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Podékovani

Predkladany soubor studii by pravdépodobné nikdy nevznikl bez ptispéni spoluautorty, at’ jiz
se jednalo o zkuSenéjsi kolegy nebo studenty, ktefi do svych diplomovych a doktorskych
praci dali nejen ducha, ale ¢asto i t&lo. Velky dik patii zejména Zdeiiku Rehakovi, ktery mé
jednak uvedl do motivujiciho pracovniho prostiedi UBZ PfF MU, ale byl mi vzdy ochoten
pomoci ¢i poradit v nesndzich. Nemaly dik si zaslouzi i Jifi Gaisler, kterého problematika
Sténic zaujala jiz v pocatcich mych tvah a dovedl mé spravné nasmérovat. Obéma kolegtim
pak vdécim téz za inspirativni mezioborovy piistup, ktery si takové téma vyzadalo. Za mnohé
motivyjici diskuze vdé€im i1 O. Balvinovi. Velké pod€kovani patfi mé Zené, kterda meéla

pochopeni pro mé pozdni prichody domti, i mym rodi¢tim, ktefi mé podporovali od détstvi.



Obsah

—

(98]

© oL oA

9.

Struktura habilitacni prace a jeji Cile.......coevviiriiiiiiiniiiic e 4
UIVOU oo 5
ProblematiKa..........cooiiiiiiieeee ettt et ane e 6
3.1 Model parazit @ hOSHLEL.......c.coviieiiieiiieiieeie et e ere e e e 6
3.2 Vyuzivani a stiiddni GKrytl U NEtOPYIT...cccuveeiieiieeiieeiie et 7
3.3 UKrytovi eKtoparaziti NEtOPYIT ..........vvveveeeeeeeeeeeeeeeeeeeeeeeeee e 11
3.4 Strucny piehled systematiky rodu CIMEX .......ccceeeirieriiiniininiienieeeeneeeeecee e 12
3.5 Zivotni cyklus §ténic a prezivani v Ukrytech NetopyIt .........o.ovevveeeeeeeeeeeeeeeeeereeenens 16
3.6 Sténice, jeji §ifeni a jako VEKtor PAtOZENTL...........o..oveeveeveeveerceceeeeeeeeeeeeeeese s 19
3.7 VI1iv $t€nic na ChOVANT NETOPYIT....vieuiieiiieiieeiieiie et eite e eieeeveereesreeseeseaeeaeessaeenseeas 22
3.8 Hostitelska specifita SEENIC .....ccuiiiuieiiiiiieiie e 26
3.5 TranSport SEENIC NELOPYTY .ouvveeerurieeiieeeiiteeeieeeeiteeesteeesteeesereeessseeassreessneesseesaseesssseesnnnes 30
ZLAVET ettt ettt ettt ettt e h bt e a bt e e bt e e e bt e e e bt e e e bt e e eab e e e e abeeeeabeeeane 33
POUZIA TIEETALUTA .....eouiiiiiiiiieeieeiee ettt 33
. Komentar K publiKacim .......oouiiiiiiiieee e s 43
. Uroven spoluautorstvi a hlavni piinos pedkladanych studiich ............cocoovveveirevecueeeenennes 44
. Seznam publikovanych v€deckym praci k tématu habilitacni prace..........cccccoveeverienennene 49

8.1 Vyuzivani a stfidani ukryt u netopyri
(1) BARTONICKA T. & REHAK Z., 2007: Influence of the microclimate of bat boxes
on their occupation by the soprano pipistrelle Pipistrellus pygmaeus: possible cause of
roost switching. Acta Chiropterologica, 9(2): 517-526. (IF=0,831)
(2) BARTONICKA T., BIELIK A. & REHAK Z., 2008: Roost switching and activity
patterns in the soprano pipistrelle, Pipistrellus pygmaeus, during lactation. Annales
Zoologici Fennici 45(6):503-512. (IF=1,03)

8.2 Zivotni cyklus §ténic a pfezivani v ukrytech netopyri
(3) BARTONICKA T. & GAISLER J., 2007: Seasonal dynamics in the numbers of
parasitic bugs (Heteroptera, Cimicidae): a possible cause of roost switching in bats
(Chiroptera, Vespertilionidae). Parasitology Research, 100:1323-1330. (IF=2,327)
(4) BARTONICKA T., 2010: Survival rate of bat bugs (Cimex pipistrelli, Heteroptera)
under different microclimatic conditions. Parasitology Research, 107:827-833.
(IF=2,327)
(5) BARTONICKA T. & RUZICKOVA L., 2013: Recolonization of bat roost by bat
bugs (Cimex pipistrelli): could parasite load be a cause of bat roost switching?
Parasitology Research, 112:1615-1622. (IF=2,327)

8.3 Vliv §ténic na chovani netopyra
(6) BARTONICKA T., 2008: Cimex pipistrelli (Heteroptera, Cimicidae) and the
dispersal propensity of bats: an experimental study. Parasitology Research, 104:163—168.
(IF=2,327)
(7) BARTONICKA T. & RUZICKOVA L., 2012: Bat bugs (Cimex pipistrelli) and their
impact on non-dwelling bats. Parasitology Research, 111:1233-1238. (IF=2,327)

8.4 Hostitelska specifita Sténic
(8) WAWROCKA K. & BARTONICKA T., 2013: Two different lineages of bedbug
(Cimex lectularius) reflected in host specificity. Parasitology Research, 112: 3897-904.
(IF=2,327)

Seznam dal$ich publikaci k tématu



1. Struktura habilitacni prace a jeji cile

Predlozend habilitatni prace se skladd z osmi védeckych publikaci. Jednoticim tématem

habilitacni prace je vyzkum ukrytovych strategii netopyrit s naslednym posunem k

antiparazitarnimu chovani vici jejich nejbéznéjSim tkrytovym ektoparazitim — Sténicim.

Habilita¢ni prace ma mezioborovy vertebratologicko-parazitologicky charakter a je doplnéna

o uvod do problematiky. Shrnujici tvod je koncipovan jako ptfedstaveni zasadnich poznatkt

publikovanych v pfiloZenych studiich, které jsou zasazeny do Sir§iho kontextu problematiky

zivotnich strategii a ekologicko-biologickych charakteristik studovaného modelu $ténice -

netopyr.

Hlavni cile habilita¢ni prace:

1.

U vybranych S$térbinovych druhii netopyrii popsat zmény v sezonnim vyuzivani
ukrytd.

Definovat faktory, které mohou hrat roli ve zménach vyuzivani ukrytt.

V terénnich 1 laboratornich podminkach testovat vybrané faktory ovlivilujici
vyuzivanost ukrytu.

Popsat a sledovat antiparazitarni strategie netopyri s ohledem na jejich ukrytové
parazity.

Sledovat vliv docasného opousténi tikrytl netopyry na denzity Sténic.

Zjistit rychlost rekolonizace netopyfich tkrytd St€nicemi.

Testovat hostitelskou specifitu Sténice domaci (Cimex lectularius) parazitujici

na netopyrech a ¢lovéku.



2. Uvod

Studium vztahu parazit — hostitel patfi nepochybné k vdéénym biologickym témattim.
V tomto sméru vSak netopyii nepatfili nikdy k typické modelové skupiné hostitelli. VétSina
studii vénovana jejich ektoparazitim byla zaméfena spiSe faunisticky a vzdjemné interakci se
vénovala pouze okrajoveé. Tradicné studovani ektoparazité netopyrl travi na téle hostitele
vétsinu svého ontogenetického vyvoje a na chovéani hostitele souvisejici s ukrytovymi
strategiemi maji pouze omezeny vliv. Zcela odlisna je vSak situace u Sténic, které na tcle
hostitele travi pouze kratkou dobu béhem sani krve a vétSinu zivota ziji mimo hostitele. Diky
rychlému vyvoji a velkému reprodukénimu potencidlu na jedné strané a znaéné¢ mobilité na
stran¢ druhé patii Sténice nepochybné k vyznamnym ektoparazitiim nejen netopyrt, ale i
&lovéka. Sténice v tkrytech netopyri viak Ziji skrytym zpiisobem a snad i proto jim byla
v minulosti vénovana pouze mala pozornost. Sténice si netopyti na svych t&lech pienaseji
pouze ojedin¢le na rozdil od ostatnich permanentnich ektoparaziti (napt. muchuli a roztoct),
a to znich ¢ini jedine¢ny model pii vyzkumu adaptivnich ukrytovych strategii netopyra.
Vztah netopyrt a ukrytovych paraziti, jako jsou Sténice, byl doposud z velké Casti zaloZen
pouze na predpokladech. Prilozené publikace, vychazejici zterénniho pozorovani a
naslednych experimentli, objasiiuji, jak vyznamnym stresorem S$ténice pro netopyry jsou,
jakym zpusobem jsou provazany reprodukéni cykly netopyri a Sténic, a casteCné také

objasiiuji hostitelskou specifitu $ténic ve vztahu k ¢loveku.



3. Problematika

3.1 Model parazit a hostitel
Podrobné studie o mezi- a vnitro-druhovych mechanismech jsou nezbytné pro spravné

pochopeni celkové biodiverzity. Vzhledem k rozmanitosti a slozitosti Zivotnich strategii a
vztahll k hostiteli jsou parazitické organismy velmi zajimavymi a hodnotnymi modely
v evolu¢né-ekologickych studiich. Prezentuji celou skalu riznych typt speciace a koevoluce
(Huyse et al. 2005). Urovei speciace a diverzifikace parazita prameni ze stupné zavislosti na
hostiteli a jeho Zivotnich strategiich. Dale je pak zavisld na poctu preferovanych hostiteld,
oblasti jejich vyskytu, populacni struktufe hostitelll a charakteru jejich rozptyleni v case a
prostoru (Esch et al. 1975). V populacich parazita se pak setkdvame s uréitymi podjednotkami
- démy (populace parazita na socidlni skupiné hostitele vice ¢i méné izolovana od jinych
hostitelskych démil) a infrapopulacemi (populace parazita z jednoho hostitelského jedince),
které predstavuji rizny stupen izolace mezi sebou (Mayr 1963). U S§ténic parazitujicich na
netopyrech nebo ptacich, ktefi vétSinu zivota travi mimo télo hostitele, je vSak termin
infrapopulace obtizné pouzitelny. Je proto vhodné&jsi u nich pouzivat termin dém. Ten je zde
reprezentovan populaci parazita v jednom ukrytu nebo hnizd¢.

Jestlize predpokladame, Ze polymorfismus v populaci parazita souvisi s preferenci
uréitych zivotnich podminek (urcita c¢ast téla hostitele nebo cast jeho tukrytu), je
pravdépodobné, Ze parazit bude mit tendenci Iépe prezivat jen v nékterych znich.
V podminkéch, kde bude vykazovat vyssi fitness, bude hledat i svého sexuédlniho partnera a
bude se tedy pafit s dostupnymi jedinci podobnych genotypti. To vSak logicky povede ke
snizeni genového toku mezi jednotlivymi démy parazita. Schopnost parazita piezivat na
veétsim  spektru hostitelskych druht vede nejen k vy$§Simu polymorfismu (Brooks &
McLennan 1993), ale téz v ptipad¢ dalSiho omezovani genového toku k sympatrické speciaci
(napf. v ptipad¢ adaptace jedné sub-populace parazita na jiny hostitelsky druh), kterd nasledné
vede opét k obnoveni uzké specificity viici (novému) hostitelskému druhu (Combes & Théron
2000). Ackoliv je sympatricka speciace (bez existence geografické bariéry) ekology tradi¢né
odmitana, podminky ve vztahu parazit a hostitel ji umoznuji a ¢asto je ozna¢ovana terminem
alloxenické speciace (Melhorn 2008).

Lokalni diferenciace zduraziuje zavody ve zbrojeni (host races) mezi hostitelem a
parazitem (Drés & Mallet 2002). Koncept zavodu ve zbrojeni byva Casto definovan z vice
sméera 1) sttidani hostitelskych druhti a z ni vyplyvajici rizna vérnost a zévislost na hostiteli,

2) souziti v sympatrii s jedinym hostitelem nebo 3) vztah mezi vyhledavanim sexudlniho
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partnera a zménou hostitele (Funk 2012). Disledkem toho jsou pak napiiklad genetické
diferenciace nebo obecné ovlivnéni toku gen v ramci populace parazita ¢i mezi nimi.
S ohledem na stupeil diferenciace mezi jednotlivymi entitami parazitl, je pak
pravdépodobnost opakovani téchto zmén v Casoprostoru vyss$i. Na druhou stranu je
pravdépodobnost fixace nové charakteristiky parazita zavisla na efektivni velikosti jeho
populace, jeho zivotnim cyklu, plodnosti, stupni zavislosti na hostiteli, migralit¢ hostitele ¢i

kolonizaci novych hostitelskych skupin (Gandon & Michalakis 2002, Barrett et al. 2008).

3.2 VyuZivani a stiidani ukrytit u netopyru
Veérnost tkrytim neni u mnoha druht savct ptili§ vysoka a v pfipadé druht netopyra

vyuzivajicich ukryty ve stromech je dokonce pomérné nizka (Lewis 1995). Terénni
pozorovani dokladaji, ze druhy netopyr pies den vyuzivajici Stérbinové ukryty, je stfidaji
nékolikrat za reprodukéni sezonu, dokonce i kazdych n&kolik dni (Lausen & Barclay 2002,
Mazurek 2004, Rancourt et al. 2005). Takové chovani bylo pozorovano pravé u druhil
vyuzivajicich ukryty ve stromech (napt. Myotis californicus, Barclay & Brigham 2001;
Eptesicus fuscus, Willis & Brigham 2004). Stérbinové tkryty ve stromech vyuZiva i fada
zastupcti evropskych rodt Nyctalus, Pipistrellus a Myotis; z posledné jmenovaného rodu pak
predevsim malé druhy jako M. bechsteinii, M. daubentonii, M. nattereri, M. mystacinus a M.
brandtii (Meschede & Heller 2000, Kerth et al. 2001, Meschede 2001). K dal§im druhim
netopyri rodici svoje mlad’ata ve stromovych ukrytech dale patii 1 Plecotus auritus a
Barbastela barbastellus.

Ukryty ve stromech jsou ¢asto riizného typu, miize jit o dutiny, vzniklé innosti
nékterych datlovitych ptakd nebo vyhnivanim, $térbiny a pukliny v rozsochach vétvi nebo za
typ dutin netopyti upiednostiiuji (teplota, vlhkost, velikost, tvar, vyska a orientace vletového
otvoru, hloubka dutiny, mocnost stény dutiny), aby byl pro netopyry atraktivni (Sedgeley &
O’Donnell 1999, Gibbons et al. 2002, Russo et al. 2004, Willis & Brigham 2005, Spada et al.
2008, Ruczynski et al. 2010).

U vySe zminénych druht se vSak v fadé pripadi setkdme s letnimi koloniemi i v
nahradnich typech antropogennich utkrytd (Russo et al. 2004). Situace, kdy jeden druh
netopyra vyuziva jak ptirozené typy ukrytd, tak Stérbinové typy ukrytt v budovach, je stale
Castéjsi. S rostouci synantropizaci nékterych druhti roste jejich vazba na tkryty v budovach a
postupné klesd vyuzivanost Ukrytd ve stromech. Do této skupiny patii napi. netopyr rezavy

(Nyctalus noctula) (Boonman 2000), ale i dvojice druhl Pipistrellus pipistrellus a Pipistrellus



pvemaeus (Thompson 1992, Park et al. 1996, Cel'uch et al. 2006). Netopyii vyuZzivaji jak
dfevéné stavby (posedy, seniky, sruby), tak se mohou ukryvat za dfevénym obloZenim stén,
za okenicemi nebo ve Sterbindch pod stfeSni krytinou béznych lidskych staveni. Ale nékteré
druhy vyuzivaji i §térbiny mezi panely nebo vétraci Sachty v panelovych domech (N. noctula,
P. pipistrellus, Cel'uch et al. 2006).

Rada z pfirozenych ukryti ma kratkou Zivotnost (odchlipnuta kiira, Grindall 1996,
Grindall 1999) a nedava netopyrim jinou volbu, neZ tkryt zménit (Grindal & Brigham 1998).
Naopak ukryty v dutinéch a zejména budovach jsou pln¢ dostacujici po vice rokil a presto je
netopyfi pravidelné stiidaji. Jarni osidlovani ukrytd je docasné a jsou vyuzivany na cesté ze
vzdaleného zimovisté do mista reprodukce (Dzal et al. 2009). V 1ét¢ jsou stromové dutiny,
pudy budov ¢i rizné Stérbiny vyuzivany samicemi jako misto ukrytu reprodukéni kolonie.
Shromazd'uji se v nich rizné pocetné skupiny, které zde rodi a odchovévaji sva mladata.
Samci travi letni obdobi solitérn€é. Ve druhé poloviné 1éta, kdy se po osamostatnéni mlad’at
rozpadaji reprodukéni kolonie, a pocatkem podzimu, jsou dutiny ve stromech nebo oblozeni
doml vyuzivany jako ukryty, kde se netopyii docasné¢ shromazd’uji pfi pfesunu na misto
zimovani (Dzal et al. 2009). Pohlavné dospéli jedinci nékterych druhti se v dutindch pari. U
nékterych z nich se projevuje teritoridlni chovani, kdy samci po obsazeni dutiny héji tento
ukryt pted jinymi samci. V té dobé vznikaji 1 nestabilni harémové skupiny (napt. netopyii
rodu Pipistrellus), tvofené nejCastéji jednim samcem a né€kolika samicemi (Jahelkova et al.
2000).

Dalsim faktorem ovliviiujicim obsazenost ukrytu v uréité ¢asti vegetacni sezony je
blizkost bohatého potravniho stanovist¢ (Boonman 2000). Blizky vyskyt vodniho biotopu je
obvykle zarukou vysoké potravni nabidky. Ta je téZ vysoka na okrajich porostii a v tizkych
priletovych koridorech (Kusch et al. 2004). Netopyii se také béhem reprodukéni sezony
mohou pfesunout do jiného tkrytu v zévislosti na zméné potravni nabidky (Davidson-Watts
& Jones 20006).

Rada studii ukazuje, Ze samice nékterych druhti nejsou omezeny pouze na ukryt
v konkrétnim stromé, ale jedna kolonie se miize rozdélit do vice ukryti (Kerth & Konig 1999,
Willis & Brigham 2004). Tato socialni struktura, popsana jako fission-fusion model, mize
pomoci udrzet fadu vyhod spojenych s zivotem ve velké kolonii a soucasné omezit nekteré
jeho nevyhody. Fission-fusion model byl u evropskych netopyrit popsan detailné¢ na druhu
Mpyotis bechsteinii (Kerth & Konig 1999). Podskupiny vzdjemné velmi pifibuznych samic
stiidaji ukryty na pomérné malém uzemi velmi Casto, obvykle kazdy 2. - 4. den (Kerth &

Konig 1996). Podobné chovani bylo zjisténo i u fady béznych severoamerickych druhti
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netopyru jako napt. Eptesicus fuscus nebo Myotis lucifigus (Barclay et al. 1979, Willis &
Brigham 2004). Rozptyl jediné kolonie mezi vice ukryt se miize na prvni pohled jevit jako
intenzivni stfidani Gkryth vice koloniemi. U druhi tvoficich pocetné kolonie v budovach
(napt. M. myotis) dochazi téz k vyméné jedincii. Samice se vSak neptesouvaji vSechny naraz a
do stejné¢ho ukrytu. Nedochazi tedy pravidelné k situacim, kdy vSichni netopyti ukryt opusti
beéhem jediné noci, jako je to pozorovano u Stérbinovych druhii osidlujicich stromy.

Pravdépodobné nejcastéji uvadénym divodem stiidani Ukrytd jsou odlisné teplotni
preference a pozadavky na prostor se zvysujicim se poctem jedinci ve skupiné v pribéhu
roku (Whitaker 1998, Lefebvre et al. 2003). Teplotni a vlhkostni preferendum se lisi jednak
podle druhu netopyra (Harmata 1969) a jednak podle faze reprodukéniho cyklu (gravidita,
laktace, postlaktacni obdobi, harémové Ukryty) (napt. Gaisler 1970, Lourenco & Palmeirim
2004). Netopyii si vybiraji pro kazdé obdobi Ukryt s optimalnimi mikroklimatickymi
podminkami (Kerth et al. 2001, Lourenco & Palmeirim 2004). Nepochybn¢ znaji alternativni
ukryty, véetné jejich mikroklimatu v ptedstihu, jelikoz patrani po novém ukrytu az v ptipadé
potfeby souvisi s dal§imi energetickymi naklady a mohlo by znamenat zna¢né riziko napf.
uhynu mlad’at, potratu apod. (Lewis 1995).

V roce 2002 byl na PiF MU, PiF UK a AVCR zahdjen vyzkum komplexu hemi-
synantropnich netopyri rodu Pipistrellus (projekty GACR 206/06/0954 Intraspecific
variability of populations of two cryptic bat species of genus Pipistrellus in Central Europe,
GACR 206/02/0961 ,,Situation Pipistrellus pipistrellus superspecies in Czech Republic®).
Vyzkum byl zaméten zejména na rozsifeni a vztahy dvou stfedoevropskych druhii Pipistrellus
pipistrellus a tehdy Cerstvé popsaného Pipistrellus pygmaeus. Pred rokem 2000 oba druhy
nebyly na tizemi Ceské republiky a vétiiny Evropy rozliSovany a v této praci i publikacich
nasledujicich jsou u starSich daji uvadény jako P. pipistrellus sensu lato (s.l.). V souvislosti
s intenzivnim vyzkumem téchto netopyrii byla zjisténa i tfada behavioralné-ekologickych
poznatkii souvisejicich zejména s obsazovanim ukrytl. Z naseho pozorovani (Bartonicka
2004, Bartonicka & Rehdk 2007) vyplyva, ze samice P. pygmaeus, podobné jako samice P.
pipistrellus, méni Ukryty béhem letniho obdobi nékolikrat. Pocatkem Cervna gravidni samice
sledované ukryty opustély a vracely se do n¢j i se svymi vzletnymi mlad’aty teprve v poloviné
cervence. Thompson (1992) zjistil, ze vétSina jim pozorovanych kolonii P. pipistrellus s.l.
béhem reprodukéni sezény vyuziva 2 az 3 tkryty a pouze 20% kolonii navstévovalo Ukryt
vice. Feyerabend & Simon (2000) sledovali pomoci telemetrie u jediné kolonie P. pipistrellus
s.l. pfesuny mezi osmi Ukryty béhem dvou let. Bartonicka et al. (2008) telemetricky zjistili, ze

oznacené kojici samice P. pygmaeus pieletovaly mezi 2-3 Ukryty. Spolecné vSak vétSiné
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pozorovani je, ze sami¢i kolonie obou druhti nékolik dni ptfed obdobim porodli opusti
dosavadni ukryt a pfesunou se do hlavniho porodniho ukrytu (Swift 1980, Webb et al. 1996).
Bartonicka et al. (2008) nikdy nezjistili, Ze by vSechny samice opustily hlavni porodni tkryt
v budové v prubéhu laktace, zatimco satelitni ukryty, kam se piesouvala vzdy pouze cast
kolonie, ano. Bohuzel telemetricky byly samice sledovany pouze v prubéhu laktace a neni
tedy znamo, zda zménily ukryty vyuZzivané v gravidité. Z vysSe uvedené¢ho je tedy ziejmé, ze
netopyti rodu Pipistrellus stfidaji ukryty Castéji nez synantropni druhy osidlujici ptidy budov
(napt. M. myotis). Ackoliv jsme v ¢lanku Bartonicka et al. (2008) toto chovani vidéli jako
analogické s chovanim definovanym vyse jako fission-fusion model, pozd¢jsi naSe studie
ukazaly, ze netopyii rodu Pipistrellus vyuzivaji jeden ukryt na dobu vyrazné delsi nez je
uvadéna ve studii Kerth & Konig (1999).

Vyse je nastinéno nékolik aspektl, které ovliviuji stfidani tkryth netopyry. Prestoze je
ziejmé, Ze u riznych druhd jsou divody odlisné a vSechny nejsou doposud uspokojiveé
vysvétleny (Lewis 1995, Vonhof & Barclay 1996, Brigham et al. 1997), 1ze je dle dostupné
literatury shrnout do ¢tyf moznych skupin:

e nahlé zmény mikroklimatickych podminek souvisejici s omezenou cirkulaci vzduchu
ve Stérbinovém ukrytu (Whitaker 1998, Lourenco & Palmeirim 2004) nebo zména

v narocich na mikroklima ukrytu s ohledem na reproduk¢ni cyklus (gravidita versus

laktace) (napt. Thompson 1990, Hamilton & Barclay 1994, Kerth et al. 2001).

e vyhnuti se vzristajici parazitaci s cilem udrzeni télesné kondice nebo sniZeni rizika

postnatalni mortality mlad’at (Wolz 1986, Lewis 1996).

e ruSeni lidskou ¢innosti, predatorem nebo jiné neznamé vlivy (Lewis 1995).
e dostupnost potravni nabidky v blizkosti ukryti (Willis & Brigham 2004, Fleischmann

& Kerth 2014)

V nasi studii Bartoni¢ka & Rehdk (2007) jsme testovali hypotézu, ktera predpokladala
sttidani ukryti v dasledku potfeby jiného mikroklimatu v prubéhu gravidity, kdy se samice
snazi vyuzivat maximaln¢ stav denni strnulosti, a laktace, kdy naopak pfi Castém kojeni
mlad’at samice upadat do strnulosti nemohou (Kerth et al. 2001). Ve wvnitini teploté
zkoumanych netopyiich budek jsme nezjistili zadné rozdily mezi budkami obsazenymi a
neobsazovanymi, jak v pribéhu gravidity, tak béhem lakta¢niho obdobi. Vnitini teplota
negativné korelovala s vétSim poctem netopyrd, zejména béhem gravidity (Obr. 1). V obdobi
pred odletem z obsazenych budek (v obdobi gravidity) nebyly zjistény zadné extrémni

vykyvy ve vnéjsi teploteé, které by mohly souviset s opusténim ukrytu v souvislosti s jeho
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prehtatim. Nebyly zjistény ani rozdily ve vnitini teploté mezi ukryty, které netopyii pred
porody opustili a kde zlstali, pfestoze signifikantni rozdily mezi reprodukénimi obdobimi
nalezeny byly. Nase vysledky potvrzuji, ze samice pfed porody nejsou motivovany k pfesunu
vyhradné mikroklimatickymi podminkami, pfestoze se mezi graviditou a laktaci méni jejich
moznost vyuzivat denni letargie. Diivod piesunu samic v obdobi pfed porodem mlad’at studii

spolehlivé objasnén nebyl.

Residuals [1.99]

-104

T T
0 50 100 150
Number of individuals

Obr. 1. Negativni vztah mezi poctem netopyrii a vnitini teplotou, graficky vystup
generalizovaného aditivniho modelu. Sed4 zéna ozna¢uje 95% intervaly spolehlivosti a &islo

v zavorce na y ose udava stupné volnosti.

3.3 Ukrytovi ektoparaziti netopyrii
Obvykle jsou studovéana spoleCenstva ektoparaziti riznych druhii netopyrt bez ohledu

na jejich zivotni strategie (napf. Whitaker & Mumford 1978, Morkel 1999, Whitaker et al.
2000, Ritzi et al. 2001, Ritzi & Whitaker 2003). Na netopyrech bylo zjisténo vice nez 680
druhti parazitujiciho hmyzu (Arixeniidae, Cimicidae, Polyctenidae, Nycteribiidae, Streblidae,
Ischnopsyllidae, Tungidae) a dale pfedevSim roztoct vcetné klistat (Argasidae, Ixodidae,
Acaridae, Glycyphagidae, Sarcoptidae, Laclapidaec, Macronyssidae, Spinturnicidae,
Demodecidae, Myobiidae a Trombiculidae) (Scheffler 2011). VétSina vyzkuma, které se
zabyvaly ekologickymi souvislostmi vztahu ektoparazit — netopyr, je vSak realizovdna na
ektoparazitech permanentnich respektive takovych, ktefi travi na téle netopyra vétSinu svého
zivota (napt. Hirka & Povolny 1968, Gannon & Willig 1995, Sasse & Pekins 2000, Moura et
al. 2003). N¢které publikace fesi pfimo problematiku koevoluce ektoparazita a hostitelského
druhu netopyra (napf. Patterson et al. 1998). Specifita ektoparazita je zavisla na historicko-

fylogenetickych, fyziologickych, biochemickych nebo behaviordlné morfologickych
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faktorech (RySavy et al. 1988, Volf & Horak 2007). Extrémné dlouha doba koexistence blech
(Ischnopsyllidae) a muchuli (Nycteribiidae) s netopyry je mezi savci ojedinéld a poskytla
obéma skupindm dostatek ¢asu na koadaptaci (Horacek 1986). Neni tedy divu, Ze vysoka
uroven zavislosti na hostiteli byla opakované v centru zajmu vyzkumnikt (napf. Grulich &
Povolny 1955, Rosicky 1957).

Ektoparazitim trdvicim na svém hostiteli pouze kratky ¢as potiebny k sani krve, tzv.
ukrytovym parazitim, vSak byla dosud vénovana pouze omezend pozornost.
K nejvyznamnéj$im ukrytovym ektoparazitim netopyrti patii zéastupci roztoch (Acari),
klistaci Celedi Argasidae (napt. klistak netopyii Carios vespertilionis) a zejména $ténice
Celedi Cimicidae. Tito obligatni ektoparazité recentné témét vyhradné asociovani s ptaky,
netopyry a Clovékem maji dorzoventralné zplostélé télo a siln¢ sklerotizovany integument,
coz snizuje poSkozeni pii pohybu ve Stérbinach a usnadnuje tak unik pted hostitelem (Usinger
1966, Marshall 1980). Celed’ Cimicidae zahrnuje asi 110 druhii zatazenych do 24 rodd a $esti
podceledi (Henry 2009). Zastupci této Celedi jsou pfitomni na vSech kontinentech; pouze z
Austrélie nejsou znamy piivodni druhy (Usinger 1966).

Omezeni Sténic na letouny je pomérné Uzké a netradi€ni ve srovnani s jinymi
krevsajicimi skupinami hmyzu. Navic se zd4, ze netopyfi jsou pravdépodobné ptivodni
hostitel¢ sténic (Horvath 1913), zejména pak celedi Vespertilionidae a Molossidae (Marshall
1982). Asi dv¢ tretiny z celkového poctu druhli uvedenych vyse, parazituje na netopyrech a
z nich nékteré pfilezitostné saji 1 na ¢lovéku. Nejméné tfi taxony z podceledi Cimicinae
parazituji vSak na lidech pravidelné a vytvafi na nich stabilni populace: Cimex lectularius
(Linnaeus, 1758), Cimex hemipterus (Fabricius, 1803) a Leptocimex vespertilionis (Ferris &
Usinger, 1957) (Usinger 1966, Marshall 1981, Balvin 2013).

Vysokd mobilita a schopnost dlouhodobé existence mimo hostitele stavi Sténice mezi
vyzna¢né modelové ektoparazity (Usinger 1966). Télo hostitele vyuzivaji pouze k sani krve a

k transportu do dalSich hostitelskych ukrytt.

3.4 Strucny piehled systematiky rodu Cimex
V Gvodu do problematiky je tieba zminit, Ze kompletni systematika ¢eledi Cimicidae

dosud neni zcela ujednocena a v literatute se setkdvame s jejim riznym pojetim. Druhy rodu

Cimex jsou podle tradi¢nich morfologickych kritérii déleny do ¢tyt skupin (Usinger 1966).

1. Skupina kolem druhu Cimex pilosellus (Horvath, 1910) zahrnuje n¢kolik druht

cey

zijicich na netopyrech a obcas i na clovéku v Severni a Stiedni Americe.
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2. Do skupiny druhit Cimex lectularius nalezi druh Cimex lectularius (Obr. 2a, 3), ktery
parazituje na netopyrech, clovéku, domestikovanych a (hemi)synantropnich druzich
savcl, a dale Cimex columbarius Jenyns, 1839 vyskytujici se na driibezi a holubech.
Poslednim druhem skupiny je Cimex emarginatus znamy pouze z netopyra brvitého
(Myotis emarginatus).

3. Skupina druhl kolem Cimex pipistrelli parazituje pouze na netopyrech (Obr. 2b, 3).
Ptestoze obcas napadaji i ¢lovéka, nejsou na ném schopny dlouhodobé piezivat.
Skupina zahrnuje tfi druhy popsané z Evropy a tii druhy popsané z Asie.

4. Druh Cimex hemipterus je vazany predevSim na tropické oblasti a parazitujici na

lidech, netopyrech a dribezi.

Zde je vsak potfeba zminit jisté nejasnosti v taxonomii S$ténic parazitujicich na
netopyrech (Wendt 1941, Povolny 1957, Usinger 1966, Péricart 1972, Péricart 1996).
V podminkach stiedni Evropy se lze setkat jak s druhy skupiny Cimex lectularius, tak zde 1ze
najit zastupce vSech druhii skupiny C. pipistrelli (Tab. 1). PtileZitostné jsou nalézani ziejmé 1
zavleCeni jedinci druhu Cimex hemipterus. O taxonomickych nejasnostech v obou skupinach
v poslednich letech vznikla fada studii, které za pouziti standardnich morfometrickych
pristupti i genetickych znaka pfehodnocuji doposud publikované taxony. S ohledem na
sttedoevropskou problematiku vynikaji zejména prace O. Balvina (Balvin 2005, 2008, 2010 a
2013).

Z Evropy (v ramci Palearktu) byly popsany tii druhy Sténic zijicich na netopyrech (C.
pipistrelli, C. dissimilis, C. stadleri) (Tab. 1). Obvykle jsou shrnovany do skupiny C.
pipistrelli. Pro klasifikaci evropskych §ténic vyskytujicich se na netopyrech rizni autofi
vyuzivali omezeny pocet morfologickych znaki ¢i nedostateCny pocet vySetfenych jedinct
bez ohledu na ¢asoprostorovou distribuci $ténic (napt. Povolny 1957, Lansbury 1961, Péricart
1972). Snaha o klasifikaci na zakladé morfologickych znakli vSak nevedla k pfilisSnému
vyjasnéni taxonomické problematiky. Navic Usinger (1966) pomoci hybridizacnich
experimentll popsal urcitou reprodukéni bariéru mezi $ténicemi Cimex pipistrelli s. str.
z Britskych ostrovii a populace C. stadleri z tehdejsiho Ceskoslovenska. Je viak zjevné, Ze
pravé tyto morfologické rozdily, zpisobené snad adaptacemi na ukrytové chovani

jednotlivych hostitelskych druhii netopyri, vedly k popisu vice druhd.
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Obr. 2. Portréty modelovych druht Sténic a) Sténice Cimex lectularius, adultni samice, b)

Sténice C. pipistrelli, adultni samec (foto V. Kéna).

C. pipistrelli
C. lectularius -\pp

[

Obr. 3. Srovnani tvaru §titu u druhu C. lectularius se zaoblenymi vybézky a kratkymi chlupy
a C. pipistrelli s vybézky ostrymi a dlouhym ochlupenim (foto N.T. Gallagher).

