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UVOI\D/étéina znén v krajire Stredni Evropy, které ovliwji ptai populace, je v s@asné
dobs ovliviovanaclovekem (Part et al. 2007). Lidsk&innost spojena s osidlenimaae
piinaSet znané vyhody pro pt& populace, které jsou schopny se r@omnostclovéka
adaptovat. Jsou to napdophkové potravni zdroje, nové hnizdniilpzitosti nebo mir&si
zimy v blizkosti urbanizacovanych zén (Chace & Wa2€06, Robb et al. 2008). Protdize
denzita gkterych druli ptaki smérem k suburbannim oblastem tstat (Sélek et al. 2004).
AvSak na druhé strénlidské osidleni s sebouipaSi mnoha rizika, se kterymi se hnizdici
ptaci musi vyrovnavat. Podle Marzluff & Ewing (2004 Chace & Walsh (2004) se jedna
zejména o0(1) manipulace s kibvymi zdroji (pozngnéné potravni spektrum, ztrata
veget&niho pokryvu vlivem Upravilovin atp.),(2) omezené moznosti disperze a migrg8g,
piitomnost nefivodnich prvk (vegetace, predatp nemoci a parazité)(4) zmeény v
hydrologickych a zivinovych cyklecl5) absenci vrcholovych predatoa nasledné zémy v
trofické struktie a(6) zvySenou miru hnizdni predace a parazitizmu.

Hnizdni predace je velmi vyznamnym mortalitnim téakm, ktery ovliviuje
popula&ni dynamiku i Zivotni strategie pté&kWilcove 1985, Weidinger 2002, Reme$ 2005,
Roos 2006). Riziko hnizdni predace je v urbanizgghnzonach zvySené zejména diky
vysoké denzit nespecializovanych predator kterymi jsou nap krkavcoviti ptaci
(Corvidag, kuny (Martes sp.), prase divokéSUs scrofp reéktefi hlodavci Rodentid aj.
(Angelstam 1986, Rangen et al. 2000, Roos 2002ar&&m et al. 2008, Svobodova et al.
2012). Nekteré prace dokonce prokazuji, Zeésem z periferie do centra velkychést
pred&ni tlak nafistd (Jokiméki & Huhta 2000, Thorington & Bowman 3P0 VétSina
predatoéi na pt&i hnizda narazi nahodouiatrani po potray (Vickery et al. 1992).
Urbanizovana krajina je proénatraktivni z dvodu vysoké miry heterogenity igpbené
antropogenni fragmentaci - jemna mozaika odliSryiobopi jim nabizi moZnostifstupu k
odlisnym tygm zdrofi (Ries & Sisk 2004, Séalek et al. 2004, Chace & W&806, Marzluff
& Neatherlin 2006). S rostouci jemnozrnnosti moydikgmentované krajiny a zmenSuijici se
plochou jednotlivych biotopovych fragméntmize riziko hnizdni predace ¥lovékem
osidlené a ovliitované krajig naristat (Vander Haegen et al. 2002je® zvySeny predai
tlak laka moZznost vyuzivat vice zdiajajednou do fragmentované krajiny také ptaky. loku
zamerné zahnizdi v migt kde je jejich reproduki Usgch nizsi vlivem silného predaiho
tlaku, dostavaji se do slepédkly tzv. ekologické pasti (Dwernychuk & Boag 19723t€s &
Gysel 1978, Robertson & Hutto 2006, Pelicice & Atyds 2008). Zejména v suburbannich
oblastech dochazi velmiasto ke zmnam v krajig, na které se ptaci nemusi stihnout
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adaptovat ¥as a lze fedpokladat, Ze jsou ekologickymi pastmi ohrozZe$igjgice. Literarni
review (l), které je sotasti rozsahlejSiho textu s nazvem Fragmentationl@sslof natural
habitats, pojednava vice o podstatypotézy ekologické pasti v SirSich kontextecetm
mechanizmu jejiho vzniku a hlavnich fakipikteré jeji vznik ovliviuji. Volné navazujici
prace(ll) zuzuje okruh literatury pouze na vyskyt ekologichkypasti u ptak V databazich
Web of Science, Wiley, EBSCO a Springer Link jsnylgdavali prace, vztahujici se k
tématu ekologickych pasti a pfeh populaci a zji®vali jsme, které hlavniiginy jsou
zodpowdné za jejich vyskyt. Dale nas zajimalo, zdali dekumentované ekologické pasti
vyskytovaly pravépodobriji na rekterych kontinentech, jestli byly asociované s type
habitatu a mirou jeho podobnostirpdk blizkych stanovi§ a byl-li jejich vyskyt u volg
Zijicich pta&ich populaci ovlivan typem migrani strategie, umishim hnizda a zahnizdim
v uméle vyrobenych hnizdnich budkach. Testovat sidea ekologickou past je u van
Zijicich pt&ich populaci velmi nagmé, proto studii na toto téma nettilip. VétSina praci,
které podporuji hypotézu ekologickych pasti, po€lzdgvropy, i kdyZ v Severni Americe se
jejimu studiu ¥noval téngit dvojnasobek studii. Jednim z moZnych Wikni mize byt vyssi
popula&ni hustota obyvatelstva v Evr§ktera nize vice modifikovat krajinu. NaSe vysledky
vSak také ukazaly, Ze praci, které by studovalyloglické pasti pimo v urbanizovanych
oblastech a jejich periferiich, je velmi mélo. Ldéle gedpokladat, Ze populace dfytkteré
migruji, budou vystaveny riziku ekologické pa&astji (Battin 2004, Leston et al. 2006),
neba musi v kratkémtasovém obdobi najit vhodné misto k hafdd(Hahn & Silverman
2006, Lindell et al. 2007) a jejich informace moHoit omezené (Kokko & Sutherland 2001,
Winter et al. 2006). Navzdory tomu typ migné strategie vyskyt ekologické pasti neovlivnil.
Jedno z moznych vysileni poskytuje hypotéza tztieterospecific habitat copyin@arejo et
al. 2006) spoivajici v predpokladu, Ze migrujici ptadruhy napodobuji hnizdni strategie
sedentarnich druh ¢imz riziko chyby pi vybéru habitatu mohou snizit. Analyza praci dale
prokazala, Ze jednou z gaf€jSich @icin vzniku ekologické pasti je zje¥npritomnost
nepivodniho druhu (predatora, kompetitora, vegetacena) ktery nejsou doméci druhy
evoluiné adaptované. ilekvapiv maly podil (2 z 15 praci) ukazal, Ze by mohly ekjidkée
pasti vznikat cestou fragmentace biatapebo managementu krajiny. Je tedy mozné, Ze si
ptaci riziko spojené se zmou habitatu fragmentaci &omuji a jsou schopni se misedem
vyhnout.

Zejména pi opakované fragmentai udalosti velkého rozsahu bez moZznosti obnoveni
piirozené sukcese, jako jsou map/chlé znény v suburbannich oblastech, je pr&yoldobné,

Ze budou druhy Zijici v krajinvykazovat negatiw)si efekt, nez p jednorazové fragmentaci
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(Hagan et al. 1996). Nejsdji budou ovlivreny druhy Uzce specializované na konkrétni typy
biotopu (Howell et al. 2000). Podle Bayne et aDQ2) existuji ti zpisoby, jak nize ptak
reagovat na antropogenni fragmentaci v kéajiil) Jedna-li se o habitatového generalistu,
nebude jej zrna g@ilis ovliviovat a zmnény habitat zahrne do svého teritorig2)
Alternativie miZze zmensit plochu svého teritoria 0 plochuémémého habitatu. Dok&zi-li
adaptabilni pt& druhy maximala vyuzit zdroje pozineéné krajiny, mohou Zit v prasdi se
zvySenym rizikem hnizdniho nedsu, aniz by to na jejich populaceslm negativni vliv.
Nap'. u krkavcovitych bylo prokazano, Ze velikost teih nmiZe negativé korelovat s
mnozstvi zdraj, které v nich najdou (Marzluff & Neatherlin 2006)ejich prostorové
poZadavky nemusi byt tedyilis veliké. Naopak Uzce specializované druhy ptéd) budou
chapat pozrnény habitat jako suboptimalni a budou nucebssidlit jinam — nap populace
ptich druhi citlivych na zmenSovani krajinnych fragménitzv. area-sensitive specigs
Villard 1998, Davis 2004, Fraser & Stutchbury 2084)lesajici velikosti fragmeintv krajing
ubyvaji. Nekdy mohou byt zrny v patetnosti ptdich populaci, ale i rozdily v i@
pred&niho tlaku v daném krajinném fragmentu, oftivany nejen vlastnostmi fragmentu
samotného, ale mohou zélezet na sloZeni okolninkgr&jokiméki & Huhta 2000, Dunford &
Freemark 2004). Zatimco krajina fragmentovana &grstvim mize mit na pté
spolgenstva negativni vliv (Andrén 1995), lesni hosgetld pta&i populace negativn
ovliviiovat nemusi (Bayne & Hobson 1997, Marzluff & Ew@04). V urbanizované kragn
fragmentované lidskou zastavbou dosahuje druhovdatbtvi ptak i jejich hnizdnich
predato@t svého vrcholu uzipstiedni mie fragmentace (Fernandez-Juricic & Jokimaki 2001,
Evans et al. 2009). V interni urbanizaci je totzz\jliv ¢lovéka tak silny, Ze mnohdy dochazi
k aplnému vymizeniirock podobnych stanowusa Zivatichové nemaji kde Zit (Donovan et
al. 1997, Evans et al. 2009, Howard et al. 200&)mbzné, Ze populace ziioha silng
urbanizovanych z6n by bez imigréanizcela zanikly (Baker et al. 2008).&t€ina praci
porovnava vliv konkrétnich komponent okolni krajing denzitu a diverzitu ptéka miru
pred&niho tlaku, ale pouze malo z nich se pokousi zhtidkomplexré vliv celé okolni
krajiny na pt&i populace Zijici v daném krajinném fragmentu.

Reakce samotnych gtigh populaci na antropogenni fragmentaci sgemn€nit v
zavislosti na rychlosti, intenzita prostorovém gtitku, s jakymi je krajina fragmentovana
(Marzluff & Ewing 2004). Je prawghodobné, Ze negativni vliv fragmentacéze byt vidt
zejména u fragmeaitvzniklych v nedavné minulosti, protoze ptaci, ikt osidlili, se na
¢lovékem pozménénou krajinu nestihli adaptovat (Hagan et al. 1996¢gativnim vlivem
fragmentace pak mohou byt ohrozeny druhy obyvagghéna rafisukcesni stadia jako nap
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ruderalni biotopy a fragmenty s naletovou vegetddirover ale miZze odpowd ptatich
spolé&enstev na fragmentaci vykazovatité zpozéni (Winter et al. 2006) a negativni vliv
disturbanci se fize projevit az v delSinltasovém néitku. Vzhledem l¢asové narénosti
nejsou dlouhodobé studie odgadv¥ ptatich spol€enstev pilis casté (Donazar et al. 2002).

V nasi studii(lll) jsme se zasfili na recentd vzniklé ruderalni fragmenty v okoli
Prahy, ve kterych jsme zkoumali miru hnizdni predaa pomoci ustych zemnich hnizd
opatenych slepiimi vejci s cilem simulovat hnizdi zemnich hrabavych ptékl kdyz ungla
hnizda neposkytuji Gpén nejwrnéjSi odhad miry hnizdni predace, jsou stale unde
metodou stanoveniiblizného obrazu miry predaiho tlaku na zemni hnizda (Séderstrom et
al. 1998, Part & Wrettenberg 2002, Martin & Jor@®2, Burke et al. 2004).r€dchozi prace
prokazaly, Zze nap pro ubyvajici populace koroptve poliigrdix perdiy jsou fragmenty
ruderalnich biotop v okrajové zéa Prahy atraktivni diky jejich heterogenitspjaté s vyssi
nabidkou zdrdj, takZe je v nich pgetnost koroptvi vy3si (Salek et al. 2004). Zarojgeu ale
zde Zijici ptaci vystaveni vySSimu prédému riziku diky zvySené dengithnizdnich
predatoé (M. Salek et al., nepublikovana data).

V nasi studii mira predaiho tlaku na ugla hnizda doshla 57.8 % a nebyla zavisla
na vnitnich vlastnostech ruderalnich fragmengvelikost, tvar atp.), ale &nila se
s proporcemi okolni krajiny — nejvyssi byla v olvah, kde ruderaini fragment obklopovaly
zejména rak sukcesni stadia nebo krajina silpoznénéna clovéekem (lidské osidleni,
dopravni infrastruktura). Naopak s rostoucim padif@irodé podobnych, pozdnsukcesnich
stanovi§ (louka, les) predai tlak klesal, coZz podtrhuje vyznam vySe #ovaného vlivu
skladby okolni krajiny v souladu se studiemi Jokim& Huhta (2000) a Lopez-Flores et al.
(2009).

Role okrajovych zon v mie hnizdni predace ve fragmentované kraji&é

Fragmentace krajiny zvySuje podil okrajovych zdéoz godporuje miru diverzity
dostupnych zdrdj (Ries & Sisk 2004). ZdrojavpestejSi okrajové biotopy mohou preferovat
ptaci @i hledani hnizdnich mist a naslédrhnizdni predatio. S rostouci denzitou predatior
v okrajovych zénach roste riziko, Z&ktery z nich nahodnnajde hnizdo s vejci a vypleni jej
(tzv. okrajovy efekt na hnizdni predaci; Albrectti02, Schiegg et al. 2007). \ékterych
piipadech vyplegni hnizda se @¥e jednat o kompetici - na vnitrodruhové arovnigbtdto
situace popsana u strak obecnykité picgd (Baeyens 1981, Tatner 1982, Jerzak 2001) a na
mezidruhové Urovni u vralicdoméacich Passer domestichsa salasnik modrych Gialia
sialis) (Gowaty 1984). V fpad® kompetice mohou kvalitni jedinci vytlavat slabsi
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z okrajovych (atraktivgSich) biotof do vnittnich (kvalitnich, ale nepreferovanych) biotop
s niz§imi skrytymi riziky, kde mohou mit slabsiijea nasleds vySSi reprodudni UsgsSnost
(Miner et al. 2005).

Okrajovy efekt na miru hnizdni predace se w&Siw studii projevil nejsilgji do
vzdalenosti cca 50 — 200 méetod habitatovéhoifechodu (Andrén & Angelstam 1988, Paton
1994, Batary & Baldi 2004). Existuji ale prace,rétéo potvrdily az do vzdalenosti 4 - 5 km
(Laurance 2000, Storch et al. 2005). S rostouchunfragmentace mohou predétpronikat
hloukgji do jadrového habitatu zmenSujicich se krajinnfralgment: a Ste okrajového efektu
se niiZze z¥tSovat (Lahti 2001, Batary & Baldi 2004). Fragmestymensim vzajemnym
biotopu nez fragmenty Uzké a protahlé (Johnson gagle 1990, King & Byers 2002).

Intenzita okrajového efektu na hnizdni predaci sgemn€nit s ostrosti f'echodu
jednoho habitatu v druhy (Deng et al. 2003, Schereat al. 2012). Nejvice praci je zatim
znamo v mozaikové krajins ostrymi pechody (nap pole — les, les — &ena louka atp. —
nag. Huhta et al. 1996, Conner & Perkins 2003, Batdral. 2004 aj.), které jsowt&inou
vyvolané lidskou ¢innosti. Naopak, u gradualnichfegchodi mezi biotopy podobné
fyziognomie (étSinou Firozena stanovig) je paet praci zkoumajicich okrajovy efekt spory
(napr. Wallander et al. 2006, Schneider et al. 20123vt#$e pak v oblastech s miniméainim
vlivem ¢lovéka, a jednoznané z ni nevyplyva, zdali ptaci i jejich hnizdni préatd chapou
dva biotopy jako odliSné nebo jako jeden celek.

