989), Nyctalus noc-
tula (JONES, 1995), Nyctalus leisleri (SHIEL & FAIRLEY, 1999), Eptesi-
cus nilsonii (DUVERGE et al., 2000) and also for Eptesicus serotinus
(CATTO et al., 1996; POKORNY, 1998). On the other hand, CATTO et al.
(1995) did not find significant variation in emergence time throughout the
breeding season at another maternity colony of Eptesicus serotinus close
to the colony studied by CATTO et al. (1996).
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Lactation is more energy demanding than pregnancy in bats (AN-
THONY & KUNZ, 1977). Because the abundance of night-flying insects
peaks after dusk and females must come back to suckle their young
(SWIFT, 1980), bats emerge earlier to cover their increased energy de-
mands. Bats in late pregnancy have much higher wing loading than dur-
ing lactation, and their agility and manoeuvrability are reduced because
of this handicap (HUGHES & RAYNER, 1991). In contract to the expecta-
tion, bats emerged later during lactation 1997 in comparison with gravid-
ity 1997. Similar results were obtained for Myotis velifer (KUNZ, 1974)
and Rhinolophus ferrumequinum (DUVERGE et al., 2000). The predic-
tion that lactating bats should emerge earlier may be flawed since it was
based on the implicit assumption that food availability remained constant
throughout the season. The abundance of flying insect increased from May
to July and August and this increase in food availability during lactation
may therefore normally compensate for the increased energy demands, so
that emerging earlier may not be necessary (DUVERGE et al., 2000). In ad-
dition, females may be prevented from emerging early by mother-infant
interactions after parturition (KUNZ, 1974). Our results thus show that
there may be intra-roost differences in the effect of reproductive season,
which could be related to different food availability in each year. Prolon-
gation of emergence during lactation could be caused by social changes
in the colony. We observed juveniles departing after mothers with visi-
ble delay. A similar pattern was observed in other bats including Myotis
velifer (KUNZ, 1974) and Eptesicus nilsonii and Rhinolophus ferrume-
quinum (DUVERGE et al., 2000). O’SHEA & VAUGHAN (1977) predi-
cated that during the period when Antrozous pallidus were beginning to
fly, the bats were probably the most vulnerable to predation. Young bats
may emerge later than adult because their flight is still slow and the poten-
tial cost (predation) of emergence is high. Moreover, young bats may still
be suckling and the potential benefit of early emergence may be relatively
low (DUVERGE et al., 2000). We considered that bats could apprehend
predation risk differently during the breeding season, but these assump-
tions were not confirmed by our results.

Low temperatures reduced the number of emerged bats in our study.
The roost might be inappropriate for bats during cold periods and they
probably used another temporary roost, which we were unable to locate.
HORACEK (1980) indicated that each maternity colony of Eptesicus serot-
inus has a few roosts, between which they alternate. Low ambient tem-
peratures have been demonstrated to delay, reduce or prevent activity of
bats due to its effect on the abundance of insects (O’SHEA & VAUGHAN,
1977; ERKERT, 1982; CATTO et al., 1995; RYDELL et al., 1996). Bats also
reduced their activity on nights with low relative humidity to avoid excess
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water loss because of extremes in vapour pressure deficits during flight
(ADAM et al., 1994). Only strong wind and heavy precipitation seems to
inhibit or extremely delay an emergence (ERKERT, 1982; MCWILLIAM,
1989; CATTO et al., 1996). Bats emerged earlier on nights with higher
atmospheric pressure (NEGRO et al., 1992). A negative influence of cool
periods on the rate of emergence in Anthrozous pallidus was demonstrated
by O’SHEA & VAUGHAN (1977).

NEGRO et al. (1992), who recorded winter predation by Falco tinnuncu-
lus on Pipistrellus pipistrellus, found that kestrels did not chase bats dur-
ing poor weather. Therefore we assume that bats are under higher preda-
tion risk during fine weather, and their perception of predation risk could
depend on weather conditions . This hypothesis was not confirmed. Never-
theless we should remark that the influence of some climatic factors may
not show up in our study because there were no extreme values of any
climatic factor.

There are a few observations of direct changes in emergence or return
behaviour obviously due to a predator. The activity of Otus asio near the
colony of Myotis lucifugus apparently caused a temporary decline in the
size of the bat colony (BARCLAY et al., 1982). Myotis myotis changed the
emergence exits to avoid the attacks of Strix aluco (GUTTINGER, 1990)
and the colony left the roost earlier compared with other years (GUT-
TINGER, pers. comm.). Colonies of Pteronotus fuliginosus use natural
corridors for their evening emergence and predation by Falco columbar-
ius induced the disappearance of an more exposed flyway (RODRIGUEZ-
DURAN & LEWIS, 1985). We did not find any differences between values
of emergence parameters for control and treatment nights for the barn owl
or the common kestrel model. However, we discovered changes in rela-
tionships among emergence parameters probably due to predation risk.

The function of the clustering behaviour has been the topic of recent
debate. There are three main hypotheses concerning the functional signif-
icance of this behaviour. A ‘Bottle neck effect’ is used to explain cluster-
ing behaviour as an artefact of large numbers of animals moving through
a small constriction (BULLOCK, COMBES & EALES, 1987; KALCOU-
NIS & BRIGHAM, 1994), but when the statistical artefact of emergence
size is removed, large emergences are actually less clustered than smaller
ones (SPEAKMAN et al., 1999). In larger emergences the large number
of bats crowding to get out through the emergence hole may push bats
out of the roost and they are not able to co-ordinate their behaviour with
other animals (SPEAKMAN & TALLACH, 1998; SPEAKMAN et al., 1999).
The ‘Information transfer’ hypothesis suggests that bats may emerge in
synchrony to co-ordinate their foraging behaviour (WILKINSON, 1992;
WILKINSON & BOUGHMAN, 1998). Finally, clustering may represent
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a selfish ‘anti-predator strategy’ (after HAMILTON, 1971); individuals
emerging in groups decrease their own probability of being predated.

Previous experiments with plastic or stuffed owls did not reveal any
significant effect on the extent of clustering (KALCOUNIS & BRIGHAM,
1994; SPEAKMAN et al., 1992). However, in Africa Tadarida pumila
switched emergence behaviour from random to clustered with the arrival
of Macheiramphus alcinus at the colony site (MCWILLIAM, 1989). FEN-
TON et al. (1994), who studied predated colonies of Tadarida pumila and
Tadarida condylura, emphasized the importance of clustering behaviour
as a defensive strategy. At the maternity colonies of Pipistrellus pipistrel -
lus in Scotland the extent of clustering behaviour was the greatest during
the first half of emergence, when light levels were high, suggesting an
anti-predation function (SPEAKMAN et al., 1995). Early emergence may
increase the risk of being eaten by diurnal raptors (SPEAKMAN, 1991;
SPEAKMAN, 1995; JONES & RYDELL, 1994; RYDELL et al., 1996). Our
results also support the anti-predation function of clustering behaviour al-
though emergence is clustered on both treatment and control nights and
the degree of clustering did not differ between them. The anti-predation
function of clustering was manifested on treatment nights by significant
relationships between the degree of clustering and the onset, median, rate
and duration of emergence and also the level of light intensity at the onset
of emergence. There are many significant cross-correlation among these
parameters, but the most important result is that bats emerging earlier and
thereby increasing their risk to be attacked, increase their degree of clus-
tering. The benefit of early emergence is that feeding areas can be reached
before insect abundance declines as the evening progresses (RACEY &
SWIFT, 1985).

If bats emerged early on treatment nights, they prolonged duration of
their emergence, decreased the speed of emergence and, as we have men-
tioned, they increased the degree of clustering. This could be connected
with an unpredictable emergence, which was suggested to be a defensive
strategy of bats by FENTON et al. (1994). Bats may emerge erratically in
groups with long gaps to confuse a predator. On the other hand, FENTON
et al. (1994) found out that bats reduced the duration and increased the
rate of emergence at colonies of less than 100 individuals. These changes
in emergence behaviour decrease the risk of individual bats to be attacked
by a hunting raptor as the handling time (time between the capture and the
resumption of hunting) is stable.

Effective anti-predator defence mechanisms depend on efficient recog-
nition of potential predators. The problem of the perception of a stuffed
model and playbacked calls as potential threat and the ability of bats to
discriminate playbacks from real calls, was debated by KALCOUNIS &
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BRIGHAM (1994) and SPEAKMAN et al. (1992). Territorial calls are the
most obvious indication of the presence of owls. Playback of recorded
tawny owl (Strix aluco) calls were sufficient to induce antipredator de-
fence behaviour in desert rodents and increased their corticosterone levels
(HENDRIE et al., 1998; EILAM et al., 1999). The different relationships
between emergence parameters on treatment and control nights indicated
most probably that bats perceived the territorial calls and the bird mod-
els as predation threat. The relationships between the degree of clustering
and other parameters were not recorded on control nights. However, there
might be other stimuli to trigger a clear antipredator response, e.g., move-
ment of a bird or vocalisation of an attacked bat (FENTON et al., 1994).
Falco tinnunculus flying into a stream of emerging bats caused a follow-
ing break of emergence (REHAK, pers. comm.). It was surprising that no
behavioural changes were detected in Acomys cahirinus after exposure to
owl calls, despite increased cortisol levels, which are indicative of stress.
EILAM et al. (1999) explained this by the fact that Acomys cahirinus for-
age in habitats relatively protected from aerial predation. Also bats avoid
avian predation by their nocturnality (SPEAKMAN, 1995), so they may not
require strong anti-predator strategies. Experiments with stress hormones
and predation risk in bats are needed to clarify this situation.
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We studied the impact of predation risk on emergence behavior of a maternity colony of Eptesicus serotinus.
Observations were made during sets of three consecutive nights — control, treatment and post-treatment. On
treatment nights, a trained individual of barn owl (Tyto alba) was displayed during the emergence of the colony.
Presence of the owl did not induce any significant change in the emergence parameters with exception of the
degree of clustering. In pregnancy bats increased their clustering during treatment and post-treatment nights.
The presence of the owl induced changes in relationships among emergence parameters. If bats emerged earlier
when predation risk supposed to be higher, they increased their degree of clustering to decrease the individuals’
probability of being attacked. We conclude that clustering in emergence is an important anti-predation strategy.

Key words: Eptesicus serotinus, Tyto alba, emergence, predation risk, reproduction

INTRODUCTION

A bat colony represents a large potential
food source concentrated in a small area,
and thus may attract predators. Although
bats are known to fall prey to a large diver-
sity of predators (Gillette and Kimbourgh,
1970), much reported predation appears to
be opportunistic. Only for Macheiramphus
alcinus, Falco rufigularis and Strix nigro-
lineata are bats a major component of the
diet (Cade, 1987; Gerhardt, 1994). How-
ever, some individuals of other avian preda-
tors can specialize in preying on bats, e.g.,
Tyto alba (Bauer, 1956; Romano et al.,
1999; authors’ unpublished data), Strix alu-
co (Obuch, 1992; 1998) or Falco tinnuncu-
lus (Negro et al., 1992; Lee and Kuo, 2001).
Speakman (1991) estimated that predation

by avian predators accounts for about 11%
of the annual mortality of British bats de-
spite the apparent low representation of bats
in the diets of predatory birds.

Bats seem to be most vulnerable to pre-
dation during their predictable evening
emergence and morning return, when they
are concentrated near their roost from
which they must emerge/enter through sites
with limited access (Barclay et al., 1982;
Erkert, 1982; Negro et al., 1992; Roberts
et al., 1997, Lee and Kuo, 2001). The fac-
tors regulating the timing of nocturnal
activity are of endogenous (hormonal) as
well as exogenous (light, temperature, etc.)
origin (reviewed by Erkert, 1982). Colony
size, reproductive status and level of pre-
dation risk can also contribute to variation
in timing of emergence (Jones and Rydell,



178 K. J. Petrzelkova and J. Zukal

1994; Speakman et al., 1995; Catto et al.,
1996).

Emergence consists of groups of bats
leaving the roost together, interspersed with
periods when few or no individuals leave.
This behavior has been called ‘outburst
activity’ or ‘clustering’ (Speakman et al.,
1992). Two hypotheses concerning the
functional significance of clustering are
considered (Speakman et al., 1999). It may
be an anti-predator behavior (Hamilton,
1971) or bats may emerge together to co-or-
dinate their foraging behavior (Wilkinson,
1992; Wilkinson and Boughman, 1998).
The idea that clustering simply reflected an
artefact of the movement of a large number
of animals through a restricted hole (bottle-
neck effect — Bullock et al., 1987) was re-
jected by Speakman et al. (1999), who
showed that bottlenecks disrupted cluster-
ing rather than promoted it.

Although many aspects of bat behavior
are supposed to be affected by preda-
tion risk, there have been few attempts to
demonstrate the influence of predation risk
on emergence behavior. Speakman et al.
(1992), Kalcounis and Brigham (1994) and
Petrzelkova and Zukal (2001) used a preda-
tor model associated with or without record-
ed calls, to study the response to predation
risk on emergence behavior. Effective anti-
predator defense mechanisms depend on ef-
ficient recognition of potential predators. In
all the above mentioned studies the poten-
tial perceived threat to bats of owl mod-
els/playbacks was discussed. To our knowl-
edge only Fenton et al. (1994) observed
anti-predator behavior of bat colonies to
a real predator pressure.

In the present study, we studied the
impact of the presence of a barn owl (Tyto
alba) on the emergence behavior of a ma-
ternity colony of serotine bats (Eptesicus
serotinus). Unlike comparable previous
studies we used a live trained animal. Our
aim was to investigate the responses of

bats to a live moving animal rather than to
a stuffed model associated with recorded
calls (Petrzelkova and Zukal, 2001).

MATERIALS AND METHODS
Study Colony

Field work was carried out from the beginning of
May to the end of June in 2000 at a maternity colony
of E. serotinus in Sttelice (49°09°N, 16°30°E), a small
village near Brno, Czech Republic. Bats roosted in
the attic of a family house at the periphery of the vil-
lage and emerged from up to five exit holes (crevices
between roof tiles or between the roof molding and
tiles). One exit hole was used more frequently (> 80%
of colony members) than the others. The front part of
the house faced a street (southwest) and the rear of the
house, with exit holes, to a complex of gardens
(northeast). The rear of the house was covered by
walnut (Juglans regia) branches. Stelice is surround-
ed mainly by agricultural land with patches of wood-
land.

Bats usually start to establish a colony at this site
at the end of April or beginning of May and leave the
roost during July/August. However, in the year of this
study the first bats appeared at the roost in the mid-
April and departed at the end of June. Experiments
began in the mid-May and last until beginning of July.

Data Collecting

Emergence activity was monitored every week,
on three consecutive nights. The first night served as
a control, with emergence activity recorded without
the presence of the owl. During the second night,
a trained owl was displayed during the emergence pe-
riod. On the third night changes in emergence after
the night when the predator was presented were
recorded. Each observation started approximately 30
minutes before the expected onset of emergence peri-
od according to the time of sunset and lasted until no
bat had emerged for 15 minutes. The barn owl used
for the predator treatment was a 1-year male, which
was always handled by a falconer. We chose a barn
owl, because it preys on bats, including Eptesicus se-
rotinus (Obuch, 1998), and because this species had
been recorded at the locality (J. Vackat, pers. com.).
A stuffed specimen of barn owl was used in a previ-
ous study (Petrzelkova and Zukal, 2001). During
predator treatment the falconer with the owl stood on
the flat roof beneath the roost exit. The owl was flown
tethered on a 60 cm long belt or sat on the falconer’s
raised hand, occasionally flapping its wings. When
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flown the owl was at the same height or just beneath
the stream of emerging bats. The emergence behavior
of bats was recorded from the roof of an adjacent
garage or, on the first and third nights when the
falconer was absent on the same roof used by the fal-
coner. Thus the presence of the observer/falconer
served as a neutral stimulus.

All observations on emergence and return activi-
ty were recorded verbally on a dictaphone, with each
emerging/returning individual recorded. Recordings
were later transcribed with accuracy to one second us-
ing TIMER software (J. R. Speakman, School of
Biological Sciences, University of Aberdeen, Scot-
land). The emergence model was characterized by the
following parameters: 1) onset of emergence (O) —
the time of the first bat to emerge, 2) median of emer-
gence (M) — the time of the middle bat to emerge,
3) end of emergence (E) — the time of the last bat to
emerge. All these parameters were given in seconds
with respect to sunset. In addition we recorded 4) the
duration of emergence (D) — length of the interval
between the first and the last bat to emerge (in min-
utes), 5) rate of emergence (R) — number of bats
emerging per minute, 6) degree of clustering (G) —
expressed as adjusted G-value (see data analysis). The
level of light intensity was measured at the onset of
emergence (I) using a luxmeter (GOSEN) placed
close to the roost of the colony. Because of the inac-
cessibility of the roost and because we did not want
to disturb the colony, the reproductive stage of the
females could not be directly reported. All bats left
the roost immediately after first emergence of weaned
bats and therefore the breeding season was divid-
ed only into two periods — ‘gravidity’ and ‘lacta-
tion’. June 10" was defined as the transition date be-
tween gravidity and lactation based on studies on oth-
er colonies, according to the information from litera-
ture (Schober and Grimmberger, 1993; Catto et al.,
1995), from previous studies on the colony under in-
vestigation (Petrzelkova and Zukal, 2001) and from
a study of another maternity colony of Eptesicus
serotinus near the study site (Pokorny, 1998) in pre-
vious years. We took account of the fact that bats
established the colony sooner than in previous years.
Air temperature was recorded at Troubsko, a village
near the study site (2 km), at 9 p.m. and atmospheric
pressure was recorded in Brno-Tufany (ca. 15 km)
at 9 p.m. Climatic information were supplied by
the Hydrometeorological Institute in Brno, Czech Re-
public.

Data Analysis

The analysis of clustering behavior was perform-
ed by the behavioral temporal clustering analysis

program CLUSTAN (J. R. Speakman). This software
calculates an explicit comparison of the observed
distribution of intervals between two consecutive
individual emergence events to that expected if the
emergence was random, and tests the significance
of this difference using - or G-tests, depending
on sample size. Clustering is indicated when there
is over-representation of the shortest and the long-
est intervals in the sequence. G-values and ?-values
are used as measures of clustering. If the values
exceed the significance level then the distribution is
clustered. However, it is necessary to adjust G-values
and %2 according to method of Speakman et al. (1999)
to eliminate the impact of sample size. Adjusted
G-values were chosen to express the degree of clus-
tering, because G-test is more robust to the small sam-
ple sizes (number of emerged bats). If the sample size
is smaller than 30, CLUSTAN is not able to analyze
clustering behavior.

To test whether temperature and atmospheric
pressure differed significantly among the three days
within each experimental set, we used repeated
measures ANOVA with type of night (control, treat-
ment, post-treatment) as a repeated factor. Repeated
measures ANOVA with reproductive period as a cat-
egorical factor was used to test differences in emer-
gence parameters among control night, treatment
night and post-treatment night (repeated factor).
Non-normal distributed variables were transformed
by Box-Cox transformation. Spearman’s correlation
between adjusted G-values and other emergence pa-
rameters were performed to examine changes in rela-
tionships due to predation risk (Sokal and Rohlf,
1995).

RESULTS

We observed emergence from the roost
on total of 27 nights, but only 20 nights in
seven sets were used for analyses. The
remaining nights were single, and did not
form complete sets. Adjusted G-values
were counted only for 19 emergences. The
number of bats emerging from the roost was
stable after the establishment of the colony
(median of number of emerging bats was
56) and the bats commenced leaving the
roost immediately when their young began
to fly.

There was no difference among days in
temperatures (repeated measures ANOVA:
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TaBLE 1. Effect of the presence of the predator on emergence activity. Results of repeated measures ANOVA on
emergence factors (see Materials and Methods for details). Abbreviations: RF — repeated factor (type of night),
CF — categorical factor (reproductive period). P < 0.05 in bold

CF RF RF*CF
Emergence parameters
F P F P F P
Onset of emergence (O) 0.122 0.75 1.538 0.27 0.056 0.95
Median of emergence (M) 0.638 0.47 2.037 0.19 0.021 0.98
End of emergence (E) 2.440 0.19 0.178 0.84 0.25 0.79
Degree of clustering (G) 0.007 0.94 6.914 0.03 5.458 0.05
Rate of emergence (R) 0.035 0.86 0.073 0.93 0.194 0.83
Duration of emergence (D) 3.948 0.12 0.573 0.59 0.395 0.69
Level of light intensity (I) 2.565 0.18 1.945 0.21 0.241 0.79

F, 1, = 0.639, P = 0.55) or atmospheric
pressure (F, |, = 3.000, P = 0.13) within
experimental sets of nights. Therefore, we
ignored the effects of temperature and at-
mospheric pressure among control, treat-
ment and post-treatment nights within ex-
perimental sets.

The presence of the barn owl did not in-
duce any changes in most of the emergence
parameters. No effect was also detected on
the post-treatment days (Table 1). However,
repeated measures ANOVA revealed signif-
icant variations in adjusted G-values among
days within experimental sets, and a re-
peated measures factor versus reproductive
period interaction was significant (Table 1,
Fig. 1).

We found out that the presence of
the owl influenced relationships among
emergence parameters. The most important
was the fact that the adjusted G-values
correlated with the onset and median time
of emergence on treatment nights, while
there was no correlation between adjust-
ed G-values and any parameter of emer-
gence on control nights. Strong but non-
significant correlations were also found
between adjusted G-values and the level
of light intensity and between adjusted
G-values and the end of emergence. On
post-treatment nights adjusted G-values
corre-lated with rate of emergence (Ta-
ble 2).

DiscusSION

Colonies of bats form resource patches
that appear to offer excellent opportunities
to predators. While concentrations of pred-
ators are commonly observed around the
roost entrances of the enormous cave
colonies of Tadarida brasiliensis (e.g., Lee
and Kuo, 2001), at most bat colonies pred-
ators are seen rarely. However, predation
may affect many aspects of bat behavior,
like general coloniality and roost selection
(Barclay et al., 1982; Fenton et al., 1994;
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TABLE 2. Spearman’s correlation coefficients between G-values and other emergence parameters. Control,
treatment, post-treatment nights are treated separately. G — degree of clustering, O — onset of emergence,
M — median of emergence, E — end of emergence, D — duration of emergence, R — rate of emergence,
I — level of light intensity at the onset of emergence. Significant correlations (P < 0.05) in bold

Emergence Control Treatment Post-treatment

parameter p P P P r P
G&O 0.600 0.21 -0.943 0.01 0.143 0.79
G&M 0.486 0.33 -0.886 0.02 -0.029 0.96
G&E 0.486 0.33 -0.771 0.07 0.371 0.49
G&D 0.771 0.07 0.371 0.47 0.771 0.07
G &R -0.257 0.62 0.029 0.96 -0.886 0.02
G&l 0.600 0.21 0.771 0.07 0.200 0.70

Jenkins et al., 1998), use of linear landscape
elements (Verboom, 1998), and both emer-
gence and return behavior (Fenton et al.,
1994; Jones and Rydell, 1994; Duvergé et
al., 2000; Petrzelkova and Zukal, 2001;
Petrzelkova, 2003). Avian predation is sup-
posed to be the most important factor influ-
encing bat nocturnality (Rydell and Speak-
man, 1994; Speakman, 1995), though there
is still a lack of a clear consensus.
Effective anti-predator defence mecha-
nisms depend on efficient recognition of
possible predators. Kalcounis and Brigham
(1994) and Speakman et al. (1992) disputed
that bats were able to distinguish models
and playback calls of predators, used during
their experiments, from real ones. Both
authors presented plastic models of owls
to emerging bats, Kalcounis and Brigham
(1994) together with recorded owl calls.
Our previous results indicated that E. se-
rotinus perceived a stuffed owl and kes-
trel, along with playbacks of their calls, as
a predation threat (Petrzelkova and Zu-
kal, 2001). In the current study, E. seroti-
nus responded to the live owl, which did
not utter any calls. Therefore, we suppose
bats could perceive a silhouette of an avi-
an predator as a potential threat. Neverthe-
less, experiments with plastic owls have
proven unsuccessful (Speakman et al.,
1992; Kalcounis and Brigham, 1994), and
we can speculate that bats may discriminate

between a plastic (not stuffed) and a real
owl. It is also possible that more than one
stimulus are used by bats (silhouette plus
movements or silhouette plus calls). More-
over, the vocalisation of an attacked bat
could alert the rest of a bat colony (Fenton
et al., 1994). In desert rodents, playbacks of
calls of Strix aluco were sufficient to induce
anti-predator defence behavior and increas-
ed corticosterone levels of rodents (Hendrie
et al., 1998; Eilam et al., 1999).

There are a few observations which
have recorded direct changes in emergence
or return behavior directly in response to
a predator. A part of a colony of Myotis
lucifugus was reported to leave their roost
in response to the activity of Otus asio
nearby (Barclay et al., 1982). Also, Myotis
myotis changed their emergence exit from
aroost to avoid the attacks of S. aluco (Giit-
tinger, 1990), with the colony aban-
doning its roost earlier than in previous
years (R. Giittinger, pers. comm.). Attacks
by Falco columbarius on emerging Pte-
ronotus fuliginosus induced a disappear-
ance of one of the emerging streams of
the colony (Rodriguez-Duran and Lewis,
1985). Fenton et al. (1994) studying col-
onies of Tadarida pumila and T. condy-
lura attacked by raptors, described sever-
al anti-predation strategies of bats. In
colonies of less than 100 individuals, bats
decreased their risk of attack by switching
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roosts, and by adjusting the times and du-
rations of emergence. Bats from larger col-
onies emerged earlier, despite the increas-
ed risk of predation by raptors. At all col-
onies, increasing numbers of bats decreased
the risk of predator attack (Fenton et al.,
1994).

Kalcounis and Brigham (1994) and
Speakman et al. (1992) proposed that bats
should increase their clustering in the pres-
ence of a predator to decrease their proba-
bility of attack. However, their experiments
with models of owls did not reveal any
significant effect of predation risk on the
extent of clustering during emergence. Nev-
ertheless, Speakman et al. (1992) discuss-
ed that development of clustering may be
sufficient to act as an anti-predation device.
In contrast, the results of our experiments
indicate that in pregnancy, bats increas-
ed their clustering in the presence of the
live owl and also on the night following the
treatment. We speculate that this effect of
the reproductive period might be connect-
ed with differences in other emergence
parameters between pregnancy and lacta-
tion. In comparison with other reproduc-
tive periods, bats can emerge during preg-
nancy earlier (e.g., Jones, 1995; Shiel and
Fairley, 1999) or later (Kunz, 1974; Du-
vergé et al., 2000). There could also be in-
tra-colony differences in the effect of the re-
productive period on emergence times,
which could be related to different food
availability in each year (Petrzelkova and
Zukal, 2001).

As well as in our previous study (Pe-
trzelkova and Zukal, 2001), predation risk
induced changes in relationships among
emergence parameters. When bats emerged
early in the presence of owl, they increased
their degree of clustering. Early emergence
increases exposure to raptorial birds (Jones
and Rydell, 1994; Rydell et al., 1996), but
emerging late results in missing the peak
abundance of aerial insects (Racey and

Swift, 1985; Rydell et al., 1996). Therefore,
we conclude that if bats emerged earlier and
thus were exposed to increased potential
predation pressure, they increased their de-
gree of clustering to thereby decrease the
individuals’ probability of being attacked.
This behavioural tactic may be expressed if
bats perceive an actual risk of predation.
The correlation between the degree of clus-
tering and rate of emergence probably re-
flected the fact that faster emergence could
disrupt clustering.

Ambient temperature and atmospheric
pressure can affect emergence behaviour
(e.g., Negro et al., 1992; Catto et al., 1995;
Rydell et al., 1996). Our analyses showed
no differences among nights within the ex-
perimental sets, so we neglected the effects
of climatic factors on the perception of pre-
dation threat.

Tadarida pumila switched their emer-
gence behaviour from random to clustered
with the arrival of Macheiramphus alcinus
at their roost site (McWilliam, 1989). With
maternity colonies of Pipistrellus pipistrel-
lus in Scotland, the extent of clustering be-
haviour was the greatest during the first
half of emergence, when light levels were
high, suggesting an anti-predation function
(Speakman et al., 1995). Based on the re-
sults of our studies on bat anti-predation be-
haviour during emergence, we suggest that
clustering during emergence is an important
anti-predation strategy.
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Abstact. There is good evidence that owls prefer to prey on smaller and younger rodents, but nothing is
known about possible selective predation on bats. We studied predation on the mouse-eared bat (Myotis
myotis) by the barn owl (Tyto alba). A set of skulls of Myotis myotis from pellets of Tyto alba was compared
with a control one (samples from museum collection) and it was found out that skulls from owl pellets
were smaller. The differences were mainly in lengths of upper and lower toothrow and rostral breadths
across upper teeth. Our results indicate that Tyto alba most probably prefer to prey on volant inexperienced
yearlings which are easier to catch, whilst reaching almost adult size. Volant yearlings lack flying skills,
they are conspicuous during the emergence and they often concentrate near the roost during their early
practice flights, making them more vulnerable to owl predation then adults.