Teprve v soucasnosti Balvin et al. (2013) dolozili, Ze rozdily v mitochondridlni DNA
neukazaly souvislost s morfologickymi znaky ukazujicimi zna¢nou fenotypovou variabilitu
Sténic mezi jednotlivymi hostitelskymi druhy netopyrit (Balvin et al. 2013). V nésledujicim
textu se proto pridrzim taxonomického oznaceni druha skupiny Cimex pipistrelli popsanych
z Evropy jako Cimex pipistrelli s. lat., které vidim jako historicky opravnéné, ackoliv recentni
studie Balvin et al. (2013) jiz dokonce ukazuje i na neplatnost zbyvajicich dvou druht (C.

dissimilis a C. stadleri).
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Tab. 1.: Seznam druht skupin Cimex lectularius a C. pipistrelli jak jej charakterizuji

vybrané studie (pfevzato z Ruzickova 2012).

Cimex lectularius group

Uznéavané druhy Synonymizované druhy

. vespertilionis Poppius, 1912
. improvisus Reuter, 1882

. roubali Hoberlandt, 1942

. columbarius Jenyns 1839

Pojeti Povolného (1957)|Cimex lectularius Linnaeus, 1758

Pojeti Usingera (1966) |Cimex lectularius Linnaeus, 1758 |C. vespertilionis Poppius, 1912

. improvisus Reuter, 1882

onmannon

Cimex columbarius Jenyns, 1839

Pojeti Péricarta (1996) |Cimex lectularius Linnaeus, 1758
Cimex columbarius Jenyns, 1839

Cimex pipistrelli group

Uznavané druhy Synonymizované druhy
Pojeti Povolného (1957)|Cimex pipistrelli Jenyns, 1839 C. dissimilis Horvath, 1910
C. stadleri Horvath, 1935

C. singeri China, 1938

Pojeti Usingera (1966) |Cimex pipistrelli Jenyns, 1839
Cimex dissimilis Horvath, 1910
Cimex stadleri Horvath, 1935
Pojeti Péricarta (1996) |Cimex pipistrelli Jenyns, 1839
Cimex dissimilis Horvath, 1910 C. stadleri Horvath, 1935

V minulosti popsana diverzita souvisi spiSe s adaptacemi na konkrétniho hostitele, nez
se vznikem novych druhi. Patrné€ az na jedinou vyjimku, ktera souvisi s vyznamnou zménou
hostitele, z tradicniho hostitele (netopyra) na velmi vzdaleného hostitele (Clovéka) a to u
druhu C. lectularius. Balvin et al. (2012a) popsali zna¢nou divergenci v mitochondrialni i
jaderné DNA a morfologii mezi C. lectularius parazitujici na ¢lov€ku a netopyrech a ukazuji,
ze se obé linie Sténic oddelily jiz pred desitkami tisic let v dobé posledniho interglacialu
v souvislosti s disperzi moderniho ¢lovéka z Afriky (Armitage et al. 2011). Dalsi studie
(Booth et al., in press), kdy autofi vyuzili jaderné markery, mikrosatelity, nezjistila zadny
geneticky tok mezi liniemi §ténic parazitujicich na ¢lovéku a na netopyrech. Mohlo by se tak
jednat o ptipad sympatrické (alloxenické) speciace, pravdépodobné v disledku dlouhodobého
vyuzivani riznych hostiteltl. Obé linie jsou od sebe téZ rozpoznatelné morfologicky.

Balvin et al. (2012a) dokladaji, ze ukryty synantropnich netopyra jako M. myotis a M.
emarginatus poskytuji v soucasnosti jediny typ ukrytu ptivodnim divokym populacim Sténice
C. lectularius na vétSin€ uzemi Evropy. Synantropizace téchto druhli netopyri, stara nékolik
stoleti, umoznila Sténicim snadné $ifeni mezi lidskymi ptibytky. Lze pfedpokladat, Ze by se
ob¢ hostitelské linie mohly opakované potkavat a opétovné se pafit. Na druhou stranu

opakovand a stidle se prodluzujici odd€lenost obou linii, prohlubovand rostouci
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“civilizovanosti” ¢lovéka (odstartovand napt. jiz pouzivanim ohné v jeskynich, Maestre
2013), mohla vést k tvorb¢ pre- i post-kopulacnich reprodukénich bariér jiz daleko drive.

Zcela odlisné zivotni strategie obou hostitell vedly k postupné adaptaci linii na
jednoho nebo druhého hostitele. Balvin et al. (2012a) uvadéji, ze Sténice pochazejici z
netopyrl jsou veEtsi, vyznacuji se vétSim poctem sét a maji relativné kratsi télni vybeézky jako
tykadla, rostrum a koncetiny. O tom, Ze obé& linie vykazuji znacny stupenn potravni speciace,
pojednava studie zaloZzena na experimentech, kdy byly S$ténice C. lectularius, sebrané
v ukrytech netopyrt, krmeny lidskou krvi a naopak $ténice z lidi byly krmeny netopyii krvi
(Wawrocka & Bartonicka 2013).

Pro uplnost charakteristiky skupiny C. lectularius zbyva dodat, ze Simov et al. (2006)
publikovali popis nového druhu Sténice Cimex emarginatus Simov, 2006. Populace této
Sténice byla objevena v Bulharsku jiz vroce 1998 v kolonii netopyra brvitého, Myotis
emarginatus (Geoffroy, 1806), od né¢hoz je odvozen i druhovy nazev $ténice. Jeji postaveni
v systému ziastava pro nejednoznacnost morfologickych a molekularnich dat prozatim
nevyjasnéno, zda se ale, ze by mohlo jit o druh pfibuzny C. lectularius s. stricto (O. Balvin,
ustni sdélenti).

Mezi zéstupci Celedi Cimicidae bylo v minulosti provedeno nékolik hybridizac¢nich
experimentl testujicich ptitomnost reprodukcnich bariér (napt. Ueshima 1964, Usinger 1966).
V tadé ptipadi byla u hybridii potvrzena sniZzend fitness. Hybridi byli ziskdni mezi blizkymi 1
vzdalenymi druhy (Usinger 1966), coz dokldda maly vyznam pre-kopulacnich bariér.
V soucasnosti dokoncujeme studii zalozenou na hybridizaci mezi hostitelskymi liniemi
Sténice C. lectularius. Ptestoze sporadicky dochazi mezi smiSenymi rodiCovskymi pary ke
kopulacim a detekci spermatu v abdomenu samic, pafené¢ samice nekladou vajicka. To by
ukazovalo na pritomnost post-kopulacni bariéry (Wawrocka et al., in prep.). V tomto piipadé,

Mrwe

hostitelem, je absence pre-kopulacnich bariér pochopitelna (Balvin & Bartonicka, in press).

3.5 Zivotni cyklus §ténic a piefivini v tikrytech netopyrii

Nasledujici informace odpovidaji specifikim skupiny druhlt C. pipistrelli a C.
lectularius. Zastupci ¢eledi Cimicidae jsou oviparni. VSech pét nymfélnich instard i adultni
jedinci ziji v tkrytech netopyrt nebo ¢loveka, nikoliv pfimo na téle hostitele (Usinger 1966).
Samice jsou schopny klast vajicka dokonce bez nasati krve hostitele. Rust a vyvoj Sténic je
velice rychly, pfi teploté¢ mezi 18 a 25°C se larvy za 30 dni pétkrat svléknou (Obr. 4).

Posledni instary nepotiebuji k dal§imu vyvoji zddné specialni podnéty a jsou-li pfitomni
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v tkrytu 1 samci, mohou dosp¢€lé samice produkovat prvni vajicka jiz do 5 dni po pohlavnim
dospéni. V experimentalnich chovech vSak k prvnim sniSkdm dochazi 14 — 20 dni po
metamorféze na imago (T. Bartonicka, vlastni pozorovani). Rychly vyvoj umoziuje Sténicim
v ukrytu dosdhnout vysokych abundanci zahy po jeho osidleni netopyry. Samice je schopna
denni produkce 2 - 4 vajicka. Celozivotni sniska pak presahuje 1 500 vajec (Davis 1964),
obvykle je to viak méné. Sténice saji v intervalu nékolika dni a jsou schopny nékolik mé&sicti
hladovét (az 1,5 roku), coZz jim umoznuje preckat zimni obdobi nebo nepiitomnost hostitele
v ukrytu (Johnson 1942, Povolny 1957, Overal & Wingate 1976, Marshall 1982). Pti vhodné
teploté¢ a optimalni dostupnosti hostitele se vSak Sténice dozivaji kolem jednoho roku. Usinger
(1966) sledoval, ze teplota a vlhkost ukrytu vyznamné ovlivituje piezivani vSech vyvojovych
stadii a také ochotu ke kopulaci. Sténice vsak preferuji celkové niz§i teplotu tkrytu nez
vétSina ektoparazitl, nebot’ se na hostiteli zdrzuji pouze kratkodobé po dobu krmeni (Usinger
1966). Mimo dobu krmeni je lze najit v poCetnych skupinach ve Skvirach tramt nebo
v zahybech polstrovani nabytku (Obr. 5). Vyssi teplota naopak miize snizovat jejich fitness
(Reinhardt 2007). V soucasnosti existuji pouze ojedinélé informace o tom, zda zmény
mikroklimatickych podminek a délka hladovéni pisobi odlisSné na ptezivani jednotlivych
vyvojovych stadii, poptipadé¢ pohlavi (srv. Funakoshi 1977, Overal 1980). Dosavadni
informace o délkach hladovéni (az 250 dni) dokladaji znacnou odolnost imag (Dubinin 1947,
Southwood 1954). Zdali jsou vSak schopny podobného hladovéni 1 dalsi instary, neni znamo.
Doba hladovéni s nédslednou schopnosti sat krev po znovuobjeveni se hostitele v ukrytu je
vSak zasadni pro predikci density $ténic pifi opétovném osidleni tkrytu hostitelem a je
kli¢ovym momentem pro pochopeni souvislosti stupné parazitace ukrytu a nasledného stfidani
ukrytl netopyry.

Bartonicka & Gaisler (2007) zjistili, Ze absence hostitele v tkrytech, spolu s vysokymi
teplotami, vede ke snizeni poctu dospélych sténic a jejich vyvojovych stadii na méné nez
polovinu ptivodniho poctu. Na prezivani §t€nic ma bezesporu velky vliv teplota a vlhkost
(Usinger 1966). Nicmén¢ az do soucasnosti jen malo vyzkum feSilo ekologické vztahy mezi
teplotou a prezitim jednotlivych instard po rizné dlouhém hladovéni (Funakoshi 1977, Overal
1980). Predchozi studie ukazaly u $ténic na vysokou toleranci k dehydrataci (az 40 % ztraty
vody v téle) a odolnost viici vysokym teplotam (35-40°C) (Dubinin 1947, Southwood 1954).

Rivnay (1932) testoval vliv vlhkosti v rozmezi 10-70% na ontogenezi C. lectularius.
Nezjistil vSak zadné signifikantni rozdily v ristu ani svlékani nymf, vliv vlhkosti byl
zanedbatelny. Lze vSak ocekdvat, ze zejména v korelaci s vysokou teplotou v pfirozenych

ukrytech budou mit prvni instary s vy$§im obsahem vody v téle horsi piezivani (Jones 1930,
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Johnson 1960, Usinger 1966). Reinhardt et al. (2008a) porovnavali teploty v ukrytu kaloné
egyptského (Rousettus aegyptiacus) a v refugiu $ténice Afrocimex constrictus. Zjistili, Ze
Sténice se rad¢ji za kaloni kazdou noc piesouvaji nékolik metril, nez by riskovali travit celou
dobu v ukrytu s vyssi teplotou, ktera se negativné projevuje na Uspésnosti jejich reprodukce.
Z jejich vyzkumu vyplyva, ze 1 pomérné maly teplotni rozdil mutze ovlivnit fekunditu

ektoparazita.

C

R~
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(f,,f,,% Takes & blood meal then malts,
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Takes a I:Er.l! meal then molis.

Life Cycle of the
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Obr. 4. Zivotni cyklus $ténice domaci (Cimex lectularius) (pfevzato z Usinger 1966).

Obr. 5. Ukryty §ténice C. lectularius v bytech najdeme &asto v zahybech polstrovani nabytku
(foto T. Bartonicka).

Ptezivani Sténic (Cimex spp.) je daleko vice ovliviiovano okolni teplotou nez je tomu u
permanentnich ektoparazit. Délka ontogeneze Sténic je limitovana mikroklimatickymi

podminkami v ukrytu hostitele a dobou, kdy je hostitel pfitomen. Doba pobytu hostitele je
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v tkrytu omezena zejména u Sténic parazitujicich netopyry. Toto omezeni by mohlo ovlivnit
abundanci §ténic v tkrytu a zpusobit asynchronizaci mezi reprodukci ektoparazita a hostitele.
Bartonicka (2010) zjistil rozdilnou pravdépodobnost piezivani u  jednotlivych
ontogenetickych stadii v rozmezi teplot 5-35°C. Nejvyssi prezivani bylo zjisténo u samicich
imag a nymf 4. a 5. instaru. C. pipistrelli byla t€z tolerantné;jsi k vysSim teplotdm ve srovnani
s C. lectularius. Sténice C. pipistrelli z netopyrtt mé&ly kratsi ontogeneticky cyklus neZ §ténice
C. lectularius parazitujici na clovéku. Schopnost Iépe pieZivat pii vysokych teplotach (35°C)
u druhu C. pipistrelli je pravdépodobné dusledkem jejiho dlouhodobého souziti s netopyry,
jejichz ukryty se v letnich meésicich snadno piehtivaji. S druhem C. lectularius se lze
v netopyfich tkrytech setkat t€z a dokonce je u nékterych druhti ¢astéjSim parazitem nez C.
pipistrelli. Nedavné studie vSak ukazuji, Ze Sté€nice druhu C. lectularius tvoii dvé oddélené
linie parazitujici na lidech a netopyrech (Balvin et al. 2012a, Wawrocka & Bartonicka 2013).
Zdali je tolerance k vy$$im teplotdm i u $ténic C. lectularius z 1idi nez téch z netopyrt, neni

prozatim znamo, Ize to vSak ptredpokladat.

3.6 Sténice, jeji Siveni a jako vektor patogenii
V poslednim desetileti doSlo k prudkému nartstu poctu nového vyskytu §ténic druhu

C. lectularius parazitujicich na ¢lovéku (Reinhardt & Siva-Jothy 2007). Stejni autoii uvadéji,
ze prudky narast incidence v poslednich letech je charakteristicky pro tzv. zapadni svét -
Ameriku a Evropu. Pfi¢ina nariistu je patrné¢ velmi komplexni, at’ jiz souvisi s novymi
zpisoby bydleni, zélibou ve starozitném a pouzitém nabytku, v némz mohou byt Sténice
ukryty, uc¢innéjsi klimatizaci, novymi zplsoby oblékani, ¢astéjsi ptitomnost domécich zvitat v
bytech, rozvojem letecké dopravy (Dogget et al. 2004) nebo prosté pouze se skutecnosti, ze
dnesni lid¢ Sténice nepoznavaji (Seidel & Reinhardt 2013). Napf. v Angliii predkladanou
Sténici spravné urcilo pouze 10% dotdzanych z 358 osob (Reinhardt et al. 2008b).

Za dal8i moznou pfic¢inou ndvratu §ténice domaci v poslednich letech byly povazovany
restrikce poctu insekticidii a pouzivani insekticidl se specifickou ti¢innosti jen na urcity druh
hmyzu, jiny nez $ténice. U §ténice domaci odchycené v lidskych obydlich n€kolika statih USA
a ve Velké Britanii byla zjiSténa extrémné vysoka rezistence k pyrethroidiim, deltamethrinu,
cyhalothrinu, cypermethrinu a ke karbamatim, které se na celém svété k jejich hubeni
pouzivaji nejcastéji. Publikované vysledky naznacuji, Ze jde o fenomén rozsifeny i v jinych
statech (Romero et al. 2007). Tato rezistence je ovladana nckolika nelplné dominantnimi

geny, takZe soucasné se Sténicemi se §iii 1 jejich vysoka rezistence (Ledvinka et al. 2008).
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Studie Balvin et al. (2012a) a Booth et al. (in press) ukazali, Ze narast Sténic C.
lectularius parazitujicich na lidech v poslednich letech, nesouvisi s pfenosem S$ténic
z netopyrti a obé linie jsou dobfe odd&leny. Sténice na Elovéka piesly patrné z netopyri, kdyz
kdyz spole¢né obyvali jeskyné (Sailer 1952, Usinger 1966, Usinger & Povolny 1966). Odtud
se Sténice s novymi hostiteli presunuly do lidskych obydli, ktera jim klimaticky vyhovovala
jesté 1épe. V tomto kontextu je velmi zajimava kombinace ztraty ochlupeni u ¢lovéka a jeho
naslednd parazitace ukrytovymi parazity jako rozto€i nebo Sténicemi v souvislosti
s pouzivanim obleceni a dlouhodobych ukryti (Rantala 1999). K vystavbé trvalejSich
pribytkd dochézelo v souvislosti s rozvojem zeméd¢lstvi nékdy mezi 5 - 8 tisici lety pf. n. L.
Sténice se objevily jako ektoparazité ¢lovéka jiz v prvnich psanych dokumentech. V pribéhu
20. stoleti napomohly jejich Sifeni ob& svétové valky. Sténice expandovaly diky piesunu
velkého mnozstvi lidské populace a rovnéz diky pasivnimu pfenosu rtiznymi dopravnimi
prostiedky (Whitfield 1939). S masivnim zavedenim postiikti infestovanych byt ptipravky
DDT béhem 2. svétové valky a piredev§im po ni doslo k témét tplné likvidaci Sténic, do té
doby zcela béznych v lidskych obydlich. Navic po 2. svétové valce dochazelo k nahrazovani
dfevénych rama posteli kovovymi, coz znaéné¢ omezilo moZznosti ukrytu Sténic a soucasné
usnadnilo jejich kontrolu (Potter 2008) a tedy v€asné rozpoznani jejich pfitomnosti a jejich
naslednou likvidaci.

Hostitelé jsou obvykle $ténicemi pokouséani v noci béhem spanku. Sténice probodavaji
kazi a do ranky vpoustéji antikoagulanty a dal$i latky jako hydraluroniddzy, protedzy a
kinazy. Krev saji pfimo z vlasecnic, ale mohou sat i krev z poskozenych tkani. Protoze sliny
Sténic obsahuji anestetikum, je kousnuti prakticky bezbolestné a misto vpichu neni citit
mnoho hodin. V disledku velmi pozdni reakce si 1lidé obvykle S$ténice jako plvodce
neptipoustéji, coz vyznamné usnadiiuje jejich Sifeni (Reinhardt & Siva-Jothy 2007). Do rany
vSak pii vpichu pronikaji i dalsi antikoagula¢ni, vasodilataéni (napt. oxid dusnaty) a
proteolytické latky (napft. apyraza), které obvykle zpiisobuji prudkou alergickou reakci (Davis
et al. 2009).

Kolem vpichu se tvoii typické kozni 1éze - svédivé erytematdzni maculopapuly, které
maji 5 mm az 2 cm v pruméru, s centralnim hemorhagickym véackem. Vicecetna kousnuti
Sténic Casto sleduji piimky nebo kiivky (Obr. 6). Pocty vzniklych lezi se pohybu;ji od nékolika
do mnoha desitek za noc, v zavislosti na abundanci §ténic v ukrytu. Sténice na t&lech netopyri
pfednostné saji na neosrsténych blanach, u clovéka na neobleCenych zénach téla (Obr. 6). U
¢lovéka nekdy erupce napodobuji koptivku. Léze obvykle zmizi po 2-6 tydnech, ale lokalni

hyperpygmentace miize pretrvavat 1 déle (Kolb et al. 2009, Reinhardt et al. 2009). Klinicky
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obraz je zavisly na imunokompetenci a pfedchozi expozici napadeného ¢lovéka. Komplikace,
vyplyvajici z ptipadné sekundarni bakteridlni infekce jsou vysledkem rozskrabéni a exkoriace.
Kolb et al. (2009) uvadi Uplnou necitlivost k bodani Sténic bez naslednych reakci i pfi
opakovaném napadeni asi u 20% lidi. Ti pak mohou byt spolehlivymi hostiteli a uspésnymi
Sititeli Sténic. V této souvislosti je jedinou spolehlivou diagnézou nalez zivych Sténic. Kromé

dlouhodobého svédéni trpi napadeni lidé ¢asto nespavosti a psychickym stresem.

Obr. 6. Ukéazka umisténi vpichl a sani Sténici domaci C. lectularius. a) u ¢lovéka na
nekrytych ¢astech téla s jemnou kizi, obvykle v fadach za sebou (pfevzato z Delaunay et al.

2011) a b) Sténice sajici na létacich blanach mladéte M. myotis (foto R. Lucan).

Sténice, jakozto v minulosti bézny ektoparazit ¢lovéka, je tedy logicky i v centru
parazitologického vyzkumu jako mozny vektor vyznamnych onemocnéni. Delaunay et al.
(2011) uvadi na 40 patogeni (bakterii, plisni a virt), které byly nalezeny v travicim traktu,
vykalech, na povrchu téla ¢i ve slinach sténic z volné ptrirody nebo z laboratornich chovi.

Zajimavy je vSak rozpor ve zjisténych vysokych hustotach patogenti v téle $ténic po
jejich umélé infekci v laboratofi a soucasné velmi nizkych poctech prenaSenych patogenii pii
sdnich. Predpokladd se, ze za timto rozporem stoji zvlastni reprodukéni biologie skupiny.
Sténice jsou totiZ jedinou skupinou krevsajicich ¢lenovctl, ktefi maji traumatickou inseminaci.
Opakovany vstup patogenti do téla Sténic sice souvisi s kratsi délkou Zivota samic¢iho imaga
(Reinhardt et al. 2005), ale soucasné mize byt selek¢nim faktorem pro optimalizaci imunitni
odpovédi opakovanou stimulaci systému. Piestoze vétSina starSich studii (napt. Burton 1963)
nedoklada, Ze by sténice byly vyznamnym vektorem infekénich onemocnéni, je nutno uvazit i
skuteCnost, ze se tyto studie zamérovaly na patogeny obecné malo pienasené krevsajicimi
¢lenovci (napt. HIV; methicilin-rezistentni Staphylococcus aureus — MRSA; hepatitis B, C, E;

Goddard & deShazo 2009, Doggett et al. 2012). Soucasné vsak bylo identifikovano pouze
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minimum patogenii v reakci na propuknuti konkrétniho lidského onemocnéni. Studie na
arbovirech (Adelman et al. 2013) uvadi zjiSténi vétSiny druhii az teprve intenzivnim

2

identifikace a charakterizace enzootickych pfenosovych cykla.

3.7 Vliv §ténic na chovani netopyru
Vysoky pocet ektoparaziti nalezenych na samicich a mlad’atech v obdobi po porodech

muze signalizovat synchronizaci popula¢niho cyklu ektoparazit — hostitel, a tim snizeni
komfortu ve stavajicim ukrytu. Lewis (1996) zjistila pozitivni korelaci poctu ektoparazitl
s nizkou vahou kojicich samic. Na druh¢ stran¢ je nutno efekt parazita chapat jako proménnou
siln¢ zavislou na jeho populacni hustot¢ v ukrytu a je zfejmé, Ze spoctem roste i
intraspecifickd kompetice (Jaenike 1996). Obecné se proto predpoklada, Ze parazitace neni
divodem ptimého tthynu hostitele, ale spiSe jeho oslabeni (srv. Zahn & Rupp 2004) a zvysené
potieby zmény ukrytu vedouci k vy$§§imu komfortu. Na druhou stranu tlak ze strany parazita
nebude zanedbatelny, jelikoz fada experimentdlnich i1 terénnich vyzkumt ukdzala, ze
ektoparaziti mohou snizit hnizdni GspéSnost svych hostitelti (Loye & Carroll 1991, deLope &
Mopller 1993, Richner et al. 1993, Christe et al. 1996).

Synchronizace reprodukcéniho cyklu roztoc¢i, nejbeznéjSich ektoparaziti netopyra,
byla opakované publikovana s ohledem na rtizné hostitelské druhy (napf. Christe et al. 2000,
Lucan 2006). Podobna synchronizace byla zjiSt€éna mezi netopyrem velkouchym (M.
bechsteinii) a muchuli Basilia nana (Reckardt & Kerth 2006). Metamorfovani dospélci této
muchule pietrvavaji v pupariu tydny v ukrytech netopyra a ¢ekaji na navrat hostitele. Po
obsazeni ukrytu netopyry dochdzi k jejich rychlému uvolnéni z obalu a takika okamzitému
pfichyceni na téle nového hostitele. Samice netopyrit vSak rozpozndvaji vicekrat obsazené
ukryty s vysokou pravdépodobnosti vyskytu kukel a vyhybaji se jim (Reckardt & Kerth
2007). Iméga jsou uz pak permanentnimi ektoparazity netopyra a télo hostitele s vyjimkou
kladeni vajicek viibec neopoustéji. Podobna synchronizace vyvojovych cykll byla zjisténa i u
blech hlodavcti nebo netopyrti. Po opusténi kukly se imago blechy stejn¢ jako muchule
zdrzuje jesté néjakou dobu v pupariu a ¢ekd na mechanicky stimul ukazujici na blizkost
nového hostitele. Na vibrace reaguje opét velmi rychle, opousti kokon béhem jedné minuty a
dokaze se prichytit na hostiteli az ve vzdalenosti 20 m (Rosicky 1957). Schopnost vyhnout se
infestovanym hnizdim byla zjisténa i u nékterych ¢asto ve skupinach ¢i kolonialné hnizdicich

druhti ptakt (Opplinger et al. 1994, Rendell & Verbeek 1996).
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V praci Bartonicka & Gaisler (2007) jsme se vénovali sledovani cyklu Sténic
v umélych ukrytech netopyri, v netopyfich budkach, v pribéhu vegetatni sezoény.
Modelovymi druhy byl Pipistrellus pygmaeus a Sténice Cimex pipistrelli. Po pfiletu
gravidnich samic netopyrd v kvétnu byly v budkach pozorovany predevsim imaga Sténic a
pouze n¢kolik jedinci 1. - 3. instaru. Na zacatku Cervna netopyii nékteré budky opoustéli

tésné pred porody a obdobi laktace vétSina samic travila v kolonii v nedaleké budové

(Bartonicka et al. 2008).
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Obr. 7. Zmény v poctu imag, 1. - 3. a 4. - 5. instarQ Sténic s ohledem na reprodukéni faze

hostitele. Body v box-plotech oznacuji priméry a boxy smerodatnou odchylku.

Béhem obdobi absence hostitele v netopyfich budkach doslo k vyznamnému sniZeni

poctu vSech vyvojovych stadii, na vice jak 50% ptvodniho poc¢tu (Obr. 7). Paté instary
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metamorfovaly v iméaga béhem cervence predchoziho roku, a jelikoz se obvykle dozivaji
pouze jednoho roku (Usinger 1966), jejich ubytek koresponduje s pfirozenym vymirdnim. Za
pocetni redukci nymf, zejména 1. - 3. instarii, vSak stoji zjevné nepfitomnost hostitele. Rané
instary metamorfuji do dalSich stadii béhem 4-7 dnti a v kazdém stadiu pottebuji na hostiteli
sat (Usinger 1966).

Ukézalo se, ze kratkodoba nepfitomnost netopyri v budkidch vyznamné omezi
abundanci Sténic, at’ jiz divodem pro opusSténi docasnych ukrytii jsou klimatické vyhody
prostornéjsiho tkrytu v budové v pribéhu laktace nebo pfimo antiparazitarni chovani. Obdobi
absence hostitele prezivaji pouze vajicka a nékolik jedinci starSich vyvojovych stadii.
Opctovné zvySeni poctu Sténic bylo zjiSténo az po piiletu samic netopyri a cCerstvé
odstavenych mlad’at. Na poc¢atku srpna uZ v budkach nebyla nalezena zadna nova vajicka. Je
tedy zfejmé, Ze nepiitomnost Stérbinovych netopyri v laktaci v ukrytech intenzivné
vyuzivanych béhem gravidity a v postlakta¢nim obdobi zabrani masivnimu namnozeni $ténic
znamému z kolonii netopyrti vyuzivajicich prostorné pudy budov (Bartonicka & Ruzickova
2012).

Je pochopitelné, Ze antiparazitdrni chovani zaloZzené na stfidani ukrytd ma vyznam
pouze u hostitelskych druhti, které mohou tkryt snadno zménit (napf. jsou schopni snadno
prenést rizné stara mlad’ata). Toto chovani efektivné napomaha prerusit nejen Zivotni cyklus
ukrytovych parazitli, jako jsou Sténice, ale i permanentnich parazitd, je-li ptesun do nového
ukrytu realizovan pied dokonCenim jejich vyvoje (napt. Hausfater & Meade 1982; Lewis
1995, 1996; Roper et al. 2001; Kunz & Lumsden 2003; Peinke & Brown 2005). Frekvence
sttidani ukrytt signifikantné¢ korelovala s abundanci parazita i u jinych savct, napt. Meles
meles (Butler & Roper 1996) nebo Parotomys brantsii (Roper et al. 2002). U netopyrii byla
stejné korelace zjiSténa napft. i u druhu Antrozous pallidus (Lewis 1996).

Potifebu zmény ukrytu v souladu s rostoucim poctem ektoparazita v tkrytech by mély
doprovazet dalsi typy chovani. Takovym vyraznym chovanim ve vztahu k parazitaci je
bezesporu grooming. Velmi maélo je v§ak zndmo o Grovni groomingu vyvolanym ukrytovym
parazitem. Bartonicka (2007, 2008) se proto vénuje vyznamu auto a allogroomingu u
netopyrt v uméle infestovanych ukrytech v experimentalnich podminkach. Ve voliéfe byly
instalovany dvé netopyti budky, jedna s riiznym poctem Sténic a druhd bez Sténic slouzici
jako nahradni ukryt. Byly zjiStény vyznamné rozdily v urovni autogroomingu, ve frekvenci
presunt jednotlivych netopyrit v budce a netopyrd, ktefi budku opustili. Allogrooming byl
pozorovan pouze v nékolika malo ptipadech (Obr. 8). Sténice po né&jakou dobu (pfiblizné 20

minut) po zahdjeni experimentu nejsou schopny na netopyrech sat, a to z davodu nizké
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télesné teploty hostitele. Sani je mozné az tehdy, kdyz teplota alespoii jednoho hostitele ve
skupiné dosdhne hodnoty, kterd je pro ektoparazita atraktivni. Experiment téZ ukazal, ze
Sténice napadaji prvniho netopyra, ktery se probouzi z denniho torporu, a ten ve snaze zbavit
se ektoparazita budi ostatni hostitele v ukrytu. Netopyii, vyruseni sinim vétsiho poctu Sténic,
kdy autogrooming a piesun v ukrytu nevede k setfeseni ektoparazita, infestovany ukryt
opoustéli. Z takovych ukrytd odlétali vyznamné castéji, nez z budek kam Sténice nebyly

ptidany.
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Obr. 8. Uroveii auto- a allogroomingu, podet piesunil jednotlivych netopyrti v budce a pocet

number of bat bugs

netopyrt, ktery budku opustil ve srovnani s kontrolou, kdy do budek nebyly aplikovany
Sténice. (**) ukazuje signifikantni rozdil (p < 0,001) mezi experimenty s odliSnym poctem
ektoparaziti a (*) rozdil ve sledovanych proménnych mezi experimenty s aplikaci
ektoparazita a bez néj. Body v box-plotech znaci priméry, boxy smeérodatné odchylky a

»Whiskers* min-max hodnoty.
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Nebyla zjisténa spoluprace dospelych samic pifi groomingu ani snaha zbavit vlastni
mlad’ata Sténic, a to dokonce navzdory jejich vys$si parazitaci. Na mlad’atech je vSak vysoky
pocet ektoparaziti nalézan opakované (napf. Criste et al. 2000). Na druhé stran¢ neexistuje
piiméa korelace mezi poétem ektoparaziti v tkrytu v pribéhu laktace a pravdépodobnosti
preziti prvniho roku. Proto bude v budoucnu vhodné porovnat délku odstavu mlad’at, ktera se
obvykle pouziva jako hlavni ukazatel fitness (u ptakd napf. Brown & Brown 1998), mezi

infestovanymi a neinfestovanymi tkryty.

3.8 Hostitelska specifita Sténic
V piipad¢ celedi Cimicidae nelze mluvit o vyraznéjsi hostitelské specifité¢ celedi a

Casto ani jednotlivych druht. Spektrum S$ténicemi parazitovanych druhd je obecné dosti
Siroké. Tradicné vSak chybi dostatek udaji pro stanoveni kompletniho vyctu hostitelt
konkrétniho druhu. Pfestoze monoxenni druhy S$ténic existuji (napt. Primicimex cavernis
Barber, 1941 parazitujici zfejmé pouze na netopyrovi Tadarida mexicana), daleko Castéji se
setkame s druhy vyuzivajicimi vice nez jednoho hostitele.

Castgji vsak jeden druh $ténice preferuje jednoho hostitele jako hlavniho a pouze
ptilezitostné tvoii populace (démy) na jinych hostitelskych druzich. Takovym ptikladem je
tieba Sténice Cacodmus vicinus Horvath, 1934, parazitujici pfedev§im na netopyrovi jiznim
Pipistrellus kuhlii (Quetglas et al. 2012). Naopak modelové druhy skupiny druhti Cimex
lectularius a C. pipistrelli parazituji fadu druhi netopyri zejména z celedi Vespertilionidae,
dale pak ¢loveka, hlodavcee, lasicovité Selmy a nékolik druhli ptakit (Wawrocka & Bartonicka
2013). V celedi Cimicidae je vSak obtizné najit Gplné hostitelské generalisty. Jako druhy
parazitujici na vice ¢eledich ¢i dokonce fadech lze uvést Haematosiphon indorus Duges, 1892
(ptaci, Usinger 1966) nebo Stricticimex antennatus Ferris and Usinger, 1957 (netopyii, Overal
& Wingate 1976).

Jelikoz v dil¢ich studiich habilitaéni prace neni detailné prezentovano hostitelské
spektrum studovanych Sténic C. lectularius a C. pipistrelli s.l., ale studie Bartonicka &
Ruazickova (2012) a Wawrocka & Bartonicka (2013) se spektrem hostitelti dale pracuji, proto

pfedkladdm seznam hostitelskych druhii netopyra zde.

26



Tab. 2. Seznam hostitelskych druhi netopyrit Cimex lectularius a skupiny C. pipistrelli.

Vychézi z literarni reSerSe a zahrnuje 1 idaje v tisku.