ZvysSena denzita predatorn okrajové zéd miaze byt podle Ries & Sisk (2004)
ovlivnéna temi gicinami. Jedna-li se o tzv. efekigkevani §pillover, matrix effectsensu
Lidicker 1999) pes okrajovou z6nil), dva vzajemé priléhajici habitaty obsahuji jeden a
ten samy zdroj. Je-li jeho mnozZstvi v preferovarigabitatu vySSi nez v nepreferovaném,
muze paetnost druhu, ktery sp@bovava dany zdroj, klesat &mam do nepreferovaného
habitatu. Nepedpoklada se ale, Zze by druh do nepreferovanéhtahalpronikal do filiSné
vzdalenosti. Fkladem niéizou byt volavky, které @¥ou nav&vovat louku pilehlou k
mokiadu, protoZze do ni pronika mensi mnoZstvi fadkich obojZivelnik, kterymi se Zivi.
Pokud obsahuji dva sousedici habitaty dva odlighéje, které se vzajemirdophkuji, bude
existence v okrajové zérelepSovat moznostifstupu k obma — jedna se o tzv. distribuci
doplikovych zdroj (2). Ve vySe uvedenémiipadu by volavky v louce hledaly hlodavce,
ktefi v mokiadu neziji. Nemusely by létat nikam daleko a zdakpwe ve ¥tSich pdtech
pobliz gedlové linie mokadu a louky. Pokud by se ovSem jednalo o hlodaktes, by Zili
pouze v okrajovém biotopu a ne jinde, koncentradawek by byla zvySena prav rém. V
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tomto @gipad® se jedna o zesileni vlivu okrajové z6§8). Fri svém ptichoduci pohybu v
okrajové zon by volavky mohly vyplenit kazdé ndhotimalezené hnizdo. Bod (2) a (3) je
v praci Lidicker 1999 shrnut pod terméotonal effect

Naprosta ¥tSina studii se zabyvala pouze okrajovym efektgedwom biotopu. Proto
jsme v nasi studilV) zvolili design nepimo navrZzeny Riesem a Siskem, abychoréitiv
gradient miry hnizdni predace naéghodu dvou odliSnych biotépJako studijni plochu jsme
vybrali krajinu Vitavského luhu v Narodnim parkurava, protoZe ve Bidni Evrog kroms
praci z oblasti se silnym vlivelovéka chybi prace, které by se€novaly mfe hnizdni
predace v firodé blizkym biotogim s minimalnim vliventlovéka. Sodasti naSeho pokusu
bylo zkoumat miru hnizdni predace n@&ghodu mokadu a pilehlych luk, protoZe praci,
které by se &novaly hnizdni predaci v biotopech s vzajenpodobnou fyziognomii je také
malo. Jednostranny okrajovy efekt na miru hnizaadace zde jiz byl prokazan Albrechtem
(2004) na hnizdici populaci hiylrudych Carpodacus erythrings Oboustranny okrajovy
efekt jsme testovali pomoci @i§ich zemnich hnizd, vyptmych Kepetimi vajicky. Posléze
jsme testovali také jednostranny okrajovy efekt aizitim unglych kiovinnych hnizd.
Okrajovy efekt se na ifé predace zemnich hnizd projevil na postupném gmnéulz mokadu
do louky a mohl odpovidat hypotéze distribuce dikglych zdroji nebo zesileni vlivu
okrajové zony. Na gradientu z meklu do lesa se projevil nekonzistenpouze v tkterych
sezénach s pranlivym charakterem. Okrajovy efekt na miru predaoglych kiovinnych
hnizd byl v jedné ze dvou studovanych sezon takatekmmy, coz podporuje vysledky
Albrechta (l. c.). Nezji#ni okrajového efektu na hnizdni predaci v dané rgendize mimo
jiné znamenat, Ze se okrajovy efekt v kr&jprojevuje, ale na daleko SirSich prostorovych
Skélach, nez jsme zkoumali (viz také vysledky zelistlll ). Nekonzistence v jeho vyskytu
vyskytu mize byt naopak Zisobena zinou potravnich preferenci hnizdnich predatmdle
miry produktivity aktualni sezény. Rfavajicka totiz tvai pouze dopilkovou ¢ast jidelnéku
predatoéi (Angelstam 1986) a mohou byt ¥ipact dostupnosti vyZiv&§Si potravy nahrazena
(viz vysledky studieV). Z otiski nalezenych v naSich hnizdech se pgidaaircit pouze jen
velmi malouc¢éast. Komunitu hnizdnich predato¥Itavského luhu z naSich dat tedy popsat

nelze.

Predatori pta¢ich hnizd a jejich chovani i samotné predaci

Spol&enstva predatdrv mirném pasu jsou t¥ena zejména savci, kiese i hledani
potravy orientujicichem, a vizuélé se orientujicimi ptéky, ktése g patrani po potravridi
vyraznymi (orienté&nimi) body — nap stromy, lidskymi sidly, pasy Zivych piotatp.
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(Wallander et al. 2006). Rtishnizdni predatia, jako nap. krkavcoviti, ¥tSinou spiSe vypleni
hnizda v kovinich (Santisteban et al. 2002), zatimco saveiét& mie hnizda umigha na
zemi, ktera jsou proénlépe gistupna (Soderstrom 1999). Sapredatdi jsou také ¥tSinou
zodpowdni za predaci v mnohdy homogennim ptedt interniho lesa (Marini et al. 1995),
zatimco ptacicasgji preduji hnizda v ot@ené krajik nebo mozaice malych lesnich
fragmenti a otewenych habitat (Andrén 1992, Nour et al. 1993, Vander Haegen. &002).

V naSem pokusylll) z ruderalnich biotoppredovali ptaci vice jak dvojnasobnyget hnizd
nez savi predatai.

Krkavcoviti ptaci, kt& v naSich podminkach tvio majoritni slozku vizuak se
orientujicich predatdr (Andrén 1992, Albrecht 2004), mnohdy nalézaji Hoiaikryté ve
vegetaci diky aktivit rodict kolem €] (Yahner & Mahan 1999, Martin et al. 2000, Eggetrs
al. 2005, Schneider et al. 2012). ¥pac experimentalnich hnizd si mohou zapamatovat
jejich polohu, vidi — Ii vyzkumnikaip praci (Baldi 2000). Nktefi z nich si dokonce mohou
vytvorit na hledani hnizd searching image (Sonerud &dFj&€I87, Santisteban et al. 2002,
Olsen & Schmidt 2004). Mira hnizdni predace ftdinizdicich v blizkosti hnizd nebo
pozorovatelen ¢&kterych druli krkavcovitych ptak maze byt diky tomu zvySend
(Séderstrém et al. 1998, Roos 2002, Roos & Part 286@lek 2004, Wallander et al. 2006). U
nékterych krkavcovitych ptdk byla v rékterych ¢dstech hnizdni sezony zaznamenana
zvySena tendence predovat githnizda (Nisbet 1975, Sieving & Willson 1999). Miért o
samotném chovani krkavcovitychiimo i predaci ptaich hnizd jsou z literatury informace
sporé. Nas terénni pok(}) testoval chovani straky obecrida picg vici dvéma odlisSnym
typam unelych srmsek (Kepeti a slepii) ve dvou fiznychcastech hnizdni periody (perioda
sezeni strak na vejcich, perioda krmenidaty Straky pednostd predovaly nasSe uté
smiSky v obdobi sezeni na vejcich. Je mozné, Ze vhilidmeni ml&at prednost hledaly
vyZivnéjSi potravu, jako jsou napbezobratli, a proto si vajec vSimaly raeR¥i predaci
nerozliSovaly mezi uglymi a realnymi vejci. K hniziin s Kepetimi vejci pristupovaly
castji a odnasely je z hnizda gryNaproti tomu, slegi vejce byla konzumovanaimo na
hnizdt nebo u ®j. ProtoZe dosfla straka neumi otéW zobék tak, aby do zobaku vzala celé
moznost odnést ikpeti vajicko okamzit pry¢ zvySila atraktivitu kepeich hnizd pro
predujici ptaky. Slepi vejce jsou tedy i identifikaci stedré velkych pt&ich hnizdnich
predatoéi vhodrgjSi nez vejce tepeti.

Vramci dizertéani prace se nam poia potvrdit, Ze pestoze je fenomén
ekologickych pasti vyznamnym pro poznani¢fith populaci, praci na toto téma, zejména
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v uréitych typech biotop, stdle mnoho neni a je velmi obtizné jej testoMévnim cilem by
melo byt dalSi testovani ekologické pasti v co nejvimoznych typech biotdpu druhi

s odliSnymi Zivotnimi strategiemi sichizem na silé naruSovanou krajinu suburbanni i
naopak krajinilovékem vibec nenarusovanou.

Prokézali jsme, Ze zvySena mira hnizdni predaeza ktiiZze v rekterych gipadech
s ekologickou pasti ffmo souviset, je v ruderalnich fragmentech situgehndo silrg
fragmentované krajiny ovliwma zejména kompozici svého okoliteBto je naSe studie
jednou z mala, které se kontextem okolni krajipwope zabyvaly. ProtozZe vysledky takové
studie mohou byt jednim z podkiagro Uzemni planovani, je dalSi vyzkum obdobného
charakteru Zadouci v jinych oblastech Evropy inygh typech biotojp Na gikladu
clovekem nepilis ovliviiované lokality jsme také potvrdili nekonzistencskytu okrajového
efektu mezu mezi sezénami a typy studovanych biotG@stén jsme zarové podpdili
evidenci pipadi, ve kterych mira hnizdni predace dijgh hnizd nize odrazet miru hnizdni
predace hnizd realnych.

Na pikladu straky obecné jsme prokazali, Zeedtt velky pt&i hnizdni predator
muaze davat pednost vejcim, které je schopen z hnizda ihnedSsin®ro identifikaci sedre
velkych pt&ich hnizdnich predatorse tedy hodi vejce, kterd predator d2en z hnizda
odnést a je nucen je konzumovat na neb@juNasSimi vysledky jsme rozsli poznatky o
chovani hnizdnich predatow pribéhu predace ptéch hnizd. Vzhledem k tomu, Ze naSe
studie zahrnuje ale pouze jediny druh predatoraj hedoucnu vice nez zadouci testovat
chovani jinych druf v jinych typech prosedi a nenarusSi-li to pbeh hnizéni, pak také u
hnizd reélnych a nejen wigch.
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PREDATION IN L ANDSCAPESAFFECTED BY FRAGMENTATION
AND L 0SS OFNATURAL HABITATS

Martina Koubova®, Petr Suvorov, Jana Svobodova
Tomas Albrecht ®and Jakub Kreisinget
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Academy of Sciences of the Czech Republic, CzeguBle

6. ECOLOGICAL TRAPS

Rapid habitat changes, especially of anthropogeriggn, can have detrimental consequences
not only because they alter interspecies interasti@s described above. Faced with rapid
changes in environments, individuals from natuggyations may have only limited ability
to alter their modes of behavior, and that can easuboptimal exploitation of resources in
the altered habitats (Miner et al. 2005, Shochaale®005). For example, (micro) habitat
parameters (food abundance, vegetation densityaélaifor breeding etc.) in undisturbed
landscapes indicate the quality of an environmewk lsZence they have a positive effect on
individual fitness (Schlaepfer et al. 2002). Inistutbed landscape, however, these characters
do not necessarily indicate the quality of the emwnent (Gates and Gysel 1978, Vergara and
Simonetti 2003, Igual et al. 2007, Mannan et aD80If a particular individual living in an
altered environment still orients itself based bte evolved preferences for indicators of
environmental quality that are no longer relevéimn this leads to a direct negative effect on
its fitness (Kokko and Sutherland 2001, Ries angaRa2003, Gilroy and Sutherland 2007,
Part et al. 2007, Kriska et al. 2008, Lindell 2Q08) an extreme case, this can cause

extinction of the population (Schlaepfer et al. 20Ries and Fagan 2003). This phenomenon

* Corresponding Author: e-mail koubova@fzp.czu@zgech University of Life Sciences Prague, Departroéftcology, Faculty of
Environmental Science, Kamycka 1176, Prague 6 16%2ech Republic
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is known as an “ecological trap.” Put in anotherywan ecological trap typically occurs in
situations where behavioral or sensory capabilisgeimating habitat quality are limited
(Donovan and Thompson 2001, Kokko and Sutherlar@il 28attin 2004, Robertson and
Hutto 2007) even as habitats are undergoing rapahges from an evolutionary point of
view.

An individual choice of nesting site is based oe #volutionary history of a given species
and also on individual experience (Kokko and Su#mer 2001, Miner et al. 2005, Keeler and
Chew 2008). The selection of habitat itself taklesg on the basis of direct (e.gmount of
food resources) or indirect (e.gumber of individuals of the same species, predateence)
clues (Andrén 1990, Kokko and Sutherland 2001, &qgifer et al. 2002, Roos and Part 2004,
Eggers et al. 2005,). In some species, the hatitaice is driven by imprinting (i.e. natal
habitat preference induction (Kokko and Sutherl@@®1, Gilroy and Sutherland 2007).
Nevertheless, if an individual has more completlormation about a given habitat, its
estimation of habitat quality is better (Kokko &dtherland 2001, Battin 2004).

Although some habitat parameters may increase thbapility of survival (better food
resources, more nesting places, etc.), their pcesensome types of altered habitats can often
be associated with factors that negatively affiedividual fithess and which can outweigh the
effect of positive characters (rate of parasitiamd aest predation, disturbance, direct losses
caused by humans etc.). For example, although Namibarican Cooper’s hawk@\ccipiter
cooperii) were shown to have a high adult survival rate ughdood availability and nesting
places in an urban habitat of Arizona, the numbémirviving nestlings were low because of
infection caused byrichomonas gallinaewhich occurs in urban habitats (Mannan et al.
2008).

Even a relatively simple ecological trap model barinfluenced by the existence of a number
of ecological phenomena. According to the despotiziel of habitat colonization (IDD —
ideal despotic distribution), for example, if cortipeely more capable individuals occupy the
preferred habitat, individuals less competitivatyafe forced to nest in less attractive habitat
(Andrén 1990, Hunt 1996, Kokko and Sutherland 20Baftin 2004). In a disturbed
environment, however, the individuals of higherndss may estimate habitat quality
according to irrelevant indicators. Consequentheyt breed in preferred but qualitatively
poorer habitat (e.gedge habitat, see below) and their reproducticeess is lower (Donovan
and Thompson 2001) than it would be in non-pretelnet higher-quality habitat. Individuals
of higher fitness and competitively less capabldividuals may achieve similar breeding
success due to different conditions of their bregdabitats (Van Horne 1983, Miner et al.
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2005). Hence, this phenomenon may compensate ®reffect of the ecological trap
(Flashpohler et al. 2001a, McGowan 2001).

Two main causes of ecological traps related toimgpsuccess of birds have so far been
described in the literature: introductions of exosipecies outside their usual area of
distribution (Mack et al. 2000, Chace and WalshfGihd habitat fragmentation. In addition,
a combination of both these influences may occuar@iff and Ewing 2004).

Habitat fragmentation increases the proportiondfeeto interiors, and habitat edges can be
attractive for some nesting birds due to variowsoas (Hansson 1994, Fernandez—Juricic
and Jokimaki 2001, Schlaepfer et al. 2002). Vegetaheterogeneity, which positively
correlates with nesting success (Martin and Jo@0B8R is usually higher in edge habitats.
Another potential advantage of edge habitat is tihdividuals have easier access to
complementary resources from two neighboring hebifRies and Sisk 2004). For the same
reasons, however, habitat edges can be preferrednbyivorous predators (rats, foxes,
martens, corvids etc.; Wegner and Merriam 1979,r&md 992, Lahti 2001, Chace and Walsh
2004) that are responsible for higher nest predalong edges compared to interior habitat
(Andrén 1992, Paton 1994, Zanette and Jenkins 28B6€echt 2004).

Habitat edges as ecological traps can be best dadenh in situations where the rate of
nesting success is lower in edge habitat thanterior parts (so-called edge effect on nest
predation) and when birds more frequently placer thests in edge habitats (Andrén and
Angelstam 1988, Paton 1994, Batary et al. 2004aand Béaldi 2004, Hoover et al. 2006,
Weldon 2006, Schiegg et al. 2007). Although theeed{fect on nest predation has been
supported by many studies using both real (Albre&2®®4, Driscoll and Donovan 2004,
Pasinelli and Schiegg 2006) and artificial (Donoeaml. 1997, Storch et al. 2005, Schiegg et
al. 2007) nests, however, their direct connectioithwan ecological trap has been
demonstrated in only a few of these, because ntadtes were not able simultaneously to
document the habitat preference of birds and pi@daate in the compared habitats (e.qg.,
Flashpohler et al. 2001b, Weldon and Haddad 2005eRson and Hutto 2007). In one such
study, for example, nests of Hermit thrusi{€atharus guttatusyand ovenbirdqSeiurus
aurocapillus)suffered higher predation especially in the edagtht, and, consistent with the
prediction of the ecological trap hypothesis, thiss also the place of increased density of
their nests (Flashpohler et al. 2001b). Interesting subsequent study claims that the clutch
size of ovenbird was by as much as 16% largerearettge habitat (Flashpohler et al. 2001a),
and that can to a certain extent compensate tleetedf the ecological trap. Nevertheless,
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there are other studies that did not reveal habilges acting as ecological traps (Ratti and
Reese 1988, Ball et al. 2008).

In the past decade, many studies have describéalsagxamples of ecological traps in the
human-altered landscape (Horvéath et al. 2007, Igual. 2007, Robertson and Hutto 2007,
Keeler and Chew 2008, see also a summary tablehla&pfer et al. 2002), but only a few of
them studied the exact mechanisms and factorsqbirglithe existence of ecological traps
(Flaspohler et al. 2001). It is possible that egwal traps also occur in pristine regions
(Battin 2004) after extensive natural disturbarnsesh as windstorms, floods or wildfires or
in connection with finer changes in habitats (ehgbitat changes following the fall of a tree,
a change in water regime caused by a newly bualttéedam). However, these subtle changes
clearly need not affect the population dynamics bafds, and their importance for
conservation management is not as high as in aafsasthropogenic changes on a larger
scale. A study involving Argentinean burrowing owlthene cunicularia)provides an
example. The owls prefer habitats with a vegetatiover of less than 40% (Machicote et al.
2004). Nesting success of owls was observed to %% & they nested in viscacha
(Lagostomus maximusurrows, whereas no single nest survived whereglat an armadillo
(Chaetophractus villosudjurrow (Machicote et al. 2004) because, in contiastrmadillos,
viscachas regularly graze the surroundings of thamrows. Results from other localities
proved that nesting in armadillo burrows was susftgsf the surrounding soil was bare
(Machicote et al. 2004). Therefore, the authorppsed armadillo burrows as constituting a
local ecological trap, although owl preference particular burrows was not tested. Works
dealing with the relationship between reproducBuecess of birds and ecological traps in
undisturbed landscapes are not very common, amiestwhich would compare landscapes
disturbed and undisturbed by humans are altogettssnt.