INTRODUCTION

Bats are usually a minor component of the diet of their avian predators, despite their tendency
to form large and potentially vulnerable colonies. Only few tropical and subtropical birds spe-
cialize on bats, e.g. Macheiramphus alcinus (Accipitridae), Falco rufigularis (Falconidae) and
Strix nigrolineata (Strigidae) (CADE 1987, GERHART et al. 1994). However in other raptor and
owl species particular individuals can specialize to prey on bats, e.g. Tyto alba (BAUER 1956,
Romano et al. 1999, our unpublished data), Strix aluco (OBucH 1992) or Falco tinnunculus
(Necro etal. 1992, Lee & Kuo 2001). SPEAKMAN (1991) estimated that predation by birds account
for about 11% of the annual mortality of British bats despite the apparent low representation
of bats in the diets of predatory birds. OBucH (1998) showed that owls in Slovakia catch more
bats compared with e.g. Germany or Hungary. This could be promoted by more various natural
conditions and higher occurrence of rocky and karstic regions in Slovakia, which are attractive
for bats. A review of published results of owl pellet analyses in the Czech and Slovak Repub-
lics revealed that bats occurred in 39% of samples across all owl species. Most successful in
catching bats was Strix aluco, bats occurred in 77% of the samples and consisted 4% of the
diet (PETRZELKOVA & ZUKAL 1999).
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Prey selection of bats by owls with regards to the prey size has not been closely studied yet.
Previous studies were focused on bat species preference in owl diet (e.g. BEKKER & MOSTERT
1991, KowaLski & LEsiNsk1 1990, RuprecHT 1979, OBucH 1998) and there are indications that
owls prefer bigger species (BEKKER & MOSTERT 1991, PETRZELKOVA & ZUKAL 1999) and species
hunting in an open habit (PEREZ-BARBERIA 1990).

We compared a set of skulls from pellets of Tyfo alba with a control set of skulls from mu-
seum collection to test whether owls prefer any size/age group within a population of Myotis
myotis.

MATERIALS AND METHODS

We examined 121 craniums (upper parts of skulls) and 142 mandibles of Myotis myotis from the pellets
of Tyto alba collected at 7 localities in the Czech and Slovak Republic and 120 crania and 120 mandibles
of the same species from 30 localities deposited in the collection at the Institute of Vertebrate Biology AS
CR in Brno in the Czech Republic. Only at one locality — Ratkova, Slovakia — were Myotis blythii registe-
red with insignificant dominance (UHRIN et al. 2002). There were samples collected by the last author and
he has high experiences with bone determination to be able excluded Myotis blythii from sample. We did
not include museum specimens collected at hibernacula. We also excluded juvenile prevolant specimens
from analyses, because the number of juveniles in the collections did not reflect the situation in the Myotis
myotis population. Finally, we excluded the specimens with unclear origin to ensure that in the analysis
will be not included specimens of Myotis blythii. We were aware of a possible bias in our control sample.
Once prevolant individuals and possible Myotis blythii were excluded from the analyses, no size/age bias
between sample of individuals in the collections and individuals in maternity colonies was detected. Thus
we believe that our sample presents a valid control.

The following skull measurements were taken from each cranium: greates length of skull (LCr), con-
dylobasal length (LCb), zygomatic breadth (LL.aZ), breadth of interorbital constriction (Lal), infraorbital
breadth (Lalnf), breadth of braincase (LaN), lengths of upper tooth-row (IM3, CM3, P‘M3, M'M3, CP4,
P?P?%), rostral breadth across upper canines (CC), upper premolars (P*P*) and molars (M*M?). Mandibular
measurements included: mandible length (LMd), coronoid process height (ACr) and lengths of lower to-
othrows (IM;, CM;, P,M;, M, M;, CP,). Dental measurements had to be taken from alveoli on both pellet
and collection material, because skulls from pellets often had teeth out. Skulls from owl pellets were often
damaged so we could not take all measurements on some of them. Caliper and digital image analyses
(Microlmage 3.0) were used for measuring.

Comparisons between ‘owl’ and ‘control’ groups were carried out separately for craniums and mandibles.
Firstly we compared single measurements by univariate statistical methods. Kolgomorov-Smirnov tests
were used to test if the distributions did not differ significantly, while Mann-Whitney U-tests were used
to compare medians of the groups. Further, we performed two principal component analyses. Thereafter
we compared factor scores between ‘owl’ and ‘control’ group.

RESULTS

Using univariate tests we found significant differences between ‘owl’ and ‘control’ groups
mainly in lengths of upper and lower toothrow and rostral breadths across upper teeth (CC,
PP, MPM3, IM?, CM?, P*M3, MM, CP*, P?P?, LCb, IM?, CM?, P*M?, M M, CP, — Tab. 1).
Skulls from collections were larger in all these measurements then the skulls from owl pellets
(Fig. 1).

First component (PC1-u) of the PCA carried out on all cranial measurements was driven
mainly by lengths of toothrow (IM?, CM?, P*‘M?, M'M?, CP*) and rostral breadths across teeth
(CC, P*P*, M*M’) but also by LCb. Second principal component (PC2-u) mostly correlated
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Fig. 1. Length-frequency distribution of CM? (above) and IM; (below) from control group and from owl
pellets with a significant difference.

Obr. 1. Histogram hodnot rozmérd CM? (nahote) a IM; (dole) u kontrolni skupiny lebek a u skupiny lebek
z vyvrzkli. Vysvétlivky: number of observations — pocet pozorovani, control — kontrolni soubor, owl pellets
—sovi vyvrzky.
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Tab. 1. Medians and results of Mann-Whithey tests and Kolgomorov-Smirnov tests on (a) cranial and (b)
mandibular measurements. C — control, O — owl pellets, MW — Mann-Whitney test, KS — Kolgomorov-
-Smirnov test

Tab. 1. Mediédny a vysledky Mann-Whitney a Kolgomorov-Smirnov testli vypoctenych na rozmérech (a)
horni, (b) dolni Celisti. C — kontrolni soubor, O — sovi vyvrzky, MW — Mann-Whitney test, KS — Kolgo-
morov-Smirnov test, p-level — hladina vyznamnosti

MW KS

median C median O zZ p-level p-level
Lalnf 6.42 6.47 -1.91 0.056 >.10
Lal 5.24 5.23 -1.54 0.125 >.10
LaZ 15.02 15.11 -0.86 0.389 >.10
LaN 10.86 10.91 -1.58 0.114 >.10
CcC 6.21 6.11 4.41 <.001 <.001
pp* 7.71 7.76 1.73 0.083 <.05
M3M? 10.12 10.03 2.99 0.003 <.005
M3 11.40 10.98 5.68 <.001 <.001
CcM? 9.97 9.68 5.40 <.001 <.001
PAM? 7.39 7.27 3.97 <.001 <.001
MIM? 5.75 5.78 1.13 0.258 >.10
Cp* 4.37 4.17 5.72 <.001 <.001
p2p? 1.47 1.40 5.83 <.001 <.001
LCr 23.55 23.63 1.33 0.184 >.10
LCb 2247 22.43 2.08 0.037 >.10
LMd 17.92 17.87 -0.26 0.798 >.10
ACr 6.03 6.07 1.07 0.282 >.10
M, 11.96 11.65 -3.78 <.001 <.001
CM;, 10.65 10.34 —4.55 <.001 <.001
P.M; 7.81 7.66 -3.51 <.001 <.001
MM, 6.31 6.17 —4.26 <.001 <.001
CP, 4.37 4.14 -8.37 <.001 <.001

mainly with LaZ and LaN, also with LCb and LCr (Tab. 2a). First component accounts for
45.3% of the variation and the second for 14.3%. The graph of PC1-u and PC2-u indicated
that owl selected a group within a bat population (Tab. 2a). Significant differences between
PCl1-u factor scores of ‘owl’ and ‘control’ groups (Mann-Whitney test, Z= —2.3, p=0.02) pro-
ved that skulls from owl pellets were smaller, but differences between PC2-u showed opposite
trend (Mann-Whitney test, Z= -2.28, p=0.02) (see also Tab. 2a). However PC2-u explained
less of variability in comparison with PC2-u and LaZ, LaN, LCb and LCr also contribute to
the PC1-u considerably (Tab. 2a).

First principal component (PC1-1) of the PCA performed on all mandibular measurements
reflected variability in lengths of lower toothrow (IM;, CM;, P,M;, M ;M;, CP,). Second factor
(PC2-]) correlated mainly with LMd and ACr (Tab. 2b). First axis explains 66.3% of the variation
and the second 20.7%. The graph of PC1-1 and PC2-1 again showed that owl selected a particular
group within a population of Myotis myotis (Tab. 2b). Mann Whitney U-tests on the factor
scores for PC1-1 demonstrated that skulls from pellets were smaller (Z= —4.6, p< 0.01) while
differences between ‘owl’ and ‘control’ group in factor scores of PC2-1 showed an opposite trend
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(Mann-Whitney, Z=2.73, p< 0.01). However PC2-1 did not extract a lot of variability and LMd
and ACr which mainly affected PC2-1 correlated also with PC1-1 considerably (Tab. 2b).

DISCUSSION

It is widely accepted that vertebrate predators typically capture substandard individuals (e.g.
the young, weak, sick, aged, and inexperienced) from prey population in higher than expected
proportions (BEGoN et al. 1990). Ideally, individuals captured by a predator should be characte-
rized in terms of a variety of traits that could influence their vulnerability to predation (TEMPLE
1987). Predators forage optimally and they prefer prey which gives them the highest rate of
energy return (Kress & Davis 1987). Numerous studies have shown that owls preferred youn-
ger (and lighter) rodents than those typically found in population (BEacHAM 1979, MARTI &
HouGut 1979, LoNGLAND & JENKINS 1987, DickmaN et al. 1991), but data on potential differential
predation of size/age classes of bats by owls are missing. However HARTLEY & HUSTLER (1993)
demonstrated that a pair of bat hawk Machaeramphus alcinus took advantage of easily-caught
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Fig. 2. Results of the PCA on cranial measurements.
Obr. 2. Vysledky analyzy hlavnich komponent (PCA) provedené na rozmérech horni Eelisti. Vysvétlivky
viz obr. 1.
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Tab. 2. Results of the PCA on cranial (a), and mandibular measurements (b). Factor coordinates based
on correlations

Tab. 2. Vysledky analyzy hlavnich komponent (PCA) provedené na rozmérech horni (a) a dolni Celisti
(b). Korelace proménnych s hlavnimi komponentami

(a) PCl-u PC2-u (b) PC1-1 PC2-1
Lalnf 031 0.45 LMd ~0.55 -0.73
Lal -0.11 0.40 ACr -0.37 -0.83
LaZ ~0.44 0.64 M, ~0.96 0.07
LaN ~0.24 0.60 CM, ~0.98 0.14
LCr -0.57 0.57 P.M, -0.92 0.28
LCb ~0.60 0.52 MM, ~0.88 0.33
cC -0.83 0.03 CP, -0.83 -0.04
p'p* 077 <-0.01
MM? ~0.86 ~0.09
IM? ~0.89 ~0.24
cM? -0.91 -0.29
PM? ~0.87 ~0.30
M'M? -0.75 -0.29
cp* -0.74 0.17
PP’ ~0.49 —0.22

pregnant female bats in order to attain breeding condition, whereas their fledglings took advan-
tage of recently independent but naive juvenile bats.

We found out that analyzed skulls from owl] pellets were smaller, mainly in lengths of upper
and lower toothrow and rostral breadths across teeth. Myotis myotis shows age variability in
most of the cranial measurements, but the differences are most apparent in rostral breadths
across teeth (BEnpa 1993). The growth of skull is probably finished at the age of 2 or 3 years,
although the greatest changes had occurred in the first year (BEnpa 1993, 1994). According to
BENDA (1993), geographical variability in cranial measurements of Myotis myotis within Czech
and Slovak Republic could be neglected. Idem sexual dimorphism is not important from the
point of population or species variability. Therefore we conclude that our results could indicate
that Tyto alba preferred to prey on inexperienced yearlings which were easier to catch whilst
were almost as big as adults.

Bats are captured by owls probably mainly during the periods of emergence or return from
roosts (BARcLAY et al. 1982, RoBERTS et al. 1997, GERHARDT et al. 1994, HOETKER & GOBALET
1999, Romano et al. 1999), but owls are in general not adapted for catching bats (Cramp 1989).
The relative benefits of capturing substandard individuals are greatest just when a predator is
attacking a species of prey which is typically difficult to capture and kill (TEmpLE 1987).

Both prevolant and newly volant bats are especially susceptible to predation. Flightless young,
if not protected by physical barriers, may be taken directly by a variety of predators that range
from cockroaches (WiLsoN 1971) and snakes (Rice 1957) to birds and mammals (ALLEN 1939,
GiLLETTE & KivBRrOUGH 1970). Although Tyto alba often shares the roost with a bat colony, this
owl hunts for bats in flight and picking hanging bats inside the roost is probably very excep-
tional (BAUER 1956, KoNiG 1961, RupRECHT 1979). Newly volant young are unskilled flyers
and often concentrate near the roost during early practice flights (Kunz 1974b, BRADBURRY
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1977, BucHLER 1980). At such times these slow-flying bats with poor maneuverable abilities
are especially vulnerable. Kunz (1974a) discussed that more then half of all Eptesicus fuscus
caught by an individual of Tyfo alba were young of the year. Also Antrozous pallidus seems to
be most vulnerable to predation when bats are beginning to fly. These young bats are extremely
clumsy and frequent collisions with walls, other bats and the observer were noted. Skulls of
young Antrozous pallidus were found in the pellets of Bubo virginianus (O’ SHEA & VAUGHAN
1977). Roost selection is an important factor in determining the survival of juvenile bats. The
young of species that roost in relatively exposed places are especially vulnerable to predation
during emergence (HumPHREY 1975).

However owls are supposed to be able to catch bats also during their foraging (MORRISON
1978, VErRBOOM 1998, Law & LEAN 1999, VARGaAS et al. 2002) and we cannot exclude this for
Tyto alba. In general, Tyto alba has two foraging periods a night split by a resting pause around
midnight (ERKERT 1969). Thus, foraging activity of bats and owls may partly overlap (CramMP
1989, Aupet 1990). Some individuals of Tyfo alba can hunt before sunset or after sunrise
(Cramp 1989) which enable them to prey upon emerging/returning bats. Both Myotis myotis and
Tyto alba prefer to forage on open habitats including meadows, and fields (Cramp 1989,
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Fig. 3. Results of the PCA on mandibular measurements.
Obr. 3. Vysledky analyzy hlavnich komponent (PCA) provedené na rozmérech dolni Celisti. Vysvétlivky
viz obr. 1.
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ScHOBER & GRIMMBERGER 1993, ARLETTAZ 1996). Tyto alba hunts by dropping to ground
(Cramp 1989) so we can speculate that the owl may catch Myotis myotis while gleaning a prey
on the soil surface (ARLETTAZ 1996). But bats could be also aerial-pursuit like birds (CrRamP
1989). Fledging is a critical period for the survival of young bats and in Myotis myotis mo-
thers are not overtly involved in acquisition of foraging skills by its young (Auper 1990).
At this time young bats can be easier prey because of their undeveloped foraging skills and
lack of experience.

We also speculate that some individuals of Tyto alba may prey on bat colonies only or more
intensively in postlactation period to exploit a source of easily capture young inexperienced
bats. Therefore a bigger proportion of newly volant bats in owl diet could be pronounced by the
departure of adult females in the end of summer (STEBBINGS 1968, Kunz 1974a, Swirt 1980).
Next research on this problem is required to compare the proportion of particular age classes
of bats in different reproductive periods.
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SOUHRN

Sovy selektivné lovi mensi a mladsi hlodavce, ov§em neexistuji diikazy o selektivni predaci sov na netopy-
rech. V této praci jsme se zabyvali predaci netopyra velkého (Myotis myotis) sovou palenou (Tyto alba).
Soubor lebek Myotis myotis z vyvrzkt Tyto alba byl srovnan s kontrolnim souborem lebek z muzejnich
sbirek a bylo zji§téno, Ze lebky pochazejici ze sovich vyvrzki jsou mensi. Rozdily byly nejvice zfetelné
u délek zubnich fad v dolni a horni Celisti a v §itkdch rostra mezi zuby v horni Celisti. Nase vysledky na-
znacuji, Ze sovy preferuji tohoro¢ni vzletnd mladata netopyri, kterd jsou téméf stejné velka jako dospélci,
ale nemaji dostatek zkuSenosti a jsou tedy pro sovy snadnéjsi kofisti. Tato mladata jsou méné obratna
v letu, jsou tudiZ ndpadna béhem vyletu z kolonie a navic se po vyletu Casto soustfeduji v blizkosti tkrytu
a jsou tedy snaze ulovitelna.
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Bats may be vulnerable to predation during evening emergence and morning return to their roosts. Early
emergence increases the risk of exposure to raptorial birds, but emerging late confers a risk of missing the dusk
peak of aerial insects. Here, both emergence and return activity was studied in detail at the same roosts for the
first time. We investigated six maternity colonies of pipistrelle bats (Pipistrellus pipistrellus and P. pygmaeus)
in NE Scotland and recorded light levels and time of emergence and return of the bats with respect to sunset
and sunrise on the same nights. Parameters of return activity generally occurred at lower light intensities than
those of emergence. Therefore, the interval between dawn return and sunrise was generally longer than that
between sunset and dusk emergence. Emergence and return were equal in duration. Bats clustered more on
emergence in comparison with return during pregnancy and lactation, whereas during postlactation this trend

was reversed.

Key words: Pipistrellus pipistrellus, P. pygmaeus, emergence, return, predation risk, temperature

INTRODUCTION

During the reproductive period, females
of many bat species gather together in
roosts to form maternity colonies, where the
young are born and raised to independence.
These colonies vary in size from less than
ten to several thousand individuals, depend-
ing on the species involved. Each evening,
bats emerge from their roost to forage and
drink and typically they return before dawn
(Kunz, 1982). In this paper, we use the
terms ‘emergence’ for the collective depar-
ture from the roost at dusk and ‘return’
for the collective re-entry to the roost at
dawn.

Factors regulating the timing of noctur-
nal activity are of endogenous as well as ex-
ogenous origin. Return behaviour of bats at
maternity colonies has been relatively lit-
tle studied in comparison with emergence
behaviour (Volte et al., 1974; Erkert, 1978;
Marimuthu, 1984; Isaac and Marimuthu,
1993; Lee and McCracken, 2001). Emer-
gence time of a bat colony changes in paral-
lel with that of sunset and the return paral-
lels sunrise (e.g., Erkert, 1978), but cloud
cover can affect emergence (Erkert, 1978;
McAney and Fairley, 1988; Kunz and An-
thony, 1996) and return behaviour (Erkert,
1978). Thus light levels influence the in-
itiation and cessation of flight activities
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(Erkert, 1982). A variety of other extrinsic
factors may affect timing and patterns of
nocturnal activities of bats (reviewed in
Erkert, 1982). Colony size, reproductive
status, and level of predation risk can also
contribute to variation of emergence (Wil-
kinson, 1992; Jones and Rydell, 1994;
Speakman et al., 1995; Catto et al., 1996;
Kunz and Anthony, 1996) and probably also
of return times.

The timing of evening emergence may
have critical implications for fitness in bats.
By emerging late bats risk missing the peak
abundance of aerial insects (Racey and
Swift, 1985; Rydell et al., 1996), but early
emergence increase exposure to raptorial
birds (Jones and Rydell, 1994; Rydell et al.,
1996). Some authors have indicated that re-
turns to the roost probably occur at lower
light intensities than emergences (Voute et
al., 1974; Erkert, 1978; McAney and Fair-
ley, 1988, 1990; Isaac and Marimuthu,
1993). However, there are other reports that
bats return to roosts at the same (Morrison,
1978; Chase et al., 1991; Entwistle et al.,
1996) or even higher light intensities (Lee
and McCracken, 2001).

Emergence usually consists of individ-
ual bats emerging in close succession, with
longer gaps when few or no individuals
leave. This behaviour has been termed ‘out-
burst activity’ or ‘clustering’. An improved
technique of log survivorship analysis has
been applied to document clustering in
emergence behaviour and software has been
developed (CLUSTAN), which allows the
appropriate analysis to be performed
(Speakman et al., 1992). The statistical arti-
fact of the number of emerging bats has to
be removed by the procedures outlined in
Speakman et al. (1999). Two hypotheses
concerning the functional significance of
clustering have been considered (Speakman
et al., 1999). It may be an antipredator
behaviour (after Hamilton, 1971) or bats
may emerge together to co-ordinate their
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foraging behaviour (Wilkinson, 1992).
Clustering behaviour during return to the
roost has not been studied. However bats
exhibit ritualized behaviours once they
reach the roost, which often includes recon-
naissance of the site, rallying, and several
landing trials before entry (reviewed by
Kunz, 1982). In this paper we use the term
‘rallying’ for this behaviour according to
Vaughan and O’Shea (1976), despite some
authors use of the term ‘swarming’ (e.g.,
Kunz, 1982).

We compared both emergence and return
behaviour at maternity colonies of pipi-
strelle bats (Pipistrellus pipistrellus, P. pyg-
maeus) on the same nights. We hypothe-
sized that bats exit and enter their roosts
during comparable light intensities and thus
the time parameters of emergence and re-
turn are identical in respect of sunset/sun-
rise. We predicted no difference between
the duration of emergence and return and no
difference between the degree of clustering
during emergence and return. The possible
effects of reproductive period, locality and
temperature were also considered.

MATERIALS AND METHODS

Study Site

Field work was carried out from mid-May to the
end of August 2001 at six localities with maternity
colonies of the sibling species Pipistrellus pipistrellus
(two colonies) and P. pygmaeus (four colonies) near
Aberdeen, Scotland, U.K. Because all roosts were in-
accessible, the species were distinguished according
to frequency of the echolocation calls using a bat de-
tector (Pettersson D980, Elektronik AB, Uppsala,
Sweden). We observed emergences and returns of
bats from their roosts on 34 nights. Colony A roosted
in the chimney of a house on the outskirts of
Aberdeen, facing a relatively busy road, surrounded
by trees and other houses; colony B roosted in the at-
tic of a house on the periphery of a village, surround-
ed by trees growing along a stream and in an adjacent
forest; colony C roosted in the loft of a house next
to pastures and the roost opening was opposite a for-
est; colony D inhabited the turret of a tall house in a
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village, surrounded by trees and facing an open field;
colony E roosted in the attic of a single house in open
country; and colony F in the attic of a single house,
surrounded by trees (Table 1).

Roosts had one or two openings and observers
had to be able to distinguish individual emerging or
returning bats. At colony D, it was difficult to distin-
guish returning individuals because of the density of
bats crowded around the roost opening; thus we
recorded only the time and the light level at the end of
the return and the colony was observed only during
pregnancy.

Despite the fact that the observations described
involved no disturbance to the bats, maternity col-
onies A, B and F vacated monitored roosts during the
study. However, colonies A and B returned to these
roosts later. We were unable to locate the alternate
roosts of monitored colonies.

Data Collecting

Each observation started approximately 30 min-
utes before the expected onset of emergence accord-
ing to the time of sunset. Activity around the roost
was visually monitored for the entire night in order to
record precisely the beginning of the collective return.
Observations continued until no bat had returned for
15 minutes. A night vision scope was used at lower
light levels. All data concerning emergence and return
activity were spoken into a dictaphone and each
emerging or returning individual was timed to the sec-
ond. The tapes were later transcribed using program
TIMER (J. R. Speakman, School of Biological Sci-
ences, University of Aberdeen, Scotland). The emer-
gence activity of the whole colony was compared to
the return activity using the following parameters (all
time parameters were given in respect to sunset or
sunrise for a particular day):

Onset of Emergence (OE) versus End of Return
(ER); Median of Emergence (ME) versus Median
of Return (MR); End of Emergence (EE) versus On-
set of Return (OR); Duration of Emergence (DE)

versus Duration of Return (DR); Degree of cluster-
ing (G-value) in Emergence (GE) versus Degree of
clustering in Return (GR) (for more details about
G-values see below);

Light intensity was recorded automatically every
minute throughout the night using a luxmeter TESTO
545 (Radiospares, UK) placed close to the roost open-
ing. Data recording lasted during the period of obser-
vation. Light levels during emergence and return were
compared: Light level at the Onset of Emergence
(LOE) versus Light level at the End of Return (LER);
Light level at Median of Emergence (LME) versus
Light level at Median of Return (LMR); Light level at
the End of Emergence (LEE) versus Light level at the
Onset of Return (LOR).

Temperature was registered by Tinytag Tempera-
ture Dataloggers (Gemini Data Loggers, UK) placed
close to the roost opening. The temperature at the on-
set of emergence (tOE), the temperature at the end of
return (tER) and the difference between these values
(tOE-tER) were used in analyses.

Reproductive periods were clearly delineated by
the behaviour of the bats. During pregnancy the
whole colony emerged and the majority of the bats re-
mained out of the roost until the morning return.
During lactation, females returned to the roost indi-
vidually to suckle their young and re-emerged
throughout the night. However, we were still able to
discern a collective re-entry to the roost at dawn from
individual returns. The beginning of the postlactation
period was indicated by the first emergence of
weaned bats. They were smaller in size and their
flight behaviour was inexpert and clearly distinguish-
able from that of adults.

Data Analysis

The analysis of clustering behaviour was per-
formed by the behavioural temporal clustering ana-
lysis program CLUSTAN (J. R. Speakman, School
of Biological Sciences, University of Aberdeen,

TaBLE 1. Description of localities under study. P.pyg. — Pipistrellus pygmaeus, P.pip. — P. pipistrellus;
(min—-max) — minimum and maximum number of bats emerging and returning; P — pregnancy, L — lactation,

PL — postlactation

Colony Latitude/ Species Number of Number of bats Monitored ~ Habitat in vicinity
Longitude p nights (min—max)  reproductive periods  of roost exit

A 57°13°/02°10° Ppyg 7 27-108 P, PL semi-open

B 57°04°/02°34’ P.pyg 7 71-603 P,L,PL closed

C 57°24°/02°15° Ppyg 4 92-330 P, L, PL semi-open

D 57°14°/02°31° Ppyg 4 280-555 P semi-open

E 57°25°/02°08° P.pip 11 39-106 P,L,PL open

F 57°16°/02°29° P.pip 1 23-24 P closed
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Scotland). This software calculates an explicit com-
parison of the observed distribution of intervals be-
tween two consecutive individual emergence events
to that expected if the emergence was random, and
tests the significance of this difference using > or
G tests, depending on sample size. Clustering is indi-
cated when there is over-representation of the shortest
and the longest intervals in the sequence. G-values
and x2-values are used as measures of clustering. If
the values exceed the significance level, then the dis-
tribution is clustered. However, it is necessary to ad-
just G-values and % to eliminate the impact of sam-
ple size (Speakman et al., 1999). Adjusted G-values
were chosen to express the degree of clustering, be-
cause the G-test is more robust to small sample sizes
(number of emerged bats). If the sample size is small-
er than 30, CLUSTAN is not able to analyze cluster-
ing behaviour.

Differences between the corresponding parame-
ters of the emergence and return for particular days
were counted (OE-ER, ME-MR, EE-OR, DE-DR,
GE-GR, LOE-LER, LME-LMR, LEE-LOR) and
nested Mixed Model ANOVAs were run on these val-
ues. The fixed factor ‘reproductive period’ was nested
in a random factor ‘locality’. Variables were trans-
formed by Box-Cox or by rank transformation (Sokal
and Rohlf, 1995). To account for possible effects of
species identity, separate analyses for both species
(P. pipistrellus, P. pygmaeus) were also conducted.
These analyses produced concordant results (data not
shown).

The t-tests for dependent samples were conducted
to test emergence parameters versus corresponding
return parameters (time, light levels) for each colony
separately (except G-values). To meet assumptions of
parametric tests, log transformation was applied to
variables. Bonferroni corrections (with added mean
correlation between variables as a parameter) were
used for P-values (Sankoh et al., 1997). In addition,
measure of effect size (Cohen’s d) was estimated
(Cohen, 1988). This index measures the magnitude of
a treatment effect as the standardized difference be-
tween two means by comparing the overlap in the dis-
tribution between the two data sets independently of
sample size. Effect sizes can also be interpreted in
terms of the percent of nonoverlap of the treated
group’s scores with those of the untreated group.
Large effect size (d > 0.8) indicates a nonoverlap of
more than 47.4% in the two distributions. To avoid its
overestimation, arising from a paired design, we cal-
culated Cohen’s d from original mean values and
standard deviations rather than from the #-test value
(Cohen, 1988).

G-values between emergence and return were
compared using repeated measures ANOVA with

a factor of ‘reproductive status’ for each colony sepa-
rately. Variables were transformed by Box-Cox trans-
formation (Sokal and Rohlf, 1995). Due to small
number of observations it was necessary to pool the
observations during pregnancy and lactation to carry
out this analysis and only colonies A, B and E were
included.

To examine the effect of temperature, Spearman’s
correlation between emergence/return parameters
(excluding EE, LEE, OR, LOR) and temperature pa-
rameters was performed at each colony separately.
Bonferroni corrections (with added mean correlation
between variables as a parameter) were used for
P-values (Sankoh et al., 1997). All tests were per-
formed in Statistica 6.0 (StatSoft, Inc. 1984-2001).

RESULTS

The relationship between emergence and
return activity did not change in respect to
locality or reproductive period. Reproduc-
tive period significantly affected only dif-
ferences in clustering (GE-GR) and there
was no effect of locality (nested Mixed
ANOVA Model, reproductive period: F) g,
=4.18, P =0.03, locality: F; ,5=0.69, P =
0.60). Differences in G-values between
emergence and return were highly positive
in pregnancy (n = 14, XGE-GR = 16.96,
SD = 39.15) and lactation (n = 9, xGE-GR
= 40.76, SD = 61.77) implying higher
G-values during emergence in comparison
with return, whereas in the postlactation
period the trend was opposite (n = 10,
*GE-GR = -7.55, SD = 12.55).

Given the results above, we were able to
compare emergence and return parameters
(except for GE and GR) at particular
colonies for all reproductive periods togeth-
er. Clear results were demonstrated at colo-
ny E: return activity generally occurred at
lower light intensities than emergence
(Table 2a, Fig. 1a and 1b) and thus time pa-
rameters of dawn return (ER, MR, OR) with
respect to sunrise were longer than that of
emergence (OE, ME, EE) with respect to
sunset (Fig. 1c and 1d). Only the duration of
emergence and return was equal (Table 2a).
The same trends were apparent at other
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colonies (Fig. 1), but results were signifi-
cant only for LOE versus LER at colony B
and ME versus MR at colony C (Table 2a).
Notably, high values of Cohen’s d indicated
that ER and MR consistently occurred at
lower light intensities than OE and ME at
all other colonies; and that ER and MR with
respect to sunrise were consistently longer

K. J. Petrzelkové, N. C. Downs, J. Zukal, and P. A. Racey

than OE and ME with respect to sunset at
selected colonies (see Table 2b).