Druh netopyra

Literarni zdroj

Cimex lectularius

Pipistrellus kuhlii

Abul — Hab 1979 podle Lanza 1999

Pipistrellus pipistrellus

Rybin et al. 1989

Vespertilio murinus

Dubinij 1947 in Povolny 1957

Nvctalus leisleri

Walter 1996

Nvctalus noctula

Heise 1988

Ebptesicus serotinus

Baagoe 2011

Mvotis mvotis

napf. Povolny 1957, Usinger 1966

Mvotis oxvenathus (blvthii)

Usinger 1966 (Tagil’cev 1971 jako Cimex sp.)

Mvotis mvstacinus

Poppius 1912 in Usinger 1966

Mvotis daubentonii

Wagner 1967, Bogdanowicz 1994

Mvotis emareinatus

Proti¢ & Paunovi¢ 2006, Balvin et al. 2012

Plecotus auritus

Balvin et al. 2012b

Cimex pipistrelli s.l.

Pipistrellus kuhlii

Abul-Hab & Shihab 1990 podle Lanza 1999

Pipistrellus pipistrellus

Jenyns 1839

Pipistrellus pvemaeus

Bartonic¢ka 2007, Bartoni¢ka & Gaisler 2007

Pipistrellus nathusii

Heise 1988, Dietz & Walter 1995, Walter 1996

Vespertilio murinus

Horvath 1935

Nvctalus noctula

Povolny 1957, Southwood & Leston 1959, Dietz & Walter 1995

Nvctalus leisleri

Nelson & Smiddy 1997, Morkel 1999, Kristofik & Karnuch 2006

Nvctalus lasiopterus

Balvin et al. 2012b

Ebptesicus serotinus

Southwood & Leston 1959, Heise 1988

Mvotis mvotis

Lederer 1950, Usinger 1966

Mvotis oxvenathus (blvthii)

Tagilcev 1971 jako Cimex sp.

Mbvotis bechsteinii

Morkel 1999

Mbyotis brandtii

Heise 1988, Dietz & Walter 1995, Walter 1996

Mvotis daubentonii

Heise 1988, Dietz & Walter 1995, Walter 1996

Mvotis dasvcneme

van Rooij et al. 1982, Walter 2004

Mvotis mvstacinus

Kerzhner 1989

Mvotis nattereri

Balvin et al. in press.

Mvotis emareginatus

Usinger 1966

Rhinolophus ferrumequinum

Usinger 1966

Rhinolophus eurvale

Balvin et al. in press.
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V pfipad¢ obou druhii vrapenct byly Sténice nalezeny ve smisenych reprodukcnich
koloniich se samicemi druhii Myotis myotis a/nebo M. emarginatus. Samice vrapencil si
v koloniich udrzuji vzajemnou vzdalenost nékolik centimetrti (Dietz et al. 2007). Jedinou
vyjimkou jsou dny s nizkou teplotou v dob¢€, kdy mlad’ata jesté nemaji vyvinutu schopnost
termoregulace. Pak je mozno vidét samice nahloucené ve skupin€¢ podobné jako u druhu
Celedi Vespertilionidae (T. Bartoni¢ka, osobni pozorovani). Rozvolnéné kolonie ziejmé
neposkytuji dobré Zivotni podminky k rozvoji populaci §ténic. Je tedy vysoce pravdépodobné,
ze Sténice byly nalezeny ve smiSenych koloniich pravé diky pfitomnosti druhit Myotis, u
kterych se naopak samice opakované shlukuji. Navic prvni néalezy Sténic na téchto druzich
vSak nepochazeji pfimo z kolonie, ale z leticich jedincti odchycenych do harfové pasti (Proti¢

& Paunovi¢ 2006).

Podobné nevyjasnéna situace je s parazitaci netopyri rodu Plecotus. Teprve nedavno
byla nalezena S§ténice na jedinci Plecotus auritus odchyceném mimo ukryt (Balvin et al.
2012b) (Tab. 2). Stredoevropské druhy Plecotus auritus a Plecotus austriacus tvoii obvykle
kolonie o nékolika kusech a ptestoZze u nich byly Sténice systematicky hledany, nebyly
v koloniich samic nalezeny (Heise 1988, Rupp et al. 2004). Pétina letnich tkrytt netopyru,
kazdoroéné monitorovanych na tizemi Ceské republiky, je sdilena druhy rodu Plecotus i
druhy, které¢ bézné Sté€nice hosti jako M. myotis a M. emarginatus (Bartonicka & Gaisler
2010). Pfesto vSak nebyla dosud zaznamendna opakovana parazitace netopyri Plecotus a
Rhinolophus spp. a lze je tedy povazovat pouze za prilezitostné a spiSe nevhodné hostitele
Sténic. Nelze vSak vyloucit, Ze se zde potykame pouze s nedostatkem informaci z terénu, na
coz mohou ukazovat vysledky diplomové prace Zednikové (2010). Autorka provadéla
experimenty hostitelské specifity Sténic skupiny C. pipistrelli a ukazala, Ze S$té€nice jsou
schopny sat 1 na netopyrech rodu Plecotus a vrapencich Rhinolophus hipposideros.

I pfes pomérn¢ malou hostitelskou specifitu §ténic je zfejmé, ze fada druhti netopyra
slouzi Sténicim pouze jako obcasni hostitel¢, na kterych St€nice mohou ptezivat snad i fadu
generaci. OdliSné pfeZivani parazita mezi hlavnim a vedlejSim hostitelem je dokladovano
opakované z riiznych skupin paraziti. Jejich populace jsou schopny na vedlejsich nebo
prilezitostnych hostitelich prezivat, prestoze ti jsou Caste¢né imunni nebo jinak omezuji
natalitu parazita (Pulliam et al. 2007). Podobnéd situace pravdépodobné nastava u
hostitelskych druhi, které tvofi mélo pocetné reprodukéni kolonie, obvykle pod 20 jedinct
(napt. praveé Plecotus spp., Rhinolophus spp.). Pokud se nizkd pocetnost kolonie navic

kombinuje s ¢astou zménou ukrytu, je pro Casné instary Sténic dostupnost potravy velmi
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omezend. Efektivitu sdni na hostiteli vyznamné redukuje i disperze samic po pudnich
prostorech. Snaha dosdhnout hostitele aktivnim vyhledavanim na vétSi vzdalenosti Casto
selhava (Bartonicka & Ruzickova 2012). Z tohoto diivodu jsou Sténice nuceny vyckat piiletu
hostitele zpét, do mist, které tradi¢né vyuziva. To dokladaji i cetnd podzimni pozorovani, kdy
v fijnu a listopadu jsou v tkrytech pozorovédna pievazné imaga a 4. a 5. instary ve vétSich
poctech pouze v mistech tradicniho vyskytu kolonie, pfipadné piimo pod nim. Na strategii
dlouhého vyckévani jsou zjevné imdga Sténic dobfe vybavena a nespaiené samice bez piijmu
potravy pifezivaji az 2 roky (Usinger 1966). Tato skute¢nost ma zdsadni vyznam pro ochranu
kolonii netopyrt. Pokud je mi znamo, doposud totiz nebyl pozorovan piipad, kdy by $ténice
(zejména C. lectularius) osidlujici ukryt netopyrti na pudé¢ jinak obydlené budovy, napadaly
lidi vyuzivajici dalsi blizké prostory, a to ani v dobé dlouhodobé neptitomnosti netopyrt (zati
- bezen).

Situace v ptipadé druhu C. pipistrelli je ponékud komplikovanéj$i v souvislosti
s vazbou na druhy netopyrti vyuzivajici Stérbinové ukryty. V poslednich desetiletich jsou
znamy pocetné reprodukéni kolonie hostitelskych druhli netopyri jako N. noctula a P.
pipistrellus z panelovych domu. Ty jsou vSak v soucasnosti plosné revitalizovany a ptavodni
ukryty v mnoha pripadech zanikaji bez nadhrady. Tato situace vede ke stale ¢astéjSimu vyskytu
netopyri v novych casto klimaticky suboptimalnich ukrytech, které jsou navic v tésné
blizkosti prostor vyuZivanych clovékem. Stav je navic komplikovan opakovanou
nepfitomnosti hostitele v tkrytu vletnim obdobi a $ténice jsou nuceny vyhledavaji
alternativniho hostitele. Piestoze Southwood & Leston (1959) zjistili omezenou schopnost
reprodukce C. pipistrelli krmené lidskou krvi, tyto Sténice na ¢lovéku saji a dovedou zalozit
pocetnou populaci (T. Bartonicka, J. Safaf, osobni pozorovani). To pochopitelné vede ke
snaze blizky ukryt netopyrti znepfistupnit. Eradikace Sténic je vSak z podobnych prostor
obvykle nemozna a komplikuje praktickou ochranu netopyri, jako zvlasté chranénych druhi.

Dalsim aspektem hostitelské specifity je pritomnost dvou reprodukénich cykli v roce
u Sténic vazanych na netopyry (zejména u druhu C. pipistrelli). Druh C. lectularius, populace
vazané na jiné hostitele, zejména ¢lovéka, se rozmnozuje v prub¢hu celého roku bez omezeni.
Tato cyklicita se u linii parazitujicich na netopyrech ptendsi i do chovnych skupin drzenych
ve standandardnich mikroklimatickych podminkéch s dostatkem potravy (T. Bartonicka, L.
Razickova, K. Wawrocka, osobni pozorovani). Neochota samic sndSet vajicka v podzimnim
obdobi byla opakovan¢ pozorovdna u dospélych samic odchycenych piimo v netopytich

ukrytech. U instarti pak byla zjisténa neochota sat.
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3.5 Transport §ténic netopyry
Disperze Sténic mezi Ukryty hostitelti je nezbytna pro zachovani genetické diverzity

v jednotlivych ukrytech 1 diverzity celé populace. Logickou snahou S$ténic je téz disperze
do novych, doposud neparazitovanych ukrytd. Sténice viak nemaji schopnost letu, proto
jejich prenos probiha vyhradné pasivnim zptsobem.

Na netopyrech odchycenych mimo Ukryty jsou S$ténice zjistovany velmi ziidka
(Bartonicka & Ruzickova 2013). Nalezy Sténic na télech netopyrit mimo jejich ukryty se
tykaji prakticky vyhradné skupiny C. pipistrelli. Ptestoze byly publikovany pouze dva nélezy
C. lectularius na netopyrech, je pravdépodobné, Ze netopyii musi pienaset i tento druh (Heise
1988). Z tidaji uvedenych v publikaci Balvin et al. (2012a), je zfejmé Ze nalezy $ténic C.
lectularius na téle netopyrti na uzemi Evropy souvisi téméf vyhradné s rodem Nyctalus. Na
druhou stranu neni doposud objasnéno, zda a nakolik jsou dosavadni vysledky ovlivnény
nedostatkem informaci. Je totiz jisté, Ze St€nice na svém téle prenaseji i jini netopyfi.

Bartonicka & Riizickova (2013) dokumentovali rychlou kolonizaci sténicemi u budek
obyvanych netopyrem nejmensim (Pipistrellus pygmaeus). Tento druh je druhym v potadi po
n. rezavém, na jehoz téle jsou Sténice mimo Ukryty nalézany opakované (Balvin et al. 2012b).
Ptenos jinymi druhy je vSak ojedinély a v literatufe zminky prakticky chybi. Dalsi, avSak
velmi ojediné€lé, literarni zdznamy pienosu S$ténice jinym netopyrem nez rodu Nyctalus
ukazuji na transport Sténic netopyry druhu Vespertilio murinus (Orlova & Pervusina 2010) a
Myotis daubentonii (Heise 1988). Nove jsou Sténice mimo ukryt uvadény z druht M.
dasycneme, M. myotis a Plecotus auritus (Balvin et al. 2012b). Poslednim druhem, u néhoz
byly Sténice mimo ukryt potvrzeny teprve nedavno, je také M. nattereri (A. Reiter, ustni
sdéleni).

Ptestoze je obtizné vycislit frekvenci pfenost Sténic netopyry, je nepomer ndlezli mezi
druhy rodu Nyctalus a jinymi druhy netopyrt jednoznacny. Heise (1988) uvadi nalez 55 Sténic
ze vzorku 1631 jedincii netopyra rezavého a Rupp et al. (2004) dokonce na 15% jedincii
tohoto druhu (ze 221 zkoumanych jedincit). Obvykle je nalézana pouze jedna az dvé Sténice
na netopyrovi. Pravdépodobné nejvyssi publikovany pocet Sténic nalezeny na jednom
netopyrovi je Ctyfi (Rupp et al. 2004). Bohuzel ve vétSin€é praci neni odliSeno, zda nalezy
Sténic byly uskute¢nény mimo ukryt kolonie ¢i u jeho vletového otvoru, kde je logicky
pravdépodobnost ndlezu Sténice na odlétajicim netopyrovi vyssi nez na lovisti.

Jak vyplyva z databaze soustfedéné Ceskou spolenosti pro ochranu netopyril, netopyr

rezavy tvoii pouze 0,9% (170 ks) z celkového poctu 18388 odchycenych netopyri v letech
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2006-2013 (databaze CESON nepubl., Bartoni¢ka & Gaisler 2010). Nepatii tedy k pravidelné
odchytdvanym druhtm, spiSe naopak.

Temperatni druhy netopyrt béhem dne upadaji do torporu, kdy se teplota téla netopyra
srovnava s teplotou vzduchu (Stones & Wiebers 1965, Stawski et al. 2014). Vyjimkou je
obdobi laktace a kratké obdobi péce o mlad’ata, kdy kojici samice sice upadaji béhem dne do
torporu, ale pouze na kratkou chvili (napt. Klug & Barclay 2013). Je-li vSak télesna teplota
netopyra niz8i nez 30°C (Rivnay 1930), coZ je teplota, nad niZ je Sténice schopna hostitele
najit a sat na ném, hostitel Sténici nepfitahuje (Bartonicka 2008) a $ténice tak maji minimalni
Sanci sat a byt vyneseny ven z ukrytu. Tato uvaha se zda byt podpofena i zjisténim Balvina et
byly kojici samice.

Jak ukazaly experimenty, netopyr nejmensi se pro Sté€nice stava atraktivnim, kdyz
odpoledne zvysuje télesnou teplotu. Teprve v tom okamziku byly Sténice schopny netopyra
napadnout. K rychlému zvySovani teploty netopyrt vSak v experimentech dochazelo az kratce
pted jejich vyletem z budky (Bartoni¢ka 2008). Velmi pravdépodobné Ize ocekavat podobné
chovéni i u netopyra rezavého. Neni doposud znamo, zda je probouzeni z denni letargie u
téchto dvou druhti netopyri néjak odlisné v porovnani s druhy, na kterych $ténice nejsou
mimo ukryt nalézany.

Dal§im moznym divodem castych nélezii Sténic pravé na druhu N. noctula, mize
spocivat v jeho télesné velikosti. Jelikoz patii mezi nejvétsi evropské druhy netopyri, je tedy
pravdépodobné pro Sténice vice atraktivni. Miize tedy zalezet na velikosti plochy vhodné
k pfichyceni a naslednému sani, napt. pii porovnani velkého druhu N. noctula a drobného
druhu P. pygmaeus. Velikost téla vSak pravdépodobné nebude rozhodujici faktor, jelikoz
napt. druh M. myotis dosahuje podobné vahy jako N. noctula a $ténice na ném byly nalezeny
mimo ukryt pouze v jediném piipad¢ (Balvin et al. 2012b).

Vyznamnou roli by mohla mit i tloustka a pevnost létaci membrany. Odolnost viici
zatézi je mezi membranami kiidel jednotlivych druhi netopyra odlisna a u druhu N. noctula
byly zjistény vysoké hodnoty momentu setrvacnosti (Thollesson & Norberg 1991). Ten
pozitivng koreluje se silou I1étaci blany. Jelikoz hodnoty momentu setrvacnosti jsou u druhu .
noctula dvojnasobné nez u jinych druht, lze ptedpokladat, ze se druh vyznacuje obzvlasté
pevnou kiidelni blanou (Quay 1970, Schwartz et al. 2006). Pravé pii odchytech netopyri do
sité¢ je dobfe patrné, Ze je blana siln€js$i nez u velikostné srovnatelnych druhii jako M. myotis
nebo M. dasycneme (T. Bartoni¢ka, osobni pozorovani). Sténice saji pfednostné pravé na

kiidlech a uropatagiu. Proto lze predpokladat, ze N. noctula mize byt méné citlivy na

31



pritomnost Sténic na svém téle a mize vykazovat niz$i miru groomingu ve snaze se Sténic
pted vyletem zbavit. To se v soucasnosti snazime experimentalné otestovat.

Recentni studie zaméfend na genetickou strukturu populaci Sténic C. pipistrelli navic
ukazuje, ze a€ jsou pozorovani transportu velmi vzécnd, dochazi k nim opakované a novy
dém je obvykle zaklddan vice samicemi (Wawrocka et al., in prep.). N. noctula, podobné jako
druhy rodu Pipistrellus, jsou jako vektor idedlni, jsou tazné (napf. Petit & Mayer 2000,
Huttere et al. 2005) a navic opakované stfidaji tkryty i béhem reprodukéni sezony (Kanuch &
Celuch 2004). Dokonce navstévuji vice ukryti beéhem jediné noci (Feyerabend & Simon
2000). Naopak druhy rodu Myotis jsou ve volb¢ tkrytu reprodukéni kolonie velmi tradicni a
vraci se na jediné misto fadu let. Na druhou stranu jaderné markery, mikrosatelity, neukazuji
na zadnou strukturovanost populaci podle hostitelského druhu (Wawrocka et al., in prep.).
Nedavno jsme vSak realizovali sérii experimentt ve voliéte, kde jsme testovali, zda $ténice C.
lectularius dlouhodobé parazitujici na netopyrech, se nechaji z umélych budek vynaset ¢astéji
netopyry druhu N. noctula nebo netopyry druhu M. daubentonii, na kterych téz parazituji. 1
v experimentalnich podminkdch se ukézalo, Ze si Sténice vybiraly vyznamné vice jedince
druhu N. noctula.

Je velmi napadné, ze jsou nalézany na netopyrech mimo jejich tkryty pouze imaga a
to predevsim dospé€lé samice. S ohledem na signifikantné delSi pfezivani samic (Bartonicka
2010) je pravdépodobné, Ze nymfy pii opusténi kolonie maji mnohem mensi perspektivu
kolonizovat novéa stanovisté. Opakovana pritomnost dospélych samic na netopyrech je zcela
nendhodna. Doba sani navic neni u imag vyrazné delsi ve srovnani s nymfami, aby zvySovala
pravdépodobnost jejich vyneseni zukrytu (Bartoni¢ka 2008, 2010). Uspésna kolonizace
nového hostitelského ukrytu Sténicemi vSak predpokladd dvé skutecnosti. Prvni znich je
bezpochyby schopnost preckat v ukrytu do doby pfiletu vétsiho poctu hostitelti. Tento
predpoklad byl opakované potvrzen terénnim pozorovanim transportu dospélych samic, které
maji vyssi prezivani nez nymfy i1 dosp€li samci. Druhou skuteCnosti je potieba pienosu
sparené samice. Spermie jsou pozorovatelné v téle samice pouze po dobu nékolika hodin, a
proto nebylo mozno dostupny material na pfitomnost spermatu vysetiit (Balvin et al. 2012b).
V podminkach voliéry byla testovana i hypotéza, zda se z tkrytli nechéavaji Castéji vynaset
spafené samice nez samice dosud neparené (BartoniCka, in prep.). Nicméné vyznamné vyssi
pocty spafenych samic na vyletujicich netopyrech nebyly zjistény. Zde bude patrn€ nutno vice
uvazit variabilitu chovéani imag samic v prubehu sezony.

Tyto experimenty a fada vySe uvedenych okolnosti potvrzuji, ze Sténice si, pokud

mohou, aktivné vybiraji druh netopyra. K objasnéni diivodu proc¢ tak ¢ini, bude jesté potieba
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provést fadu pokusii. Jednim z nich by mohlo napiiklad byt srovnani rychlosti probouzeni
z denniho torporu u bézné parazitovanych druht.

Zaveérem kapitoly je vSak nutno pouzazat na v téchto detailech omezené znalosti v
chovani netopyrii a §ténic viibec. Urovei poznani, kterd by potvrdila vyse uvedena tvrzeni,
nemusi byt dostacujici, a je nutno pfipustit jistou miru spekulativnosti. V kazdém ptipadé je
v soucasnosti obtizné rozhodnout, zda rozdilna frekvence vyskytu §ténic na riznych druzich
netopyri souvisi s aktivnim vybérem Sténice anebo pouze s odliSnym chovanim a

ukrytovymi strategiemi jednotlivych druhii netopyra.

4. Zavér

Shrnujicim tivodem ptedkladanych publikaci a praci, které s tématem habilitacni prace
uzce souvisi, jsem se pokusil ukézat, ze $ténice jsou dobrym modelem pro vyzkum vztahd
parazit-hostitel zejména v proximatni rovin¢ vzijemnych behaviordlnich odpovédi.
V poslednich letech se Sténice t&$i nebyvalé pozornosti pravé diky jejich uspéSnému Sifeni u
lidi. Sténice jsou viak ptvodnimi hostiteli netopyrti a na &lovéka presly pozdgji, v dobé
vyuzivani spole¢nych prostor. S intenzivnim rozvojem laboratornich detekénich metod
riznych patogeni se lze stale Castéji v 1€katské 1 veterinarni literatufe setkat se studiemi, které
uvadéji letouny jako vyznamné vektory a jejich populace jako refugia fady patogenti. Mnohé
studie jsou vSak Cist¢ laboratorni a patrné tlak ze strany oponentli nebo editori vedou
k doplinovani spekulativnich informaci tykajicich se jejich zoonotickych cykli. Tyto Gvahy,
do jisté miry zneuzivajici informacni deficity v biologii letounti, v§ak nevedou k obecnému
poznani a hlubsSimu pochopeni zavislosti ve volné ptirod¢, spiSe naopak. Vysledkem jsou pak
casto az poplasné tiskové zpravy vedouci sice ke zvyseni atraktivity dané publikace, ale také
v jisté mife k mateni vefejnosti. V dil¢ich studiich ptfedkladané habilitaéni prace jsem se
pokusil ukazat, ze fada drobnych terénnich i1 experimentalnich studii mtize vést k postupnému
objasnéni komplexni problematiky parazitace Sténicemi, od antiparazitarnich strategii
netopyrl, pres hostitelskou specifitu Sténic, po jistou rehabilitaci netopyrit jako hlavniho

prenasece Sténic do lidskych obydli.
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6. Komentar k publikacim

Studie v prvnim tematickém celku byly vedeny spiSe potiebou definovat specifické
chovani netopyrt v rliznych souvislostech jejich ¢asoprostorovych strategii. Diky terénnimu
pozorovani byly odhaleny specifické vzorce ve vyuzivani ukrytd, které nebylo mozno
uspokojivé vysvétlit na zdkladé¢ doposud publikovanych vysledki. Na modelu ukrytovych
strategii netopyrd rodu Pipistrellus byly diskutovany tradi¢né piijimané pficiny vysvétlujici
stiidani ukryti. Dvé studie v tomto tematickém celku (8.1) osvétlily a ¢aste¢né rozporovaly
interpretace ukrytového chovani béznych stiedoevroskych netopyri v souvislosti s dosud
publikovanou literaturou.

Za nejvyznamngj$i vSak povazuji studie v druhém tematickém celku (8.2), které
upozornily na existenci nového mechanismu - parazitaci $t€énicemi, vysvétlujiciho adaptivnost
stiidani ukrytd (studie 3). Treti studie v tomto tematickém bloku (5) demostrovala stfidani
dvou vzorcii chovani pfi pfitomnosti a absenci spoustéciho faktoru, vysoké abundance §ténic
v ukrytu netopyri.

Jelikoz v terénnich podminkach plsobi soucasné vétsi mnozstvi faktord, kdy kazdy
z nich mize vést k velmi podobnému vzorci chovani, bylo nutno pfipravit sérii experimentti
v kontrolovanych podminkach a ty doplnit o dalS$i pozorovani. Studie z dalSich dvou
tematickych celkli vice ¢i méné potvrzuji opravnénost tvah o adaptivnim vyznamu
studovaného mechanismu a dokresluji detaily ve vztahu hostitel (netopyr) a ukrytovy parazit

(Sténice).
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V tfetim tematickém celku (8.3) si pravdépodobné nejvice cenim studie 7, ve které
jsme adaptivnost mechanismu stfidani tkryti potvrdili 1 u druh@l netopyri se znacné
odli$nymi ukrytovymi néaroky.

Ve ¢tvrtém tematickém celku (8.4), ktery zahrnuje pouze jedinou publikovanou praci,
ale 1 n€kolik jiz realizovanych experimenti zminénych v tvodnim textu, byl prostor vénovan
problematice hostitelské specifity. Nejvetsi vyznam této studie spociva v roli netopyrt jako
moznych vektorti §té€nice C. lectularius do lidskych obydli. Nase vyzkumy prokézaly, Ze tyto
Sténice mohou na ¢lovéku Uspésné sat a zalozit dlouhobé¢ fungujici populace. Tato skute¢nost,
bude-li nedostatecné citliveé sdélena Siroké vefejnosti, mize jiz tak komplikované vztahy mezi
Clovékem a netopyrem, jeSté zhorSit. Lze ocekavat, ze pak vefejnost neuspokoji ani
informace, ze prozatim takové populace (zaloZené Sténicemi z netopyrit) nebyly v lidskych
obydlich zjiStény (Balvin et al. 2013).

Zavérem bych chtél poukazat na skutecnost, ze publikace predkladané v habilitacni
praci tvofi pouze necelou tfetinu mé publikacni aktivity a tak logicky 1 mnou (spolu)ieSenych
tematickych okruhtli. Prace vSak byly vybrany tak, aby tvofily logicky tematicky celek, ktery

je vSak soucasné¢ znacn¢ odlisny od jinych publikovanych studii.

7. Uroveii spoluautorstvi a hlavni p¥inos piedkladanych studiich

S vyjimkou posledni prace (8) jsem vzdy prvnim autorem a tedy tim kdo provedl
statistické zpracovani ziskaného materialu a hlavnim autorem textu. S vyjimkou ¢lankt 1 a 2
jsem i jedinym autorem nosné myslenky konkrétni studie a navrhovatelem designu. U studii 1
a 2 jsem pak vyznamné myslenky studii pozménil se zaméfenim na publikaci vybranych

netrividlnich poznatki.

(1) BARTONICKA T. & REHAK Z., 2007: Influence of the microclimate of bat boxes on
their occupation by the soprano pipistrelle Pipistrellus pygmaeus: possible cause of roost

switching. Acta Chiropterologica, 9(2): 517-526.

V terénu jsem ziskal vétSinu dat samostatné, po konzultacich se spoluautorem (vedoucim mé

doktorské prace) je i samostatné vyhodnotil a jsem autorem textu ¢lanku.

Hlavni pi#inos prace: Studie porovnava mikroklimatické podminky vyuzivanych a nevyuZzivanych

umélych ukrytl netopyry v pribéhu gravidity, laktace a postlaktace. S ohledem na odlisné klimatické
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naroky reprodukujicich se samic, jsme predpokladali, Ze podminky budou mezi Ukryty odlisné.
Prekvapivé se vSak tato hypotéza nepotvrdila. V pribéhu vyzkumu nebyly zjistény ani kratkodobé
vykyvy v teploté (pfehiivani, ochlazeni), které by vysvétlovaly, pro¢ reprodukujici se samice netopyri
ukryt na urcitou dobu opousti. Vysledky studie pfipousti existenci dalsiho doposud nezkoumaného

faktoru.

(2) BARTONICKA T., BIELIK A. & REHAK Z., 2008: Roost switching and activity patterns
in the soprano pipistrelle, Pipistrellus pygmaeus, during lactation. Annales Zoologici Fennici,

45(6):503-512.

Jsem spoluautorem myslenky a designu studie (se Z. Rehakem). Na terénnim vyzkumu se
intenzivné podilel s mnou podilel A. Bielik (diplomant Z. Rehéka), ktery pod mym a vedenim
Z. Rehaka pripravil podkladovou databazi. A. Bielik se rovnéZ podilel na &asti vyhodnoceni
dat pro ucely své diplomové prace, vétSinu vysledkil jsem vSak vyhodnotil samostatné a jsem

hlavnim autorem textu ¢lanku.

Hlavni pFinos prace: V ramci vyzkumu jsme zkoumali ¢asoprostorovou aktivitu netopyra
Pipistrellus pygmaeus. K nejvyznamngj$im zjisténim patiilo, ze nékteré samice jiz koncem
laktace opakované navstivili teritoria samct v okoli ukrytu kolonie. PiestoZze nékteré samice
z ptuvodniho tkrytu pfenasely mladata i do tkryth jinych, po dobu laktace zlstala vétSina

jedincti v pivodnim ukrytu kolonie. Po odstavu mlad’at se vSak zacala rychle rozpadat.

(3) BARTONICKA T. & GAISLER J., 2007: Seasonal dynamics in the numbers of parasitic
bugs (Heteroptera, Cimicidae): a possible cause of roost switching in bats (Chiroptera,

Vespertilionidae). Parasitology Research, 100:1323—-1330.

Jsem autorem myslenky a designu vyzkumu. Data v terénu jsem ziskal sdm, zcela samostatné
je 1 vyhodnotil a jsem autorem text ¢lanku. Spoluautor text ¢lanku pfipominkoval a upravil

jeho jazykovou stranku.

Hlavni prinos prace: Studie byla zaméfena na odhaleni souvislosti stfidani kryt u netopyra
rodu Pipistrellus s abundanci §ténic v jejich ukrytech. Zjistili jsme, Ze netopyii opustili
sledované ukryty na obdobi laktace. Béhem této doby uhynula vétSina ranych instari a obdobi

nepfitomnosti netopyrti piezivala pouze vajicka. Netopyfi se do ukrytd vratili s Cerstvé
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vzletnymi mlad’aty. Docasné opusténi ukrytu netopyry efektivné potlacuje rozvoj populace

Sténic.

(4) BARTONICKA T., 2010: Survival rate of bat bugs (Cimex pipistrelli, Heteroptera) under

different microclimatic conditions. Parasitology Research, 107:827—-833.

Jsem autorem mysSlenky clanku a designu experimentu. Na laboratornich experimentech se
castecné podilela i K. Zednikova (moje diplomantka). Po ¢asteénych vysledcich (pro ucely
diplomové prace) jsem objem laboratorni prace rozsifil asi na trojnasobek a dokoncil ji

samostatné. Jsem autorem vyhodnoceni dat a jedinym autorem textu ¢lanku.

Hlavni p¥inos prace: Rada informaci tykajicich se piezivani v riiznych mikroklimatickych
podminkach v detailech ontogenetického vyvoje je zndma pouze od Sténice C. lectularius.
druhu u netopyrd, v riiznych teplotach a nasledné jejich schopnost sdni na hostiteli. Ukazalo
se, ze na netopyry lépe adaptovana Sténice C. pipistrelli 1épe snasi vyssi teploty a mé kratsi

vyvojovy cyklus nez Sténice C. lectularius.

(5) BARTONICKA T. & RUZICKOVA L., 2013: Recolonization of bat roost by bat bugs
(Cimex pipistrelli): could parasite load be a cause of bat roost switching? Parasitology

Research, 112:1615-1622.

Jsem autorem myslenky vyzkumu a jeho designu. TéZ jsem provedl vétSinu terénnich Setieni
samostatné. L. Razickova se k terénnimu vyzkumu pfipojila az v poslednim roce. Provedl

jsem statistické zpracovani vysledkt a ptipravil text publikace.

Hlavni pFinos prace: Z umélych netopytich ukrytl byli opakované odstrafiovani ukrytovi
paraziti. V letech, kdy byly ukryty infestovany vysokymi populacnimi hustotami S§ténic,
netopyfi se vnich nerozmnozovali. Naopak v letech, kdy doslo k odstranéni $ténic,
k porodiim mlad’at zde opakovan¢ doslo. TéZ bylo zjisténo, ze Sténice kolonizuji nové ukryty

hostitele pomérné rychle jiz v obdobi jeho gravidity.

(6) BARTONICKA T., 2008: Cimex pipistrelli (Heteroptera, Cimicidae) and the dispersal
propensity of bats: an experimental study. Parasitology Research, 104:163—168.
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Jsem jedinym autorem celého vyzkumu.

Hlavni pFinos prace: V kontrolovanych podminkach voliéry jsem sledoval reakce netopyrii
na vysoké abundance S$ténic v jejich tkrytech. Jednoduchy experiment ukézal, ze netopyii
zvySuji grooming pii vysokych denzitich Sténic, a pokud se nejsou schopni §ténic zbavit,
opousti takovy ukryt zahy po probuzeni z denniho torporu. Pfitomnost §ténic v tkrytu vede

k pfedcasnému opousténi tkrytu a tak zméndm v ukrytovém chovani hostitele.

(7) BARTONICKA T. & RUZICKOVA L., 2012: Bat bugs (Cimex pipistrelli) and their
impact on non-dwelling bats. Parasitology Research, 111:1233-1238.

Jsem autorem myslenky i designu. L. Ruzickova (moje diplomantka) se podilela zasadni

meérou na sbéru dat v terénu. Spolecn¢ jsme data vyhodnotili. Jsem autorem textu ¢lanku.

Hlavni pFinos prace: Predchozi nase studie ukézala, Ze netopyti docasnym opusténim tkrytu
mohou redukovat masivni gradaci $ténic ve Stérbinovych ukrytech, proto jsme chtéli ovéfit
podobnou strategii u netopyrtt tradicné osidlujicich pouze jediny, ale prostorny ukryt.
Sledovali jsme ukryt s vysokou abundanci Sté€nic. Zjistili jsme, Ze vysoce gravidni samice se
tésné pred porody presunou do predtim neobsazené ¢asti krytu, kde $ténice doposud nebyly.
Soucasn¢ na opakované osidlovaném misté ukrytu poklesne abundance ranych instart $ténic,
které¢ nemaji dostatek potravy. Timto zplisobem mohou i netopyii osidlujici dlouhodobé

rozsahlé pudni prostory efektivné redukovat abundanci tkrytovych parazitl jako jsou Sténice.

(8) WAWROCKA K. & BARTONICKA T., 2013: Two different lineages of bedbug (Cimex
lectularius) reflected in host specificity. Parasitology Research, 112: 3897-904.

Jsem autorem myslenky vyzkumu a jeho designu. K. Wawrocka (moje doktorandka) odvedla
vétSinu prace v laboratofi. Spole¢né s doktorandkou jsme ziskand data vyhodnotili a oba jsme

se stejnou mérou podileli na textu clanku.