The extent to which ecological traps are a comnfenpmenon is still unclear. Studies often
present results that could support the ecologiagst hypothesis (Best 1986, Ellison and
Brush 2004, Klein et al. 2007), but some substhpasameters that would enable testing it
are missing (e.g.habitat preferences of nesting birds). In additkmn environmental
characteristics and nesting success, it is alstadrto measure the physical condition of adult
birds (Igual et al. 2007) or their offspring (Wetdand Haddad 2005) because population
density is not always the best parameter for tgsifran ecological trap.

Although local studies in small areas can oftem lhelunderstand this phenomenon, the study
of ecological traps on wider scales of habitat tigoessential for conservation management
(e.g., Robinson et al. 1995). Methods of studyicglagical traps are still not completely
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reliable and often do not reveal the whole trutlowabthe local functioning of particular
biospheric units. The improvement of these techesgand use of new approaches to study

habitat preference and individual fitness can Ipetgect biodiversity in a more effective way.
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ABSTRACT

Anthropogenic changes in a landscape create new fouebirds, which must permanently
adapt to these. If landscape changes come too lguiokividuals have insufficient time to
develop adequate reactions. They may thereforeenanatially nest in low-quality habitats,
which can lead to diminished nesting success amddoaction of their population size. This is
usually termed the ecological trap hypothesis. Weaewed 38 studies investigating this
phenomenon and analysed whether there exist neddtijos between ecologic trap occurrence
and geographical region, habitat type, and/ordifategies of bird species. Ecological traps
were most often associated with the presence dficegpecies. Exotic species can modify
environmental conditions in ways to which nativentounities are not adapted. They have
been mainly detected in open habitats. Such opbhalts as arable fields and meadows are
under greater human pressure, and rapid changdmlgyooccur there more frequently.
Although more studies from North America were irtigeged, the hypothesis was supported
more frequently in European studies. This poss®bijue to higher human population density
and, hence, more frequent habitat changes. Ouftseshow that an ecological trap is not
likely associated with migration. Ground nests atdtl less by the consequences of such trap
than did other nest types. Although the implicagiasf the ecological trap hypothesis in
species conservation are undisputable, a still-rdetailed approach is needed. For instance,
some habitat types, such as suburban areas, hawenbglected in the context of ecological
traps as has been the phenomenon’s appearanastinephabitats.

Key words: edge effect, exotic species, habitat fragmentatitenstrategies, nest predation,

nesting success

INTRODUCTION
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Correct selection of a nesting site is one of tlestnessential points of nesting success in
birds (e.g. Bayne and Hobson 2001; Shochat etOfl5)2 Birds choose their nesting sites
based on environmental characteristics such asespeacmposition or density of vegetation,
because, in a natural environment, these india#ffeciency of food and shelters, which, in
turn, have positive effects on individuals’ reprotive success (Schlaepfer et al. 2002;
Aldridge and Boyce 2007; Powell et al. 2010). Irapidly changing environment, however,
these characteristics do not necessarily possessatime indicative value (Gates and Gysel
1978; Vergara and Simonetti 2003; Shochat et @5 MDecause they may be associated with
factors, such as high rate of nest predation, pea@®on and disturbance (Marzluff and
Ewing 2004; Mannan et al. 2008), that can outwéigheffects of positively acting factors. If
individuals of higher fitness preferentially nesthiotopes where they nevertheless achieve
lower nesting success, then this habitat is salmketan ecological trap (Dwernychuk and Boag
1972; Gates and Gysel 1978; Robertson and Hutt6;Z@€licice and Agostinho 2008). This
phenomenon can cause decrease in bird abundan&kokamd Sutherland 2001; Ries and
Fagan 2003; Gilroy and Sutherland 2007; Lindell@0Rart et al. 2007; Kriska et al. 2008)
and, in extreme cases, can lead to local extinctbrentire populations (Reed 1999;
Schlaepfer et al. 2002; Ries and Fagan 2003).

An ecological trap is usually linked to a humaresdtd habitat, and mostly due to
habitat fragmentation or the presence of exoticigge(Battin 2004). If a new species of
animal or plant is introduced into a particular ieomment, it can either directly (through
predation, competition, parasitization or genetibridization) or indirectly (e.g. by affecting
vegetation structure, which can lead to higher n@stdation) negatively influence the
reproductive success of native species (Mack et0fl0; Schlaepfer et al. 2005; Campomizzi
et al. 2009). In many places, birds must cope exttessive habitat fragmentation (Fernandez
— Juricic and Jokiméki 2001), which causes a ldssuitable nesting biotopes and increases
the proportion of marginal biotopes relative todnrones (Andrén and Angelstam 1988;
Bosschieter and Goedhart 2005; Fahrig 2003; Manal.e2007). Some biotope interfaces,
however, can be attractive to nesting birds forhsteasons as vegetation heterogeneity
(Hansson 1994; Fernandez — Juricic et al. 2001toBsoand Herrando 2003; Batéry et al.
2004; Berg 2008) or easy access to complementagurees from neighbouring biotopes
(Ries and Sisk 2004). Due to a higher concentratioresources, however, there is also an
elevated density of especially omnivorous (non-gppeed) species of predators such as Red
Fox (Vulpes vulpes martens Kartessp.) or corvids Corvidag (Andrén 1992; Paton 1994;
Chace and Walsh 2004; Marzluff and Neatherlin 2088)jich profit from the presence of
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humans and can lower the reproductive successad birough increased predation of their
nests (i.e. due to so-called edge effect on nestgbion). When birds nest in edge habitats in
higher densities than in interior biotopes and #tameously achieve lower reproductive

success there because of higher nest predationnthg have been lured into an ecological
trap (Weldon and Haddad 2005).

Birds choose their nesting sites based not onlghein evolutionary history but also on
their acquired experiences (Kokko and Sutherlar@l2Miner et al. 2005; Parejo et al. 2006,
Keeler and Chew 2008). Nevertheless, to gain eapeei takes time. Therefore, individuals
that do not remain at their nesting sites all yeand (i.e. migrants) can be more vulnerable
to negative effects of ecological traps than acestary birds because they have shorter time
to evaluate the actual conditions of their nestsiges after their arrival (Kokko and
Sutherland 2001; Kristan 2003; Battin 2004; Wirgeal. 2006). To our knowledge, however,
this issue has never been evaluated in studiestigaéing bird ecology.

The aim of this article is to review the literatustudying the ecological trap
phenomenon in birds. We analyse whether existeficeaogical traps is associated with
particular habitat types, geographic areas, antf@rstrategies of bird species such as
migration and nesting place. We also discuss ifoggeal traps appear in habitats not altered

by humans and the utility of this concept for spe@rotection.

MATERIAL AND METHODS

Articles investigating the ecological trap phenoomnin birds were mainly searched
according to the key words “ecological trap” andrdb” using the databases of Web of
Science, Wiley, EBSCO and Springer Link, as welhasording to the references of papers
identified in this way. Those studies examininglegial trap using artificial nests were not
included into our analysis, because this methodcdd@pproach does not sufficiently enable
testing of nesting birds’ habitat preferences ($stdém et al. 1998, Yahner and Piergallini
1998).

To analyse whether the existence of an ecologregd ts linked to specific geographical
regions and/or habitat types, we distinguish amang geographical regions (Europe
inclusive of Fuerteventura, North America, South ekita, Asia, Africa, Australia + New
Zealand) and five habitat types (forest, open h#hitsuburban habitats, coastal zones and
small islands, and unclassified mosaic of differbabitats). Open habitats contained such
habitat types as arable fields, meadows or wetlaimdaddition, habitat types such as cities
with suburban zones and farmland were considerethaasaffected habitats whereas those
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like forests, meadows, wetlands or deserts as alababitats. From the viewpoint of life
strategies, we distinguished between migratory setkntary species. Moreover, birds were
divided into four groups according to their nestsies (ground, shrub, tree, cavity in the
ground or tree; del Hoyo et al. 1992-2011).

RESULTS

We identified 47 articles examining the ecologitralp hypothesis in birds. However, nine
studies (19.2%) only discussed possible effecescofogical trap on bird nesting success and
did not test it. Therefore, only 38 papers werduided into the ensuing analyses. We found
that existence of an ecological trap has and hase@en supported in 14 (29.8%) and 24
(51.1%) studies, respectively (Table 1). In additimost studies examining the ecological
trap hypothesis had tested the effect of habiagnirentation and management (39.5%, n =
15) or the effect of direct human influence (29.0% 11). The existence of an ecological
trap has mainly been supported in studies examiagresence of exotic species (80.0%, n
=4; Table 1).

Most studies examining the ecological trap phenamehave been conducted in North
America (60.5%, n = 23), followed by Europe (34.286+ 13). Whereas 57.1% (n = 8) of
European studies supported the hypothesis, ame@nydhth American studies this figure was
only 42.9% (n = 6; Table 1). Just a few studiesehbeen done in other regions (South
America, n = 1; Australia + New Zealand, n = 1) ammhe of these have supported the
ecological trap phenomenon. Moreover, to our kndgde no such study has been conducted
either in Africa or the Asian region.

Regarding habitat type, the ecological trap hypsgkehas been most studied in open habitats
(i.e. arable fields, meadows and wetlands; n =al)) forest habitats (n = 15). Only 3 studies
came from urban habitats and 2 investigations weo®astal zones and small islands (5.3%,
Table 1). We revealed that ecological traps appearere in open habitats (60.0%) than in
forests habitats (50.0%). There was no differemcédtection of ecological traps between
anthropogenic and natural biotopes, however, bec#us hypothesis was supported in 4
(36.4%) of 11 studies in anthropogenic habitat syped in 9 (39.13%) of 23 studies in
natural habitat types.

We found that the ecological trap phenomenon has bested more frequently in migratory
species (n = 24) than in sedentary species (n In%ddition, it has been supported in the
same proportion in relation to migratory (41.7%9l aedentary species (44.4%). In two works
it was not possible to distinguish its effect omlesgtary versus migratory species because
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these had investigated migratory and sedentaryespsinultaneously. From the viewpoint of
nest position, we found that ground nesters sufféass from ecological traps (2 cases out of
12, or 17%) than did birds using another nestingtsgy (Table 1).

DISCUSSION

To our knowledge, the overall number of studiegtentopic of ecological traps is not large
(see also Part et al. 2007), even though theirifgsignce for species protection is
unguestionable. This is probably because ecolodiagls are very problematic to test
(Robertson and Hutto 2006). Not only nesting peiees and the fitness of populations (i.e.
nest density, fitness and reproductive succesedividuals) but also the habitat quality (i.e.
food resources, rate of nest predation and parasdan) must be investigated. Hence, there is
also insufficiency of sample size in many studeg.(Remes 2003, Machicote et al. 2004).
Although the papers we reviewed are also signifigabiased toward North American
studies, we found that the hypothesis of ecologiags was more frequently supported in
Europe than in North America. This difference candwue to the higher human population
density on the European continent (http://www.watllgs.com) and, hence, possibly to more
frequent habitat changes. However, this aspectsr@rther investigation.

We also show that ecological traps frequently ommlin relation to exotic species, because
exotic predator and plant species may negativégctithe reproduction outputs of birds. For
example, the preferred nesting habitat of Cory'séBWater Calonectris diomedgas usually

in cliff burrows at the Mediterranean Sea. In theafarinas Islands, however, raRaftus
rattus) have been introduced by humans and their gropwqmulation has begun to depredate
Cory’s Shearwaters, and particularly their nesdinghe birds, however, did not interpret the
presence of rats as an environmental cue by wiidledognize an unsuitable environment,
and they nested there in higher densities thamcatities without rats (Igual et al. 2007).
Exotic plant species can also influence the reprtydel success of birds (Misenhelter and
Rotenbery 2000; Borgmann and Rodewald 2004; Noetlal. 2008), because their presence
causes changes in the structure of the vegetatiochvean negatively affect the abundance
and diversity of food resources (Tallamy 2004),rdegf cover, or nest availability (Schmidt
and Whelan 1999). For instance, the Old World niagsa species BlackcapSglvia
atricapilla) had higher reproductive success in primary galerests in Moravia even
though its nesting density is twice as high in seleoy forests of Black LocusRpbinia
pseudacaciaRemes 2003). Birds preferred Black Locust growdtabably because this tree
produces its foliage earlier in spring than do vetivoody species, and therefore it offers
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early cover and potential nesting places (so-calkb@ctive sink biotopes; see Delibes et al.
2001 a, b; Aldridge and Boyce 2007).

The selection of a nesting place itself occurshenldasis of direct (amount of food resources,
shelters, nesting opportunities, etc.) and/or exticues (e.g. the number of individuals of the
same species or absence of a predator; Andrén XKa®@®p and Sutherland 2001; Schlaepfer
et al. 2002; Schlaepfer 2003; Roos and Part 20g4eEs et al. 2005). The more complete
information an individual has about a given biotofhe better is its judgement (Battin 2004;
Kokko and Sutherland 2001). Simply speaking, gaaty¢ment of habitat quality requires
sufficiency of time (Sol and Lefebvre 2000; Donoweamd Thompson 2001; Robertson and
Hutto 2007). Nevertheless, some migratory spea@@scompensate their shortened time for
habitat evaluation by copying the nesting strategi sedentary species (heterospecific
habitat copying hypothesis; see Parejo et al. 2006¢refore, the risk of nesting failure
associated with ecological traps did not diffeieen migratory and sedentary species in our
data set.

We also found that the lowest occurrence of ecoédgiraps was among ground nesting
species. This can probably be affected by thetfadt8 of 12 papers studying ground nesters
were from North America, where the appearance @ktological trap phenomenon was also
low.

Our findings show that ecological traps are mosoeaisted with open habitats. Most of the
open habitats, such as fields, wastelands and meadwe under greater pressure of human
influence, in which cases ecological traps can appeore frequently. Nevertheless, since
rapid habitat changes and exotic species usuatiyran human settlements, we expected that
the ecological trap hypothesis would be more suggoin urban habitats. Although there
exists a significant number of studies investigatmest success in urban zones (Vierling
2000; Blair 2004; Charter et al. 2007), surprisinginly one work dealt with the ecological
trap phenomenon in an urban environment (EllisahBiush 2004). Also lacking are studies
comparing the rate of nest predation between udrah undisturbed environments, which
could thereby elucidate the mechanisms of ecolbtigps associated with human presence.
Nevertheless, it does seem that natural habitats mhy play a significant role in creating
ecological traps (Dwernychuk and Boag 1972; Kri2803), although works studying these
in other than human-influenced environments ar@almon-existent. It can be presumed that
they can occur in environments stricken by largatural changes of abiotic (windstorms,
flooding, wildfires, volcanic activity) or bioticr@in (e.g. Battin [2004] describes changes
following invasion of a particular animal specief).is possible that birds which live in
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rapidly changing environments are adapted to omgolmanges and that the ecological trap
cannot damage them. If a rapid change occurs nstine habitat, on the other hand, this can
cause more severe consequences due to low adaptabihe birds to such situations.

It is also possible that ecological traps existhie landscape on a scale of much finer changes
(e.g. a gradual change in the structure of a psmtue to changes in geology, or change in
water regime caused by a beaver dam) than are thasght about by natural disasters
(Ganter and Cooke 1998). In such cases, howevenulid be very difficult to detect these
and their evidence is very poor. The one examplarofecological trap within a natural
environment that we found is seen in a study ofeftgian Burrowing Owls Athene
cunicularig), which prefer to nest in burrows with short vegein cover (Machicote et al.
2004). In this study, the fates of 26 nests wetterd@ned. When nesting in burrows of the
Plains Viscachalagostomus maximyghe birds had a nesting success rate of 35%ndiua
single nest survived in burrows of Big Hairy Armidal (Chaetophractus villosys
Viscachas, unlike armadillos, regularly graze ther@undings of their burrows, so the soil
there is usually without vegetation. However, adgtdrom other localities showed that
Burrowing Owls in burrows of armadillos can achidugher nesting success rates if the soil
around their burrows is bare (Harris 1998). Althoulge authors of that study had not tested
habitat preferences and their sample size was low 23), they suggested that burrows of
armadillos could, in the case of Burrowing Owlsnstitute a local ecological trap (Machicote
et al. 2004).

In conclusion, our results indicate that the pheswom of ecological trap occurs more
frequently in Europe and can be driven by direan&n influence and presence of exotic
species. However, its appearance in pristine habdiaould not be ignored. Migratory bird
species are not under greater threat due to ecalogaps than are sedentary species, which
can be affected by their ability to copy the negtatrategies of sedentary species. Although
our results have some limitation, mainly becaus®wfsample size, our findings may have
practical application in restoration plans for mardar bird species groups and geographical

regions.
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Table 1.List of all studies we identified.