At colony B bats clustered more on
emergence in comparison with return dur-
ing pregnancy and lactation, whereas during
postlactation this trend was reversed (Table
3). Similar trends, but non-significant, were
demonstrated also for colony A and C.

2801 i
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10004 onset of emergence median of
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end of return ¢ Light level at
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F1G. 1. Comparisons of emergence and return parameters at colonies of pipistrelle bats. Box plots with medians;

boxes: 25, 75% quartiles; whiskers: non-outlier minima, non-outlier maxima; open boxes: emergence; hatched

boxes: returns. Time refers to seconds before or after sunset or sunrise. a — the light intensity at the onset of

emergence (LOE) and the light intensity at the end of return (LER), b — the light intensity at the median time

of emergence (LME) and the light intensity at the median time of return (LMR), ¢ — time of the onset of

emergence (OE) and the end of return (ER), d — time of the median of emergence (ME) and the median of
return (MR). Time is shown before and after sunset
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TABLE 3. Results of repeated measures ANOVA that tested the effects of reproductive period on differences
between degrees of clustering on emergence and on return. Factor of reproduction, repeated factor emergence/
return (E/R) and their interaction are presented. P < 0.05 in bold

Colony
Effect A B C
F-value  P-level F-value  P-level F-value P-level
Reproduction 0.55 0.49 4.62 0.08 3.81 0.06
E/R 0.77 0.42 3.30 0.13 0.22 0.65
E/R*Reproduction 4.26 0.09 9.68 0.03 0.29 0.78

The effect of temperature differed
among colonies. Changes in temperature
during the night (tOE-tER) did not have any
effect on emergence or return parameters.
At colony A, bats emerged at lower light
intensities when the temperature was high-
er, whereas during return, higher tempera-
ture led to prolongation of activity and bats
returned later and at higher light intensities
(Table 4). At colony B the effect of tER on
return parameters was not statistically sig-
nificant, but there was the same trend for
ER, LER and LMR as at colony A (Table 4).
At colony B there was no significant cor-
relation between tOE and emergence pa-
rameters. However there were reverse
trends for OF and LOE to those at colony A
(Table 4). At colony E there was no effect of
temperature on emergence or on return
(Table 4).

Only the returning bats performed ‘rally-
ing behavior’. They congregated in front of
roosts, flew about repeatedly and ap-
proached roost entrances several times be-
fore entering. Occasionally the approach be-
haviour included landing on the walls of the
building near the entrance hole. Therefore
the return seemed to be more conspicuous
than the emergence.

DiscussIioN

By comparing emergence and return pa-
rameters of our studied colonies, it appears
that bats return to the roost at lower light
intensities than those measured during
emergence. Consequently the time between
dawn return and sunrise was longer than
that between sunset and dusk emergence.
The trend did not change with locality or

TABLE 4. Spearman’s correlation coefficients between emergence parameters and temperature at the onset of
emergences (tOE) and between return parameters and temperature at the end of return (tER). According to
Bonferroni’s adjustments, the alpha value is for each test is lowered to 0.03 for correlations of tOE with
emergence parameters and to 0.04 for correlations of tER with return parameters. Significant coefficients are
shown in bold. Onset of Emergence (OE), Light level at the Onset of Emergence (LOE), Median of Emergence
(ME), Light level at Median of Emergence (LME), End of Return (ER), Light level at the End of Return (LER),
Median of Return (MR), Light level at Median of Return (LMR)

. Colony
Comparison A B C
Onset of Emergence (OE) vs temperature at Onset of Return (OR) 0.50 -0.31 0.04
Light level at OE vs temperature at OR -0.81 0.54 0.05
Median of Emergence (ME) vs temperature at OR 0.57 0.69 <0.01
Light level at ME vs temperature at OR -0.70 0.03 0.25
End of Return (ER) vs temperature at ER -0.94 -0.34 -0.10
Light level at ER vs temperature at ER 0.81 0.55 -0.21
Median of Return (MR) vs temperature at ER -0.81 0.02 -0.20
Light level at MR vs temperature at ER 0.63 0.27 -0.08
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reproductive period. This finding is consis-
tent with the general rule postulated by
Daan and Aschoff (1975) that the onset of
activity in nocturnal mammals usually oc-
curs at higher light intensities than its end.
Previous authors mostly recorded only the
time the first bat emerged and the last bat re-
turned with respect to sunset/sunrise, or
compared light levels when the first bat
emerged with those when the last bat re-
turned, which did not represent the behav-
iour of the whole colony. Voute et al. (1974)
showed that the time between the end of
nocturnal activity and sunrise was generally
longer than that between sunset and the on-
set of activity for six species of the genus
Myotis. The same result was also obtained
for Rhinolophus hipposideros (McAney and
Fairley, 1988), Nyctalus leisleri (McAney
and Fairley, 1990) and also for six species
of tropical bats (Erkert, 1978; Isaac and
Marimuthu, 1993). At the beginning of their
nocturnal activity, bats are hungry and prob-
ably also thirsty so that the cost of missing
foraging opportunities by emerging later
probably outweighs the risk of predation.
Conversely during their return, satiated bats
prefer to be back in their roosts earlier, at
lower light intensities, in comparison with
emergence, and thus avoid predation.
Returns at lower light intensities allow
‘rallying’ behaviour to be performed before
light levels increase to the point when pre-
dation by raptors is possible. Such behav-
iour during return has been recorded for
several bat species, e.g., Antrozous pallidus
(Vaughan and O’Shea, 1976), Myotis dasy-
cneme (Voute et al., 1974), M. nattereri
(Swift, 1997), Pipistrellus hesperus (Cross,
1965) and is also mentioned for P. pipi-
strellus (Stebbings, 1968; Swift, 1980).
Nevertheless the function of this ‘rallying’
behaviour during return remains to be clari-
fied. A similar time of return of all the bats
using a roost might result in congestion at
the roost entrances. However even single

returning bats also showed this behaviour.
‘Rallying’ behaviour could inform bats
about the location of the roost (Vaughan and
O’Shea, 1976), may help to establish con-
tact with conspecifics (Voute et al., 1974) or
transfer information about foraging success
(Wilkinson, 1992).

In our study, earlier return was clearest
for colony E although the same trend was
evident at the other colonies. Colony E was
situated in the most open habitat. The roost
openings were not sheltered and the number
of potential predators at this area was high-
est (11 species, compared with 4-6 at the
other roosts — Grampian Ringing Group,
pers. comm.). Therefore the bats at this col-
ony may be subject to higher predation risk
than at the other colonies studied. Also there
was no indication of the effect of tempera-
ture on emergence or return at colony E.
Bats did not prolong their activity at higher
temperatures in the morning, which showed
that they probably did not respond to possi-
bly increased foraging opportunities (Maier,
1992; Catto et al., 1995) and preferred to re-
turn to the roost sooner rather than expose
themselves to diurnal raptors. Non-signifi-
cant results between some return and emer-
gence parameters at other colonies may
be a consequence of the smaller number
of nights of observations. However, for all
colonies, differences between light intensi-
ties have been acknowledged using Cohen’s
d. These results indicate that light levels
better characterize emergence and return ac-
tivities and use of light levels can better de-
tect differences between emergence and re-
turn. Differences in habitats adjacent to the
roosts, commuting distances, different pre-
dation risk and prey availability at the for-
aging areas for the studied colonies might
also impact on the relationship between
emergence and return behaviour of col-
onies. Surprisingly, there was no difference
in the duration of the emergence and re-
turn period at any of our studied colonies.
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The durations of emergence and return have
not been compared previously, although ca-
sual observations of a bat maternity colony
suggest that the return period is longer. This
impression is reinforced by the ‘rallying’
behaviour before entry to the roost. Swift
(1980, 1997) described gradual less syn-
chronized return in P pipistrellus and
M. nattereri with the progress of reproduc-
tion, implying that it took longer.

During postlactation the degree of clus-
tering at emergence was lower than at re-
turn, which could be explained by the fact
that inexperienced newly volant bats do not
emerge so synchronously (O’Shea and
Vaughan, 1977; Duvergé et al., 2000; Pe-
trzelkova and Zukal, 2001). On the other
hand during pregnancy and lactation, bats
clustered more at emergence than at return.
Clustering might compensate for higher
predation risk during emergence at higher
light levels. When Eptesicus serotinus
emerged earlier and was thus exposed to
increased potential predation pressure, the
bats increased their degree of clustering
which would decrease the probability of
an individual being attacked (Petrzelkova
and Zukal, 2001). However because ‘rally-
ing’ behaviour occurs on return, clustering
at this time may not have the same function
as on emergence or its function may be
attenuated.

Emergence of pipistrelle maternity col-
onies at dusk occurs at higher light levels
than the return to the roosts during the early
morning. The duration of emergence and re-
turn behaviour is equal and clustering be-
haviour in the evening and morning differs,
depending on reproductive phase. Similar
detailed studies are needed for other bat
species to establish whether these findings
represent a general phenomenon. More ob-
servations on the return behaviour of bat
colonies are required and the functions of
‘rallying’ and clustering behaviour during
return need to be explained.
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Abstract

Background: White-nose syndrome is a disease of hibernating insectivorous bats associated with the fungus Geomyces
destructans. It first appeared in North America in 2006, where over a million bats died since then. In Europe, G. destructans
was first identified in France in 2009. Its distribution, infection dynamics, and effects on hibernating bats in Europe are
largely unknown.

Methodology/Principal Findings: We screened hibernacula in the Czech Republic and Slovakia for the presence of the
fungus during the winter seasons of 2008/2009 and 2009/2010. In winter 2009/2010, we found infected bats in 76 out of 98
surveyed sites, in which the majority had been previously negative. A photographic record of over 6000 hibernating bats,
taken since 1994, revealed bats with fungal growths since 1995; however, the incidence of such bats increased in Myotis
myotis from 2% in 2007 to 14% by 2010. Microscopic, cultivation and molecular genetic evaluations confirmed the identity
of the recently sampled fungus as G. destructans, and demonstrated its continuous distribution in the studied area. At the
end of the hibernation season we recorded pathologic changes in the skin of the affected bats, from which the fungus was
isolated. We registered no mass mortality caused by the fungus, and the recorded population decline in the last two years
of the most affected species, M. myotis, is within the population trend prediction interval.

Conclusions/Significance: G. destructans was found to be widespread in the Czech Republic and Slovakia, with an epizootic
incidence in bats during the most recent years. Further development of the situation urgently requires a detailed pan-
European monitoring scheme.
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Introduction warrant a prediction that once common Mpyotis lucifugus might
become locally extinct in less than two decades [2].
White-nose syndrome (WNS) is an emerging infectious disease, The most likely infectious agent of WNS is the newly described

affecting hibernating insectivorous bats [1]. Since its first known fungal species Geomyces destructans Blehert & Gargas, 2009 [3]. It is
appearance in 2006, WNS has spread with each year into the psychrophilic, and does not grow at temperatures higher than

underground hibernacula in the USA and Canada, and over one about 20°C. During hibernation, when the body temperature of
million deaths within populations of several bat species have been bats drops to the ambient temperatures of the underground
attributed to the disease [1,2]. The decline is severe enough to hibernacula, the fungal mycelia can grow upon the skin surfaces of

@ PLoS ONE | www.plosone.org 1 November 2010 | Volume 5 | Issue 11 | e13853



these animals [1,3]. The fungus invades the hair follicles and
assocliated glands, or it breaks the epidermis of naked skin on the
ears, muzzle, and wing membranes [1,4]. The specific etiology of
the fungal infection is unknown, but the bats awaken from
hibernation. As arousal from hibernation is energetically demand-
ing, it is believed that WNS leads to a more rapid disappearance of
fat reserves [1,4,5,6], deteriorating the body condition, and often
to increased mortality due to starvation [7]. The bats prematurely
emerge from the hibernacula and attempt to forage, which in
winter conditions causes frostbite and subsequent necrosis of the
wing membranes [8]. The fungal lesions co-infected with Gram-
negative bacteria exhibit necrosis and pustules [5], furthering wing
membrane damage and compromising flight abilities. Although
not all of the details of the epizootics are fully understood
[4,5,7,8,9,10], it is widely accepted that WNS poses a severe threat
for the bat populations in North America [2,11]. The threat is
likely to increase in the future, leading to local extinctions of the
bats [2], and suggesting altering ecosystem dynamics [7,10].

The problem may expand onto one on a global scale, as G.
destructans was reported in France in March 2009 [12], and from
Germany, Switzerland, and Hungary in the winter of 2008/2009
[13]. Here, we show that the occurrence of G. destructans in Europe
is not episodic, but it is locally widespread and could be associated
with skin lesions. We believe that G. destructans has been present
historically within Europe, but that the epizootic is currently (re-
)starting, with marked local differences in both the intensity and
the dynamics of the disease.

Results

Historical Record of Geomycosis

The compilation of photographs of hibernating bats revealed a
white patch on the muzzle of a M. myotis individual on March 4,
1995 from the Zbojnicka Cave, Malé Karpaty, Slovakia (Table 1).
A photograph from January 25, 1997 from the Javoric¢ské Caves in

Geomycosis in Central Europe

northern Moravia, Czech Republic depicts a M. myotis individual
with a fungal growth typical of the G. destructans infection (Fig. 1A).
Further records show sporadic images of randomly photographed
affected M. myotis until 2007/2008, when the incidence of bats
with white patches started to increase in several species (Table 1).

Recent Presence of Geomycosis

Targeted on-site inspections of WNS-like clinical signs (white
fungal growths on a bat, loss of sheen on wing membranes,
emaciated forearms or the whole body if the hair was wet - worded
as and regarded as “WNS-suspect’ throughout the remainder of
this text) commenced in 2008/2009, as a part of the regular bat
census. Bats exhibiting white fungal growths on their muzzle and/
or wings were found at 7 sites. In total, 6 bat species were affected;
M. myotis (24 individuals), M. biythii (1), M. brandtii (1), M. dasycneme
(1), M. emarginatus (1) and M. mystacinus (1). During regular
monitoring through the most recent winter of 2009/2010
(January/February), WNS-suspect bats were found at 33 sites
out of over 800 hibernacula in the Czech Republic (CZ) and
Slovakia (SK), combined. Additionally, 98 sites were inspected
again in late February and March, and the fungus was then
sampled for cultivation, microscopic, and genetic analyses. During
that time period, the incidence of WNS-suspect bats increased to
76 localities across CZ and SK (Fig. 2). Most often the WNS-
suspect bats were M. myotis (375 individuals), but also included M.
blythar (19), M. dasycneme (2), M. bechstenii (1), M. mystacinus (1), and
M. nattereri (1). Specific regions differed in the prevalence of WNS-
suspect bats. The highest levels of infestations were concentrated
in submountain humid to mesic regions, where 11 to 100% of M.
myotts were WNS-suspect. Infestation was less frequent in the
hibernacula within mountainous zones (Sumava Mts.: 5% WNS-
suspect M. myotis; the majority of SK localities: 0-5%), and also in
limestone regions (Bohemian: 3%, Moravian: 2%, and Slovak: 3%
karsts).

Table 1. Summary of WNS-suspect bats from those photographed randomly (number of all photographed bats/number of
photographed WNS-suspect bats) during the periods 1994-1998 and 2003-2010.
Winter period 1994/95 1995/96 1996/97 1997/98 2003/04 2004/05 2005/06 2006/07 2007/08 2008/09 2009/10
Species
R. hipposideros - 3/0 - 2/0 - 4/0 11/0 26/0 82/0 45/0 153/15
M. bechsteinii = = = = 1/0 2/0 = = 3/0 3/0 8/0
M. brandtii - 1/0 - - - - - 3/0 2/0 5/1 5/0
M. daubentonii = 10/0 2/0 7/0 14/0 9/0 14/0 38/0 18/0 42/0 55/0
M. emarginatus - - - - - - - 6/0 2/0 6/0 42/0
M. myotis 71 1171 37/0 238/4 555/0 452/2 57717 434/1 738/16 500/13 612/86
M. mystacinus - - 2/0 3/0 4/0 - 4/0 8/0 - 18/1 3/0
M. nattereri = 3/0 6/0 3/0 5/0 7/0 2/0 15/0 28/0 25/1 20/0
E. nilssonii - 3/0 - 12/0 4/0 5/0 6/0 11 7/0 4/0 10/1
E. serotinus = 1/0 = = = 2/0 = = = = =
P. pipistrellus - - - - - - 2/0 - - - 437/0
N. noctula = = = = = = = = = = 2/0
V. murinus - - - - 1/0 - - 1/0 - - -
B. barbastellus = 148/0 = 5/0 8/0 11/0 12/0 122/0 55/0 205/0 22/0
P. auritus - 4/0 2/0 7/0 15/0 4/0 8/0 9/0 12/0 16/0 26/0
P. austriacus = 2/0 = = 5/0 1/0 = 9/0 1/0 = 14/0
Photographs by T. Bartoni¢ka, L. Bufka, J. Cerveny, B. Lehotska, R. Lehotsky, J. Maté&jd, J. Safaf, P. Tajek, J. Vogeltanz, and O. Vojtéch.
doi:10.1371/journal.pone.0013853.t001
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Figure 1. White-nose syndrome symptoms in the Czech Republic and Slovakia. (A) Hibernating M. myotis in the Javoficské Caves, Czech
Republic, photographed on 25 January 1997. Fungal growth was not identified. (Photo by Jiri Safar) (B) Skin lesions on M. myotis from the Mala
Amerika Mines, Karlstejn, Czech Republic, photographed on 16 March 2010. G. destructans, isolate number CCF3942, was isolated from the sample
taken from the lesion. (Photo by Ivan Horacek).

doi:10.1371/journal.pone.0013853.g001
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Figure 2. Occurrence of Geomyces destructans in the Czech Republic and Slovakia. (A) Distribution of WNS on the background of localities
targeted for WNS screening. Some circles represent more than one hibernaculum. White circles -localities censused in 2009 and 2010; black circles -
localities with WNS-suspect bats; stars - localities with photographic evidence of WNS in 2007 and 2008. (B) Prevalence of WNS-suspect individuals
from Myotis myotis populations. Data pooled according to region; circle size is proportional to the population size.
doi:10.1371/journal.pone.0013853.g002
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Four localities with WNS-suspect bats in Central Bohemia were
visually checked every two weeks between late February and
March 2010. We found decreasing percentages of individuals with
fungal growth on muzzle and wings towards the end of their
hibernation.

Occurrence of Geomyces destructans

We collected the fungus on swabs and transparent adhesive tape
between February 2, 2010 and March 26, 2010. In total, we
collected the fungus from 90 bats, where 58 samples were collected
onto cotton swabs, 10 onto nylon swabs, and 20 onto adhesive
tape, one on both a nylon swab and adhesive tape and one sample
consisted of shed hair (Table S1). Direct microscopic observation
of the adhesive tape samples and nylon swabs from the WNS-
suspect bats (M. myotis) confirmed the presence of conidia and
mycelia with morphology consistent with G. destructans on 22 bats
(Fig. 3A). Out of the 48 cultures, we isolated G. destructans from 16
(Table S1, Fig. 3B, C); and of these, 6 originated from the nylon
swabs, 9 from the cotton swabs, and 1 from the adhesive tape
sample. The isolates showed microscopic features typical of G.
destructans (according to [3]), i. e. branched conidiophores with
intercalary, lateral and terminal arthroconidia, conidia with a
truncate base, mostly 5.8-7.7x2.7-3.4 um, young conidia ob-
ovoid or cymbiform, mature conidia asymmetrical, crescent-like,
curved (Fig. 3B). Colonies grow best on either malt extract or yeast
and malt extract agars at 15°C (Fig. 3D). They grow slowly,
reaching 18 mm after one month. The colonies were initially
white, later pale brown to grey; the reverse uncoloured to brown
or grey. These characteristics are similar to those previously
described for isolates of G. destructans [3,12].

We isolated DNA from 59 fungus samples, and 32 sequences,
933 base-pairs in length, were deposited into GenBank (Accession
Numbers: HM584948 - HM584979; Table S1). Twenty-eight
sequences were identical to previously sequenced G. destructans
isolates [3,9,12]. Four other sequences, 3 from samples collected
from M. myotis, and 1 from M. bechsteinii, exhibited a single A—G
substitution in the sequenced region, namely, at position 144 of the
internal transcribed spacer 1 gene (I/757); additionally, one of
those samples contained both the A and G alleles. Other samples

Geomycosis in Central Europe

did not amplify in the PCR reaction, or the sequences represented
different taxa (Table S1).

At least 6 individuals were without an apparent mycelia cover,
but had conspicuous lesions on either their auricles or wing
membranes (Fig. 1B). G. destructans isolate CCF3942, was isolated
from a sample taken from the lesion, and identified both by direct
microscopy and cultivation (Fig. 3A).

Population Size Trend of Myotis myotis

Both the CZ and SK populations of M. myotis have been
continuously growing during the studied period (Fig. 4). The
average annual realized growth rate per capita of the CZ
population is 0.058 (95% CI -0.008 to 0.122), corresponding to
an increase of about 6% per year. In SK, the average annual
growth rate 1s 0.008 (95% CI -0.087 to 0.103), corresponding to an
increase of about 1% per year. Since 2008, the numbers of CZ and
SK populations have declined by 6% and 11%, respectively (the
joint numbers declined by 8%). However, the declining numbers
fall well within the prediction intervals calculated for 2009 and
2010 (Fig. 4). Hence, there is as yet no evidence for a change in the
population trend (CZ: p=0.88, SK: p=10.81). These conclusions
remained unchanged after input of the missing data (CZ: p=0.82,
SK: p=0.82).

Discussion

We demonstrated that the fungus G. destructans is present in
Central Europe, and that it is accompanied by aspects that might
be suggestive of WNS (specifically white fungal growth on muzzle
and wings, the skin lesions, loss of sheen on wing membranes,
emaciated forearms or the whole body if the hair was wet). We
have not conducted a histopathologic examination [4,5], as no
animals were euthanized in the course of this study; however, G.
destructans was isolated from a scarred ear of a M. myotis individual
without any apparent fungal growth. The presence of G. destructans
has been previously demonstrated [12,13], but the bat examined
by Puechmaille et al. [12] was healthy, and Wibbelt et al. [13]
reported a bat from Hungary with G. destructans growth to have
survived until its next hibernation without any subsequent
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Figure 3. Spores and colonies of G. destructans. (A) Adhesive tape sample from the lesion of M. myotis photographed in Figure 1B, locality Mala
Amerika Mines, Karlstejn, Czech Republic (Phase contrast). (B) G. destructans CCF3937. Conidiophores and arthroconidia (SDA, 14 days, 15°C, phase
contrast). (C) Primary isolation of G. destructans CCF3942 (SDA, 1 month, 15°C). (D) Growth characteristics of G. destructans on four agar media at c.

15°C.
doi:10.1371/journal.pone.0013853.g003
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Figure 4. Upward population trends of hibernating M. myotis. In
the Czech (A) and Slovak Republic (B) the trends were modelled over
the period 1995-2010 by fitting Poisson regression allowing for over-
dispersion in the data. The point prediction (solid line) and 95%
prediction intervals (shaded area) are based on observations up to 2008
(solid symbols) and then extrapolated to 2009 and 2010. The open
symbols represent observed data for 2009 and 2010.
doi:10.1371/journal.pone.0013853.9g004

manifestation of the fungus. Neither study affirmed the presence of
the disease, due to the absence of mass mortality in European bats;
this contrasting with the disastrous population declines that have
been seen in North America [1,2]. We have shown that the G.
destructans infection in our study exhibited a marked difference in
the possible impacts on the bat populations compared to the North
American case. Long-term population census data indicate an
increase in population size in M. myotis in the Czech Republic and
Slovakia, followed by a minor decline in 2009 and 2010, but well
within the prediction interval for new data. Consequently, future
observations are necessary in order to decide on the causality
between possible WNS and bat population trends in Europe. An
association of this population size fluctuation with the emergence
of G. destructans infection cannot be ruled out, however, at the
moment, we treat the result with caution. Our population trend
analysis showed that the decline likely either represents a natural
population fluctuation. Further monitoring will be necessary for a
more complete evaluation of this trend.

The incidence of white fungal patches, a clinical sign of WNS,
in hibernating bats in CZ and SK, increased markedly in 2010,
suggestive of an epizootic spread of the fungus. Seasonally, more
WNS-suspect bats were found late in their hibernation; although,
the fungal growths disappeared prior to their leaving the
hibernacula. This is in accord with previous information that G.
destructans grows slowly, and that visually apparent mycelia mostly
develop in the late winter and early spring [1,9,12]. Direct
observations of arousing bats suggested that the infected bats tend

@ PLoS ONE | www.plosone.org
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to groom and remove surface mycelia immediately after arousal.
According to our data, sampling the fungus onto nylon swabs
enabled successful cultivations, even from lesions without visible
mycelia. Previous studies have shown that isolations of G. destructans
cultures were relatively rare, despite the presence of fungal spores
in the samples that were revealed microscopically [9,14]. Our
results on a small sample size might help improve future sampling
methodology to better facilitate the culture diagnostics of the
pathogen.

Sequences of the /751 gene showed for the first time to our
knowledge polymorphism in the gene of G. destructans. In general,
the ITS region has been used in WNS-related studies as a
conservative marker that facilitates molecular identification of
fungal species, similar in principle to DNA barcoding
[1,3,9,12,13]. There are 33 sequences of the G. destructans ITS
region in GenBank (retrieved on June 4, 2010), and all are
identical. We have found four samples with a new allele. Genes
encoding ribosomal RNA exhibit a low variability across large
areas in fungi [15,16], so we can speculate that occurrence of G.
destructans in Europe predates its presence in North America, as
was suggested by [13]. Our inspection of the photographed bats
with fungal growths since 1995 further supports this assumption. If
G. destructans was historically present in Europe, why has it never
been detected on a large scale before (on the other hand, see [17])?
During more than four decades of continuous monitoring in CZ,
we have only detected faint fungal-like growths on hibernating
bats since the 1990s. Our microscopic and genetic analyses
showed that such a faint sheen might represent a wide spectrum of
organisms, including nematodes. While some photographs might
be debatable, we believe that Figure 1A shows an infection of G.
destructans. In Javoric¢ské caves in north-eastern part of CZ, where
the earliest photographic record of infected M. myotss originated,
the species is recently rare. Later photographs from the north-
western part of CZ coincide with regions with multiple positive
records from the winter 2008/2009, as well as the highest
infestation in 2010.

These facts indirectly support the hypothesis, presented above,
that G. destructans was a resident element in Europe prior to its first
appearance in North America [13]. If that is the case, why does
WNS not, and why in the recent past did it not, cause mass
mortality in Europe? At the moment, we lack the data that would
answer these questions unequivocally, but we agree with the
hypothesis of Wibbelt et al. [13] that differences in clustering
behaviour in the most affected species (M. lucifugus vs. M. myotis)
during hibernation might play an important role.

Until now, no other agent except G. destructans has been
consistently associated with WNS [1,3,4,5,9], and we can further
assume that the proximate effects of the fungus result in increased
arousal frequency, flight activity in and outside of the hibernacula,
and secondary infections. The mass mortality accompanying WNS
is present in North America, but not in Europe. Different
strategies of hibernation in the European underground hibernac-
ula and those in North America could magnify the final effects of a
yet undefined causality chain of G. destructans infection that leads to
fatal consequences. While in Europe bats tend to hibernate
isolated or to form small clusters, in North America, some
hibernacula are characterized by very large aggregations of
hibernating bats, amounting to thousands of individuals. Within
such large clusters, multiple appearances of infected bats, their
repeated arousals, grooming, and temperature increase would lead
to the disturbance of neighbouring animals, potentially spreading
across the cluster, as in a shock wave. In addition to the
behavioural disturbances, large clusters would be influenced by
density-dependent disease transmission [18]. Seen from an
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evolutionary perspective, WNS may act as a strong selection force
that drives a change in hibernation strategy from hibernation in
large clusters to a preference for less-populated hibernacula. This
is the prevailing hibernation strategy in European Mpyotis. The
hypothesis that this strategy was possibly selected for by previous
mass mortality events, and the history of fungus-bat co-evolution
[13] is indirectly supported by data on the historical occurrence of
M. bechsterni. In contrast to M. myotis, which first appeared in
Central Europe in the Late Holocene, M. bechsteinii has been a
constant element of the Mid-European interglacial communities
since Early Pliocene. Mass accumulations of bat skeletal remains in
European cave deposits of the Pleistocene and Pliocene age were
often dominated by this species [19]. Currently, M. bechsteinii is a
rare species that mostly avoids hibernation in caves and mines
[20]. This suggests its regular hibernation in caves in the past with
occasional mortality events. Assuming that some of the past mass
mortality events in hibernacula could have been a result of a
disease is not beyond the realm of possibility.

Unfortunately, the idea as to whether the disappearance of AL
bechsteinii from caves was caused by recurring G. destructans
infection, or a similar agent, is as yet merely speculation, and it
might not be possible to reveal any hard facts supporting it.
Nevertheless, the history of outburst events of G. destructans,
environmental factors which could cause the outbursts, as well as
the interactions between the fungus and hibernating bats are
worthy of very detailed study. Further research of the ecological
and genetic differentiation of hosts and pathogens might well
provide crucial information for an assessment of the impacts of

WNS (cf. [2]).

Conclusions

We have shown that Geomyces destructans, the suspected infectious
agent of WNS, is present across CZ and SK, without distinctive
areas of prevalence. The reported incidence of its occurrence has
increased since 2008, but it has likely been present since 1995, at
the very least. To date, mass mortality has not been recorded, and
the population fluctuation of M. myotis observed in 2009 and 2010
cannot be causally linked to the emergence of the disease.
Nevertheless, we assume that white-nose syndrome is present in
Europe. Future research should be aimed at establishing the
precise effects of the disease on bats in Europe, as well as to
elucidate the possible reasons for its less-severe impacts on the
continent, whether it turns out to be immunological resistance,
disparity in hibernating behaviour, genetic differences and
associated virulence between European and American isolates of
the pathogen, or environmental factors affecting the fungal
growth.