Hlavni p¥inos prace: V pfedchozich studiich bylo zjiSténo, ze se ve stfedni Evropé vyskytuji
dv¢ hostitelské linie Sténice Cimex lectularius. Jedna parazituje prevazné na ¢loveéku a druha

na netopyrech. Laboratorni experimenty v chovech Sténic ukazaly na snizené prezivani skupin
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krmenych krvi nespecifického hostitele. Vyrazny rozdil byl zjistén predevSim u linie
parazitujici na ¢lovéku, kdy tyto populace nebyly schopny pifezivat na netopyrech. Naopak
Sténice z netopyrt krmené lidskou krvi mély dostatecné vysoké pfezivani na udrZeni
populace. Toto zjisténi ma zasadni vyznam pro hodnoceni netopyra jako vektorti $ténic do

lidskych sidel, zeyména v souvislosti se soucasnou expanzi Sténic u ¢lovéka.
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roost switching
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Between April and October 2003—-2004, the changes in occupation of three bat boxes used by Pipistrellus
pygmaeus were studied using a passive IR monitors and data loggers. Bat boxes were situated in a floodplain
forest in south-eastern Moravia. Generalized additive models indicated that internal humidity described better
the fluctuation in bat numbers during pregnancy and lactation than did changes in the internal temperature.
Three variables (internal humidity, external temperature, and number of bats) described 87% of the variability
in internal roost temperature, while the number of bats described only 29% of the variability. A negative
correlation was found between the internal temperature and the number of bats roosting in a bat box the next
day during pregnancy and lactation. The number of bats was also positively correlated with the internal
humidity. The internal temperature of a roost with bats was biased by temperature strategies induced by the bats
during particular reproductive periods. Mean temperature of occupied bat boxes was higher during pregnancy

than during lactation. Females were able to go into torpor even during lactation period.

Key words: Pipistrellus pygmaeus, roost changing, microclimate, bat boxes

INTRODUCTION

Roost fidelity is low in many species, es-
pecially among tree-dwelling bats (Lewis,
1995). Field observations (Lausen and Bar-
clay, 2002; Mazurek, 2004; Rancourt ef al.,
2005) suggest that species of bats dwelling
in holes and crevices switch their roosts
several times during a season, even every
few days. This behaviour was observed
mainly in species roosting in tree hollows
(Barclay and Brigham 2001; Kerth ez al.,
2001; Willis and Brigham, 2004). However,
several studies suggest that roost switch-
ing was registered even in Pipistrellus pipi-
strellus s.l., usually roosting in buildings
(e.g., Thompson, 1992; Park et al., 1996).

Thompson (1990) or Feyerabend and Simon
(2000) found large numbers of roosts ex-
ploited by one colony of pipistrelles. Small
groups of female pipistrelles often leave
their respective roosts and move into a main
nursery roost a few days prior to parturition,
probably to reduce costs associated with
thermoregulation (Swift, 1980; Webb et al.,
1996; authors’ personal observations).
Recent studies show that females of spe-
cies using tree cavities are not restricted to
individual trees and one colony may be
spread among multiple trees on a given
night, conforming with a fission-fusion
model (Kerth and Koénig, 1999; Willis and
Brigham, 2004). The motivation underly-
ing roost switching and reasons why groups
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disperse among several roosts is not well
understood (Lewis, 1995; Vonhof and Bar-
clay, 1996). This social structure may help
maintain a number of potential benefits
linked to living in a large colony. Roost
switching might force social relationships
among the small ‘subgroups’ that comprise
a larger group. However, dispersion of
colonies among tree cavities and bat boxes
may result from a complex of different con-
straints. Roost switching and dispersion
may reflect differences in group size be-
tween bats forming large colonies in caves
and buildings and those roosting in smaller
colonies in trees, perhaps due to thermal
differences or to competition for space
when the number of individuals is increas-
ing and one cavity is too small (Whitaker,
1998; Lefebvre et al., 2003). Roost switch-
ing could be a good mechanism by which
bats select roost site with optimal microcli-
matic conditions (Kerth et al., 2001; Lou-
renco and Palmeirim, 2004). Bats may
know alternative roosts including their mi-
croclimate in advance, since the search for
a new roost might be costly in terms of en-
ergy output (Lewis, 1995). Benefits associ-
ated with roost switching could also be pos-
itively correlated with decreasing the mor-
tality of juveniles due to the impact of para-
sites (Wolz, 1986; Lewis, 1996).

We attempted to answer the following
questions. (i) Are differences in microcli-
matic parameters among bat boxes depend-
ent on particular parts of the reproductive
season? (ii) Do reproductive requirements
influence roost switching or roost sharing
behaviour? (iii) Can internal temperature or
other microclimatic parameters be used to
predict the presence of bats in a roost?

MATERIALS AND METHODS

Study Area and Data Collection

The changes in microclimate and occupancy
of bat boxes used by P. pygmaeus were studied in

a floodplain forest in south-eastern Moravia (Czech
Republic). The study was performed between April
and October of 2003 and 2004. Three wooden bat
boxes were studied, two of them were placed in trees
situated within the forest and its edge, the third was
placed on a hide at a forest edge. Altogether four box-
es were installed in the study area, but only three of
them were occupied periodically. The reproductive
season under study was divided into three periods:
pregnancy (until 7th June), lactation (8th June till 7th
July, 30 days after first parturition observed) and post-
lactation (after 8th July — cf. Bartoni¢ka and Zukal
2003). The time of first parturition was assessed in
a nearby (14 km) nursery colony of P. pygmaeus in
a building at Vranovice (T. Bartonicka et al., unpub-
lished data). There, the bats were captured, examined
and released. We also netted bats emerging from all
boxes during the years 2001 and 2002, but never cap-
tured males. Therefore we suppose the absence of
adult males during the study in 2003 and 2004. All
captures were performed under the licence No.
922/93-00P/2884/93 of the Ministry of Environment
of the Czech Republic. The authors have also been
authorized to handle free-living bats according to the
certificate of competency No 104/2002-V4 (§ 17 of
the law No. 246/ 1992).

Technical Equipment

The changes in bat activity with respect to the
boxes were monitored continually by passive IR Trail
Monitors, TM (TM550, TrailMaster, Goodson & As-
sociates, INC., USA — used by Thomas ef al., 1995)
and active IR gate (Berkova and Zukal, 2004). The IR
gate consisted of 2 infrared light emitters (diodes) and
two receivers (phototransistors). This technique al-
lows discrimination between those bats leaving and
those entering the bat box. With the event delay set to
0.1 minutes the TM record 10 events in a single
minute. Battery life of both types of recording sys-
tems was usually two weeks or more. One bat box
was equipped by IR gate and two boxes by TM. The
TMs were situated in front of the entrance (see Fig. 1)
and the IR gate in the entrance of each bat box. Hobo
Data Loggers (Onset Computer Corporation, USA),
continuously recording the temperature (internal and
external) and the internal humidity, were situated un-
der the roof of each bat box. The sensors measuring
external temperature were situated about 50 cm apart
from each box. The relative humidity sensor had
an accuracy of + 4% and the temperature sensor
+ 0.4°C. The bats flying out and in were also moni-
tored using a digital video recorder HD-2166 and
AVC-720 connected with IR diode cameras B/'W AVC
307R.
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FiG. 1. Wooden bat box. Monochrome (B/W) IR
diode camera monitored the entrance of the box and
was connected to a battery and digital recorder on the
ground. Two grey shapes mark out a space monitored
by passive IR Trail Master monitor (TM550) on
a bracket in front of the bat box. Internal temperature
was measured with help of Hobo Data Loggers
(Onset Computer Corporation) (inside box). Sensor
measuring external temperature was placed outside
roughly half a meter from the bat box

Statistical Analysis

All variables showed a normal distribution after
log transformation. Statistica for Windows 7.0 was
used for data analyses (ANOVA, f-tests, correlations).
The level of activity (from TM) in morning hours
(1 to 5 a.m.) positively correlated with the number of
bats which rested in the box during the same day from
IR gate (Pearson’s correlation coefficient, » = 0.61,
P < 0.05). Therefore we chose medians of activity
from TM only from this period and pooled them with
data from IR gate to analyse impact of microclimatic
parameters and changes in bat numbers among bat
boxes. Generalised additive models (GAMs) were fit-
ted using the R-Gui 2.0.1 software package. Func-
tions for continuous variables were fitted using cubic
smoothing splines, initially with four degrees of free-
dom. At the completion of the selection process the
function for each selected continuous variable was re-
duced if this did not result in a significant (P < 0.05)

reduction in goodness-of-fit. These models assume
that the mean of the dependent variable depends on
an additive predictor through a nonlinear link func-
tion. Generalized additive models permit the response
probability distribution to be any member of the ex-
ponential family of distributions (Hastie and Tibshi-
rani, 1990). Hourly values of microclimatic parame-
ters correlated positively (P < 0.05) with their means
during the light part of a day (sunrise to sunset)
(internal temperature, » = 0.53; external temperature,
7 = 0.69; humidity, » = 0.85; in all cases the number
of ligh parts of day n, = 330 and the number of hourly
values n, = 1771). Therefore the model was fitted by
means of microclimatic parameters from the light
part of a day and the numbers of bats using a particu-
lar bat box as their day roost. This step removed the
effect of shifts in temperature and other parameters
during the respective day from sunrise until sunset.

Materials

We monitored activity at the three bat boxes oc-
cupied by P. pygmaeus for 111, 105 and 115 days, re-
spectively. Hourly values were available on internal
and external temperatures, and internal humidity. For
each day, the number of roosting bats was counted
resting in the box via passive TM and/or active IR
gate.

RESULTS
Insulating Properties of Bat Boxes

We found that the internal and external
temperature neared equilibrium within five
hours (median) after all bats left the partic-
ular bat box (max. 8 hrs, min. 3 hrs). Al-
though each of the bat boxes under study
differed in exposure, no significant dif-
ference among the boxes was found in the
time needed to balance the level of intern-
al and external temperatures (ANOVA,
F, 19 =0.69, P >>0.05). When the bats
moved to another roost the next day, they
left the respective box soon after sunset
without returning to it during the night.
Therefore, the five-hour period, after
emerging, allowed us to exclude nightly
observations i.e., data obtained between
sunset and sunrise from further statistical
analyses.
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Impact of Internal Temperature and
Humidity

Factors with possible impact on changes
in internal temperature were only studied
during the periods of pregnancy and lacta-
tion. The post-lactation period was omitted
because of great fluctuations in numbers of
roosting bats due to the weaning of young.
The following independent variables were
used in the GAM models: external tempera-
ture (tex), internal humidity (hum), repro-
ductive stage [i.e., pregnancy versus lacta-
tion (sez)], exposure of bat box (box), and
the number of bats roosting in the box dur-
ing next the day [ind]. Normal distribution
and link function identity was considered of
the dependent variable, which was internal
temperature (tin). The dependence of inter-
nal temperature was defined as the function
of (tin) = s(hum) + s(tex) + s(ind) + (sez) +
(box), where s is a specific smoothing
spline fit in a GAM. The interactions among

T. Bartoni¢ka and Z. Rehak

variables were found to be insignificant and
did not increase the proportion of variabili-
ty within the sample. The impact of each of
the first three independent variables on the
dependent variable was significant (humid-
ity, x*> = 16.08, P < 0.01; external tempera-
ture, x> = 26.11, P < 0.001; individuals,
x% = 8.45, P <0.05; in all cases n = 27). To-
gether they described 87.1% of variability
of the internal temperature. The impact of
reproductive stage and exposure of bat box
was insignificant (z-test, t = 4.21 and ¢ =
5.23, respectively; in both cases P > 0.05
and n = 27). There was an almost linear de-
pendence between the values of internal and
external temperature (Fig. 2). Internal tem-
perature also increased with internal humid-
ity (Fig. 2). The number of bats in the box
explained only 29% of the residual variabil-
ity of internal temperature (holding constant
external temperature and internal humidity).
Nevertheless, we found a negative correla-
tion between the internal temperature and

Residuals [1]
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FI1G. 2. Graphic output of a generalised additive model for the internal temperature. Both graphs depict the

predicted probability of the external temperature (a) and internal humidity (b) holding other predictors constant.

95% confidence limits for the function are also shown as grey zone. Linear dependence between residuals of

internal temperature from GAM and external temperature was found. Internal temperature as factor in GAM
also increased with internal humidity. Degrees of freedom are in brackets in label of y-axes
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the number of bats roosting in the box the
next day (Fig. 3). The highest median of the
number of roosting bats (75 individuals)
was found during pregnancy, i.e. at the time
when females form nursery colonies. The
size of roosting groups was very low during
the lactation and post-lactation periods.
Cross-correlations were also tested, but the
variability of internal temperature was bet-
ter described by correlations with individ-
ual variables than with their combinations.

The dependence of internal humidity on
the number of roosting bats was again test-
ed by GAM J[only pregnacy and lactation
periods, hum = s(ind) + s(tex) + s(tin)
+ (box)]. It was found that changes in in-
ternal humidity correlate with the number
of bats much better than do the changes in
internal temperature until 7th July (x> =
76.82, d.f- =607, P <0.001, Poisson distri-
bution, link function: log — Fig. 4). The
impact of bat box exposure was insignifi-
cant again (¢ = 6.16, P > 0.05). The number
of bats described 52.6% of the variability of
internal humidity (holding constant external

Residuals [1.99]
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FIG. 3. Graphic output of a generalised additive model
for the number of bats in bat boxes, holding all
other predictors (external temperature, humidity,
localization of bat boxes, seasonal aspect) constant
at their mean value. 95% confidence limits for the
function are also shown as grey zone. Degrees of
freedom are in brackets in label of y-axis

and internal temperature). The correlation
found between the number of bats and hu-
midity in bat boxes was positive (Pearson’s
correlation coefficient, » = 0.40, n = 330,
P < 0.05). There was no correlation be-
tween rainy days and presence or absence
of bats in bat boxes (» = 0.03, n = 330,
P >>0.05).

Changes in Microclimatic Parameters
during The Season

Intraseasonal differences in microcli-
matic parameters (internal, external temper-
ature, humidity) were evaluated with re-
spect to the reproductive periods. We chose
only days with the presence of bats.
ANOVA showed significant differences in
microclimatic parameters among the peri-
ods (pregnancy, lactation, post-lactation —
F) g = 2.08, P < 0.05). As shown by
a t-test, the differences arose entirely from
the fluctuation in internal temperature on
days when bats were present during the pe-
riods of pregnancy and lactation (¢ = 2.20,
n,= 11 and n, = 13, P < 0.05). Concerning
the internal temperature, it was slightly
higher during pregnancy than during lacta-
tion (Fig. 5). But the fact that external tem-
perature was significantly higher in lacta-
tion than in pregnancy (¢ = -3.81, n, = 11
and n, = 13, P < 0.001) excludes its direct
dependence on internal temperature. This
indicates that different internal temperature
could reflect differences in thermoregulato-
ry strategies between pregnant and lactating
females rather than different external tem-
perature. To verify this result, we analysed
the same microclimatic parameters on the
days when bats were absent from the boxes.
In such cases, insignificant differences were
found among periods of the reproductive
season (pregnancy, lactation, post-lactation)
(ANOVA, F, ,49=0.49, P>>0.05). Differ-
ences in internal temperatures between box-
es occupied and not occupied by bats were
insignificant during both pregnancy (¢-test,
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FIG. 4. Changes in internal humidity and number of bats. Pointers show days with daily sum of the precipitations
higher than 2 mm. Numbers above pointers are precipitation values in mm. Progress in internal humidity along
with bats occurence is noticeable during the pregnancy and lactation periods (until 7th July)

t=0.49,n, =15 and n, = 13, P> 0.05) and
lactation (¢ = 0.34, n, =8 and n, = 19, P >
0.05).

During the pregnancy period, the mean
humidity (71.7 £ 19.4%) was higher than
during lactation (55.1 = 11.8%). During
the lactation period, humidity was signifi-
cantly higher in occupied than in not oc-
cupied boxes (t-test, = 3.49, n, = 8 and
n, =19, P < 0.05), but insignificant dif-
ferences were found during pregnancy
(t=0.58,n,=15 and n,= 13, P >> 0.05).

Comparison of Microclimatic Parameters
and Bat Numbers among Bat Boxes

Analysis of variance showed significant
differences in microclimatic parameters and
numbers of bats among particular bat boxes
(ANOVA, F), ;,=159.63, P <0.001). Stu-
dents /-tests were used to investigate the
impact of individual parameters. Signifi-
cant differences (in all cases n = 330) were
found concerning external temperature
(t = 2.10, P < 0.05), humidity (¢ = -6.25,

P < 0.001) and number of bats (¢ = -8.60,
P < 0.001); no difference was revealed in
internal temperature (¢ = -0.45, P >> 0.05).

Throughout the season, the numbers of
bats roosting in the boxes differed signifi-
cantly (ANOVA, F), 33,=20.45, P<0.001).
However, insignificant differences were re-
vealed by the paired test used to compare
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FiG. 5. Differences in external and internal tempera-

tures found between pregnancy and lactation period.

Internal temperature, when bats are present, was

significantly higher during pregnancy than during

lactation. Mean — central tendency, SD — large box,
and min—max range as ‘whiskers’
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the number of bats in a box the day before
the bats had left it, with the numbers of bats
in the remaining two boxes the following
day (Friedman ANOVA, 2 = 5.57, n = 14,
P > 0.05). During the lactation period, the
largest number of bats was observed in the
box showing highest internal temperature
(20.5 versus 18.3 and 18.4°C; ANOVA,
F, ,;=38.76, P <0.001).

DIscuUSSION

Changes in Microclimatic Parameters over
The Season

Bats of temperate zones, when reproduc-
ing, may have strict thermoregulatory re-
quirements on their shelters because low
roost temperatures induce torpor, which can
delay the development of embryos and oft-
spring (Racey and Swift, 1981; Kunz, 1982;
Wilde et al., 1995). For heterothermic bats
living under conditions of cool climate,
warm roosts are very important and allow
them to extend their natural range (Kunz,
1982). Lactating females may sometimes
choose warmer roosts to avoid torpor,
whereas pregnant females sometimes
choose cooler roosts to decrease their ther-
moregulatory costs (Lewis, 1996; Kerth et
al., 2001). In contrast to the actual opinion,
we found that the internal temperature of
bat boxes with animals inside was higher
during pregnancy than during the lactation
period. In our study area, females were able
to become torpid also during lactation, not
only during pregnancy. Our observations
come from similar (even lower) altitude
(170 m a.s.l.) in central Europe as the
study areas of authors who offered similar
results (e.g., Kerth er al, 2001; Heise
2005), therefore they are fully comparable.
Heise (2005) found lactating females of
P pygmaeus to be able to go into torpor,
frequently in periods with low tempera-
tures. The negative correlation between low

internal temperature and presence of a large
number of bats could also be the conse-
quence of their flying off when the bat box
was overheated. It seems that high internal
temperature is the factor restricting occupa-
tion of roosts during pregnancy and lacta-
tion periods (Weigold, 1973). We cannot as-
sume that box overheating is a possible risk,
because the test of internal temperature be-
tween occupied and non-occupied boxes
was insignificant. We found empty boxes
when internal temperature reached above
40°C at all times (cf. Kerth et al., 2001;
Lourengo and Palmeirim, 2004). Box over-
heating may not be so dangerous if a suffi-
cient supply of alternative roosts, mainly
tree cavities, are available in the vicinity.
Awareness of natural and/or artificial roosts
facilitates the maintenance of thermal com-
fort due to roost switching which, at the
same time, strengthens the social relation-
ships.

Keeping other predictors constant, pres-
ence of bats in bat boxes significantly influ-
enced internal temperature and humidity
even despite of high variability of microcli-
matic conditions throughout pregnancy and
lactation periods. The comparison of inter-
nal temperatures in the days when boxes
were and were not occupied shows differ-
ences in bat thermopreferences during the
season. This fact complicates the use of
internal temperature as an indicator of bat
presence in the roost. Despite our expecta-
tion, internal humidity indicated much bet-
ter the presence of bats, especially when
large numbers of bats were present in a box.
Internal humidity positively correlated with
the number of bats due to their respiration.

Changes in The Occurrence of Bats

Previous studies have shown that a colo-
ny of bats can occupy a complex of tree
cavities in one area (e.g., O’Donnell and
Sedgeley, 1999; Cryan et al., 2001). Many
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of the arguments about roost switching in
tree dwelling bats are based on predator
avoidance, impact of parasites (Wolz, 1986)
or finding large numbers of short-lived
roosts (Barclay and Brigham, 2001), but
also on microclimatic conditions (Kerth et
al., 2001).

The data obtained from infrared activity
readers show the highest median numbers
of bats in boxes during pregnancy, while
they were usually lower during the lactation
and post-lactation periods. After weaning
the numbers of bats fluctuated considerably.
The boxes can be used by weaned young ei-
ther as temporary night roosts or as shelters
for several days, due to the increased com-
petition for warmer roosts (Entwistle et al.,
1997). At that time, bat boxes were occu-
pied by only few non-reproducing adults
during most of the days.

Concerning P. pygmaeus, this could be
confirmed by records of its high flight ac-
tivity in close vicinity of a big shelter
throughout the season, although the bats did
not use the shelter at every recording (Bar-
toni¢ka and Rehak, 2004). Among Euro-
pean bats, the fission-fusion model was
shown by M. bechsteinii groups (Kerth and
Konig, 1999), but this may not apply to
other tree dwelling species (Willis et al.,
2003). We found small fluctuations in the
numbers of bats in particular bat boxes dur-
ing pregnancy. In the same period, Willis
and Brigham (2004) found a higher roost-
sharing index for female Eptesicus fuscus.
High metabolic activity dependent on high
internal temperature positively influences
embryo development speed (Racey and
Swift, 1981). On the other hand, reproduc-
tive stage and information exchange can en-
hance the sharing of a low number of cool-
er roosts by females facilitating their torpor
during early pregnancy (Kerth and Konig,
1999).

Numbers of females in colonies deter-
mine an effectivity of thermoregulation and

affect the level of roost switching (Haddow,
1993; Barlow and Jones, 1999). In the
Czech Republic, lower mean numbers of fe-
male P. pygmaeus in buildings were found
(65 individuals, authors’ personal observa-
tions) than in Britain (200 individuals —
Barlow and Jones, 1999). The size of col-
onies roosting in natural roosts is even low-
er than in buildings. Therefore smaller col-
onies roosting partly in hollows may switch
roosts more often due to difficult thermo-
regulation than larger colonies roosting in
stone buildings e.g. in Scotland (Haddow,
1993).

Positive impacts of thermally different
roosts can have important implications for
the management of bat populations via their
shelters in forests. Not only must large num-
bers of natural hollows be maintained, but
enough bat boxes also have to be recruited.
On the other hand, bat boxes alone can be
insufficient for successful reproduction of
bats in monoculture forests with little or no
natural cavities of adequate space. Our data
are consistent with the theory of Willis and
Brigham (2004). Bats roosting in caves or
big spaces in buildings are in a situation
different from tree-roosting bats because
the shelters fulfill their microclimatic re-
quirements. Tree-roosting bats are depend-
ent on shelters with different microclimate
and must often switch among several cavi-
ties or boxes. Pipistrelles (both P. pipistrel-
lus and P. pygmaeus) are classified as hemi-
synanthropic species, the nursery colonies
of which usually roost in buildings. But
concerning P. pygmaeus, it seems that the
roosts in buildings do not provide them with
microclimatic conditions suitable for the
whole reproduction season. They therefore
choose the strategy of roost-switching, typ-
ical of forest-roosting bats.

ACKNOWLEDGEMENTS

We are very grateful to J. Gaisler, R. Obrtel
and anonymous reviewers for valuable comments on



Influence of the microclimate of bat boxes on Pipistrellus pygmaeus 525

the manuscript. V. Hanék and H. Jahelkova are heart-
ily acknowledged for their unpublished data of
colonies and D. Motl for his effort in the development
of the IR gate. M. Kone¢nd provided excellent assis-
tance in the field. The study was supported by the
grants of Grant Agency of the Czech Republic No.
206/02/0961, 206/06/0954 and the grant of Ministry
of Education, Young and Sports of the Czech Repub-
lic No. MSM0021622416.

REFERENCES

BarcLay, R. M. R., and R. M. BrigHAaM. 2001.
Year-to-year reuse of tree-roosts by California
bats (Myotis californicus) in southern British
Columbia. American Midland Naturalist, 146:
80-85.

BARTONICKA, T., and Z. REHAK. 2004. Flight activ-
ity and habitat use of Pipistrellus pygmaeus in
a floodplain forest. Mammalia, 68: 365-375.

BARTONICKA, T., and J. ZUKAL. 2003. Flight activity
and habitat use of four bat species in a small town
revealed by bat detectors. Folia Zoologica, 52:
155-166.

BERKOVA, H., and J. ZUKAL. 2004. Seasonal changes
in flight activity of bats at the entrance of the
Katetinska cave revealed by an automatic moni-
toring system. Vespertilio, 8: 45-54. [In Czech
with English summary].

CryaN, P. M., M. A. BoGaN, and G. M. YANEGA.
2001. Roosting habitats of four bat species in the
Black Hills of South Dakota. Acta Chiropterolo-
gica, 3: 43-52.

ENTWISTLE, A. C., P. A. RACEY, and J. R. SPEAKMAN.
1997. Roost selection by the brown long-eared
bat Plecotus auritus. Journal of Applied Ecology,
34: 754-763.

FEYERABEND, F., and M. SimoN. 2000. Use of roosts
and roost switching in a summer colony of 45
kHz phonic type pipistrelle bats (Pipistrellus pipi-
strellus Schreber,1774). Myotis, 38: 51-59.

Happow, J. F. 1993. Pipistrelle roosts in Central Re-
gion. Scottish Bats, 2: 18-23.

HasTig, T. J., and R. J. TiBsHIRANI. 1990. Generalized
additive models. Monographs on Statistics and
Applied Probability, 43. Chapman and Hall, Lon-
don.

HEISE, G. 2005. Zur Tageslethargie gravider und lak-
tierender Fledermausweibchen. Nyctalus, 10:
37-40.

KERTH, G., and B. KONIG. 1999. Fission, fusion
and non random associations in female Bech-
stein’s bats (Myotis bechsteinii). Behaviour, 136:
1187-1202.

KERTH, G., K. WEISSMANN, and B. KONIG. 2001. Day

roost selection in female Bechstein’s bats (Myotis
bechsteinii): a field experiment to determine the
influence of roost temperature. Oecologia, 126:
1-9.

Kunz, T. H. (ed.). 1982. Ecology of bats. Plenum
Press, New York, 425 pp.

LAusen, C. L., and R. M. R. BARCLAY. 2002. Roost-
ing behaviour and roost selection of female big
brown bats (Eptesicus fuscus) roosting in rock
crevices in southeastern Alberta. Canadian Jour-
nal of Zoology, 80: 1069-1076.

LEFEBVRE, D., N. MENARD, and J. S. PiErRE. 2003.
Modelling the influence of demographic parame-
ters on group structure in social species with dis-
persal asymmetry and group fission. Behavioral
Ecology and Sociobiology, 53: 402-410.

Lewis, S. E. 1995. Roost fidelity of bats: a review.
Journal of Mammalogy, 76: 481-496.

Lewis, S. E. 1996. Low roost-site fidelity in pallid
bats: associated factors and effect on group sta-
bility. Behavioral Ecology and Sociobiology, 39:
335-344.

LoURENCO, S. 1., and J. M. PALMEIRIM. 2004: Influ-
ence of temperature in roost selection by Pipi-
strellus pygmaeus (Chiroptera): relevance for the
design of bat boxes. Biological Conservation,
119: 237-243.

MAZUREK, M. J. 2004. A maternity roost of Towsend’s
big-eared bats (Corynorhinus towsendii) in coast
redwood basal hollows in northwestern Califor-
nia. Northwestern Naturalist, 85: 60—62.

O’DoNNELL, C. F. J., and J. A. SEDGELEY. 1999. Use
of roosts in the long-tailed bat, Chalinobolus tu-
berculatus, in temperate rainforest in New
Zealand. Journal of Mammalogy, 80: 913-923.

Park, K. J., J. D. ALTRINGHAM, and G. JONES. 1996.
Assortative roosting in the two phonic of Pipi-
strellus pipistrellus during the mating season.
Proceedings of the Royal Society of London,
263B: 1495-1499.

RACEY, P. A.,, and S. M. Swirt. 1981. Variation
in gestation length in a colony of pipistrelle
bats (Pipistrellus pipistrellus) from year to
year. Journal of Reproduction and Fertility, 61:
123-129.

RANCOURT, S. J., M. I. RULE, and M. A. O’CONNELL.
2005. Maternity roost site selection of long-eared
Myotis, Myotis evotis. Journal of Mammalogy,
86: 77-84.

SwiFT, S. M. 1980. Activity patterns of pipistrelle bats
(Pipistrellus pipistrellus) in north-east Scotland.
Journal of Zoology (London), 190: 285-295.

THoMAS, D. W. 1995. Hibernating bats are sensitive
to nontactile human disturbance. Journal of Mam-
malogy, 76: 940-946.



526 T. Bartoni¢ka and Z. Rehak

THompsoN, M. J. A. 1990. The pipistrelle bat
Pipistrellus pipistrellus Schreber on the Vale of
York. Naturalist, 115: 41-56.

THOMPSON, M. J. A. 1992. Roost philopatry in female
pipistrelle bats Pipistrellus pipistrellus Journal of
Zoology (London), 228: 673—-679.

VONHOF, M. J., and R. M. R. BARCLAY. 1996. Roost-
site selection and roosting ecology of forest-dwel-
ing bats in southern British Columbia. Canadian
Journal of Zoology, 74: 1797-1805.

WEBB, P. 1., J. R. SPEAKMAN, and P. A. RACEY. 1996.
Population dynamics of a maternity colony of the
pipistrelle bats (Pipistrellus pipistrellus) in north-
east Scotland. Journal of Zoology (London), 240:
777-1780.

WEIGOLD, H. 1973. Jugendentwicklung der Tempe-
raturregulation bei der Mausohrfledermaus, My-
otis myotis (Borkhausen, 1797). Journal of Com-
parative Physiology, 85: 169-212.

WHITAKER, J. O., JR. 1998. Life history and roost

switching in six summer colonies of eastern
pipistrelles in buildings. Journal of Mammalogy,
79: 651-659.

WILDE, C. J., M. A. KERr, C. H. KNIGHT, and P. A.
RACEY. 1995. Lactation in vespertilionid bats.
Symposium of the Zoological Society of London,
67: 139-149.

WiLLis, C. K. R., and R. M. BRIGHAM. 2004. Roost
switching, roost sharing and social cohesion:
forest-dwelling big brown bats, Eptesicus fuscus,
conform to the fission-fusion model. Animal Be-
haviour, 68: 495-503.

WiLLis, C. K. R., K. A. KoLAr, A. L. Karst, M. C.
KALCOUNIS-RUEPELL, and R. M. BRIGHAM. 2003.
Medium- and long-term reuse of trembling aspen
cavities as roosts by big brown bats (Eptesicus
fuscus). Acta Chiropterologica, 5: 85-90.

WoLz, 1. 1986. Wochenstuben-Quartierewechsel bei
der Bechsteinfledermaus. Zeitschrift fiir Sduge-
tierkunde, 51: 65-74.

Received 25 September 2006, accepted 23 June 2007



BARTONICKA T., BIELIK A. & REHAK Z., 2008
Roost switching and activity patterns in the soprano pipistrelle, Pipistrellus pygmaeus, during
lactation.

Annales Zoologici Fennici 45(6):503-512.



Ann. Zool. Fennici 45: 503-512
Helsinki 30 December 2008

ISSN 0003-455X (print),
© Finnish Zoological and Botanical Publishing Board 2008

ISSN 1797-2450 (online)

Roost switching and activity patterns in the soprano
pipistrelle, Pipistrellus pygmaeus, during lactation

Tomas$ Bartoni¢ka*, Andrej Bielik & Zdenék Rehak

Department of Botany and Zoology, Masaryk University, Kotlafska 2, CZ-611 37 Brno, Czech
Republic (*corresponding author’s e-mail: bartonic@sci.muni.cz)

Received 2 Apr. 2007, revised version received 21 Feb. 2007, accepted 22 Feb. 2007

Bartonicka, T., Bielik, A. & Rehdk, Z. 2008: Roost switching and activity patterns in the soprano
pipistrelle, Pipistrellus pygmaeus, during lactation. — Ann. Zool. Fennici 45: 503-512.

We studied roost switching and habitat selection of 16 P. pygmaeus females tagged
in two nursery colonies. There were differences in overnight roosting and flying.
The highest foraging activity was observed over water bodies, at forest edges and
near street lamps. During each night, each female visited at least one night-roost, and
five females regularly visited two roosts. On average, the females visited a roost 3.7
times per night. After parturition, the distances between night roosts and day roosts
increased. The number of night roosts used declined as pups neared weaning. Five
females changed day roosts after two nights. Based on the observation of flightless
young in new roosts a conclusion was reached that some females transported their
offspring to new roosts at night. After lactation began, some females visited roosts

occupied by vocalizing males of P. pygmaeus and P. nathusii.

Introduction

Differences in peak frequency of echolocation
calls (Ahlén 1990, Jones & van Parijs 1993),
reproductive isolation and segment differences in
the cytochrome b gene (Barratt ef al. 1997) were
the main reasons for distinguishing between the
two species of common pipistrelle bats, Pipis-
trellus pipistrellus and Pipistrellus pygmaeus.
Although the discovery of the systematic status
of the newly validated species Pipistrellus pyg-
maeus was interesting, little is known about its
ecology, in particular its activity patterns and
habitat use. Pipistrellus pipistrellus can forage in
almost all habitat types (Oakeley & Jones 1998,
Warren et al. 2000, Gaisler et al. 2002, David-
son-Watts 2003). By contrast, the composition
of prey of P. pygmaeus suggests that it is more

closely related to aquatic habitats (Barlow 1997).
Davidson-Watts (2003) found that P. pygmaeus
spends a considerable percentage of its forag-
ing time over water. Furthermore, Russo and
Jones (2003) showed that river habitats are very
important for P. pygmaeus in the Mediterranean
region. However, Glendell and Vaughan (2002)
suggest that Pipistrellus pygmaeus selects semi-
natural woodland and tree lines more often than
water habitats.

Females of P. pipistrellus sensu lato often
switch roosts during the season (Thompson 1990,
1992). Pregnant females usually inhabit more
temporary and cooler roosts, moving to one main
parturition roost a few days before parturition
(Swift 1980, Webb et al. 1996). In England and
Scotland, large nursery colonies of P. pipistrellus
sensu lato rarely switch roosts (Haddow 1993),
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while individuals from less numerous nursery
colonies in central Europe switch their roosts
more often, as found in P. pipistrellus sensu
stricto (Feyerabend & Simon 2000). Our pre-
liminary results suggest that the nursery colonies
of P. pygmaeus occurring in the floodplain area
of southeastern Moravia change roosts during
the summer.

Contrary to P. pipistrellus, which occupies
buildings in almost 95% of cases (Simon et al.
2004), P. pygmaeus prefers forest and wetland
habitats (Barlow & Jones 1999). However, nurs-
ery colonies of the latter were usually found in
buildings (Park et al. 1996, Oakeley & Jones
1998, Sattler et al. 2003). In the Czech Republic,
most records of P. pygmaeus come from low
altitudes (Rehdk & Bartoni¢ka unpubl. data).
The main range of this species is in the lowlands
of Moravia and central Bohemia and around
fishponds in southern Bohemia, where the bat
prefers floodplain forests and other wetlands in
the alluvial plain of large rivers as well as pond
landscapes (Bartoni¢ka & Rehak 2004). Regard-
ing the relatively high foraging activity of P.
pygmaeus in well preserved floodplain forest,
we expected that pipistrelles would use natural
roosts in hollows or similar types of roosts such
as bat boxes, hiding in them more often than in
buildings.