Migratory Natural (NH) / Nests:
Cause of Geographic natural
(M) Habitat Anthropogenic Position
Source ecological region + Species (N) or
Sedentary type (AH) type of ofnest
trap country nest box
(S) habitat
(B)
SUPPORTED
Carrete et al. 2009 Exotic species Fuerteventurasser Short-toedM farmland AH ground N
(ES) Lark (Calandrella
rufesceny
Dwernychuk and Natural factors North Lesser ScaupM wetlands NH ground N
Boag 1972 2 America (Aythya affini3
(CAN) Gadwall @nas M wetlands NH ground N
streperg
Northern Mallard M wetlands NH ground N
(Anas
platyrhyncho}
Northern  Pintail M wetlands NH ground N
(Anas acuta
American M wetlands NH ground N
Widgeon Anas
americana
White-winged M wetlands NH ground N
Scoter Melanitta
degland)
Ellison and Brush Direct human North Hooded  Oriole M urban and AH tree N
2004 influence America (Icterus suburban
(USA) cucullatug zones
Igual et al. 2007 Exotic species Southern Cory's M coastal NH cavity N
Europe Shearwater zones and in the
(ES) (Calonectris islands ground
diomeded

Klein et al. 2007 Direct humanCentral

influence Europe
(HU)

Mand et al. 2005 Direct humarSouthern
influence® Europe

(EST)

Martinez-Abrain et Direct human Southern

al. 2007 influence Europe

(ES)

Barn Owl (Tyto S
alba)

Great Tit Parus S

major)

Common Coot S
(Fulica atra),
Red-knobbed

Coot (F. cristatg

farmland AH

forests NH

wetlands NH

cavity B and
church

towers

cavity B
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Misenhelter and Natural factors North
Rottenbery 2000 America

(USA)

Rantanen et al. 2010 Direct humawWestern

Sage Sparrow M
(Amphispiza
belli)

Grey  Partridge S

coastal NH
zones and

islands

farmland AH

shrub N

influence Europe (Perdix perdiy
(GB)
Remes 2003 Exotic species Central Blackcap Bylvia M forests both shrub N
Europe atricapilla)
(€2
Robertson and HuttoFragmentation North Olive-sided M forests NH tree N
2007 of habitats and America Flycatcher
landscape (USA) (Contopus
management cooper)
Rodewald et al. 2010Exotic species North Northern Cardinal M forests NH shrub N
America (Cardinalis
(USA) cardinalis)
Rodriguez et al. Direct human Southern Eurasian Roller M semideserts NH cavity B
2011 influence Europe (Coracias
(ES) garrulus)
Weldon and HaddadFragmentation North Indigo  Bunting M forests NH shrub N
2005 of habitats and America (Passerina
landscape (USA) cyanea
management
NOT SUPPORTED
Albrecht 2004 FragmentationCentral Scarlet RosefinchM wetlands NH shrub N
of habitats and Europe (Carpodacus
landscape (Cz) erythrinug
management
Aldridge and Boyce Natural factors North Greater Sage-S grassland NH ground N
2007 America grouse
(USA) (Centrocercus
urophasianup
Arlt and Part 2007 Natural factordNorthern Northern M farmland AH ground N
2 Europe Wheatear
(SWE) (Oenanthe
oenanthg
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Ball et al. 2008 FragmentationNorth
of habitats and America
landscape (CAN)

management
Best 1986 Direct humanNorth
America

®)

influence

Chapa - Vargas andFragmentation North
Robinson 2007 of habitats and America
landscape (USA)

management

Flashpohler et al.Fragmentation North

2001 of habitats and America
landscape (USA)
management

Hazler et al. 2006 FragmentatiorNorth
of habitats and America
landscape (USA)

management

Jones and BockExotic species North

2005 America
(USA)

Kershner and Direct human North

Bollinger 1996 influence America
(USA)

forest birds (---)
farmland birds (---)
Acadian M
Flycatcher

(Empidonax

virescen}

forest songbirds M

Acadian M
Flycatcher
(Empidonax

virescen}

Botteri's Sparrow S
(Aimophila
botterii)

Eastern S
Meadowlark
(Sturnella magnp
Grasshopper M
Sparrow
(Ammodramus
savannarum
Savannah M
Sparrow
(Passerculus
sandwichens)s
Red-winged S
Blackbird

(Agelaius
phoeniceus

Song Sparrow M
(Melospiza

melodig

Horned Lark M
(Eremophila

alpestrig

forests

farmland

forests

forests

forests

grassland

grassland

grassland

grassland

grassland

grassland

grassland

NH

AH

NH

NH

NH

NH

NH

NH

NH

9 N

ground N
tree /N
shrub

ground N
and tree
tree /N
shrub

ground N

ground N

ground N

ground N

shrub N

shrub N

ground N
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Leston and

Rodewald 2006

McGowan 2001

Newhouse et al.

2008

Nordby et al. 2008

Part et al. 2007

Pérot and Villard

2009

Powell et al. 2010

Poysa et al. 1999

Richkus 2002

Sekercioglu et al.
2007

Direct human North
America
(USA)

influence

Direct humanNorth
America
(USA)

influence

Direct human North
America
(USA)

influence

Natural factor$\North
America
(USA)

Natural factordNorthern
Europe
(SWE)

Fragmentation North
of habitats and America
landscape (CAN)

management

FragmentatiorNorth
of habitats and America
landscape (USA)

management

FragmentatiomNorthern

of habitats and Europe

landscape (FI)
management
FragmentationNorth

of habitats and America
landscape (USA)

management

Fragmentation South
of habitats and America
landscape

management

(Costa Rica)

Northern Cardinal M
(Cardinalis

cardinalis)

American Crow S
(Corvus

brachyrhynchop

House Wren M
(Troglodytes

aedon)

Song  Sparrow M
(Melospiza

melodig

Northern M
Wheatear
(Oenanthe

oenanthg

Ovenbird M
(Seiurus

aurocapilla)

Rusty Blackbird M
(Euphagus

carolinug

Common M
Goldeneye
(Bucephala
clangulg

Northern  Pintail M

(Anas acuta

Orange-billed S
Nightingale-

thrush Catharus
aurantiirostris)
Silver-throated S
Tanager Tangara

icterocephala

forests AH
urban and AH
suburban

zones

urban and AH

suburban

zones

wetlands

farmland

forests

wetlands

forests

farmland

forests

forests

AH

NH

NH

NH

AH

both

both

shrub N

tree N
cavity B
shrub N
ground N
ground N
tree N
cavity B
ground N
tree N
tree N
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White-throated S forests both tree N
Thrush  {[Turdus
assimilig
Steffens et al. 2005  Natural factorblew Zealand South Island S forests NH cavity N
(NZ) Saddleback
(Philesturnus  c.
carunculatu}
Stewart Island S forests NH cavity /N
Robin  (Petroica tree
australis rakiurg
Stuart-Smith and Fragmentation North forest songbirds (---) forests NH groundN
Hayes 2003 of habitats and America and
landscape (USA) shrub
management
Weidinger 2000 FragmentationCentral Blackcap Bylvia M unclassified both shrub N
of habitats and Europe atricapilla) mosaic  of
landscape (Cz) different
management habitats
Woodward et al. Fragmentation North Indigo  Bunting M unclassified both shrub N
2001 of habitats and America (Passerina mosaic  of
landscape (USA) cyanea different
management habitats
Northern Cardinal M unclassified both shrub N
(Cardinalis mosaic  of
cardinalis) different
habitats
Yellow-breasted M unclassified both tree /N
Chat (cteria mosaic  of shrub
vireng different
habitats
Prairie  Warbler M unclassified both ground N
(Dendroica mosaic  of
discolon different
habitats
Field Sparrow S unclassified both shrub / N
(Spizella pusilly mosaic  of ground
different
habitats
STUDIES WHICH ONLY MENTION ECOLOGICAL TRAP IN THEIR  PAPERS
Deng et al. 2003 Fragmentatiorsia Meadow Bunting S unclassified both shrub N
of habitats and (CHI) (Emberiza mosaic  of
landscape cioideg different
management habitats
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Kragten and de SnooFragmentation Western Northern M farmland AH ground N

2007 of habitats and Europe Lapwing
landscape (NE) (Vanellus
management vanellug
Machicote et al. Natural factors South Burrowing Owl M grassland NH cavity N
2004 America (Athene in the
(ARG) cunicularia) ground
McGowan et al. Natural factors North American M coastal NH ground N
2005 America Oystercatcher zones and
(USA) (Haematopus islands
palliatus)
Pidgeon et al. 2003  Natural factorblorth Black-throated M grassland NH shrub N
America Sparrow
(USA) (Amphispiza
bilineata)
Purcell and Verner Fragmentation North California S forests NH shrub N
1998 of habitats and America Towhee Pipilo
landscape (USA) crissalig
management
Smith et al. 2007 FragmentatiorNorth Rose-breasted M forests NH tree N
of habitats and America Grosbeak
landscape (USA) (Pheucticus
management ludovicianug

Fragmentation

. Central Common
of habitats and )
Thyen and Exo 2003 Europe RedshankTringa M wetlands NH ground N
landscape
(DE) totanug
management
Eurasian
) Central
Direct human Oystercatcher
Verhulst et al. 2004 Europe M wetlands NH (--)* (--)*
influence (DE) (Haematopus
ostralegu}

Y j.e. non-human induced phenomenon such as intet-irraspecific competition, natural
habitat changes.

2 i.e. human activities which directly affect birdpulations, e.g. hanging nest boxes, direct
disturbance of nesting birds by building constiutsi, bird hunting, eggs collection. On the
other hand, human activities can affect bird pajputs also indirectly, i.e. by habitat

fragmentation, habitat management, introductioexoftic species.
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ABSTRACT

Fragments of unmanaged wasteland in urbanized zoagsttract threatened bird species to
nest, but, at the same time, may be favoured byrgést nest predators attracted by food
resources abundant in urban areas. Only few stindies analysed effects of nest predation
risk in suburban habitat fragments while considgrihe character of the surrounding
landscape. We used artificial nests to examineilplessffects of patch size and shape, edge
distance, extent of surrounding urbanization, lslzomposition and heterogeneity on nest
predation risk to ground-nesting birds in unmanagesteland patches within suburban areas.
Nest predation risk varied regardless of interratichp attributes, whereas the character of
surrounding landscape was strongly influential.particular, predation risk was positively
correlated with proportions of unstable disturb&dssnearby but negatively correlated with
proportions of adjacent meadows and forests. Frenstandpoint of nature conservation and
effective support to bird diversity in suburbanamewe point out the importance of diverse
nature-like stands such as meadows or forests hegewith deliberate planning for
construction and associated disturbances in proyxitoithe most valuable wastelands. This
arrangement may reduce predation pressure on bst$ situated in these specific suburban
habitats.

Keywords
Bird conservation, Generalist predator, Ground gj)ebtabitat fragmentation, Landscape
heterogeneity Urbanization

1. Introduction

Worldwide destruction of natural habitats negativaffects animal life (Blair 2004,
Fuller et al. 2007) and considerably reduces dityeos plant and animal communities (Noss
1991, Wilson & Peter 1988). Historically, new expam of urban environment, which
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includes building conglomerates and technical stines interspersed with gardens, parks,
ornamental plantations and idle patches, has toméd to reducing original habitats. On the
other hand, these extensive landscape changes ugayeat landscape heterogeneity (Blair
2004, Gering & Blair 1999). Consequently, modermitzis may partially compensate the
loss of natural stands for at least some specias #ne tolerant of human-induced
environments with disturbance effects. Fragmentshofanaged wasteland spread throughout
urbanized zones and dominated by early successi@ggtation may attract bird species,
some of which are regionally threatened, such asfurope, Grey PartridgePérdix
perdiy,Whinchat Gaxicola rubetry Crested Lark Galerida cristatd, and Wheatear
(Oenanthe oenanthe (Blair 2004, Salek et al. 2004r&tny et al. 2006). Despite their
temporary character, and in contrast to the sudmgnagricultural and urbanized lands, these
habitats may function as refuges for the birds tluegheir reduced disturbance and the
availability of nesting sites, plant seeds and ctséhat they provide (Evans et al. 2009,
Kadlec et al. 2008, Salek et al. 2004).

Urbanized areas can, however, be favoured alscehbgrglist predators (Battin 2004,
Hagan et al. 1996, Kokko & Sutherland 2001), whach attracted by such additional food
resources as garbage, industrial products, andkiled animals (Gooch et al. 1991, Jerzak
2001, Marzluff & Ewing 2001) and may also incrediseir densities there (Chace & Walsh
2006, Chiron & Julliard 2007, Howell et al. 2008rzhk 2001, Leston & Rodewald 2006). As
the diets of many predators include bird eggs (Astgen 1986, Hoove, et al. 2006, Roos
2002), one might expect suburban zones to be pimmecreased incidental nest predation
(Andrén et al. 1985, Vickery et al. 1992). Nevelglss, suburban areas and their surroundings
have sometimes been found to be safe nesting Zondsrds (e.g. Anderies et al. 2007,
Antonov & Atanasova 2002, Gering & Blair 1999, Jukki et al. 2005). In light of these
partially opposite trends, studies examining biesgtnpredation in suburban areas have not
been consistent in their findings (Blair 2004, Cbanfain et al. 2009, Gering & Blair 1999).
This inconsistency might reflect huge local vaaatiworldwide in the richness of additional
food resources for predators in urbanized areasoine areas, the predators’ needs can be
more than supplied by foods from human sourcesemilisewhere food shortage leads to
increased effort in searching for prey and higheridental nest predation (Vickery et al.
1992). In general, this variation can be closemkdd to urbanization rate, as urbanization
influences the amount of additional secondary fand/or surrounding habitat heterogeneity.
A diverse habitat mosaic should generally offer enswurces than does a poor habitat mosaic.
Only a few studies, however, have analysed thectsffef characteristics attributable to the
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surrounding landscape on nest predation risk intdtafsagments (e.g. Dunford & Freemark
2004, Marzluff & Ewing 2001, Saunders et al. 199inter et al. 2006). Nest predation has
been found to grow with an increasing proportionsofrounding farmland (Andrén 1992,
Bayne & Hobson 1997, Chalfoun et al. 2002, Stotchl.2005) as well as with the amount of
urban habitat (Marzluff & Restani 1999, Wilcove 598

In addition, several studies investigating nesdatien have revealed that decreasing
size of habitat fragments may negatively affectt resvival (Pasinelli & Schiegg 2006,
Weinberg & Roth 1998, Wilcove 1985, Winter et aD0B). However, the results obtained
from urbanized areas have been ambiguous and b&ea shown no significant effect of
patch size (Huhta et al. 1996, Matthews et al. 1928nette & Jenkins 2000). This
inconsistency may stem from the different scalesnuprhich the experiments have been
designed. Paton (1994) reviewed previous studidscancluded that patches smaller than 10
ha usually suffer from higher predation rate. Tferes only studies encompassing both small
patches and sufficiently large patches (>> 10 hay neveal a significant size effect. As the
ratio of edge length to interior area increase$ wécreasing fragment size (Brand & George
2001, Villard 1998), the explanation for increag@ddation risk in small fragments can be
due to the edge effect (Andrén & Angelstam 1988aBaet al. 2004, Hoover et al. 2006,
Schiegg et al. 2007, Storch et al. 2005). Many ipres/studies have shown that edge habitats
are attractive for generalist predators (e.g. Andk892, Chace & Walsh 2004, Paton 1994,
Ries & Sisk 2004). Therefore, the size of habitatiches should be considered in predation
studies.

While unmanaged wastelands embedded in urban zmagsfunction as attractive
nesting refuges for some bird species, they mayhatsame time, provide only weak
protection against nest predation. This may dementhe fragment area, nest position within
it, as well as on urbanization rate or other halitaaracteristics of the surroundings. The
inconsistent findings to date, however, do notvalfor predicting predation risks to bird nests
in these specific habitats and for recommendingenstion practices, such as what size and
surrounding habitat structure might effectively gog bird diversity in suburban zones. More
detailed studies from various conditions and regjiare thus needed to reveal the main factors
driving nest predation risk in suburban zones woide.

In this study, we examined possible effects of patize, shape, extent of surrounding
urbanization, habitat structure and heterogeneitypedation risk to ground bird nests on
unmanaged wasteland patches in suburban areasagfid?rCzech Republic. We predicted
higher vulnerability to predation on the nests teda(1) within small patches (up to 10 ha),
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and (2) at the edges of large patches (> 10 hajtaleelge effect, as well as (3) in patches
embedded within less diverse habitat mosaic, andir(4patches with more urbanized

surroundings due to reduced food resources at Htasds.