Materials and Methods

Material

We used nylon swabs (microRheologics, Brescia, Italy), cotton
swabs, or transparent adhesive tape to collect the 90 samples of
fungi from the muzzle and wing membranes of hibernating bats.
The nylon swabs were used according to the manufacturer’s
recommendations. The cotton swabs were placed directly into
1.5 ml plastic tubes as per [12], and the adhesive tape was stuck
onto microscopic slides as per [13]. In total, we collected 10
samples using the nylon swabs, 58 samples using the cotton swabs,
20 using the adhesive tape, and 1 using both the nylon swab and
tape. One other sample consisted of shed hair.

We examined photographs of hibernating bats, taken prior to
2009, for the presence of white fungal patches. The database
consisted of photographs from 1994-1998 and from 2003-2010.
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Hibernacula Monitoring

The bat populations had been monitored in their underground
hibernacula once a year, since 1969 [21]. The program currently
consists of almost 900 sites [22,23,24]. In 2010, besides the
standard census monitoring, 98 sites were repeatedly inspected in
March. The animals were illuminated for a short time. The
research adhered to the conditions of Permit #00356/KK/2008/
AOPK for CZ, certificate of competency per Law No. 114/1992;
for SK we employed Licence #2598/715/03-5.1pil, 5376/2009-
2.1/jam, from the Ministry of Environment of the Slovak
Republic, certificate of competency per Law No. 543/2002.

Fungal Cultures

We conducted a mycological examination of 48 nylon swabs,
cotton swabs and adhesive tape samples from the WNS-suspect
bats, from 19 localities in CZ and SK (Table S1). Of those, 15
samples exhibited distinctive spores of G. destructans under direct
microscopic observation of the nylon swabs and adhesive tapes
(Fig. 1A). We inoculated the fungal material from the swabs and
tapes onto Sabouraud dextrose agar plates (SDA, [25]) and
incubated them in the dark at two temperatures (c. 7°C and 15°C).
After 14 or more days, we isolated the outgrowing colonies of G.
destructans and any other organisms. We identified the isolates
according to [3], based on their phenotypic characteristics. Seven
isolates are deposited at the Culture Collection of Fungi (CCF),
Charles University in Prague, and 3 additional isolates in the
Czech Collection of Microorganisms (CCM) at Masaryk Univer-
sity in Brno (Table S1).

To assess the basic growth characteristics, we studied three
isolates of G. destructans (CCF 3937, 3938, 3939) at c. 15°C on four
different agar media: malt extract agar (MEA), corn meal agar
(CMA), yeast and malt extract agar (YMA), and creatine sucrose
agar (CREA; [25]). We measured the colonies after 10, 20, and 30
days.

DNA Sequencing

We isolated the fungal DNA directly from the 33 cotton swabs
which were not used for the mycological examination, using a ZR
Genomic DNA 1I kit (Zymo research, Orange, CA, USA), and 26
from adhesive tape and culture isolates, using a DNeasy Tissue Kit
(Qiagen, Halden, Germany). In the initial screening, we amplified
the genes encoding the partial SSU, the complete SSU intron,
ITS1, 5.8S rRNA, ITS2, and the partial LSU, using universal
fungal primers ITS-myko-F (5'-CAAACTTGGTCATTTAGAG-
GAA-3") and ITS-myko-R (5'-CCTCCGCTTATTGATATG-
CT-3"). The PCR reactions, in a volume of 50 pl, consisted of 1 x
La bufter, 100 pm dNTPs, 50 pMm of each primer, 1U LA DNA
polymerase (Top-bio), and 2 pl DNA. Cycling conditions were
94°C for 5 min, followed by 30 cycles of 94°C for 20 s, 55°C for
20 s, and 68°C for 1 min. We purified the PCR products from an
agarose electrophoresis gel using a Zmoclean gel DNA recovery kit
(Zymo Research).

To increase the specificity of the amplification, we further
utilised primers designed for G. desctructans found in France: ITS-F
(5'-TCCTCCGCTTATTGATATGC-3") and ITS-R (5'-GGA-
AGTAAAAGTCGTAACAAGG-3') [12]. PCR reactions consist-
ed of 1x Buffer, 100 pm dNTPs, 3 mm MgCly, 25 um of each
primer, 1 U Platinum 7ag (Invitrogen, Carlsbad, CA, USA), and
2 wl DNA. Cycling conditions followed the touch-down protocol
of [12]. The PCR reaction yielded single bands that were purified
using PCR Purification Kit (Qiagen). All products were commer-
cially sequenced from both directions, using BigDye® Terminator
sequencing chemistry (Applied Biosystems, Foster City, CA, USA)
on 3100-Avant Genetic Analyzer (Applied Biosystems) sequencers.
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Data Analyses

We assembled the contigs in Aligner 3.5.6 (CodonCode,
Dedham, MA, USA), and we identified the resulting sequences
by comparing them to GenBank, using BLASTN 2.2 [26].

For the population trend analyses, we selected 106 hibernacula,
with the most complete continuous records since 1995. The
average annual realized growth rate per capita was estimated by
regression through the origin, according to [27]. To test the
hypothesis of significant changes in population size, we used data
collected over years 1995 to 2008 from 106 hibernacula, and
extrapolated the time trends to 2009 and 2010. We computed the
prediction intervals, considering both the uncertainty about future
count expectation and the random error of Poisson-distributed
observations [28]. We included an estimation of the dispersion
parameter to address the unexplained extra-Poisson variance. The
model fitting and prediction was performed using Stata/IC 10.1
statistical software (StataCorp, College Station, TX, USA). To test
the effect of the missing data, we reanalysed the dataset with the
missing values input as a combination of the last observation
carried forward and the next observation carried backward
methods.
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Abstract—There has been growing interest in the study and conservation of bats throughout the world. Declines in their absolute
numbers in recent decades are due, in part, to the fact that insectivorous bats may bioaccumulate toxic pollutants. The purpose of the
present study was to quantify heavy metal concentrations in kidney, liver, and pectoral muscle samples in relation to metallothionein
(MT) levels. In total, 106 bats belonging to 11 European species (i.e., Myotis myotis, Myotis daubentonii, Myotis brandtii, Myotis
nattereri, Myotis emarginatus, Myotis mystacinus, Pipistrellus pipistrellus, Pipistrellus nathusii, Pipistrellus pygmaeus, Nyctalus
noctulla, Eptesicus serotinus) were used for the study. The highest MT levels were found in Pipistrellus pipistrellus. High MT levels
were also found in juvenile bats and aquatic-insect-foraging species. Cadmium was found only in the liver and kidney of Myotis myotis,
except for a solitary finding in Pipistrellus pipistrellus. Myotis myotis juveniles had significantly higher liver and kidney Zn
concentrations than adults. Interestingly, the liver Pb concentration was approximately two times higher in females than in males
of Myotis myotis. The same gender difference was found for kidney Zn concentration in Pipistrellus pipistrellus. The present study
confirms exposure of vespertilionid bats to toxic heavy metals (Pb, Cd) in the Czech Republic and provides data on the essential element
Zn and the metal-binding protein MT in bats foraging over aquatic, aquatic and terrestrial, and terrestrial habitats. Environ. Toxicol.

Chem. 2010;29:501-506. © 2009 SETAC

Keywords—Microchiroptera Insect foraging

INTRODUCTION

Interest in the study and conservation of bats throughout the
world has been growing [1]. Research into the biology and
ecology [2-5] as well as diseases [6] of bats in the Czech
Republic has a long history of providing interesting results. Bat
populations in many countries are declining rapidly, and the
World Conservation Union classifies more than 22% of bat
species as threatened and another 23% as almost threatened
with extinction [7].

Bioaccumulation of insecticides and other pollutants is
thought to be contributing to this decline [1,7,8]. Apart from
agricultural chemicals, bats are threatened by chemical treat-
ment of timber, human disturbance and destruction of roost sites
through deforestation and reconstruction of buildings, and cats
catching urban-roosting bats such as pipistrelles. Moreover,
certain characteristics of bats, such as their small size and high
longevity (20 years or more), make them suitable for use as
indicators of general environmental conditions [1,9]. Micro-
chiropteran bats of Central Europe are nocturnal obligate
insectivores with no alternative feeding strategy [10]. There-
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fore, insects in their food chain are the only source of con-
taminants. It has been documented that the foraging habitats of
bats may be contaminated by heavy metals [9,11-13]. It is also
known that in many organisms the toxic effects of heavy metals
may be reduced by binding to specific ligands and that, among
these, metallothioneins (MTs) play a key role [14]. Levels of
heavy metal ions are strictly controlled in all living organisms
[15,16], because free ions can cause many serious problems,
including oxidative stress or permanent signalling within the
cell [17]. Cysteine-rich MTs [18] have a high affinity for various
metal ions, which may represent up to 20% of the MT weight.
Inducible MTs are the first detectable sign of exposure to heavy
metals at the cellular level and may be used as biomarkers
because there are probably constant levels of MTs in non-
stressed cells [14,19,20]. Considerable differences in the con-
tent of MTs are related to species, tissues, age, nutrition, and
other, unknown factors [21-26]. Although MTs have been
identified in a broad range of species [18,27], there are no
reports on MT levels in bats.

Central European vespertilionid bats employ two different
foraging styles. Some of them hunt airborne prey, whereas the
other group are gleaners [1]. Food composition and the resulting
exposure to environmental pollution are also influenced by the
habitats that different bat species use for insect foraging, i.e.,
aquatic only, aquatic and terrestrial, and terrestrial only, as well
as the environmental conditions at sites of collection of bats.
Given the few studies on heavy metals and the lack of data on
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MT levels in vespertilionid bats, the purpose of the present
study was to analyze heavy metal concentrations in kidney,
liver, and pectoral muscle samples as well as MT levels in a
collection of 11 European bat species.

MATERIALS AND METHODS
Collection of samples

In total, 106 bats belonging to 11 European species, i.e.,
36 mouse-eared bats (Myotis myotis), eight Daubenton’s bats
(Myotis daubentonii), one Brandt’s bat (Myotis brandtii), one
Natterer’s bat (Myotis nattereri), one Geoffroy’s bat (Myotis
emarginatus), one whiskered bat (Myotis mystacinus), 24 pipis-
trelle bats (Pipistrellus pipistrellus), 18 Nathusius’s pipistrelles
(Pipistrellus nathusii), 12 soprano pipistrelles (Pipistrellus
pygmaeus), three noctule bats (Nyctalus noctulla), and two
serotine bats (Eptesicus serotinus), found dead or moribund
from May to September 2007, were used for the present study.
The same approach to sample collection has previously been
used by other authors [9,11]. Given that bats are endangered
species and are protected by law, no other approach is feasible.
During autopsy, liver, kidney, and pectoral muscle samples
were removed and kept at —80°C until analysis. During the
initial inspection, bats were identified with respect to species,
gender, and age (juveniles vs. adults, based on the condition of
teeth and ossification of epiphyses).

Foraging habitats and styles of bats

From several studies [2,3,28-31] and a review [32] of habitat
preference, foraging behavior, and diet composition, the bats
were classified as aquatic-habitat foragers with aquatic insects
prevailing in the diet (Myotis daubentonii, Pipistrellus pipis-
trellus, Pipistrellus nathusii, Pipistrellus pygmaeus), terrestrial-
and aquatic-habitat foragers (Myotis emarginatus, Myotis
mystacinus, Myotis brandtii, Myotis nattereri, Nyctalus noc-
tulla), and those using only terrestrial habitats for hunting
(Myotis myotis, Eptesicus serotinus). The bats came from three
different habitats of the same agricultural landscape (Moravia,
Czech Republic, central Europe). Bats were also grouped with
respect to habitat preference, foraging behavior, and diet com-
position based on their origin from the three habitats.
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Chemical analysis

Tissue levels of MT were determined by using electro-
chemical detection (adsorptive transfer stripping technique with
differential pulse voltammetry, Brdicka reaction). The proce-
dures employed have been described in greater detail elsewhere
[27]. Metallothionein levels are given as micrograms per gram
on a fresh weight basis. Relative standard deviation (SD) was
below 5%. Recovery was tested by three additions of MT
standard and varied from 95 to 100% [33]. The detection limit
of MT was 2 pM [34].

Concentrations of heavy metals (Zn, Cd, and Pb) were
detected in samples of liver, kidney, and pectoral muscles using
differential pulse anodic stripping voltammetry as described
previously [35,36]. Concentrations of heavy metals are given as
free ions on a fresh weight basis (ug/g). Relative SD was below
8%. Recovery was tested by two additions of heavy metals and
varied from 95 to 104%. The detection limits of Zn, Cd, and Pb
were 20, 6, and 8 pM [37]. The decision to quantify Zn as an
essential metallic element in tissues of bats was based on the
recognized high affinity of MT for Zn [18], giving us a model of
the relationship between MT and Zn levels. Unfortunately,
because of the small body weight of vespertilionid bats (ranging
from 4 to 20 g), it was not able to quantify the whole spectrum of
heavy metals.

Statistical analysis

Because the data were not normally distributed and were low
in numbers, nonparametric statistical analysis was used, and the
results are presented as number of specimens, mean, median,
and standard error. Statistica® for Windows™ 7.0 (StatSoft)
was employed to evaluate differences among groups using the
Mann—Whitney U test. Values of p <0.05 and p <0.01 were
considered statistically significant and highly significant,
respectively, for all tests. Spearman rank order correlation
analysis between MT and heavy metal levels was also
employed.

RESULTS
Metallothionein levels

Table 1 presents the MT levels in liver, kidney, and pectoral
muscles of the 11 bat species studied. The highest MT levels in
liver, kidney, and pectoral muscles were found in the pipistrelle

Table 1. Liver, kidney, and pectoral muscle metallothionein levels (g/g, analyzed on a fresh wt basis) of 11 vespertilionid species of bats®

Liver Kidney Pectoral muscle

Species n Mean  Median  Standard error Mean ~ Median  Standard error  Mean ~— Median  Standard error
Myotis daubentonii 3/8/8 10.41 6.75 4.18 206.61 63.95 143.75 48.70 16.71 30.84
Pipistrellus pipistrellus ~ 24/24/24  166.86  110.80 33.39 693.58  694.11 63.81 138.10  117.56 17.88
Pipistrellus nathusii 4/12/17 28.48 28.75 9.87 158.38 38.57 74.23 23.99 15.66 6.69
Pipistrellus pygmaeus 7/10/12 114.49 49.20 52.11 408.39  157.23 137.07 37.93 29.19 9.30
Myotis emarginatus 1711 86.11 — — 40.39 — — 5.35 — —
Mpyotis mystacinus 17171 155.06 — — 143.64 — — 138.39 — —
Mpyotis brandtii 1/1/1 18.09 — — 50.22 — — 35.53 — —
Myotis nattereri 1711 196.41 — — 114.70 — — 9.11 — —
Nyctalus noctulla 3/3/3 142.84 90.45 87.11 166.28 20.85 150.66 19.03 20.54 1.66
Mpyotis myotis 35/35/35  127.36 64.75 22.74 162.83 99.66 24.57 95.27 68.65 13.00
Eptesicus serotinus 21212 61.05 61.05 11.49 74.37 74.37 55.23 63.93 63.93 61.30

#n=Number of examined samples of liver/kidney/pectoral muscle; — = insufficient data to compute these values.
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bat (Pipistrellus pipistrellus), and the lowest MT level was
found in pectoral muscles in Nathusius’s pipistrelle (Pipistrel-
lus nathusii). There was, however, no general concentration
gradient of median MT levels in the organs of the 11 species
studied. In some species (Myotis daubentonii, Pipistrellus
pipistrellus, Myotis brandtii, Myotis myotis, Eptesicus seroti-
nus), the MT concentration gradient was kidney > muscle >
liver. In Pipistrellus nathusii and Pipistrellus pygmaeus, the MT
gradient was kidney > liver > muscle, whereas, in the remain-
ing species (i.e., Myotis emarginatus, Myotis mystacinus,
Mbyotis nattereri, Nyctalus noctulla), the gradient was liver >
kidney > muscle.

Numerous data on MT levels in Myotis myotis (i.e., 35 speci-
mens) allowed evaluation of gender and age differences. Inter-
estingly, median MT levels in the liver and kidney of juveniles
were nearly three times higher than those in adults. The differ-
ence was of statistical significance in the liver (20 juveniles,
15 adults, p =0.03) and of high statistical significance in the
kidney (20 juveniles, 15 adults, p =0.0002). Gender compar-
ison of MT levels in Myotis myotis revealed statistically
significant differences only in pectoral muscles (8 males,
27 females, p =0.04), with males having median MT levels
approximately two times higher than females. In exploring the
possibility of age and gender together, it was found that only
young females (n=12) had approximately three times higher
kidney MT levels than adult females (n = 15) in Myotis myotis
(p=0.04). The pipistrelle bat (Pipistrellus pipistrellus) was
another species in which numerous data allowed age and gender
comparisons. In this bat species, MT levels in juvenile kidneys
were significantly higher than in adults (10 juveniles, 14 adults,
p=0.04), and median liver MT levels in males were nearly
three times higher than in females (7 males, 27 females,
p=0.01).

In considering the three ecological foraging groups of bats,
i.e., aquatic only (A), aquatic and terrestrial (AT), and terrestrial
only (T), there were statistically significant differences in
kidney MT levels between A and AT as well as between A
and T (na=54, nar=7, p=0.03 and n, =54, nt=37,
p=0.01, respectively). Median kidney MT levels in the
aquatic-insect-only-foraging group (A) were approximately
7.5 and 3.5 times higher than levels in the AT- and T-foraging
groups, respectively. There was also a significant difference
between pectoral muscle MT levels in bats from groups AT and
T (nAT = 7, nr= 37, pP= 001)
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Heavy metals

Zinc and lead concentrations in liver, kidney, and pectoral
muscle samples of 11 vespertilionid species of bats are shown in
Tables 2 and 3, respectively. The highest individual values of
Zn were found in the liver of Pipistrellus pipistrellus, in the
kidney of Pipistrellus pygmaeus, and in the pectoral muscles of
Myotis myotis. Individual Pb values were highest in the liver of
Eptesicus serotinus, in the kidney of Myotis myotis, and in the
pectoral muscles of Myotis daubentonii. For Cd concentrations
in this collection of bats, there were only solitary findings of
0.01 pg/g in the liver of a female adult mouse-eared bat (Myotis
myotis, n=33) and in the kidney of a female juvenile pipistrelle
(Pipistrellus pipistrellus, n=23). Kidney samples of Myotis
myotis positive for Cd originated from four adult females, one
juvenile female, and one juvenile male (n =32, mean=0. 01,
median = 0.00, SE = 0.009).

Evaluation of gender and age differences in concentrations
of heavy metals of Myotis myotis revealed statistically signifi-
cant differences in the liver Zn concentration of 19 juveniles and
14 adults (p =0.001), with young bats having levels two times
higher than adult levels. The kidney Zn concentration of 20
juveniles was approximately 1.5 times higher than of 12 adults
(p=0.03), whereas the muscle Pb concentration of 12 adults
was approximately two times higher than that of 20 juveniles
(p=0.01). The only gender difference of statistical significance
was that in liver Pb concentration, which was approximately
two times higher in 26 females than in seven males (p =0.02).
No statistically significant age differences were found in Pipis-
trellus pipistrellus, and the only significant gender difference in
this species was that in the kidney Zn concentration, which was
approximately two times higher in 16 females than in seven
males (p =0.03). There were no statistically significant differ-
ences in concentrations of heavy metals (Zn, Cd, and Pb) in the
liver, kidney, and pectoral muscles between the three ecological
foraging groups of bats, A, AT, and T.

Correlation between metallothionein and heavy metals

Possible correlations between the MT level and tissue con-
centration of Zn, Cd, and Pb and the sum of Zn + Cd +Pb in
Myotis myotis and Pipistrellus pipistrellus were evaluated for
the whole species as well as for juveniles, adults, males, and
females. Other evaluations concerned the three ecological
foraging groups of bats, A, AT, and T. Statistically significant

Table 2. Liver, kidney, and pectoral muscle zinc concentrations (jg/g, analyzed as free ions on a fresh wt basis) of 11 vespertilionid species of bats®

Liver Kidney Pectoral muscle
Species n Mean  Median  Standard error  Mean — Median Standard error  Mean  Median  Standard error
Mpyotis daubentonii 1/6/7 0.54 — — 0.55 0.36 0.20 0.31 0.21 0.06
Pipistrellus pipistrellus ~ 23/23/18 0.35 0.28 0.04 0.73 0.47 0.13 0.31 0.25 0.02
Pipistrellus nathusii 3/6/4 0.38 0.36 0.06 0.98 0.85 0.28 0.32 0.25 0.07
Pipistrellus pygmaeus 51714 0.26 0.30 0.03 0.98 0.63 0.33 0.40 0.36 0.09
Myotis emarginatus 0/0/0 — — — — — — — —
Mpyotis mystacinus 1/1/0 0.46 — — 0.59 — — — — —
Mpyotis brandtii 1711 0.50 — — 0.29 — — 0.69 — —
Myotis nattereri 0/1/0 — — — 1.12 — — — — —
Nyctalus noctulla 2/3/0 0.27 0.27 0.05 0.67 0.30 0.40 — — —
Myotis myotis 33/32/32 0.42 0.34 0.03 0.43 0.41 0.02 0.35 0.30 0.02
Eptesicus serotinus 17271 0.95 — — 0.43 0.43 0.02 0.25 — —

#n=Number of examined samples of liver/kidney/pectoral muscle; — = insufficient data to compute these values.
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Table 3. Liver, kidney, and pectoral muscle lead concentrations (wg/g, analyzed as free ions on a fresh wt basis) of 11 vespertilionid species of bats”

Liver Kidney Pectoral muscle
Species n Mean  Median  Standard error  Mean — Median  Standard error Mean  Median  Standard error
Mpyotis daubentonii 1/6/7 0.70 — — 0.38 0.32 0.13 0.32 0.21 0.07
Pipistrellus pipistrellus ~ 23/23/18 0.36 0.33 0.04 0.26 0.13 0.05 0.20 0.18 0.02
Pipistrellus nathusii 3/6/4 0.59 0.57 0.05 0.49 0.40 0.16 0.21 0.21 0.02
Pipistrellus pygmaeus 5714 0.32 0.21 0.12 0.51 0.54 0.12 0.34 0.28 0.11
Myotis emarginatus 0/0/0 — — — — — — — — —
Mpyotis mystacinus 1/1/0 1.82 — — 0.08 — — — — —
Myotis brandtii 1/1/1 0.37 — — 0.40 — — 0.35 —
Myotis nattereri 0/1/0 — — — 0.88 — — — — —
Nyctalus noctulla 2/3/0 0.71 0.14 0.01 0.60 0.60 0.17 — — —
Myotis myotis 33/32/32 0.14 0.38 0.05 0.30 0.30 0.04 0.20 0.18 0.01
Eptesicus serotinus 1/2/1 2.51 — — 0.66 0.66 0.12 0.17 —
“n = Number of examined samples of liver/kidney/pectoral muscle; — = insufficient data to compute these values.

correlations were found in Myotis myotis between kidney MT
and Zn concentration (n =32, R=0.36, p=0.04), pectoral
muscle Pb concentration (n =32, R=—0.36, p = 0.04), pectoral
muscle Zn concentration of juveniles (n=20, R=0.49,
p=0.02), liver Pb concentration of males (n=7, R=—0.86,
p=0.01), pectoral muscle Pb concentration of males (n=7,
R=-0.71, p=0.04), and kidney Zn concentration of females
(n=24, R=0.52, p=0.006). In Pipistrellus pipistrellus,
statistically significant correlations were found between MT
and kidney Pb concentration of males (n=7, R=—0.86,
p=0.01) and pectoral muscle Pb concentration of females
(n=12, R=-0.66, p=0.02). As far as the three ecological
foraging groups of bats, A, AT, and T, are concerned, in the A
(aquatic-insect-foraging) group, statistically significant corre-
lations were found between liver, kidney, and pectoral muscle
MT and Pb concentrations (n=31, 41, and 33; R=—-0.43,
R=-0.53, and R=—-0.43; p=0.01, p =0.0004, and p =0.01,
respectively). In the T (terrestrial-habitat-foraging) group of
bats, statistically significant correlations were found between
kidney MT and Zn, kidney Pb, and pectoral muscle Pb con-
centrations (n=34, 34 and 34; R=0.34, R=-0.38 and
R=-0.38; p=0.04, p=0.02, and p=0.02, respectively).
Interestingly, as shown above, all statistically significant cor-
relations between MT and Zn concentrations were positive,
whereas they were negative between MT and Pb concentrations.

DISCUSSION

Variation in the levels of MT, Zn, Cd, and Pb in 11
vespertilionid bats from the Czech Republic was examined
in this study. As with various other studies [8,9,11], the present
study found mostly non-normal distribution of data in bats and
had to use nonparametric statistical tests. No one has yet
evaluated and reported MT levels in any bat species. With
the exception of Myotis daubentonii, Pipistrellus pipistrellus,
Pipistrellus nathusii, Pipistrellus pygmaeus, Nyctalus noctulla,
Mbyotis myotis, and Eptesicus serotinus, however, the results are
based on single specimens, so further studies on MT levels are
needed in these species. On the other hand, numerous data on
Mpyotis myotis and Pipistrellus pipistrellus even made it possible
to evaluate gender and age differences. Vespertilionid bats have
moderate or low hepatic MT levels compared with humans,
monkeys, domestic animals, rodents, and lagomorphs [18]. In a

previous paper [27] differences in MT levels in different animal
species were examined with regard to their trophic level. All
Central European bats, however, belong to the same insectiv-
orous trophic guild. Therefore, another common grouping
approach was used, based on habitat preference, foraging
behavior, and diet composition to evaluate differences between
aquatic-habitat-foraging bats with aquatic insects prevailing in
their diet, terrestrial- as well as aquatic-habitat-foraging bats,
and bats using only terrestrial habitats for hunting. Certainly,
this is an artificial classification and may cause evaluation
problems as a result of, for example, some overlap in foraging
niches or low numbers of specimens in the intermediate
group of bats foraging in both terrestrial and aquatic habitats.
Nevertheless, it seems that aquatic-insect-foraging bats have
higher levels of MT than bats from the other two groups. The
results showingt higher MT levels in juvenile bats (Myotis
myotis and Pipistrellus pipistrellus) compared with adults are
consistent with the age-related changes described for human
cells that are associated with down-regulation of MT in
senescent cells and are independent of dietary Zn intake [38].

There are only a few studies on heavy metals in European
bats [9,11,12], and, contrary to the present paper evaluating
liver, kidney, and muscle, these only examined the kidney. Zinc,
as an essential trace element, was the most abundant element in
the liver, kidney, and muscles of all 11 bats. The higher Zn
levels observed in juveniles of Myotis myotis and Pipistrellus
pipistrellus are consistent with its physiological function in the
growing organism and findings from Austrian bats [11]. In
general, in the present study, MTs, as Zn-binding proteins, were
positively correlated with Zn level but negatively correlated
with Pb concentration. The negative correlation between MT
and Pb levels may be a result of the lower affinity of MTs for Pb
[36]. However, the counteracting effect of positive and negative
correlations between MTs and Zn and lead may explain the lack
of correlation between MTs and the sum of heavy metals in
tissues. MT has been thought to be a suitable monitoring tool for
detection of heavy metal pollution [36]. The sum of concen-
trations of Zn, Cd, and Pb was used to test the hypothesis that
exposure to multiple heavy metals would result in higher MT
levels. However, because of the lower affinity of MT for Pb and
the negative correlation between MT and Pb levels, the use of
MT levels as a biomarker of exposure to heavy metals may not
be so straightforward in vespertilionid bats. It was found that Pb
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bioaccumulates with age in Myotis myotis (two times higher
levels in muscles of adults compared with juvenile mouse-eared
bats). Higher liver Pb concentrations in females of Myotis
myotis may be explained by mobilization of Pb, which behaves
similarly to calcium in lactating females [13]. The significant
gender and age differences in concentrations of Pb in Myotis
myotis are unlike those found by some other authors [9,11],
probably because of the low numbers of specimens of this
species available to these researchers. In terms of Cd, there was
only one single positive finding in a juvenile pipistrelle (Pipis-
trellus pipistrellus) even though more than half of this collec-
tion of bat species included adults and Cd is known to
accumulate in the liver and kidney tissue during life [11]. This
again conflicts with a published report demonstrating a signifi-
cant difference between adult and juvenile pipistrelles [9].
Findings in the present study, however, are consistent with
generally low Cd levels in aquatic insects, for which this bat
species specializes [39]. On the other hand, there were higher
levels and more frequent findings of Cd in the mouse-eared bat
foraging in terrestrial habitats (forest), so it seems that Cd is
more available in their trophic niche.

The two most extensive studies on heavy metals in European
bats [9,11] used atomic absorption spectrophotometry to deter-
mine heavy metal concentrations with limits of detection in the
smallest bat species of 1.86 mg/g dry weight for Hg, 1.24 mg/g
dry weight for Pb, and 0.162 mg/g dry weight for Cd. The limit
of detection of the method used in the present study, i.e.,
differential pulse anodic stripping voltammetry, is a few orders
of magnitude lower than the above-mentioned method, down to
nanograms per grams of dry weight for all metals analyzed (Cd,
Zn, and Pb) [37,40,41]. A critical comparison between voltam-
metric and spectrometric determination of heavy metals has
recently been published [42]. Voltammetric methods have not
yet been employed for analysis of bat tissues. Furthermore, a
report on ultratrace determination of heavy metals in environ-
mental matrices by differential pulse anodic stripping voltam-
metry estimated detection limits for As(II), Se(IV), Cu(ll),
PbI), Cd(Il), Zn(Il), and Mn(Il) as tens of picograms per
milliliter of a sample [43]. Because of the higher sensitivity of
this voltammetric method, the content of free heavy metal ions
in bats could be determined. Given the physicochemical proper-
ties of heavy metal ions and their compounds, free heavy metal
ions pose a threat inside the cell. These ions can create free
radicals, which subsequently damage enzymatic systems, cell
compartments, membranes, and even cell nuclei and nucleic
acids [44,45]. The level of free heavy metal ions can be
considered as a marker of acute oxidative stress induced by
heavy metals.