Our objectives were: (1) to test whether P.
pygmaeus switches its day roost as often as P.
pipistrellus throughout the lactation period; (2)
to describe the movement patterns and habitat
selection of females tagged in two nursery colo-
nies of P. pygmaeus; (3) to consider whether the
number of night/day roosts and frequency of
roost switching are an important factor for the
monitoring and conservation of pipistrelle bat
populations; and (4) to describe other activities
connected with possible energetic costs during
lactation.

Material and methods
Study area
Fieldwork was carried out in southeastern Mora-

via (Czech Republic). One nursery colony (A)
roosted under the roof of a pheasantry, a brick

building in the vicinity of the village of Vranov-
ice, in an oak wood forest along the Svratka
River (48°57°45.4"°N, 16°37°48.2°E). The sur-
rounding landscape is characterized by patches
of woodland, linear vegetation, and fields. The
other colony (B) roosted in a guesthouse in the
village of Nové Mlyny, situated in the neighbour-
hood of an old-growth floodplain forest along
the Dyje River (48°51722.2°'N, 16°43°50.8"'E).
Each colony comprised ca. 150 adult females.

Equipment, tracking and spatial
analyses

Between June and July 2004, lactating females
were netted individually when emerging from
a colony roost. After capture and tagging, the
bats were held in cloth bags. Only visibly lactat-
ing females, identified by the presence of bare
patches around their nipples and the expression
of milk, had transmitters affixed. The lactation
period was defined as 6 June—4 July based on the
capture of the first lactating female and the first
presence of flying young, respectively. Bats were
captured and kept in captivity for a short time
under licence No. 922/93-O0P/2884/93 granted
by the Ministry of the Environment of the Czech
Republic. The authors have been authorized to
handle free-living bats according to the cer-
tificate of competency No. 104/2002-V4 (§17 of
law no. 246/1992).

Studies have shown that low ambient temper-
atures reduce bat activity by reducing the avail-
ability of Diptera, the main prey of P. pygmaeus
(Barlow 1997). Therefore, minimum night air
temperatures were recorded on the nights of
tracking outside buildings where colonies were
roosting.

Fourteen females from colony A and two
from colony B were equipped with 0.38 g radio-
transmitters (LB-2N, Holohil Systems Inc. Carp,
ON, Canada). Transmitter batteries lasted for a
minimum of eight days. The transmitters were
glued to the back of each bat between their scap-
ulae, after trimming the fur, using liquid cement
(Adhesin, Henkel Ltd., Germany). Neubaum et
al. (2005) found that bats carrying transmitters
representing 5% or less of their body mass were
reproductively active and did not suffer from
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major long-term effects. Davidson-Watts and
Jones (2006) successfully tracked bats of P. pyg-
maeus with tags representing 7% of body mass.
Our transmitter mass amounted to less than 6%
of body mass (range 4.8%-5.7%).

The bats were released and then tracked con-
tinuously from sunset to sunrise, using AR8000
hand held receivers (AOR UK LTD, Matlock,
UK) and five-element Yagi antennas (Wildlife
Materials Inc., Illinois, USA). The locations
of the tagged bats were recorded throughout
the night by (1) triangulation when two mobile
workers co-ordinated their movements using
hand-held FM radios (Motorola T5522) or cell
phones, and (2) “homing-in” on a bat. Locations
were assigned into three distance classes, which
differed in open and forest habitats because of
differences in the diffusion of sound waves.
Therefore, we used different bufferings (circles
around a location) in open spaces (< 50 m, 50—
100 m, > 100 m) and in forests (< 20 m, 20-100
m, > 100 m). The highest accuracy class (< 50 m
and < 20 m, respectively) could only be assigned
when we were in close proximity, e.g. close to
roosts or in small foraging areas when we could
unlink the Yagi antenna, use patch wire only
and still receive a signal. Classes of confidence
in the accuracy of location were tested experi-
mentally for each transmitter prior to attaching
it to a bat in the two different habitats (forest and
open space). One person positioned a transmit-
ter while other researchers classified its position
into the three distance classes mentioned above.
Differences between the estimated locations
(intersections) and exactly known locations were
not significantly different (#-test: Z = —4.8, df =
8, p > 0.1) and an assignment of distance class
between researchers differed by only 2.9% (n
= 61, similarly to Zimmerman & Powell 1995).
Behaviour of the bats, their location time, the
position of the worker and the position’s accu-
racy were immediately recorded on a handheld
tape recorder. The location of bats was estimated
using a handheld GPS (Garmin 12XL) and later
entered into a geographic information system
(GIS) ArcView 3.3 (ESRI, USA). Foraging
activity was observed directly and vocalizations
(foraging, commuting, territorial signals) were
recorded with bat detectors (D 240x, Pettersson
Elektronik AB, Uppsala, Sweden).

The foraging areas of the bats were deter-
mined by the minimum convex polygon method
(95% confidence area, Harris et al. 1990, Kau-
hala & Tiilikainen 2002). The accuracy of for-
aging ranges was estimated using ArcView 3.3
with the Animal Movement extension (Hooge
& Eichenlaub 1997). Tracking locations were
buffered by circles with classes of accuracy
and minimum polygons were separately cal-
culated around these locations for each night
and bat. Only bats with more than 30 telem-
etry locations were used in space and habitat
analyses (Seaman et al. 1999). Habitats were
divided into six categories, i.e. forests, tree-lines,
vegetation edges, water bodies, pastures and
fields, and street lamps. All habitats in the area
were mapped into ArcView using 1:10 000 grids
(Zabaged/2). Habitat use for each female was
estimated via the kernel estimation method using
95% of point locations with least-square cross-
validation (LSCV) as the smoothing parameter,
to exclude the effects of random outliers for gen-
eral home ranges (Worton 1989). Core foraging
areas were defined by the 50% contour lines of
the fixed kernel estimation in the program Biotas
1.03.1. This type of estimation more accurately
encloses the foraging area in use (Schwartz et
al. 2002). When area of a specific habitat class
was negatively correlated with areas of other
classes, we used the single animals instead of the
locations as a sample unit in order to avoid the
constraints of compositional analyses (Aebischer
et al. 1993, Otis & White 1999). Autocorrela-
tion, resulting from short sampling intervals, was
not a problem with the data used in analyses (cf.
Swihart & Slade 1985).

Statistical analyses and material

Females that were tracked for less than 60% of
the night were excluded from evaluation. The
night was divided into three parts, i.e., thirds (1:
sunset—23:30; 2: 23:31-02:00; 3: 02:01—sunrise)
(cf. McAney & Fairley 1988).

The bats carried active transmitters for an
average of 3.1 = 1.1 (SD) days (range 2—7 days).
The two days with values below the 25th and
above the 75th percentiles of mean daily air
temperature, air temperature at 21 h, cloud cover,
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mean daily humidity, wind speed and rainy nights
were excluded (cf. Roche & Elliott 2000).

We recorded and analysed data for a total of
35 nights for 16 different female bats. Gener-
ally, it is recommended to use data from indi-
vidual animals as sampling units when testing
habitat preference hypotheses (Bontadina et al.
2002). Habitat selection was investigated only
in females from colony A (n = 11). All tagged
females showed relatively similar patterns of
behaviour and no significant differences among
the days of study and the females themselves
could be detected. Similar sample sizes were
used in studies dealing with the same research
questions (e.g. Nicholls & Racey 2006, Feyer-
abend & Simon 2000 in pipistrelles; Bontadina
et al.2002 in R. hipposideros) and make our data
comparable with these studies. One location on
a hunting ground or in a roost was considered
a unit of the analysed set. The asymptote was
attained at about 30 independent locations in
each of the females studied. Home range size
did not change significantly after adding further
locations (>30) (similarly in Smith & Racey
2005). However, for some of the females we
were able to obtain more than 100 locations. In
all, 15 roosts were used in the analysis to deter-
mine flight distances and types of roosts.

Roosting and foraging activity data were not
normally distributed and were analysed using
non-parametric tests (Kruskal-Wallis and Mann-
Whitney tests). Data of roost visits were trans-
formed successfully to approximate normality
using arcsine transformation. ANOVA and logis-
tic regression were used to check changes in
roost switching and distances between night or
day roosts and foraging sites. The Bonferroni
correction was applied if multiple tests were
used for the same data set. Differences in habitat
use were tested using contingency tables (-
test). We used Statistica for Windows 7.0 to con-
duct the analyses.

Results
Roosting and flight activity

No significant differences in roosting time

(Kruskal-Wallis test: H,, = 11.62, n = 61, p >
0.05), commuting time (H , = 8.91,n =61,p >
0.05), and foraging time (H,, = 17.76,n = 61, p
> 0.05) were found either among studied females
or among successive nights of one female. There-
fore, the data from different females and nights
were pooled for subsequent analyses.

Overnight changes in activity

Significant differences in roosting (Kruskal-
Wallis test: H, = 10.62, n = 61, p = 0.005) and
foraging activity (H, = 13.27,n =61, p =0.001)
were found among night thirds (early, middle and
late). The highest foraging activity was recorded
at the beginning of the night (1st third), and
decreased during the following thirds. A signifi-
cant increase in roosting activity was recorded
during the 2nd third. Roosting activity was as
high in the 3rd as in the 2nd night period. On the
other hand, no differences in commuting activ-
ity were found (Fig. 1). Foraging activity was
spread, on average, across 4.1 + 1.6 (mean + SD)
foraging periods (range 1-10), i.e. periods when
bats left the roost and foraged continuously.

Foraging areas and habitat use

Habitat selection was investigated only in
females from colony A (n = 11). We found that
range sizes depended on the number of telemetry
locations. Maximum size of foraging areas was
archived with approximately 30 locations. How-
ever, we located only five females at more than
30 locations. Therefore, using minimum convex
polygons we calculated the absolute foraging
area for those five bats and the minimum forag-
ing area for the others (similar to Bontadina et
al. 2002). The foraging areas of the bats ranged
between 1.6 and 117 ha (median 57.5 ha).
Habitat use did not differ significantly among
females, nights or thirds of a night (Kruskal-
Wallis test: H, = 10.32, n = 111, p > 0.05). The
comparison of habitat use in the core foraging
areas (50% contour line of the fixed kernel esti-
mation) with colony range showed that bats pre-
ferred vegetation edges and water bodies more
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Fig. 1. Foraging, commuting and roosting of Pipistrellus
pygmaeus (time in min) for the early, middle and late
thirds of the night. Mean (square, diamond, tringle);
box: 25% and 75% percentiles; whiskers: minimum—
maximum. * p < 0.01; ** p < 0.001.

than forests and open fields (y*> = 118.89, df =
5, p < 0.001). The colony range was predomi-
nantly fields and pastures (56.8%) and wood-
lands (30.7%, Fig. 2). The composition of habi-
tats was not different between colony range and
the availability of foraging habitats (3> = 0.06,
df =4, p > 0.05). To estimate the availability of
foraging habitats we used the area of a circle of
1-km radius drawn around the colony site. Non-
significant differences in foraging activity were
found in open fields, pastures and forests. Often
all females foraged at water bodies and vegeta-
tion edges, despite their low availability (Fig. 2).
High foraging activity found in the vicinity of
street lamps was not representative for all tagged
females, as only six females foraged in this habi-
tat type.

Night roosts and roost switching

Each female visited at least one roost per night,
but five females visited two roosts during several
nights, i.e. on 28% of the nights. Night roosts
were visited on average 3.7 times (range 1-7) per
night and female. A quadratic polynomial regres-
sion significantly described the increase in roost
visits at the beginning of lactation as well as the
decrease at the end of lactation (R? = 045, F =
24.13, p = 0.008, Fig. 3). In all, 13 roosts were

Fig. 2. Habitat use by Pipistrellus pygmaeus. Compari-
sons of habitat availability vs. habitat use are based on
the minimum convex polygon of all females vs. the level
of activity (mean percentage) per individual. Habitat
selection was investigated only for females from colony
A(n=11).

Number of roost visits per night
N

0 5 10 15 20 25 30
Number of days after finding the first young

Fig. 3. Number of roost visits per night during the
whole lactation period. A quadratic polynomial regres-
sion describes, significantly, the increase of roost visits
at the beginning of lactation and the decrease at the
end of lactation.

found in tree cavities and only two in buildings
(the main daily roosts of the two colonies). Five
females (45%) changed day roosts after the night
being tagged (32% of nights in total). For this
reason, data from the first night after capture were
not used in the roost switching analysis. Nursery
colony A used six different day roosts, while
nursery colony B only three during the study
period. Tagged females from colony A used three
roosts simultaneously consisting of ca. 60, 80 and
100 adult females, and three individual roosts.
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Fig. 4. Linear regression (R? = 0.18, F = 543, p

= 0.027) describing changes in maximum distance

between night and day roosts. * indicates nights when

females visited a male roost.

Distances between roosts and foraging
sites

The median distance between night and day
roosts was significantly different (ANOVA: F,
=7.79, p < 0.001) as were the medians of dis-
tances between foraging sites and roosts (F,, =
6.27, p < 0.001). Foraging sites were over 1 km
away from the main roost for 8 of 15 females
(maximum 1.75 km). The distances between
night roosts were over 1 km in only 36% of all
events (maximum 1.4 km). Three trends were
obvious at the time of weaning: (1) a decrease
in the number of roosts visited per night, (2) an
increase in the distance between night and day
roosts (Fig. 4), and (3) an increase in the distance
between roosts and foraging sites (Fig. 5). Time
spent by females in night roosts was constant
(ANOVA: F. = 1.17, p > 0.05). We tested the
distances between day roosts and foraging sites
which the females flew directly from their day
roost. Five tagged females (during 11 nights)
used foraging sites more distant from their origi-
nal day roost in the building (mean + SD = 446
+ 276 m). After day roost switching the distance
between foraging areas and the new day roost
in trees was lower (mean + SD = 216 = 84 m)
(paired t-test: t =2.50,n =7, p =0.04).

Other general observations

Three females probably transported their young

1400

800

Roost—foraging site distance (m)

200t ©

0 5 10 15 20 25 30
Days of observation

Fig. 5. Linear regression (R? = 0.47, F = 20.83, p =
0.001) describing changes of distance between roosts
and foraging sites. An increase in distance between the
roosts and the foraging sites was found towards the
time of weaning.

to night roosts, as evidenced by records of the
presence of flightless young inside roosts only
used at night. Four lactating females visited
sites where we recorded song-flight calls of P.
pygmaeus. The song flights were performed by
males near their roost along fixed flight paths.
However, we located only one male roost. A
tagged female, accompanied by a male, zigza-
gged for on average 70 minutes (n = 6, mean +
SD =70 + 13) among the trees in the vicinity of
a male roost. In general, sites where males vocal-
ized were more distant from the day roost than
night roosts used only by females (mean + SD =
989 + 176 m vs. mean + SD = 646 = 231 m). A
lactating female was even found in a company of
one male P. pygmaeus and one P. nathusii in the
same roost during a day. Other females switched
their day roosts in the vicinity of male territories.
All new female day-roosts within male territories
were over 1 km away from their main day roost
(range 1.0-1.4 km).

Discussion
Changes in activity

We found differences in some aspects of flying
behaviour and roost switching between pipist-
relle populations in central Europe and in Eng-
land (e.g. Bartonicka & Rehdk 2004, Davidson-
Watts et al. 2006). Maier (1992) found a bimo-
dal nocturnal activity pattern in P. pipistrellus



ANN.ZOOL.FENNICI Vol.45 -

Roost switching in pipistrelles 509

sensu lato during the lactation period. During the
same period, Davidson-Watts and Jones (2006)
observed 1.1 foraging bouts on average in P.
pygmaeus. However, in our study the number of
foraging periods was higher, 4.1 per night. On
the other hand, several bouts were shorter, less
than 15 minutes. In our study, the average flying
time was 76 minutes per night. This value is con-
siderably lower than those found by Davidson-
Watts and Jones (2006) for the two pipistrelle
species. Longer flying times were also found
by Jenkins et al. (1998) and Maier (1992) for P.
pipistrellus sensu lato. The relatively short time
spent foraging could be due to the availability of
rich food sources in the Czech floodplain forests
as compared with those occurring in different
habitats in England or Scotland.

Foraging areas and habitat use

Davidson-Watts and Jones (2006) found that
P. pipistrellus used more habitat types than P.
pygmaeus. Their results show that P. pygmaeus
seems to prefer a limited spectrum of habitat
types, while P. pipistrellus is more opportunist
and uses a wider range of habitats. The asso-
ciation of P. pygmaeus with water is well known
(Vaughan et al. 1997, Oakeley & Jones 1998).
Rydell et al. (1994) found higher activity in pip-
istrelles above cluttered rather than open water
surfaces. Our results support the unambiguous
preference of water habitats in core foraging
areas as compared with a cluttered forest or
open field and meadow, respectively. We confirm
that P. pygmaeus also prefers vegetation edges
characterized by a high density of potential prey,
which can also be used more frequently due
to their proportionately greater presence in the
landscape under study compared to infrequent
water surfaces. Our results also agree with those
of de Jong and Ahlén (1991) who found that pip-
istrelles prefer vegetation edges.

Roost switching and distances
Roost switching is often identified in pipistrelles,

Pipistrellus pipistrellus/pygmaeus (e.g. Thomp-
son 1992, Park er al. 1996). We chose the lacta-

tion period to study roost switching because of
high roost fidelity during this period (Racey &
Swift 1985). Colony size is important for ther-
moregulation which affects the frequency of
roost switching (Haddow 1993, Barlow & Jones
1999). In England, the mean size of P. pygmaeus
nursery colonies is about 200 females (Barlow
& Jones 1999). We found considerably fewer
females in colonies in buildings (median = 65, n
= 39, author’s unpubl. data). The lower number
of bats in pipistrelle colonies in central Europe
may be due to more frequent roost switching
— induced by changes in preferred temperatures
during the reproductive season — as compared
with large pipistrelle colonies occupying stone
houses in Scotland (Haddow 1993). Feyerabend
and Simon (2000) observed bats moving even
between eight different shelters in a colony con-
sisting of nearly 200 adult females. We found
three parallel shelters visited by females coming
from the main colony (with 80 bats on average).
The whole colony did not move between shelters
all at once, as Feyerabend and Simon (2000)
found in P. pipistrellus. Nevertheless, almost half
the females moved between six shelters discov-
ered every other day.

There are no genetic data available to deter-
mine kinship among bats within colonies of P.
pygmaeus, but the simultaneous use of more
shelters by females coming from one colony indi-
cates an analogy with the fission—fusion model
used in Myotis bechsteinii (Kerth & Konig, 1999)
and Eptesicus fuscus (Willis & Brigham 2004).
Most authors (Racey & Swift 1985, Jenkins et
al. 1998, Davidson-Watts & Jones 2006) assume
that the foraging areas are close to the roosts.
Feyerabend and Simon (2000) found the dis-
tance between day roosts to be several times
longer than the distance between the roost and
the foraging site. Although the sample was small
(only seven movements between day roosts),
our results support the hypothesis that females
may change their roosts because they are closer
to attractive foraging sites (e.g. Feyerabend &
Simon 2000). The distance between the first
night foraging site and the previous day roost
was always longer than the distance between the
new day roost and the foraging site in the subse-
quent night. However, females can also use dif-
ferent roost types due to different microclimatic
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conditions inside them (buildings versus natural
hollows) as conditions change during the repro-
ductive season (Thompson 1990).

Our data show that it is extremely difficult
to determine the actual size of a P. pygmaeus
colony in central Europe because females use
simultaneously more than one roost. By contrast,
numerous pipistrelle colonies in England do not
switch roosts for most of the reproductive season
(e.g. Davidson-Watts & Jones 2006). This obser-
vation is very important especially in view of
long-term monitoring programmes in which the
size of maternal colonies is considered a basic
index of population dynamics.

Transport of young

Suckling female P. pygmaeus, similarly to P.
pipistrellus, were found to use several day roosts
during the reproductive season (Bartonicka &
Rehdk 2007). In the area exploited by colony
B, bat boxes equipped with IR diode cameras
were installed for our earlier research. Owing to
all-night recordings, we found that one female
carried its naked suckling infant into the empty
box and returned for it some hours later. A simi-
lar behavioural pattern was also observed (by
means of radio-tracking) during this study in
case of two tagged females from nursery colony
A. Juveniles were observed during the night in
all roosts. For lactating females, transporting
young and depositing them in a temporary roost
within the hunting ground can be less costly than
flying back and suckling the young in a distant
nursery.

Paying visits to males

Four lactating females visited sites where we
recorded song-flight calls of P. pygmaeus. We
concluded that they might have been uttered by
a male flying along the same flight route (Barlow
& Jones 1997) although male advertisement calls
were registered later, after weaning the young.
However, Gerell-Lundberg and Gerell (1994)
already found the first territorial vocalization
during the lactation period at the end of June.
Social calls undistinguished from song-flight

calls were also emitted during group foraging but
no feeding buzz was found during our record-
ings. Calls were produced at regular intervals
indicating their attractive character (Lundberg &
Gerell 1986). All four females mentioned above
showed signs of nursing but we cannot exclude
the possibility that their young died soon before,
or during our study. The day after males were
visited, three females chose their night roost in a
tree hole in the vicinity of the male territory they
had visited the previous night. Most observations
were carried out for 15 days following the first
find of an infant in the main roost. Hughes et al.
(1989) never found pipistrelle females suckling
offspring other than their own, therefore we
suppose that the females had to carry their own
young. The possibility of the young remaining
inside a roost in the absence of its mother during
daylight needs to be tested in more controlled
experiments. Our results suggest that lactating
females must be able to invest some of their
stored energy in visits to male territories even
during lactation, a period of highest energetic
cost.

In summary, our results suggest that females
of P. pygmaeus from a maternal colony use more
than one roost and the movements among these
roosts are often. This observation makes colony-
counting as a method commonly used to evalu-
ate changes in population dynamics unreliable
and should be consulted within the framework
of international conservation and management
measures. Roost switching and the transport of
young by females reduce energy costs related to
movements in foraging sites. New findings that
lactating females visit territorial males and share
their roost suggest that the lactation period is less
costly than is generally accepted.
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Abstract The objective of the present paper is to extend
the knowledge of roosting strategies of bats and the
interaction of bats with their roost ectoparasites, the bat
bugs Cimex pipistrelli. The project was focussed on the
potential causality of bat movements and the variation in
bug numbers. For 2 years, three model bat boxes with
breeding female Pipistrellus pygmaeus were monitored
inside floodplain forest. After the arrival of bats in May,
adults and first instars of bugs were observed in the boxes.
During the lactation period in June, when the bats did not
occupy the roosts, the first instar bugs died out followed by
the adults. The decrease in bug numbers began only several
days after the bats had left the boxes. After a month of the
bats’ absence, the abundance of adult bugs decreased by
half of their number. Only the eggs survived the period
when the roosts were unoccupied in summer. In mid-July,
after the arrival of lactating females, an increase in the
number of bugs was observed. At the beginning of August,
however, no new eggs were found. Although adult C.
pipistrelli are able to survive the winter period in the boxes,
the bats, by shifting the roosts within the vegetation season,
prevent the massive reproduction of these parasites.

Introduction

Previous studies were mostly focussed on communities of
ectoparasites of different bat species with no regard to their
life strategies (e.g. Whitaker and Mumford 1978; Whitaker
et al. 2000; Ritzi et al. 2001; Ritzi and Whitaker 2003). Few

T. Bartonic¢ka (<)) - J. Gaisler

Institute of Botany and Zoology, Masaryk University,
Kotlafska 2,

611 37 Brno, Czech Republic

e-mail: bartonic@sci.muni.cz

papers described the relationship between ectoparasite
density and the reproductive cycle of its bat host (Dietz
and Walter 1995; Christe et al. 2000). There are several
studies in which the impact of ectoparasites living perma-
nently on the host body (e.g. mites, Spinturnicidae) was
analysed (Lewis 1996; Giorgi et al. 2001). Bugs of the
family Cimicidae are the most important roost ectoparasites
of bats. The family includes 91 species, 61 of which
parasitize bats (Ryckman et al. 1981). Great mobility and
ability to survive without their hosts for a long time makes
the bugs important model ectoparasites, not only of bats
(Usinger 1966). Several authors dealt with the taxonomy of
bugs parasitizing bats, yet unsolved problems persist,
including the status of Cimex lectularius and Cimex
pipistrelli (Wendt 1941; Povolny 1957; Usinger 1966;
Péricart 1972; Aukema and Rieger 1995-1996; Péricart
1996). In this paper, both taxa mentioned above are
regarded as separate species.

Fast ontogeny enables the bugs to increase their numbers
rapidly soon after a roost was occupied by bats. Due to the
fact that it is also parasitizing man, the bed bug (C.
lectularius) is the best-known cimicid species. Female bed
bugs usually lay from two to four eggs per day. During its
life, a single female can lay as much as 500 eggs (Davis
1964). Bed bugs suck blood in periods of few days and are
able to starve for months (maximum 1.5 year). Due to their
long starvation capacity, bed bugs survive the winter period
or the absence of the host in its roosts (Johnson 1942;
Povolny 1957). Usinger (1966) found that the temperature
and humidity in the roost influences the survival of all
ontogenetic stages and the promptness of adults to copulate.
Bugs in general prefer lower roost temperature than other
bat parasites do because they stay on bats for a short time to
feed only (Usinger 1966). At present, scant information is
available on the possible impact of microclimate fluctuation
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and the length of starvation on the survival of particular
ontogenetic stages and adults of the two sexes (Rivnay
1932; Johnson 1940; Omori 1941).

Nursery colonies of several bat species dwelling in
crevices of trees, hides or buildings switch roosts frequently
during the reproduction season (e.g. Thompson 1990 in
pipistrelles or Kerth and Konig 1999 in Myotis bechsteinii).
In the territory of the present Czech Republic, the bugs
(Cimicidae) were found in roosts occupied by Pipistrellus
pipistrellus s.1. (Gaisler 1966; Harka 1988). New observa-
tions show that bat bugs C. pipistrelli occupy the roosts of
two pipistrelle species, P. pipistrellus and Pipistrellus
pygmaeus (Bartonicka, unpublished). As in P. pipistrellus,
females of P. pygmaeus switch roosts very often. Typically,
groups of females leave their respective roosts in early June
and move to the main nursery roost few days before
parturition. They move back to their previous roosts with
flightworthy juveniles in mid-July (Swift 1980; Webb et al.
1996). The so-called fission—fusion model common in
primates, i.e. a temporary splitting of one nursery colony
into sub-groups, was described in M. bechsteinii (Kerth and
Konig 1999; Willis and Brigham 2004). Similar roost
switching strategy was observed in P. pipistrellus and P.
pvgmaeus (Feyerabend and Simon 2000, own observation).
Sub-groups of genetically close females occupied a com-
plex of tree hollows and bat boxes within a small area and
switched roosts every 2 days (Willis and Brigham 2004).
Although the fact of roost switching was demonstrated, the
cause or causes of this phenomenon were not understood
completely till now (e.g. Lewis 1995; Vonhof and Barclay
1996; Brigham et al. 1997). There are several hypotheses
explaining why bats switch their roosts. The movements
may be caused by sudden changes in microclimatic
conditions, restricting the circulation of air inside a crevice
type shelter (Whitaker 1998; Lourenco and Palmeirim 2005)
or changes in thermoregulatory requirements of bats regard-
ing their reproduction cycle (pregnancy vs lactation) (e.g.
Thompson 1990; Hamilton and Barclay 1994; Kerth et al.
2001). In addition, the impact of humans, animal predators
or unknown factors can disturb bats (Lewis 1995).

In our study, we focussed on a hypothesis assuming that
by switching roosts the bats avoid the increasing invasion
by ectoparasites and keep their individual fitness (Wolz
1986; Lewis 1996). The large numbers of ectoparasites
observed on adult females and young after parturition show
synchronisation of the population cycles of ectoparasite and
host. Seasonal changes in the numbers of C. pipistrelli in
semi-natural roosts were evaluated regarding the presence
of bats. We attempted to answer the following two
questions: (1) Do temperature and humidity influence the
numbers of bat bugs in the roosts? (2) Is there any
correlation between the numbers of bats and bat bugs? We
think that the data on roost infestation by parasites together
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with the knowledge of other parameters such as the
microclimate of occupied roosts (Lourengo and Palmeirim
2005; Bartonieka and @ehak 2007) can be utilised for the
purposes of conservation of bats and their shelters.

Materials and methods
Study area and technical equipment

Nursery and temporary colonies of P. pygmaeus with high
densities of bat bugs C. pipistrelli were monitored in three
wooden bat boxes inside the Kfivé jezero floodplain forest
(S Moravia, Czech Republic) for 2 years. In the first
growing season (2004), all bat boxes were equipped with
passive IR Trail Monitors, TM (TM550, TrailMaster,
Goodson & Associates, USA) (after Thomas 1995) and
thermometers (Hobo, Onset Computer Corporation) to
record the presence of bats and the temperature in the
boxes over the season. TM monitors were situated in front
of the entrance to each box (Bartoni¢ka and Rehak 2007).
Hobo Data Loggers continuously recording internal tem-
perature and internal humidity were situated under the roof
of each bat box. The accuracy of the relative humidity
sensor was 4% and that of the temperature sensor +0.4°C.
Monitoring of bat bugs was carried out by manually
sampling from inside the box roof and recording the
activity of insects by a video system (B/W AVC 307R+12
IR diode). In each of the three boxes, the IR diode camera
monitored a particular inside area (3%10 cm) and recorded
the relative activity of bugs in 30 min periods. All
monitoring was carried out regularly in 10-day periods just
before most bats left a particular bat box to limit the effect
of human disturbance. Each sample of bat bugs was divided
into four groups: (1) adults, males and females together, (2)
first to third instars, (3) fourth and fifth instars and (4) eggs.
Females prevailed among the adult insects. In each group,
the number of bugs was recorded. Bug movements within
the experimental inside area scanned by the camera were
counted regardless of the groups.

The reproductive season under study was divided into
three parts: pregnancy (till 6 June), lactation (7 June till 6
July) and post-lactation (since 7 July). The time of
parturition was indicated by the presence of seven
newborns in one of the three boxes.

Statistical analysis

No significant differences were found between the two
seasons, 2004 and 2005, which allowed to pool the data.
All variables showed a normal distribution (Kolmogorov—
Smirnov test). Statistics for Windows 7.0 was used for data
analyses (PCA, ANOVA, ¢ tests, correlations). The level of
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morning bat activity (returning from foraging flights at 1—
5 AM) (Trail Monitors) positively correlated with the
number of bats found in a box later during that day when
the boxes were checked manually (Pearson’s correlation
coefficient, »=0.73, p<0.05). The numbers of bugs,
revealed from records of their activity by a video system,
positively correlated with that obtained by manual sampling
from inside the box roof (=0.84, p<0.05). No significant
differences were found in the numbers of bugs and presence
of bats between particular bat boxes (ANOVA, number of
bugs, F=0.57, ns; presence of bats, F=2.10, ns), therefore
the data were pooled. Analysis of variance (ANOVA) was
used to check the differences between the parts of season
and ¢ test as post hoc. Principal component analysis (PCA)
was used to check the effect of partly correlated variables
(internal temperature, internal humidity, numbers of bugs
and bats). The model was fitted by means of microclimatic
parameters from the light part of the day and the number of
bats using a particular bat box as their day roost. Bonferroni
correction was applied if multiple tests were used for the
same data set.

Material

During the two growing seasons, the three bat boxes
occupied by soprano pipistrelles (P. pygmaeus) were
monitored for 151, 199 and 115 days, respectively. For
each day, hourly values were available for internal
temperature, internal humidity and the level of the bats’
activity. The samples of bat bugs (C. pipistrelli) were taken
on 19 occasions.

Results
Seasonal changes in the occupancy of bat boxes

The differences in the numbers of bugs and presence of bats
among 19 checks were statistically significant (ANOVA, F=
1.89, p<0.01). Two peaks in the occupancy of boxes by
bats were recorded in May and August. Pregnant females
used these roosts before parturition and some of them
returned with flightworthy young (Fig. 1). During the
pregnancy of bats until the parturitions in mid-June, a
significant increase in the number of bat bug eggs was
recorded (¢ test, t=—6.69, Bonferroni correction, p=0.001,
n1=3, n,=3). A significant decrease was found from early
June until the end of July. No bug eggs were found on
subsequent checks (Fig. 1). The number of adult female
bugs, surviving from previous winter, decreased until mid-
June (r=—83.59, Bonferroni correction, p=0.001, n1=3, ny=
3) when they died out. Only nymphal stages were present in
the boxes during the first half of August. A rapid increase in

the number of adult bugs was registered after the bats,
mainly young ones, returned to the boxes in mid-August (1=
—3.34, Bonferroni correction, p=0.01, n;=3, n,=3). After
mid-September, when the metamorphosis of the last (fifth
instar) nymphae was completed, the number of adults
stagnated. Only adults survived the winter period. Two
peaks in the presence of bats were distinct throughout the
season. The first peak during pregnancy, however, was
insignificant (¢ test, 7=2.03, Bonferroni correction, ns, n;=3,
n,=3). During the lactation period, the number of bats in the
boxes was very low. A significant increase was found from
the beginning of July until the second half of August (1=
—1.54, Bonferroni correction, p=0.001, n;=3, n,=3)
(Fig. 1). During the period in which the bats were absent
(lactation, June), a rapid dying of the early stages of bugs
(first to third instars) was recorded. After all the bats had left,
the abundance of this bug group decreased to a half in
9 days. A similar decrease in the number of fourth and fifth
instar bugs was observed in 16 days. Likewise, the number
of adults decreased to less than a half during the absence of
bats. In general, the population of bat bugs survived the
summer absence of bats in the egg and nymphal stages.

Relationship among particular variables

Internal temperature, relative humidity, number of bugs
(adults, first to third instar, fourth and fifth instar), number
of eggs and number of bats were included in the principal
component analysis. The first two factors accounted for
78.8% of variability. Table 1 shows the relations of
individual components and variables. The cluster of days
during bat pregnancy differed due to the positive correla-
tion of component 1 with the number of adults and first to
third instar bugs and due to the negative correlation with
the number of eggs, which increased rapidly in these days.
A large number of eggs were also observed during
lactation, but nymphal and adult bugs and bats were
found in very low numbers. The cluster of days in the
post-lactation period was characterized by positive corre-
lation of numbers of adult bugs and bats at the absence of
eggs (Fig. 2). Furthermore, significant differences using
discrimination analysis were found related to the repro-
duction period (Wilks’ A=0.34, F=2.91, p<0.002).