2. Study area

The study was conducted around Prague, Czech Reddbrl' — 50°6'N, 14°4' —
14°8'E; Fig. 1), in a transition zone between fammdtdominated landscape and urbanized
areas of the capital city. We selected 103 unmahaggches (51 in 2008 and 52 different
ones in 2009) of various sizes (1 ha to 40 ha Fgge2 for size distribution of the patches)
using orthophotomaps and JanMap 2.3.0 software (yamitor.cz). We established 1,000 m
as the minimum distance between any two neighbgusatches to avoid overlaps of their
habitat surroundings and minimize cumulative effettindividual predators. We selected
only early successional sites (up to 10 years aftéation) dominated by pioneer herbs
(Urtica dioica, Apiaceae, Poacepeand sparsely broken by shrubs or tree seed{Rgbinia
pseudacacia, Rosap, Malus sp, Sambucus nigha The bird species inhabiting the area
include common farmland species (e.g. YellowhamBraberiza citrinellaEurasian Skylark
Alauda arvensisWhitethroatSylvia communisCommon Pheasathasianus colchicgsbut
also scarcer species appearing in unmanaged waddelhere they are under the pressure of
nest predation, such as Grey Partridg#ninchat Crested Larkand Wheatear (Fuchs et al.
2002, Séalek et al., 2004¢&ktny et al. 2006). Wastelands around Prague aracterized by
high diversity of weed plants and associated imetes which provide various types of food
for the aforementioned species (Fuchs et al. 28Rk et al., 2004).

We measured the area of each patcf) @Gnd proportions of its surrounding habitats
(specified in Table 1) in a circle up to 500 m digtfrom the patch margins by combining
digitized photomap information with that from sufgent field inspection. In addition, the
surrounding habitat heterogeneity was then caledlaising the Shannon diversity index
(Krebs 1989) where particular habitat attributesenacluded as proportions.

3. Material and methods
3. 1. Nest predation
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During May—June 2008 and 2009, which correspondkdanain breeding period for the bird
species in our climatic conditions (Hudec &aStny 2005, astny et al. 2006), we placed
two artificial ground nests in each patch in a n&nto include possible variation in edge
effect and nest position in the patch dependingoatth size. One nest was placed at the
immediate patch edge (up to 5 m in from the edgeilenthe second nest was put into a
patch’s interior (i.e. 50-60 m from the edge). Tiests were constructed as small depressions
in the ground strewn with dry grass (Angelstam )9&®&ch nest was baited with a pair of
hen eggs, one fresh and one filled with a wax—atume. The wax—oil eggs were tied to the
ground using a nail to prevent them from beingiedraway by a predator. Nest position was
marked with short scraps of florist streamer 3 ta &part. In order to minimize inadvertently
attracting predators, nests were exposed for 1#4hdmnwe check in the interim period (Villard

& Part 2004). Any nest was considered as depredattdeast one egg disappeared or had
marks indicating a predator’s visit. A similarlysigned method using artificial nests has been
previously applied in many nest predation studeg.(Martin & Joron 2003, Rangen et al.
2000, Yahner & Mahan 1996).

3. 2. Analyses

Prior to analysing nest predation, we used prin@panponents analysis (PCA) to find
the correlated explanatory variables representiagcomposition of habitat surroundings and
reduced their numbers for further analysis. WhenAP&xes represented two or more
explanatory variables, they were used as substitakiexplanatory variables. A mixed-effects
model was applied to analyse multiple effects décted predictors on nest predation risk
(Crawley 2005), which was expressed as a binoresgdonse (a nest was either depredated or
untouched). The predictors included (a) nest mositedge vs. interior), (b) scores of the main
principal components (with eigenvaliies 1) as underlying factors of mutually intercoateld
environmental variables, and (c) other remainingn{norrelated) particular variables (see
Table 2 for interrelationships among the varialaled principal components). In addition, all
first-order interactions of these variables withsingosition (categorical variable) were
included into the model. As two nests were treatiegach patch, patch identity together with
year were stated as random factors.

We removed all non-significant predictopsX 0.05) in a stepwise backward selection
procedure in order to simplify the model and achithe minimum adequate model according
to the rules recommended by Crawley (2005). Sizdis®.0 and R 2.8.0 were used in all

Stranka 56



statistical analyses. To test the effect of pat@dps, we selected seven patches with the most
distinctly elongated shapes and 10 patches withilaglg square or circular shapes. In a
separate analysis, we applied a mixed-effects nmodetheck the effect on nest predation risk
of patch shape (expressed by the two well-definglemes) in combination with nest
position, patch area and their first-order inteoand. In order to avoid over-parameterization
of this model with reduced sample size, we did emisider including into this model such
other variables as scores of principal componeRiportions of eggs predated by
mammalian and avian predators were tested usiogrageneity test.

4. Results

Overall nest predation rate was 57.8% for the te@ry together (62.7% in 2008 and 52.9% in

2009). Whereas the eggs from 59.7% (n = 71) a0l depredated nests were removed by an
unidentified predator, we detected marks of nestigtors on egg remains in 48 nests (40.3%)
and specified either avian or mammal predator gseg 45 nests (Table 3). We found that

70.0% of detected egg predations were exclusived/td avian predators (homogeneity test,

7/=6.4, df = 1p = 0.011, total n = 40 eggs).

PCA reduced the set of 15 particular environmentiables representing patch
surroundings to five principal components (PC1 @5Pwith eigenvalues > 1 for each. The
sum of the eigenvalues for PC1-PZH, = 9.35, and these variables together explained
62.4% of the total variance in relationships amamg variables. Scores of the first four PC
axes representing 11 particular variables (listedrable 4) we used as predictors to the
model. The variables “Roads”, “Airports and playgmds” and “Gardens and orchards” did
not correlate with the considered principal compuws@nd were included as single predictors.
Because “Patch area” correlated with only PC5 &ed tvith lower eigenvalue & 1.1), we
decided to include this variable also as a sing&iptor instead of its PCA that was an

ambiguous representative.

We revealed significant effects of two terms (P@2 &#C4) on nest predation risk
(Table 5). PC2 (Fig. 3) positively correlated witie amount of early successional weed
habitats around houses and other constructionsewbdling negatively correlated with
proportions of meadows and forests representingr Iguccessional (long-lasting and
established) stands outside of urbanized segme0%.(Fig. 4) was most strongly correlated
with the proportions of water bodies and railwaysither the fixed effects of patch area and
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nest position nor their interactions were significéfixed effects: both? < 1.4, df = 1p >

0.20, interactions: aIJa(2 < 3.0, df = 1,p > 0.07, Table 5). In addition, comparison of the

minimal adequate model and full model was alsayimificant (*= 17.753, df = 15p = 0.2).
The analysis of patch shape revealed no signifieffatt on nest predation risk (gll

> 0.1, Table 6).

5. Discussion

Wasteland patches represent an important parteo$tiburban habitat mosaic which
creates opportunities for threatened openlanddpeties. Our findings on nest predation risk
in these habitats may provide important informafmnlandscape management with a view to
supporting avian diversity in suburban zones.

Our results did not reveal significant effect oftmaular patch features (size, shape,
edge effect) on the predation of our experimengatsr Therefore, we suggest that wasteland
patches may create a convenient environment fadsbindependent of their internal
characteristics. We expect that the predators bhseentirety of patches equally when
searching for food (Donovan et al. 1997, ThoringfoBowman 2003, Vickery et al. 1992).
Thus, the conclusions of other, previous studiesdeang the effects of patch size or internal
habitat structures may have resulted from corredass of these attributes with other factors
or may have been derived on different scales thaimwestigated in this study. Nevertheless,
we believe that at least the edge effect mayestist on an even coarser scale than we were
able to detect (Laurance 2000, Storch et al. 2005).

On the other hand, the character of the surrountingscape appeared to be the
driving factor affecting the nest predation rateour wasteland patches. Even though such
mutually intercorrelated attributes as proportidnubanized areas, farmland-to-city-centre
gradient, and habitat heterogeneity indicated tgbkdst variation among all treated variables,
these did not contribute significantly to nest @tah rate. Instead, we found that increasing
proportion of early successional stages in theosunalings of the studied patches negatively
influenced nest survival. Early successional stagél stronger human disturbances in
urbanized areas and accompanied by higher nesttpredcontrasting with more stable
ecosystems (meadows or forests) together with highst success extend the findings of
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Jokimaki & Huhta (2000) and LoOpez-Flores et al. 20 who had found that some
components of urban environment negatively affectedvival of their artificial nests.
Medium-urbanized landscapes such as suburban zbmdy borders usually produce highly
heterogeneous environments attractive for generplisdators (Chiron & Julliard 2007,
Donovan et al. 1997), which are sometimes termeldiu exploiters” (Chace & Walsh 2006).
On the other hand, nest predation does not seantitease more in highly urbanized areas
closer to city centres (Donovan et al. 1997) beedwseding and food opportunities for both
birds and predators are not increasing more aloisgtadient.

Proportions of water bodies and railways also neglgtinfluenced the survival of our
experimental nests. Close surroundings of waterelsochn be linked to occurrence of such
nest predators as Marsh Harrie€ir€us aeruginosys or Grey Heron Ardea cinereq
(Hansson et al. 2000, Opermanis et al. 2001, Tsenist al. 2008), which might occasionally
depredate the nests placed in nearby surroundMgseover, a railway constitutes a line
structure that is often surrounded by wide beltstotib which can attract mammal predators,
using them as travel corridors while searchingpi@y (Wegner & Merriam 1979), as well as
avian predators (corvids), using the stands fotimggWallander et al. 2006). All these
predators may contribute to increased nest depletiear water bodies and railways.
Nevertheless, as railway represented only a miaor @f the landscape and the correlation
with presence of water bodies may be only accideatey generalizations are probably of
minor importance.

Two-thirds of the eggs in depredated nests cordamarks by avian predators. This
result corresponds to other, similar studies wiidekermined birds to be the principal nest
predators in (sub)urban zones (Jokiméaki & HuhtaO2@@atthews et al. 1999, Thorington &
Bowman 2003). Mammals were also found to be reguésmt predators, and this shows a
diverse predation community and more complex predapattern from site to site. The
prevalence of bird nest predators in our sample bawever, be due to a methodological
artefact that mammal predators might more oftenycaway large hen eggs. In addition, we
would expect mammal predators to prefer habitath whorter and sparser vegetation than
occurs in wastelands, because dense and tall vegetanders movement and orientation
(DeLong et al. 1995, Dion et al. 2000). Finally, eannot exclude that our human-installed
artificial nests without concealment by an incubgtparent were more easily detectable by
visually oriented avian predators (Burke et al. £2086derstrom et al. 1998, Villard & Part
2004, Yahner & Piergallini 1998).
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6. Conclusion

Nest predation risk in unmanaged wasteland patghiesad out across suburban zones
of cities varies regardless of those patches’ shsipe or position within the farmland-to-city-
centre gradient, and with unimportant edge effécbm the general standpoint of nature
conservation in suburban areas, we neverthelesdidht) the importance of diverse nature-
like stands such as meadows or forest fragmentsthieg with deliberate planning of
human-made structures in proximity to the most allle patches (e.g. where scarce birds are
known to breed). We suggest that this arrangemenyt increase and spread out the general
food supply for nest predators and, consequergjuice the predation pressure specifically
on nests situated in the target patches. Althounghearly successional stands themselves
would generally be prone to increased nest preddijoavian predators in particular, they
play an important role as reproduction habitats deveral uncommon or endangered bird
species and should therefore be of interest toezgatonists.
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Table 1.Habitat types.

Description of measured habitat attributes
Fields (“field”)

Forests (“forest”)

Other wastelands (“weed”)

Orchards and gardens (“gard”)

Meadows (“mead”)

Baulks and field paths (“path”)

Water bodies and flows (“wat”)

Roads outside urbanized zones (“road”)

Railways outside of cities and villages (“rail”)
Buildings and structures, including integrated ad
and railway (“hous”)

Bare fallow, sand and gravel grounds and newly
established building sites (“bare”)

Managed lawn areas such as playgrounds, stadiums or

airports (“airp”)
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Table 2.Correlation coefficients between particular enviremtal variables and principal

components PC1-PC5 (witl> 1). Variables strongly associated with a particplancipal

componentr(> 0.6) are in bold.

Particular axes of principal components

Variable

PC1 PC2 PC3 PC4 PC5
Patch area 0.40 0.08 -0.13 -0.05 0.61
Distance to city centre -0.65 -0.11 0.27 -0.09 0.35
Fields -0.91  -0.10 >>-0.01 0.03 -0.02
Forests 0.43 0.5¢ -0.06 0.01 0.31
Buildings and structures 0.71 0.39 -0.23 -0.27 -0.02
Roads 0.15 0.45 0.47 -0.15 0.11
Weeds 051 0.61 0.13 0.06 -0.01
Airports and playgrounds 0.14 <<0.01 0.34 0.29 40.4
Gardens and orchards 0.37 -0.41 0.33 0.06 -0.43
Meadows 0.36 -0.64 0.21 -0.14 -0.09
Water bodies 0.35 -0.21 -0.07 0.65 0.08
Paths -0.61  0.03 0.27 0.20 0.16
Bare soll -0.02 0.21 0.67 0.13 -0.19
Railway 0.04 0.23 -0.22 0.74 -0.15
Surrounding habitat
heterogeneity 0.82 -0.15 0.30 0.02 0.06
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Table 3.Predator prints of nests with depredated eggsa@matidounts of nests with removed

eggs.

) Count of % in overall count of depredated
Type of nest depredation
depredated nests nests
nests with eggs marked bird 28 23.5
by predator prints mammal 12 10.1
combined 5 4.2
undetermined 3 2.5
nests with eggs totally removed with no
71 59.7
marks
Total 119 100
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Table 4. Eigenvalues of correlation matrix, and relatedisiaal values.

Value Eigenvalue % of total Cumulative  Cumulative

number (4) variance eigenvalue %
PC1 3.84 25.59 3.84 25.59
PC2 1.86 12.39 5.70 37.98
PC3 1.33 8.89 7.03 46.87
PC4 1.23 8.23 8.27 55.10
PC5 1.09 7.24 9.35 62.34
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Table 5.Results of the mixed-effects model (n = 103). iudes values for both numerator

and denominator. Effects of two significant predistwere tested as controlled for the effect

of one another.

2

Factor Estimate SE X df

PC4 0.06 0.05 11.55 1,5 <0.001
PC2 0.12 0.06 9.89 1,5 0.002
Nest position : proportion of

gardens - 0.02 0.01 2.93 1,7 0.08
Proportion of roads 0.03 0.02 2.63 1,6 0.11
Nest position : PC4 0.10 0.06 2.37 1,8 0.12
Proportion of gardens 0.02 0.01 1.58 1,12 0.21
Nest position 0.77 0.73 1.36 1,9 0.24
Nest position : PC1 0.10 0.07 1.39 1, 16 0.24
Nest position : PC2 - 0.07 0.07 1.17 1,15 0.28
PC3 - 0.08 0.06 1.15 1,10 0.28
Proportion of airports 0.02 0.01 1.05 1,8 0.31
PC1 -0.14 0.06 0.96 1,7 0.33
Patch area 0.02 0.11 0.47 1,11 0.49
Nest position : patch area -0.11 0.14 0.22 1,19 .64 0
Nest position : proportion of

airports - 0.004 0.02 0.08 1,18 0.78
Nest position : PC3 0.02 0.08 0.05 1, 20 0.81
Nest position : proportion of

roads - 0.001 0.02 0.05 1,17 0.82
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Table 6.Results of the mixed-effects model analysing eftégiatch shape on predation risk
(n = 17). Df includes both numerator and denomineadues.

Factor Estimate  SE s p

Nest position : patch area >>-0.001 <<0.001 28387 0.11
Nest position 0.16 0.23 192 1,4 0.17
Patch shape 0.04 0.36 119 1,5 0.28
Patch shape : nest position -0.23 0.25 097 1,8 .330
Patch shape : patch area >>-0.001 <<0.001 04> 1 0.49
Patch size <<0.001 <<0.001 040 1,6 0.53
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Captions for figures

Fig. 1. All 103 study sites around Prague (large map)mosikion of Prague within the Czech
Republic (small map). Legend: black triangles =gtsites. Source: GIS.
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Fig. 2. Distribution of patch sizes.
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Fig. 3. Probability of predation risk according to PC2 sc(gee Table 2 for interpretation).
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Fig. 4. Probability of predation risk according to PC4 sc(gee Table 2 for interpretation).
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ABSTRACT

In Central Europe, edge effect has been demondtratestly in reed wetlands. However, a
little is known about its appearance in pristinesgrdominated wetlands. During three
breeding periods we conducted an experiment witlficial ground nests to test the edge
effect along two gradients between wetland and meadnd wetland and forest. In addition,
we also tested the edge effect using artificialishwests which simulated real nests of Scarlet
Rosefinch Carpodacus erythrings Since rosefinch usually breeds in wetland h#bitaour
study area, the artificial nest were installed anlywo habitats, i.e. wetland edge and wetland
interior. Predation rates on the ground nests exhalp to 31.2% and on the shrub nests
57.1% and 6.5% for particular years. The edge e#Hppeared in all of our experiments, but
with various patterns of distribution and irregljaover particular years. Our data in the
transition to the forest indicate three differemittprns —ecotonal effecfor the first year,
negative edge effett the wetland and no edge effect in the foresthie second year and no
edge effect in the last season. Nest predationhenttansition to the meadow showed
significant effect of the edge, i.ecotonal effecover all three studied years. Edge effect also
appeared in the shrub nests in one of studied yehish indicates similar nest predation
pattern as reported before in the study usingmests of Scarlet Rosefinch. Differences in the
nest predation pattern over particular seasonsifatsland nest types may be caused by
differences in the predator foraging preferencas. @sults extend the evidence of the edge
effect.
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INTRODUCTION

Nest predation is the main factor driving nestiadufe in birds (Ricklefs 1969). Temporal
and spatial variation in nest predation rates it d@cumented (Andrén 1992, Martin 1993,
Sieving and Willson 1999, Lahti 2001, Fisher anceldé 2006, Suvorov et al. 2011) though is
not well understood and explained (Gustafson 2@Hovan et al. 1997, Koubova et al.
2011). For example, nest predation can be highbabitat edges compare to habitat interior
(edge effect; Gates and Gysel 1978). So far, fiezhanistic explanations for higher nest
predation in edge habitats have been proposed basedausal links between predator
occurrence and habitat-specific resource (RiesSiskl 2004, more in Koubova et al. 2011).
Basically, there are two models linking predatovements with elevated nest predation rates
in habitat edgeq1) matrix effectmodel supposes that predators penetrate fromabitak of
higher predator density to the habitat of lowerdater density and cause a transition between
two habitat patches (also tlpillover model sensuLidicker 1999) and/o(2) edges may
contain complementary resources from both adjababitats and/or can contain specific

resources which can be specifically used by nestaiors écotonal effectLidicker 1. c.).