Generally, kidney and liver concentrations of Pb above
10 pg/g on a wet weight basis are diagnostic for Pb toxicosis
in animals [46] and the critical concentration for Cd is 20 to
30 wg/g [47]. Lead and Cd tissue concentrations in bats in the
present study were lower than those diagnostic for toxicosis. For
example, the highest liver Pb concentration of 1.77 pg/g and the
highest kidney Cd concentration of 0.35 pg/g were found in
Myotis myotis. Likewise, the maximum Zn concentration of
2.83 wg/g in kidneys of Pipistrellus pipistrellus is well below
the range of 14 to 821 wg/g found in Austrian bats [11].

The present study confirms exposure of vespertilionid bats to
toxic heavy metals in the Czech Republic and provides data on
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the essential element Zn and the metal-binding protein MT in
11 species of bats. Findings such as the gender- and age-related
differences in MTs and heavy metals, the near-absence of Cd in
aquatic-insect-foraging bats, and correlations between metallic
elements and MTs are novel as well as very interesting and
should encourage further investigations in this mammalian

group.
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ABSTRACT:  White-nose syndrome, associated
with the fungal skin infection geomycosis,
caused regional population collapse in bats in
North America. Our results, based on histopa-
thology, show the presence of white-nose
syndrome in Europe. Dermatohistopathology
on two bats (Myotis myotis) found dead in
March 2010 with geomycosis in the Czech
Republic had characteristics resembling Geo-
myces destructans infection in bats confirmed
with white-nose syndrome in US hibernacula.
In addition, a live M. myotis, biopsied for
histopathology during hibernation in April
2011, had typical fungal infection with cupping
erosion and invasion of muzzle skin diagnostic
for white-nose syndrome and conidiospores
identical to G. destructans that were genetically
confirmed as G. destructans.

Key words: Geomyces destructans, geo-
mycosis, histopathology, Myotis myotis, white-
nose syndrome.

White-nose syndrome (WNS) is an
emerging disease, associated with the
fungus Geomyces destructans, that is
spreading among hibernating bats in North
America (Blehert et al., 2009). Dermato-
histopathology confirms WNS character-
ized by fungal invasion of living tissue and
epidermal cupping erosions (Meteyer et al.,
2009). Field clinical signs of WNS in bats
include a suite of descriptors including
white fungal growth on hairless parts of
wings, muzzle, and ears, aberrant behavior
in winter, loss of fat reserves, and increased
mortality at affected sites (Foley et al.,
2011). Mass mortality of bats can lead to
regional population collapse and extinction
(Frick et al., 2010).

In Europe, G. destructans was first
identified morphologically from culture
and sequencing of ITS and SSU rRNA
regions from affected bats in 2008 (Wibbelt
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et al., 2010). Photographs of bats with white
muzzles have been taken sporadically over
several decades, but lately there has been an
increase in these observations (Martinkova
et al, 2010). Recent genetic evidence
confirms that G. destructans is widespread
in Europe, but mass mortality has not been
observed (Puechmaille et al., 2011b).
There has been no histologic study of bats
with geomycosis in Europe because bats
may not be euthanatized without a permit,
and detection of the fungus was therefore
restricted to live bats without histopatho-
logic examination. We present the histo-
pathologic confirmation of WNS in bats
from Europe.

A carcass of a greater mouse-eared bat
(Myotis myotis) with white fungal patches
on its muzzle was found in Stari Drate-
nickd cave (Moravian Karst, Czech Re-
public) on 6 March 2010, during a winter
survey. Conidiospores and hyphae mor-
phologically identical to G. destructans
were found on an adhesive tape sample
taken from the bat in the cave (Fig. la),
but cultures and PCR on this sample were
negative (sample 5' Martinkova et al.,
2010). No other bats in the hibernaculum
(29 bats of seven species) had signs of
fungal infection.

Five greater mouse-eared adult bat car-
casses were found 12 days after the survey
on the floor of Byéi skéla cave (Moravian
Karst, Czech Republic; ~3 km from Stara
Dritenicka cave) approximately 40 m from
the entrance. The carcasses were collected
and frozen at —20 C for later examination.
In 2010, 1,192 greater mouse-eared bats
were counted in By¢i skala cave, hibernating
alone or in clusters of around 30 individuals
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Ficure 1. Geomyces destructans infection in
bats (Myotis myotis) found dead in hibernacula in
two caves in the Czech Republic. (a) Hyphae and
spores morphologically identical to G. destructans,
collected using adhesive tape from the muzzle of a
bat from Stard Dritenickd cave. (b) Fungal growth
on the muzzle of a bat from By¢i skala cave resulting
in colonization of the hair follicle (arrow). Periodic
acid—Schiff (PAS) stain. (c¢) Fungal growth over
epidermis of a bat from By¢i skdla cave with hyphae
obscuring the basement membrane and invading the
superficial dermis (arrow). Fungal growth in the
dermal tissue consisted of dichotomic branching
hyphae, ~2 im in diameter, with occasional septa.
PAS stain.

in crevices in high domes. In a previous
study, G. destructans was genetically con-
firmed in two live bats found deeper in the
cave than the carcasses discussed in this
paper (Martinkova et al., 2010).

Gross visual inspection of the six dead
bats (one from Stari Dratenicki cave and
five from By¢i skala cave) in the laboratory
showed no visible fungal growth or skin
lesions, although fungal growth was pres-
ent while the bat from Stara Dratenicka
cave remained on the cave wall. The body
condition was poor to moderate with low
adipose tissue stores. The mean body
weight of the six bat cadavers was 18 g,
which contrasts with live bats during
hibernation that weigh about 26 g (Krapp,
2001). The upper jaw together with the
skin, wing membranes (plagiopatagium),
and lungs were dissected for histopatho-
logic examination. Formalin-fixed samples
containing bones of the upper jaw were
decalcified using formic acid to facilitate
preparation of sections. Wing membranes
were rolled for paraffin embedding. Serial
tissue sections of 5 pm were prepared and
stained with periodic acid—Schiff stain.
Internal organs were stained with hema-
toxylin and eosin.

No fungal infection was seen in the
microscopic sections of wing skin from
four bats, but fungal colonization of the
skin of two bats from Stard Dritenicka and
By¢i skala caves was heavy. Although
autolysis was present, organized hyphae
were seen in all layers of epidermis of the
muzzle and deep in the hair follicles
(Fig. 1b). The hyphae penetrated the
basement membrane of the epidermis
with focal pigmentary incontinence and
invaded the superficial and deep dermis
and underlying connective tissue (Fig. 1c).
Fungal hyphae and detritus were seen in
the nasal cavity that may have been
postmortem invasion. Hyphae were also
present in the nasal cartilage perichondri-
um and endomysium of nasal muscles. No
reactive inflammatory response was ob-
served, except for sporadic small pustules
containing hyphae in the dermal tissue.
Lungs were congested and alveoli filled
with slightly eosinophilic liquid, probably
as a result of postmortem changes.

An 24-g, adult, male greater mouse-
eared bat, hibernating in By¢i skila cave



Ficure 2. Geomyces destructans infection in a
bat (Myotis myotis) from a hibernaculum in the
Czech Republic, biopsied for histopathology, and
comparison to the pathognomonic findings of
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and showing visible fungal growth with
brief illumination with a flashlight
(Fig. 2a), was biopsied and euthanatized
late in the hibernation period (4 April
2011). Clinical specimens collected from
the muzzle using adhesive tape were
positive for G. destructans conidiospores
when examined by direct microscopy. The
fungus was cultured on Sabouraud agar,
and the isolate was genetically confirmed
as G. destructans (EMBL-Bank accession
number: HE588133). The sequence was
identical to that previously reported from
the By¢i skdla cave (Martinkova et al.,
2010). Histopathologic findings on the
skin of the muzzle were very similar to
those observed in samples collected from
bat cadavers as described above. Sections
of the nasal skin and the wing membrane
had large numbers of curved conidia
associated with hyphae that were growing
into the stratum corneum and through to
the stratum basale (Fig. 2b). In contrast to
the cadavers examined, dense aggregates
of hyphae formed cupping erosions of the
epidermis in the sampled euthanatized bat
(Fig. 2¢). Hyphae penetrated focally
through the basement membrane to the
dermis and deep into the hair follicles,
also invading the associated sebaceous
glands. There was lung congestion with
large numbers of siderophages. There

<«

white-nose syndrome (WNS) in the USA. (a) Male
bat from the By¢i skala cave showing distinct fungal
growth on the muzzle, around the nares as well as on
the upper and lower lips. (b) Large numbers of
curved conidia observed on the epidermis together
with hyphae growing in stratum corneum and
stratum basale (arrow). (c¢) A cuplike epidermal
erosion in the nasal skin. (d) Section of wing
membrane from a bat (Myotis lucifugus) with WNS
collected in the USA. Inset shows typical cupping
erosions diagnostic of WNS in the USA. The main
image is a region of the same wing with superficial
fungal colonization of the skin where it does not yet
show the interface of dense fungi and cupping
erosions but shows interruption of the basement
membrane by fungal hyphae (arrow). Periodic acid—
Schiff stain.
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were no pathologic findings in spleen,
kidneys, heart, or liver.

The histopathology in the skin of this
greater mouse-eared bat from By¢i skdla
cave (Fig. 2c) fulfilled the criteria cur-
rently used to confirm WNS in North
America (Meteyer et al., 2009). The
localized areas of dense hyphae with a
discrete interface where the fungus forms
cup-shaped erosions was present in the
bat from the Czech Republic collected in
2011, and these findings are the current
gold standard for diagnosing WNS. Be-
tween these localized areas of erosion,
colonization of the superficial keratin by
the fungal hyphae is also present in wing
membranes from bats with white-nose
syndrome in the USA (Fig. 2d).

Our results confirm the presence of
WNS in Europe and demonstrate that G.
destructans infection in hibernating bats
in Europe can be associated with sporadic
deaths that may remain unrecognized in
the hibernaculum. Mortality rates are low
and, to date, have not affected the long-
term population size of greater mouse-
eared bats (Martinkova et al., 2010). With
the increase and extent of G. destructans
found in hibernacula in the Czech Re-
public and Slovakia in 2010, monitoring
bat populations in subsequent years is
even more critical. Histopathology of bats
with geomycosis was identified as one of
the key research priorities in the field in
Europe (Puechmaille et al., 2011a). Fol-
lowing confirmation of WNS in Europe,
further comparisons between North
American and European G. destructans
infections can enhance the understanding
of the pathogenesis of geomycosis in bats
(Cryan et al., 2010).

Material from the By¢i skdla cave was
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thank Paul A. Racey, Maja Riitten, and
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0021622416, L.LC06073). The research was
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Bats today face a number of major threats,
with habitat disturbance and loss of roost sites
(through deforestation and reconstruction
of buildings) some of the more obvious. Less
recognised or documented, however, are the
detrimental effects due to toxicant exposure,
which can be just as important but only become
obvious once bat populations have started to
decline. Toxicants come from a variety of sources,
both natural and artificial, with agricultural and
industrial chemicals some of the best known.

Like other wild animal taxa, bats are capable of
indicating environmental quality. Rapid declines in
the bat populations of many countries, however,
have resulted in the classification of 24% of
species as threatened and 21% as near threatened
(Mickleburgh et al. 2002). Strict world-wide
protection and conservation of most bat species
prevents their use in standardised monitoring
programmes for environmental contaminants,
such as those undertaken with game animals.
Further, the nocturnal and reclusive nature of
these mammals makes recognition of die-offs
more difficult than in other wild animals.

The study of bat toxicology, therefore, must be
a multidisciplinary procedure with investigations
based on analytical chemistry, biochemistry,
statistical and mathematical modelling, and
biological and ecological studies of the various
species, including pathological and behavioural
studies (Rattner 2009).

Toxic pollutants

Although humans have lived on earth for tens
of thousands of years, it is only during the last
two centuries that dramatic changes in the use
of natural resources and energy, with resultant
changes in economic systems, have led to
exponential growth in the human population. One
of the most important human impacts on natural
processes and living organisms began with the
increase in extraction, refining and processing of
fossil fuels for the petrochemical industry at the
beginning of the 20th century. Since that time,
chemical compounds have contaminated all parts



of environment, and pollution by toxic elements
continues to increase to the present day.

Many different types of contaminants are
now present in the environment, ranging from
synthetic chemicals (which would not be present
in the environment without human intervention)
to increased levels of trace metals that are
required for life (Melancon 2003). These can be
classified under various criteria, including origin,
effect, property or degradability. Concerns range
from possible harmful effects on flora and fauna
(e.g. changes in growth rate, hormonal changes,
immune system damage, or carcinogenicity) to
possible harm caused to humans from consuming
contaminated organisms. Notable chemical
contaminants include four main groups: 1)
heavy metals, 2) persistent organic pollutants,

3) environmentally persistent pharmaceutical
pollutants, and 4) volatile organic compounds. To
date, only the first two groups have been studied
in any detail in bats.

Heavy metals

Heavy metals occur naturally in the
environment and, therefore, there is always a
natural background concentration in soils, rocks,
sediments, water and in living organisms, with
concentrations varying greatly. Anthropogenic
pollution results in higher concentrations of these
metals relative to the normal background values.
Municipal and industrial waste and fossil fuels are
especially likely to contain heavy metals.

The eleven elements of highest concern within
the European Community are arsenic, cadmium,
cobalt, chromium, copper, mercury, manganese,
nickel, lead, tin and thallium. All are hazardous
to health or the environment, with lead, mercury,
arsenic and cadmium among the most hazardous.

Persistent organic pollutants

Persistent organic pollutants are organic
compounds of natural or anthropogenic origin
that resist photolytic, chemical and/or biological
degradation (UNEP, 1999). They are semi-volatile,
allowing them to be transported long distances
from their original source via water and the
atmosphere, meaning that they can reach regions
where they have never been used or produced.
Persistent organic pollutants are toxic, chemically
stable and tend to concentrate in living organisms
through the process of bioaccumulation due to
their high lipid solubility. As fish, predatory birds
and mammals (including bats and humans) are
high up in the food chain, they accumulate the
greatest concentrations, mainly in fatty tissues.

Almost all of these chemicals are produced by
humans through industrial processing; natural
sources being very scarce.

Three main groups are differentiated: 1)
pesticides (e.g. DDT and its analogues, HCH
compounds, cyclodienes, toxaphene and
compounds with caged structures), 2) industrial
chemicals (e.g. PCBs and hexabromobiphenyl),
and 3) by-products (e.g. dioxin, furan and PAHs).
Persistent organic pollutants are used in industrial
processes and the production of a wide range
of products (e.g. solvents and pharmaceuticals).
Others are still widely used as pesticides (Jones
& de Voogt 1999). Persistent organic pollutants
are of high concern as some have been identified
as carcinogenic, mutagenic and teratogenic,
and many are recognised as exerting sub-lethal
effects.

Bats as bioindicators

Bats are among the most diverse and
widespread mammal species on Earth.
Approximately 1,200 chiropteran species are
known and they are found on all continents
(except Antarctica) inhabiting a wide variety
of ecological niches (Nowak 1994). Bats also
display a high number of roosting and feeding
specialisations and play key functional roles in
ecosystems, acting as plant pollinators, seed
dispersers and predators of insects, including
harmful forest and agricultural pests (Kunz et
al. 2011). Most bat species are listed under the
International Union for the Conservation of
Nature’s Red List of Threatened Species (IUCN
2010) and are of global conservation concern
(Micklenburg et al. 2002).

In light of their diversity and importance,
bats have enormous potential as biodiversity,
ecological and environmental indicators. Jones
et al. (2009) summarised a number of general
parameters that make bats ideal indicators of
human-induced climate change and habitat
quality (Tab. 1). Insectivorous bats in particular
have been used in wildlife toxicology studies as
they have a number of characteristics that make
them suitable for use as indicators of general
environmental conditions (Tab. 2).

Insectivorous bat species are the primary
consumers of nocturnal insects and food
composition, and subsequent exposure to
environmental pollution, is influenced by the
habitats that different bat species use for insect
foraging (e.g. aquatic, aquatic and terrestrial,
or terrestrial only) as well as the environmental
conditions at the sites the bats were collected



from. Aquatic habitats (e.g. rivers, lakes and
canals) are favoured as they often attract a rich
supply of insects, though emerging aquatic insects
may provide contaminant subsidies. Some species
have adapted well to urban environments and can
be found feeding (e.g. around streetlamps) within
major agglomerations with high contaminant
pollution (Gaisler et al. 1998).

Like other insectivorous mammals and birds,
bats receive higher contaminant residues in their
diets than herbivores due to food chain build-up.
Moreover, the high metabolic rate of bats (bats
consume 40-100% of their body mass each night)
connected with flight (several km per night) and
their associated small size demands greater rates
of food intake than less active or larger mammals.
Greater food intake thus increases the amount of
contaminant available for concentration in fat.

Bats tend to have low reproductive rates
and long life spans of up to 30 years (Racey &
Entwistle 2000). Bats, therefore, may be subject
to long-term accumulation of toxic contaminants
and large concentrated doses of lipophilic
contaminants may be transferred to offspring in
milk. Moreover, bats are at risk of contaminant
residue mobilisation as fat is absorbed and energy
utilised during hibernation (Thomas et al. 1990).

Monitoring toxic contaminants in bats

There have been a number of reports
published on the adverse effects of natural toxins
on bats, including a description of mass mortality
associated with a cyanobacterial bloom (Pybus
et al. 1986) and negative physiological effects on
flight performance and echolocation following
ethanol ingestion by fruit bats (Sanchez et al.
2010). Reports on the effects of anthropogenic
pollutants on Holarctic bats, however, are far more
frequent (O’Shea & Johnson 2009). The results
of these studies, which have used a variety of
methods, all strongly implicate bioaccumulation of
insecticides and other pollutants as contributing
to the recent decline in bats.

In Europe, for example, Luftl et al. (2003) and
Walker et al. (2007), have used standard residue
analysis to assess heavy metals in the livers and
kidneys of dead or debilitated bats in Austria and
Britain, respectively. In the Czech Republic, Pikula
et al. (2010) have confirmed the susceptibility of
vespertilionid bats to the toxic heavy metals lead
and cadmium and provided data on the essential
element zinc. They also examined responses
of bats foraging over aquatic, aquatic and
terrestrial, and terrestrial habitats to heavy metals
through evaluation of the metal-binding protein

metallothionein. In southern Brazil, Zocche et al.
(2010) have observed adverse effects of exposure
to heavy metals in a coal mining area, using the
Comet assay to assess DNA damage in blood cells
of insectivorous bats.

An important recent study on the effects and
responses of toxic contaminants has highlighted
high intestinal permeability as a means for
passive absorption through cell walls in bats
(Caviedes-Vidal et al. 2008). While this is a less
selective system for nutrient absorption than the
more common carrier-mediated system, it may
compensate the bat for its relatively less intestinal
tissue. Paracellular absorption, however, also
allows toxins to be readily absorbed from plant
and animal material through the intestinal lumen
and, therefore, increases the susceptibility of bats
to toxins in the diet.

The wide use of organophosphate-based
pesticides in agriculture makes exposure of
humans and animals unavoidable and can
result in both acute effects and chronic damage
to the nervous system (Stephens et al. 1995).
Sub-lethal exposure to pesticides over longer
periods, however, can also be an important
source of adverse effects. While detoxification via
cytochrome P450 enzyme systems can ameliorate
such effects, this uses energy that may then be
lacking for other functions.

Monitoring and evaluation of bat activity
represents an alternative approach to examining
the responses of bats to environmental pollution.
For example, significant differences have been
observed in both bat diversity and activity
between areas of mixed coniferous forest exposed
to different degrees of air pollution (Rachwald et
al. 2004); while Vaughan et al. (1996) have shown
how a decline in river water quality affects the
foraging behaviour of Pipistrellus pipistrellus and
Myotis spp. bats, with both overall activity and
foraging activity reduced downstream of a sewage
output.

Other methods include mark-recapture
techniques, used by Frick et al. (2007) to obtain
data on the effects of a major pesticide spill on
annual survival and population growth of Myotis
yumanensis in the USA; and comparing foraging
activity at sites of pesticide application with data
on insect contamination to estimate exposure of
bats to pesticides (Stahlschmidt and Bruhl 2012).

One problem that many of these studies face
is the fact that, under environmental conditions,
bats can be exposed to multiple stressors
at the same time, including natural toxins,
anthropogenic pollutants and infectious agents.



Given that contaminants frequently occur as
mixtures in nature, ecotoxicology must also take
into account possible synergistic effects between
pesticides and natural stressors (Relyea &
Hoverman 2006) and chronic, low-level exposure
(Sanderson & Solomon 2009) with additive or
jointly independent actions (Kortenkamp et al.
2007). Further, a number of epizootic infectious
diseases have been noted as more severe in
areas contaminated by environmental pollutants,
demonstrating the possibility of population level
effects associated with contaminant-induced
immunosuppression.

Perspectives and advice for future bat studies

In many instances, human risk assessments do
not adequately protect other biota. There is no
doubt, therefore, that it will be necessary to study
both classical and new environmental pollutants
in bats in the future. The main purpose of these
studies must be to assess the potential risk of
toxicants for bats in order to enhance their future
protection. As such, researchers should bear in
mind the following advice:

1. All studies should comply with national and
international nature conservation legislation and
laws for the protection of animals against cruelty;

2. The 3Rs method should be used whenever
possible (i.e. Replacement, Refinement and
Reduction);

3. If experimental work is necessary to
evaluate responses of bats to toxicants, consider
using bats from wildlife rehabilitation centres.
These may have been permanently handicapped
and, therefore, cannot be returned to the wild;

4. When planning collection of bats from
the wild, power analysis should be conducted
to estimate the sample size providing sufficient
statistical power and significance;

5. Always use non-destructive and non-
invasive sampling procedures;

6. If possible, make use of samples collected
from natural die-off, i.e. specimens found dead or
moribund;

7. Obtain samples from bats originally
delivered for different analyses, such as rabies or
white-nose syndrome testing;

8. Do not discard bat cadavers after obtaining
samples for your particular study, they may be
useful for future studies;

9. Cooperate with specialists from different
fields in order to obtain the widest range of
analysis and views;

10. Employ progressive analytical techniques
and modern instrumentation with the lowest

detection limits;

11. Employ techniques allowing analysis of
very small samples;

12. Increase passive collection of data and
samples for contaminant analysis and its effects
during other projects;

13. Identify exposure biomarkers and correlate
levels with toxin content in tissue, thereby
allowing non-destructive intra-vital diagnoses;

14. When handling bats, bear in mind that they
may be reservoirs for zoonotic agents;

15. Encourage further detailed ecotoxicological
investigations into this interesting mammalian group.
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Table. 1. Criteria that make bats excellent indicators (reproduced from Jones et al. 2009).

__________________________________________________________________________________________________________________________|]
* Relatively stable taxonomy

* Can be sampled at several levels (e.g. population, feeding rates of individuals)

* Wide geographic range

* Graded responses to habitat degradation correlated with responses of other taxa (e.g. insects)

* Rich trophic diversity

* Slow reproductive rate, meaning that population declines can be rapid

* Perform key ecosystem services (e.g. pollination, fruit dispersal, arthropod control)

* Reservoirs of a wide range of emerging infectious diseases whose epidemiology may reflect environmental stress

Table 2. List of characteristics that make insectivorous bats important as environmental indicators.

Parameter Importance for bio-indication
. __________________________________________________________________________________________________________________________________|

Long lifespan = Long-term accumulation
Obligate insectivores = High in the trophic chain
Variety of feeding habitats = Diversity of contaminants sources

Active flight = Long-range coverage

Synanthropy = Human and industrial impact

High metabolic rate = Accumulation of contaminants

Hibernation = Mobilisation of residues within a short period
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Introduction

White-nose syndrome (WNS) has rapidly become a major
threat to hibernating bats in the United States and Canada
since its emergence in 2006 (Blehert et al., 2009). The
disease has attracted intensive research owing to mass
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Summary

While Pseudogymnoascus destructans has been responsible for mass bat mortalities
from white-nose syndrome (WNS) in North America, its virulence in Europe has
been questioned. To shed the light on the issue of host—pathogen interaction
between European bats and P. destructans, we examined seventeen bats emerging
from the fungus-positive underground hibernacula in the Czech Republic during
early spring 2013. Dual wing-membrane biopsies were taken from Barbastella
barbastellus (1), Myotis daubentonii (1), Myotis emarginatus (1), Myotis myotis
(11), Myotis nattereri (1) and Plecotus auritus (2) for standard histopathology and
transmission electron microscopy. Non-lethal collection of suspected WNS
lesions was guided by trans-illumination of the wing membranes with ultraviolet
light. All bats selected for the present study were PCR-positive for P. destructans
and showed microscopic findings consistent with the histopathological criteria
for WNS diagnosis. Ultramicroscopy revealed oedema of the connective tissue
and derangement of the fibroblasts and elastic fibres associated with skin invasion
by P. destructans. Extensive fungal infection induced a marked inflammatory
infiltration by neutrophils at the interface between the damaged part of the wing
membrane replaced by the fungus and membrane tissue not yet invaded by the
pathogen. There was no sign of keratinolytic activity in the stratum corneum.
Here, we show that lesions pathognomonic for WNS are common in European
bats and may also include overwhelming full-thickness fungal growth through the
wing membrane equal in severity to reports from North America. Inter-continen-
tal differences in the outcome of WNS in bats in terms of morbidity/mortality
may therefore not be due to differences in the pathogen itself.

mortalities in six North American bat species. However,
many gaps still remain in our understanding of WNS
(Blehert, 2012; Cryan et al., 2013). Among the most impor-
tant discoveries in recent years have been the establishment
of a causal relationship between the fungus Pseudogymnoas-
cus [formerly Geomyces] destructans (Minnis and Lindner,
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2013) and WNS in Myotis lucifugus (Lorch et al., 2011) and
induction of WNS, with subsequent mortality, in M. lucifu-
gus through inoculation with both North American or
European isolates of the fungus (Warnecke et al., 2012).
Interestingly, the latter study revealed that European P. de-
structans strains can also be pathogenic for bats. Mass mor-
talities have not been reported in European bats
(Martinkova et al., 2010); however, despite the presence of
P. destructans in many European countries (Martinkova
et al., 2010; Puechmaille et al., 2011). These findings tend
to support the ‘novel pathogen hypothesis’, suggesting that
WNS may have originated in Europe (Warnecke et al.,
2012). On the other hand, little is known of host—pathogen
interactions between European bats and P. destructans, pre-
vious results having been based on histopathological stud-
ies on few individuals (Pikula et al., 2012; Wibbelt et al.,
2013). In addition, little is known of inter-continental dif-
ferences in infection with WNS fungus, an area that
deserves much greater attention (Blehert, 2012; Cryan
et al., 2013). Therefore, the objectives of the present study
were to evaluate pathological findings associated with the
WNS fungus infection using non-lethal collection of sus-
pected lesions from several European bat species for stan-
dard histopathology and transmission electron microscopy
(TEM).

Materials and Methods

In the spring of 2013, we examined bats from caves situated
in the Moravian Karst, mines in the Jeseniky Mountains,
and pseudo-karst caves in the Podyji National Park (all in
the Czech Republic) for WNS. The bats were netted while
emerging from hibernacula during early spring (from 15
April to 3 May) and handled so as to minimize stress and
duration of sampling procedures. Seventeen bats were col-
lected from six different species, that is Barbastella barba-
stellus (N =1 female, body mass 7.5 g, forearm length
39.6 mm), Myotis daubentonii (N =1 male, body mass
6.0 g, forearm length 38.1 mm), Mpyotis emarginatus
(N =1 female, body mass 7.0 g, forearm length 37.9 mm),
Myotis myotis (N = 6 males and five females, body mass
23.81 & 1.64 and 25.66 £ 3.54, forearm length
59.38 + 1.80 and 60.43 + 1.45), Myotis nattereri (N = 1
male, body mass 5.6 g, forearm length 40.4 mm) and Pleco-
tus auritus (N = 2 males, body mass 7.0 and 7.1 g, forearm
length 40.6 and 40.2 mm). Two wing-membrane biopsies
were taken from each bat for standard histopathology and
TEM, the samples being fixed in 10% neutral buffered for-
malin and 2% glutaraldehyde, respectively. Biopsy of sus-
pected WNS lesions (i.e. of orange—yellow
fluorescence; Fig. 1a) was guided by trans-illumination of

areas

the wing membranes with ultraviolet light [wavelength
368 nm] (Turner et al., 2014), the biopsy being collected

H. Bandouchova et al.

using a sterile disposable 4-mm skin biopsy punch (Kruuse,
Denmark) from the left thoracic wing membrane. Forma-
lin-fixed samples were embedded in paraffin, cut into 40
serial tissue sections of 5 um and stained for fungi with
periodic acid—Schiff stain. Glutaraldehyde-preserved biop-
sies for ultrathin sections were post-fixed in 1% OsOy,
dehydrated in acetone and embedded in Epon—Durcupan
mixture (Epon 812, Serva, Germany; Durcupan, ACM
Fluka, Switzerland). The sections were then stained with
2% uranyl acetate and 2% lead citrate and observed at
80 kV under a Philips EM 208 TEM (FEI, Czech Republic).
Classification of skin lesions as WNS-positive was based on
published diagnostic criteria (Meteyer et al., 2009). Skin
swabs were also collected from WNS-suspected wing
membranes using the FLOQ Swabs system (CopanFlock
Technologies, Brescia, Italy) to identify P. destructans using
real-time polymerase chain reaction [RT-PCR] (Muller
et al., 2013). The Czech Academy of Sciences’ Ethics Com-
mittee has reviewed and approved Animal Use Protocol
No. 169/2011 in compliance with Law No. 312/2008 on
Protection of Animals against Cruelty, as adopted by the
Parliament of the Czech Republic. Permits for non-lethal
bat sampling were issued by the Czech Nature Conserva-
tion Agency (01662/MK/2012S/00775/MK/2012, 866/JS/
2012 and 00356/KK/2008/AOPK).