A positive correlation was found between the number of
adult and fourth and fifth instar bugs (Pearson’s correlation
coefficient, 7=0.52, p=0.005) and between the number of
eggs and number of individuals of first to third instar (r=
0.33, p=0.001). The number of eggs and relative humidity
correlated negatively (r=—0.37, p=0.01). The presence of
bats positively correlated with the number of first to third
instar bugs (r=0.39, p=0.001). The possible impact of
temperature on the number of bugs was tested. A positive
correlation was found only between the internal tempera-
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Fig. 1 Changes in numbers of
bat bug adults, all instars and
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Table 1 Correlations (Pearson’s correlation coefficient) between variables and components of PCA
A B C D Bats Tin Hum
Component 1 0.68* 0.47* 0.39% —0.69* 0.46* 0.04 0.34*
Component 2 0.23 -0.27 0.25 0.21 0.05 —0.62* 0.05

A: adult bed bugs, B: fourth and fifth instars, C: first to third instars, D: eggs, Tin: internal temperature, Hum:

*p<0.05, all values are significant.
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Fig. 2 Principal component 4
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ture 10 days before the checks and the number of first to
third instar bugs (Pearson’s correlation coefficient, »=0.41,
n=38, p<0.005).

Discussion
Microclimatic conditions

From among various environmental factors, temperature
seems to be the most important because it influences the
development and activity of bugs. In most roosts, temper-
ature varies significantly during both the season and the
day, being rather constant only in large caves and similar
shelters (Usinger 1966). In this paper, however, nearly no
correlation between the temperature and the number of bat
bugs was revealed. The only exception was a positive
correlation between the temperature in the boxes and the
number of early developmental stages of bugs found
10 days later. This may have been due to the accelerated
embryonic and nymphal development at optimum temper-
ature. In contrast to C. lectularius, no information is
available concerning the response of C. pipistrelli to various
microclimatic conditions (e.g. Rivnay 1932; Johnson 1940;
Omori 1941) but the main aspects may be similar in the two
species. In C. lectularius, the embryonic development is
accelerated by temperature increasing up to 30°C, when it is
the shortest (3.7 days, Omori 1941). The upper temperature
limit, blocking the hatching, nymphal development and adult
activity, is 37°C in C. lectularius (Omori 1941). Mortality

Component1

sets in at 44-45°C (Hase 1917) but for a short time, in the
order of hours, bed bugs are able to survive even such high
temperatures. During our study, the temperature in the boxes
reached values of this kind on 13 days yet the daily mean
temperature never exceeded 30°C. Laboratory testing is
required to reveal the impact of temperature on the timing of
development in bat bugs.

Relative humidity of air is another factor that possibly
influences the seasonal dynamics of bat bugs. The experi-
ments with C. lectularius suggested that in some instars
their development was shortened at 32°C when the
humidity was low; in contrast, at 22°C the development
was shortened when the humidity was high (Rivnay 1932).
According to Kemper (1936), extremely low relative
humidity (0-20%) often causes the death of nymphae in
the course of ecdysis. The negative impact of low humidity
on the first instar may even be greater. At relative humidity
<60%, its survival is reduced to a fifth (Jones 1930).
Mortality is caused by dehydration (Mellanby 1932). In the
bed bug, both high and low temperatures when combined
with high humidity cause up to 90% mortality of eggs
(Johnson 1940). Correspondingly, the results of our study
on the bat bug show negative correlation of the number of
eggs with relative humidity. The combination of low
temperature and high humidity was typical for the post-
lactation period when no new eggs were recorded. As
indicated by the results of laboratory experiments with C.
lectularius, the survival of eggs of C. pipistrelli during the
humid autumn season is reduced if not impossible. The
hibernation of adults and not of eggs, therefore, could be an
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adaptation to the cold and humid climate of the temperate
zone.

Auvailability of food

In the bed bug, the availability of food affects oviposition,
duration of individual instars and total length of life
(Usinger 1966). The frequency of bloodsucking is posi-
tively correlated with temperature, e.g. every third day at
27°C in adults (Kemper 1936). The nymphae are able to
feed 24 h after ecdysis but they suck in shorter intervals
than the adults do. Concerning various developmental
stages, early instars are the most vulnerable if they do not
have enough food. Food deficiency has a negative impact
mainly when ambient temperatures are high. Such temper-
atures, though not yet lethal, force the bugs to suck more
often because they prevent bug torpidity and increase the
danger of dehydration. The availability of food affects the
weight of a particular adult female, which is positively
correlated with the number of eggs laid. When feeding
regularly twice a week, the females produce 2.76-8.26
(average 5) eggs per week for about 18 weeks (Johnson
1942). The adult life span may encompass 12—18 months
and after harvesting, they usually die (Usinger 1966). The
results of this study correspond to these data in that the early
instar bugs will die soon after their hosts have left the boxes
and no eggs were found at the end of July. The presence of
pregnant female bats after the end of April is essential to
start the process of gradation of the bug numbers and assure
the production of sufficient number of eggs that will survive
the absence of bats during lactation.

Impact of bugs on bats

Abundant bat bugs may induce heavy stress to their hosts.
The trouble they cause may lead to disquiet of bats
resulting in their abnormally frequent scratching, cleaning
of fur and wing membranes and efforts to catch the
parasites on their body. Several authors argue that the
increased number of roost parasites forces the bats to leave
the roost and find another one (e.g. Wolz 1986; Lewis
1996; Walter 1996). Roost switching seems to be a good
anti-parasitizing strategy of bats with respect to C.
pipistrelli. This bug species was by far not recorded in all
maternity colonies of bat species known as its potential
hosts. According to Reinhardt and Siva-Jothy (2007), only
12% of Myotis myotis colonies were parasitized by C.
pipistrelli. In shelters of bat species preferring tree hollows
and various fissures in summer, such as P. pipistrellus and
Nyctalus noctula, the presence of bat bugs was recorded
more often (K. Hirka, unpublished). However, it is more
difficult to check fissure-like roosts than spacious shelters
such as lofts of buildings for the presence of bugs. At
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present it seems that in the territory of the Czech Republic,
C. pipistrelli is common in “fissure” bat species that often
change their roosts, while C. lectularius occurs rarely and
only in “space” bat species with a high degree of philopatry
to their summer shelters (O. Balvin, unpublished). Further
research is needed to specify the differences in seasonal
dynamics between the two species of bugs.

In Europe and North America, the highest abundance of
bat ectoparasites has usually been recorded in the second
half of May when maternity colonies of bats are well-
established (e.g. mites, Estrada-Pefia et al. 1991; Lucan
2006). The simultaneous use of more shelters by females
coming from one colony was observed in certain bat
species during pregnancy (e.g. Kerth and Konig 1999;
Willis and Brigham 2004). Shortly before parturition,
heavily pregnant females return to their original large
maternity shelter. They give births there and suckle their
young. Among other initially tree bats, this is also the case
of pipistrelles (Swift 1980). During the lactation period,
most satellite roosts are empty (bat-free). The present study
shows that the absence of hosts, coupled with high
temperatures and natural mortality of parasites reduces the
number of bat bugs in bat boxes to less than a half of the
number recorded before the bats left. Immature bugs die
almost totally. However, why do female bats return to the
satellite roosts after lactation and perhaps show them to
their young in spite of the previous bad experience with bat
bugs? The answer may be that the roost selection of female
bats is governed by their thermopreferendum: they seek
thermally optimum shelters that differ within their repro-
duction cycle (Thompson 1990).

The bugs are not the only ectoparasites of temperate bat
species. Very likely, bat anti-parasitizing strategies against
mites, fleas, nycteribids and bugs are mutually different. In
bat species parasitized mainly by spinturnicid mites, e.g.
Miniopterus schreibersii and M. daubentonii, the course of
clustering and shift of shelters of reproducing females
during the season is different from that in bats parasitized
mainly by bugs (Estrada-Pefia and Serra-Cobo 1991; Dietz
and Walter 1995). To conclude, the study shows that
pipistrelle bats are able to prevent the massive reproduction
of bat bugs by temporarily abandoning particular roosts.
Nevertheless, they are unable to rid their roosts of the
ectoparasites completely, which is the obvious consequence
of the co-evolution of Pipistrellus bats and Cimex bugs
under the conditions of the temperate climate.
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Abstract Survival of facultative ectoparasites, e.g. bed
bugs (Cimex spp.), is more intensely affected by climatic
factors, namely temperature, than that of permanent
ectoparasites. The ontogenetic time of the bat bug (Cimex
pipistrelli) in bat roosts is limited by different survival rates
under different temperatures in particular nymphal stages.
This limitation could affect bug densities and cause
asynchrony between the ectoparasite and bat reproductive
cycle. Therefore, bug survival under different temperatures
was tested in the laboratory. Survival success was evaluated
by three types of survival analyses: Kaplan—-Meier estima-
tion, the Cox proportional hazards model and Weibull
parametric regression. The bugs survived for only a few
hours at 45°C; however, such a high temperature was never
found in natural roosts. Different survival probability
among different ontogenetic stages was found at the
temperatures of 5-35°C, and it was the highest in adult
females and nymphs of fourth and fifth instar. Early instars
first to third were found to be the most sensitive with the
highest mortality of all stages studied and having their best
survival at 5°C. The hazard rate ratio of Weibull regression
shows the low daily failure rate of 2.23—4.34% within the
span of 5-35°C. C. pipistrelli had the shorter life cycle and
the better survival at higher temperature (35°C) than C.
lectularius. The ability of the former to survive high
temperatures could be the consequence of its long-term
coexistence with bats preferring crevice-like roosts or attics
which become overheated during the summer months.
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Introduction

Fast ontogenesis, high reproductive potential, mobility and,
at the same time, a hidden way of life make bugs
(Cimicidae) important ectoparasites. All species of this
family inhabit the shelters of warm-blooded animals, but
mostly without physical contact with their hosts. They fully
engorge in 10 to 20 min, after which they return to their
refugium (Usinger 1966). Up to the present, studies
concerning the life history of bugs have dealt mainly with
species which are usually human parasites and vectors of
more than 40 human diseases (Cimex lectularius and Cimex
hemipterus, Hwang et al. 2005; Goddard and deShazo
2009). Neglected, though more abundant in central Europe,
are bugs from the species group Cimex pipistrelli, obliga-
tory ectoparasites, wholly associated with bats or birds
(Reinhardt and Siva-Jothy 2007). A high bat bug popula-
tion density in a roost soon after its settlement by bats is
caused by synchronisation of the ectoparasite density with
the reproductive cycle of bats (Bartonicka 2008). Roost
switching in bats during one season is well-known and
seems to be an anti-parasite strategy with respect to bat
bugs (Bartonicka and Gaisler 2007). The authors showed
that the absence of bats in satellite roosts during the
lactation period, coupled with high temperatures and
natural mortality of parasites, reduced the number of bat
bugs and their ontogenetic stages in bat boxes to less than
half the initial number. According to the present state of
knowledge, two climatic factors, temperature and humidity
seem to have the largest impact on bugs survival (Usinger
1966). The effect of humidity, however, is quite incalcula-
ble and could only have been discovered by investigations
in the laboratory (Rivnay 1932). Usinger (1966) demon-
strated that temperature and humidity significantly affect
survival of all ontogenetic stages and also the relative
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promptness to copulation in bed bugs (C. lectularius).
However, it is generally stated that bed bugs are very little
affected by different degrees of humidity (Kemper 1936).
Rivnay (1932) tested the effect of humidity (10-70%) on
the ontogeny of C. lectularius nymphs. He found only
small insignificant differences in life cycles and assumed
the humidity effect was negligible. Nevertheless, direct
correlation between temperature and relative humidity is
well-known. However, up to the present, only few surveys
have dealt with ecological relations between temperature
and survival of particular instars after starvation periods of
various lengths (cf. Funakoshi 1977; Overal 1980). Previ-
ous studies showed high tolerance towards dehydration (up
to 40% loss in body water) and a desiccation hardiness
against high temperatures (35—-40°C; Dubinin 1947; South-
wood 1954). Early instars with higher body water content
could have worse survival under high temperatures in
climatically extreme conditions of natural bat roosts (Jones
1930; Johnson 1960; Usinger 1966). In general, bugs prefer
lower temperatures than do other bat ectoparasites which
live on their hosts' bodies permanently (Usinger 1966).
Reinhardt et al. (2008) compared the temperature in a roost
of the fruit bat (Rousettus aegyptiacus) and in the refugia of
its ectoparasite, the cimicid bug Afrocimex constrictus.
They found that bugs preferred moving several metres to
staying together with fruit bats and risked suboptimal
conditions in which they were unlikely to reproduce. Even
relatively small temperature differences can be translated
into ectoparasite fecundity.

Surviving water and temperature stress considerably
prolonged periods of inactivity, hence the readiness for
sucking could be different within particular ontogenetic
stages. We examined all stages of C. pipistrelli to illustrate
their survival shift under a wide range of temperature
conditions, to pinpoint the stage which is most or least
vulnerable.

Material and methods
Bat roosts and sampling of bat bugs

Bat bugs (C. pipistrelli) were sampled from two nursery
colonies of mouse-eared bats (Myotis myotis) roosted under
roofs of the castles in JeviSovice and Luhacovice (south
Moravia, Czech Republic). Both populations of bat bugs
belong to the haplotype B group that is very homogenous
throughout central Europe (Balvin 2008). Bugs were
collected with soft forceps and exhaustors into small plastic
boxes (10x10x5 cm) lined with soft paper. A Hobo Data
Logger (Onset Computer Corporation, USA), continuously
recording the temperature and relative humidity, was
situated at the site of the highest density of bat bugs under
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the roof of the JeviSovice castle during the growing season
2007 (April-October). Microclimatic data were used to
design experiments in the laboratory.

Equipment and experimental settings

The sampled bat bugs were manually divided by instars and
sex and placed in laboratory containers using a binocular
following the method by Stutt and Siva-Jothy (2001). To
sort the samples according to developmental stages and sex
safely and reliably using tweezers and to transfer the
insects into experimental tubes, individual bat bugs were
immobilised by sudden “freezing” at 0°C for 10 min.
Particular instars would be very difficult to breed separate-
ly because of their metamorphosis over several days.
Therefore, they were divided into four groups as follows:
mixed age, viz, first-third instar, fourth—fifth instar, adult
males and adult females. They were kept in glass tubes, ten
bugs in each. The tubes were plugged with mineral cotton-
wool swabs to enable air circulation between the tube and
thermostat atmosphere. All bugs were fed at the beginning
of experiments with blood of a specific host (M. myotis).
All groups of bat bugs were exposed to typical temper-
atures that occur during the growing season in their natural
shelters (5, 20, 25, 30, 35, 40 and 45+0.5°C). Kemper
(1936) showed that dry conditions (relative humidity 0—
20%) during ecdysis often leads to high mortality of
nymphs. A somewhat high and stable relative humidity of
65—75%, typical for natural bat roosts, was therefore fixed
for all experimental bug groups (see Fig. 1). Numbers of
dead bugs were monitored each day. To test the promptness
to suck blood after a period of starvation, when mortality
exceeded 50% in each bug group, the box with one adult
non-reproducing female M. myotis and a sample of the
remaining bugs were placed together in a thermostat (30°C)
for 20 min (cf. Giorgi et al. 2004). After the feeding period,
all bugs were removed from the box and collected from the
bat. Their numbers and feeding status were determined.
Collecting five bugs took about 30 s as they were clearly
visible on the wings and tail membrane of the bat. In total,
five non-reproducing females were used to test the
promptness to suck and bats were changed after feeding
each two bug groups. Bats were fed ad libitum with a
mixed diet consisting of crickets (Acheta sp.) and meal-
worms (Tenebrio molitor) and after experiments returned
back to the colony. The bats were captured, handled and
temporarily kept in captivity under the licence no. 922/93-
OOP/2884/93 and 137/06/38/MK/E/07 of the Ministry of
Environment of the Czech Republic. The author has been
authorised to manipulate with free-living bats according to
the certificate of competency no. 104/2002-V4 (§ 17 of the
law no. 246/1992). Experiments were carried out between
April and August in 2007 and 2008.
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Statistical analysis

All variables showed a normal distribution after log transfor-
mation. Statistica for Windows 8.0 was used for data analyses.
Survival analyses and GLM were used to compare the
changes in survival among particular age classes and
temperature. Survival was evaluated during 1 month as this
corresponds to the period of bat absence from the crevice-like
roosts (cf. Bartonicka and Gaisler 2007) and/or using other
ectoparasite free sites within large attics (own unpubl. data).
A mortality of 50% in a sample was considered significant to
finish the experiment, and such a session was marked as
complete in the database. Other groups were evaluated as
censored. The differences among temperatures and age
groups were tested using the Kaplan—Meier survival func-
tions. For the Cox proportional hazards model and Weibull
regression, the Chi-square value was estimated as a function
of the log-likelihood for the model with all covariates. It was

31-Jul 20-Aug 9-Sep 29-Sep 19-Oct

suspected that the effect of the treatment (exposure to
different temperatures) on the underlying hazard was not
constant, that is, that the proportionality assumption may be
violated. To test whether this assumption was tenable, a
model was fitted to the data that included the fixed covariate
“temperature”. We tested only data concerning the first—third
instar because of their high influence by temperature (see
Fig. 2, Kaplan—Meier tests).

Material

During two growing seasons, a total of 840 bat bugs were
collected in bat roosts. Each experiment (at one tempera-
ture) was repeated three times (3x10 bat bugs). For
experiments with seven different temperatures, 210 indi-
vidual bat bugs in each age group were used, viz, first—third
instar, fourth—fifth instar, adult males and adult females, as
mentioned above.
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Fig. 2 Cumulative survival functions for age groups of bat bugs,
showing the fraction surviving in relation to the different temperature.
Kaplan—Meier survival functions for T 5°C, X2 =10.15, n.s. (a); T 20°C,
x>=39.19, p<0.001 (b); T 25°C, x*=66.99, p<0.001 (c); T 30°C, x>=
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124.77, p<0.001, however, M adults and fourth to fifth instar had same
dynamic (d); T 35°C, x*=58.14, p<0.001 (e); T 40°C, x*=1.56, n.s.
(®); and T 45°C, x*=0.77, ns. (g). “Complete” means at least 50%
mortality in the particular bug group
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Results
Changes in the microclimate of bat roosts

In bat roosts, the internal temperature was usually <30°C
and, only in two cases, the maximum internal temperature
reached 41-42°C. Very low temperatures (5°C) were found
during April and September. The relative humidity varied
between 25% and 75%. High humidities correlated with
rainy days during the second half of May and in July and
September (Fig. 1).

Survival at different temperatures

Survival among particular age groups at different temper-
atures was tested using GLM. Different changes were found
only in temperatures between 20°C and 35°C, i.e. T 20°C
(GLM, F=10.68, p<0.002), T 25°C (F=166.83, p<0.001),
T 30°C (F=352.92, p<0.001) and T 35°C (F=126.42, p<
0.001). Apparent Kaplan—Meier estimates are presented for
each temperature and age group. Survival probabilities
among different ages were highest in adult females and
groups of fourth and fifth instar (Fig. 2). At T 5°C and
20°C, the survival probability of fourth and fifth instar was
even higher than in adult bugs. However, survival under
high temperatures, i.e. 40°C and 45°C, was the lowest in all
age groups (5=1 days at 40°C and 3.7+0.2 days at 45°C for
50% of mortality). The most vulnerable stage was the age
group first—third instar, which displayed the highest
mortality in general. Their best survival was found at T
5°C (50% mortality within 21 days). The difference between
the temperature survival of early instars (first—third) is due to
the assumption in the Cox model that the ratio of the hazard
rates is not constant over time and temperature (x>=256.66,
df=6, p<0.001).

The daily mortality rate estimated hazard rate functions
as predicted by the Weibull regression model for all tested
temperatures. The Weibull model showed a similar hazard
rate ratio for the first—third instars in temperature ranges of
5-35°C while higher temperatures caused the hazard rate to
increase (Fig. 3). The hazard rate ratio in relation to date
(treated as a linear variable for temperatures of 5°C to 35°C),
increased the daily failure rate by 2.23-4.34% (95% CI, p<
0.001) per day, but at T 40°C and 45°C, an increase was
found with mean daily failure of 12.10% and 22.06%
(treated as a logarithmic) per day.

Concerning the relative promptness to suck blood in bat
bugs of different age and sex after starvation periods,
significant differences were found in first—third instars
(ANOVA, F=5.77, df=24, p=0.003), in fourth—fifth instars
(F=8.95, df=24, p=0.001) and adult males (F=5.13, df=
24, p=0.006). In these age groups, temperature negatively
correlated with relative promptness to suck blood (Pearson
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Fig. 3 Daily mortality rate of early instars predicted by the Weibull
regression model for all tested temperatures, treated as a linear
variable for temperatures between 5°C and 35°C and as a logarithmic
model for temperatures 40°C and 45°C

correlation coefficient; first—third instars, r=—0.81, p<0.05;
fourth—fifth instars, r=—0.78, p<0.05; adult males, »=—0.56,
p<0.05). Adult females had high promptness to suck even at
high temperatures.

Developmental changes

Changes in nymphal development at various constant
temperatures were tested. On temperature gradient plate of
5-40°C, it was found that C. pipistrelli had the shortest
development at 35°C (mean 21.1 days). In general, the third
and fourth instars needed the shortest time period between
ecdyses at all constant temperatures (Table 1). Low
temperatures (5°C, 20°C) prolonged the time between two
ecdyses and increased the survival probability.

Discussion

Ambient temperature is well-known to be by far the most
important environmental factor affecting all aspects of the
activities of these insects, e.g. nymphal development,
timing of ecdysis or feeding. There are only few bat roosts,
e.g. warm caves in the tropics, where the fluctuation of
temperature during day or year is so uniform that it does not
affect the rate of vital activities of bugs (Usinger 1966).
Results of experiments showed that bug survival, especially
of adults, is highest at low temperatures (5°C, 20°C). This
is an important point contributing to survival over the
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Table 1 Total period of mean

development of C. pipistrelli at T (°C)/stage Ist 2nd 3rd 4th Sth Total days
various constant temperatures
5 332 29.3 26.7 24.8 41.9 155.9
20 21.0 19.0 16.0 20.4 28.9 105.3
T 45°.C was exchluded begause of 25 85 76 6.1 56 94 372
the high mortality of all instars.
At T 40°C, the number of days 30 6.1 4.2 3.1 4.7 6.3 24.4
in brackets are estimates, as 35 5.1 3.2 3.1 4.5 53 21.2
most nymphs died before 40 5.0 6.2 unfinished [5] unfinished [4] 52 24.4

metamorphosis

winter; it is also found in other insect groups (e.g. Lee
1991). Hase (1930) noted the threshold for cessation of all
bug metabolic activities to be between 13°C and 15°C,
though they can tolerate even lower temperatures for brief
periods. In general, adult females had the best survival, and
early instars were the most vulnerable to temperature.
Although bugs are well-known to have high tolerance of
drying, they died of water deficiency associated with lower
relative humidities (0—60%). In particular, survival of early
instars rapidly decreases with decreasing humidity (Mellanby
1935). The low survival rate of adult males is similar to
that of early instars, in contrast to the best survival of
adult females. This might correlate with an unknown sex-
biased factor (e.g. immunodepression after mating, female
guarding, etc.).

The mere ability to survive extreme life conditions such
as high temperature or long periods without feeding does
not evidence completely the viability of a starving bug
population. To safely approach the host and maintain
readiness to suck blood are no less important. Success in
blood sucking may not be trivial because of the high
mobility of bats in roosts, their antiparasitic behaviour or
host unavailability during its day torpor (Bartonicka 2008).
Experiments showed that early nymphs and probably adult
males, which survive longer without a host, are often
unable to find it and suck. Adult females were more
efficient, and a high percentage of the survivors sucked.
This ability of adult females explains their position as the
most often recorded bug stage on netted bats. For the same
reason, adult females are the optimum vector and founder
of a bug colony in a new still uninfested bat roost
(Reinhardt and Siva-Jothy 2007).

In bat boxes, bugs survive the temporal host absence as
eggs (Bartonicka and Gaisler 2007), and this period is, at
the same time, usually the hottest. If the first instars
hatched, e.g. 1 week before the return of bats to the roost
and under high temperatures (40°C), their mortality would
be 50% during the next 5 days. Development timing, i.e.
keeping synchronisation of the bug density with the
reproductive cycle of bats, is a very important ectoparasite
life strategy. This strategy, therefore, could represent a
mechanism facilitating early development from eggs, as
described in flies (Reckardt and Kerth 2007).
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The thermal death point was found between 44°C and
45°C (Omori 1941), but our present results showed that
development of all stages of C. pipistrelli ceased at 40°C.
Such a high temperature (40°C) was observed in bat roosts
only rarely, but no simultaneous decrease in bug numbers
was found (cf. Bartonicka and Gaisler 2007). Therefore, bat
bugs are probably able to roost in thermally more
favourable sites, usually cooler, with temperatures different
among ontogenetic stages. Different survival rates with
respect to the temperature gradient could lead to an age-
related microhabitat segregation (O. Balvin unpubl. data).
Temperature-sensitive sensors present on the bug antenae,
and mobility of bugs very likely enable them to determine
thermally favourable sites and move there (Sioli 1937).

The less specific requirements for roost conditions found
in bed bugs C. lectularius led us to anticipate a similar
dependency of survival on temperature gradient in C.
pipistrelli (Usinger 1966). Both species are frequent roost
ectoparasites of bats. C. pipistrelli parasites mainly on
crevice-dwelling bats Pipistrellus pipistrellus and Nyctalus
noctula switching their roosts several times per growing
season. In contrast, C. lectularius parasites usually on M.
myotis, which is more faithful to one roost (Audet 1990).
Sun-exposed roosts in buildings are well-known for
extreme temperature fluctuations (Kunz and Fenton 2003).
Therefore, bat bugs could be more tolerant to the high
temperatures. The results of this study showed that C.
pipistrelli has the shortest development at higher constant
temperature (ca. 35°C), while C. lectularius matures
quicker at 30°C (Usinger 1966). At temperatures >30°C,
its development slowed and ceased completely at 36°C
(Omori 1941). The efficiency of C. pipistrelli to tolerate
high temperatures could be the consequence of its long-
term coexistence with bats preferring crevice-like roosts in
both trees and buildings but also to more spacious attics
becoming overheated during the summer months. Direct
observations of bat bugs in reproduction colonies of M.
myotis show that, as long as the temperature does not
exceed the thermal death point, the cause of the decrease in
population density is not only temperature, but the absence
of bat hosts at the same time. Usually, the bats left their
roosting places and moved either to cooler sites or those
with less or no bug infestation, often in the same building.
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Abstract Roost ectoparasites are believed to have a nega-
tive impact on fitness of their hosts as birds or mammals.
Previous studies were mostly focussed on the synchroniza-
tion between reproduction cycles of ectoparasites and hosts
living in infested roosts. However, to date, it has not been
examined how fast ectoparasites colonize new, non-infested
roosts and thus increasing the impact on the local popula-
tions of hosts. The parasite—host model was studied, includ-
ing bat bugs Cimex pipistrelli and soprano pipistrelles
Pipistrellus pygmaeus, where bat behaviour was observed
which tended to reduce the parasite load in bat roosts. We
investigated (1) whether bats change their roosting behav-
iour when we discontinued synchronization of their repro-
duction and the life cycle of the bat bugs and (2) how fast
and which stages of bat bugs reoccupy cleaned roosts. In a
3-year field experiment, we removed all bat bugs from six
bat boxes in each spring. Pipistrelles bred young in all non-
infested boxes during these 3 years. In addition, 8 years of
regular observations before this experiment indicate that
bats avoided breeding in the same bat boxes at all. Bat bugs
were found again in clean boxes in mid-May. However, their
densities did not maximise before the beginning of June,
before parturition. A re-appearance of bugs was observed
after 21-56 days after the first bat visit. Adult bugs, mainly
females, colonised cleaned boxes first though at the same
time there were a lot of younger and smaller instars in non-
manipulated roosts in the vicinity.
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Introduction

Roosts and their availability play a crucial role in bat ecol-
ogy (e.g. Russo et al. 2004). Females have evolved to spend
at least part of their lives roosting together in nursery colo-
nies. Regarding the different requirements during reproduc-
tion, there is growing interest in identifying roosting
strategies (Kunz and Lumsden 2003). A number of studies
have provided critical insights into roost switching and have
suggested several reasons for why bats change roosts, i.c. to
minimize the costs of thermoregulation (e.g. Kerth et al.
2001, Willis and Brigham 2005), to reduce the risk of
predation (Vonhof and Barclay 1996) and to allow for an
optimal group size and increased survival (e.g. Barclay and
Kurta 2007). Roost switching in bats is often phenomenon,
is known as fission-fusion (Kummer 1971), where a social
unit of roosting bats may split into several subunits when the
bats select their diurnal roosts (e.g. O’Donnell 2000). Under
this scenario, roost sharing and switching between roosts
within a local area could serve to increase the knowledge of
potential trees for roosting and/or maintain cohesiveness of
the colony (e.g. Willis and Brigham 2004).

However, pipistrelles do not switch roosts as many times
as typical forest species, e.g. Myotis bechsteinii or Eptesicus
fuscus, where the causes of roost switching most probably
relate to the fission-fusion social organization (Kerth and
Konig 1999; Willis and Brigham 2004), although some
roost selection to avoid ectoparasites was observed in tree-
dwelling species like M. bechsteinii (Reckardt and Kerth
2007). Pipistrelles usually only switch roosts two to three
times in one season, according to the reproduction phase.
Typically, groups of females leave their respective roosts in
early June and move to the main nursery roost a few days
before parturition. They move back to their previous roosts
with flightworthy juveniles in mid-July (Webb et al. 1996).
Therefore, we think that there may be a cause other than
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social demands for this behaviour, which is probably related
to a reduction in the parasite load. When leaving the shelter
should lead to a reduction of parasite load, it is advisable to
find out how long it will take for bugs to occupy new or
abandoned roosts, and when they reach there the maximum
population.

Avoiding infested habitats is known to be the most effec-
tive behavioural parasite defence strategy in order to reduce
costs associated with infestation (e.g. Christe et al. 1994;
Moore 2002). Most studies on bat ectoparasites have dealt
with different species and their ontogenetic stages that per-
manently live on their hosts’ bodies (e.g. Gannon and Willig
1995; Giorgi et al. 2001; Dick et al. 2009). These studies are
not sufficient to elucidate the correlation between parasite
load and roosting strategies related to movements within
and outside the shelters. Probably only such strategies could
be effective when avoiding pressure from ectoparasites that
spend on the body of their host a short time only and have
low ability to colonize new host roosts. Therefore, as an
improved model, we chose bat bugs (Cimex pipistrelli)
which, except for the time they spend engorging, mostly
co-habit without physical contact with their hosts and are
rarely found on bats netted out of roosts (Reinhart and Siva-
Jothy 2007).

Currently, it is unknown whether roost switching is an
adaptation for reducing parasite load or whether the ob-
served decrease in the number of parasites (e.g. Bartonicka
and Gaisler 2007) is only a side effect of switching. Prior to
this field experiment, there were no bat boxes and no non-
fledged young bats. Pipistrelles leave the roosts just before
parturition because of a growing parasite load or different
microclimatic demands during pregnancy and lactation
(Bartoni¢ka and Rehdk 2007). Bats can monitor the level
of roost infestation during their repeated visits during preg-
nancy and choose a roost with a relatively low parasite load
or even with none at all (Reckardt and Kerth 2007). The
odour produced by bat bugs is very intense and is probably
easily distinguishable by bats even outside the roost (Usinger
1966). Females become torpid more often during pregnancy
than during lactation, and therefore are less available for bat
bugs (Montes et al. 2002). Populations of bat bugs usually
reach the first gradation at the end of May (Bartonicka and
Gaisler 2007). Laboratory experiments showed higher
levels of infestation in young bats than in adults. The
movement of females to non-infested roosts just before
parturition could have an important role in the post-
natal growth of the young and could be seen as a kind
of maternal effect (Kunz and Stern 1995).

We present a field study in which a roost manipulation
experiment was combined with a long-term study on the
roosting strategies of pipistrelles (Pipistrellus pygmaeus).
The aim of our study was to determine whether or not the
removal of bat bugs from infested roosts would lead to a
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change in the roost selection pattern and whether or not the
females would bear and wean young in roosts with no bat
bugs. The goal of this paper was to reveal, by a simple field
experiment, what is the speed of (re)colonization of new
roosts and whether or not the parasite load is a possible
cause of roost switching in this particular bat species.

Methods
Study area and technical equipment

Nursery and temporary colonies of P. pygmaeus with high
densities of C. pipistrelli bat bugs were monitored in eight
wooden bat boxes inside the Kfivé jezero floodplain forest
and the Bulhary game-hunting ground. Both of these local-
ities belong to one woodland complex near Milovice village
(Milovice Wood), in southern Moravia, Czech Republic.
Milovice Wood is one of the largest remaining oakwoods
in this part of the north-western fringe of the Pannonian
Basin. All of the bat boxes were regularly observed from the
year 2000: at least once at month. At the beginning of the
season in 2003, all of the bat boxes were equipped with
active infrared gates (IRG, Litschmann and Suchy, AMET,
Czech Republic) or passive IR Trail Monitors, TM (TM550,
TrailMaster, Goodson and Associates, INC., Kansas, USA)
and thermometers (Hobo, Onset Computer Corporation,
Southern MA, USA) to record the presence and/or numbers
of bats and the internal and external temperatures inside/out-
side the boxes throughout the seasons. Monitoring of the bat
bugs was carried out by manually sampling from inside the
box roof. In each spring of 2008, 2009 and 2010, we
removed all bat bugs from six bat boxes (three boxes in
the Kiivé jezero and three in the Bulhary game-hunting
ground). Only IRGs were used to monitor the bats during
these three seasons. One box in each locality was left alone;
therefore, the normal life cycle of the bugs could proceed. In
January, the manipulated bat boxes were inserted into plastic
bags, to which several drops of benzene were added. The
next day, we returned the bat boxes to their original places in
the field. Hobo Data Loggers, which continuously recorded
the temperature (internal and external) and the internal rel-
ative humidity, were situated under the roof of each bat box.
The sensors that measured the external temperature were
situated about 50 c¢cm apart on each box. The relative hu-
midity sensor had an accuracy of 4 %, and the temperature
sensor had an accuracy of +0.4 °C. All bat boxes were
regularly monitored over 10-day periods just before the
end of July to limit the effect of human disturbance. Each
sample of bat bugs was divided into four groups: (1) adults,
males and females, (2) first to third instars, (3) fourth and
fifth instars, and (4) eggs (cf. Bartoni¢ka and Gaisler 2007).
The number of bugs in each group was recorded. The
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number of young present was evaluated. The reproductive
season studied was divided into three parts: pregnancy (up
until June), lactation (7 June to 6 July) and post-lactation
(from 7 July). In each season, the time of parturition (8 June
2008, 3 June 2009 and 15 June 2010) was indicated by the
presence of the first newborns.