The existence of edge effect on bird nesting sucsesery well documented mostly in hard
edges, where two distinct habitats meet (BataryBédi 2004). Typically, predation rate is
documented in North American and Scandinavian stufirable land-forest border), but it is
less apparent in mosaic European landscapes (sée/Baal. 2004). Nevertheless, increased
nest predation rate in the interior habitats commgato edge zoneségative edge effgcand

a neutral response of nest predator to habitatsefyegelstam 1986, Ratti and Reese 1988,
Santos and Telleria 1992) have also been demoettimtsome experiments (Storch 1991,
Marini et al. 1995). In addition, it is evident ththe edge effect on nest predation is a

dynamic process with temporal variation (Svobodewal. 2012).

Whereas many studies investigated the edge effaitlynin agricultural landscape with hard
edges (Wilcove et al. 1986, Andrén 1992, 1995, Hdttal. 1996, Major and Kendal 1996,
Bayne et al. 1997, Donovan et al. 1997, Lahti 200dnner and Perkins 2003, Batary and
Baldi 2004), data from opened habitats with softjesd such as transition zone between
wetland and meadow are less available (e.g. Pasamel Schiegg 2006, Wallander et al.
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2006) despite the fact that wetland habitats betonigpe most endangered ecosystems in the
world (Zedler and Kercher 2005). In Central Eurogieidies on the edge effect are mostly
restricted to reed habitats (e.g. Batary et al.42@ntary and Baldi 2004, 2005, Béaldi and
Batary 2005, Schiegg et al. 2007, Trnka et al. 2088hough opened bogs and inundated
meadows of Central Europe provide important bregdites for particular threatened species
such as waders, Corn Crak€réx crey, Hen Harrier Circus cyaneusor Black Grouse
(Tetrao tetriy (Hagemeijer and Blair 1997) studies from grassitated wetlands are rare
(Albrecht 2004).

The aim of our study was to analyse distributionneft predation in grass-dominated
wetland, in Central Europe fragmented by productarest and meadow. In our study area,
Albrecht (2004) already demonstrated higher breggiroductivity of a small shrub- and
open-cup nesting passerine, the Scarlet Rosefi@enpodacus erythringsin the interior
wetland habitat than in its edge towards arabld.l&owever, the mechanisms of the edge
effect have not been tested because rosefinch nss#dly occurred only in wetland habitat
habitats, i.e. not in whole transition zone betweetland and meadow. Using artificial
ground nests distributed in seven habitat elem@metsedge and interior of wetland, forest and
production meadow respective) we were able tothestwo mechanisms of the edge effect,
i.e. thematrix and ecotonal effectmodel. We furthermore used artificial shrub nestsest
whether the spatial distribution of predation dffeial shrub nests resemble predation of real
rosefinch nests.

MATERIAL AND METHODS

Study site

The study locality was situated in the Vitava Rivélley of the Sumava Mts. National Park
(48°47'- 48°53'N, 13°57' - 13°51'E, 800 a. s. Cxech Republic, which belongs to one of
very few areas of primary non-forested habitat€émtral Europe (Sadlo and Bufkova 2002).
The area was mainly composed by periodically intediavetlands (25%) surrounded by
coniferous or mixed forest (15%) or extensivelydisgeadow (60%). For the purpose of this
study, we distinguished six habitat types: The avetl interior(1) was mostly created by
mosaic of shrub and humid herbal vegetation witimidating species such &ridewort
(Spiraea salicifolia and Phalaroides sp., Glyceria sp., Carex sp., Eriopmorusp.,
Meadowsweet Kilipendula ulmarig, respective. This area is also regularly floodéde
extensively mowed meadow interi(#) was dominated by grasses. The canopy of the forest
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interior (3) was mainly composed by soft-wood specBst(la pendula, Salix sp., Alnus.)sp
and by sprucesP{ceasp.). The shrub and herbal undergrowth were ussalrsely develop
(>30 %). The next three habitat types were edgb#dta that consist of very narrow strips of
vegetation (up to 10 m wide). Wetland edge with dosa (4) and with forest(5) was
dominated by wetland herbs mixed either with forrstneadow species. Meadow edges with
wetland (6) and forest edges with wetlarfd) were composed by either grasses or forest
vegetation supplemented by wetland herbs. The dagdn in these forest edges was usually
dense (> 25%), consisting mainly of Bridewort, Epgran Black Elder and saplings of canopy

trees.

Experimental design

To test if the nest predation is influenced by titance of nest from the habitat edge we
used two types of artificial nests, i.e. ground ahdib nests. The ground nest was constructed
as small depression in the ground lining with sraadbunt of dry grass. The cup of shrub nest
was created from a half of cut tennis ball covethggoil and plant material which were fixed
by wire to shrub branch. Since rubber scent ofiteball can discourage potential predators
the shrub nests were aired for 14 days (DavisonBwitinger 2000). Both types of nests
would resemble the nests of bird species such am Coake Crex crey, Black Grouse
(Tetrao tetriy, Common Quail Coturnix coturniy, Whinchat Saxicola rubetra as ground
nesting birds, and the Scarlet RosenfinGlarpodacus erythringsand Whitethroat ylvia
communi¥ as open-cup shrub nesting birds that regulartpoa our study area (Hora et al.
1997). The experiment was conducted from mid-ApHilmid-May, which is the average
period of clutch laying for these species in thee@rRepublic (8stny and Hudec 2011).
The ground nests were installed during three brgggderiods (2005 — 2007), the shrub nest in
two periods (2006 - 2007). Each nest was baitet twib quail eggs, one of them was filled
by wax for predator identification (Thompson a Bamk 2004, Storch et al. 2005). In both
nest types, wax eggs were anchored in the nestvihsa string and nail in order to prevent
predators from carrying them away (Soderstrom .e1298). We expected Red Foxulpes
vulpeg, mustelids, Wild Boarus scrofaand corvid birds to appear as nest predatorsselhe
animal groups are able to keep all the quail eggheyr bills or mouths, so they can be
considered to appear as the potential nest pred@tontevecchi 1976, Lariviere 1999). On
the other hand, animals like rodents cannot beidered as valid nest predators of our
artificial nests because they usually are not &blate the thick shell of quail egg (DeGraaf et
al. 1999, Part and Wretenberg 2002).
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In total, we installed 720 ground nests during ehyears along two different gradient$ly
from the interior wetland across the boundary lioéhe interior meadow an@) from the
interior wetland to the interior forest, i.e. toethvetland interior, meadow interior, forest
interior, wetland-meadow edge, wetland-forest edgeadow edge and forest edge with
wetland.

Shrub nests were installed only in two habitatsn84ts in wetland interior and 31 nests in
wetland-meadow edge (i.e. 124 in total during twearg). Whereas interior nests were
installed at least 100 m away from habitat bor@dso( see Albrecht 2004 for edge effect on
real rosefinch nests in the study area), edge mests placed at distance up to 20 m from
habitat edge. To avoid pseudoreplication, the mimmdistance between neighbouring nests
was 100 m (Part and Wretenberg 2002).

All nests were checked only once after ten-day eMp®to reduce the observer effect and to
preserve nest concealment (Martin and Joron 200&rd& and Part 2004). The nest was
considered as depredated if at least one of the wgg damaged or completely missing in the
nest bowl. Nest predators were identified by beakooth marks left on the wax eggs and
were divided in three categories: bird predatormmmalian predator, and unidentified. The
nests that were not retrospectively discovered naine to regularly spring flood were not
included to our further analysis.

Statistical analysis

We evaluated thecotonaland matrix effectmodels of nest predation along two transition
zones, (i.e. between wetland and meadow habitatspatween wetland and forest habitats)
therefore two generalized linear models (GLM) wpegformed. Since the procedure was
explained elsewhere in detail (Svobodova et al.12@D12) here is described only briefly.
First, 2 explanatory variables were assessed te tuoal spatial position of individual nests:
each nest was placédl) on the edge or in the interior and at the same (&pin one of the
habitat type. According to thecotonal effecmodel, nest predation risk is predicted to be
higher in edge habitats compared to the interioeitdfer habitat, hence the effect of edge
position should be significant. On the other hamdler thematrix effectmodel, predation risk

is predicted to be higher at the edge of one hialyitd lower in the edge of the second one,
i.e. an interactive effect of both edge and haligpe should be significant (Ries and Sisk
2004). Since shrub nests were placed only in twatdtatypes (wetland interior and edge)

only edge position variable was included in a galerd linear model. Finally, the effect of
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year, and all two-way interactions between maireaf were included in our statistical
models.

The probability of nest predation was analysed éyegalized linear models, where nest fate
was the binary dependent variable with binomialriigtion (predated = 1, vs. successful =
0). The significance (p < 0.05) of a particulamtan the models was based on the change in
deviance between the full and redugedill models, with degrees of freedom equal to the
difference in the degrees of freedom between théefmsowith and without the term in
guestion. All non-significant terms were removedngsbackward stepwise procedure to
reach the minimal adequate models, i.e. models alitierms significant (Crawley 2002). All
GLM models were performed in software R.2.12.1 @&opment Core team 2008).

RESULTS

Due to regular strong floods we were not able taliae position of some of our artificial
nests (7.5% of ground nests and 4.8% of shrub péested in wetlands, 13.3% ground nests
in forests, and 1.7% ground nests and 4.8% of smedts in arable land-meadows).
Therefore, 666 nests were included in the nextyamalNest predation rate of ground nests in
all studied years reached up to 31.2 % (n = 6@6jotlal, we found only two reliable imprints
— one caused by a small carnivore in 2006 and ansetl by a bird in 2007. Both of them

were found in the interior wetland.

Transition zones between wetland and forest

The minimal adequate model (n = 312) included ftifiece of habitat type and nest position
and the interactive effect of the year and nesitipas(Table 1). Since probability of nest
predation significantly changed among years neslyars were performed separately for
particular years. In 2005, only the effect of nestsition was significant in the model
suggestingecotonal effectmodel. In 2006, the interactive effect of habitgpe and nest
position appeared to be significant. In 2007, ladl €ffects were insignificant (see Table 2 and
Fig. 1).

Transition zones between wetland and grassland

In the model for transition zones between wetlandl meadow (n = 356) only nest position
was a significant variable. Nest predation was é&igh both edge habitats, i.e. in wetland
edge and meadow edge (Tab. 3, Fig. 2).
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Shrub nests

Nest predation rate on shrub nests reached up.i®@bih 2006 and 6.5% in 2007. Further
analysis using GLM (n = 118) showed significaneef§ of the yean{ = 42.54, P << 0.001,
Df = 1) and nest position{ = 8.56, P = 0.003, Df = 1) (Fig. 3). Since theiteraction was
significant §* = 19.08, P << 0.001, Df = 1). In addition, the tn@sdation was higher in the
wetland edge. However, the difference between &ityipe was not evident only in 2006.

DISCUSSION

Our results show the influence of the edge effecpredation rate of artificial nests in the
landscape of the Vitava River Valley. Edge effeppeared in two of studied years in the
transition from interior wetland to its border wildjacent forests. Forest edges in our study
site may have, appeared as irregular travel livésgher a Merriam 1979, Andrén 1994,
Pangau et al. 2006) and, as a consequence, nakdtiprerate in such sites increased.
However, in according to our results, appearancedufe effect is probably inconsistent
between the years. Whereas first year the predasmonse corresponds ¢aotonal effect
hypothesis, second year seems to copyative edge effeat the wetland part and no edge
effect in the forest part of the habitat. Last year edge effect was detected.

Trend of temporal variation in predator respondsartdicial nests is in accordance with our
previous results from Czech Republic in differeabitats (Svobodova et al. 2011) and with
some other studies (Chiarello et al. 2008). Diffieess may be caused by switching in
foraging preferences of nest predators (Marcstromil.€1988, Lindstrom et al. 1994) or by
fluctuations of their main prey (Angelstam et @84, Small et al. 1993, Moss and Watson
2001, Korpiméaki et al. 2005) because bird nest gied tends to be more influenced by
predator foraging behaviour than by its abundaktekéry et al. 1992). Absence of the edge
effect on nest predation can appear also in casenwhain nest predator community
comprises of highly mobile predators such as WitthiB8 which equally scan the landscape
during their search for food (Einarsen et al. 2008)

We also detectedcotonal effecon the gradual meadow — wetland transition bupatern
seems to be equal for all studied seasons. Itssiple that main resources in highly contrast
transition from wetland to forest can change moeguently than in less contrast (and more
stable) transition to meadow. Alternatively, maybat our study was carried for too short
period to detect the variability between yearsliipassible habitats.

Results on artificial shrub nests showed also ¢inepbral variation — whereas in 2006 edge
effect did appear, in 2007 no effect was detedieldie effect on nest predation in the Vitava
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River Valley has been already demonstrated by Alitré¢2004) using real nests of Scarlet
Rosefinch. Artificial nests are used in cases whee sufficient amount of real nests is
difficult to find (Burke et al. 2004). However, ia@bility of such experiments has been
criticised in the past (Bayne et al. 1997, Part\Amdtenberg 2002, Faaborg 2004). Method of
artificial nests does not enable to simulate pateattivity (Matthews et al. 1999, Part a
Wretenberg 2002, Burke et al. 2004) or natural s@8ithiru et al. 2004, but see King et al.
1999 or Part and Wretenberg 2002), yet, placinthefnest in the biotope may differ from
that selected by a bird (Yahner a Piergallini 1998kdation rate of real and artificial nests
may, then, differ each to other (Part a Wretenb20§2, Thompson a Burhans 2004,
Gustafson 2005). However, despite we did not ihttal artificial shrub nests to all available
habitats, our results show that the pattern of ghkedation may be similar as in the real nests
(Martin 1987, Bayne et al. 1997, Soderstrom e1 @98, Trnka et al. 2009). Interestingly, the
overall nest predation rate reported by Albrecit0@® for real nests based on nest survival
(29.7% estimated destroyed in total, 13.5% in vnetlanterior habitats and 49.4% in edges)
fits well to our own figures based on artificialste

We cannot unambiguously say which group depredatedhrtificial nests the most. In many
cases we were not able to identify the predatocispgsee also Lariviere 1999) or the egg
missed. Teunissen et al. (2008) showed that silpi@wking eggs of waders were depleted in
93% by mammals than by Carrion Crov@o(vus corong In Svobodova et al. (2012), 41%
of the experimental nests were depleted by WildrBoBespite we did not systematically
search for the potential nest predators, but Widd8 were frequently observed in particular
parts of the study site, independently to the balyipe.

CONCLUSION

In conclusion we found that artificial nests of lbaypes in the pristine landscape of Vitava
River Valley are exposed to the edge effect bug dffect appears irregularly, probably in
according to the predator preferences or distoudf its main prey. Pattern of nest predation
seems to be different in according to particulabitads. Our results may contribute to the
overall common knowledge of the edge effect anckrektits body of evidence mainly in

opened habitats, i.e. wetlands. In addition, theay lse also applied in the practical protection
of the landscape and bird populations in VitavaeRValley but, however, it needs further

research.

ACKNOWLEDGES

Stranka 84



We are gratefully thanks to Michal Vinkler with hielp in the primary analysis of the data
and to Jan Schnitzer, Pavel Munclinger atitiBlugar for their technical support.

REFERENCES

Albrecht T., 2004: Edge effect in wetland — ardbled boundary determines nesting success
of Scarlet RosefinchQarpodacus erythringsn the Czech republidhe Auk 121 (2):
361 — 371.

Andrén H., 1992: Corvid density and nest predaitiorelation to forest fragmentation: a
landscape perspectivecology 73:794 - 804.

Andrén H., 1994: Effects of habitat fragmentationbirds and mammals in landscapes with
different portions of suitable habitat — a reviékos 71 (3):355 — 366.

Andrén H., 1995: Effects of landscape compositinmpredation rates at habitat edges. Pp
225 - 255 In: Hansson L., Fahrig L. & Merriam Gdgg Mosaic landscapes and
ecological processetale Studies in Landscape Ecology, Chapman & Hall

Angelstam P., 1986: Predation on ground — nestiray bnests in relation to predator
densities and habitat eddg@ikos 47:365 — 373.