Results and Discussion

All bats selected for ultramicroscopic analysis exhibited
pinpoint orange-yellow fluorescent foci (range = 14-455
loci per left wing; Fig. 1a) and were PCR-positive for P. de-
structans. Microscopic findings were consistent with the
histopathological criteria for WNS diagnosis, with fungal
infection stages from superficial colonization of skin
(Fig. 1b) to tissue-invasive growth observed in sections
from all bats examined. The most frequent lesions in
WNS-positive sections were cup-like erosions packed with
P. destructans hyphae locally invading the dermis (Fig. 1 c,
d). Severe invasive infection spanning the full thickness of
the wing membrane was found in two specimens (M. daub-
entonii and P. auritus; Fig. le,f). TEM images (Fig. 1b,d,f)
provide higher resolution and finer detail than light
microscopy, enabling comparison of successive P. destruic-
tans infection stages on the wing membrane. As shown in
Fig. 1b, fungal hyphae penetrate and separate stratum cor-
neum layers on both sides of the wing membrane. Other
layers of skin had an orderly structure with no sign of
inflammation at sites of superficial skin colonization by the
fungus. Figure 1 (d) documents the presence of WNS-diag-
nostic cupping erosions, which were also identified using
light microscopy (Fig. 1c). Here, flattened layers of stratum
corneum with some fungal hyphae become detached from
the non-keratinized epidermis. Packed fungal hyphae erode

© 2014 Blackwell Verlag GmbH e Transboundary and Emerging Diseases.
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Fig. 1. Wing membrane skin lesions associated with white-nose syndrome (WNS) in European bats, illustrated using trans-illumination by ultraviolet
light (a), optical microscopy (c,e) and transmission electron microscopy (b,d,f) in Myotis myotis (a,c,d), Barbastella barbastellus (b), Plecotus auritus
(e,). (@) A section of left wing membrane showing hundreds of pinpoint orange-yellow fluorescent foci. (b) Superficial skin colonization showing
Pseudogymnoascus destructans hyphae penetrating between separate layers of stratum corneum (black arrows). The deeper skin layers remain intact.
(c) Cupping erosions packed with WNS fungi (white asterisks). P. destructans hyphae obscure the basement membrane and invade the dermis (black
arrow). (d) Layers of stratum corneum become detached from the epidermis (black arrows) and packed fungal hyphae erode to the epidermal/dermal
interface (white asterisks). White arrows indicate dermis-invading fungal hyphae close to elastic fibres. (e) Extensive fungal infection spanning the full
thickness of the wing membrane. Indicated are signs of inflammation (black asterisk), cup-like epidermal erosion (white asterisk) and cellular debris
on the skin's surface (black arrow). (f) Extensive deep dermal invasion by P. destructans hyphae showing derangement of connective tissue structures,
including fibroblasts (white arrows) and elastic fibres (white asterisks). Also illustrated is a polymorphonuclear neutrophil (black arrow).

close to the epidermal/dermal interface while individual
hyphae penetrate between elastic fibres within the oedema-
tous dermis. Figure 1 (f) provides a closer look at skin
pathology following extensive fungal infection spanning the
full thickness of the wing membrane. This induced a
marked inflammatory infiltration by neutrophils at the
interface between the damaged part of the wing membrane
replaced by the fungus and membrane tissue not yet
invaded by the pathogen (Fig. le). Ultramicroscopy
(Fig. 1f) revealed oedema of the connective tissue and
derangement of the fibroblasts and elastic fibres associated
with an overwhelming invasion by P. destructans.

© 2014 Blackwell Verlag GmbH e Transboundary and Emerging Diseases.

Interestingly, while pathogenic action was clear in living
skin layers (Fig. 1d,f), there was no sign of keratinolytic
activity in the stratum corneum (Fig. 1b,d). This confirms a
previous study that found no evidence of keratinase activity
within 8 weeks of in vitro testing of nutritional capability
and substrate suitability for P. destructans (Raudabaugh
and Miller, 2013).

Using methods considered as the ‘gold standard’ for
diagnosing WNS (Meteyer et al., 2009), we demonstrate
that P. destructans is virulent for European bats under nat-
ural infection conditions. Because we do not also observe
the morbidity and mortality associated with WNS in North
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America, it is likely that these outcomes of the disease are
the result of yet unidentified multifactorial determinants
associated with the host, the agent and the environment
(Blehert, 2012; Cryan et al.,, 2013). Our findings further
support the idea that inter-continental differences in bat
mortality may not be due to differences in the pathogen
itself (Warnecke et al., 2012; Cryan et al., 2013). Further-
more, there is no support for the hypothesis that bat species
in Europe are completely resistant to P. destructans infec-
tion (Warnecke et al., 2012; Wibbelt et al., 2013). Indeed,
it is clear that natural fungal infection of European bats can
result in severe lesions and not just a mild form restricted
to the epidermis, as suggested in the latest pathological
study (Wibbelt et al., 2013). The M. myotis we examined
showed extensive skin infection (Fig. 1a), yet survived the
hibernation season. Unfortunately, while there can be little
doubt that such extensive WNS infection must contribute
to bat morbidity, we have no data on winter torpor pattern,
hibernation behaviour or alteration in homoeostasis for the
specimens sampled; hence, our data cannot be compared
directly with the factors underlying mortality in North
America (Lorch et al., 2011; Warnecke et al., 2012, 2013).

Host—pathogen interaction can result in evolution of two
types of defence mechanisms against infection (Schneider
and Ayres, 2008). Apart from resistance mediated by the
immune system, hosts can tolerate a pathogen’s presence
by reducing its adverse effect on their fitness (Medzhitov
et al., 2012). While European bats seem tolerant of wing
membrane infection, skin damage has been linked to path-
ophysiology of WNS and mortality in North American bats
(Warnecke et al., 2013). Moreover, restoration of immune
responses in North American bats infected with P. destruc-
tans may result in post-emergent immunopathology (Mete-
yer et al., 2012). Host fitness parameters plotted against
pathogen burden distinguish between resistance and toler-
ance (Medzhitov et al., 2012). Bats sampled in the present
study were not severely emaciated. However, the sample
size of seventeen bats from six different species is too low
to allow this kind of analysis considering the fact that the
body mass index of individual specimens may show great
variability in dependence on foraging activities during the
early post-hibernation period.

Importantly, our data supporting a lack of resistance to
the infection coupled with continent-wide presence of the
pathogen (Martinkova et al.,, 2010; Puechmaille et al.,
2011), and identification of multiple European bat species
positive for WNS (Zukal et al., 2014) may provide another
evidence for a long history of exposure to the pathogen in
Europe. To draw a parallel, chytridiomycosis has been
implicated in decline of amphibian populations in geo-
graphically disparate parts of the world (Ouellet et al.,
2005). Although it gained attention in the 1990s as a
new emerging pathogen, there is historical evidence of the
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chytrid fungus infection among North American amphibi-
ans since at least 1960s. Outbreaks of lethal chytridiomyco-
sis in amphibians have probably complex causes and are
associated with predisposing factors. Likewise, museum
specimens of bats collected prior to recognition of WNS
may provide answer to the hypothesis that European chir-
opterans have long been exposed to the WNS fungus.

While we cannot reach conclusions as to which attributes
allow European bat species to survive P. destructans infec-
tion, our findings highlight the importance of inter-conti-
nental comparative studies on susceptibility, fungal load
and transmission, total affected wing/body surface area,
behavioural and physiological traits, hibernation environ-
ment and interplay between fungal pathogenic mechanisms
and host defences in bat species. Aside from North Amer-
ica, severe WNS lesions have only been reported from the
Czech Republic to date. If effective risk assessments and
control measures are to be put in place against P. destruc-
tans infection on both continents, it is imperative that we
also gain a greater understanding of these issues in other
European countries.
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ABSTRACT:  Definitive diagnosis of the bat disease white-nose syndrome (WNS) requires
histologic analysis to identify the cutaneous erosions caused by the fungal pathogen
Pseudogymnoascus [formerly Geomyces| destructans (Pd). Gross visual inspection does not
distinguish bats with or without WNS, and no nonlethal, on-site, preliminary screening methods
are available for WNS in bats. We demonstrate that long-wave ultraviolet (UV) light (wavelength
366-385 nm) elicits a distinct orange—yellow fluorescence in bat-wing membranes (skin) that
corresponds directly with the fungal cupping erosions in histologic sections of skin that are the
current gold standard for diagnosis of WNS. Between March 2009 and April 2012, wing
membranes from 168 North American bat carcasses submitted to the US Geological Survey
National Wildlife Health Center were examined with the use of both UV light and histology.
Comparison of these techniques showed that 98.8% of the bats with foci of orange-yellow wing
fluorescence (n=80) were WNS-positive based on histologic diagnosis; bat wings that did not
fluoresce under UV light (n=88) were all histologically negative for WNS lesions. Punch biopsy
samples as small as 3 mm taken from areas of wing with UV fluorescence were effective for
identifying lesions diagnostic for WNS by histopathology. In a nonlethal biopsy-based study of 62
bats sampled (4-mm diameter) in hibernacula of the Czech Republic during 2012, 95.5% of
fluorescent (n=22) and 100% of nonfluorescent (n=40) wing samples were confirmed by
histopathology to be WNS positive and negative, respectively. This evidence supports use of long-
wave UV light as a nonlethal and field-applicable method to screen bats for lesions indicative of
WNS. Further, UV fluorescence can be used to guide targeted, nonlethal biopsy sampling for
follow-up molecular testing, fungal culture analysis, and histologic confirmation of WNS.

Key words: Bat, Chiroptera, dermatomycosis, fungal infection, Pseudogymnoascus (Geo-
myces) destructans, ultraviolet (UV) fluorescence, white-nose syndrome.

INTRODUCTION brown myotis (Myotis lucifugus), northern

myotis (Myotis septentrionalis), Indiana

White-nose syndrome (WNS) is caused
by the psychrophilic fungus Pseudogym-
noascus [formerly Geomyces] destructans
(Pd) (Lorch et al. 2011; Minnis and
Lindner 2013). Mortality from Pd infec-
tion has been confirmed for six species of
North American bats, including little
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myotis (Myotis sodalis), Eastern small-
footed myotis (Myotis leibii), tricolored
bat (Perimyotis subflavus), and big brown
bat (Eptesicus fuscus) (Turner et al. 2011).
Pd has also been isolated from bats in
Europe (Puechmaille et al. 2011a), with
documentation of characteristic invasive
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lesions diagnostic for WNS (Pikula et al.
2012); unusual mortality has not been
reported among European bats infected
by Pd (Martinkova et al. 2010; Puechmaille
et al. 2011b; Sachanowicz et al. 2014).

White-nose syndrome is the first inva-
sive cutaneous ascomycosis reported in
mammals. Currently, histopathology is
required to diagnose WNS (Meteyer
et al. 2009). To collect an adequate sample
of wing membrane (skin) to conduct a
thorough histopathologic analysis, eutha-
nasia is typically required. A rapid, field-
applicable, and nonlethal technique to
identify presumptive WNS would reduce
the need to euthanize bats to obtain a
diagnosis. Such a technique would addi-
tionally serve to enhance ability to expand
diagnostic activities to assess the presence
of disease in new species and additional
regions of the world, and to screen bats
rapidly to determine efficacy of potential
mitigation strategies.

Since the historic observation in 1925
that typical fungal dermatophyte infec-
tions fluoresce under long-wave ultraviolet
(UV) light, this technique has been used as
aid for diagnosing keratinaceous fungal
infections, including ringworm in domes-
tic animals (Koeing and Schneckenburger
1994) and tinea capitis in humans (Mar-
garot and Deveze 1925). Applying this
technique to wing membranes of bats with
suspect WNS, long-wave (366-385 nm)
UV light was shown to be a rapid, reliable,
and field-applicable diagnostic tool for
preliminary identification of WNS in bat-
wing membranes and an accurate guide
for targeted, nonlethal biopsy sampling for
subsequent histologic confirmation.

MATERIALS AND METHODS

Paired assessments with the use of UV
illumination and histology in the laboratory

The fluorescence of bat wings in response to
long-wave UV light was compared to the
histologic gold standard for diagnosing WNS.
Three different UV light sources were used in
these studies described below; a hand-held
flashlight for quick detection of fluorescence

in the laboratory, a stationary Wood’s lamp for
photography in the laboratory, and a stationary
9-watt UV light for transillumination in the
field. These light sources are described in
detail below and all had wavelengths of 366—
385 nm.

The wings of 168 bats of 11 species
submitted to the US Geological Survey
National Wildlife Health Center Madison,
Wisconsin, USA (USGS NWHC) from 21
states between March 2009 and April 2012
were evaluated for fluorescence with the use
of a hand-held 51-LED 385-nm UV flashlight
(model 7202 UV-385 nm, LED Wholesalers,
Hayward, California, USA) in a darkened
room. Laboratory personnel wore UV-protec-
tive eyewear when illuminating bat wings and
the same individual performed all visual
assessments for fluorescence to ensure consis-
tency. Photography was performed in a
darkened room with the use of a Nikon
(Tokyo, Japan) DSO digital SLR camera (F-
stop 3.3, ISO 200, shutter speed 8 sec) with an
AF 60 mm lens with no filter and a Wood’s
lamp (366 nm; BLAK-RAY Model UVL-56,
San Gabriel, California, USA) mounted ap-
proximately 13 ¢m above the bat at a 35-40-
degree angle as the sole light source to
illuminate the outstretched wing from above.

After external examination, the entire mem-
brane was removed from a wing for histologic
evaluation with the use of periodic acid—Schiff
stain as described by Meteyer et al. (2009). All
samples were coded for impartial histologic
assessment for WNS and later compared with
the UV-fluorescence status. Fisher’s exact test
(SigmaPlot 11.0, Systat Software, Inc., San
Jose, California, USA) was used to determine
whether there was a relationship between
fluorescence and WNS lesions.

UV fluorescence for targeted sample collection for
WNS confirmation

A field study was conducted to determine if
UV fluorescence could provide a preliminary
diagnosis of WNS and guide nonlethal collec-
tion of wing tissue to determine WNS status
by histopathology. Torpid bats were removed
from roosts during surveys, captured in flight
while exiting hibernacula, or found dead at
hibernacula entrances. Methods and equip-
ment used in the field for UV illumination of
bat wings were the same in the US and the
Czech Republic. White or UV light was used
to illuminate wing membrane of bats either
from above (light on the same side as the
person viewing) or below (transilluminating the
wing with the light source on the opposite side
of viewing). A GloBox (Artograph, Delano,
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Minnesota, USA) was used for white light
transillumination, and a field-portable 9-watt
368-nm fluorescent light (WTC 9L-110, Way
Too Cool, from Fluorescents.com [www
ﬂuoresoents.com]) was used for UV transillu-
mination. The use of white light illumination
was discontinued after the effectiveness of UV
fluorescence was established. During transillu-
mination of live bats in the field, bats were kept

in the dark, placed on the working surface of

the light unit with wings extended. Photographs
were then taken of wings with the use of a
Canon (Melville, New York, USA) EOS 350D
digital SLR camera (F-stop 5-10, ISO 200, and
shutter speeds 0.5-30 sec) equipped with an
EFS 18-55 mm or EF 100-mm lens with 58-
mm ultraviolet filter (in Pennsylvania); or a
Nikon D300 digital SLR camera (F-stop 5.3—
5.8, ISO 1000, and shutter speeds 0.15-0.4 sec)
with AF NIKKOR 28-80-mm lens (in the
Czech Republic). Cameras were mounted on a
tripod (Fig. 1A). Bats were rapidly processed to
reduce handling time and minimize stress. To
prevent cross-contamination, field equipment
was either sanitized between bats or covered
with a disposable plastic sheet (Shelley et al.
2013). Dedicated “clean” equipment was used
in uninfected sites to decrease risk for inadver-
tent introduction of a pathogen.

To characterize ability of field biologists to
assess WNS-related fluorescence accurately,
wings of M. lucifugus (n=6) from two
Pennsylvania sites known to harbor bats with
WNS were collected in 2010 and 2011,
trdnsﬂlummdted with UV light, and multlple
1-cm? regions of wing membrane were out-
lined on each bat with permanent marker and
labeled as either fluorescent (n=14) or non-
fluorescent (n=13). Marked wings were then
photographed during UV transillumination,
and bats were euthanized by isoflurane
overdose. Carcasses were shipped overnight
(chilled) to the NWHC for histologic evalua-
tion as described above.

To evaluate the effectiveness of UV trans-
illumination-guided biopsy sampling for WNS
testing, four sizes of sterile biopsy punches
(McKesson, Richmond, Virginia, USA) were
used. One biopsy punch of each size (3, 4, 5,
and 6 mm) was used to collect areas of wing
fluorescence from each of five bats providing
20 skin biopsy samples of different sizes for
histopathology evaluation.

Single biopsy samples (4-mm diameter)
guided by UV transillumination were collected
from each of 62 live bats of six different
species in the Czech Republic as they exited
their hibernacula in spring 2012. Following
collection, all biopsy samples were placed into
individually labeled vials containing 10%

neutral buffered formalin for histopathology
processing.

RESULTS

The effectiveness of long-wave UV light
for detection of lesions consistent with
WNS was tested with the use of a
combination of field and laboratory stud-
ies. Roosting bats with distinct foci of
orange—yellow fluorescence could be iden-
tified when bats were illuminated from
above with UV light (Fig. 1B), but this was
infrequent. Wings of bats extended and
illuminated from above with white light
occasionally showed indistinct white fungal
growth (Fig. 1C), but evidence of fungal
growth or wing damage was not apparent
when the wings of the bats were transillu-
minated with white light (Fig. 1D). How-
ever, when long-wave UV light was used to
illuminate outstretched bat wings from
above (Fig. 1E) or transilluminate wings
from below (Fig. 1F), distinct areas of
orange—yellow fluorescence were seen.
Photography in the laboratory was most
successful with a Wood’s lamp illuminating
the wing from above (Fig. 1E). When
photographing live bats under field condi-
tions, UV transillumination (as opposed to
UV illumination from above) provided the
most expedient and reliable approach for
detecting the orange—yellow fluorescence
(Fig. 1F). When white fungal growth was
seen on the wings of bats illuminated from
above with white light, it corresponded to
the pattern of orange—yellow fluorescence
seen during UV transillumination (Fig. 1C,
F). Computer magnification of digital
images enhanced the ability to detect
isolated pinpoint areas of fluorescence.

Paired assessments with the use of UV
illumination and histology in the laboratory

Of the 168 bats submitted to the NWHC
for diagnostic investigation, 80 had areas of
characteristic orange—yellow fluorescence
when the wings were illuminated from
above with a hand-held 51-LED 385-nm
UV flashlight; 79 of these were histologically
positive and one histologically negative for
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Ficure 1. Long-wave ultraviolet (UV) and white-light illumination of lesions associated with white-nose
syndrome. All photographs are from bats of the US; blurring in photos of live bats in C, D, and F is due to
animal movement during long exposure. (A) Camera in cave, mounted on tripod directed at platform
constructed to transilluminate bat wings with UV light (photo by Craig Stihler with permission). (B) Points of
orange—yellow fluorescence (arrows) detected on a roosting Indiana myotis (Myotis sodalis) following surface
illumination with a field-portable 9-watt 368-nm fluorescent UV light (photo by Tina Cheng with permission).
(C) Wing from live little brown myotis (Myotis lucifugus) lit from above in cave with white light shows
dispersed pattern of fungal growth. (D) White-light transillumination of wing from the live bat in C shows no
obvious pattern of fungal infection or wing damage. (E) Wing from dead tricolored bat (Perimyotis subflavus)
lit from above with hand-held 51 LED 385-nm UV flashlight shows points of orange—yellow fluorescence. (F)
Transillumination of wing from live bat in C with the use of a field-portable 9-watt 368-nm fluorescent UV
light. The pattern of orange—yellow fluorescence follows the distribution of surface fungal growth seen in C.

WNS (98.8% agreement between UV and (Table 1). There was a strong Fisher’s exact
histopathology assessments; Table 1). The test association between UV fluorescence
88 bats that were UV-fluorescence negative and WNS lesions (P<<0.001) in these 168
were all histologically negative for WNS  bats.
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TasLE 1.

Summary of paired ultraviolet (UV) fluorescence and histologic analyses for bats from North

America and UV-targeted biopsy-based study for bats from Europe.

Positive Negative
Bat species Fluorescence Histology Fluorescence Histology Total
US (whole carcasses)
Myotis lucifugus 59 58 40 41 99
Eptesicus fuscus 1 1 1 1 2
Myotis leibii 1 1 0 0 1
Myotis septentrionalis 5 5 7 7 12
Perimyotis subflavus 11 11 16 16 27
Myotis grisescens 0 0 7 7 7
Myotis velifer 0 0 11 11 11
Myotis sodalis 0 0 1 1 1
Myotis yumanensis 0 0 1 1 1
Myotis austroriparius 0 0 3 3 3
Tadarida brasiliensis 0 0 1 1 1
Unidentified Myotis sp. 3 3 0 0 3
Total 80 79 88 89 168
Czech Republic (biopsy samples)

Myotis myotis 17 16 13 14 30
Myotis daubentonii 2 3 10 9 12
Myotis nattereri 2 2 5 5 7
Myotis bechsteinii 0 0 6 6 6
Myotis alcathoe 0 0 5 5 5
Myotis emarginatus 1 1 1 1 2
Total 22 22 40 40 62

Of the 88 bats that were UV-fluores-
cence negative and histologically negative,
22 had microscopic evidence of fungal
colonization in the superficial keratin layer
of wing skin that was morphologically
distinct from WNS, and these fungi were
considered to be different from Pd.

Use of UV fluorescence to target sample collection
for WNS confirmation

Histologic examination of all 1-cm? tar-
geted samples of fluorescent wing mem-
brane collected from bats in Pennsylvania
(n=14) were positive for the dense aggre-
gates of fungal hyphae that form cupping
erosions, which define WNS (Fig. 2A, B).
When these l-cm? skin samples encom-
passed single, pinpoint dots of fluorescence,
microscopic examination identified individ-
ual fungal erosions diagnostic for WNS as
small as 2040 pum in diameter (Fig. 2B).
Nine of 13 1-cm?> regions of wing membrane
marked as nonfluorescent had no cupping
erosions when examined microscopically.

The remaining 4 of 13 nonfluorescent
samples examined microscopically had a
single fungal cupping erosion (20—40-um
diameter) diagnostic for WNS. Retrospec-
tive computer magnification of the digital
images taken in the field of these four
fluorescence-negative bats subsequently de-
tected scattered small pinpoint fluorescent
areas that were not initially detected,
suggesting that the reliable margin of
accuracy in assessing unmagnified digital
images may be lesions approximately 20—
40 pum in diameter.

The utility of nonlethal UV-targeted
biopsy sampling and biopsy size require-
ments was evaluated with the use of wing
skin samples from bats in Pennsylvania.
Biopsy samples of four diameters (3, 4, 5,
and 6 mm) from each of the five bat
carcasses provided adequate tissue for
diagnosing cupping erosions characteristic
of WNS, confirming the usefulness of this
nonlethal sampling technique for biopsies
as small as 3 mm in diameter.



TURNER ET AL.—ULTRAVIOLET SCREENING FOR WHITE-NOSE SYNDROME IN BATS 571

Ficure 2. Ultraviolet fluorescence in wings of
live bats (main images) and periodic acid-Schiff
stained histologic sections (insets) of bat-wing skin
with lesions diagnostic of white-nose syndrome;
blurring in photos is due to animal movement during
long exposure. (A) Black circle outlines an approx-
imately 1-cm? area of wing from a little brown myotis
(Myotis lucifugus), Pennsylvania, USA with foci of
fluorescence (white arrow). Inset shows the histo-
logic section of this 1-cm? area of tissue with densely
packed fungal hyphae in cupping erosions (arrow-
heads). (B) Black circle outlines a 1-cm? area of wing
from a little brown myotis, Pennsylvania, with a
single fluorescent dot (white arrow). Inset shows the
only fungal cupping erosion (arrowhead) found in the
histologic section from this labeled area of wing
membrane. (C) Black circles outline foci of fluores-
cence on the wing skin of a greater mouse-eared
myotis (M. myotis) from the Czech Republic (white
arrow). Inset (scale bar = 50 pm) shows the
histologic section from a 4-mm biopsy sample taken
from an area of fluorescence with densely packed
fungal hyphae in cupping erosion (arrowhead).

Consistent with samples analyzed from
North America, 21 of 22, 4-mm targeted
biopsy samples from UV-fluorescent wing
skin of bats from the Czech Republic also
contained dense aggregates of fungal hy-
phae filling cupping erosions that are
diagnostic for WNS (95.5% agreement
between UV and histopathology assess-
ments; Fig. 2C; Table 1). Retrospective
review of digital images indicated that, for
the histology-negative animal, the circled
region of wing skin targeted for biopsy
sampling had missed the point of fluores-
cence. For reporting purposes, however,
this animal was classified as fluorescence-
positive and histology negative. Additionally,
a biopsy sample from 1 of 40 fluorescence-
negative bats from the Czech Republic was
positive for WNS by histology.

DISCUSSION

The gold standard for diagnosing bat
WNS is the histologic identification of
aggregates of fungal hyphae that form
characteristic cupping erosions and ulcer-
ation of wing membrane (Meteyer et al.
2009). The large amount of wing mem-
brane needed to detect these lesions
histologically necessitates euthanasia of
the bat. Given the detrimental effect that
WNS has had on bat populations (Blehert
et al. 2009; Frick et al. 2010; Turner et al.
2011), detection protocols that do not
require euthanasia would be advantageous.

Ilumination/transillumination of wing
membranes of bats with WNS with the
use of long-wavelength UV light (366—
385 nm) elicited a distinct orange—yellow
fluorescence that correlated with the
presence of fungal cupping erosions used
to diagnose WNS by histopathology
(Figs. 1, 2). This correlation of fluores-
cence to WNS histologic lesions was
observed in wings from five North Amer-
ican and four European species of bats
(Table 1), with 98.8 and 95.5% agreement
between UV and histopathology assess-
ments for bats of North America and
Europe, respectively. In addition, the 22
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of 88 fluorescence negative bats that had
fungi along the superficial keratin of wing
skin were also histologically negative for the
cupping erosions that confirm WNS. This
supports our hypothesis that it is the lesion
of cupping erosion, characteristic of WNS,
that is fluorescing with UV light, and not
superficial fungal hyphae. We thus con-
clude that observation of orange—yellow
fluorescence following illumination/transil-
lumination of wing membranes with UV
light facilitates identification of bats with
WNS. Pd is an ascomycete fungus, as are
numerous plant pathogens. Ascomycete
plant pathogens change morphologically
as they penetrate the plant cuticle and the
distinct subsurface hyphae release novel
products related to virulence at the fungal—
tissue interface (Valent and Khang 2010). A
similar scenario might explain fluorescence
associated with the invasive lesion of WNS
and not surface hyphae. Once penetration
of the epidermis occurs, Pd hyphae may
secrete novel proteins, metabolic products,
and enzymes that contribute to the erosion
of living tissue and fluorescence.

Bats severely affected by WNS had
numerous conspicuous large, coalescing
regions of fluorescence distributed over
much of the wing membrane and were
readily identifiable (Fig. 1E, F). In North
American bats with mild WNS (Fig. 2B), as
in the WNS-positive bats in Europe
(Fig. 2C), the random, sparse, and pinpoint
pattern of fluorescence was more difficult
to see, particularly when environmental
white light was not eliminated. In addition,
ability to discern sparse, subtle fluores-
cence often varied by observer, potentially
because of factors such as inexperience
with the technique, red—green color blind-
ness, or other differences in visual acuity.
Because of these difficulties, UV technique
may miss individual bats with mild cases of
WNS. Laboratory tests including PCR for
detection of Pd (Muller et al. 2013), culture
for Pd (Lorch et al. 2010), and histology
to diagnose WNS (Meteyer et al. 2009)
continue to play a definitive role in
confirming WNS. The ability to observe
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sparse points of fluorescence can be
enhanced by using digital photography
with extended exposure time and augmen-
tation by computer magnification of the
digital images. The smallest points of
fluorescence that could be visually detected
with the unaided eye correlated to cupping
erosions >20 um in diameter.

In addition to the demonstrated utility
of long-wave UV light as a rapid field
assessment technique to obtain a prelim-
inary diagnosis for WNS, this technique
can also be used to optimize nonlethal
collection of small (4-mm) biopsy samples
for testing by histology, PCR, or culture.
Another benefit of the enhanced accuracy
afforded by UV-guided sampling is the
ability to identify bats with fluorescent
lesions (Fig. 1B) while limiting distur-
bance to nonfluorescent bats within a
hibernaculum. This nonlethal assessment
technique can also assist natural resource
managers and researchers investigating
WNS by facilitating the ability to track
progression of disease in individual bats
and by providing the potential, in the
hands of trained field personnel, to
generate accurate preliminary on-site re-
sults to inform mitigation strategies more
quickly. The ability to perform targeted
and nonlethal sampling of bats for WNS
offers a needed tool to facilitate enhanced
surveillance and research for this disease.
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Host traits and phylogeny can determine infection risk by driving pathogen transmission and its ability to infect new hosts.
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generalist and that all bats hibernating within the distribution range of P. destructans may be at risk of infection.
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Introduction

Host-pathogen dynamics represent a balance between the
pathogen’s ability to infect and the host’s ability to resist, with
an intensive arms race between the two reflected in co-
evolutionary adaptations. With host switching, pathogens tempo-
rarily escape the arms race. New, naive hosts may show lower
resistance and other characteristics favourable to the pathogen.
Overlapping distribution of a pathogen and its potential host(s) is
key to host switching driven by opportunity [1]. The spread of
emerging wildlife pathogens may have economic consequences,
even in species indirectly linked to humans [2]. Fungal infections
in amphibians and bats that result in population declines [3], for
example, can lead to increased agricultural costs where humans
chemically compensate for ecosystem services provided by these
organisms in terms of insect control.