Statistical analysis

All variables showed a normal distribution after log trans-
formation (Kolmogorov—Smirnov test). Statistics for Win-
dows 9.0 was used for the data analyses (GLM, ANOVA,
logistic regression). The level of returning and emerging bat
activity (returning from foraging flights at 1:00-5:00 a.m.;
Trail Monitors) positively correlated with the number of bats
(IRG) found in the boxes (Pearson’s correlation coefficient,
r=0.81, P<0.05); therefore, the number of bats roosted in
boxes during the day could be estimated. Analysis of variance
(repeated measures ANOVA) was used to check for differ-
ences between the levels of bat activity, and logistic regression
was used to test for changes in occupancy in the manipulated
and non-manipulated bat boxes. Logistic regression was also
used to check for differences between the internal temperature
and bat numbers in different bat boxes.

Material

During the three seasons of 2008-2010, the six manipulated
bat boxes occupied by soprano pipistrelles (P. pygmaeus) were
monitored for 660 (2008, 110 days/box), 732 (2009,
122 days/box) and 780 (2010, 130 days/box) days, and two
non-manipulated bat boxes for 216 (2008, 108 days/box), 194
(2009, 97 days/box) and 238 (2010, 119 days/box) days,
respectively. On each day, hourly values of internal and ex-
ternal temperature, internal humidity and the level of the bat
activity (presence/absence of bats, number of bats throughout
the day, night exploring activity) were recorded. Samples of
bat bugs (C. pipistrelli) were taken on 11 (2008), 9 (2009) and
13 (2010) occasions in each bat box. In addition, monthly
observations of the numbers of bats and bat bugs were avail-
able for the 8 years preceding the present experimental study.

Results
Seasonal changes in occupancy of the bat boxes

No significant differences in number of bats were found
between two localities (Kfivé jezero and Bulhary), the sea-
sons when the bat bugs were removed (GLM, F=0.871, NS,
df=2,154; effect of bat box, Tukey test, F=0.827, NS; effect
of season, F=0.329, NS) and among years when boxes were
not manipulated (GLM, F=0.331, NS, df=642; effect of bat

box, Tukey test, F=0.016, NS; effect of season, F'=0.771,
NS), thus allowing us to pool the data to the two groups, i.e.
manipulated and non-manipulated. Logistic regression
showed significant differences in the patterns of bat box
occupancy between the manipulated and non-manipulated
boxes (F(L 2,171):30.48,p<0.001; Flg 1)

Exploration activity of the bats and bug transport

The use of infrared gates allowed us to evaluate the numbers of
bats that roosted in the bat boxes during the daytime, when the
bugs could suck onto the bats, but also the level of bat explo-
ration activity overnight, when the bat bugs could be trans-
ported to clean boxes. Although the bats were not observed in
manipulated bat boxes during the lactation period, a high
exploration activity was noted during most of the nights. When
we tested the exploration activity between the manipulated and
non-manipulated bat boxes, significant differences were found
(logistic regression; F(;, 2,171)=4.62, p=0.032; Fig. 2).

In the non-manipulated boxes, from which bat bugs were
not removed, two peaks in bat numbers were observed—at the
end of May and at the end of July (Fig. 1). Although there
were many overnight visits by the bats (Fig. 2b), no young
were found in these boxes in any of the three experimental
years. The manipulated bat boxes were re-occupied by adult
bugs, mainly females, whereas many first to third instars were
observed in the non-manipulated boxes. The first bat bugs
were usually found in manipulated boxes from mid-May to
mid-June (21 May in 2008, 13 May in 2009 and 16 June in
2010) 21-56 days after the first bats had flown. Other than
adult bugs, we found several first instar individuals, but always
later on in each year. Although bat bugs were observed early in
the growing season in 2008, and even in mid-May, no first
stages of gradation were found, and only the second gradation
stage appeared at the end of July (only in 2008) (Fig. 3).

Microclimatic conditions

Regarding the positions of the non-manipulated bat boxes and
the manipulated boxes in the two forest locations, we deter-
mined how they differed in internal temperature throughout the
daylight hours. Although each of the bat boxes studied differed
in the degree of exposure, no significant difference was found
among the boxes in the daily mean internal, external temper-
atures and humidity (ANOVA, F(;, 5 319)=0.69, NS).

Discussion
Different factors lead to roost switching

Day roosts in trees or artificial bat boxes are essential for
tree-dwelling microbats, providing shelter, protection from
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predators and an appropriate microclimate for energy bal-
ancing and reproduction. Bats often make use of multiple
roosting sites, frequently shifting between roosts. Previous
experimental studies of bat behavioural responses to ecto-
parasites indicated that the costs to bats differed, with the
costs caused by ectoparasites found in the roost eliciting a
stronger response than those remaining permanently at-
tached to the hosts (Cote and Poulin 1995). Therefore,
long-term monitoring data, along with field-based experi-
ments, were used to examine the influence of roost ectopar-
asites on roost selection patterns and roost fidelity. There are
at least three commonly cited causes of roost switching in
vespertilionid bats, i.e. (1) different microclimatic demands
during reproduction, (2) high ectoparasite loads and (3)
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social organization, for example the fission-fusion model
(Lewis 1996). However, the pipistrelles left their respective
roosts in early June, a few days before parturition, and
moved back to their previous roosts with flightworthy juve-
niles (e.g. Swift 1980; Webb et al. 1996). This behaviour is
different from that found in E. fuscus bats, which were
found to switch roosts every 1.7+0.7 days (Willis and
Brigham 2004). Therefore, the behaviour of the pipistrelles
could not be explained by the fission-fusion model based on
social interactions alone. More probable are movements
related to different microclimatic demands between preg-
nancy and the lactation period or parasite load. Willis and
Brigham (2007) calculated that individuals would save 53 %
of their daily energy budget by roosting in a group (45 bats).
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Bartoni¢ka and Rehak (2007) tested the microclimatic the-
ory of pipistrelle movement because the demands between
the pregnancy and lactation periods are completely different.
They assumed that the role of the bat boxes studied was as
“satellite” roosts, separate from a larger communal roost,

Fig. 3 Bat bugs (C. pipistrelli), adults and early instars have success-
fully colonized the new roost (photo by O. Balvin)
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that were only occupied during pregnancy and the post-
lactation period. They also assumed that the bat boxes were
microclimatically suboptimal roosts because for a few days
in each season the internal temperature exceeded 40 °C, and
the bats left the overheated boxes. Unfortunately, they did
not consider ectoparasite load. We cannot confirm that the
bats could survive in overheated boxes because internal
temperature in the present study (at least during three ma-
nipulated years) did not exceed 40 °C. Humidity and evap-
orative water loss may also be important and could influence
the bats to select roosts close to sources of water (Jenkins et
al. 1998). However, all of the bat boxes studied were equi-
distant from the nearest calm water source. In this study, we
did not evaluated prey availability, but Bartoni¢ka et al.
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(2008) showed similar distances of foraging sites of bats
coming from non-manipulated or in future manipulated bat
boxes.

Switching the roost may be related to the decrease of
food supply in foraging area and moving to other foraging
sites (e.g. Feyerabend and Simon 2000). Bat boxes in the
Kiivé jezero have been monitored since 2000 and within the
8 years, pipistrelles occupied boxes only during pregnancy
and then in the postlactating period. Between June and July
2004 during radiotracking research on pipistrelles, lactating
females roosted in a guest house in the village of Nové
Mlyny, situated 1.5 km far from Kfivé jezero (Bartonicka
et al. 2008). However, all tagged females foraged in the old-
growth floodplain forest Ktivé jezero. Therefore, it is un-
likely that change in the roost occupation after reducing
parasite load could be explained by change of the foraging
sites due to e.g. decreased prey availability there.

Pre-natal maternal effect

Unfortunately, we could not determine the primary mecha-
nisms that enabled the bats to distinguish between infested
and non-infested roosts. Bartonicka (2008) assumed that the
bats left their roosts after bug bites. It is improbable that all
bats visiting the bat boxes during the night were attacked by
bat bugs; however, if only one bat was bitten, the other bats
would have realized that bat bugs were present from the
behaviour of the bitten bat (Bartonicka 2008). In addition,
bats might be able to recognize an infested roost by other
signs, i.e. the smell of fresh bug faeces, which is very
intense (Usinger 1966). The fact that females leave an
infested roost just before parturition could be an interesting
example of pre-natal maternal behaviour similar to the ma-
ternal effect of androgens or milk composition, which might
also influence offspring competitiveness (Pontier et al.
1993; East et al. 2009). However, there are also bat species
that roost in one infested shelter throughout the entire re-
production season, but no switching strategies are currently
known in such nursery colonies (e.g. Myotis myotis). Only a
few life history analyses of bats have included representa-
tives of such behaviour (e.g. Read and Harvey 1989), and
further examinations of the main factors that influence post-
natal growth are desired.

Colonization of new roosts by bat bugs

Reckardt and Kerth (2007) found that M. bechsteinii re-
occupied bat boxes just 1 month after their first occupation,
when they were infested by the bat fly (Basilia nana).
During this period, the bats were safe in terms of bat fly
infestation because fly puparia only become contagious later
on. Such an adaptation in bats occupying bug-infested
roosts is inconvenient because adult bugs are always
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prepared to suck. Whenever infested bats roosted in a bat
box in spring during the daytime, a bug outbreak was
always observed at the end of May. We found that non-
manipulated bat boxes were repeatedly visited during the
lactation period even though bats did not roost here during
the daytime. However, commuting bats transported bat bugs
to different roosts. The probability of bug transport is very
low, as shown by the low number of bat bugs found on
commuting or foraging bats (e.g. Heise 1988). Since only a
few early instars, better transported because of their size,
were found in the manipulated bat boxes, we believe that
they are not able to stay in the fur of a flying bat or they
cannot survive the microclimate changes in the new roost. A
re-appearance of bugs in the manipulated boxes was ob-
served during the period when a high number of early stages
were observed in non-manipulated boxes (May and June),
when adult females were rapidly dying off (Bartonicka and
Gaisler 2007). It seems that the transport of bat bugs by their
hosts to new roosts is not entirely random (cf. Balvin et al.
2012). Heise (1988) supposed that the bugs may travel on
the body of their hosts on the purpose of dispersal, not only
because they did not manage to escape when the bats
emerged from roost to forage. Pfiester et al. (2009) found
that the females actively disperse earlier than males when
bedbug abundance is increasing. Unfortunately, it was not
shown if the dispersing females were mated or virgin. How-
ever, in almost all manipulated boxes we found a few new
eggs and early instars after the appearance of first adult bug.
This fact showed that at least some females were mated
before the transport.

The period of high fluctuation in the numbers of roosted
bats during pregnancy is very convenient for the coloniza-
tion of new roosts. But the time for transport to the other
roosts is limited. At about 27 °C, recently emerged adult bed
bugs (Cimex lectularius), when fed and mated, will start
ovipositing about 3 days later. When bugs are fed weekly
but not mated again, which is most probable when they are
moved to different roosts separately, three eggs per day are
produced over a period of 5 weeks. Oviposition ceases after
11 days if the bugs are not fed again (Davis 1966). The
limited time available for the successful transport and set-
tling of a new population could be optimized by asynchro-
nization in the timing of oviposition between different bug
females. However, this theory needs to be tested further.

A second gradation stage in the bug populations was only
observed in 2008, probably because of the early transport of
bat bugs to the manipulated bat boxes, when bugs were
found in boxes 21 days after the first appearance of bats.
No other gradation stages were observed in 2009 or 2010,
when the re-appearance of bugs occurred later in the vege-
tation season. In 2008, fed and mated females were trans-
ported. Therefore, the bug population grew and reached the
original numbers at the end of July. Bat bugs transported in
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2009 and 2010 were probably not fed or mated (cf. Davis
1966). The fact that bat bugs are able to move to a different
roost and reach a high population density all in one season
correlates well with the very fast ontogenesis that is reportedly
even faster than in the bed bug (C. lectularius; Bartonicka
2010). A fast ontogenesis could be a consequence of the
coevolution between bugs and roost-switching bats.
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Abstract Previous results have shown frequent movements
of crevice-dwelling bats between different shelters. Low
roost fidelity of some dwelling bat species reduces the
reproductive success of ectoparasites. The question of
whether high densities of bat bugs (Cimex pipistrelli)
represent a cost for crevice-dwelling bats (Pipistrellus
pygmaeus), resulting in roost switching, has been exam-
ined. Sessions in a volary equipped with two bat boxes
were carried out. One of the boxes was loaded with
ectoparasites (low and high densities), the other served as
a control and new roost for bats, which left the loaded box.
Differences in the level of bat self-grooming, movements
inside experimental boxes, and leaving the boxes between
experiments with bat bugs and controls were significant.
Allogrooming was observed only in few cases; therefore,
the hypothesis of cooperation among individual bats in
defense against bat bugs was rejected. Experiments with
artificial parasitation, when bugs were added to a bat roost,
showed that leaving a confined roost infested by bat bugs,
i.e., roost switching, is a natural reaction of crevice-
dwelling bat species, which reduces parasite load.

Introduction

Behavioral responses of hosts during their exposure to
parasites usually reduce the effects of costly parasitism
(Moore 2002). Field and experimental research has dem-
onstrated that nest ectoparasites can reduce reproductive
success of their hosts (Loye and Carroll 1991; de Lope and
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Moller 1993; Richner et al. 1993; Christe et al. 1996).
Some birds have shown sensitivity to costs associated with
parasites and the ability to discriminate levels of possible
infestation and to choose less soiled nests (Barclay 1988;
Opplinger et al. 1994; Rendell and Verbeek 1996). Low
roost fidelity observed in many dwelling bat species
significantly reduces the reproductive success of ectopar-
asites such as bat flies (Reckardt and Kerth 2006) or bat
bugs (Bartoni¢ka and Gaisler 2007). However, up to the
present, studies on the life history of bat ectoparasites have
mainly dealt with species and their ontogenetic stages,
which live on their hosts’ bodies permanently (mites, e.g.,
Giorgi et al. 2001; nycteribiids, e.g., Reckardt and Kerth
2006, 2007; streblids, Gannon and Willig 1995).

As a result, the relations between bat species roosting in
crevices and their ectoparasites living in the same shelters
but mostly without physical contact with their hosts are
unclear and often based only on speculation. Reckardt and
Kerth (2007) showed that roost switching of Myotis
bechsteinii between seasons can be explained as bat
adaptive behavior to the life cycle of bat flies, i.e., their
emergence from puparia. Roost switching during one
season is well-known in pipistrelles, and seems to be an
anti-parasite strategy with respect to roost parasites such as
bat bugs (Bartoni¢ka 2007). Bartoni¢ka and Gaisler (2007)
showed that the absence of bats in satellite roosts during the
lactation period, coupled with high temperatures and
natural mortality of parasites, reduced the number of bat
bugs in bat boxes to less than half the initial number.
Whereas bat bugs are common not only in fissure-like
roosts but also in spacious shelters such as attics of
building, we observed that some bat species (e.g., Myotis
myotis) can reduce the load of parasitation by movements
within such large roosts (Bartonicka and Gaisler, unpub-
lished observation).
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Little is known about parasite-induced behavior of bats
within the roost, e.g., grooming. In this paper, I tested
whether self-grooming or allogrooming can serve to reduce
the parasite load. An experimental test of the hypothesis that
high parasite load increases the probability of roost switch-
ing in crevice-dwelling bats is presented. In particular, the
level and type of grooming and movement behavior with
respect to different levels of parasitation, survival rate, and
sucking success of bat bugs during laboratory infestation of
bats are reported. Based on this new data, I discuss possible
co-evolutionary responses between bat bugs and parasite-
induced bat behavior, sucking success of bugs, and energy
loss caused by roost switching.

Materials and methods
Volary sessions and equipment

Only adult female bugs of the Cimex pipistrelli Jenyns 1839
group were selected for the experiments. Until the
beginning of experimental sessions, bat bugs were kept in
darkness at low temperature (15°C, humidity 70%) when
their survival without food was longest (Jones 1930;
Johnson 1941 observed in Cimex lectularius Linnaeus
1758). Sessions were held in a volary (3x3x2.5 m)
equipped with two bat boxes and under standard microcli-
matic conditions (temperature 25°C, humidity 70%). The
soprano pipistrelles (Pipistrellus pygmaeus Leach 1825)
used in the experiment were netted in the roof of a brick
building housing a pheasantry at the village of Vranovice
(48°57'50" N; 16°37'51" E), Czech Republic where a large
colony of this species was situated. Only 20 females were
kept in captivity simultaneously. The bats were fed each
day after a session and had access to water enriched with
vitamins. All bats were returned to their original colony
after the sessions. During captivity, the light regime was
natural and the air condition is stable. The boxes were
equipped with thermometers and hygrometers (HOBO,
Onset Computer Corporation, software BoxCar 3.7); they
provided the only roosting space to bats in the volary. Both
bat boxes were equipped with a camera (SONY DCR SR
52E) to monitor the bat behavior; another camera was
installed on a tripod in the middle of the volary. Bat bugs
were last fed 1 week prior to the beginning of the
experiments (first release of the bugs into the appropriate
box) (Hase 1917; Adkins and Arant 1959).

Other ectoparasites were removed from all bats before
the first session. Bats inhabited the volary 1 week before
the first session. Each session started 2 h before sunset,
when bats were still in torpor, thus avoiding mutual
disturbance. Only infrared light was applied during the
observations. C. pipistrelli sample was divided into two

@ Springer

experimental groups with different numbers (20, 50) of bat
bugs. Only one bat box was infested by bat bugs, the other
was bug-free unless the bats themselves carried the parasites
into it.

At the beginning of each session, bugs were applied
directly into the box via a small hole using a glass tube.
Video sequences were recorded during 1 h after application
of the bugs. One day after a session with addition of bugs to
the roost, a control was carried out with an identical bat
group and started 2 h before sunset. In control sessions,
video recordings were made 120—60 min before sunset.
After each session, all bugs were removed from the boxes,
and their numbers, feeding status, and visible injuries were
reported.

The bats were captured, handled, and temporarily kept in
captivity under license numbers 922/93-O0P/2884/93 and
137/06/38/MK/E/07 of the Ministry of Environment of the
Czech Republic. The author has been authorized to
manipulate with free-living bats according to the certificate
of competency number 104/2002-V4 (section 17 of the law
number 246/1992).

Experimental groups and observed behavior

Video sequences lasting 1 h recorded the level of
allogrooming and self-grooming, the number of bat move-
ments within the box, and the number of bats leaving the
box. The experiments were carried out with early pregnant,
post-lactating, lactating females, and newly fledged young.
Video sequences were recorded of two different bat
assemblages: (1) early pregnant or post-lactating females
(ten individuals in each session, 20 session pairs—
experiment and control) and (2) age-mixed groups (five
lactating females and their five young, ten session pairs).

Statistical analysis

All variables showed a normal distribution (Kolmogorov—
Smirnov test). Statistica for Windows 7.0 (StatSoft, Tulsa,
OK, USA) was used for data analyses. Paired ¢ tests were
used to check the differences between the level of grooming
and movements of bats under experimental and control
conditions. 7 tests were used to test differences in the
numbers of sucked (clearly visible blood in the abdomen)/
unsucked (no blood mark in the abdomen) bat bugs found on
bats, which stayed inside/left. The Bonferroni correction was
applied if multiple tests were used for the same data set.

Materials
In all, T carried out 20 experiments (half with 20 and half

with 50 bugs) and 20 controls without bugs. In the volary, I
also tested ten age-mixed (five adult and five newly fledged
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young) bat groups and ten controls without bugs. To
quantify the level of grooming, the number of movements
and the condition of bat bugs (unsucked/sucked, lost, dead,
on/off the bat body), 3,600 min of video records were
examined.

Results
Level of grooming

All variables showed a normal distribution (Kolmogorov—
Smirnov test); therefore, mean values were used. Paired ¢
tests were used to check the differences between the level
of self-grooming and allogrooming and the movements of
bats in the experiments (with bugs) and in the controls (no
bugs). The differences in the level of self-grooming
(t=7.65, p<0.001, n=20), movements inside experimental
boxes (¢=5.40, p<0.001, n=20), and bats leaving between
experiments (1=5.98, p<0.001, n=20) and controls were
statistically significant (Fig. 1). Allogrooming was ob-
served only in a few cases and differences were not
significant (=2.02, ns, n=20).

When comparing the session with 20 and 50 bugs, the
differences were found in the level of self-grooming (7 test,
t=-7.66, p<0.001, n;=10, n,=10), movements (t=-5.74,
p<0.001, n;=10, n,=10), and the number of bats leaving
the boxes (r=—4.04, p<0.001, n;=10, n,=10), and no
differences were found in the levels of allogrooming
(t=—0.16, ns, n;=10, n,=10) (Fig. 1).

Bat movements and bugs

Bats with bugs stuck on their bodies were significantly
more frequent among those that left a box than among those
that stayed inside (z=3.96, p<0.001, n;=10, n,=10)
(Fig. 2). Because bats started to move shortly after being
bitten by a bug, the number of sucked bugs on bats that left
the box did not differ even when different numbers of bugs
were used in the session (z=—1.80, ns, n;=10, n,=10),
whereas a higher number of bats left the more infested roost
at the same time. The time of the last bat emerging from the
box was longer at the higher level of parasitation (r==—3.81,
p<0.001, n;=10, n,=10). On average, 1.3 (range 0-3)
sucked bugs were found per bat leaving the box. Further-
more, a higher level of parasitation of juveniles than adult
females was observed (t=—4.70, p<0.001, n=5, n,=5) in
both levels of parasitation (Fig. 3). The majority (89.9%) of
bugs stuck on bats that left a box was recorded on
juveniles, with a mean of 1.6 (1-3) bugs per bat. In all
sessions (mixed and non-mixed-age bat groups together),
only 0.43 (0-1) bugs per bat were recorded on adult
females that left a box, resulting in 51% of the total number

% = )
[ selfgrooming
[0 self control
80 I allogrooming
I atlo control
S
< 60
©
= *
=]
e
S 40
S
]
=]
)
2 2 IM'
o)
i Im
0 . i )
40
. 2] movements
35 * % e [ mov. control
@ I I batsout
= 30 I bats control
1 *
g
Q25
g
220 ’
5
S
B 15
< o *
3 10 *
g |
E
- i
-
0 e [[4]
20 50
number of bat bugs

Fig. 1 Level of self-grooming, allogrooming, number of bat move-
ments, and bats leaving bat box under different number of bat bugs.
One asterisk (¥) shows significant paired ¢ tests (p<0.001) between
the control (self, allo, mov., and bats control) and experiment and
double asterisks (**) significant ¢ tests between level of grooming and
number of bat movements under different number of bat bugs. Box—
whisker plots (mean—central tendency, the standard deviation—/large
box and min—-max range as whiskers). Bonferroni correction was
applied (p<0.012)

of bugs. Female bats were not stressed by the presence of
bugs but were stressed by the bite of bat bugs after which
they usually left the roost. Bat bugs were not able to suck
on bats during their daily torpor because of the low body
temperature, when bat body temperatures were around
24.1°C (+4.3°C).

Discussion

Fast ontogenesis of the roost ectoparasites allows them to
increase their numbers rapidly soon after the roost
occupation by bats (e.g., Usinger 1966). Brown and Brown
(1986) described the impact of ectoparasites on hosts’
fitness and the negative influence on the coloniality of
hosts. Bugs of the family Cimicidae are important roost
ectoparasites of bats. An increase in parasite density is
usually caused by high starting parasite abundance in the

@ Springer



166

Parasitol Res (2008) 104:163—-168

[=7 sucked out
- unsucked out
20 [ sucked in

18 E= unsucked in

numbers of sucked/unsucked bugs in/out box
o

10 *

8 [

6

4

2 0~ Ho
0

20 50
number of bat bugs

Fig. 2 Numbers of sucked/unsucked bat bugs found on bats that left
or remained in the box during the sessions. One asterisk (*) shows
significant ¢ tests (p<0.001) among different bug groups. Box—
whisker plots (mean—central tendency, the standard deviation—/arge
box and min—max range as whiskers). Bonferroni correction was
applied (p<0.006)

host’s roost, low antiparasitic behavior and/or immunity
reaction, optimal microclimate—microhabitats that are
favorable for the parasite, decreased natal dispersal, and
occupancy of the same roost for a long time (uninterrupted
occupying of roosts by bats) (Brown and Brown 1986;
Zahn and Rupp 2004). Resistance of bats against parasites
can be influenced by sufficient nourishment; therefore,
there are different numbers of parasites during the same
time periods and in the same roosts (Christe et al. 2000).
Frequent roost switching reduces the numbers of roost
ectoparasites, namely, bugs in the abandoned roosts, which
can be re-occupied later during the same or in the next
season (Bartonicka and Gaisler 2007). Although roost
switching has been demonstrated as antiparasitic behavior,
the phenomenon was not completely understood until now
(cf. Lewis 1995; Vonhof and Barclay 1996; Brigham et al.
1997). It seems that parasitation is sufficiently important to
be a cause of roost switching.

Ability to suck blood

It is well-known that the bugs spend only the time
necessary for feeding on their host’s body (Usinger 1966).
At the beginning of each session, bat bugs orientated
themselves in the experimental boxes quickly and they
moved to the cluster of bats in daily torpor immediately.
Marx (1955) suggests that the bed bug C. lectularius
detects human hosts from as far as 1.5 m away through the use
of heat cues, host kairomone(s), and/or CO,. Temperature
sensors on the antennae are capable of resolving differences
of 1-2°C (Sioli 1937). Rivnay (1932) carried out an
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experimental study on host’s preference of C. lectularius
and found that a hungry bug can feed on all vertebrates
whose body temperature exceeds ambient temperature by at
least 3°C. The optimal blood temperature with respect to
sucking in C. lectularius was found to be 37°C (Montes
et al. 2002).

In this study, although bugs were unable to suck on bats
during the daily torpor because of low blood temperature,
they were able to localize them and reach their bodies. This
statement is illustrated by the observation of high locomotor
activity of bat bugs on the bats’ bodies without host reaction
during the first 20 min of most experimental sessions.
However, bug activity can cause the activation of the bats,
which consequently leads to an increase of their body
temperature and allows the bugs to suck. Differences in the
availability of feeding are very important with respect to the
timing of parasite pressure during the day. If bugs can feed
on bats only when they are active, the parasite load of bat
bugs will be highest during the short activity period before
leaving and after returning to the roost when bats are not
torpid. Also when bugs bite bats, the latter can leave the roost
and transport bat bugs to a non-infested roost at a distance.

Antiparasitic behavior

Bats, when in torpor, were not stressed by the presence of
the bugs themselves, but when woken up and stressed by
the bug bites, they normally left the roost. The host’s
reactions to bug bites are probably caused by substances in
the saliva (Valenzuela et al. 1995). Also, allergic response
can often be present (Hecht 1930). Adaptive parasite-
induced behavior (an effort to kill or eat ectoparasite, or to
groom, fidget, and scratch) can decrease the level of
successful sucking (Moore 2002). However, results from
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Fig. 3 Different levels of parasitation of juveniles and adult females.
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Parasitol Res (2008) 104:163-168

167

the current volary experiments did not show any
behavior, which might reduce the pressure of roost
ectoparasites before the blood loss. Usinger (1966) notes
that bats avoid eating bat bugs because of their intensive
smell (an alarm pheromone); therefore, it can be expected
that bats would not bite bugs during experimental sessions
(cf. Overal and Wingate 1976). However, bat bugs were
served periodically together with the common food
(mealworm larvae, Tenebrio molitor; and crickets, Gryllus
assimilis) to bats kept in the volary. Bats ate bugs without
restraint and even during several days. Analyses of prey of
P. pygmaeus also showed the presence of Cimex spp. body
fragments in pellets (Bartonicka et al. 2008). Despite the
bats’ ability to feed or to bite bat bugs, they refrain from
doing so during experiments although it could prevent
their blood loss.

Cooperation in grooming

Allogrooming (grooming of conspecifics) is one form of
social behavior that can be observed in many social
mammals (O’Brien 1993; Hart 1994; Mooring and Hart
1995; Gompper et al. 1997). It is suggested that allogroom-
ing has both social and hygienic function. Bats groomed
their colony mates mainly on the body parts that are
difficult to reach. The hypothesis of cooperation among
individual bats in defense against bat bugs has not been
confirmed so far, though allogrooming was observed in
other bat species, mainly between parents and offspring
(Wilkinson 1986; Kerth et al. 2003; Willis and Brigham
2004). The same authors (i.e., Wilkinson 1986; Kerth et al.
2003) did not find significant positive correlation between
the time a bat was groomed and the time it groomed itself,
and allogrooming was very rare compared to self-grooming
in their study. Also in my sessions, only a few allogrooming
events were observed. Adult bats did not cooperate in
defending each other against bat bugs; neither did the
females defend their offspring, despite the higher level of
parasitation of juveniles. A higher number of sucked bugs
found on the young were also reported by Christe et al.
(2000). On the other hand, there is no direct correlation
between the number of bugs in the roost during lactation
(non-fledging period of young) and first-year survival
probability. Therefore, the breeding lifespan, which is
usually used as the major indicator of fitness (in birds,
e.g., Brown and Brown 1998), should be determined
between infested and non-infested roosts. Finally, it can
be assumed that the two observed behavior modes,
allogrooming and self-grooming, do not serve exactly the
same purpose. I suggest that in pipistrelles, self-grooming is
used to remove ectoparasites (bat bugs), whereas allog-
rooming serves mainly for social functions.

Movement of bats and number of bugs

The emergence time of the last bat from the experimental
box was shorter when a lower number of bat bugs were
applied. A comparison of the number of bugs adhering to
bats that left the bat box under low and high parasite load
shows that bats react to one of the first bug bites and, when
changing position and self-grooming is unsuccessful, they
leave the box. Thus, the emergence time can correlate with
changing (increasing) the success of bugs to find bats with
body temperatures suitable for sucking and, at the same
time, with a higher level of self-grooming. Consequently,
the bats disturb each other and indirectly induce an increase
in the body temperature of adjacent bats. As a result, these
bats can also be attacked by bat bugs because of their
higher body temperature. Experiments with artificial para-
sitation, when bugs were added to the roost manually, show
that leaving confined roost occupied by a high number of
ectoparasites is a natural reaction of crevice-dwelling bat
species. However, vacation of the roost is not always
needed; bats prefer changing location within the roost in
case this strategy helps to reduce the parasite load.
Therefore, further studies are needed in species occupying
more spacious roosts, which allow effective changes of
position.
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Abstract Bat bugs are often roost ectoparasites of bats.
Previous studies have shown that bats shifting roosts
within the growing season prevent the massive repro-
duction of these parasites. We postulated that there
could be other antiparasitic strategies of philopatric bats
roosting in non-dwelling spacious roosts. Unfortunately,
there are no studies devoted to such a topic. For 3 years,
two attics highly and less infested by bat bugs (Cimex
pipistrelli) with breeding females of Myotis myotis were
monitored. From April, after the arrival of the bats, to
November, abundance of all instars and adult bugs was
sampled in the attics by adhesive traps. We found
different patterns in the bug abundances and dynamics
in the two attics. In highly infested attic, bat bugs
induced pregnant females to move from the infested site
of the attic to the non-infested one. Internal temperature
and relative humidity were similar in both infested and
non-infested sites. Females roosted in the infested site
till time before parturition and then moved to the non-
infested site within attic. When bats were absent in their
old site, the abundance of nymphal instars of bugs
decreased by half. Although adult bats can survive
under high parasite loads of bat bugs, reproducing
females prevent parasite reproduction and simultaneous-
ly reduce parasite load in the young by shifting inside
spacious roosts.
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Introduction

Bat bugs (Cimex pipistrelli, Cimicidae, Heteroptera) are
often roost ectoparasites of bats, which, except for the time
spent engorging (Walter 1996), mostly co-habit without
physical contact with their hosts (Reinhardt and Siva-Jothy
2007). Fast ontogeny enables the bugs to increase their
numbers rapidly soon after a roost has been occupied by
the hosts. Bugs, in general, prefer lower roost temperatures
than permanent bat parasites, because they associate with
bats for a short time only to feed (Usinger 1966). Therefore,
they inhabit crevices, restricting the circulation of air inside
(Lourengo and Palmeirim 2004; Whitaker 1998), but in
close vicinity of bats. Although previous studies have
shown high tolerance towards dehydration and a desiccation
hardiness against high temperatures in adult bugs (Dubinin
1947; Southwood 1954), early instars with higher body
water content have worse survival rates under high temper-
atures of the climatically extreme conditions in natural bat
roosts (Johnson 1960; Jones 1930). In such cases, even short
absences of hosts in infested roosts can induce a sharp
decrease in bug numbers (Bartoni¢ka and Gaisler 2007).
High densities of haematophagous ectoparasites com-
posed of Cimex entail a health risk associated with blood
loss, unease, stress and changes in grooming behaviour after
the bug bites (Giorgi et al. 2001; Walter 1996). Experiments
with artificial parasitation, with bugs added to the roost
manually, show that leaving a confined roost occupied by
a high number of ectoparasites is a natural reaction of
crevice-dwelling bat species (Bartonicka 2008). Bats left
highly infested roosts even when other conditions such as
temperature, humidity or air circulation were optimal (Evans
2009). Roost switching during one season is well known in
pipistrelles and seems to be partly an anti-parasite strategy
with respect to roost parasites such as bat bugs (Bartonicka
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and Gaisler 2007). Pipistrelles do not switch roosts as many
times as typical forest-dwelling species, e.g. Myotis bech-
steinii or Eptesicus fuscus, where the causes of roost switch-
ing most probably relate to the fission—fusion social
organisation or changing requirements connected with re-
production (Kerth et al. 2001; Lourengo and Palmeirim
2004; Willis and Brigham 2004). However, some forms of
roost selection to avoid ectoparasites have been observed in
tree-dwelling species (Reckardt and Kerth 2007).

The supply of artificial roosts is more limited in bat
species that have roosted for a long time (several decades)
in summer shelters (associated with roosts in buildings) than
that for species that use roosts of short lifespan like pieces of
detached bark (Willis et al. 2003). In the case of Myotis
myotis, females of this species, despite knowing other roosts
of nursery colonies in the vicinity, switch rarely, usually as a
post-disruption movement (Schneider and Hammer 2006).
We postulate that philopatric species roosting in spacious
shelters have other anti-parasitic strategies. Therefore, we
present a field study in which the roosting strategy of greater
mouse-cared bats (M. myotis) was carried out. We think that
vacation of the roost is not always needed. Bats might prefer
changing location within the spacious roost in case this
movement strategy helps to reduce the parasite load. The
aim of our study was to determine (1) if bats moved inside
the large spacious roosts, and (2) if yes, whether the cause of
movements was high parasite densities in the previous sites so
that the females wanted to bear and wean their young within
sites where there were no or low numbers of bat bugs.