Angelstam P., Lindstrom E. & Widen P., 1984: Rdi@@dation in short-term population
fluctuations of some birds and mammals in FennuieaOecologia 62:199-208.

Batary P. & Baldi A., 2004: Evidence of an edgeefffon avian nest succe€onservation
Biology 18 (2):389 — 400.

Batary P., Winkler H. & Baldi A., 2004: Experimemsth artificial nests on predation in reed
habitatsJournal of Ornithology 14559 — 63.

Batary P. & Baldi A., 2005: Factors affecting thensval of real and artificial Great Reed
Warbler’s nest®Biologia Bratislava 60 (2)215 — 219.

Baldi A. & Batéry P., 2005: Nest predation in Eueap reedbeds: different losses in edges
but similar losses in interiorEolia Zoologica 54:285 - 292.

Bayne E. M., Hobson K. A. & Fargey P., 1997: Prexfabn artificial nests in relation to
forest type: Contrasting the use of quail and past eggsEcography 20 (3)233 —
239.

Burke D. M., Elliott K., Moore L., Dunford W., Nd&., Phillips J., Holmes S. & Freemark K.
2004: Patterns of nest predation on artificial aatural nests in forest€onservation
Ecology 18 (2)381 — 388.

Chiarello A. G., Srbek-Araujo A. C., Del Duque Bi.J. & de Rodrigues Coelho E., 2008:

Ground nest predation might not be higher alongeead Neotropical forest remnants

Stranka 85



surrounded by pastures: evidence from the BrazAidantic forest.Biodiversity
Conservation 173209 — 3221.

Conner L. M. & Perkins M. W., 2003: Nest predatee wf food plots within a forest matrix:
an experiment using artificial nesiorest Ecology and Management 179 (1 —223
- 229.

Crawley M. J., 2002: Statistical computing: anawluction to data analysis using S-Plus.

Davison W. B. & Bollinger E., 2000: Predation ratesreal and artificial nests of grassland
birds. The Auk 117 (1)147 — 153.

DeGraaf R. M., Maier T. J. & Fuller T. K., 1999:ddation of small eggs in artificial nests:
effects of nest position, edge and potential pradabundance in extensive forest.
Wilson Bulletin 111 (2)236 — 242.

Donovan T. M., Jones P. W., Annand E. M. & ThompBoR., 1997: Variation in local-scale
edge effects: mechanisms and landscape coiitestogy 78 (7)2064 — 2075.
Einarsen G., Hausner V. H., Yoccoz N. G. & Ims R. 2008: Predation on artificial ground

nests in birch forests fragmented by spruce plamstEcoscience 15 (2)t41 — 149.

Faaborg J., 2004: Truly artificial nest stud€snservation Biology 18 (2p69 — 370.

Fisher R. J. & Wiebe K. L., 2006: Nest site atttésiand temporal patterns of northern flicker
nest loss: effects of predation and competitidecologia 147 (4)744 — 753.

Gates E. J. & Gysel L. W., 1978: Avian nest dispergand fledging success in field — forest
ecotonesEcology 59 (5)871 — 883.

Githiru M., Lens L. & Creswell W., 2004: Nest préida in a fragmented Afrotropical forest:
evidence from natural and artificial nedBsological Conservation 123t89 — 196.

GustafsomT ., 2005:Nest predation in birds — important concepts andho@ological
problems.ntroductory Research Essay 22. Department of @wasion Biology SLU

Hagemeijer W. J. M. & Blair M. J., 199The EBCC atlas of european breeding birds: Their
distribution and abundancé. & AD Poyser London.

Hora J., Biirger P. & Pykal J., 1997: Ptactvo Vi@ luhu (Sumava, jizitiechy):
vysledky sfového mapovéani v hnizdnim obdobi 1993 a 1994via 33 (1 — 2)113 -
140.

Huhta E., Mappes T. & Jokimaki J., 1996. Preaatia artificial ground nests in relation to
forest fragmentation, agricultural land and halstaticture Ecography 1985-91

Stranka 86



King D. I., DeGraaf R. M., Griffin C. R. a Maier J., 1999: Do predation rates on artificial
nests accurately reflect predation rates on nabinéinestsdournal of Field
Ornithology 70 (2):257 — 262.

Korpimaki, E., Norrdahl, K., Huitu, O. & Klemola,. R005:Predator-induced synchrony in
population oscillations of coexisting small mamrspéciesProcceedings of the
Royal Society B 272:93 - 202.

Koubova M., Suvorov P., Svobodova J., Albrecht TK&isinger J., 2011: Fragmentation
and loss of natural habitats. Chapter 7 in: Dardie&. (eds.)Advances in
Environmental Research 1Mova Science Publishers Inc.

Lahti D. C., 2001: The ,edge effect on nest prextdthypothesis after twenty years.
Biological Conservation 99365 — 374.

Lariviere S., 1999: Reasons why predators cannatfbered from nest remain¥he Condor
101:718 - 721

Lidicker W. Z. Jr., 1999: Responses of mammalsafoitht edges: an overvieWandscape
Ecology 14:333 - 343.

Lindstrom E. R., Andrén H., Angelstam P., CederlGdHornfeldt B., Joéderberg L.,
Lemnell P. A., Martinsson B., Skold K. & SwensorkJ. 1994: Disease reveals the
predator: sarcoptic mange, red fox predation, aagl populationsEcology 75(4):
1042 — 1049.

Major R. E. & Kendal C. E. 1996: The contributiohaatificial nests experiments to
understanding avian reproductive success: a resfenethods and conclusionbis
138:298 - 307.

Marcstrom V., Kenward R.E. & Engren E. 1988: Theatt of predation on boreal tetraonids
during vole cycles: an experimental studgurnal of Animal Ecology 5859 - 872.

Marini M. A., Robinson S. K. & Heske E. J., 19%1lge effects on nest predation in the
Shawnee — national — forest, Southern lllinBimlogical Conservation 74 (3203 —
213.

Martin T. E., 1987: Artificial nest experimentsfeits of nest appearance and type of
predator.The Condor 89925 — 928.

Martin T. E., 1993: Nest predation and nest siesv perspectives on old patterns.
BioScience 43: 523 - 532.

Martin J. — L. & Joron M, 2003.: Nest predatiorfamest birds: Influence of predator type and
predator’s habitat qualitpikos 102:641 — 653.

Stranka 87



Matthews A., Dickman C. R. & Major R. E., 1999: Tinluence of fragment size and edge
on nest predation in urban bushlaBdography 22349 — 356.

Montevecchi W. A., 1976: Egg size and the egg pgmegidehaviour of crowdehaviour 57:
307 - 320.

Moss R. & Watson A., 2001: Population cycles ofgheuse family Tetraonidag.
Ecologhical Research 353 - 111.

Pangau-Adam M. Z., Waltert M. & Muhlenberg M., 200&st predation risk on ground and
shrub nests in forest margin areas of SulawesgradiaBiodiversity and
Conservation 15 (134143 — 4158.

Part T. & Wretenberg J., 2002: Do artificial nestgeal relative nest predation risk for real
nestsJournal of Avian Biology 3339 — 46.

Pasinelli G. & Schiegg K., 2006: Fragmentation wtand between wetland reserves: the
importance of spatial scales for nest predatioe&d buntingsEcography 29721 —
732.

Ratti J. T. & Reese K. P., 1988: Preliminary tefdhe ecological trap hypothesournal of
Wildlife Management 52484 - 491.

Ries L. & Sisk T. D., 2004: A predictive model afge effectsEcology 85 (11)2917 —

2926.

RicklefsR. E.,1969: An analysis of nesting mortality in bird&mithsonian Contributions to
Zoology 9:1 - 48

Sadlo J. & Bufkova I., 2002: Vegetace Vitavskéhaulina Sumaya problém reliktnich
praluk.Preslia Praha 7467 — 83.

Santos T. & Telleria J. L., 1992: Edge effects estrpredation in Mediterranean fragmented
forest.Biological Conservation 601 - 5.

Schiegg K., Eger M. & Pasinelli G. 2007: Nest pteain Reed BuntingsEmberiza
schoeniclug an experimental studibis 149:365 — 373.

Sieving K. E., Willson M. F., 1999: A temporal ghii Steller’s Jay predation on bird eggs.
Canadian Journal of Zoology 71829 - 1834.

Small R. J., Marcstrom V. & Willebrand T., 1993:rM8hironous and nonsynchronous
population fluctuations of some predators and tpesy in central Swedeg&cography
16: 360 — 364.

Soderstrom B., Part T. & Ryden J., 1998: Differpregdator faunas and nest predation risk on

Stranka 88



ground and shrub nests at forest ecotones: animgrdrand a reviewOecologia 117:
108 - 118.
Stastny K. & Hudec K., 2011FaunaCR. Aves lII/2pp 1189. Academia Praha.

Storch I., 1991: Habitat fragmentation, nest sslecion, and nest predation risk in
Capercaillie Ornis Scandinavica 2213 - 217.

Storch I., Woitke E. & Krieger S., 2005: Landscaoele edge effect in predation risk in
forest-farmland mosaics of central Europandscape Ecology 2@27 — 940.

Suvorov P., Svobodova J., Koubova M. & Dohnalova2012: Ground nest depredation by
European Black-billed Magpid&ca pica an experimental study with artificial nests.
Acta Ornithologica 47 (1)55 - 61.

Svobodova J., Kreisinger J., Salek M., Koubova MAlgrecht T., 2011: Testing mechanistic
explanations for mammalian predator responseshibatadgesEuropean Journal of
Wildlife Research. 57 (3467 — 474.

Svobodova J., Koubova M., Mrstny L., Albrecht TK&eisinger J., 2012: Temporal variation
in nest predation risk along habitat edges betvgeassland and secondary forest in
Central EuropeEuropean Journal of Wildlife Research 585 — 323.

Teunissen W., Schekkerman H., Willmes F. & Majoqr2008: Indentifying predators of
eggs and chicks of Lapwirganellus vanelluand Black-tailed Godwitimosa limosa
in the Netherlands and the importance of predatiowader reproductive outpukhis,
150 (Suppl. 1)74 — 85.

Thompson F. R. & Burhans D. E., 2004: Differencepriedators of artificial and real
songbird nests: evidence of bias in artificial retatliesConservation Biology 18 (2):
373 — 380.

Trnka A., Batary P. & Prokop P., 2009: Interacteftgcts of vegetation structure and
breeding patterns on the survival of Great ReedoeAcrocephalus arundinaceus
nestsArdea 97 (1):109 — 116.

Vickery P. D., Hunter M. L. Jr. & Wells J. V., 1992vidence of incidental nest predation
and its effects on nests of threatened grassladd.kikos 63:281 - 288.

Villard M.-A. & Part T., 2004: Don’t put all yourggs in real nests: a sequel to Faaborg.
Conservation Biology 18 (2871 — 372.

Wallander J., Isaksson D. & Lenberg T., 2006: Waust distribution and predation in
relation to man — made structures on coastal pes#iological conservation 132:
343 — 350.

Stranka 89



Wegner J. F. & Merriam G., 1979: Movements by bmdd small mammals between a wood
and adjoining farmland habitat®ournal of Applied Ecology 16 (2349 — 357.

Weidinger K., 2001: How well do predation ratesastificial nests estimate predation on
natural passerine nestids 143:632 — 641.

Wilcove D. W., McLellan C. H. & Dobson A. P., 1986tabitat fragmentation in the
temperate zone. pp 237 - 256 In: Soulé, M. E (&bservation biology: the science
of scarcity and diversitySinauer Associates, Sunderland, Massachusetts.

Yahner R. H. & Piergallini N. H., 1998: Effects aficrosite selection on predation of
artificial ground nestsilson Bulletin 110 (3)439 — 442.

Zedler J. B. & Kercher S., 2005: Wetland resour&atus, trends, ecosystem services and

restorability.Annual Review of Environment and Resources390: 74.

Stranka 90



Table 1. Analysis of transition zones between wetland ameédt for all three seasons (n =
312).

Variable DF 1 P

Habitat type 1 7.07 0.01
Year 2 1477 <0.001
Nest position 1 1.83 0.18
Habitat type : year 2 1.66 0.44
Habitat type : nest position 1 7.61 0.01
Nest position: year 2 14.48 < 0.001
Nest position: habitat type : year 2 451 0.11
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Table 2. Analysis of transition zones between wetland amddt for particular years

2005 2006 2007
Variable DF v P DF v P DF v P
Habitat type 1 1.48 0.22 1 6.94 0.008 1 0.22 0.64
<
Nest position 1 13.36 0.001 1 2.65 0.10 1 0.03 0.85
Habitat type : nest position 1 0.55 0.46 1 10.84 0.001 1 0.15 0.70



Table 3. Analysis of transition zones between wetland amddow for all three seasons (n =
354).

Variable DF 1 P
Habitat type 1 2.33 0.13
Year of the installation 2 4.4 0.13
Nest position 1 10.00 0.002
Habitat type : year of the installation 2 2.13 0.34
Habitat type : nest position 1 2.6 0.15

Nest position: year of the installation 2 4.72 0.09



Figure 1. Predation rate of artificial ground nests in thieef group in particular years.
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Figure 2. Predation rate of artificial ground nests in thead@wv group in all studied years.
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Figure 3. Predation rate of the artificial shrub nests ontthasition from interior wetland to
its border with adjacent meadows.
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Abstract. Nest characteristics can significantly affect specific behaviour of predators during nest depredation, such as
relating to nest searching, manipulating and eating eggs. However, the effect of egg size and coloration on behaviour
of avian predators rarely has been quantified. Since the European Black-billed Magpie Pica pica is regarded as an impor-
tant nest predator in suburban areas, we studied the effect of different types of artificial ground nests — baited with
chicken and quail eggs — on predation probability by magpie. In addition, to compare temporal changes in magpie pre-
dation, experimental clutches were installed at 39 active magpie nests in two breeding stages: incubation stage and
stage of nestling feeding. In our experiment, magpies detected almost all artificial nests at both breeding stages.
However in contrast to our prediction, nests were preferentially depredated at the first stage. This probably was due to
the change of magpie foraging preference to invertebrates as a main food of nestlings. Furthermore, we found that pre-
dation rate did not differ between real and wax eggs, suggesting that magpies are not able to discriminate between
them. Whereas quail eggs were carried away, chicken eggs were consumed in the nest where remnants of egg shell and
egg content were left. Obviously, the possibility to immediately carry the egg away increases food attractiveness for
magpies. Therefore, we conclude that chicken eggs are more suitable for identification of middle-sized avian predators

than quail eggs.

Key words: artificial nest, bird predator, predator-generalist, suburban area
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INTRODUCTION

In Europe, corvids comprise an important group
of nest predators in anthropogenic landscapes
(Jokiméki & Huhta 2000, Albrecht 2004). Their
densities usually increase near human settlements
due to such additional food resources as garbage,
waste materials or animal cadavers along roads
(Jerzak 2001, Anton & Atanasova 2002, Marzluff &
Neatherlin 2006). Although many studies have
suggested that corvids negatively impact on bird
populations in urban areas (e.g. Meller 1988,
Groom 1993, Roos 2002, Salek 2004), no direct link
has been shown between the dynamics of corvid
populations and the rate of nest predation (Gooch
et al. 1991). This is probably due to the fact that
most studies have failed to reliably determine
species of nest predators. Therefore, they have not
been able to evaluate the effect of particular
species on nest predation (Danielson et al. 1997,
Maier & DeGraaf 2000, Salek 2004, Thompson &

Burhans 2004). Moreover, if predators completely
remove particular eggs or whole clutches without
leaving evidence of predation events (ie. egg
remains, predator’s footprints, hair and feathers),
a possibility of reliable estimation of total preda-
tion risk is precluded. In the case of crows, for
instance, it has been found that they are able to
remove up to 75% of both natural and artificial
eggs while leaving no traces (Fjeld & Sonerud
1984, Schaefer 2004). Though such behaviour has
been recorded in many other species (Maier &
DeGraaf 2000, Rangen et al. 2000, Mazgajski &
Rejt 2005, Weidinger 2010), it has not been quanti-
fied in particular predators.

Artificial nests are frequently used in various
types of studies (e.g. behavioural, Olsen &
Schmidt 2004; landscape, Andrén & Angelstam
1988, Yahner & Mahan 1996, Davison & Bollinger
2000), even though some researchers have doubts
about their applicability, mainly due to their insuf-
ficiency in simulating predation rate on natural
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nests (Jobin & Picman 2002, Part & Wretenberg
2002). Nevertheless, this approach is still accepted
as a useful tool for relative comparison of nest pre-
dation (Grégoire et al. 2003), predator identifica-
tion (Gustaffson 2005, Purger et al. 2008), and
behaviour (Maier & DeGraaf 2000, Purger et al.
2004a) because analogous experiments on natural
nests are time-consuming and, in particular,
methodologically difficult (Burke et al. 2004).
Predation risk usually differs interspecifically due
to nest visibility caused by different nest position,
parental behaviour, clutch size, and eggs col-
oration (Jokimaki & Huhta 2000, Martin et al. 2000,
King & DeGraaf 2006, Castilla et al. 2007). Hence,
the use of artificial nests containing eggs of similar
size and colour makes it possible to separate these
effects.