White-nose syndrome (WNS) is an emerging disease of
hibernating bats associated with skin infection by Pseudogymnoascus
[Geomyces] destructans, a recently recognised fungal pathogen [4-7].
Severe skin damage results in disruption of torpor pattern,
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premature depletion of fat reserves and mortality in affected bats
in North America [8]. High mortality rates at affected localities
and the rapid spread of the infection since 2006 continues to
threaten bat diversity [9-11].

While WNS has characteristics of an epizootic, gradually
expanding through North American hibernacula from its original
detection site [12,13], P. destructans is pan-European in distribution
[14,15]. Aside from seasonality in the appearance of white fungal
growth [15], detailed spatio-temporal data for P. destructans
infection in Europe are lacking. Fortunately, mass mortality has
not been observed in European bats to date [14].

WNS can be transmitted either directly through bat-to-bat
contact or indirectly through contact with pathogen propagules in
the environment [6,16] and the infection’s spread is assumed to be
both density- and frequency-dependent [10]. Multiple factors,
such as hibernation in large assemblages or length of hibernation
season, play a role in the epidemiology of this fungal disease and
ecological and behavioural characteristics of bat species may affect
the risk of infection [3]. Traits such as selection of hibernaculum
roost sites with differing microclimatic conditions and solitary
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versus gregarious hibernation behaviour may also influence the
mpact of WNS [10]. Other risk factors associated with
hibernating bat mortality in North America include distance from
the first WNS-affected site, cluster size, species diversity and
composition and type of hibernaculum [13].

Prior to 2012, bat species positive for P. destructans in North
America included Myotis austroriparius, M. grisescens, M. letbu, M.
lucifugus, M. septentrionalis, M. sodalis, M. velifer, Perimyotis subflavus and
Eptesicus fuscus [11,16,17]. Dermatohistopathology has revealed
fungal infection with cupping erosions and skin invasion diagnostic
for WNS in a M. myotis specimen hibernating in the Moravian
Karst, Czech Republic [18] and eight species (M. myotis, M.
oxygnathus/M. blythii, M. brandtui, M. daubentonui, M. dasycneme, M.
mystacinus, M. nattereri and M. bechsteinii) have been reported positive
for the WNS fungus in Europe based on direct microscopy of
characteristic P. destructans conidia, fungal culture and genetic
analysis [14,15,19-22]. Photographic evidence of fungal growth
suggests that M. emarginatus, E. nilssonii and Rhinolophus hipposideros
may also prove positive for P. destructans [14].

In summary, a total of 17 vespertilionid bat species had been
reported positive for the WNS fungus in North America and
Europe prior to 2012 and, as the epizootic spreads through North
America and surveillance continues in Europe, it is expected that
the number of infected species will increase. Hereinafter, the term
P. destructans-infected or -positive relates to those species for which
the fungal pathogen has been confirmed by laboratory methods
such as fungal culture and genetic analysis. WNS-positive
represents those species where the infection has been diagnosed
through characteristic histopathological lesions, such as fungal
hyphae densely packed in so-called cupping erosions and/or
invasion of the dermis [23].

Little is known about P. destructans infection in European bat
species less abundant or less commonly observed in hibernacula.
Knowledge of pathological effects associated with the WNS fungus
in European bat species is even poorer. While it is a commonly
held view that European bats are more resistant or resilient than
those in North America [17], our monitoring revealed three
further species positive for P. destructans infection in 2012.
Differences in their hibernation behaviour and taxonomy inspired
us to examine the ecological and behavioural traits and phylogeny
of European and North American species reported positive for P.
destructans in order to identify any similarities in behaviour and
habitat use and to identify any other species that may be at risk.

First, we examined the hypothesis that more bat species are
positive for WNS in Europe than currently reported via
histopathology, considered as the ‘gold standard’ for diagnosing
WNS [23,24]. Second, we hypothesised that ecology, behaviour
and phylogenetic relationships of hibernating bat species influence
risk of infection by P. destructans. Aside from ecological similarities,
those species most often found positive for P. destructans and WNS
belong to the genus Myotis, indicating that phylogenetic relatedness
of hosts may facilitate invasion by the fungus. To test this, we
compared the ecological and behavioural traits of hibernating bats
from Europe and North America. We grouped species with similar
behaviour and habitat use and used confirmed positive species to
propose possible additional species susceptible to infection. We
constructed a phylogeny of vespertilionids and rhinolophids from
Europe and North America, to test the hypothesis that infected
bats are phylogenetically closely related. Finally, we screened
species of unknown infection status in Czech hibernacula to test
the validity of our models and predictions.

Here, we provide histopathological evidence of multiple
European species positive for WNS. We found that infected bat
species are ecologically diverse, utilising a range of hibernating and
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feeding strategies. Although bat species previously described as
being P. destructans-positive have been phylogenetically related, the
pattern begins to break down with the newly diagnosed taxa; the
data presented herein demonstrating that the host range for this
fungal pathogen is more diverse than previously realized.

Materials and Methods

Ethics statement

The Czech Academy of Sciences’ Ethics Committee has
reviewed and approved Animal Use Protocol No. 169/2011 in
compliance with Law No. 312/2008 on Protection of Animals
against Cruelty, as adopted by the Parliament of the Czech
Republic. Bats were monitored for WNS and presence of the
causative agent P. destructans in the spring of 2012 and 2013 in
caves of the Moravian Karst, mines near Mala Moravka in the
Jeseniky Mountains, and in the Podyji National Park, all in the
Czech Republic. Non-lethal sampling was in compliance with Law
No. 114/1992 on Nature and Landscape Protection and was
based on permits 01662/MK/20125/00775/MK/2012, 866/JS/
2012 and 00356/KK/2008/AOPK issued by the Nature Con-
servation Agency of the Czech Republic. Bats were handled so as
to minimise stress and duration of sampling procedures between
capture and release. Numbered aluminium rings were attached
around the forearm for long-term identification prior to release at
the site.

Screening bat species in Czech hibernacula for P.
destructans infection

When screening bats for WNS and P. destructans we 1. captured
bats emerging from hibernacula at the end of the hibernation
season using mist nets, 2. swabbed the wing membrane for fungal
culture using the Fungi-Quick transport system (Copan Innova-
tion, Italy), 3. briefly illuminated the bats with a flashlight to detect
any visible fungal growth, 4. trans-illuminated the wing membrane
using ultraviolet light (UV; wavelength 368 nm) to detect any
WNS lesions, 5. photographed wing membranes of each bat under
both visible and UV light, 6. took a wing punch biopsy from all
WNS-suspected skin lesions (i.e. areas of orange-yellow fluores-
cence) using a sterile and disposable 4 mm skin biopsy punch
(Kruuse, Denmark), 7. used polymerase chain reaction (PCR) to
confirm P. destructans from fungal cultures or skin swabs using the
FLOQSwabs system (Copanklock Technologies, Italy), and 8.
undertook complete histopathological examinations of skin sam-
ples.

A total of 276 bats were screened for WNS and P. destructans and
123 skin biopsies were taken for histological examination from 15
bat species (Table 1).

Formalin-fixed punch biopsy samples were embedded in
paraffin and serial 5 um tissue sections were prepared and stained
for fungi with periodic acid—Schiff stain. Histopathological findings
were classified as WNS based on previously described diagnostic
criteria [23]. Samples collected to cultivate fungi were transferred
onto Petri dishes containing Sabouraud agar, sealed with parafilm,
inverted and incubated in the dark at 10 °C. Pure fungal cultures
were established from fungal growth developing at 14 days or
later. Pseudogymnoascus destructans was confirmed through charac-
teristic asymmetrically curved conidia via direct microscopy [5].
Fungal isolates or skin swabs were further identified using PCR
and follow-up sequencing of amplicons [25] and real-time PCR
[24]. A pure culture of P. destructans isolate grown at 10 °C on
Sabouraud agar and genetically confirmed (EMBL-Bank accession
number: HE588133; [18]) served as a PCR control.
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Analysis of European and North American bat ecological
traits

The list of European and North American bat species was
prepared according to Simmons [26]; those species included in the
study being those with complete or partial distribution in
continental Europe or North America for which data are
available. In total, we reviewed ecological and behavioural
variables for 87 species. Of these, 47 were assessed for all variables
and were subjected to ecological modelling analysis.

Eleven traits were chosen to describe bat species: 1. Infection
status (P. destructans-positive/ P. destructans-negative), 2. Cave or
non-cave hibernation, 3. Region (Palearctic/Nearctic distribution),
4. Clustering during hibernation (clustering/non-clustering; i.e.
hibernating in groups where multiple individuals touch), 5.
Temperature preference (thermophilic/cryophilic; mainly accord-
ing to Webb et al. [27]), 6. Preferred roost type during hibernation
(exposed/hidden/both), 7. Size of clusters during hibernation (no
clustering/small clusters < 50 bats/medium clusters of 51 to 500
bats/large clusters > 500 bats), 8. Distribution range (very large
area/large area of approximately half a continent/moderate size/
small area/very small area; according to Horacek et al. [28]), 9.
Food (dominant insect food group represented by Diptera/
Lepidoptera/Coleoptera/generalists), ~10.  Foraging habitat
(open/edge/closed), 11. Body size (small - up to 5 g/medium - 5
tol0 g/large - over 10 g).

These traits, which were assessed based on a primary literature
review and expert evaluation, were chosen as those most likely to
influence susceptibility of bats to WNS, the spread of P. destructans
infection or survival rate during hibernation [10]. As the disease
can inflict long-term damage to affected bats surviving the
hibernation season, other medically relevant factors may also
influence survival and reproduction in the active season [29].
Categorical variables were coded as n — 1 binary, dummy
variables, where 7 1s the number of categories. Data for the traits of

PLOS ONE | www.plosone.org

Table 1. Bats examined for white-nose syndrome and Pseudogymnoascus destructans infection in Czech hibernacula (Europe).
Species Screened Biopsied Histo+ WNS prevalence (%) St. error
Myotis myotis® 67 56 37 55.22 6.08

Myotis daubentonii® 25 13 4 16.00 5.76

Myotis bechsteinii® 21 7 2 9.52 6.78

Myotis nattereri® 20 8 3 15.00 7.10

Myotis brandtii® 17 1 1 5.88 8.23

Myotis alcathoe® 8 7 0 0 15.94

Myotis emarginatus® 39 7 5 12.82 5.35
Rhinolophus hipposideros® 28 5 1 3.57 5.18

Eptesicus nilssonii® 4 1 1 25.00 26.89

Plecotus auritus® 23 1 5 21.73 8.60

Barbastella barbastellus 17 3 3 17.64 8.24

Plecotus austriacus 3 1 0 0 3222

Eptesicus serotinus 2 1 0 0 39.61

Pipistrellus pipistrellus 1 1 0 0 48.47

Myotis dasycneme® 1 1 1 100 48.47

Total 276 123 63 22.82 2.53

?= species reported positive for WNS fungus prior to 2012, b = species recognised as positive in 2012, © = bat species recognised as positive in 2013.

Screened = numbers of bats captured and examined using UV light trans-illumination to detect WNS lesions, biopsied = numbers of bats biopsied due to WNS-
suspected skin lesions viewed under UV light, histo+ = specimens positive for WNS diagnostic features under histopathological examination (i.e. cupping erosions and
fungal invasion of dermis), WNS prevalence = percentage of bats positive on histopathology out of the total number screened.
doi:10.1371/journal.pone.0097224.t001

each bat species are provided in Table S1. Grouping of
ecologically similar species was performed via neighbour-joining
clustering of squared Euclidean distances using ape in R language

[30,31].

Phylogenetic reconstruction of European and North
American bats

The phylogeny of bats from Europe and North America was
extracted from a maximum likelihood phylogenetic tree using
Phylocom version 4.2 [32]. The complete phylogeny of the
Vespertilionidae, Miniopteridae and Cistugidae families (from
which the tree used here was pruned) was reconstructed from a
concatenated DNA sequence matrix of 13 mitochondrial and
nuclear genes with 64% of missing data (Table S2). Three
Rhinolophus species were used as an outgroup. Phylogeny was
reconstructed using the partitioning scheme suggested by the
greedy algorithm, utilising the Bayesian Information Criterion
assessment in PartitionFinder [33]. The tree space was searched
using maximum likelihood analysis with automatic majority-rule
bootstopping option [34]. By extracting the target species’
phylogeny from a comprehensive tree, we were able to obtain a
phylogeny that exploits currently available diversity to optimise
relationships and branch lengths, and thus mitigate possible
analysis artefacts.

Statistical analysis and hypothesis testing of P.
destructans infection occurrence

We explored the distribution pattern of P. destructans infection on
a tree based on bat trait variation and molecular phylogeny.
Occurrence of P. destructans infection represents a presence/
absence variable, rather than a continuous trait, meaning that it is
suitable for community structure analysis. The phylogenetic signal
for explanatory variables and for P. destructans infection was
calculated in Phylocom using the comstruct function. In order to
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assess relatedness of species that share a specific characteristic,
mean phylogenetic distance (MPD) and mean nearest phyloge-
netic taxon distance (MNTD) were compared to the null model,
which assumes random dispersal of the trait on the tree. MPD
measures the mean branch length between two randomly selected
taxa from a sample, and is calculated as the sum of branch lengths
to the node representing their most recent common ancestor.
MNTD is the mean branch length between a taxon within the
sample and its nearest relative. The null model randomised
samples across phylogeny in 9,999 replicates. The distribution of
the trait on a tree is clustered if values of MPD and MNTD
obtained are higher than 95% of values obtained from the null
samples standardised by the standard deviation of the null
samples. The comparison is expressed as net relatedness index
(NRI) and nearest taxon index (NTI) greater than zero [32].
Clustered distribution of a trait or phylogenetic signal means that
species that share the trait are more closely related to one another
than to a random taxon sampled from the tree.

Species’ ecological and behavioural characteristics often show a
heritable component such that close relatives have similar traits
[35]. Such characteristics might then be adaptive and their
evolution further decoupled from the assumption of sample
independence needed for general statistical approaches. The
evolutionary relationships of traits in our dataset were removed
from comparisons by using phylogenetic generalised least squares
(PGLS) in the Caper package of R [36]. We used a variance-
covariance matrix calculated from the phylogeny with branch
lengths transformed according to the Ornstein-Uhlenbeck model
in geiger [37]. The PGLS model was developed via a step-down
procedure, using the Akaike Information Criterion (AIC) to
compare alternative models.

Results

Screening species with unknown infection status in
Czech hibernacula

We tested a broad diversity of European hibernating bats for P.
destructans infection and skin lesions pathognomonic for WNS.
Analysis of 123 skin biopsy samples collected in 2012 and 2013
revealed histopathological findings matching criteria used for
diagnosis of WNS in 63 bats (22.82% prevalence; Table 1) of 11
species, 1.e. M. myotis, M. daubentonit, M. bechsteinui, M. natterers, M.
brandtii, M. emarginatus, M. dasycneme, E. nilssonii, R. hipposideros, B.
barbastellus and P. auritus (Figure 1). With the exception of M. myotis,
the other ten species are all new reports of WNS in Europe. Of
these, M. emarginatus, E. milssonu, R. hipposideros, B. barbastellus and P.
auritus are new to the list of P. destructans-infected bat species.
Fungus isolates or skin swabs from histopathologically positive bats
were identified as P. destructans using PCR.

Risk of P. destructans infection in bat species of unknown
infection status

Testing the hypothesis of phylogenetic relatedness. P.
destructans-infected species were clustered together by molecular
phylogeny (MPD = 0.212, NRI = 2913, p < 0.001), meaning
that pairs of infected species were, on average, more closely related
than random species pairs from Europe and North America.
When sister species or nearest relatives were considered, however,
our results indicated that infection of both, either or neither was
random (MNTD = 0.111, NTT = 1.556, p = 0.06; Table 2,
Figure 2). Nine explanatory variables showed NRI and/or NTI
not equal to zero, indicating that phylogenetic comparative
methods were needed due to relatedness of taxa with shared traits

(Table 2).
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Figure 1. Histopathological skin lesions consistent with white-
nose syndrome in ten European bat species. (A) Myotis
emarginatus, (B) Eptesicus nilssonii, (C) Rhinolophus hipposideros, (D)
Plecotus auritus, (E) Barbastella barbastellus, (F) M. dasycneme, (G) M.
nattereri, (H) M. daubentonii, (I) M. bechsteinii, (J) M. brandtii. The
photographs illustrate i) extensive infection of the wing membrane and
cup-shaped epidermal erosions (A, E, H, J; long black arrow); ii) cup-like
epidermal erosions in the pinna (B; long black arrow), iii) Pseudogym-
noascus destructans hyphae obscuring the basement membrane and
invading the dermis (A, B, C, E, H; black arrow); iv) a single cupping
erosion packed with fungal hyphae in the wing membrane (C, D, G, |;
long black arrow); v) colonisation of a hair follicle by P. destructans,
fungal hyphae present in the associated sebaceous gland and regional
connective tissue (F; black arrow); vi) marked signs of inflammation (B,
F, J); and vii) a cellular inflammatory crust that sequesters fungal hyphae
(A, J). White arrows within each photograph indicate the interface
between epidermis and dermis. Periodic acid-Schiff stain; scale bar =
50 um. M. myotis not shown because WNS lesions in this species have
already been documented elsewhere [18].
doi:10.1371/journal.pone.0097224.g001
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Figure 2. Phylogenetic reconstruction of bats from Europe and North America. The reconstruction was based on a concatenated DNA
sequence matrix from 13 loci, purged from a maximum likelihood vespertilionid phylogeny rooted on Rhinolophus. Blue = species reported positive
for WNS fungus prior to 2012, red = species recognised positive in this study, bat image = bat species diagnosed as WNS positive in this study.

doi:10.1371/journal.pone.0097224.g002
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Figure 3. Neighbour-joining tree based on ecological and behavioural traits of bats from Europe and North America (rooted at

midpoint). See Figure 2 for a description of the colour scheme.
doi:10.1371/journal.pone.0097224.g003

Testing the hypothesis of ecological similarity. The
ecological similarity tree for European and North America bats
was constructed using the squared Euclidean distances of the traits
dataset (Figure 3). Analysis of P. destructans-infected species
distribution indicated that infected species were randomly
distributed (MPD = 7.839, NRI = 0.862, p = 0.201) across
the ecological diversity of bats from these two continents. The
most ecologically similar species were also infected randomly
(MNTD = 4.356, NTT = 0.277, p = 0.384; Table 2, Figure 3).

Predicting species at
We explored relationships between ecological traits
after removing the effects of bat species relatedness using PGLS.
The final model, displaying lowest AIC (AIC = 69.08, F-statistic
= 8.98,df = 7 and 39, p < 0.001, adjusted R* = 0.55), differed
from two more complex models by AAIC < 3 (Table S3). The
addition of the variables did not markedly alter results of the
analysis as reported below, and therefore we used the model with
the lowest AIC. It describes the relationship between P. destructans
infection in bat species and Temperature preference during
hibernation (f = —0.207, SE = 0.085); Roost Shelter during

risk from P. destructans
infection.

PLOS ONE | www.plosone.org

hibernation: Hidden (f = —0.109, SE = 0.211), Exposed (f =
0.560, SE = 0.192); Cluster Size during hibernation: Small (f =
—0.386, SE = 0.130), Medium (8 = —0.309, SE = 0.194);
Distribution range size: Moderate ( = —0.201, SE = 0.089); and
Feeding habitat: Closed (f = 0.319, SE = 0.113). Shapiro-Wilks’
normality test indicated that model residuals were normally
distributed (W = 0.981, p = 0.63).

The fitted values of P. destructans infection in bats based on the
PGLS model showed overlap between the P. destructans-positive
and -negative bats (Figure 4). Bat species currently recognised as P.
destructans-negative with highest fitted PGLS values were (in
descending order): Corynorhinus townsendii, Lasiurus cinereus, Plecotus
austriacus, Rhinolophus ferrumequinum, and Miniopterus schreibersit.

Discussion

At the end of the hibernation seasons of 2012 and 2013, we
screened 276 bats of unknown infection status and biopsied all bats
with WNS-suspected skin lesions. Both the number of bats and the
number of taxa (n = 15) examined make this the most extensive
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and species-rich study of P. destructans infection in Europe to date.
Earlier European studies have provided data from bats originally
sampled for fungal microscopy, culture and genetic analysis when
they exhibited obvious fungal growth during hibernation, numbers
of species examined ranging from 1 to 12 and numbers of
specimens from 1 to 107 [14,15,19-22].

This study documented five additional bat species as positive for
P. destructans infection and added ten species from the genera
Mpyotis, Eptesicus, Plecotus, Barbastella and Rhinolophus to the list of
European bat species showing histopathological findings consistent
with WNS [23]. Species-specific prevalence of WNS-diagnostic
skin lesions ranged from 0 to 100% (4-55% for species with n >
20; Table 1). Highest prevalence of WNS lesions was observed in
M. myotis (after excluding species for which just one specimen was
caught, 1.e. M. dasycneme). Note, however, that with prevalence
differing by an order of magnitude, detection of positive specimens
may have been biased by small sample size in rarer species and
species less frequently visible in hibernacula. With our experi-
mental design (i.e. trapping of winter survivors leaving hibernacula
and non-destructive UV fluorescence screening), we were able to
confirm that M. myotis had highest prevalence of WINS lesions
(based on histopathology), with the possible exception of M.
dasycneme. Our results confirmed WNS skin lesions in 11 bat
species, which is in contrast to a previous study that found no
mvasive growth of P. destructans in European bats [38]. The latter
study, however, examined a low number of bats and used skin
biopsy methods lacking in sensitivity and this may explain the
failure to detect lesions diagnostic of WNS.

Bat species with P. destructans infection exhibited diverse
hibernation behaviours. Among these, R. hipposideros was special
as it is an exclusively solitary hibernator and hangs free in exposed
places with the wing membranes covering the body. It is capable of
hibernation at higher temperatures but requires the microclimate
stability ensured by using the inner parts of caves [39]. Rhnolophus
hipposideros is also the most abundant species in winter-monitoring
counts, amounting to more than 50% of all bats registered in
Czech hibernacula (unpublished data, Czech Bat Conservation
Trust). Moreover, as a member of the suborder Pteropodiformes,
it is phylogenetically distantly related to all other species infected
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by P. destructans (Figure 2). As documented by the low infection
prevalence (3.57%), environmentally mediated indirect and
density-dependent transmission probably does not result in higher
risk for this rhinolophid species [10]. Similarly, E. fuscus and M.
letbur, both solitary hibernators from North America, were the least
mmpacted species. In comparison, higher declines were observed in
large winter colonies of two species that roost solitarily or in small
groups, ie. P. subflavus and M. septentrionalis [10]. Disease risk,
however, was not related to conspecific transmission only. When
multiple co-occurring species can host the pathogen, density-
dependent transmission can be amplified [40,41].

We confirm here that bat species previously known to be
positive for P. destructans may later show as WNS-positive based on
histopathology. As the lists of bats positive for P. destructans or WNS
lesions in North American and European species are nearly equal,
conclusions drawn from analysis of infection or disease risk should
be similar. Traits describing ecological and behavioural charac-
teristics of bats occurring within the known distribution of P.
destructans indicate that species belonging to additional genera may
also be found positive for the infection in the future. Our screening
of Czech underground hibernacula, however, demonstrates that
the initial, relatively low, number of bat species positive for P.
destructans infection is more likely the result of sampling bias than a
biological phenomenon. Currently, affected species are ecologi-
cally diverse, to the point where predictions for infected and non-
infected species overlap. We therefore assume that more species
will be revealed as WNS-positive with increased sensitivity of
detection methods [42].

Phylogenetic representation of P. destructans infection indicates
that closely related species are most likely to be infected. In terms
of field surveys, therefore, some Myotis bats are universally likely to
be WNS-positive and most effort should be devoted to these
species. Interestingly, M. alcathoe was free of WNS-positive skin
lesions in the present study (but note the low sample size). Myolis
species typically form clusters during hibernation and such
behaviour promotes frequency-dependent transmission of the
infection, independent of population size, and may yet drive the
species to extinction [9] unless they change their social behaviour,
as documented in M. luctifugus and M. sodalis [10]. In light of our
new data, clustering behaviour is not a descriptor common to
infected species. Rather, a suite of characteristics, including cluster
size, type of shelter during hibernation, temperature at hiberna-
tion, as well as size of the distribution range and feeding in closed
habitats, play a role in characterising bats with P. destructans
infection.

Based on the list of species currently known to be affected by
WNS or P. destructans, it is clear that the fungus is neither species-,
genus- nor family-specific. The multi-host occurrence of the
pathogen might make the disease less predictable using ecologi-
cally- and phylogenetically-based analysis [43]; however, this is
likely to change in the future as additional species are revealed as
susceptible. Hibernation in contaminated caves and mines under
conditions favourable for fungal growth [5,44]| appears to be the
main risk factor [4,12]. Distribution of P. destructans is also
correlated with disease in hibernating bats [45]. Importantly, 25
species of insectivorous bats presently hibernate in the United
States and Canada, all of which represent possible hosts of the
fungal pathogen should the disease spread to their geographic
range [46]. This scenario is predicted to happen in most counties
with caves in the contiguous United States by the winter of 2105-
2106 [47].

The reason bats in North America have been so hard-hit, with
millions dying, while bats in Europe apparently cope better with
the infection, has not yet been explained. Likewise, the pathogen-
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esis of WNS still remains unclear [12]. Behavioural aberrations,
physiological disruption and immunosuppression during hiberna-
tion are, however, considered key pathomechanisms [4,48,49]. On
the other hand, restoration of immune responses in WNS-positive
bats early in post-hibernation may result in immune-mediated
destruction of infected tissues and death [50].

The fact that our samples were mostly collected from bats
emerging from hibernacula at the end of the hibernation season
indicates that European bat species can survive P. destructans
infection and highlights the need for a comparison of European
and North American bat population responses to this fungal
disease. As all European bat species are strictly protected and any
thorough pathological study of P. destructans infection would be
controversial [18,22], implementation of non-lethal sampling
methods is necessary, such as the wing membrane biopsy used
in this study [42]. While a detailed comparison of histopatholog-
ical findings in European and North America bats represents a
valid approach to the better understanding of WNS mortality
[17,48], it was outside the objectives of this ecological study. We
are however, planning a comprehensive study to investigate the
extent of WNS wing lesions in hibernating bats from the two
continents.

Conclusions

This hypothesis-driven study explored clustering of P. destructans
infection in relation to chiropteran ecological and behavioural trait
variation and phylogeny and supported this with field data.
Extension of the surveillance to a broader number of species to test
the study’s hypotheses identified multiple European species
positive for WNS. The increased number of positive bat species
resulted in random dispersion of P. destructans infection across trait
trees and weakened the pattern of phylogenetic clustering of P.
destructans infection. Distantly related bat species, characterised by
diverse life histories, were infected and all hibernating bats may,
therefore, be at risk from P. destructans infection. Ecological and
evolutionary constraints on hibernating bats do not pose a barrier
to this generalist fungal pathogen, with WNS occurring in both
suborders of bats. Our findings indicate that a wider focus is
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Bats today face a number of important threats, including that of heavy metal exposure. While the numer-
ous adverse health effects of heavy metals have long been documented, exposure to heavy metal pollution
continues, and is even increasing in some parts of the world. The eleven heavy metal elements of high-
est wildlife protection concern are arsenic, cadmium, cobalt, chromium, copper, mercury, manganese,
nickel, lead, tin and thallium. This paper reviews 52 studies reporting on heavy metal concentrations
in bats, their organs and guano, and aims to provide an overview of heavy metal research on wild bat
populations, and particularly its temporal, geographic, methodological and biological aspects.

The published data are biased both temporally and spatially, with the greatest number of articles pub-
lished over the last decade. While most studies reporting on heavy metal contamination have come from
North America and Europe, these are generally restricted to one or two reports per country/state. Gen-
eral trend analysis of heavy metal content in bats is not possible due to variation in the data and the
analysis of stratigraphically dated guano deposits provides inconsistent results. Moreover, variability in
heavy metal content observed in bat bodies is influenced by background levels and a direct comparison of
results between geographically distant areas is, therefore problematic. Comparison of contaminated and
reference localities at a regional scale is useful and is regularly used. From a methodological point of view,
the determination of heavy metal concentration in tissues may be limited by the typically small sam-
ple sizes available. Heavy metals have been analyzed in a range of matrices, with the four most sampled
types (liver, kidney, whole body/carcass and guano) and the actual number of compounds analyzed grad-
ually increasing over time as more sophisticated and precise instrumentation are developed. Non-lethal
sampling methods are increasingly used for monitoring as these have minimal impact on threatened and
highly protected animals. In total, heavy metal content has been studied in 65 bat species, though the
species, sex, age, year of collection and locality varies widely with no clear pattern. Only four species
(big brown bat Eptesicus fuscus, gray bat Myotis grisescens, greater mouse-eared bat Myotis myotis and
common pipistrelle Pipistrellus pipistrellus sensu lato) have been analyzed more than five times, and
only five heavy metals (cadmium, chromium, copper, lead, and zinc) have been measured in fructivo-
rous/nectarivorous species. Insectivorous bats have lower mean contaminant values in tissues than both
fructivorous/nectarivorous species and guano. While exposure pathway may have influenced differences
between the various food guilds, lowered bioavailability of heavy metals from digested food displaying
lower bioaccumulation factors may account for differences observed between guano and other types of
samples.