Material and methods
Study area and technical equipment

Nursery colonies of M. myotis were monitored in two
church attics: in Blansko (49 © 21’ 36" N, 16 ° 38’ 19" E)
where 200 females roosted and Klentnice (48 © 50" 37" N,
16 ° 38" 40" E) with 150 females, in southern Moravia
(Czech Republic). Both roosts were regularly (once every
10 days) observed in 2007, 2008 and 2009. Roost checks
occurred more often during lactation. Attics were equipped
with thermometers (Hobo; Onset Computer Corporation,
Southern MA, USA) to record temperatures and relative hu-
midities inside the roosts throughout the seasons. Thermom-
eters were placed in the sites occupied by bats and in new sites
where the bats moved to. Monitoring of the bat bugs was
carried out by manual sampling from inside the roosts.
Adhesive belts (width 5 cm) for immobilisation of crawl-
ing insects (Bio Plantella) were placed on binding joists,
poles and rafters. Bat bugs were caught when they tried to cross
the belts towards the bats. Ground traps made from plastic
bowls turned against each other with longitudinal crevices at

@ Springer

the bottom to trap bugs on an adhesive plate (Bio Plantella
adhesive paper, 10x10 cm). Traps were taken on the ground
next to the piles of bat guano. In each locality, we placed three
ground traps and six 50-cm-long belts. Adhesive belts were
covered by a steel grill to prevent bats from sticking to it, but
allowing bat bugs to crawl through. The positions of the belts
were switched at each check. The same number of belts and
traps were placed in areas where bats moved during the study.
The sampled bat bugs were manually divided by instars
and sex and placed in laboratory containers using a binoc-
ular (Olympus SZX 9), following the method of Stutt and
Siva-Jothy (2001) to reliably sort the samples according to
their developmental stages and sex using tweezers. Bugs
were divided into four groups as follows: first to second
instar, third to fifth instar, adult males and adult females.

Statistical analysis

All variables showed a normal distribution after log trans-
formation. Statistica for Windows 9.1 was used for data
analyses. Analysis of variance (ANOVA) and (paired) ¢ test
were used to check for differences between the temperature
and humidity in two colony roosts. ANOVA was used also
to check the differences between parts of the season and ¢
test as post hoc. Logistic regression was used to test for
changes in the numbers of bat bugs, maximum daytime
temperatures and minimum relative humidity in new and
old colony sites and between the two different attics.

Material

During the three growing seasons of 2007 to 2009, the two
attics were monitored from the beginning of April to mid-
October. Samples of bat bugs (C. pipistrelli) and number of
bats throughout the day were taken on 19 (2007), 20 (2008)
and 20 (2009) occasions in each attic. On each day, hourly
values of internal temperature and humidity were recorded.

Results
Seasonal dynamic in bug numbers

No significant differences were found among the seasons in
Blansko (ANOVA, F(5 59y=0.961, NS) when the bat bugs
were sampled. However, in Klentnice, we found different
numbers of bat bugs (F», 50)=1.196, p=0.01). Differences
in the numbers of bugs among the checks in 1 year were
statistically significant (ANOVA, Klentnice, adults F{;9 s0)=
14.19, p<0.001, third to fifth instars F{;9, 59y=6.44, p<0.001,
first to second instars {9, 59)=9.80, p<0.001; Blansko, adults
F(19, 59):3.10, p:0004, third to fifth instars F(l9, 59):0.94,
NS, first to second instars F(j9, 59y=1.93, NS). In 2007, we
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found only few bugs in Klentnice; therefore, we pooled only
years with high bug density into the two datasets (Klentnice,
2008 and 2009; Blansko, all 3 years). However, there were
differences in seasonal dynamics of bat bugs between the two
roosts Klentnice and Blansko (paired ¢ test, 1=—4.62, p<0.001,
n,=40, n,=40, only 2008 and 2009). Two peaks in the densi-
ties of bugs were recorded in Klentnice at the end of May
(adults) and mid-July (early instars) (Fig. 1). Comparing high
density of bat bugs in Klentnice, only low numbers of bugs
were recorded throughout the year in Blansko (Fig. 2).

In Klentnice, from the beginning of the season (mid-
May), when the bats were pregnant, until the parturitions
in mid-June, a significant decrease in the number of adult
bugs were recorded (¢ test, 7=2.86, Bonferroni correction,
p=0.035, n,=3, n,=4). A rapid increase in the number of
first to second instars (r=—6.88, p=0.01, n;=4, n,=4) and
third to fifth instars (/=—3.10, p=0.03, n,;=4, n,=4) was
recorded during late pregnancy at the end of June. A signif-
icant decrease in all instars was found from mid-July until
the end of August (=4.70, p=0.003, n;=6, n,=6).

Although we found changes in the numbers of nymphal
instars in the highly infested roost in Klentnice, there was a
significant change only in the numbers of adult bugs in the
low infested roost in Blansko. The number of adult bugs
surviving from the previous winter decreased until the end
of May, when they practically died out (=4.36, p=0.02,
n;=3, n,=2). At the beginning of July, a new generation of
adult bugs were observed.

Site switching

A group of females left their respective roosts in early June
(2008 and 2009, Klentnice) and moved to the southern part

of the attic, 20 m from the old site, in the days when the first
young were observed. During the period in which the bats
were absent from their old site (17 days in 2008 and 21 days
in 2009), a rapid dying of nymphal stages (first to fifth
instars) of bugs was recorded (linear regression model, F'=
14.66, p=0.005, both years). An obvious, but not significant
increase in the number of bat bugs at the new site was also
observed (F=2.40, NS). After all bats had moved, the abun-
dance of bugs decreased at the old site to less than half
during 17 to 21 days.

Microclimatic conditions

Although the studied roosts were 56 km apart and, most
probably, differed in the degree of exposure, no significant
difference was found in the internal temperatures and hu-
midity (ANOVA, internal temperature /1, 1,036)=2.11, NS;
humidity F(;, 1,036=1.43, NS). Moreover, there were no
significant differences in the maximum internal temperature
(ANOVA, F5, 535)=0.83, NS) and minimum relative humid-
ity (F2, s33y=1.02, NS) among the years. In the bat roosts,
the internal temperature was usually below 30°C, and in
only two cases (Klentnice), the maximum internal tempera-
ture reached 37°C. Very low relative humidity, 25 to
40 %, was found in Blansko, while the relative humid-
ity in Klentnice varied usually between 25 and 60 %.
The maximum temperature (paired ¢ test, 2008, 7=0.13;
NS, n1=17, ny,=17; 2009, t=1.89; NS, n,=21, n,=21)
and relative humidity (2008, r=0.73; NS, n;=14, n,=14;
2009, t=1.13; NS, n;=21, ny=21) did not differ be-
tween the old site, occupied by bats in pregnancy and
postlactation, and the new site in Klentnice, occupied
during the lactation period (Fig. 3).
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Discussion

From among various environmental factors, temperature
seems to be the most important, since it influences the
development and activity of ectothermic animals like roost
ectoparasites and, subsequently, their endothermic hosts, the
bats. Many roost activities, including metabolism, are af-
fected by the thermal environment of the roost (Kunz and
Fenton 2003). Many studies suggest that females at summer
colonies agglomerate in cold days and conversely disperse
during hot days (e.g. Kolb 1950; Mislin 1942). Average or
extreme temperatures have been reported as the most im-
portant factor for bat movements in roosts. On very hot
days, bats usually abandon positions near the ridge of the
roof and seek refuge in cooler parts of the loft (e.g. Licht and
Leitner 1967). Moreover, bats begin to move when the ambient
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temperature approaches 40°C (Lourenco and Palmeirim 2008).
Movements of Tadarida sp. in laboratory thermal gradients
suggest that these bats do not voluntarily expose themselves to
an ambient temperature above 36°C, and movements within or
between roosts are used to avoid high temperatures (Henshaw
1960). Therefore, we postulate that if the temperature is the
only determinant of bat roosting behaviour, we expect bats to
roost at different sites with varying temperatures in the attic to
avoid areas that overheat during the day. However, in our
study, bats moved to a different part of the attic and occupied
the ridge as in the case of the old site where maximum day
temperatures did not differ from those of the old site. We
suppose the cause of bat movements within the attics must
have been due to a different reason other than very high
temperatures.

Bat bugs formed stable populations (eggs and early instars
observed) in both the studied roosts; however, their densities
at the sites occupied by the bats and between years differed
significantly. In Blansko, we found only 25 % of total bug
numbers in Klentnice during the seasonal graduation in 2008
and 2009. The low relative humidity (<30 %) there could
often be linked to low bug densities (Rivnay 1932). Bat
movements were observed only in Klentnice and only in years
with high bug densities. Therefore, we assume that bats al-
ways occupied the same site in the large space roof every year,
switching their positions in the attics only in the years when
bug densities were very high. Roost manipulation experi-
ments, such as removing bat bugs completely from spacious
roosts, might be few successful, regarding many crevices and
cracks in wood constructions where bugs hide. However, such
removal experiments in bat boxes, where are not too much
bug shelters, by Bartoni¢ka and Ruzickova (under review),
have already confirmed that roost switching in bats could be
the outcome of a high roost parasite load.
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At the old site, when the bats were absent (during lacta-
tion in July), there was a rapid decline in most of the
nymphal stages of the bugs. Although bugs are known to
have high tolerance of drying, they died of water deficiency
associated with lower relative humidities (0 to 60 %).
According to Kemper (1936), extremely low relative hu-
midity (0 to 20 %) often causes the death of nymphs in the
course of ecdysis. We did not find differences in the mini-
mum relative humidity between the old and new sites in the
attic of Klentnice, relative humidity during lactation being
very low (37.3£10.5 %) at both sites. The negative impact
of low humidity on early instars may even be greater when
combined with food inaccessibility (Bartonicka and Gaisler
2007). Therefore, bats left the old site in the attic because of
the increase in the number of parasites, mainly early instars.
They could do it just before parturition because reproducing
females and their hairless offsprings usually have the high-
est level of parasitation (Zahn and Rupp 2004; Lucan 2006).
Therefore, the fact that females leave an infested roost just
before parturition could be an interesting example of pre-
natal maternal behaviour similar to other kinds of maternal
effects already published (e.g. East et al. 2009). Very im-
portant seems to be absence of bugs in sites where females
leave young while forage.

Only few individuals of nymphal stages and adults of bat
bugs were sampled by adhesive belts at the new site. It
seems that bat bugs cannot move to host that are far away
or to the new host site. The means of finding a host is the
most controversial subject in the studies of bat/bed bug
behaviour. Rivnay (1932) claimed that the bugs searched
entirely randomly until they were 3 or 4 cm from the host,
when they recognised a temperature differential of 2°C.
However, Marx (1955) found that bugs could perceive a
human body from a distance of 1.5 m. Nymphal stages of
Cimex lectularius can travel at a speed of 13 to 28 cm/min,
and adults, 126 cm/min (Hase 1917). Therefore, they should
be able to reach a distance of 20 m very quickly. In addition,
Kemper (1936) found that bugs successfully travelling to
very distant hosts followed paths that involved considerable
turning from a direct line. They most probably follow faecal
spots, food prints or pheromone trails by dragging the
engorged abdomen (Hase 1930; Aldana et al. 2008). Unfor-
tunately, there is no detailed study explaining how long the
smell of trails lasts. The fact that bats occupy different sites
within an attic was observed for the first time in this study,
even though a revision nursery colony in Klentnice, evalu-
ated several times a year since 2000, has not confirmed that
bat bugs have to regularly find moving hosts. Moreover,
only a few faecal spots and exuviae were found at the new
site because of short bat stays and very few bugs found. In
general, no such high bug densities occur in all infested bat
roosts every year (see Klentnice 2007 and Blansko all the
time) because the between-year levels of parasitation

depend highly on the number of successfully overwintering
adults (Bartonicka and Gaisler 2007). Therefore, we expect
that bats move only occasionally between infested and non-
infested sites within the attic, and trapped bugs could be
transported to the new site by commuting bats.

Our results show that roost/site switching could be a
suitable strategy to prevent the massive reproduction of bat
bugs. Bartonicka and Gaisler (2007) presented evidence to
support the theory that some crevice-dwelling bats switch
roosts of nursery colonies due to bat bug infestation. This
study documents for the first time that not only did bats
prefer fissure-like roosts, but also occupied non-dwelling
spacious roosts, with the strategy of temporarily abandoning
particular roosts/sites to decrease parasite load.

Mark-recapture and molecular genetic studies have re-
cently documented that female bats exhibit natal philopatry
and roost fidelity in temperate regions (e.g. Petri et al.
1997). In many species, such as M. myotis, maternity colo-
nies are persistently used for decades, suggesting that natal
philopatry leads to long-term association among individuals
in a colony (Entwistle et al. 2000). Long-term use of one
roost provides optimal conditions for parasites to synchro-
nise their life cycle as closely as possible to that of its host.
On the other hand, the possibility of finding adequate micro-
climates within a roost during pregnancy and lactation is
probably thought to favour roost philopatry (Harbusch and
Racey 2006). Site-switching behaviour within one large roof
appears to be a convenient trade-off, enabling high survival
rates of the young and avoiding high parasite loads.
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Abstract Co-speciation between host—parasite species is
generally thought to result in mirror-image congruent phylog-
enies. For the last several centuries, many bat species have
been turning synanthropic, especially those that are hosted by
bedbugs in Europe. There is evidence of only limited gene
flow from the population of people to the population of bats.
This study was focused on comparison of survival, develop-
ment, and the reproduction rate based on cross-feeding exper-
iments. In our research, we used two bedbugs groups of Cimex
lectularius—bat- and human-associated and respectively as
specific/non-specific host bat and commercial human blood.
Both lineages show different behavior according to their host
preferences. During the bat blood experiment, we found sig-
nificant differences between both human- and bat-associated
bedbugs (Log rank test fourth x>=9.93, p>0.05; fifth y*=
11.33, p <0.05), while no differences occurred with the human
blood experiment between the survival levels. In molting,
differences between both groups were significant particularly
in the case of the bat blood experiment (fourth x*=5.91, p <
0.05). In the case of the bat blood experiment, we found a
higher probability of molting in bat-associated groups than in
human-associated groups. In the case of the human blood
experiment, molting probability was stable in both specific
and non-specific, showing similar pattern in both cases for all
stages. Our results indicate an occurrence of two ecotypes
within the one species C. lectularius . These findings support
earlier data about morphological and mitochondrial DNA
differences. The differentiation of both lineages fits the con-
cept of specific host choice.
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Introduction

Host specificity and anatomical and morphological adapta-
tions are essential for understanding the variability of life
strategies and the evolution of parasitic species. There is a
wide list of parasites that are connected with a host via their
life cycle and that fact, next to dispersal limitations, decrease
potential host switching and limit host’s range. Most parasites
occur on a restricted number of hosts and show some evidence
of specificity. Specialization for particular hosts may result by
fidelity to different hosts and sympatric occurrence at the same
time, host-associated genetic differentiation, and/or restricted
but appreciable mutual gene flow (Dres and Mallet 2002).
Under such conditions, closely related parasites may be spe-
cialized in a particular host. Poulin (2007) described two host
choices by parasite: (1) encounter filter, when parasite ex-
cludes the host which he can not colonize and feed on because
of’behavioral or ecological reasons and (2) compatibility filter,
excluding all host individuals on which parasite can not feed
because of morphological, physiological, and immunological
reasons. Host specificity was defined by Dick and Patterson
(2007) as a degree to which a parasite species occurs in
association with host species. Host-specific parasites general-
ly have a major-primary host (5 % or more host individuals are
infested) and a few less frequently used hosts (Tripet et al.
2002). Even generalists show a preference for some species
above others (Tripet and Richner 1997; Johnson et al. 2002).

The bedbug, Cimex lectularius Linnaeus, 1758, is likely
the most widely known cimicid species. Fast ontogenesis,
high reproductive potential, mobility, and at the same time, a
hidden way of life make bugs (Cimicidae) important ectopar-
asites. Despite the fact that bedbugs were found on 8 species
of birds, 10 rodents and mustellids, 10 bat species, and
humans, we recognized only two primary hosts—human and
the greater mouse-eared bat (Myotis myotis) (Povolny 1957).
Since other hosts have different in ecology and behavior, their
infestation is probably relatively recent (Povolny and Usinger
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1966; Usinger 1966); the bedbug represents an optimal model
for a study on initial stages of host specialization. Since the
last decade, many studies of re-emerging bedbugs in USA and
Europe were published (Romero et al. 2007; Reinhardt et al.
2008).

In some cases, individuals from the Cimicidae family,
during the absence of the natural host, are able to switch on
non-specific host (Cimex pipistrelli, Whyte et al. 2001; Cimex
dissimilis, Smaha 1976). But to make the substitute host
proper for parasites, it has to fulfill certain conditions, espe-
cially morphological, physiological and behavioral. As
Reinhardt and Siva-Jothy (2007) proven, such limitation
could be in some cases the size of the red cells. Erythrocytes
diameter can influence sucking ability (e.g., chicken erythro-
cytes are almost twice as large as those in humans, 11 to
6 um). Moreover, as was shown before, also sex, age, and
reproductive status has an influence on the reproduction of
parasites (Lourengo and Palmeirim 2008).

Recent studies suggest that Central European populations of
some bat species have shifted their roosting strategy in the last
decade, with prefab houses becoming places of their most
frequent occurrence. Large-scale renovations of those objects,
currently performed in Central Europe, pose a serious threat to
populations of several bat species. In cases when the bats
switch their roosts, or they are to dislodge from shelters by
renovations of houses, people complain repeatedly about the
presence of cimicids in their flats. These bugs intensively feed
on people (T. Bartonicka, P. Schnitzerova personal observa-
tion). These records not only come from C. pipistrelli, which is
more often found on bat hosts, but also from C. lectularius.
The ability of C. pipistrelli in attacking people and sucking on
them was confirmed, but they are not able to develop and
undergo a full cycle. Adults bugs that were fed on human blood
and laid eggs were successful but hatched larvas did not want to
suck human blood (Southwood 1953). According to previous
papers, it seems that blood meal temperature, not its specificity,
play a crucial role in blood feeding experiments (Moloo 1971).

Balvin et al. (2012) suggests that switches between the
human- and bat-associated groups of C. lectularius are only
occasional since their split and that the bedbugs mostly switched
from humans to bats. Beside the host choice or less fitness of
hybrids, this could be also a reason for the degree and shape of
the mutual gene flow; nevertheless, the limited evidence of the
contact of the two populations (bat- and human-associated
bugs), shows that bats could serve as reservoirs, covers the
temporary absence of the primary host, and can contribute to
the current dramatic spread of the bedbug among humans.

Moreover, some previous studies (e.g., Usinger 1966;
Balvin et al. 2012) show that bedbugs are also adapted to their
host morphologically. Balvin et al. (2012) shows differences
in relative leg lengths, i.e., longer legs in human-associated
bedbugs and shorter, stronger legs and more hair in bat-
associated bedbugs. It also shows differences within widths
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and lengths of rostral segments and dimension of antennal
segments or eyes. If these differences occur, we can expect
differences as well on an ecological and developmental level
(Usinger 1966).

To find out the existence of host specificity within bedbug
C. lectularius, we carried out an experiment which is sup-
posed to show not only the ability to suck on different hosts
but also to illustrate different survival between two lineages of
bedbugs (bat and human associated) under specific and non-
specific host feeding. The aim of the study was to check what
and if there are some reasons for host choice as specific ones
and how the host choice influence on bugs life expectancy,
speed of molting, or mortality.

Material and methods
Sampling of bedbugs

Bedbugs (C. lectularius) associated with bats were sampled
from a nursery colony of greater mouse-eared bats (M.
myotis) roosted under roofs of the church in HanuSovice
(north Moravia, Czech Republic). Other samples of bedbugs
associated with human host were sampled from hostels in the
cities of Ostrava and Bohumin (north Moravia, Czech
Republic). Bugs were collected with soft forceps and ex-
hausters into small plastic boxes (10x10x5 cm) lined with
soft paper. Together, we had 27 samples (one female and a few
males) for each host lineage i.e., human- and bat-associated
bedbugs in each experiment. In each tube appeared different
stages (from egg—adult).

Equipment and experimental settings

During segregation and forming groups, we avoided infesta-
tion of samples with eggs or instars from delivered tubes and
chose only adult individuals. To sort the samples, individual
bedbugs were immobilized by sudden “freezing” at 0 °C for
10 min. Experimental groups (one female and one or more
males) were stored in separate plastic pellucid tubes (6 x 1 cm).
Each tube was equipped with a piece of paper 4x1 cm to let
the bedbugs move, defecate, and lay eggs on it. All tubes were
numbered and tightly closed with a piece of cotton.
Afterwards, they were positioned in a thermostatically con-
trolled apparatus (ST2, POL-EKO Aparatura, Poland) under
stable temperature (27+0.1 °C) and humidity (75£10 %)
which according to Omori (1941) and Usinger (1966) was
best for the development of C. lectularius. Humidity was
controlled using water in a Petri dish on the bottom of the
glass jar with samples and damp cotton. Bugs were fed every
4 days. To facilitate observations during everyday checks and
feeding, up-to-date dead individuals and rest from after
molting were taken out and stored separately according to
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particular instars. All experiments were carried out between
April and October 2012.

Bat blood feeding

Special cylinder tube with one bat and a sample of the bedbugs
were placed together in a dark thermostatically controlled unit
(30 °C) for 15 min (cf. Usinger 1966 or Giorgi et al. 2004). To
reduce stress for animal and to avoid antiparasitic behavior
including eating bugs, the bat was covered with dressing gauze
and situated in a feeding tube. Before putting bugs into the
feeding tube, they were counted to be sure that afterwards, all of
them were collected back. After feeding period, the bat was
then taken out from the tube, carefully revised, especially wing
membrane, ears, and uropatagium, and bugs that still were
attached into the bat’s body were delicately removed with
entomological soft tweezers to counteract crushing, especially
very soft instars. The number of bugs and their feeding status
(fed, unfed) were determined. In total, two non-reproducing
females of Vespertilio murinus and two males of M. myotis
were used and the bats were changed after feeding each two
bug groups. Bats were fed ad libitum with a mixed diet
consisting of crickets (Acheta sp.) and mealworms (Tenebrio
molitor) and after experiments, returned back to the colony.
The bats were captured, handled, and temporarily kept in
captivity under the license no. 922/93-O0P/2884/93 and 137/
06/38/MK/E/07 of the Ministry of Environment of the Czech
Republic. The author has been authorized to operate with free-
living bats according to the certificate of competency no. 104/
2002-V4 (§ 17 of the law No. 246/1992).

Human blood feeding

Human blood for feeding (laboratory commercial blood,
Japan Medical Supply, B+) was stored in a fridge. Durex
condoms were tightly fitted on the plastic tube, which perfect-
ly fit over bug-breeding tubes. During artificial feeding, blood
was warmed up to 45 °C in the cylinder and 5 ml of blood was
added to each roller. It was crucial to give bugs access to the
blood meal, thus, the situate roller was low enough and
covered all surface of the condom membrane with blood (cf.
Montes et al. 2002). Feeding tubes were closed and thermo-
statically controlled under stable temperature 27 °C. The most
suitable blood temperature was experimentally established on
37-38 °C. Too high or too low (<35 and >38 °C) didn’t attract
bugs (K. Wawrocka, personal observation). Feeding was con-
tinued till the moment when ca 80 % of individuals had taken
the blood.

Statistical analysis

All variables showed a normal distribution after log transfor-
mation. SPSS for Windows 7.0 (IBM Statistics 19) was used

for all statistic analysis. A mortality (molting) of 50 % in a
sample was considered significant to finish the experiment and
such a session was marked as complete in the database. Other
groups were evaluated as censored. The differences in survival
rate and molting speed among age groups were tested using the
Kaplan—Meier survival functions. For the Cox proportional
hazards model, the chi-square value was estimated as a function
of the log-likelihood for the model with all covariates. It was
suspected that the effect of the treatment (exposure to different
host) on the underlying hazard was not constant; that is, that the
proportionality assumption may be violated. To check the
differences in molting and survival rate among age groups
models, we used the Log rank test. We also used the
Wilcoxon test to compare survival distribution among groups.
Weibull regression was used to estimate molting probability for
certain instars in both human and bat-associated bedbugs.
Differences between specific and non-specific hosts in amount
of the days after which they are able to undergo molting were
tested using Mann—Whitney U test.

Results
Survival at different host-associated bedbugs

During analysis, we excluded individuals who undergo
molting or were alive. No different changes were found in
the survival rate within instars in the case of bat blood in bat-
associated bedbugs, specific host (Kaplan—-Meier survival test,
x*=7.56, df=4, n.s.) neither in the case of human-associated,
non-specific host (x*=4.61, df=4, n.s.) (Fig. 1). While we
compared both lineages fed on bat blood, we found statisti-
cally significant differences in the fourth and fifth instars at
survival rate (Log rank test, fourth instars x>=9.93, p <0.05
and fifth instars y>=11.33, p<0.05). Cox proportional haz-
ards model for bat blood experiment showed that the differ-
ences between bat and human-associated bugs are significant
(x*=22.51, df=9, p=0.007).

Same tests were made also for human blood experiment,
where no statistical differences were found among instars in
human-associated bedbugs and specific host (Kaplan—Meier
survival test, y*=7.56, df=4, n.s.), neither in bat-associated
bedbugs and non-specific host (x>=2.08, df=4 n.s.). While
comparing both associated groups fed on human blood, no
statistically significant differences between instars were
found. Cox model for human blood experiment compared
bat- and human-associated bugs and did not show statistically
significant differences (y>=15.28, df=9, n.s.).

Different molting in host lincages

Evaluating the different molting rate among instars and host
lineages we conducted by Kaplan—Meier survival test where
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Fig. 1 Cumulative survival function for first—fifth instars, showing the
fraction surviving according to different blood meal (specific—a, ¢/non-
specific—b, d). Kaplan—Meier survival functions of instars in case of bat
blood in bat-associated bedbugs (a); in human-associated (b); survival

we tested the level of molting. We excluded dead individuals
and those who didn’t undergo molting, but survived.

In the case of bat blood experiment, we found no statisti-
cally significant differences among all instars of bat and
human-associated bugs (Kaplan—-Meier survival test, y>=
5.023,df=4,n.s,; x2>=5.242, df=4, n.s.). When we compared
both host lineages between each other, we found that a
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functions of instars in case of human blood in human-associated (¢) and
bat-associated bedbugs (d). “Complete” means at least 50 % mortality in
particular instars

statistically significant difference exists in the molting of
fourth instars (Log rank test, fourth instars y>=5.91, p<
0.05). Nevertheless, the Cox model did not show any statisti-
cally significant differences (y>=14.61, df=9, n.s.).

We tested in the same way human blood experiments and
found no significant differences among instars of human-
associated bedbugs (x>=1.16, df=4, n.s.) but we found
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differences in the case of bat-associated bugs (y *=11.66, df=
4, p=0.02). Comparisons of both human- and bat-associated
bug lincages showed that there is no significant difference
between them. Cox model did not show significant differences
between molting in both lineages (x?=10.59, df=9, n.s.).

Probability of molting

Different probabilities of undergoing molting in time (days)
for certain instars is described by Weibull regression. We
found significant differences between bat- and human-
associated bedbugs in the case of bat blood experiment
(x*=75.18, df=9, p<0.001) as well in the case of human
blood experiment (y*=54.04, df=4, p<0.001). Bat-
associated bug shows low molting in earlier instars (first—
third) and higher in later instars (fourth, fifth) and in same
case, human-associated bugs had the highest molting proba-
bility of early instars (second) and the lowest in later instars
(fourth). In the case of human blood experiment, molting
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Fig. 2 Probability of molting. Weibull regression for first—fifth instar
showing probability of metamorphosis according to different blood meal
(specific a, e¢/non-specific b, d). Molting probability of instars in case of

probability was stable in both specific and non-specific show-
ing similar pattern in both cases for all instars (Fig. 2).

Time period between ecdyses

We found the differences between specific and non-specific
hosts in the amount of days after which they are able to undergo
molting. Analyzed data starts from the first instar till becoming
adults. Mann—Whitney U test showed in both cases that ecdyses
time differs significantly only in bat blood experiment (U=5.0,
n.s.) as in human blood experiment (U=11.5, n.s.) (Table 1).

Discussion
Although in the course of research in the last decades there
have been found numerous occasional hosts of bedbugs

(Cimex lectularius), the primary hosts are only bats and
humans (Usinger 1966). Previous studies have suggested that
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Table 1 Ecdyses between undergoing molting in certain stages (first— adult) for specific and non-specific host in bat and human blood experiment

(days + SD)

Experiment/age Lst (Specific/ 2nd (Specific/ 3rd (Specific/ 4th (Specific/ 5th (Specific/ Adults (both sexes)
stages non-specific) non-specific) non-specific) non-specific) non-specific) (specific/non-specific)
Bat blood 5+0.81/6+0.74 4+0.89/5+0.74 3+0.64/6+1.12 4+0.67/5+0.48 4+0.90/6+0.95 7+0.32/9+0.46
Human blood 440.96/6+0.87 3+0.68/5+0.79 7+0.87/10+1.09 8+0.46/15+1.47 4+0.64/2+0.44 9+0.93/7£1.10

bedbugs’ primary host were bats (Povolny and Usinger 1966)
and from them, they were transferred on humans. Recent
studies (Balvin et al. 2012a) showed an interesting host-
associated differentiation of the population of the bedbug on
both morphological and molecular data.

We are seeing probably a gradual ecological niche diversi-
fication and perhaps the origin of reproductive isolating bar-
riers. From this perspective, the study of the host in C.
lectularius specificity seems to be a good model for the study
of microevolutionary mechanisms connected with speciation
and adaptive radiation within the group (Fig. 3).

In our study, we used two host lineages of C. lectularius—
bat- and human-associated bedbugs. In cross-feeding experi-
ment type of the host, specific/non-specific, seems to have an
impact on survival, molting, and development rate in both
cross-feedings conducted in vitro. The most common bat host
of'the bedbug, M. myotis, is originally the cave-roosting bat. It
is perhaps a coincidence that this species began to inhabit
buildings all over Europe only several centuries ago.
Moreover C. lectularius is not found in their cave roosts in
Europe (Simov et al. 2006), likely because of the climatic
conditions in caves. The only exception in central Europe is
the Hranicka abyss, which roost a large nursery colony of M.
myotis, but the bedbugs were never found on emerging bats
despite repeated nettings (Z. Rehak in litt.). So, while M.

Fig. 3 Bed bug (Cimex lectularius) bat-associated. Visible main charac-
teristic differing them from human-associated bugs: stronger and shorter
legs, more hair, difference in antennal segments dimension and eye which
is connected with adaptations to certain host (by O. Balvin)
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myotis and human very often inhabit buildings, populations
of bat and human-associated bedbugs show a minimum ex-
change of individuals between them (Balvin et al. 2012).
Balvin et al. (2012) found that nursery colonies of greater
mouse-eared bat are more often parasite by C. pipistrelli than
C. lectularius and moreover, both bug species have never
been found together in one bat roost. However, on human
host, C. pipistrelli is found very rare always in anecdotic
observations, especially if an infested apartment is near to
temporary abandoned bat roost and hungry bugs are looking
for food. It has long been known, that C. pipistrelli can feed
on human host, but it has a significantly lower survival rate
than on a specific host bat (Usinger 1966), and at the same
time, there is a notable reproductive barrier between C.
lectularius and C. pipistrelli. This isolation of particular bug
populations shows a very limited capacity to transport and
dispersion to another or even new host (cf. Giorgi et al. 2004).

Host switching is usually complicated, especially when the
primary host has a very different life strategy than the potential
new host. Bat-associated bugs usually inhabit only these parts of
buildings attics which are suitable for bats, but from there, they
have only a limited ability to move (Bartonicka and Razickova
2012). The frequency of movements between bugs and man is
hard to monitor and on this issue, we have only limited infor-
mation (Balvin et al. 2012). Adult bedbugs can travel at a speed
of 126 cm per minute (Hase 1917) and therefore, they should be
able to reach large distances very quickly. When bugs can follow
fecal spots, food prints, or pheromone trails by dragging the
engorged bugs, (Hase 1917; Aldana et al. 2008) they can
successfully travel to very distant hosts (Kemper 1936). In cases
when the host is available, bat-associated bugs have no reason to
find a new one. The probability of sucking on humans is
therefore not reduced by the distance of infested attics from the
people occupied parts of buildings, but also by human effort to
eliminate new bug population in the case of successful trans-
mission. Moreover, no cases of movement of C. lectularius
from bat host to people in the same building have yet been
published. Bugs are adapted to long starving periods. It might
confirm Romero et al.’s (2007) experiment, where individuals
starved for a shorter time showed much higher activity and
movement level than those who were starving for a few weeks.
This might help them to limit energy loss connected with
movements and decrease metabolism. It appears, therefore, that
the bugs are adapted to wait rather than to actively search the
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host. Such strategy could lead between the two host-associated
bug groups to higher degree of mutual isolation.

Blood sucking parasites may favor and choose higher
quality hosts who can give them a better blood meal. On the
other hand, such host might be hard to feed on (Meller 2000;
Khokhlova et al. 2007). Our experiments clearly show the
importance of the specific host. However, it can not be as-
sumed that the quality of the blood of a bat and human should
be fundamentally different, because other studies showing the
gradual isolation of both bedbug populations associated with
different host lineages (Povolny and Usinger 1966). As sug-
gested before (Hase 1926; Tawfik 1968), we did not find any
significant differences between bat and human red cells diam-
eter (Wawrocka in prep.). The cause of low survival rate on
non-specific host might be in immunocompetence (T cell
response) and the condition of the host, as evidenced by the
numerous proofs has been "well-fed host strategy" (Christe
et al. 2000). Previous research showed already differences at
morphological level in case of bedbug according to the host
type—human or bat (Balvin et al. 2012). Host specificity has
impact not only on the parasite himself but also on his host,
including the human. Preferences to some hosts can, on one
hand, decrease feeding efficiency but on the other hand, make
it easier for parasite to feed on host, whose immune system
and ecology is already well known to him. As Dick et al.
(2009) suggested that lack of some barriers that occur in
nature can break down host specificity.

Bats, as partly synanthropic species, adapted to new con-
ditions and also treat connections with human population
expansion that impact their natural landscape, food decrease
by habitat adaptations, and degradation, forcing bats to use
alternative roosts and foraging sites and move to cities. They
start to share shelters with humans (attics, churches, base-
ments, vacant buildings, etc.), what provided them cozy,
warm, and safe places that they would not find in the wild.
Bat-human conflict is a well-known phenomenon. Bat noises,
droppings, and presence itself is a big problem for bat conser-
vation. What more is that together with bats appear also their
parasites as cimicids. It was suspected that bats are the one of
the main reservoirs of global recuperation of bedbug popula-
tions (Szalanski et al. 2008) thus they do not possess other
than roosts switching (Bartonicka and Gaisler 2007) the abil-
ity to reduce infestation. That fact could unfortunately deepen
antipathy to bats. Nevertheless, there is no evidence at the
genetical level that bats could be responsible for their expan-
sion (Balvin et al. 2012) which is much more wider in the case
of, for example, poultry (Szalanski et al. 2008). Spreading this
information and knowledge among society is crucial in bat
conservation.

This study showed the significant limitations in the ability
of survival and molting in confusion of the two primary bug
hosts and it is likely to fit the concept of host races according
to Dres and Mallet (2002). The next step to elucidate the

taxonomical status of both bedbug lineages could be to verify
whether between the two ecotypes, are there any reproductive
mechanisms limiting the free hybridization of bedbugs.
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