The main aim of our study was to evaluate
effects of different experimental clutches (quail
and chicken) on the rate of predation and preda-
tion behaviour of Eurasian Black-billed Magpie
Pica pica (thereafter magpie). Since carrying away
chicken eggs is more complicated than smaller
quail eggs, we assumed that magpies would more
frequently depredate quail clutches. We also test-
ed whether predation rate changes between dif-
ferent nesting stages (the incubation stage and
stage of nestling feeding) of the predator. We
assumed that breeding birds could find artificial
nests within a shorter time during the stage of
nestling feeding than in the incubation stage
because they would search for food more inten-
sively (Ottvall et al. 2005). In addition, they can
memorize the place of easily accessible food
(clutch position) (e.g. Angelstam 1986, Sonerud &
Fjeld 1987, Danielson et al. 1997, Roos 2004) and
thus they would arrive to the experimental clutch-
es within a shorter time in the stage of feeding the
nestlings if a previous predation attempt was suc-
cessful (Willebrand & Marcstréom 1988, Weidinger
& Kocvara 2010).

MATERIALS AND METHODS

Study area

Magpie observation was conducted in suburban
areas of Prague, Czech Republic (50°4'-50°7'N,
14°19'-14°42'E; ca 400 km? average altitude
200-250 m a.s.l.). The study areas were composed
of residential buildings with gardens and solitary
trees (50%), farmland (35%), and park forests
(15%). The farmland mostly consisted of cultivat-
ed fields that were segmented by forest patches

and line habitats along roads and draining chan-
nels. The forest growths of suburban parks were
typically dominated by oaks Quercus ssp., lindens
Tilia ssp., Norway Spruce Picea abies and Scots
Pine Pinus sylvestris. Tree canopy of line habitats
usually consisted of fruit trees Malus sp. and Pyrus
sp., as well as such broadleaved tree species as
poplars Populus ssp., birches Betula ssp., and ashes
Fraxinus ssp.

Magpie observation

Magpie nest depredation behaviour was exam-
ined using artificial nests. In April 2008 and 2009,
we searched for active magpie nests, i.e. nests
occupied by breeding pairs. To compare magpie
behaviour toward different types of clutches, one
pair of experimental nests (one with quail and one
with chicken clutch) was installed at a distance of
approximately 50 m from each magpie nest. The
distance between experimental clutches was ca 1
m, which enabled simultaneously observing mag-
pie behaviour at each experimental nest.

Each artificial nest was constructed by digging
a small ground depression and then lining it with
a small amount of dry grass. One nest in each pair
was baited with two uniformly brown chicken
eggs (chicken nest) and the other with four dark-
ly speckled Japanese quail eggs (quail nest) to
adjust for the difference in visibility between
chicken and quail eggs. Half of eggs in each exper-
imental nest were filled with wax and anchored in
the nest pits with a string and nail. This is a com-
mon technique for predator identification which
prevents predators from carrying eggs away (e.g.
Pasitschniak-Arts & Messier 1995, Soderstrom et
al. 1998). Hereafter, eggs unfilled by wax we will
call “real eggs”.

To evaluate the effect of nest type on predation
by magpie at different breeding stages, pairs of
artificial nests were installed twice at each magpie
nest, i.e. at the incubation stage (April) and the
stage of nestling feeding (May; Hudec et al. 1983,
Prokop 2004). Since grass in a suburban area is fre-
quently mowed during the growing season, the
nest visibility remains similar during both these
breeding stages. To minimize the observer effect
on magpie behaviour, experimental nests were
installed before daylight. In addition, observation
was conducted using binoculars and Cuddeback
Digital Capture tree cameras (producer: Non
Typical Inc., USA) from concealed places near the
experimental nests. We measured the time at
which magpies arrived to artificial nests from the
beginning of observation, i.e. from the start of
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daylight. After a magpie flew away, we checked
the artificial nests and magpie behaviour was clas-
sified as follows: (i) arrived or did not arrive with-
in five monitored hours (nest detection by mag-
pie), (ii) approached quail or chicken nest first, (iii)
chicken and/or quail nest was or was not depre-
dated, and (iv) real chicken and/or quail egg was
carried away or depredated at the experimental
nest and in its vicinity. A nest was considered
depredated if at least one (i.e. real or wax) egg was
damaged, removed from the nest bowl, or miss-

ing.

Data analysis

Generalized linear mixed models (GLMM; pack-
age Ime4) were used to analyse magpie behaviour.
The time within which magpies arrived to experi-
mental nests was analysed as a response variable
with Gaussian error distribution and was log
transformed before calculation. Such magpie
behaviour as (i) arrived/did not arrive, (ii)
approached/did not approach first, (iii) predat-
ed/did not predate, (vi) carried away/did not carry
away were fitted as dependent variables with
binomial distribution. In all models, nest type
(quail vs. chicken), year, nesting stage (incubation
vs. feeding of nestlings) and interactions between
these effects were included as fixed effects. Since
two pairs of experimental nests were installed
within two nesting stages at each magpie nest
(locality), the factor locality was included as a ran-
dom effect.

In all analyses, the significance of particular
explanatory variables and their two-way interac-
tions was calculated by change of deviance
between the model containing the particular term
and the reduced model (deletion tests; Crawley

2007). The best minimal adequate model (MAM,;
i.e. that model with lowest parsimony and all vari-
ables being significant) was achieved by backward
elimination of non-significant effects (p>0.05). All
analyses were performed in R 2.12.1. software (R
Development Core Team 2008).

RESULTS

In total during two nesting stages, 78 pairs of
experimental nests were placed at 39 different
magpie nests (34 and 44 pairs in 2008 and 2009
respectively). In nine cases (11.5%; 5x in the incu-
bating stage, 4x in the stage of feeding nestlings)
magpies did not find artificial nests. Detection (i.e.
found or did not find) of experimental nests by
magpies did not differ between years and nesting
stages.

The mean time in which magpies arrived to
the experimental nests was 21.41 * 6.22 min, and
this did not change between years and nesting
stages. The birds preferentially approached the
quail nests before they did the chicken nests
(66.7% vs. 33.3%; Table 1), and their behaviour in
this respect did not differ between years and
breeding stages (Table 1).

Overall nest predation (i.e. quail plus chicken
nests) was 32.4% and 42.1% in 2008 and 2009,
respectively. In seven cases (18.0%), the magpie
only arrived to the nests and robbed neither real
nor wax eggs (1x in the incubating stage, 6x in the
stage of feeding nestlings). Although predation
occurrence by magpies did not differ between
years, artificial nests were depredated more fre-
quently during the incubation stage (32.7%) than
in the stage of feeding nestlings (24.4%; Table 1).

Table 1. Effects of nest type and breeding stage on the preference (approached first), probability if egg was carried away or
depredated at the experimental nest and predation of artificial ground nests by magpie respectively. Models are based on GLMM
modelling with magpie nest (locality) treated as random effect (n = 39).

Model parameters estimate SE z p

Approached first
Intercept 0.103 0.227 0.454 0.651
Nest type = chicken -1.307 0.352 -3.716 < 0.001
Nest type = quail 0

Nest predation
Intercept 0.636 0.238 2.672 0.008
Breeding stage = feeding -0.687 0.329 -2.092 0.036
Breeding stage = incubation 0

Carry out of the eggs
Intercept 0.154 0.227 0.679 0.497
Egg type = chicken -4.498 1.032 -4.359 < 0.001

Egg type = qualil 0
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Magpies depredated quail nests more frequently
(n = 50) than chicken nests (n = 39), but the factor
nest type was nevertheless non-significant. Since
wax eggs are not edible, we also tested the effect of
egg type in the sense of its edibility. However, no
difference was found in predation between real
and wax eggs (x> = 1.44, ADF = 1, p = 0.229).
The probability of magpies carrying away eggs
from the experimental nest did not differ between
years and nesting stages. Egg type was the single
significant factor in the model (Table 1). From all
depredated real eggs, all chicken eggs were eaten
near the experimental nest, whereas most quail
eggs (84.0%) were carried away without any trace.

DISCUSSION

The magpie is usually regarded as an important
nest predator in urban and suburban areas (Moller
1988, Groom 1993, Chiron & Julliard 2007, Newson
et al. 2010). Though previous studies have failed to
reliably identify nest predators, they have
revealed that shrub passerine nests and artificial
ground nests had lower survival rates in the vicin-
ity of magpie nests than in areas where magpies
were absent (Meller 1988, Salek 2004). In our
experiment, magpies detected almost all artificial
nests at both breeding stages (nest incubation and
nestling feeding). This is not a surprising result,
because both nest types were well-visible for such
visually oriented predators as corvids (Huhta et al.
1996). Cases when magpies arrived to artificial
nests but did not eat the eggs were probably
caused by the birds being disrupted rather than
due to the inedibility of wax eggs, because in the
urban area where our experiment was conducted
human activities are frequent. In addition, a mag-
pie is not able to discriminate between a real and
wax egg because predation rate did not differ
between them.

We also found no difference between breeding
stages in magpie arrivals to artificial nests,
although corvids can memorize the position of a
nest and return to the same place to repeat its
depredation (Danielson et al. 1997, Roos 2004,
Weidinger & Kocvara 2010). Moreover, in contrast
to our prediction, the rate of nest predation was
higher during the incubation stage than in the
stage of feeding nestlings. This discrepancy is
probably associated with changes in magpie food
preferences during the breeding stage rather than
with its ability to memorize (Tatner 1983), because,
whereas magpie adults are typically omnivorous

predators (Andrén 1992), invertebrates predomi-
nate in the diet of magpie nestlings (up to 80%;
mainly Orthoptera, Colleoptera, Lepidoptera, and
Diptera; Ponz et al. 1999, Jerzak 2001). Thus,
breeding birds feeding their nestlings may prefer-
entially search for invertebrates at this stage
(Martinez et al. 1992).

Intensity of nest predation can be associated
mainly with nest visibility, predator activity and
prey availability (e.g. Nisbet 1975, Yahner &
Cypher 1987, Sieving & Willson 1999, Roos 2004),
and according to these factors predation can sig-
nificantly vary during the breeding season (Batary
et al. 2004). As in other studies, we found higher
nest predation by magpies early in the incubation
stage than in the nestling stage which is usually
attributed to lower vegetation cover and thus to
poorer nest concealment against predators
(Beauchamp et al. 1996, Batary et al. 2004).
Visibility of our artificial nests was similar in both
breeding stages, however, because grass plots in
residential areas are regularly mowed during the
growing season. We believe that the difference in
nest predation is mainly related to food availabili-
ty. Although we did not investigate food availabil-
ity in our study, density of insects for magpie
nestlings can be limited in suburban areas due to a
lack of suitable habitats, i.e., of grass plots
(Robinson 2005, Chace & Walsh 2006, Ahrné 2008).
Adults may thus spend more time in searching for
invertebrates at different localities, such as nearby
surrounding farmlands, and may ignore different
kind of food (e.g. bird eggs) which is difficult to
transport to the nest.

Our results explicitly confirmed an effect of dif-
ferent nest type on magpie behaviour in predating
nests. Whereas chicken eggs were consumed at
the nest or in its immediate vicinity, quail eggs
were carried away. In addition, magpies preferen-
tially approached first to the quail nest versus the
chicken nest. Obviously, the possibility of the
immediate carrying of the egg away increases
food attractiveness in magpies and in other corvid
species (Montevecchi 1976, Olsen & Schmidt 2004,
Schaefer 2004). This predation behaviour appar-
ently enables the birds to avoid conflict with the
incubating parents (Purger et al. 2004a), food loss
due to other competitors (e.g. harriers or buz-
zards), and being killed by other predators (Fjeld
& Sonerud 1988).

In many species of nest predators (mammals,
birds, reptiles), it has been documented that the
animals can completely remove an entire clutch
from the nest while leaving no evidence of their
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identity (Lariviere 1999). That impedes the relia-
bility of predation rate estimation and predator
species determination (Burke et al. 2004). Despite
this fact, predator behaviour toward different
types of clutches in particular has been studied
mainly in small rodents (DeGraaf & Maier 1996,
Maier & DeGraaf 2000, Purger et al. 2004b). In con-
trast to small passerine eggs, small rodents are not
able to bite through quail shell (DeGraaf et al.
1999, Part & Wretenberg 2002). This indicates that
quail eggs are not applicable for such studies in
areas with prevalence of rodent predators. On
the other hand, our data show that eggs of larger
size (chicken eggs) may be useful for determina-
tion of middle-sized bird predators (Jays Garrulus
glandarius and magpies) because they mostly for-
age chicken eggs in the nest and egg remnants are
used for predator detection (Marini & Melo 1998,
but see Soderstrom et al. 1998). In our previous
experiments from a different locality, for example,
we found that from 174 depredated quail nests,
predators were determined in only two events
(one was ascribed to a bird), yet eggs were regu-
larly fixed to the ground by nail and string. Within
119 depredated chicken clutches, however, 33
events were ascribed to birds and 17 to mam-
malian predators (P Suvorov — unpublished data).

Among corvids and other bird species, it has
been observed that they are able to remove eggs
large in comparison to their body size by pecking
a hole into the egg shell (Montevecchi 1976,
Moksnes et al. 1991). Although we did not observe
this behaviour in magpies, we have no reason to
assume that magpies have not evolved it.
Probably, the frequent possibility of intrusion by
human activities into our study area may have
lead birds to avoid food objects of larger size
because manipulation with larger food objects is
more time-demanding. Although manipulating
with chicken eggs must be more difficult than
with quail eggs, we nevertheless found only mar-
ginally significant difference in predation risk
between chicken and quail clutches. Moreover, a
similar pattern was revealed also in our previous
experiment (Svobodova et al. 2012). We believe,
therefore, that chicken clutches comprise a con-
venient experimental tool for relative comparison
of nest predation in areas with prevalence of mid-
dle-sized predators, but further research is need-
ed using an experimental design different than
that in our study.

In conclusion, we found that Black-billed
Magpies depredated artificial nests more inten-
sively early in the breeding season. This can be

attributed to change of magpie foraging prefer-
ence. Whereas chicken eggs were consumed in
the vicinity of experimental clutches, quail eggs
were carried away. Since remnants of depredated
chicken eggs usually were left near experimental
nests, chicken clutches appear to be more suitable
for identifying middle-sized avian predators than
are quail nests.
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STRESZCZENIE

[Drapieznictwo sroki na sztucznych gniazdach
zawierajacych jaja kurze i przepiércze]

Charakterystyka gniazd ptakéw moze w istotny
sposéb wplywaé na zachowanie drapieznikéw
rabujacych gniazda — na wyszukiwanie przez nie
gniazd i sposéb ich rabowania. Natomiast jak
dotad zwiazek wielkosci i kolorystyki jaj znajduja-
cych sie w gniezdzie z drapieznictwem jest stabo
poznany. W pracy badano wptyw dwoéch rodza-
jow sztucznych gniazd — z jajami kurzymi i prze-
piérczymi — na prawdopodobienstwo drapiez-

nictwa ze strony sroki. Sroka jest uznawana za
waznego drapieznika gniazd ptasich, szczegolnie
na terenach podmiejskich. Sztuczne gniazda byty
umieszczone w parach: gniazdo z czterema jajami
przepiorki oraz gniazdo z dwoma jajami kurzymi,
w poblizu 39 gniazd zajetych przez sroki w czasie
dwoéch okreséw sezonu legowego tego drapiezni-
ka — wysiadywania jaj i karmienia pisklat.
Autorzy wykorzystali m.in. bezposrednie obser-
wacje zachowan drapieznikéw w poblizu sztucz-
nych gniazd. Potowa jaj w sztucznych gniazdach
byla wypelniona woskiem i przymocowana na
state do gniazda, celem ulatwienia pdzniejszej
identyfikacji drapieznika.

W czasie eksperymentu sroki odnalazly pra-
wie wszystkie sztuczne gniazda, cho¢ szybciej
odnajdywaly gniazda z jajami przepiérczymi
(Tab. 1). Gniazda penetrowane byly zaréwno
w okresi, kiedy sroki wysiadywaly jaja, jak i gdy
karmity piskleta, niemniej jednak — w przeci-
wiehstwie do zatozeh autoréw — sroki rabowaty
sztuczne gniazda czeSciej w pierwszym z tych
okresow (Tab. 1). Wynikato to prawdopodobnie
z faktu zmiany diety sroki w okresie karmienia
mlodych, polegajacej na wzroécie udziatu bezkre-
gowcow. Ponadto stwierdzono, ze drapieznictwo
na jajach prawdziwych i jajach wypelnionych
woskiem byto podobne, co sugeruje, ze ptaki nie
potrafity odréznia¢ tych dwéch typéw jaj. Jaja
przepiércze byly przez sroki wynoszone z gniaz-
da i konsumowane z dala od niego, podczas gdy
jaja kurze byty czesciej zjadane na miejscu (Tab. 1).
Z tego wzgledu wydaje sie, ze jaja kurze sa lepsze
do badah drapieznictwa z wykorzystaniem
sztucznych gniazd, poniewaz — ze wzgledu na
swojq wielko§¢ — sa konsumowane w gniezdzie,
co daje mozliwos¢ identyfikacji drapieznika
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