While the number of articles confirming direct adverse effects and toxicity of heavy metals on bats
is low some impacts and poisoning cases have been documented, including hepatopathy, DNA dam-
age, hemochromatosis, renal inclusion bodies, ascending paralysis, and changes in cholinergic functions.
Moreover, results suggest that the effects of chronic sub-lethal exposure to heavy metal contamination
may be a more important threat to bat populations as bats under natural environmental conditions are
frequently exposed to multiple anthropogenic stressors at the same time. One of the main challenges
facing bat ecotoxicology today is the preparation of standardized monitoring programs using modern
analytical technologies that offer more precise data on heavy metal contamination.
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Introduction

Bats occur on every continent except Antarctica and represent
the second largest mammal order, comprising around 20% of mam-
mal species, with the greatest diversity in the tropics (Nowak 1994).
Given their wide distribution and high species richness, it is not sur-
prising that bats face an unprecedented array of threats in the early
21st century, from traditional concerns such as habitat disturbance
and loss of roost sites (e.g. through deforestation or building recon-
struction) to pollutants, light pollution, diseases such as white nose
syndrome, and collisions with wind turbines. Most of these threats
are directly related to an ever increasing human population, with
the greatest pressure in tropical countries.

Although the adverse health effects of heavy metals have long
been documented, exposure to heavy metal pollution continues,
and is even increasing in some parts of the world (Melancon, 2003;
Li et al., 2014). Heavy metals occur naturally in the environment
and there is always a natural background concentration in soils,
rocks, sediments, water, and living organisms, with concentrations
varying greatly. However, anthropogenic pollution results in higher
concentrations of these metals relative to the normal background
values. Emissions of heavy metals into the environment occur via
a wide range of processes and pathways, including air pollution
through combustion, extraction and processing; surface water pol-
lution via runoff and releases from storage and transport; into soils
and consequently into ground waters, insects and crops (Clark,
1981).

There is no clear definition of what a heavy metal is and, in most
cases, elemental density is taken to be the defining factor. Heavy
metals are thus commonly defined as “elements having a specific
density of more than 5g/cm3” (Jarup, 2003). Eleven elements are
recognized as being of greatest wildlife concern: arsenic, cadmium,
cobalt, chromium, copper, mercury, manganese, nickel, lead, tin
and thallium (Beyersmann and Hartwig, 2008). The heavier metals,
such as lead, mercury, arsenic and cadmium, are amongst the most
hazardous; however, even light metals such as aluminum and sele-
nium can be toxic to living organisms at higher concentrations.
Some heavy metals play no physiological role in living organisms,
and these can be toxic at low concentrations; others are essen-
tial elements, yet can be toxic at elevated concentrations. Further,
while all heavy metals are potentially hazardous to health, local
environmental conditions, such as alkalinity, pH, or water hard-
ness, can affect both the bioavailability and toxicity of the elements
(Laskowski et al., 1995). In all living organisms, heavy metal ion
levels tend to be strictly controlled at the cellular level (Bremner
and Beattie, 1990) as free ions can cause many serious problems,
including oxidative stress or permanent signaling within the cell.

Exposure to contaminants, including heavy metals, has been
implicated as a major factor contributing to recent decreases in bat
populations (Mickleburgh et al., 2002). Bayat et al., (2014), in sum-
marizing actual data on organic contaminants (mainly pesticides)
and their effects on bats, was able to show that organic pesticides
and PCBs (polychlorinated biphenyls) are still being detected in bat
tissue, many years after their use was banned. On the other hand,
potential detrimental effects of heavy metals on wild bat popula-
tions are poorly documented, despite bats being recognized as a
potential bioindicators species (Jones et al., 2009). There are many
features of bat life-history and biology that make bats a perfect
species for monitoring of environmental contaminants including
heavy metals. First, bats are long-lived, with life-spans much longer
than those of other similarly-sized mammals. The oldest bats, for
example, live up to 40 years, and most have an average age of
between five and six years (Gaisler et al., 2003). Such longevity
not only makes bats more susceptible to the negative effects of
heavy metals through bioaccumulation, it can also result in large
concentrated doses of lipophilic contaminants being transferred to

offspring in milk. Second, the metabolic processes of insectivorous
bats are very rapid and these small animals must consume a great
deal of food, with individuals catching prey weighing up to 100% of
their body mass in one night (Kurta et al., 1989). Greater food intake
increases the amount of contaminant available for concentration
in body fat. Moreover, insectivorous bat species occupy a relatively
high trophic level, which increases their susceptibility to environ-
mental contaminant accumulation through their diet and ability to
show the consequences of toxic pollution. Third, bats often coex-
ist with humans in urban, industrial, and agricultural landscapes
(Gaisler et al., 1998; Bartonicka and Zukal, 2003; Park, 2015; Russo
and Ancillotto, 2015), thereby potentially exposing themselves to
increased pollution levels. While synanthropy (living with humans)
has allowed bats to spread into regions were the suitable natu-
ral shelters are limited (Russo and Ancillotto, 2015), it has also
increased the threat of heavy metal contamination through prox-
imity to human activities. In polluted areas, bats accumulate metals
through the food chain and long-term exposure to elevated levels
can result in a variety of pathological conditions or even death.
Fourth, bats also feed on insects emerging from the water sur-
face. Riparian habitats support large numbers of insects and are
prime foraging areas for insectivorous bat species (Vaughan et al.,
1996; Korine et al., 2015). Inflow of heavy metals and other toxins
from industrial waste, however, can not only affect water quality
but accumulate in the invertebrate community, which then forms
food for bats (Van De Sijpe et al., 2004; Jones et al., 2009). Finally,
heavy metals often accumulate in fat, and are more likely to have
adverse physiological effects in bats when they are depleting their
fat reserves during hibernation, migration, or lactation (Speakman
and Thomas, 2003).

Some factors, such as their high mobility, limit the use of bats
as bioindicators, with long distances travelled to foraging areas
(several kilometers every night) resulting in low geographical accu-
racy for detection of specific polluting sites. Further, the nocturnal
and reclusive nature of these mammals makes recognition of die-
offs associated with contaminants more difficult than in other wild
animals.

In general, both bioindication and ecological risk assessment in
wildlife is limited by a lack of data, including toxicological sensitiv-
ity and geographical variability. Furthermore, many bat species are
rare or threatened and their protected status means that acquisi-
tion of such data may be strictly limited, or be totally unavailable.
Strict world-wide protection and conservation of most bat species
also prevents their use in standardized monitoring programs for
environmental contaminants, such as those undertaken with game
animals (Mickleburgh et al., 2002). There is, however, a great need
for ecotoxicological support with respect to decision making in
wildlife conservation.

As a first step, this review sets out to provide an overview of
heavy metals research on wild bat populations to date; to point out
major gaps in our present knowledge; and to suggest future direc-
tions and approaches for the study of heavy metal contamination
and its possible direct adverse effects on bats.

Material and methods

In this review, we summarize all primary literature sources,
including original papers, reports and published theses that present
original data on heavy metal contamination in bats. Abstracts from
conferences and methodological chapters in books were excluded
as these tended not to present new data on heavy metal content.
Only three theses (Hariono, 1991; Massa, 2000; Land, 2001) were
not included as we were unable to obtain copies; however, some
results from these studies have already been published as original
scientific papers (e.g. Hariono et al., 1993).
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Fig. 1. Number of articles on heavy metal contamination in bats published over the
last forty years. The expected projection (calculated as average number of publica-
tions per year multiplied by 10) is the number of new publications expected by the
end of 2019.

All available information was collected and analyzed, includ-
ing size of sample, species studied, age and sex structure of
samples, matrix used for chemical analysis, locality, and heavy
metal content. Thereafter, bat species were categorized by pre-
ferred food type (i.e. fructivorous/nectarivorous or insectivorous).
Unfortunately, extremely high heterogeneity in the published data
prevents statistical analysis and we could only compare basic
parameters characterizing general variability, such as mean values
and ranges.

Results and discussion
Temporal and geographical aspects

We reviewed a total of 52 studies reporting on heavy metal con-
centrations in bats, their organs or guano. The first article on this
subject was published in 1970 (Zook et al., 1970) and describes
lead poisoning in three captive Australian fruit bats (Pteropus polio-
cephalus) based on clinical and histological findings. All the bats
subsequently died and lead-based paint from the walls of the bats’
cage was identified as the source of poisoning. Similarly to Bayat
et al., (2014), who reviewed data on organic contaminants in bats,
we then faced many difficulties when trying to analyze summarized
data in subsequent publications. Such data tend to become increas-
ingly biased, both temporally and spatially, as the number of articles
published in the 1990s hasincreased (Fig. 1). This clearly reflects the
increasing interest in heavy metal pollution and its effects on bat
populations all over the world (Fig. 2). With the exception of Miura
et al,, (1978), who published the first report on a survey of heavy
metal contamination in wild bat populations, all studies from Asia,
Africa, and Central or South America were conducted between 2000
and 2013. Most studies undertaken report on heavy metal contami-
nation in North America or Europe, where more funding tends to be
available compared to developing countries (Fig. 2). Even in these
regions, however, studies are restricted to one or two reports per
country/state, with a limited number of exceptions (e.g. Germany
and France in Europe, or Virginia and Arizona in North America).

As mentioned above, the application of a general trend analysis
for heavy metal contamination levels was not possible due to a
scarcity of data or its highly localized availability. As early as the
1970s, Petit and Altenbach (1973) had proposed the analysis of
stratigraphically dated guano deposits to address this problem,
as this could provide a chronological record of selected heavy
metals in the food chain of bats in a given area. Their study on the
migratory free-tailed bat Tadarida brasiliensis found a correlation

Africa Asia
2% 4%

Australia
10%

North America
44%

Europe
34%

Central America
2%

South America
1%

Fig. 2. Geographical distribution of studies undertaken on heavy metals in bats
(n=52).

between annual fluctuations of mercury in bat guano with annual
copper production in a nearby smelter. However, the results of
European studies analyzing bat guano strata are less consistent
(Uloth et al., 1987; Rackow, 1991; Hartmann, 2000), with lead and
cadmium concentrations in different guano layers remaining stable
or declining in more recent years, with high local variability. Unfor-
tunately, bat guano deposits maybe contaminated by other heavy
metal sources, such as dust or soil (e.g. Cuculic et al., 2011). Similar
results were obtained by Hartmann (2000) when analyzing heavy
metal content in bat forearms, fur and organs. A different approach
was used by Miura et al., (1978), when they compared museum
specimens with recent bat samples for analysis of mercury content
before, during and after the use of organo-mercury fungicides
when dusting crops. They found an increased mercury content
in bat samples collected during and after the use of mercury
pesticides.

Some heavy metals that occur naturally in the environment are
essential for a range of normal functions in animals (e.g. trace doses
of manganese, nickel, cobalt, copper, iron, and zinc). Variability in
the levels found in bat bodies is certainly influenced by background
environmental levels, which will be mirrored in the amounts accu-
mulated. Direct comparison of results from geographically distant
areas is impossible, therefore, though comparison of contaminated
and reference localities on a regional scale remains useful (Gerell
and Gerell Lundberg, 1993; Zocche et al., 2010; Naidoo et al., 2013).
O’Shea et al., 2001 have shown that bats roosting at some distance
from confined, concentrated sources of persistent food-chain con-
taminants can bioaccumulate these substances through exposure
during foraging, despite their high mobility and relatively large
ranges compared with terrestrial small mammals. Concentrations
of arsenic and mercury in guano collected at roosts of big brown
bats (Eptesicus fuscus) closest to locality contaminated by military
and industrial use were significantly higher than those from roosts
in the reference area, thereby implicating the study site as the con-
taminant source (O’Shea et al., 2001).

Heavy metal pollution can also exert an influence on other eco-
logical, genetic, physiological and behavioral parameters, such as
bat diversity, relative abundance, population structure, flight activ-
ity (Vaughan et al., 1996; Andrews and Allen, 2004; Rachwald et al.,
2004; Van De Sijpe et al., 2004; Naidoo et al., 2013), or DNA damage
in blood cells, blood parameters, plasma glucocorticoids, mortality,



J. Zukal et al. / Mammalian Biology 80 (2015) 220-227 223

guano

whole body
carcasses

body without skin, wings, GIT and brain
liver and pancreas

teeth

heart

milk gland

stomach content / gut content
spleen

blood

bone

lung

brain

muscle / pectoral muscle

fur / hair

kidney

liver

o

5 10 15 20 25
Number of published studies

Fig. 3. Number of published heavy metal studies separated based on matrix ana-
lyzed. Note that some articles published data from more than one matrix.

activity of ligands, and neurochemical alterations (Farina et al.,
2005; Courtin et al., 2010; Pikula et al., 2010; Wada et al., 2010;
Zocche etal.,2010; Nam et al., 2012; Pilosof et al., 2014). The differ-
ences in the levels of such parameters should be compared between
nearby localities with differing heavy metal contamination levels.

Methodological aspects

The approaches used in the literature reviewed tend to be incon-
sistent, with nostandardized methodology used by the different
research teams. The only parameter that does allow direct compari-
sonis that of measurement unit, expressed as ppm, mcg/g or mg/kg.
Data tend to be presented as either geometric median or arithmetic
mean of wet/fresh or dry weight. Note that dry weight concentra-
tions can be estimated by multiplying the wet weight result by
a factor of 4, a widely used conversion factor (Mochizuki et al.,
2008), but its use increases the inaccuracy of the results obtained.
Hartmann (2000) proposed a range of conversion factors for nor-
malization of wet weight assay results from organ samples to dry
weight (i.e. liver or heart 3.7, kidney 3.9 and lung 4.3), the factors
being calculated on the basis of moisture content in the bat’s tar-
get organs. Such limitations were also mentioned by O’Shea and
Johnson (2009), who clearly summarized and described all aspects
of contaminant studies, from the planning and design of research
studies up to practical aspects of sample dissection, preparation,
and storage; chemical analysis techniques; and statistical analysis.

Determination of heavy metal concentrations in tissues can
also face limitations due to the small size of the matrix samples
used. Heavy metals have been analyzed in various matrices (Fig. 3),
with liver, kidney, whole body/carcasses and guano the four most
numerous sample types used. Whole body/carcasses or guano are
frequently used as they offer sample sizes large enough for chem-
ical analysis. At the same time, these matrices are easily available
and sampling is not limited due to conservation-related legislation.
Nevertheless, comparing whole body or carcass concentrations
between studies is difficult as dissection methods often differ.
What one author refers to as a whole body or carcass may not
match the definition of other authors (King et al., 2003). Frequent
sampling of livers and kidneys for contaminant determination
has highlighted a further limitation, i.e. that heavy metals accu-
mulate differently in different target organs. Lead, for example,
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Fig.4. Frequency of occurrence of particular elements in published articles on heavy
metal contamination in bats. In each case, articles presented data on one or more
elements.

accumulates in bones, liver, and kidneys; arsenic in liver, kidneys,
and brain; cadmium in kidneys and liver; and mercury in fur and
liver. While this means that it is impossible to compare levels
between different organs, heavy metal concentrations within
particular tissue types are highly correlated (Hariono et al., 1993).

As more sophisticated and precise instrumentation has been
developed, the number of compounds analyzed for in the various
matrices has gradually increased (Fig. 4). These new methods allow
for analysis of a wider range of elements in much smaller matrix
samples, opening the way for non-lethal sampling methods and
wider monitoring programs (i.e. more samples can be analyzed
and more heavy metals assessed). Yates et al., (2014), for exam-
ple, was recently able to report mercury content in fur and blood of
1447 specimens from northeastern North America (Maine, Mary-
land, Massachusetts, Virginia, New Hampshire, Pennsylvania, New
York, and West Virginia).

Importantly, bat toxicology is a multidisciplinary field with
investigations based on analytical chemistry, biochemistry, statis-
tical and mathematical modelling, and biological and ecological
studies of the various species, including their pathology and behav-
ior (Rattner, 2009). A new methodological approach is represented
by the paper of Hernout et al., (2013), who describe the devel-
opment, parameterization, and application of a spatially explicit
modelling framework predicting the risks of soil-associated metals
(lead, copper, zinc and cadmium) to bat health in the United King-
dom.

Biological aspects

Sixty-five bat species (i.e. approximately 5% of all known bat
diversity) have been included in at least one heavy metal con-
tamination study. However, only two North American (E. fuscus
and Myotis grisescens) and two European insectivorous bat species
(Myotis myotis and Pipistrellus pipistrellus sensu lato) have been
analyzed more than five times (Table 1).

Heavy metal concentrations vary greatly between species, sex,
age, year of collection, and locality, with no clear pattern observed
(see Supplementary data). The fact that heavy metals are naturally
present in the environment makes any conclusions concerning risk
and adverse effects to bats difficult (Hernout et al., 2013). It is also
known that many species in contaminated environments are able
to adapt to high concentrations of some metals (Ma and Talmage,
2001).

Only five heavy metals (cadmium, chromium, copper, palla-
dium, and zinc) have been measured in fructivorous/nectarivorous
species (Table 2).In every case, mean values were higher than those
for insectivorous bats, while nectar and pollen feeders showed
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Table 1
Summary of bat species included in studies on heavy metal contamination in bats.
Undetermined species 2 Myotis austroriparius 2
Myotis brandtii 1

Pteropodiformes Myotis californicus 2

Pteropodidea Myotis dasycneme 1
Pteropus alecto 4 Myotis daubentoni 2
Pteropus conspicillatus 1 Myotis emarginatus 1
Pteropus hypomelanus 1 Myotis grisescens 7
Pteropus poliocephalus 4 Myotis leibii 2
Pteropus scapulatus 2 Myotis lucifugus 5
Rousettus aegyptiacus 2 Myotis myotis 9
Dobsonia moluscense 1 Myotis mystacinus 4
Sphaerias blanfordi 1 Myotis nattereri 2

Rhinolophidae Myotis septentrionalis 3
Rhinolophus cornutus 1 Myotis sodalis 2
Rhinolophus ferrumequinum 3 Myotis vivesi 1
Rhinolophus hipposideros 3 Myotis yumanensis 1

Molossidae

Vespertilioniformes Tadarida brasiliensis 5

Vespertilionidae Molossus molossus 1
Eptesicus diminutus 1 Phyllostomidae
Eptesicus fuscus 9 Macrotus californicus 2
Eptesicus serotinus 3 Carollia brevicauda 1
Lasionycteris noctivagans 1 Carollia manu 1
Lasiurus borealis 1 Carollia pespicilata 1
Lasiurus cinereus 1 Desmodus rotundus 1
Nyctalus noctula 3 Anoura caudifer 1
Pipistrellus abramus 1 Anoura cultrata 1
Pipistrellus kuhlii 1 Anoura geoffroyi 1
Pipistrellus nathusii 1 Artibeus cinereus 1
Pipistrellus pipistrellus 7 Artibeus jamaicensis 1
Pipistrellus pygmaeus 1 Plathyrrhinus masu 1
Parastrellus hesperus 1 Sturnira erythromos 1
Plecotus auritus 2 Sturnira lilium 1
Plecotus townsendii (incl. P. t. ingens) 2 Sturnira oporaphyllum 1
Vespertiliomurinus 1 Sturnira tildae 1
Vespertilio superans 1 Phylloderma stenops 1
Neoromicia nana 1 Noctilionidea
Perimyotis subflavus 2 Noctilio leporinus 1
Miniopterus fuliginosus 1
Miniopterus schreibersii (incl. M. s. bassanii) 3

Table 2
Summarized values for contamination of bats with heavy metals. Values marked by an asterix are expressed in wet weight. Values in brackets show values for bats poisoned
by copper and lead, and values for zinc in dry weight only. Abbreviations: INS—insectivorous species, FRU nectarivorous/fructivorous species.

Element INS all types of tissue samples INS guano FRU all types of tissue samples
Min Mean Max Min Mean Max Min Mean Max

Ag—silver 0.004 0.01 0.019 <1 <6.5

Al—aluminum 1.92 126.6 1099 470.59 3557.74 6810.34

As—arsenic 0.13 1.27 36.6 <0.4 6.54 66

Ba—barium 1.1 14.8 238 13 54.07 139.59

Be—beryllium <0.18 0.35 0.45

Br—boron 0.38 7.94 45.2

Cd—cadmium 0.001 1.32 180* 0.03 4.13 8.5 <0.03 2.76 19.5

Co—cobalt 0.062 0.081 0.103 2

Cr—chromium 0.007 3.237 120 <0.5 7.1 57

Cu—copper 2.29 20.97 762 40 205.66 2869 4.38 23.92 69.67 (4540)

Fe—iron 72 794.6 3071 320 4295.12 10,068.26 174* 1921.5* 3669*

Li—lithium <0.1 0.6 0.6

Hg—mercury 0.02 43 707.64 0.07 0.54 4.2

Mn—manganese 14 225 544 66.3 372.71 840.52

Mo—molybdenum 0.12 241 4 <1.77 5.59 7.82

Mg—magnesium 99 1093 6340 927.42 6809.11 25,669.02

Ni—nickel 0.015 1.94 19.656 <1 4.46 <16

Pb—lead 0.14 8.21 90 0.52 12.75 65 0.04 11.92 370.03 (>500)*

Sb—antimony <2.16 <8.06

Se—selenium 0.27 6.76 69 <0.35 5.12 15.6

Si—silicon 4.8 194.64 710

Sn—tin 0.45 7.95 28.8 <2.10 8.86 17.88

St—stroncium 0.2 20.92 58.8 9.26 37.84 90.8

Ti—titanium 0.4 5.8 14

Tl—thalium <0.1 <16.13

V—vanadium 0.011 0.97 6.29 3* 6.22 10.43

Zn—zinc 0.25*(25.4) 98.37*(115.9) 2500 (331) 64 544.33 1079.83 9.49 108.96 188.78

Zr—zirconium 0.3 117 2.8
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lower organic residue concentrations than insectivorous species.
Note, however, that other factors, such as roosting location, for-
aging habitat, and bat metabolism are also known to significantly
influence accumulation (Bayat et al., 2014). Interestingly, differ-
ences in organic pesticide accumulation between different bat
species are more evident than in heavy metals. It seems likely,
therefore, that heavy metal exposure pathways differ between
fructivorous and insectivorous bat species. The primary means of
heavy metal contamination in fruit bats is likely to be through
atmospheric pollution, with secondary contamination from con-
tact with contaminated foliage whilst searching for and eating food
(Sutton and Hariono, 1986; Hariono et al., 1993). As the contami-
nants are later ingested directly when grooming, this represents
a very rapid ingestion pathway. Insectivorous bat species, on the
other hand, become contaminated mainly through bioaccumula-
tion through the food-chain, i.e. heavy metals are transferred from
sediments/water/soil/plants or other sources to insect larvae and
adults, and finally to the bats themselves (Reinhold et al., 1999;
Hsu et al., 2006; Hernout et al., 2013). Not only will pathways dif-
fer within the food-chain but they may also differ depending upon
the type of toxicant.

The elemental composition of bat guano probably reflects heavy
metal residues present in the undigested portion of ingested prey
species, and as such may provide some clues to the location of
contaminants in the environment (Martin, 1992). However, mean
heavy metal concentrations for insectivorous bats (Table 2) show
higher levels of all elements in guano than in tissues, with the
exception of selenium. This difference may result from lower
bioavailability of heavy metals from digested food and lower bioac-
cumulation or bioconcentration factors, expressed as the ratio
between soil heavy metal concentration and the respective tissue
concentration (Hsu et al., 2006). Bats also display different food
ingestion rates and weights depending on their life-stage (i.e. juve-
nile, male in spermatogenesis, pregnant female, or lactating female)
and cycle (winter torpor or summer active); hence, sensitivity to
chemical exposure may vary depending which stage the bat is in
(Hernout et al., 2013).

Only limited data are available on potential heavy metal toxic-
ity levels in bats as current risk assessment studies tend to focus on
the sensitivity of laboratory animals such as mice (e.g. lab derived
LC50, EC50 and NOEC values for each contaminant). Similar data
are totally lacking for bats as no study has yet been performed to
assess toxic thresholds of different heavy metals. Studies on other
insectivorous mammals indicate that such species can be more tol-
erant to heavy metals than rodents (Clark, 1979; Ma and Talmage,
2001).In the only laboratory study involving bats and heavy metals,
a single subcutaneous injection of cadmium chloride administered
to males of rat-tailed bats (Rhinopoma kinneari) caused testicular
necrosis, with shrinkage of the seminiferous tubules but no loss of
testicular weight (Dixit and Lohiya, 1974). Laboratory mice given
similar injections showed greater destruction of the seminiferous
epithelium and significant loss of testicular weight. Other impacts
and poisoning cases have also been documented, including hep-
atopathy, DNA damage, hemochromatosis, renal inclusion bodies,
ascending paralysis, and changes in cholinergic functions (Skerratt
et al., 1998; Hoenerhoff and Williams, 2004; Farina et al., 2005;
Zocche etal.,2010; Nam et al., 2012). Despite these cases, the num-
ber of articles confirming direct adverse effects of heavy metals
on bats remains low. Wada et al., (2010), for example, observed
no site-specific differences in adrenocortical response, despite the
high mercury concentrations observed in bat tissues. Their results
suggest that bats at the contaminated site were exposed to mercury
concentrations but that these were still below the critical threshold
for any adverse effect on the adrenal axis.

There remain many unanswered questions in relation to the
metabolism of heavy metals in bats. These include the efficiency of

absorption, the level required to show clinical effects, and whether
or not excretion occurs. For temperate-zone bats in particular, the
influence of hibernation on heavy metal toxicity was yet to be
studied. Hypothermic bats substantially reduce their body tem-
perature and metabolic rate during torpor and this period appears
to be crucial for the survival of many species (Speakman and
Thomas, 2003). The effects of chronic sub-lethal exposure to envi-
ronmental contaminants are also poorly understood (Bayat et al.,
2014). Additionally, wild bats are frequently exposed to multiple
anthropogenic stressors at the same time, which may show both
antagonistic or, more frequently, combined or synergic effects. Such
stressors may include natural toxins, anthropogenic pollutants
such as heavy metals, and infectious agents. While the combined
effects of such stressors remain practically unexplored, Skerratt
et al., (1998) has co-diagnosed lyssaviral infection in wild black
flying foxes (Pteropus alecto) poisoned by lead, while Courtin et al.,
(2010) have reported potentially toxic levels of lead (13% of bats)
and arsenic (4% of bats) in liver tissue of bats affected by white-nose
syndrome. Furthermore, a number of epizootic infectious diseases
have been noted as more severe in areas contaminated by environ-
mental pollutants (Grasman, 2002), demonstrating the possibility
of population-level effects associated with contaminant-induced
immunosuppression.

Conclusions

While the present review documents both the worldwide expo-
sure of bats to toxic elements due to contamination of their foraging
habitats and the suitability of this trophic guild as a bioindicator
of general environmental condition, direct adverse effects and/or
mortality have only been confirmed infrequently. Despite a largely
anecdotal and presumed higher tolerance of bats to heavy metals,
there is evidence for a similar range of adverse effects as in other
mammal species, including toxicity to the liver, kidney, immune,
nervous and reproductive systems.

Data show that bats can be exposed to different toxic elements
at the same time. While a multiple-stressor scenario (whether nat-
ural or anthropogenic in origin) is realistic, exposure to low-level
toxicant mixtures and sub-lethal effects are less recognized and
the causality of bat population declines hard to document. On a
long-term basis, chronic and indirect effects are known to be more
hazardous for wildlife. Apart from their primary modes of action,
toxic elements can also modulate physiological responses in bats
and may contribute to morbidity and mortality elicited by other
stressors, such as infectious agents.

Critical toxic threshold levels are mostly lacking for both bat
species and particular toxic elements. Given the conservation and
protection status of bats in many countries, the preparation of
experimental in-vivo bat models to obtain standard toxicologi-
cal data is not feasible. Ecotoxicological data are essential for risk
assessment and decision-making in bat conservation, however, and
the question remains as to what can be done to address this impor-
tant issue?

Apart from making use of bat carcasses to monitor exposure
of populations to toxic substances, we would like to encourage
other non-lethal means of research. Systematic sampling of guano
deposits from various areas, coupled with the known foraging
habits of individual bat species and prey analysis, may prove a rele-
vant means of monitoring trends in exposure of bat populations to
toxic substances and a good indicator of both aquatic and terrestrial
environmental quality.

The relationship between levels of heavy metals in bat guano,
insect prey, and the various components of the environment
in which the insects develop, should prove a fruitful area for
future research. Further, the collection of fur samples may also be
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employed as a non-lethal method of analysis as lead levels in fur
and kidney have been shown to be correlated, as have levels of
mercury in both the liver and brain.

Cutting edge in vitro methods that allow the study of direct cellu-
lar effects of toxins on specific organ- and tissue-derived cell types
under controlled conditions (such as those simulating hibernation
temperatures) also appear to be a highly promising method for
obtaining relevant toxicological data for bats. Cell lines for indi-
vidual bat species should be established and immortalized in order
to study molecular mechanisms of detoxification following expo-
sure to heavy metals. Importantly, it is now possible for cell lines
to be obtained via non-lethal collection methods from bats cap-
tured and handled so as to minimize stress. Examples include wing
membrane puncture biopsies to establish fibroblasts and blood col-
lection for white blood cell lines.

The present situation of non-systematic and haphazard collec-
tion of data regarding bat heavy metal pollution requires urgent
standardization, both of research approaches and sample collec-
tion methodology, through an international monitoring program.
On a continental scale, the exchange of information and coordina-
tion of international research and monitoring initiatives have to be
organized within scientific community. The main purpose of sim-
ilar initiatives must be to assess the potential risk of heavy metals
for bats in order to enhance their future protection as their results
could be used by local or international conservation bodies such as
EUROBATS (the Agreement on the Conservation of Populations of
European Bats) or Bat Conservation International.
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